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Abstract: COVID-19 pandemic has no immediate ending in sight, and any significant
increasing cases were observed worldwide. Currently, there are only two main strategies
for developing COVID-19 drugs that predominantly use a proteomics-based approach,
which are drug repurposing and herbal medicine strategies. However, a third strategy has
existed, called small interfering RNA or siRNA, which is based on the transcriptomics
approach. In the case of SARS-CoV-2 infection, it is expected to perform by silencing the
viral gene, which brings the surface glycoprotein (S) gene responsible for SARS-CoV-2
viral attachment to the ACE2 receptor on the human host cell. This third approach applies
a molecular simulation method comprising data retrieval, multiple sequence alignment,
phylogenetic tree depiction, 2D/3D structure prediction, and RNA-RNA molecular
docking. The expected results are the prediction of 2D and 3D structures of both siRNA
and mRNA silenced S genes along with a complex as the result of a docking method
formed by those silenced genes. An Insilco chemical interaction study was performed in
testing siRNA and mRNA complex’s stability with the confirmation result of a stable
complex which is expected to be formed before mRNA reaches the ribosome for the
translation process. Thus, siRNA from the S gene could be considered a candidate for the
COVID-19 therapeutic agent.
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= INTRODUCTION

Furthermore, the SARS-CoV-2 genome is
considered larger compared to any other RNA virus,

COVID-19 is an upper respiratory tract disease
caused by the SARS-CoV-2 virus [1-2]. COVID-19
pandemic has contributed to almost 520 million cases and
more than 6 million mortalities to date (per 12 of May
2022). However, WHO has yet made any endorsement for
anti-SARS-CoV-2 drugs. Any previously supported
drugs, such as redeliver and hydroxychloroquine, are
paused for further review [3]. In contrast, endorsement of
interleukin blockers and dexamethasone as COVID-19
drugs are given only for severe or critical patients. Even
though these drugs are not directly stated as antiviral, they
ameliorate the overreaction of the immune system post-
SARS-CoV-2 infection [4-5]. In this regard, there is room
for improvement in designing anti-SARS-CoV-2 therapy.

such as influenza and HIV [6]. Hence, it draws a
complicated repertoire of protein-protein interactions
encompassing various viral activities such as host
attachment, infection, and replications [7]. Then, one of
the focal points for COVID-19 drug design is by
blocking the virulence of its viral particle [8]. SARS-
CoV-2 virus’ infectivity or virulence is mainly delivered
by its spike protein located on the viral surface [9]. It
plays an important role in viral penetration to the host
cell by facilitating the attachment to ACE2 receptors
[10]. Thus, it is logical in the sense of rational drug
design that SARS-CoV-2 spike protein should be
inhibited to ward off viral infection [11]. However,
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although it is considered the primary paradigm for drug
design, the proteomics-based approach currently does not
confer any significant number of COVID-19 WHO-
endorsed drugs [2-4,12]. In fact, until recently, there was
no significant breakthrough in COVID-19 drug design
studies. Even worse, the pandemic ravaged to the new
escalation as the SARS-CoV-2 delta variant appeared
(Pango Lineage: B.1.617.2) as the variant of concern
(VOC) with much higher infection and hospitalization
rate ever worldwide [13-15]. Furthermore, it is also
known that the SARS-CoV-2 delta variant has 1000 times
more viral loads than the original SARS-CoV-2 strain
[16]. In this regard, the transcriptomics-based pipeline
could be [17]. The
transcriptomics-based drug works by leveraging RNA as

considered a breakthrough

a therapeutic agent [18]. Mainly, siRNA was deployed for
deterring other upper respiratory tract viral infections,
such as influenza and MERS, and SARS, as proven in the
wet laboratory setting [19-23]. The very principle of
siRNA deployment is so-called ‘preemptive striking’,
which blocks the viral genes before upregulating the
protein expression [24].

Meanwhile, structural bioinformatics, as the
application of computational chemistry in the field of
molecular biology, has played a pivotal role in the pipeline
development for siRNA studies [25-28]. The basics of this
approach are the chemical thermodynamics and kinetics
theory working under the classical mechanic paradigm
[29-32]. The occurring spontaneous reaction is the
foundation of molecular docking and dynamics
simulations, which become the pillars of drug design [33-
35]. Molecular simulation methods which are commonly
deployed in proteomics research, have been proven to be
successfully applied for any RNA-RNA and/or RNA-
Protein simulations with some adjustments [36-37].
Finally, RNA-based molecular simulation is applicable as
well for the purpose of designing the COVID-19 drug.
The objective of this research was to examine the chemical
interaction of siRNA in silencing SARS-CoV-2 S gene
mRNA. Lastly, this research would induce a siRNA
design, the docking analysis of the siRNA-mRNA
complex, and it would be concluded with the result of

chemical interaction analysis.
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m EXPERIMENTAL SECTION
Computer Hardware

The research was carried out with a Macbook Pro
Retina® computer with 8 GB RAM, Intel® Core™ i5, Intel
graphics processor 1.5 GB VRAM, and 256 GB SSD. The
deployed software was based on MacOSX 10.4.6 Mojave
operating system.

Techniques

The procedure was inspired by the previously
developed pipeline for RNA-RNA molecular simulation
[38-39]. Specific parameters were added, as mentioned
in the subsections below, if necessary. The procedure of
subsections below should be followed consecutively for
the consistency of the whole pipeline.

Data Retrieval

The NCBI virus website was accessed from
https://www.ncbi.nlm.nih.gov/labs/virus/ [40]. Then, a
Tabular view was selected, and the nucleotide tab was
clicked. The following search criteria for the data
annotation were applied: Virus (SARS-CoV-2, taxid:
2697049); Sequence length (100-1000 bp); Nucleotide
completeness (partial); Proteins (Surface glycoprotein);
Geographic region (Africa, Asia, and South America);
Collection date (Nov 16, 2020, to May 18, 2021); Host
(Homo sapiens, TaxId: 9605); and Sequence type
(GenBank). Other parameters are left at default values.

MSA and Phylogenetic Tree

The default MSA (multiple sequence alignment)
and phylogenetic tree of NCBI virus applets were
deployed. The NCBI virus MSA method was built on the
MUSCLE algorithm and previously deployed parameters
[39]. ClustalX was employed for NCBI virus downloaded
data for MSA annotation. The utilized parameters were
Gap Opening: 15; Gap Extension 6.66; Delay Divergent
Sequences (%): 30; DNA Transition Weight: 0.5; Use
Negative Matrix: Off; Protein Weight Matrix: Gonnet
series; and DNA Weight Matrix: IUB. The MSA
conserved region was extracted with the default text
editor. The parameters used for phylogenetic tree were:
Bootstrap NJ tree annotation with Random number

Arli Aditya Parikesit et al.



Indones. J. Chem., 2022, 22 (5), 1163 - 1176

generator seed 111 and number of bootstrap trials 1000.Ph
format. The data was then saved as phylip tree format.

RNAxs Application of siRNA Design for Repressing
the S Gene mRNA

RNAxs software was accessed through this link:
http://rna.tbi.univie.ac.at/cgi-bin/RNAxs/RNAxs.cgi [41].
The conserved region of the MSA section was applied in
this pipeline. The utilized parameters were set as follows:
8nt Accessibility Threshold: 0.01157; 16nt Accessibility
Threshold: 0.001002; Self Folding Energy: 0.9022;
Sequence Asymmetry: 0.5; Energy Asymmetry: 0.4655;
Free End: 0.625; Custom Rules:
NNNNNNNNNNNNNNNNNNN; and the maximal
number of siRNAs: 3.

Sequence

Locating siRNA Target's Conserved Region in MSA
Results

The .aln file of the MSA result was forwarded to
Jalview 2.11 to determine the siRNA target [42].

RNAalifold for Conserved Structure of S Gene's
mRNA

RNAalifold software was accessed through the
following link: http://rna.tbi.univie.ac.at/cgi-bin/RNA
WebSuite/RNAalifold.cgi [43]. The conserved region of
the MSA section was applied in this pipeline. The utilized
parameters were as follows: RNAalifold version: new
RNAalifold with RIBOSUM scoring; Fold algorithms and
basic options: minimum free energy (MFE) and partition
function; and avoiding any isolated base pairs.

RNAfold for both siRNA and mRNA’s 2D Structures

RNAfold software was accessed from this link:
http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.
cgi [44]. The conserved region of the MSA section was
applied in this pipeline. The employed parameters were as
follows: Fold algorithms and basic options: minimum free
energy (MFE) and partition function; and avoiding any
isolated base pairs.

Barrier Server for Determining siRNA and mRNA 2D
Structure Diversity

The barrier Server software was accessed at this link:
http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/barriers.
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cgi [45-46]. The Vienna dot-bracket annotation of 2D
data annotation was applied in this pipeline. The utilized
parameters were as follow: the maximal number of
lowest local minima: 50; considered only minima with a
barrier higher than: 0.1; avoiding any isolated base pairs;
declining energies on both sides of a helix in any case;
RNA parameters with Turner model; and rescaling the
energy parameters to given temperature (C): 37.

iFOIdRNA Iteration for both siRNA and mRNA’s
Sequences and 2D Structure

An iFoldRNA software was accessed from this link:
https://dokhlab.med.psu.edu/ifoldrna/ [47-48]. The
Vienna dot-bracket annotation of 2D data annotation
and FASTA format was applied in this pipeline. The
employed parameters were as follow: simulation time
20000; Replica 1 Temperature (DMD Units) 0.2; Replica
2 Temperature (DMD Units) 0.225; Replica 3
Temperature (DMD Units) 0.25; Replica 4 Temperature
(DMD Units) 0.27; Replica 5 Temperature (DMD Units)
0.3; Replica 6 Temperature (DMD Units) 0.333; Replica
7 Temperature (DMD Units) 0.367; Replica 8
Temperature (DMD Units) 0.4; Replica Exchange
Interval (DMD units): 1000; Heat Exchange Coefticient
(Berendsen Thermostat, DMD Units): 0.1.

Validation of 3D RNA Structures

Molprobity server in http://molprobity.biochem.
duke.edu/index.php was used in validating 3D RNA
[49]. The
designated parameters for RNA structure validation

structures with parametric thresholds

were all-atom contacts, nucleic acid geometry, and
additional validations.

3D Structures’ Energy Protonation and
Minimization of mRNA and siRNA using AVOGADRO

AVOGADRO molecular editor software was
downloaded from: https://avogadro.cc/ [50-51]. RNA
data in PDB format was applied in this pipeline. The
employed parameters were as follows: Select the ‘add
hydrogen’ option. The tapping of the ‘minimize energy’
button was performed using the following parameters:
force field: UFF; steps per update: 4; and algorithm:
Steepest Descent Algorithm.
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RNA-RNA Molecular Docking of siRNA and mRNA
using HNADOCK

HNADOCK nucleic acid docking software was
accessed here: http://huanglab.phys.hust.edu.cn/hnadock/
[52]. RNA data are optimized PDB format was applied in
this pipeline. The utilized parameters were RNA
secondary structure prediction method: RNAfold; RNA-
RNA interaction prediction method: ab initio; and
refining the top 10 complex models: yes (Longer
molecular dynamic simulation would be provided).

Chemical Interaction Prediction of siRNA and
mRNA Complex with IntaRNA

An IntaRNA software was accessed from the
following link: http://rna.informatik.uni-freiburg.de/Inta
RNA/Input.jsp [53-55]. The Vienna dot-bracket
annotations from 2D data annotation and FASTA format
were applied in this pipeline. The employed parameters
were a number of interactions per RNA pair: 1;
suboptimal interaction overlap: an overlap in query; no
lonely base pairs; no GU at helix ends; minimum number
of base pairs in seed: 7; and ignoring seeds with GU ends.

Prediction of siRNA-mRNA Complex’s 3D Chemical
Interactions using PLIP

PLIP software was accessed from this website:
https://plip-tool.biotec.tu-dresden.de [56]. siRNA-mRNA

complex in PDB file format was applied in this pipeline.
The employed parameters for detecting macromolecule-
ligand interactions were used by treating nucleic acid as
a receptor and detecting interactions for 1 model
However, the detection of interactions between the rest
of the macromolecule and chain(s) was also
accomplished by treating nucleic acid as a receptor and
detecting interactions for 1 model.

Data Analysis and Complex Visualization

The data annotation of the siRNA-mRNA complex
was visualized with UCSF chimera software version 1.15
[57]. The visualization was focused on observing the
chemical structure’s integrity and feasibility.

m  RESULTS AND DISCUSSION

S gene entry in GenBank was dominated by DNA
sequences from India, possibly due to the shifting
COVID-19 pandemic epicenter at that time. Currently
(per June 2021), even though with a declining tendency,
India has the highest daily cases in the world [58]. Table
1 clearly presents that the delta variant started to
dominate S gene annotations from the South Asia region
and this condition was in line with the increased
transmission of the variant. It also started to replace
alpha variants as well in the recently annotated S gene
data.

Table 1. The SARS-CoV-2 S gene nucleotide sequences retrieved from GenBank (https://www.ncbi.nlm.nih.gov/labs/

virus/vssi)
. . SARS-CoV-2 variant Collection
No. Accession Geo location . .
(Pango lineage/WHO naming) date
1 MZ149959 India: Assam B.1.617.2/Delta 23/04/21
2 MZ149960 India: Assam B.1.617.2/Delta 25/04/21
3 MZ149961 India: Assam B.1.617.2/Delta 23/04/21
4 MZ149962 India: Assam B.1.617.2/Delta 22/04/21
5 MZ149963 India: Assam B.1.617.2/Delta 23/04/21
6 MZ149964 India: Assam B.1.617.2/Delta 24/04/21
7 MZ149965 India: Assam B.1.617.2/Delta 23/04/21
8 MZ149966 India: Assam B.1.617.2/Delta 23/04/21
9 MZ149967 India: Assam B.1.617.2/Delta 23/04/21
10 MZ149968 India: Assam B.1.617.2/Delta 23/04/21
11 MZ149973 India: Assam B.1.617.2/Delta 23/04/21
12 MZ149974 India: Assam B.1.617 01/05/21
13 MZ149975 India: Assam B.1.617 16/04/21
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No. Accession Geo location

SARS-CoV-2 variant Collection

(Pango lineage/WHO naming) date

14 MZ149976 India: Assam B.1.617 16/04/21
15 MW897354 Iraq NA 10/02/21
16 MW897355 Iraq NA 23/03/21
17 MW897356 Iraq NA 23/03/21
18 MW3835152  Uzbekistan: Tashkent, M. Ulugbek district NA 10/02/21
19 MW835153  Uzbekistan: Tashkent, M. Ulugbek district NA 10/02/21
20 MWS835154  Uzbekistan: Tashkent, Ynusabad district NA 10/02/21
21 MW835155 Uzbekistan: Tashkent, Ynusabad district NA 10/02/21
22 MW839583  Uzbekistan: Tashkent, Yunisabad district NA 11/02/21
23 MW839584  Uzbekistan: Tashkent, Yunisabad district NA 11/02/21
24 MW828609 Uzbekistan: Tashkent almazar district NA 13/03/21
25 MW828610 Uzbekistan: Tashkent almazar district NA 13/03/21
26 MW828611 Uzbekistan: Tashkent almazar district NA 13/03/21
27 MW828612 Uzbekistan: Tashkent almazar district NA 13/03/21
28 MW699627 India: Assam B.1.1.7/Alpha 18/02/21
29 MW699628 India: Assam B.1.1.7/Alpha 18/02/21
30 MW699629 India: Assam B.1.1.7/Alpha 24/02/21
31 MW699630 India: Assam B.1.1.7/Alpha 18/02/21
32 MW648379 India: Assam B.1.1.7/Alpha 29/01/21
33 MW648380 India: Assam B.1.1.7/Alpha 29/01/21
34 MW648381 India: Assam B.1.1.7/Alpha 10/02/21
35 MW646466 Pakistan NA 02/12/20
36 MW642506 Pakistan NA 02/12/20
37 MW644688 Pakistan NA 02/12/20
38 MW644689 Pakistan NA 02/12/20
39 MW644690 Pakistan NA 02/12/20
40 MW617293 Pakistan NA 25/01/21
41 MW617298 Pakistan NA 25/01/21
42 MW617306 Pakistan NA 08/02/21
43 MW617312 Pakistan NA 26/01/21
44 MW617321 Pakistan NA 26/01/21
45 MW617324 Pakistan NA 08/02/21
46 MWe617325 Pakistan NA 08/02/21

NOTE: NA, information is not available in the GenBank database

As exhibited in the table, the phylogenetic trees are
categorized into three main clusters. Two clusters are
dominated by Indian samples, while the others are
dominated by Uzbek and Pakistani samples (Fig. 1(a)).
Then, in Fig. 1(b), the radiated tree clearly depicts an S
gene sample from Pakistan, which has formed an outlier
from the clusters. However, the outlier seemed to be
evolutionarily closer to the Indian cluster than the
Pakistan one. This phenomenon might happen due to the

extensive people exchange between the two countries
causing both clusters to be closer.

Consequently, mRNA’s conserved sequence has
served as a siRNA target. Moreover, Fig. 2 illustrates
both mRNA and siRNA sequences in the rightmost area
of the box. Moreover, this box also displays siRNA as the
best-annotated one in the database. Table 2 shows
FASTA-formatted sequences for easier process and
further annotation efforts.
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Fig 1. Phylogenetic tree of annotated SARS-CoV-2 S gene from South

Radiation tree

Based on the target sequence from RNAxs output
above, it is aligned with the consensus sequence of MSA
results in Fig. 3. It triggers a significant coverage of
consensus regions and exhibits a possibility of siRNA
binding in the highlighted region. The consensus region
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Fig 2. RNAxs output for siRNA of SARS-CoV-2 S gene

Table 2. Annotated ncRNA sequences from RNAxs run of SARS-CoV-2 S gene

Indicator Value

Rank 33

Position 187

Chosen the best target seq from RNAxs ACUUUCCUUUACAAUCAUA
Chosen the best siRNA seq from RNAxs UAUGAUUGUAAAGGAAAGU

would serve as a foundation for conducting a docking
analysis toward the target sequence.

Fig. 4 displays the annotated 2-Dimensional
structure of both siRNA’s targeted mRNA and its
conserved S gene mRNA. Fig. 4(a) is annotated from the
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TTTCCAACCCACTAATCCTGTTCGTTACCAACC
--------- CAACTCTCTTCCTGATTATT--CT

CCTTTCCAAC

AATGGTGTTGGTTACCAA

CTCCTGTTTATTACCC
GTGCTGTTTATTACCC
~=GTCCTCTTTATTACCC
--GTGCTGTTTATTACCC

CTCCTCTTTATTACCC
GTCGTCTTTATTACCC
GETTTCCAACCCACTTATCCTETTEETTACCAACE
CCTTTCCAACCCACTTATGCTCTTCCTTACCAACC
COTTTCCAACCCACTTATCOTCTTCCTTACCAACE
CCTTTCCAACCCACTTATCGTCTTCCTTACCAACE
CCTTTCCAACCCACTAATCCTCTTCCTTACCAACE
GCTTTCCAACCCACTAATCGTETTCE TTACCAACE
CCTTTCCAACCCACTAATCGTCTTCCTTACCAACE
GCTTTCCAACCCACTAATCGTCTTCE TTACCAACE
GCTTTCCAACCCACTAATGCTGTTCCTTACCAACC
COTTTCCAACCCACTAATCLCTCTTCC T TACCAACE
CCTTTCCAACCCACTAATCGTCTTCCTTACCAACC
CCTTTCCAACCCACTAATGCTCTTGCTTACCAACC

GCTTTCCAACCCACTAATCCTCTTCCTTACCAACE
BT CCTTTCCAACCCACTAATCCTCTTCCTTACCAACC
RTCCTTTCCAACCCACTAATCOCTCTTCCTTACCAACC

Fig 3. A conserved region of siRNA target in MSA result is highlighted in black. It corresponds to the consensus logo
below, and it is the output of JALVIEW 2.11 software

(a) (b)

[ (d) -
\ T |

Sl

Fig 4. SARS-CoV-2 2D structures prediction (a) S gene
mRNA from RNAfold, (b) S gene siRNA from RNAfold,
(c) S gene mRNA conserved structure from RNAlifold,
(d) A conservation legend, 0 means not conserved, 1
means the most conserved

targeted mRNA gene in Fig. 2. Notably, the minimum free
energy prediction of the targeted mRNA is 0.00 kcal/mol;
thus, the structure is not considered as spontaneously
occurring (Fig. 4(a)). However, siRNA minimum energy
is —0.06 kcal/mol indicating a spontaneous structure (Fig.
4(b)). Significantly, the conserved structure minimum
energy of S gene mRNA is indicated at —18.62 kcal/mol
(Fig. 4(c)). Although it is feasible in a structural manner,
the structure has formed an overstretched bulge which
is not intuitively feasible in a stereochemical manner.
This kind of structure could only exist in a chemical
reaction transition state.

Conclusively, it is known from our data that
mRNA’s structure is singular, not diverse. Thus, the
animated structural transition is not feasible to be
depicted. The structure of siRNA is more diverse and
annotated with three possible conformations, as
exhibited in Fig. 5. The very limited number of structural
transitions might occur due to the possible steric effects
arising from RNA’s stereochemical conformation.
Moreover, the barrier server only illustrates the
transitional structure in a 2D trajectory, thereby limiting
the conformational flexibility compared to the 3-
dimensional one.
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Fig 5. Barrier Server illustration of siRNA 2D

conformations

Furthermore, the 3D de novo modeling method has
obtained structures of both SARS-CoV-2 S gene
conserved mRNA and siRNA (Fig. 6). It displays that both
structures differ in their respective conformations. The
structure of mRNA clearly expresses a solid loop
conformation; therefore, its strand bind to each other
(Fig. 6(a)). In contrast, siRNA structure shows a much
loose loop conformation because some parts of its strand
are not binding to each other (Fig. 6(b)). Regarding 3D
structure validation, although they are considered in the
warning threshold, both structures produce a near-
optimal model that mostly still lies below the quality
control threshold of 10% deviation standard from the
standard plot (Table 3) [59]. Therefore, it is decided to still
proceed with the docking protocol.

Fig. 7 presents the docking results of both mRNA

Indones. J. Chem., 2022, 22 (5), 1163 - 1176

and siRNA structures which have successfully formed a
complex. However, the complex visualization using the
HNADOCK built-in visualizer is not vivid enough to

Fig 6. SARS-CoV-2 S gene 3D visualization (a) mRNA,
(b) siRNA. Both are illustrated from the result of
iFOLDRNA modelling

¥
P
4

e "

@) ®)
Fig 7. Docking result of SARS-CoV-2 S gene mRNA and

siRNA complex (a) Complex visualization using
HNADOCK, (b) Complex visualization using UCSF
Chimera

Table 3. Molprobity Validation results for RNA 3D Structures. Green is good, yellow is cautious, and red is a warning

sign [60]
Indicators  Parameters siRNA 3D model mRNA 3D model Notes
All-atom  Clashscore, all 0% percentile’
contacts atoms: (N = 1784, all resolutions)

Clashscore is the number of serious steric overlaps (> 0.4 A) per 1000 atoms

Nucleic acid Probably wrong
sugar puckers:
Bad bonds:

Bad angles:

geometry

Additional  Chiral volume

validations

0/95

outliers
Waters with

0/0 0.00%
clashes °

0.00% Goal: 0

Goal: 0%
Goal: < 0.1%

* The 100™ percentile is the best among structures of comparable resolution; the 0" percentile is the worst
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(a) 1 19
| |
5'.
Target ACUUUCCUUUACAAUCAUA
ARNRRRRRRARR AN
Query UGAAAGGAAAUGUUAGUAU
;o
| |
19 1
(b)
Sequence : ACUUUCCUUUACAAUCAUA&UAUGAUUGUAAAGGARAGU
Structure ¢ (((CCCCCCCCCCCCCCCEIIIININIIIININIIDD

Fig 8. IntaRNA result of SARS-CoV-2 S gene siRNA
(Query)-mRNA (Target) complex (a) 2D interactions, (b)
Rendition of sequence in FASTA format and structure in
Vienna dot-bracket format

observe the conformation (Fig. 7(a)). Thus, the UCSF

Chimera visualizer was employed, and a vivid
visualization was obtained accordingly (Fig. 7(b)).

The docking visualization has its own limitation in
narrating the binding nature because there is no detailed
explanation of the involved chemical interactions.
Engaging common 2D chemical interactions visualizer
such as ligplot+ and leview is not feasible due to their
protein-specific scoring function [61-62]. Therefore, Fig.
8expresses the predicted hydrogen bonds between mRNA
and siRNA in a 2D fashion. The rendition of IntaRNA
software toward the siRNA-mRNA complex could
predict the hydrogen bonding of the pairs. However, the

notable absence is other types of interactions, such as Van
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der Waals and hydrophobic ones.

As IntaRNA could only provide a general
repertoire of siRNA-mRNA chemical interactions,
another software was employed to provide a fine-
grained resolution of the bindings. PLIP, a package that
is normally utilized for protein-ligand interactions, was
applied for this matter. Therefore, as seen in Fig. 9, a
higher resolution image of the complex’s 3D chemical
interactions is exposed accordingly. In the interface of
siRNA-mRNA interaction, as seen in Fig. 9, a more
specific interaction between Adenosine Triphosphate
(ATP) and magnesium ion (Mg**) appears. In the blue
box of Fig. 9, it portrays nine hydrogen bonds and n
stacking interactions exposing the resonance between
two phenyl groups also exist. These interactions, namely
hydrogen bond, metal interaction, and n stacking, are
the underlying path for siRNA-mRNA complex integrity.

m CONCLUSION

It is concluded that based on the current S gene
data annotation in the GenBank, the delta variant of
SARS-CoV-2 has already gained ground throughout the
South Asia region. As this variant has already become a
dominant feature worldwide, it would serve as a useful
blueprint for drug design. Then, this siRNA for SARS-
CoV-2 S gene mRNA was designed from the conserved
region annotated with significant numbers of delta
variant sequences. Both siRNA and mRNA prediction

Fig 9. Illustrations of siRNA-mRNA complex with intermolecular siRNA-mRNA interaction, the blue box portray

ATP-Mg’* interaction along with the enlarged ATP-Mg*" interactions inside the square. The green ball represents

magnesium ions. The red ball represents magnesium ion, while the dashed line represents m-stack, and the straight

connecting lines are hydrogen bonding
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mechanisms have provided models that could be tested in
docking and chemical interaction studies. The chemical
interaction studies also produced a high possibility of
solid siRNA-mRNA complex integrity. Finally, siRNA
design should be elicited in the wet laboratory setting for
further validation.
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Abstract: The preparation of 4-methylbenzenesulfonyl imidazole by using
triethylamine as an effective phase-transfer catalyst (PTC) under mild biphasic
conditions has been studied intensively. The method can be used for large-scale
preparation with high purity and high yield of 4-methylbenzene-sulfonyl imidazole.
The result in 4-methylbenzenesulfonyl imidazole has been successfully applied for the
regioselective synthesis of mono-6-(4-methylbenzenesulfonyl)-B-cyclodextrin in an
aqueous medium. This synthetic methodology concept, together with the synthetic
versatility of PTC, provides a general and reliable general strategy for the practical
of highly mono-6-(4-
methylbenzenesulfonyl)--cyclodextrin as a key intermediate for the single functional

and industrial  regioselective  synthesis valuable

isomer mono-substituted cyclodextrin derivatives. As characterized by FTIR, NMR
and mass spectrometry, mono-6-(4-methylbenzenesulfonyl)-B-cyclodextrin was

obtained in high purity.

Keywords:

phase

transfer  catalysis; 4-methylbenzenesulfonyl —imidazole;

regioselective synthesis; mono-6-(4-methylbenzenesulfonyl)-B-cyclodextrin

= INTRODUCTION

Cyclodextrins (CDs) are naturally occurring cyclic
oligosaccharides consisting of six, seven, and eight
glucopyranose units, which are termed a-, B-, and y-
cyclodextrins, respectively [1-2]. These oligosaccharides
consist of a-1,4-connection of each a-D-glucopyranose
unit to form cyclic structures and they are shaped like
truncated cones rather than perfect cylinders. Native
cyclodextrins have limited aqueous solubility. In particular,
B-cyclodextrin (B-CD) forms intramolecular hydrogen
bonds between secondary OH groups at C-2 and C-3
positions which detract from hydrogen bond formation
with surrounding water molecules, resulting in less negative
heat of hydration and significant lowering of solubility, i.e.,
18.5 g/L at 25 °C [2]. In order to improve the solubility of
B-cyclodextrin in aqueous media, it is necessary to modify
B-cyclodextrin by substituting one OH group at either 2-
or 6-position with other groups to give functionalized CD

derivatives which are more soluble in water [3-4].
Mono-6-(4-methylbenzenesulfonyl)-f-CD is the
most important precursor to further functionalize the
primary hydroxyl groups (C-6) of B-CD, since 4-
methylbenzenesulfonylate is a good leaving group and
can be easily substituted by other nucleophiles [5-6]. The
most convenient procedure to prepare mono-6-(4-
methylbenzenesulfonyl)-3-CD is by using 4-
methylbenzenesulfonyl imidazole as an important
reagent reacting with B-CD in a basic medium [7]. The
reported  procedure for preparation of 4-
methylbenzenesulfonyl imidazole employs an excess
amount of imidazole, a lot of organic solvents, including
dichloromethane (500 mL), a mixture of ethyl acetate-n-
hexane (500 mL), ethyl acetate (50 mL), n-hexane
(500 mL), 3.5 h reaction, and complicated purification
process [7]. The synthetic methodology, in particular,
the purification steps was challenging, used a lot of

solvents, produced many waste materials, and resulted
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in a long and expensive procedure. These wastes should
be destroyed, disposed, or regenerated thus consuming a
lot of energy and creating a serious and heavy burden on
the environment. Therefore, it is of great importance to
develop, provide and use new synthetic methodologies of
4-methylbenzene-sulfonyl imidazole that minimize these
problems. Perhaps one of the most general, efficient, and
effective methodologies that fulfill this requirement is
phase-transfer catalysis (PTC) [8-10]. This PTC synthetic
methodology is applicable to a great variety of reactions
in which organic substrates react with organic and
inorganic anions. It consists of the use of heterogeneous
two-phase systems - one phase being a reservoir of
reacting base or anions for the generation of organic
anions in an aqueous system, whereas catalyst and organic
reactants as the source of lipophilic cations are present in
the other (organic) phase [9].

Here, we report a convenient and economical
method for the preparation of 4-methylbenzene-sulfonyl
imidazole by using PTC on a high scale with high yields.
Moreover, the use of 4-methylbenzene-sulfonyl imidazole
as a precursor in synthesis with 3-cyclodextrin is described
to obtain a highly pure mono-6-(4-methylbenzene
sulfonyl)-p-cyclodextrin with an acceptable yield in the
aqueous media.

m EXPERIMENTAL SECTION
Materials

Merck.
sodium Dbicarbonate,

Imidazole was  purchased from

Triethylamine, [-cyclodextrin,

sodium hydroxide, anhydrous magnesium sulfate,
dichloromethane, acetone, and n-hexane were purchased
from Sigma-Aldrich. The

chloride and ammonium chloride were purchased from

4-methylbenzenesulfonyl

Fluka. All chemicals were directly used without further
purification.

Instrumentation

Melting points were determined with Biichi Melting
B-540
performed with a Perkin Elmer 240C elemental analyzer

Point apparatus. Elemental analyses were

for C, H, N, and S determination. UV-Vis spectra were
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recorded by using Double Beam Spectrophotometer
Shimadzu UV-1800. Infrared spectra were recorded
with a Perkin Elmer 1600 spectrometer and samples
were prepared as KBr pellets. Electron spray ion mass
spectrometry (ESI MS) was performed on a Finningan
TSQ7000 mass spectrometer. The 'H and "“C-NMR
spectra were recorded with a Bruker ACF 300
Spectrometer. Samples were dissolved in deuterated
solvents and chemical shifts (§) are reported in parts per
million (ppm) according to tetramethylsilane (TMS) as
the internal standard.

Procedure
Synthesis of 4-methylbenzenesulfonylimidazole
(Bsim)

Imidazole (136.16 g, 2.0 mol) and 4-

methylbenzenesulfonyl chloride (381.28 g, 2.1 mol) were
in dichloromethane (1500 mL)
Erlenmeyer. Sodium bicarbonate (176.421 g, 2.1 mol)
was added to the water (1500 mL) and followed by the
addition of triethylamine (20 mL) as a PTC. The two-
layer mixtures, aqueous and organic layers, were stirred

dissolved in an

at room temperature. Carbon dioxide gas was released
during the reaction and the mixture was continuously
stirred for 4 h until no more gas formed. The organic
layer was separated and the aqueous layer was extracted
with dichloromethane (3 x 1000 mL). The organic
phases were combined and dried with anhydrous
MgSO,, then filtered, concentrated to approximately 750
mL, and added with n-hexane (150 mL). The mixture
was allowed overnight to form a white crystal and the
crystal was filtered and dried under vacuum to give the
desired product (425.62 g, 93.5%) with a melting point
of 77.5-78.5 °C (lit. 78.0-79.0 °C) [7].

FTIR (cm™, KBr): 3159, 3103, 3032, 1595, 1516,
1383, 1151. '"H-NMR (300 MHz, CDCl;) 6: 2.42 (s, 3H,
CH,), 7.07 (s, 1H, =CH-4,), 7.28 (s, 1H, =CH-5,,), 7.34
(d, 2H, J = 8.43 Hz, =CHyera), 7.81 (d, 2H, ] = 8.01 Hz,
=CHorno), 7.99 (s, 1H, =CH-2;,). "C-NMR (75 MHz,
CDCL) 6: 21.5 (CHs), 117.4 (C4), 127.2 (Cew), 130.3
(Cortho)> 131.2 (C5), 134.8 (Cpara), 136.5 (C2), 146.2 (Cipso).
ESI-MS (m/z): 223.03 [M+H]*, calc. 223.05.
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Synthesis of mono-6-(4-methylbenzenesulfonyl)-B-
cyclodextrin

In this study, a modified reported procedure was
used to synthesize mono-6-(4-methylbenzenesulfonyl)-p-
cyclodextrin [7]. The 4-methylbenzenesulfonyl imidazole
(12.22 g, 0.055 mol) was added to a suspension of B-
cyclodextrin hydrate (67.55 g, 0.05 mol) in water (500 mL).
The mixture was allowed to be stirred for 2 h. A solution
of sodium hydroxide (20 g in 100 mL, 0.5 mol) was added
and stirred for 10 min. The insoluble solid was removed
by filtration. The filtrate was neutralized to pH value was
approximately 7.0 by adding ammonium chloride. The
white solid formed was collected by filtration and washed
with cold water to give the product (27.5 g, 42.5%) with a
melting point of 173 °C slow dec., (lit. 163-168 °C (dec.)
[11].

FTIR (cm™, KBr): 3400, 2935, 1647, 1367, 1159,
1080, 1031, 582. '"H-NMR (300 MHz, DMSO-4) 6 : 2.43
(s, 3H, CH3), 3.22-3.40 (overlap with HDO, m, 14 H, H-2
and H-4), 3.46-3.65 (m, 28H, H-5, H-3, and H-6), 4.16-
4.22 (m, 1H, OH-6), 4.31-4.40 (m, 1H, OH-6), 4.45-4.53
(m, 4H, OH-6), 4.77 (d,2H, J = 3.21 Hz, H-1), 4.84 (d, 5H,
J = 3.24 Hz, H-1), 5.64-5.83 (m, 14H, OH-3 and OH-2),
7.43 (d, 2H, ] = 8.4 Hz, =CH,,,.., aromatic), 7.75 (d, 2H, ] =
8.4 Hz, =CH,1, aromatic). *C-NMR (75 MHz, DMSO-4)
0:21.2 (CHs3), 59.9 (C-6), 68.9 (C-6"), 69.7 (C-5), 72.0 (C-
5),72.4 (C-3),73.0 (C-2), 80.7 (C-4’), 81.5 (m, C-4), 101.9
(C-1), 101.2 (C-1), 127.6 (Cpewa)s 129.9 (Cormno)s 132.7
(Cpara), 144.8 (Cipso). ESI-MS (m/z): 1311.2 [M+Na]*, calc.
1311.38. Microanalysis (%): C 45.3, H 6.1, S 2.4; calc., C
45.7,H5.9,S2.5.

Determination of binding constant of Bsim/B-CD
inclusion complex

The binding constant of the inclusion complex was
determined according to the reported procedure [12] with
slight modification. The standard solution of 4-
methylbenzenesulfonyl imidazole (BsIm) in water (5 mL,
5x 10> M) and a volume (5 mL) of a standard solution of
B-CD solution (2, 4, 6, and 8 x 107> M) were placed in a
volumetric flask (10 mL). The volume was adjusted with
deionized water and the mixture was stirred for 30 min to
allow the formation of the complex. The absorbance of
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resultant solutions was determined using a UV-Vis
spectrophotometer.

m  RESULTS AND DISCUSSION
Synthesis of 4-Methylbenzenesulfonylimidazole

The 4-methylbenzenesulfonylimodazole has been
prepared from the 4-methylbenzenesulfonyl chloride by
reaction with 2.26 equivalents of imidazole and 1.0
equivalent of triethylamine in dichloromethane [7]. For
high-scale preparation or industrial purpose, the
method is not convenient because consuming a lot of
imidazole as substrate, triethylamine as a catalyst,
dichloromethane, ethyl acetate and n-hexane as
solvents, as well as long purification processes. Hence,
we developed a new synthetic method by using PTC, and
this method has
manufacturing as it is more effective and efficient. PTC

advantages for industrial
reactions of organic anions use the inorganic phase
contains bases such as concentrated aqueous or solid
NaOH or KOH or solid K,CO; as aqueous solutions
whereas the organic phase contains the anion precursor,
an electrophilic reactant, and eventually a solvent [8-10].

This methodology is efficiently applicable for the
preparation of 4-methylbenzenesulfonyl imidazole. The
mixture of 4-methylbenzenesulfonyl chloride, imidazole
and triethylamine in a catalytic amount was dissolved in
dichloromethane. The mixture was added with a
saturated solution of sodium bicarbonate to form
immiscible two-phase systems - the organic and
aqueous phases. Since both phases are mutually
immiscible, the reaction does not proceed unless the
catalyst, usually a trialkylamine, R;N is present. In the
organic phase, in the presence of triethylamine, 4-
methylbenzene-sulfonyl chloride reacts with imidazole
to produce 4-methylbenzenesulfonyl imidazole and
hydrochloric acid (HCI). The HCI further reacts with
triethylamine to give quaternary ammonium salt which
is soluble and transfers into an aqueous layer. In the
aqueous phase, the ammonium salt then reacts with
sodium bicarbonate and produces water, sodium
chloride, carbon dioxide (CO,) gas, and triethylamine
(Scheme 1). The regenerated triethylamine returns to
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Scheme 1. Synthesis of 4-methylbenzenesulfonyl imidazole using phase transfer catalysis method

the organic layer and the cycle continues until all of 4-
methylbenzenesulfonyl chloride completely reacts with
imidazole. The end of the reaction can be monitored from
the absence of CO, bubbles.

The method used triethylamine in catalytic amount
and could be used for high-scale preparation and gives a
high yield. In this study, the synthetic method used 0.1 to
2.0 mol of imidazole and 4-methylbenzenesulfonyl chloride
with a yield in the range of 93-94%. The comparison of
the quantities of reactants, catalysts, solvents and products
obtained in the preparation of 4-methylbenzenesulfonyl
imidazole is given in Table 1. A similar reaction has been
performed without phase transfer catalyst and the yield
was 75-78%. This yield is lower than the reaction with a
phase transfer catalyst, which is probably due to an
incomplete reaction or equilibrium reaction.

This
methylbenzenesulfonyl imidazoles which are more efficient
and effective used 4-methylbenzenesulfonyl chloride and
imidazole reagents, tertiary amine as phase transfer

new synthetic method of making 4-

catalyst, organic solvents, dichloromethane, and water to
form two liquid phases and do not dissolve in each other.
Upon completion of the reaction, the organic phases,
dichloromethane layers, which contain the pure product,

is separated by simple distillation and the product can be
The
dichloromethane obtained from distillation and aqueous

subsequently  purified by crystallization.
phase upon separation of NaCl formed can be used again
for another reaction process so the only waste is solid
NaCl. Moreover, the 4-methylbenzenesulfonyl imidazole
produced has been successfully used as a precursor in
synthesis with B-cyclodextrin to obtain a highly pure
mono-6-(4-methylbenzenesulfonyl)-p-cyclodextrin in
an aqueous environment with an acceptable yield.

Synthesis of Mono-6-(4-methylbenzenesulfonyl)-
B-cyclodextrin

Cyclodextrins are toroidal cyclic oligosaccharides
with the primary C-6 hydroxyl group on the smaller
open face and the secondary hydroxyls of glucose C-2
and C-3 on their more open face which can be modified
with various functional groups. Chemical modifications
of cyclodextrins influence the shape of the macrocyclic
structure, the size of the molecular cavity, the ability to
form hydrogen bonds, and in other physical properties.
Therefore, the catalytic behavior and the binding
properties can be controlled by the introduction of
functional groups.

Table 1. The reactants ratio used and the yield of 4-methylbenzenesulfonyl imidazole

Imidazole 4-Methylbenzene- Et;:N DCM NaHCO; H,O Yield

(mol) sulfonyl chloride (mol) (mL) (mL) (mol) (mL) g (%)
0.10 0.10 1.00 100 0.11 100 20.89 (94.00)
0.20 0.20 2.00 200 0.21 200 42.02 (94.50)
0.30 0.30 3.00 250 0.32 250 62.88 (94.30)
0.40 0.40 4.00 300 0.42 300 84.05 (94.50)
0.50 0.50 5.00 400 0.53 400 103.68 (93.30)
1.00 1.00 10.00 750 1.05 750 206.48 (92.90)
1.50 1.50 15.00 1200 1.58 1200 311.72 (93.50)
2.00 2.00 20.00 1500 2.10 1500 415.62 (93.50)
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Establishing the synthetic approach for mono
sulfonylation of one of the C-6 primary hydroxyl groups
of B-cyclodextrin is an important step in providing a
suitable intermediate for the introduction of a variety of
other substituents or coupling of B-cyclodextrin at its
primary hydroxyl group [13-16]. The selective chemical
modification of cyclodextrins is possible by using the
differences in reactivity of the three types of hydroxyl
groups. The primary hydroxyl groups of the cyclodextrins
are the most basic compared to the C-2- and C-3-
hydroxyls which are secondary alcohols. They are also the
most nucleophilic, as a consequence of which they may be
their
electrophilic species. While different synthetic methods

selectively modified through reaction with
for selectively functionalization, one single primary (C-6)
hydroxyl group of cyclodextrins were reported and
several by-products may be formed, requiring extensive
The most

common synthetic strategies employed either organic or

subsequent purification procedures [17].
aqueous solvent/base systems.

Among numerous [-cyclodextrin derivatives, of
particular interest is mono-6-(4-methylbenzenesulfonyl)-

HO  ©
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0 © Q
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B-cyclodextrin [17]. The known methods of synthesis of
this compound include acylation of p-cyclodextrin with
4-methylbenzenesulfonic hydride [18] and with 4-
methylbenzenesulfonyl chloride in DMF [19], pyridine
[20], aqueous acetonitrile [21], or sodium hydroxide
solution [11]. These procedures utilize toxic solvents
and are multistep and time- and energy-consuming.

In this study, mono-6-(4-methylbenzenesulfonyl)-
B-cyclodextrin ~ was  synthesized  using  4-
methylbenzenesulfonyl imidazole (Scheme 2) and the
yield was given in Table 2. It should be noted that the
obtained mono-6-(4-methylbenzenesulfonyl)-f3-
cyclodextrin is characterized by high purity, so it can be
used without additional purification.

Asindicated in Scheme 2, a B-cyclodextrin molecule
contains three types of hydroxyl groups, each including
seven hydroxyl groups, in positions C-2, C-3 and C-6. The
molecular structure of f-cyclodextrin has the form of a
truncated cone, and unlike hydroxyl groups attached to
the C-3 and C-6, the hydroxyl group is attached to the
second carbon atom (OH-2) is oriented into the cavity

of the cone and is thus not available for substitution

HO,

OH
0 O
0
|| 4

SO
II

Scheme 2. Synthesis of mono—6—(4—methylbenzenesulfonyl)—B—cyclodextrm

Table 2. The yields and quantities of reactants and solvents used in the synthesis of mono-6-(4-

methylbenzenesulfonyl)-B-cyclodextrin

No B-CD BsIm Water NaOH Yield

1. 2.70 g (2 mmol) 0.47 g (2.10 mmol) 20 mL 0.80 g (20 mmol) 1.08 g (42.01%)
2. 13.51 g (0.01 mol) 0.47 g (0.01 mol) 100 mL 0.80 g (0.10 mol) 5.42 g (42.05%)
3. 27.02 g (0.02 mol) 4.90 g (0.02 mol) 200 mL 8.00 g (0.20 mol) 10.89 g (42.25%)
4. 67.55 g (0.05 mol) 12.22 g (0.05 mol) 500 mL 20.00 g (0.50 mol) 27.40 g (42.50%)
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reactions with 4-methylbenzenesulfonyl imidazole. The
mechanism of regioselective synthesis of mono-6-(4-
methylbenzenesulfonyl)-p-cyclodextrin probably proceeds
through the inclusion of complex formation between f3-
cyclodextrin and 4-methylbenzene-sulfonyl imidazole
prior to sodium hydroxide addition. The p-cyclodextrin
should form a 1:1 complex with 4-methylbenzenesulfonyl
imidazole. This argument was supported by the
observation of solid formation immediately when the
added with 4-
methylbenzene-sulfonyl imidazole. This observation was

solution of B-cyclodextrin was
consistent with the results obtained when mono-6-(4-
methylbenzenesulfonyl)-B-cyclodextrin was made from
B-cyclodextrin with 4-methylbenzenesulfonyl chloride
[18] or 4-methylbenzenesulfonic anhydride [22].

In order to prove the inclusion of complex
formation between 4-methylbenzenesulfonyl imidazole
(BsIm) and B-CD, the BsIm/B-CD complex formed was
isolated and the spectrometric experiment was performed.
The UV absorption spectra of 4-methylbenzenesulfonyl
imidazole and the BsIm/B-CD inclusion complex in
aqueous solutions are shown in Fig. 1. A comparison of
the UV spectra of BsIm and the BsIm/B-CD complex
showed a distinct difference. The complexation of BsIm
to B-CD causes a small red shift in the absorbance

Indones. J. Chem., 2022, 22 (5), 1177 - 1186

maximum and a large increase in the molar absorption
coefficient. The increase in the molar absorption is
presumably caused by the BsIm being complexed in the
hydrophobic interior of the B-CD cavity. Therefore, the
broad absorption at around 235 nm in Fig. 1 must be
caused by the complex formation of f-CD with BsIm
and not benzylated f-CD (p-CD-OBs).

Moreover, the complex formation of B-CD with
BsIm may be confirmed by the determination of the
binding constant (K,). On the basis of the reliable
Benesi-Hildebrand method for the 1:1 host-guest
complex the double reciprocal plots have been drawn
using Eq. (1) [12].
(HL(Gl, 1 (Hl,

AA  AebK, Acb
where [H], and [G], are the molar concentration of -
CD and BsIm, AA is the change in absorbance after the
addition of B-CD, and Ae is the difference of the molar
absorptivities for free and complexed BsIm. The binding

(1)

constant for the 1:1 inclusion complex, K, can be
calculated from Eq. (2).
slope

K =(+jx1000 (2)
intercept

The Benesi-Hildebrand plots for 3-CD with BsIM
gave a straight line, Fig. 2. The K, value for the complexes

1.000 ] T T T r T
|
'|
|
| & Il -
II
| (5)
| \ ~ T4 Y
RS (4) N
_'| & (3) \1 =
; | '
- o 2) \\\
80500 -
i | "'“-\\_x -
(1
e .\--
- e =
0.000 : : | : : : =
200.00 300.00

400.00

Fig 1. Spectrum of BsIm at varying f-CD concentration, aqueous, pH 7.0, 28 °C. [BsIm] is 2.5 x 10™* M. [CD] is (1) 0

x107,(2)1x107,(3)2x 107, (4)3x 107, (5)4x 10° M
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Fig 2. Benesi-Hildebrand plot for the mixture of f-CD and BsIm
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Fig 3. "H-NMR spectrum of mono-6-(4-methylbenzenesulfonyl)-p-CD in DMSO-ds

of B-CD with BsIM, as calculated from the slope and
intercept of this line, is 396.885 M. This suggested that
the mechanism of regioselective synthesis of mono-6-(4-
methylbenzenesulfonyl)-B-CD proceeds through the
formation of an inclusion complex between p-CD and
BsIm with the 1:1 ratio.

The FTIR, NMR, and MS studies were conducted to
identify and prove the structure of mono-6-(4-methyl
benzene sulfonyl)-B-cyclodextrin. The functionalization
of P-cyclodextrin with 4-methylbenzenesulfonyl group

was confirmed by FTIR based on the peaks at 1159 cm™
(S-O-R), which were not present in -cyclodextrin or 4-
could be
attributed to alkyl substituted sulfonyl group. In addition,
the comparison of "H-NMR spectra for the starting (-
cyclodextrin and the product of its reaction with 4-
determine the
structural orientation of the reaction. The 'H-NMR

methylbenzene-sulfonyl imidazole and

methylbenzenesulfonyl imidazole

spectrum (Fig. 3) shows the resonance signals at 7.75 ppm
(d, J = 8.4 Hz, 2 Houno), 7.43 ppm (d, ] = 8.4 Hz, 2 Hypeta),
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and 2.43 ppm (s, 3H) for characteristic peaks of aromatic
and CH; protons. A molar amount of > 99% of 4-
methylbenzenesulfonyl group in the mono-6-(4-
methylbenzenesulfonyl)-B-CD was detected by comparing
the integral of the anomeric protons (H;) at 4.85-4.76 ppm
with that of benzene protons (-C¢Hs-CHs) at 7.77-7.74 and
7.45-7.42 ppm, which stresses the high purity of the
obtained product.

Furthermore, based on the integral ratios of the
anomeric proton and the multiplet signal at 4.53-4.45 ppm
(OH-6), which were calculated to be 7:6, it was confirmed
that only one of the seven primary hydroxyl groups (Cé-
OH) of p-CD was replaced by 4-methylbenzenesulfonyl
group. The 4-methylbenzenesulfonyl substituent causing
unshielded effects resulted in a downfield peak shift at
4.37 ppm for the two protons of the derivatized C-6’ and
at 4.20 ppm for the adjacent C-5" proton, respectively.
These facts gave information and proved the binding of
the 4-methylbenzenesulfonyl group to the C-6" carbon.
This result is consistent with previously reported 'H-
NMR data for mono-6-(4-methylbenzenesulfonyl)-f-
cyclodextrin [23].

Fig. 4 shows the "C-NMR spectrum of mono-6-(4-
methylbenzenesulfonyl)-B-CD and the assignments of
resonance signals for the cyclodextrin region are as in
inset. The "C-NMR spectrum shows important resonance

Indones. J. Chem., 2022, 22 (5), 1177 - 1186

signals at 144.8, 132.6, 129.8, 127.5, and 21.1 ppm for
Cipsos Cparas Cortho» Creta 0f the aromatic ring, and CHj,
respectively. The resonance signal for -CHa- linked to 4-
methylbenzenesulfonyl group is at 68.9 ppm. In the “C-
NMR spectrum, peak shifts could be detected due to the
functionalization of one (C-6’) out of a total of seven C-
6 carbons of B-cyclodextrin, namely, (i) a downfield shift
of C-6’ from 59.9 to 68.9 ppm, (ii) an upfield shift of
adjacent C-5" from 71.8 to 69.6 ppm, and (iii) upfield
shifts of C-4’ (80.7 ppm) and C-1’ (101.2 ppm). These
values are consistence with Breslow's theory, which
states that sulfonylation of the hydroxyl group causes a
downward field shift of the carbon-carrying hydroxyl
(the a-carbon), a small upward field shift of the -carbon
and a smaller upfield shift of the y-carbon [24]. All “C-
NMR peaks of non-functionalized carbon atoms showed
the same chemical shift as the starting f-CD, supporting
that a mono-functionalized product was obtained.

The mass spectrometry (MS) revealed a molecular
weight of the molecular ion [M+Na]* of 1311.2 g mol ™',
which perfectly agreed with the calculated value (1311.38)
for mono-6-(4-methylbenzenesulfonyl)-p-cyclodextrin.
Importantly, compared to previous approaches to obtain
mono-6-(4-methylbenzenesulfonyl)-p-cyclodextrin, the
entire process, allowed to use of lower amounts of 4-
methylbenzenesulfonyl imidazole and sodium hydroxide

C6&

]"-l I . _.ll
TR 400 T80 g0 710 760 :
mv e A v L I |‘ - s Py po iy HL L o ‘TJL -'_-_ yey oy
180 160 140 20 100 80 60 40 20
ppm

Fig 4. "C-NMR spectra of mono-6-(4-methylbenzenesulfonyl)-p-CD in DMSO-ds
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(molar  ratio  4-methylbenzenesulfonylimidazole/p-
cyclodextrin = 1.1 and NaOH/B-cyclodextrin = 10) in
reasonable yield and high purity compared to the previously
reported approach in NaOH/water environment [7].

m CONCLUSION

The 4-methylbenzenesulfonyl imidazole has been
prepared from the 4-methylbenzenesulfonyl chloride and
imidazole by using phase transfer catalysis. This method
can be used in the large-scale synthesis of 4-
methylbenzenesulfonyl imidazole as it is easy to carry out
and can produce a high percentage of yields. In addition,
the method uses triethylamine in a catalytic amount and
the solvent can be recycled and reused. It is a more effective
and efficient synthetic methodology. Moreover, the 4-
methylbenzene-sulfonyl imidazole produced has been
successfully used as a precursor in regioselective synthesis
with B-cyclodextrin to obtain a highly pure mono-6-(4-
methylbenzenesulfonyl)-B-cyclodextrin in an aqueous
environment with an acceptable yield. This synthetic
methodology provides a reliable synthesis of mono-6-(4-
methylbenzenesulfonyl)-B-cyclodextrin  required for
further synthesis of important single isomer mono-
substituted [-cyclodextrin derivatives, containing just
one substituent per 3-CD molecule at the C-6 position.
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Abstract: Three arms Schiff base unit based on melamine moiety was synthesized and
introduced to polyvinyl chloride (PVC) to produce a modified PVC polymer. The polymer
composite of new modified PVC polymer was blended with micro copper oxide as a
reflecting mirror of UV light to enhance the photostability of PVC. Three different
concentrations of micro copper oxide (0.01-0.03 wt.%) were mixed with the modified
PVC and cast as a thin film. The photostability test has shown high resistance to
photodegradation upon exposure to UV light. In this work, different approaches were
applied to examining doped modified PV C's thin film efficiency against photodegradation
after exposure to UV light for 300 h in an ambient atmosphere. The exhibited studies,
such as infrared spectroscopy and weight loss percentage, have demonstrated the
improvement of photophysical properties for modified PVC and blended modified films
in comparison to blank PVC polymeric films. These outcomes are so interesting as they
could contribute to reducing the consumption of PVC around the world hence its waste
causing huge environmental problems for the marine ecosystem.

Keywords: aromatic; photo-stabilizers; micro copper oxide; FTIR; melamine

m INTRODUCTION

Plastics have a wide range of chemical and physical
qualities as well as inexpensive manufacturing costs. They
are mass-produced and used in a variety of industrial
applications [1-3]. However, in recent years, both
academic and industrial companies have been under
intense work to address issues arising from the usage of
plastics. For example, the amount of trash produced, the
composition of that waste, and its negative impact on the
ecosystem. Another major challenge is how to enhance
the characteristics of plastics for long-term usage [4-6].
Polyvinyl chloride (PVC) is a flexible thermoplastic used
in various applications, from food wrapping to equipment
used in medicine. PVC is an inexpensive polymer easy to
make and has excellent features. On the other hand, it has
low thermal and mechanical stability.

Furthermore, when irradiated by ultraviolet (UV)
radiation for lengthy periods, especially at high
temperatures, the most prevalent types of synthesized
PVC undergo a specific de-hydrochlorination process
[7-8]. Because of the HCIl molecules released, such
processes result in the making (C=C) double bonds
inside the polymer structure, cracking, discoloration,
deformation, and a defect in the mechanical qualities of
polymeric films [9-11]. Furthermore, PVC degrades
slowly in landfills in natural settings [12]. As a result, at
the numerous disposal sites where PVC trash ends up, it
must either be burnt or collected and recycled [13]. PVC
incineration creates harmful by-products that damage
the environment as well as soil and groundwater [14].
Thus, including different stabilizers in the polymeric
chemical structures might be a way to improve PVC
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characteristics and enhance its stability against heat and
UV light [15-16]. The PVC stabilizers should be well-
matched with the polymer and not change the product's
color. The additives' main features are stability against harsh
conditions, non-volatile, and inexpensive to manufacture
[17-18]. Highly aromatic organic molecules, organometallic
materials, inorganic nano-compounds, and Schiff bases
are the most often used PVC stabilizers [19-22].

On the other hand, additives having heavy metals
are not an amazing way to protect PVC for a long time
because they have a propensity to leak out, generating
ecosystem and human health issues. Because titanium
dioxide is an efficient UV light absorber, it may be utilized
as a PVC additive [23-24]. Nevertheless, titanium dioxide
is a photocatalyst and speeds up the weathering and
deterioration of PVC surfaces [25].

As aresult, novel PVC stabilizers that are proficient,
easy to manufacture, aromatic, and work as light
stabilizers still have the potential to be developed.
Melamine is a fragrant, odorless, low-cost, very stable
material and not toxic. It is employed in a variety of
industrial settings, including corrosion inhibitors [26-29].
Previous studies used copper oxide particles as photo
stabilizers for paint media [30]. However, a new approach
in this study was followed by using copper oxide
microparticles as PVC additives. It used micro copper
oxide, which should work as a reflecting mirror, which
reflects the UV light from the surface of the polymeric
films and prevents the chemical structure damage of it.
Thus, the copper oxide was chosen because it is cheap and
available. Also, it was used as an example to open the door
for a new stabilization mechanism that could be expanded
for many other metallic oxides.

m EXPERIMENTAL SECTION
Materials

Petkim Petrokimya (Istanbul, Turkey) has supplied
PVC generously for this work. The supplied PVC has a K
value of 67. The copper oxide was purchased from Sigma-
Aldrich company as a powder, with particle size < 10 pm
and purity of 98% since it was used without any further
purifications. All other chemicals are purchased from
Sigma Aldrich (Gillingham, UK).

Indones. J. Chem., 2022, 22 (5), 1187 - 1194

Instrumentation

The final PVC composite films have a thickness of
about 40 pm measured via Digital Caliper DIN 862
micrometer (Germany). In order to run a
photodegradation experiment, A QUV tester instrument
was used to simulate the exposure to sunlight under
laboratory conditions. The UV light was centered at
313 nm with an intensity of 6.43 x 10~ ein dm™ s™'. UV
rays irradiated all the samples for a maximum of 300 h

irradiation time.
Procedure

Synthesis of three arms Schiff base unit based on
melamine moiety (3)

Dimethylformamide (DMF) (40 mL) was used to
dissolve (0.50 g, 4 mmol) of melamine under stirring at
120 °C completely. An excess of aromatic aldehyde (1.61
g, 13.2 mmol) dissolved in 5 mL DMF in addition to
acetic acid (glacial) (0.2 mL) was mixed with the
previous solution. The reaction was then heated up to
refluxed (6 h). After cooling to ambient temperature,
toluene was added to crash out the precipitate. The
precipitate was filtrated and thoroughly rinsed with
toluene and methanol. The pure target product was
dried under a vacuum [19].

Synthesis of PVC/3 films

A 025 g of PVC polymer was dissolved in
tetrahydrofuran (THF). A few drops of pyridine were then
added to the above solution, followed by the addition of
compound 3 (0.05 g) to the previous mixture. The
solution was heated to reflux for 3 h and then cast on a
glass mold. The solution was then kept in a dry place to
let the solvent evaporate at room temperature. The
resulted films have a thickness of about 40 pm.

Prepare PVC/3 micro copper oxide films

The modified PVC polymer with copper oxide
composite was prepared by dissolving the PVC/3
polymer (0.3 g) in THF (5 mL) with different
concentrations (0.01, 0.02, and 0.03 wt.%) of micro
copper oxide. The solution was heated to reflux for 4 h
to give the PVC-3/CuO composite. The solution was
then kept dry to let the solvent evaporate at room
temperature to give the final product.
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Weight loss method

The weight alterations of the samples are calculated
using Eq. (1). The changes in the weight of the samples
pre (W1) and post (W2) illumination with ultraviolet
light are used to determine the percentage of the change.

Weight loss % :Mxloo (1)
: W1

m RESULTS AND DISCUSSION
Synthesis of Aromatic Melamine

The synthesis route of 3 is accomplished according
to the procedure described by previous literature [19].
First, melamine was condensed with an excess of 4-
hydroxybenzaldehyde in the existence of acetic acid, as
shown in Fig. 1. Then, the final product 3 was obtained as
a pale yellow powder in a 73% yield.

Modification of PVC Chemical Structure

In recent times many attempts have been tried to
modify the chemical structure of PVC to enhance its
properties [31-32]. This work used melamine as a highly
aromatic moiety to modify the chemical structure of PVC

cloclQl
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polymeric chains, as shown in Fig. 2. A very small
amount of melamine was used compared to polymer;
melamine molecules replaced a few chlorine atoms. The
reaction has likely followed SN2 mechanisms due to the

Y
+
pZ
HoN N NH,
OH
1 2
AcOH, DMF
reflux, 6 h
OH

Fig 1. Synthesis of melamine Schiff base 3

o o & & N & N &1

PVC
THF, 4 drops
pyriding
[
Q
PVC-3
SN

A

NI SN
@N*NANm
HO OH

Fig 2. Modification of PVC chemical structure
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steric hindrance, as a slightly similar mechanism was
described in previous research [33]. The product was
identified using FTIR spectroscopy. Hence it noticed the
Schiff base peak at 1776 cm™" as well as the decreasing of
the intensity of the OH band. It is clear evidence that
almost all of the melamine was replaced by chlorine from
one side. This is possible due to steric hindrance effects
since the molecule prefers to react from one side rather
than strictly hindrance situations with making cross-
linking. However, there is a possibility that a very trace
amount reacted from two or three sides, but the majority
reacted from only one side. The idea is to use a very small
amount of aromatic units so it does not affect the
chemical or physical properties of the polymer; at the
same time, it provides very good photoprotection for the
polymer. Melamine in a small amount was not changing
the features of PVC, and it works as an excellent UV
absorber due to its high aromaticity. This work also used
micro CuO particles to enhance the photo-stability of
PVC films, proposing a new stabilization mechanism, as
will be discussed in the next section.

Indones. J. Chem., 2022, 22 (5), 1187 - 1194

The Blending of Modified PVC with a Trace
Amount of Micro CuO

After that, the modified polymer was mixed with
different percentages of micro copper oxide (0.01, 0.02,
and 0.03 wt.%) to get a blend of modified PVC with
micro copper oxide. It was thought that micro CuO
could work as a reflecting mirror of sunlight and protect
the polymer from degradation. Fig. 3 is an animated
diagram that shows how melamine and micro copper
oxide can protect the PVC from photodegradation.

Utilizing the FTIR Technique to Examine Modified
PVC Stability

The prepared polymeric films described in the
experimental section were irradiated by UV light for
300 h of blank and blended PVC films. The
photodegradation of polymeric films was monitored
using the FTIR technique (4000-400 cm™) because the
PVC undergoes an elimination process by releasing HCI
molecules when irradiated by UV light, which leads to the
formation of alkene groups. Furthermore, it is possible

Poly(vinyl Chloride) PVC Film

g P g g

HO™ ~F “Aou

3

_—

> Harmless
@ 3 Heat
® = Microcopper oxide

Fig 3. Animated diagram of photostability for modified PVC doped with CuO
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Fig 4. Infrared spectrums of PVC blended with micro
copper oxide (0.01 wt.%)
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Fig 5. Infrared spectrums of PVC blended with micro
copper oxide (0.03 wt.%)
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to oxidize the polymeric chains and form carbonyl
groups in the presence of oxygen. Therefore, both alkene
(C=C) and carbonyl (C=0) groups could be monitored
using FTIR, which shows peaks at 1660 and 1720 cm™,
respectively. Fig. 4 and 5 clearly show that blend
modified PVC has very good stability against UV light
matched to blank PVC, as shown in Fig. 4 and 5 after 100
h irradiation.

Weight Loss Percentages Approach to Monitor the
Stability of PVC

Another approach was utilized to exhibit the
efficiency of blend modified PVC, which is the weight
loss percentage against irradiation time, as shown in Fig.
6. In all cases, it is obvious that the weight loss
percentage increases with increasing the irradiation
time. This is because the PVC chemical structure has the
ability to undergo an elimination reaction and release
HCI molecules when irradiated by UV light. This leads
to reducing the molecular weight of the polymer and
increasing the weight loss as this is the main known
defect of PVC materials. Hence, it was taken and
weighed for both blank and blend PVC in an interval
time of 50 h. Using micro CuO particles with modified
polymer has enhanced the photostability of PVC.
Another result was obtained from this study that
increasing the percentage of micro copper oxide can
decrease the degradation of polymeric film. Hence,
micro copper oxide works as a reflecting mirror of UV
light in this case. It is important to mention that modified

04 1

o
w

—e—Blank PVC

o
L)

—a—Modified PVC

—&—PVC +0.01 CuO

—e—PVC + 002 CuD
PVC +0.03 Cu0

Weight Loss (%)

o

0

0 100 200 300 400
Time of Irradiation (h)

Fig 6. The loss of weight percentage of PVC mixed with
different concentrations of micro copper oxide at 300 h
of irradiation
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PVC has provided good protection for PVC polymeric
films compared to blank PVC. This is because melamine
has a highly aromatic system, which absorbs UV light and
works as a UV blocker. This protects the PVC chemical
structure from photodegradation after exposure to UV
light.

m CONCLUSION

To summarize, this study used a highly aromatic
organic molecule (melamine) to modify the chemical
structure of PVC and utilized FTIR to identify the product.
This modification was done to enhance the photophysical
properties of PVC. Hence, melamine has a highly
conjugated system and absorbs in the UV region. Copper
oxide (CuQ) was added to modified PVC in different
concentrations. It is thought that CuO could work as a
reflecting mirror of UV light and protect PVC films from
degradation. Two approaches, FTIR spectra and weight
loss were considered to examine the stability of blend
PVC compared to blank PVC. Both studies were in
agreement and proved that modifying the structure of
PVC with a very small amount of aromatic molecules and
blending it with micro CuO particles can improve the
properties of the polymer and reduce its photodegradation.
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organic framework (MOF) enhanced the MOF surface area, pore volume, and pore size
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La-PTC/Ti;C,T. MXene and La-PTC-HIna/TisC,T. MXene hybrid, then apply them for
methylene blue photodegradation. La-PTC-HIna, La-PTC/Ti;C,T, MXene, and La-PTC-
Hina/Ti;C,T. MXene were synthesized by the sonochemical method. MOF La-PTC-HIna
has the highest methylene blue photocatalytic degradation activity than MOF La-PTC,
TisC, T, MXene, La-PTC/TisC,;Tx MXene, and La-PTC-HIna/Ti;C,;Tx MXene with
degradation efficiency of 99.48% in 20 ppm methylene blue under visible irradiation for
210 min. This study reveals the La-PTC-HIna and La-PTC-HIna/Ti;C,T, MXene as a
new material that has the potential to remove methylene blue from an aqueous solution.

Keywords: metal-organic framework; Ti;C,T, MXene; La-PTC; La-PTC-Hina; La-
PTC/Ti;C;Tx MXene; La-PTC-HIna/Ti;C,Tx MXene

= INTRODUCTION researchers reported MOFs as a nanomaterial for
photocatalytic dye degradation. Zulys et al. [9] reported
MOFs La-PTC-based sodium perylene-3,4,9,10-
tetracarboxylic as an organic linker and lanthanum
metal ion. MOFs La-PTC degrade methylene blue at
67.02% for 240 min under visible light irradiation in the
presence of hydrogen peroxide 0.2 M.

The photocatalytic activity of MOF was enhanced
by adding modulator compounds like isonicotinic acid.

The textile industry is one of the primary industrial
sectors contributing to water pollution. The textile
industry releases about 20% of organic dye waste
worldwide [1]. These organic dyes are difficult to degrade,
toxic, and disrupt aquatic ecosystems. In the last few
decades, many nanomaterials have been used to treat dyes
waste, i.e., modified bentonite [2], activated carbon [3],
metal-organic frameworks (MOFs) [4], and MXene [5].

. . Isonicotinic acid is a pyridine carboxylate compound
MOFs are nanoporous materials that consist of 124 Y b

that can be an excellent linker to construct coordination
complexes [10]. Garibay et al. [11] reported that the
addition of isonicotinic acid increases MOFs' size and

coordination bonds between transition-metal cations and
multidentate organic linkers [6]. These materials have

unique properties, such as large surface area and porosity : ] -
pore volume and enhances their catalytic activity.

Adawiah et al. [12] also reported that MOFs Cr-PTC-
HIna has higher photocatalytic activity than Cr-PTC in
methylene blue degradation.

[7], abundant active sites, redox ability, tunable structure,
and pore size [8]. Therefore, MOFs can be used to
eliminate dyes contaminant from water. Several
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MXene is a new type of two-dimensional (2D)
material produced by etching a layer of “A” groups from
MAX phases, where M is a transition metal like titanium,
A is an IVA/IIA (e.g., H, Al, Ga, In, Si, Ge, Sn, Pb, P, or
As), and X is nitrogen or carbon [13]. They are composed
of transition metal carbides and nitrides with different
functional groups like OH", O, and F~ attached to their
surface. The general chemical formula of MXene is
M, Xa Ty, where M is the transition metal like titanium, X
is carbon, and T is the termination group like OH", O,
and F~ [14-17]. MXene can be applied for treating dyes
wastewater because of its physicochemical properties,
including high surface area, chemical stability,
hydrophilicity, and structure [18]. Besides, the electrical
conductivity of Ti;C, MXene is 4600 + 1100 S.cm™" with
highly anisotropic carrier mobility, favoring the capture
and transfer of photogenerated electron-hole pairs in the
photocatalysis process [19].

According to previous studies by other researchers,
MOFs also are often combined with other materials to
protect the MOFs from degradation and enhance their
photocatalytic activity. Wang et al. [20] reported the
synthesis of Ti;C; MXene/MIL-100(Fe) composite for the
photocatalytic oxidation of nitrogen fixation. Tian et al.
[21] wused TisCy/TiO,/UiO-66-NH, hybrids for the
photocatalytic reaction of hydrogen gas evolution. Jun et
al. [18] reported Ti;C,Tx MXene and Al-based metal-
organic framework for methylene blue and acid blue 80
adsorptions.

Thus, it is reasonable for us to design new material-
based MOFs La-PTC that are modulated by isonicotinic
acid (HIna) and combined with Ti;C,T, MXene. This
study aims to investigate their characteristics and
blue photocatalytic

performance for methylene

degradation.

m EXPERIMENTAL SECTION
Materials

All materials were purchased and used without any
purification. ~ La(NOs);:6H,O  (Merck),  dimethyl
formamide (DMF) (Merck), sodium hydroxide (Merck),
ethanol absolute (Merck), isonicotinic acid (IDN), and
Ti;C, Tx MXene (Nanochemazone).

Indones. J. Chem., 2022, 22 (5), 1195 - 1204

Instrumentation

All materials were characterized by X-ray
diffraction (PXRD) to determine crystallinity, Fourier
transforms infrared (FT-IR) spectroscopy to investigate
the functional groups, ultraviolet-visible diffusion
reflectance spectroscopy (Shimadzu UV 2700) to
measure the band gap, the Brunauer Emmett Teller
(BET) surface area analyzer (Micromeritics, ASAP 2020)
to evaluate the surface area, pore volume and pore size,

and scanning electron microscope energy dispersive X-

ray (EDX) spectroscopy to obtain the particle
morphology.
Procedure
Preparation of sodium perylene-3,4,9,10-

tetracarboxylate (NasPTC)

Perylene-3,4,9,10-tetracarboxylic dianhydride
(PTCDA) (0.5 g, 1.27 mmol) was dissolved in distilled
water (50 mL) on a beaker glass. NaOH (0.356 g, 8.9
mmol) was added to the mixture while stirring
vigorously at 300 rpm for 1 h. The greenish-yellow
solution was obtained and filtered. Then, excess ethanol
was added to obtain a yellow sodium perylene-3,4,9,10-
tetracarboxylic (NasPTC) precipitate. The yellow bulk
powder of Na,PTC was collected by filtration, washed
with ethanol until a pH of 7 was reached, and dried at
room temperature overnight.

Synthesis of MOF La-PTC

MOF La-PTC was synthesized according to the
method in our previous research [9] La(NOs;);-6H,O
powder, Na,PTC at a molar ratio of 1.0:0.5 in dimethyl
formamide (DMF), and deionized water mixture (1:5
v/v) in a Teflon liner. After the mixture was stirred
magnetically at 300 rpm for 60 min, the Teflon liner was
sealed in a solvothermal reactor and heated at 170 °C for
24 h. After cooling to room temperature, the product
was purified and washed with deionized water and DMF
to remove residual Na,PTC and other impurities.
Finally, the orange powder product was centrifuged and
dried at 70 °C overnight.

Synthesis of La-PTC-HIna
La(NOs3);:6H,O powder, Na,PTC, and isonicotinic
acid were mixed at a molar ratio of 1.0:0.5:1.0 in DMF
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and deionized water mixture (1:5 v/v) in a beaker glass.
Then, the mixture was stirred magnetically at 300 rpm for
120 min and ultrasonically treated for 2 h. The bulk
powder was filtrated and washed with deionized water
Na,PTC and other
impurities. Finally, the brown powder product was

and DMF to remove residual

centrifuged and dried at 70 °C overnight.

Synthesis of La-PTC/TizC,T, MXene

The La-PTC/Ti;C,Tx MXene nanocomposites were
constructed by a facile synthetic method. MOF La-PTC
and quantitative Ti3C,Tx MXene (20 wt.%) were put into
ethanol absolute. The mixture was stirred for 24 h at 300
rpm, ultrasonically treated for 3 h, and then dried at 60 °C
for 18 h. The product was then heated in a 300 °C furnace
for 2 h. Finally, the Ti;C,Tx MXene nanosheets were
coupled with MOF La-PTC after grinding.

Synthesis of La-PTC-HIna/Ti;C,T, MXene

La(NOs3);:6H,O powder, Na,PTC, and isonicotinic
acid were mixed at a molar ratio of 1.0:0.5:1.0 in DMF and
deionized water mixture (1:5 v/v) in a beaker glass. Then
a quantitative Ti;C, MXene (20 wt.%) was added. Then,
the mixture was stirred magnetically at 300 rpm for
120 min and ultrasonically treated for 2 h. The precipitate
was filtrated and washed with deionized water and DMF
to remove residual Na,PTC and other impurities. Finally,
the brown powder product was centrifuged and dried at
70 °C overnight.

Degradation of methylene blue analysis

The material (25 mg) was dispersed in 50 mL of
methylene blue (MB) solution (20 ppm) in a Pyrex
reactor. Subsequently, the sample was irradiated with the
250 W mercury lamp with stirring at 300 rpm and room
temperature. The concentration of MB after the reaction
was measured by a UV-Visible spectrophotometer at
665 nm. The methylene blue degradation efficiency is
calculated using Eq. (1). A control experiment was carried
out under dark condition.

Co-Ct
Co

where DE (%) is the degradation efficiency of methylene

DE(%) =

x100% (1)

blue, Co is the initial concentration, and Ct is the final
concentration.
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m RESULTS AND DISCUSSION
Characteristic of Photocatalysts

The XRD analysis showed the different diffraction
spectrums of materials. Fig. 1 shows that La-PTC-HIna
and La-PTC-HIna/Ti;C,Tx MXene have amorphous
forms, while the other three have pretty good
crystallinity. The XRD peaks of La-PTC were observed
at 20 = 6.31°, 12.64°, 16.6°, 28.7°, 33.3°, 44.6°, 47.9°,
50.9°,59.6°, 62.3°,70°,77.3° [9]. Peaks at 26 = 9.0°, 18.3°,
27.7°, 36.1°, 41.9°, and 60.7° correspond to the (002),
(004), (006), (101), (105), and (110) reflections of
Ti:C,Tx MXene [22]. Peaks at 20 = 5.7°, 8.4°,12.1°, 18.5 °,
20.9°, 22.9°, 26.9° and 29.3° are characteristics of La-
PTC/Ti;C,Tx MXene (Fig. 1). It shows a chemical
interaction between Ti;C,;Tx MXene and La-PTC
compounds which looks at the difference in the
spectrum of the three materials. Meanwhile, for La-
PTC-HIna and La-PTC-HIna/Ti;C,Tx MXene, the
spectral peaks cannot be determined because the
resulting particles are amorphous.

FT-IR spectroscopy was employed to determine
the functional groups in the five materials. The infrared
spectrum of all materials can be seen in Fig. 2 and Table
1. The FTIR spectrum of La-PTC/Ti;C,Tx Mxene is very
similar to La-PTC, and La-PTC-HIna/Ti;C,Tx Mxene is

WC-HIna/Tiacsz -

La-PTC/Ti,C, Ty MXene

Fl (109) La-PTC-HIna
2 |(002) (004) (006)(101) (110)

a .

2 TizC,Tx MXene
8

£

S

10 20 30 40 50 60 70 80
2 Theta

Fig 1. XRD pattern of MOF La-PTC, Ti;C,Tx MXene,
La-PTC/Ti;C, Ty MXene, La-PTC-HIna, and La-PTC-
HIna/Ti;C, T, Mxene

hlh o A A
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Table 1. Wavenumber and functional group of materials
Wavenumber (cm™)
Ti;C,Ty  La-PTC  La-PTC- La-PTC/Ti;C, Ty La-PTC-HIna/Ti;C, Ty Description
MXene Hlna MXene MXene
425 421 424 the deformation vibration of the Ti-O bond
506 501 502 Ti-C vibration
572 570 556 568 La-O vibration
749 759 761 757 Out of plane C=C aromatic ring
849, 808 849, 807 848, 807 858, 807 Bending vibration (C-H) out of plane aromatic
ring
1210 1207 1209 1233 Bending vibration (C-H) in plane aromatic
ring
1530 1585 1590 1591 asymmetric stretching vibration (-COO)
1434 1526 1503 1537 symmetric stretching vibration (-COO)
3034 3356 3399 3117 Hydroxyl (OH)
equation (ahv = A(hv Eg)?) [23]. The calculation results
La-PTC T in the band gap energy of Ti;:C,Tx MXene of 1.3 eV
- (Table 2) and does not show an absorption band because
2 \.s___,_____._»u*—*—\\_\‘ it is a metallic material [24]. La-PTC/Ti;C,Tx MXene
E TigCo Ty MXene hybrid band gap (2.3 eV) is higher than that of the La-
§ PTC (2.21 eV). In contrast, the band gap energy of La-
E La-PTC/TizC, T, MXene W PTC-HIna/Ti;C,Tx MXene composite (1.9 eV) is less
E M than La-PTC-HlIna (2.02 eV). It confirmed that the Ti,
N C, and O doping process from Ti;C, Ty MXene to the
surface of the La-PTC and La-PTC-HIna structure had
La-PTC-HIna/TiyC, Ty MXene W been successfully carried out. This difference occurs
because of the heterojunction formed by MOF La-PTC,

3000 2500 2000 1500 1000 500

Wavenumber (cm™)
Fig 2. IR spectrum of MOF La-PTC, Ti;C,Tx MXene, La-
PTC/TisC,Ty MXene, La-PTC-HIna, and La-PTC-
HlIna/Ti;C,Tx MXene

4000 3500

very similar to La-PTC-HIna. It indicates the functional
group consistency of the La-PTC and La-PTC-HIna
materials on the surface of the La-PTC/Ti;C, T, Mxene
and La-PTC-HIna/Ti;C,Tx Mxene hybrid.

A UV-Vis spectrophotometer was carried out to
determine the band gap energy and visible light

La-PTC-HIna, and Ti;C,Tx MXene, forming a new
material. On the other hand, the band gap energy of La-
PTC-Hlna (2.02 eV) is less than La-PTC. (2.2 ¢V) The
factor that can affect the bandgap energy is particle size.
Modulated isonicotinic acid in the La-PTC reduces its
particle size. The decreased particle size generated the
MOFs charge carriers to interact quantum mechanically.
It leads to a discrete electrolytic state which increases
bandgap energy and a shift in band edge.

Table 2. Band gap energy of materials

absorption capacity of the materials. Fig. 3 exhibits the Material By (eV)
absorption band edges for the La-PTC, Ti;C,Tx MXene, IhiféMXene ;zg
. a- .
La-PTC.-HIna, La-PTC/T13C2.TX MXene, and La-PTC- La-PTC-Hina 502
HIna/Ti;C, Ty MXene composite. The band gap energy of La-PTC/Ti,C,T. MXene 230
those materials was calculated using the Kubelka-Munk La-PTC-HIna/TisC,T, MXene 1.90
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Fig 3. Band gap energy curves derived from UV-Vis diffuse reflectance spectroscopy (DRS) spectra for (A) MOF La-
PTC; (B) Ti;C,Tx MXene; (C) La-PTC-HlIna; (D) La-PTC-HIna/Ti;C,Tx MXene, and (E) La-PTC/Ti;C,Tx MXene

The measured parameters of those five materials
include the specific surface area (Sger), the total pore
volume (V;), and the average pore size (D;). Modulated
isonicotinic acid (HIna) improved the surface area, pore
volume, and pore size of La-PTC (Table 3). Table 3
exhibited that all materials have pore size distribution
found in the 2-25 nm range. It is assumed that they were
mesoporous materials groups, which have the advantage

of being a photocatalyst that can provide a short distance
to reduce the recombination of photo-excited electron
and hole pairs [25]. Modulated isonicotinic acid (HIna)
and loading of Ti;C,Tx MXene on the MOF La-PTC do
not destroy the MOF’s mesoporosity.

The morphological features of all materials were
determined by scanning electron microscopy (SEM).
Fig. 4(a) shows the multilayer nanoflakes of Ti;C,T\
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MXene. It was produced when Ti;AlC, released H, gas
during the exothermic reaction of HF and the process of
freeze-drying [26]. Fig. 4(b) shows that the La-PTC has a
rod shape structure with various lengths and diameters.
The structure of La-PTC has a good homogeneity, as
indicated by the crystal structure having almost the same
morphology at each observation point.

Indones. J. Chem., 2022, 22 (5), 1195 - 1204

The EDS characterization in Table 4 exhibited that
La-PTC/Ti:C,Tx MXene and La-PTC/Ti;C,Tx MXene
contain elements derived from their constituents,
namely Ti;C,T, MXene, La-PTC and La-PTC-HIna. It
confirmed that combining the two compounds has
succeeded in producing hybrid compounds that are
different from their constituent precursors.

Table 3. Surface area, pore volume, and pore size of materials

Material Sper (m?g™)  V,(ecm’g?) D, (nm)
Ti;C, Ty MXene 2.0892 0.0127 24.3011
La-PTC 22.2364 0.0685 12.3291
La-PTC-HlIna 55.3904 0.1927 13.9166
La-PTC/Ti;C,Tx MXene 34.8508 0.1033 11.8532
La-PTC-HIna/Ti;C, Ty MXene 43.2119 0.1655 15.3235

Fig 4. Scanning electron microscope (SEM) morphology of (a) Ti;C,Tx MXene; (b) La-PTC; (c) La-PTC/Ti;C, T«

MZXene; (d) La-PTC-HlIna; (e) La-PTC-HIna/Ti;C, T, MXene
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Table 4. Element composition of materials

Material
Blement —  MXene 1aPTC LaPTC.HIna LaPTC/TiCoT, MXene La PTC HIna/TLC,T, MXene
C 17.44 51.8 54.61 51.30 29.15
0 14.97 283 12.07 19.69 12,07
F 14.81 2.29 13.08
Al 126 4.41 0.34 0.94
Ti 51.52 9.35 19.78
La 19.9 23.97 17.05 24.27

Degradation of Methylene Blue

Fig. 5 shows the methylene blue degradation
efficiency by La-PTC, Ti;C,Tx MXene, La-PTC/Ti;C,Tx
MXene, La-PTC-HIna, and La-PTC-HIna/Ti;C,Tx
MXene for 210 min time reaction. Methylene blue
degradation can be attained in dark and light conditions
and occurs through surface adsorption and photocatalytic
degradation mechanisms. Fig. 5 observed that La-PTC
and La-PTC/Ti;C,Tx MXene have no photocatalytic
activity. Zulys et al. [9] explained that the photocatalytic
activity of La-PTC depends on the electron-hole
recombination process. The conduction band (CB) of La-
PTC (-1.60 eV) which less negative than the lowest
unoccupied molecular orbital (LUMO) of methylene blue
(-0.25 eV), and the valence band (VB) of La-PTC (+0.61
eV) is less positive than highest occupied molecular
orbital (HOMO) of MB (+1.66 V). Thus, photoexcited
electron-hole pairs do not oxidize the MB to produce the
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MB radical (MBe). Then it will be recombined, and the
formation of radical species was not produced.
Therefore, it inhibited the methylene blue photocatalytic
degradation. On the other hand, the degradation
efficiency of methylene blue by Ti;C,T, MXene, La-
PTC-HIna, and La-PTC-HIna/Ti;C, MXene hybrid in
the light condition was higher than in dark conditions.
It confirmed that those materials have the photocatalytic
activity to degrade methylene blue.

In dark conditions, Ti;C,;Tx MXene degrades
methylene blue through an adsorption mechanism that
was influenced by electrostatic interaction between the
negative charge of both hydroxyl (-OH) and fluoride
(F") termination group on the Ti;C,Tx MXene surface
and positive charge on sulfur (S) or nitrogen (N) on the
methylene blue molecule [27]. These F~ and OH
termination groups are developed to form negative
charges on the Ti;C,Tx MXene surface, such as [Ti-F]"

1009 light condition
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Fig 5. Degradation efficiency of methylene blue for different materials: (a) La-PTC, (b) Ti;C,Tx MXene, (c) La-PTC-
Hlna, (d) La-PTC/Ti;C,Tx MXene, and (e) La-PTC-HIna/Ti;C,Tx MXene in the dark and light irradiation
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and [TiO] H*, which are acted as receptors to cationic
species such as methylene blue [27]. The complex
formation between methylene blue and Ti;C,Tx MXene is
given below.

[Ti-F]" + MB = Ti-F-MB (1)

[Ti-O] H* = [Ti-O] + H* (2)

[Ti-O] + MB > Ti-O-MB (1)

My Tran et al. [27] explained that the F~ terminated
group on MXene plays a prominent role in the adsorption
of MB. The adsorption capability of Ti;C,Tx MXene on
methylene blue decreased as the pH increased from 2 to 7
[27]. Increasing the pH causes a decrease in the number
of F~ termination groups on the surface of the Ti;C, T
MXene because F~ terminated groups were replaced with
OH ions from water. It also, the electronegativity of F is
larger than O (xF = 3.98, XO = 3.44), leading to the
remarkable ability of most F~ terminated Ti;C.Ty to
attract and absorb MB species. In addition, after the F-
group is replaced with an OH™ group, the degree of
electrostatic attraction between O~ and MB* decreases
with H* compensation [27]. Lim et al. [28] reported that
increasing the pH solution explained the increase in the
adsorption capacity of Ti;C,Tx MXene to methylene blue.
At the high pH level, Ti;C,Tx MXene was more negatively
charged. It is attributed to promoting the adsorption of
cationic dyes like methylene blue via -electrostatic
Ti;C,Tx MXene
becomes a relatively less negative charge at a low pH level

attraction. Otherwise, the surface
because the hydroxyl group (OH") is neutralized on the
Ti;C,Tx MXene surface by hydrogen ion (H*) in solution.

Hasan and Jhung [29] explained that the MB
adsorption by MOF occurred through electrostatic,
hydrophobic, acid-base, m-n, hydrogen attraction, or a
In La-PTC, the
electrostatic attraction occurs between the positive charge
of MB and the negative charge of MOF La-PTC. n-n
interaction occurred through m bonding in the aromatic

combination of these interactions.

ring in MB and the aromatic ring in the perylene linker
contained in the La-PTC. The hydrogen attraction was
constructed between the hydrogen of MB and the oxygen
of perylene. In addition, the hydrogen interaction
between hydrogen in MB and nitrogen from the pyridine
ring of isonicotinic acid contributed to La-PTC-HIna.

Indones. J. Chem., 2022, 22 (5), 1195 - 1204

Fig. 5 shows that under dark conditions, the five
materials' adsorption ability is affected by their surface
area, volume, and pore size. La-PTC-HIna has the highest
adsorption ability, producing a degradation efficiency of
93.95% compared to the other four materials. It is because
La-PTC-HIna has the highest surface area, pore volume,
and pore size (except Ti;C,Tx MXene and La-PTC-
HIna/Ti;C,Tx MXene pore size), which is 55.3904 m?/g,
0.1927 cm*/g and 13.9166 nm (Table 2). Although Ti;C,Tx
MZXene has a lower surface area and pore volume than
La-PTC and La-PTC/Ti;C, T, MXene, it has a higher
adsorption capacity (48.48%) due to its pore size, which
is twice the pore size of La-PTC and La-PTC/Ti;C,T«
MXene (Table 2). The same thing was also proven by
Gupta et al. [30], who succeeded in synthesizing Cu-
BTC, Ag-Cu-BTC, and Ca-Cu-BTC with a surface area
of 163.43, 187.64, and 17.08 m?/g, respectively. The total
pore volume is 0.144, 0.113, and 0.299 cm’/g, and the
pore size is 3.5, 2.4, and 70.1 nm. The adsorption activity
of MOFs Cu-BTC, Ag-Cu-BTC, and Ca-Cu-BTC against
methylene blue compounds was 12.7, 8.9, and 19.6 mg/g.

Fig. 5 also exhibits that under light irradiation,
MOF La-PTC-HIna has the highest photocatalytic
activity among other materials, with a degradation
efficiency of 99.48%. The addition of isonicotinic acid as
a modulator enhanced the photocatalytic activity of La-
PTC. The isonicotinic acid in the La-PTC-HIna acts as a
linker competitor. It competes with perylene to replace
some of the perylene ligands in the La-PTC [31]. The
perylene replacement by the isonicotinic acid formed a
MOF with a smaller particle size [20]. The smaller
particle size of the MOFs increases the surface area of
MOFs. Therefore, the pores containing the active site
will increase [32]. It generates an increasing number of
active sites, and the photocatalytic activity will be higher.

m CONCLUSION

La-PTC, TisC, Ty MZXene, La-PTC-HIna, La-
PTC/Ti;C,Tx MXene, and La-PTC-HIna/Ti;C,Ty
MZXene were comparatively their
application as photocatalysts in the methylene blue

evaluated for

degradation. La-PTC-HIna has the most significant
degradation activity compared to La-PTC, Ti;C,Ty
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MZXene, La-PTC/Ti;C,Ty
HIna/Ti;C, Tx  MXene
efficiency of 99.48% in 20 ppm methylene blue under

MXene, and La-PTC-
hybrid with a degradation

visible irradiation for 210 min. The degradation of
methylene blue by La-PTC-HIna occurs via the
adsorption and photocatalytic mechanism. The
methylene blue degradation by La-PTC-HIna/Ti;C,Tx
MXene hybrid is lower than La-PTC-HIna due to a
decrease in surface area and pore volume in the material
after the loading of Ti;C,T MXene.
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Role of Temperature and Exposure Time for Controlled and Accelerated Synthesis
of Graphene Oxide Using Tour Method
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Abstract: Synthesis of graphene oxide (GO) with the Tour method has been studied.

* Corresponding author:
P g In this procedure, phosphoric acid was mixed with sulfuric acid in the ratio of 1.9, and

email: wegats@ugm.ac.id then potassium permanganate and graphite with the ratio of 6:1 was added in an ice
Received: January 3, 2022 bath at the variation of oxidation times of 1, 7 and 24 h and temperatures of 40, 50 and
Accepted: April 1, 2022 60 °C. The GOs were characterized by UV-Visible spectroscopy, Fourier Transform

InfraRed (FT-IR) spectroscopy, X-ray Diffraction (XRD), Scanning Electron
Microscopy-Energy Dispersive X-Ray (SEM-EDX), and Transmission Electron
Microscopy (TEM). The results show that the GO oxidized at 40 °C for 7 h (GO-7-40)
has been successfully formed indicating that GO-7-40 is the most efficient GO. The GO-
7-40 is characterized by a peak at 20 = 10.89° in the XRD diffractogram, resulting
calculation of the average distance between graphene layer (d) of 0.81 nm. The average
number of graphene layers (n) is 4, the oxidation level (C/0O) is 1.50 according to EDX
data, Anax at 226 nm attributes to n->n* transitions of C=C bond in UV-Vis spectrum,
and the functional groups such as O-H, C=C, C-OH, and C-OC are observed in FT-IR
spectrum.
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= INTRODUCTION for catalysis, which can improve the photocatalytic

Graphene oxide (GO) is a single-layer graphene properties of m.at.eri.als [4]. GraPhene oxide is usual.ly
nanosheet bonded with functional groups containing also used as ant1b10t1c's [5], chemical sensors [6], and in
oxygen and is part of carbon material derivatives [1]. t[he removal of organic dyes [7] as well as heavy metal
Graphene oxide displays some outstanding properties, ions [8]. ' ' .
such as high thermal conductivity, specific surface area Grapher'le' oxide can be synthesized by the Chemlfal
and electrical conductivity [2]. The high electrical ' Po¢ deposition (CVD). as one of the ef.fectwe
conductivity of graphene is due to zero-overlap semimetal techniques for the preparation of low-defect density and

with electrons and holes as charge carriers. Each carbon enhanced large area monolayer or film-layer graphene

. films. However, the CVD technique consumes time, uses
atom has six electrons, and the four outermost electrons !

are available for chemical bonding, but in the 2-D plane, large a@ounts ;{ high p uillty ga;esct;lgl deTandsl high
each atom is connected to three other carbon atoms, and < < &) ‘1nput. astha en I_almce lc_lltl I_Zes ;W;r
one electron is freely available for electronic conduction processing  temperature. However, producing high-

in the 3-D space [3]. It has received much attention for quality graphene with enhanced surface area with fewer

use as an adsorption material and in catalytic applications, defects remains challenging [9]. The other choice, GO

owing to its suitable adsorbents and photonic properties can be produced from the oxidation and exfoliation of
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graphite, generally in an aqueous solution, yielding
hydrophilic carbon-based sheets that are decorated with
various oxygenated functional groups [10]. Synthesis of
graphene with high quality from graphite can be done
with the chemical exfoliation method [11]. This technique
combines the oxidation of graphite followed by the
reduction process to produce graphene nanosheets. The
oxidation of graphite is spread over a long period.
Benjamin Collins Brodie [12] has reported that the
addition of potassium chlorate (KCIOs) to the graphitic
compound in nitric acid (HNO;) provides an increase in
the weight of the sample due to the incorporation of
hydrogen (H) and oxygen (O). Another method of
graphite oxidation has been reported by Staudenmaier
[13] with still emphasizing the use of sulfuric acid (H,SO.)
and a high amount of potassium chlorate (KClO,).
Meanwhile, Hummers and Offeman [14] have proposed
the use of potassium permanganate (KMnO,) and sulfuric
acid as reagents. The H,SO, acts as an intercalation agent
stabilizing the oxidant and solvent to transport the
oxidant into the graphite interlayers [15]. This approach
differs from Brodie method [12], particularly regarding to
the reagents and the time of the reaction. Also, the
Hummers method requires a step to remove the excess
permanganate ions and stop the oxidation reaction using
hydrogen peroxide [16]. In the Hummers method,
KMnO; is used to replace KClO; to avoid spontaneous
explosion during the oxidation process, while NaNO;
replaced fuming HNO; to eliminate fog acid produced.
This process takes just in few hours to produce high-
quality GO. The Hummers method still has flaws,
whereby it produces toxic gas such as NO, and N,O4
because of the use of NaNOs [17].

Marcano et al. [10] have completed the study on the
differences among the Hummers method, modified
Hummers method, and improved Hummers method
without NaNQOs. In 2010, Tour et al. [18] reported an
improvement in the Hummers method by excluding
NaNO; to prevent the generation of toxic gases, using ice
instead of liquid water to prevent the high-temperature
rise, thus promoting better and easier control of the
process, and also increasing the yield and degree of
oxidation, together with promoting the retention of

Indones. J. Chem., 2022, 22 (5), 1205 - 1217

carbon rings in the basal plane by introducing
phosphoric acid (H;PO,) to the reaction media. The
Tour method is based on the dispersing of graphite in a
mixture of concentrated sulfuric and phosphoric acids
in a volume ratio of 9:1 and further oxidation of graphite
by potassium permanganate [19]. The Tour method
eliminates the production of toxic gases and produces a
more oxidized graphite oxide with a more regular
carbon framework and larger sheet size [20]. Another
advantage of the Tour method is to produce a higher
yield of heavily oxidized hydrophilic GO [21-22].

[23-25],
modifications of the Tour methods can be carried out

According to researchers various

using different amounts of graphite, oxidant
concentrations, oxidation time, and temperature used.
Temperature affects the formation of single-layer GO
[26]. Many reports that provide a detailed procedure for
the synthesis of GO were analyzed based on this
perspective. For example, Olorunkosebi et al. [27]
allowed this step to prolong with various oxidation times
11, 12, 13, and 14 h at 50 °C. Sali et al. [16] studied
temperature of 30 °C but used oxidation time of 72 h.
Habte and Ayele [28] maintained the temperature of the
system at 50 °C for 12 h, while Benzait et al. [24]
synthesized GO at temperature below 10 °C for 24 h.
Ranjan et al. [29] concluded that good quality GO
samples can be synthesized through Tour method at
65 °C with the oxidation time of 24 h This strategy did
not have any Mn and spurious carbonaceous residues
without the need for any sophisticated filtration
protocol. Meanwhile, Kang et al. [30] adopted the
Hummers method and investigated it with three time-
variables (2, 4 and 8 h) and three temperature-variables
(45, 70 and 95 °C) resulting in GO at 45 °C for 8 h.
There have been many studies on GO synthesis
with various oxidation times and/or temperatures. The
oxidation time used is quite long (above 8 h) and the
temperature used is quite high. Therefore, this study
suggests a new insight for studying temperature and
oxidation time using the Tour method. Reducing
oxidation time and temperature can improve the green
chemistry aspect. This research is expected to get an
effective and efficient method for producing more GO.
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m EXPERIMENTAL SECTION
Materials

Hydrochloric acid (37% HCI), sulfuric acid (98%
HzSO4), H3PO4),
potassium permanganate (KMnO,), hydrogen peroxide

(30% H,0,), silver nitrate (AgNQO;), barium chloride
(BaClL,), and ethanol were purchased from Merck. The

graphite, phosphoric acid (85%

deionized water was obtained from One-med, while bi-
distilled water and phosphate-buffered saline (PBS) was
utilized for the washing process.

Instrumentation

(XRD)
performed on a Bruker D2 Phaser diffractometer using
the Cu Ka as the irradiation (k = 0.15405 nm) at a 20 scan
range of 5-90° to detect the crystal size. The functional

X-ray diffraction measurement  was

group of GO was characterized by Fourier transform
infrared (FTIR) spectrophotometer (Shimadzu Prestige
21, FTIR impact 410) with a range of 400-4000 cm™ using
KBr pellets. The surface morphology of GO was examined

1207

by Scanning Electron Microscope (SEM, JEOL JSM-
6510). Graphene nanosheet structure was determined by
transmission electron microscopy (TEM, JEOL JEM-
1400). The electronic transition condition of GO was
measured by UV-Vis Spectrophotometer 1800 from
Shimadzu Scientific.

Procedure

Our method was adapted from Benzait et al. [24]
and Ranjan et al. [29] methods with certain crucial
modifications (Fig. 1). Initially, graphite powder and
KMnO, (1:6 %w/w) were mixed in a mortar and pestle
for 5 min and kept at a temperature below 5 °C. A
separate solution of H,SO4 and HsPO4 (9:1 %v/v) was
prepared and also kept at a temperature below 5 °C. The
acid solution was then added to the mixture of graphite
powder and KMnO, with continuous stirring (using a
magnetic stirrer). The solution obtained was heated at
65 °C and was left with variation times of 1, 7 and 24 h
with continuous stirring denoted as GO-1-65, GO-7-65,
and GO-24-65. After the stirring process, the solution was

KMnO, : graphite = 6:1 (w/w)
H;SO,. H;PO.= 9:1(viv)

y

graphite

Tour Method

KMnO,, H,S04, HyPO,

Y

Stirring with variation time
oxidation and temperature

Graphene oxide

graphite

graphene oxide

Fig 1. The illustration of Tour method
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allowed to cool to room temperature. This was then added
to a beaker containing 200 mL of deionized water and ice.
Then, 4 mL of H,O, was added while stirring the mixture
with a glass rod. The purpose of H,O, was to stop the
oxidation reaction and to reduce the residual KMnO;, to
soluble manganese sulfate (MnSO,) in an acidic medium,
as described in Eq. (1) [28]:

2KMnO, +5H,0, +3H,50, — 2MnSO, +K,S0, M

+ 8HZO(steam) + SO2

When H,O, was added, bubbling occurred, and a
bright yellow color was observed, indicating a high level
of oxidation. The mixture was washed with HCI (2 times)
and ethanol (2 times) with intermediate centrifugation (at
5,000 rpm for 5 min). The precipitate was washed with
PBS until pH 7. The neutral solution was checked by
AgNO:s to detect the presence of SO,* ion and BaCl, to
detect the presence of Cl ion. The solution was rewashed
using bi-distilled water until the solution was free of both
ions. The precipitate formed was dried at 70 °C for 24 h.
The step was repeated with variation temperatures at 40,
50 and 60 °C for 7 h, denoted as GO-7-40, GO-7-50, and
GO-7-60.

m  RESULTS AND DISCUSSION

Diffractograms of graphite and all GO samples are
shown in Fig. 2. The XRD pattern of graphite shows a
peak at 26 = 26.21° (hkl 002) according to the pattern of
JCPDS diffraction No.75-2078.
Graphite has a sharp peak with high intensity, which

standard graphite

Intensity (a.u.)
/

Intensity (a.u.)

|
| ! |
AN L L
| ! b~ b)
| :
i

[P — A J e (a)
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indicates that graphite has good crystallinity. It is in line
with the structure of graphite, which is composed of
carbon atoms bonded together and fully conjugated sp*
to form honeycomb-like crystals [31]. However, after the
graphite is oxidized, the crystal undergoes a structural
change or defect due to oxygen functional groups from
the permanganate oxidizing agent. As the consequence,
there is a change in the conjugation of some carbons
from sp” to sp’, causing the crystallinity to decrease and
the peak to be broader (amorphic of the material
appears). The broadening effect of the peak is probably
due to the formation of complex epoxidation of
throughout the
graphene layer, which distorts the lattice in the stacking

oxygenated unsaturated groups

order of the graphite [32]. The infiltration of oxygen
functional groups between the graphene sheets in the
graphite structure also resulted in an increase in the
distance between the sheets from 0.34 to ~0.9 nm.
Therefore, the 20 angle seen in the XRD spectra also
shifted from ~26° to ~9°. The peaks are associated with
d = 0.8-0.9 nm due to the presence of chemical groups
onto the graphene basal plane, so the d of GO depends
on the degree of oxidation of graphite and the number
of water molecules intercalation between the oxidized
graphene layers [33].

Increasing the oxidation time, the XRD pattern of
GO-1-65, GO-7-65, and GO-24-65 shows the intensity
of the peak at 20 0f9.78, 9.59, and 9.39°, respectively, but
the interlayer spacing (d) does not significantly change

I | 002
p ' - 100
I L )

(e)

20 (dearee)

T T T T T T T T T T T T T T 1
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

T T T T T T T T T T T T T T T T 1
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
20 (dearee)

Fig 2. Diffractogram of (a) graphite, (b) GO-1-65, (c) GO-7-65, (d) GO-24-65, (e) GO-7-40, (f) GO-7-50, (g) GO-7-

60
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about 0.9 nm. Meanwhile, GO-7-40, GO-7-50, and GO-
7-60 show peaks centered at 10.89, 9.64, and 11.39°,
respectively, with d of 0.8-0.9 nm. The results show that
the role of temperature can have more effect on the peak
in the diffractogram than the oxidation time. Those are
consistent with the range values of 9-12° reported in the
literature [34-38]. The oxidation time of 7 h was chosen
to evaluate the effect of temperature based on the results
of UV-Vis analysis which will be described in the
following explanation (Fig. 3).

The distance between graphene layers or interlayer
spacing (d) from peak (002) reflection was calculated
using Bragg equation. Meanwhile, the average height of
stacking layers (H) was calculated using Scherrer equation
with a constant equal to 0.9. The average diameter of
stacking layers (D) was determined by using the Scherrer
equation with a Warren constant of 1.84 [39]. The
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graphite and GO have a nanostructure dimension size
(DxH, see Table 1). The oxidation time of GO-24-65 can
just exfoliate graphite until 5-6 layers, although the
others GO from oxidation time GO-1-65 (7 layers) and
GO-7-65 (6 layers), but from the oxidation temperature
of GO-7-60 more can exfoliate graphite until 3 layers
whereas GO-7-40 and GO-7-50 can exfoliate graphite
just 4 layers, indicating that the oxidation temperature
effect has more effect than the oxidation time. The ideal
GO has 1 layer. In the other word, the production of GO
with a few layers is more expected [40]. Therefore, GO-
7-60 has the best graphite exfoliation.

The UV-Vis spectra for graphite and all GO
samples in the range of 190-900 nm were investigated in
water solution. As we can observe in Fig. 3, the region
400-900 nm is not affected by absorptions. The
maximum absorbance for GO-7-65 and GO-24-65 is 243

Table 1. Calculation of H (the average height of samples GO stacking nanolayers), D (average diameter in stacking

layers), n (the average number of graphene layers), and d (the average distance between graphene layers) of graphite

and GO samples
Sample Peak (002) Peak (100)
20 (deg) FWHM (deg) H(nm) d(nm) n 206(deg) FWHM (deg) D (nm)
graphite 26.21 0.74 11 0.34 32 42.32 0.46 38
GO-1-65 9.78 1.38 6 0.90 7 42.64 1.09 17
GO-7-65 9.59 1.46 6 0.94 6 42.77 1.11 15
GO-24-65 9.39 1.71 4 0.94 5-6 42.95 1.25 14
GO-7-40 10.89 2.39 3 0.81 4 42.34 0.96 18
GO-7-50 9.64 2.04 4 0.92 41.47 6.67 13
GO-7-60 11.39 3.27 3 0.78 3 42.127 1.21 14
(@)
®) ©
_ ()
B c —
g ) % 3
§ (d) 5
< 2
G
200 300 400 500 600 700 80C 200 300 400 500 600 700 800

Wavelength (nm)

Wavelength (nm)

Fig 3. UV-Vis spectra of (a) graphite, (b) GO-1-65, (c) GO-7-65, (d) GO-24-65, (e) GO-7-40, (f) GO-7-50, (g) GO-7-

60
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and 226 nm, respectively. However, the peak of GO-1-65
at ~210-240 nm has not emerged yet (Fig. 3(b-d)),
probably because the oxidation of 1h does not completely
occur or only it was formed graphite oxide. The main
difference between graphite oxide and graphene oxide is,
thus, the number of layers. While graphite oxide is a
multilayer system in graphene oxide (Fig. 4). Hence, the
oxidation time of 7 was chosen for the variation of
temperature. The maximum absorbance for GO-7-40,
GO-7-50, and GO-7-60 (Fig. 3(e-g)) takes place at Amax of
226, 228 and 210 nm, respectively. This band is attributed
to m>7* transitions of C=C bond in conjugated systems
[41-42]. The lower the absorption peak, the more
decreased delocalized electrons are, and it is considered
that higher energy is required for the electronic transition.
It indicates that the sample is more oxidized with more
functional groups on the basal planes [42]. This blue shift
in UV-Vis absorption is due to the hybridization of sp’
carbon atoms and a decrease in the number of electrons
[18].

graphita

exfaliation
oxidation

Indones. J. Chem., 2022, 22 (5), 1205 - 1217

The FTIR analysis (Fig. 5) was carried out to obtain
about  the
incorporated into the graphitic planes due to the

information oxygen functionalities
oxidation. The IR absorbances are observed in the
regions of 1210-1320, 1540-1675 and 1020-1075 cm™
corresponding to the vibrations of C-O from ether and
ester, sp>-hybridized C=C in-plane vibrations, C-O
stretching of alcohol (C-OH), and carboxylic acid (C-
OC) functional groups, respectively [43-45]. The
vibration of the C-OH functional group indicated
graphite has successfully oxidized [46]. The spectra still
contain C=C vibration because these materials consist of
almost sp’-conjugated carbon, although they have few
defects of sp’-conjugated carbon. All spectra also show a
broader IR absorbance in the range 3000-3720 cm ™. The
characteristic of O-H stretching modes supports the
presence of hydroxyl and carboxyl groups [47]. When the
oxidation time of graphite increased from 1 to 24 h, the
positions of FTIR bands remains unchanged, indicating
that the types of functional groups are independent of the

T=40,50.60°Cat7hand T=65°Cat7and 24 h

T=65°C at 1h

graphite oxide

Fig 4. The mechanism of temperature and time oxidation oxide of graphene oxide synthesis
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Fig 5. FT-IR spectra of (a) graphite, (b) GO-1-65, (c) GO-7-65, (d) GO-24-65, (¢) GO-7-40, (f) GO-7-50, (g) GO-7-60

oxidation time [32]. Similar FTIR pattern is observed for
the variation of temperature (40-60 °C). These types of
functional groups cause the distance of the graphene layer
in graphite structure to increase, confirming the previous
XRD data. The presence of various oxygen-containing
groups reveals that the graphite has been oxidized. The
presence of the polar groups, especially the surface
hydroxyl groups, leads to the formation of hydrogen
bonds between the graphitic layer and water molecules.
This further explains the hydrophilic nature of GO. The
detail of absorption peak of O-H, C=C, C-OH, and C-OC
functional groups formed analyzed by FTIR can be seen
in Table 2.

The morphological aspects of graphite and all GO
samples are investigated by using a scanning electron
microscope (SEM), as shown in Fig. 6. Here, graphite (Fig.
6(a)) is displayed and exhibits large grains. Unlikely, GO-
1-65, GO-7-65, GO-24-65, GO-7-40, GO-7-50, and GO-
7-60 morphology consist of tightly packed layers, as

shown in Fig. 6b-g. The distinct morphology is related
to the exfoliation process in the first step of synthesis and
the re-packing of the material in the solid phase due to
the oxygen domains on the graphene basal plane [26].
The micrograph of all GO materials has a porous
sponge-like structure with the graphene sheet not well
connected. It is an indication that graphite has been
exfoliated during the oxidation process. It may be due to
the distorted graphene sheets when oxygen and other
functional groups are attached to graphene sheets to
form GO [48-50]. Fig. 6(b-g) also describe the GOs as
thin sheets with a few layered GOs that match the
literature [51].

The elemental analysis is evaluated from energy
dispersive X-ray (EDX) spectra. The spectrum shows
peaks corresponding to C, O, S, Na, K, and Ca. Potassium,
sodium, and sulfur were present due to H,SO; and
KMnO, being used as the oxidizing agent, and PBS was
used during the washing process. The carbon-oxygen

Table 2. Absorption peaks of graphite and all GO samples

Sample Functional groups (cm™)
O-H C=C C-OH C-0C

Graphite 3422

GO-1-65 3421 1624 1369 1035
GO-7-65 3414 1609 1369 1044
GO-24-65 3421 1609 1356 1052
GO-7-40 3436 1603 1376 1031
GO-7-50 3422 1627 1368 1043
GO-7-60 3407 1613 1368 1031
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Table 3. The element contained in graphite and GO samples based on EDX

. % mass

Material

C (@) K Na Cl S C/O
Graphite 100 )
GO-1-65 51.72 42.07 4.75 0.17 1.29 1.23
GO-7-65 55.95 39.54 3.08 0.34 1.09 1.41
GO-24-65 52.39 44.86 2.29 3.41 0.32 0.14 1.13
GO-7-40 57.87 38.54 2.72 2.72 0.31 0.57 1.50
GO-7-50 57.32 39.81 0.57 0.34 0.52 1.14 1.44
GO-7-60 57.53 38.87 2.51 0.36 0.73 1.48

ratio (C/O) from GO using the Hummers method is 1.8—
2.5 [48-49]. Meanwhile, in the modified Hummers or
Tour method, the ratio is 0.7-1.3 [18]. In this work (Table
3), the C/O ratio of GO-7-65 and GO-24-65 are 1.41 and
1.13, respectively, and the C/O ratio of GO-7-40, GO-7-
50, and GO-7-60 are 1.50, 1.44, and 1.48, respectively
implying high oxidized graphene [50]. The increased

temperature and oxidation time give more oxidized
graphene, but there is an outlier datum (GO-1-65). The
outlier datum is matched with UV-Vis data which does
not appear to peak at 210-240 nm. Instead, from our
data, fewer oxidized samples of GO-7-40 and GO-7-60
are found, and this affects the GO properties, e.g., a
higher angle at 10.89 and 11.39° in comparison with the

Uswatul Chasanah et al.
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Table 4. Comparison of GO yielding from Hummers
method and Tour method

Method Graphite Material Yield Ref.
Hummers 3g 6 KMnO, 39¢g [18]
method H,SO,

0.5 NaNO;
Tour method 3g 6 KMnO4 53¢

9:1 (HzSO4IH3PO4)

average value that is around 9° in XRD diffractogram [26],
or the FTIR spectrum.

In contrast with all materials GO, the C/O ratio of
graphite is oo indicating that graphite does not have
impurity since graphite only has carbon element. The
results also prove that the exfoliation from graphite to GO
is successfully carried out because of the inhibition of the
oxygenated groups. The results match with FTIR data.

The TEM micrograph of graphite (Fig. 7(a)) shows
major dark areas. All GO samples (Fig. 7(b-g)) show the
wrinkled and folded nature of GO sheets [54]. The dark
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area indicates the thick stacking nanostructure of several
graphene layers. The higher transparency area is resulted
from stacking nanostructure exfoliation because of the
presence of a few amount of oxygen functional groups
[55]. Since all GO materials have a light area, so
exfoliation of graphite has been successfully conducted.

Table 4 shows that the Tour method has a higher
yield GO than the Hummers method. The results match
to the literature [21-22] and conclude that the Tour
method is more effective and efficient method to
produce GO than the Hummers method.

m CONCLUSION

Facile low temperature and reducing the time of
GO synthesis have been studied. In XRD data, the
oxidation time does not significantly affect the d spacing
value compared to oxidation temperature treatment. Both
increasing oxidation time and temperature caused the
average number of graphene (n) to decrease. The samples
of GO-1-65, GO-7-65, GO-24-65, GO-7-40, GO-7-50, and

—dl

Fig 7. TEM images of (a) graphite, (b) GO-1-65, (c) GO-7-65, (d) GO-24-65, (e) GO-7-40, (f) GO-7-50 (g) GO-7-60
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and GO-7-60 show the intensity of the peak at 20 = 9.78,
9.59, 9.39, 10.89, 9.64, and 11.39°, respectively, with d of
0.8-0.9 nm. The sample of GO-7-60 can exfoliate graphite
until 3 layers compared to others such as GO-24-65 which
can just exfoliate graphite until 5-6 layers. Then, GO-1-65
(7 layers) and GO-7-65 exfoliate 6 layers, but from the
oxidation temperature of GO-7-40 and GO-7-50 can just
exfoliate graphite 4 layers. The peaks of UV-Vis spectra
indicate all of the samples GO formed except GO-1-65
because the peak does not appear. The peaks of GO-7-65,
GO-24-65, GO-7-40, GO-7-50, and GO-7-60 occur at Amax
of 243, 226, 226, 228, and 210 nm, respectively. These
peaks correspond to m>m* transitions for the C=C
aromatic from sp® bonding. According to UV-Vis spectra,
the higher the oxidation time and temperature, the lower
the wavelength formed. The FTIR analysis among all the
samples contains the functional groups indicating the
formation of GO. The SEM images show GO-1-65, GO-
7-65, GO-24-65, GO-7-40, GO-7-50, and GO-7-60
morphology consist of tightly packed layers. The EDX
the
temperature lead the C/O ratio decrease. Based on all of

resulted in increasing oxidation time, and
the research results, GO-7-60 shows the best material
characteristic among all synthesized GOs because it can
exfoliate graphite until 3 layers, close to the ideal
graphene, i.e., 1 layer. In addition, synthesis of GO-7-40
has been achieved under lower oxidation temperature,
which is in line with the green chemistry principles. From
that results, these GO from Tour method can be applied
in the removal of organic dye, antibiotics, chemical

sensors, and heavy metal ions.
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Abstract: The examination of a drug in water and other aqueous systems gives insight
into the chemistry of biological systems. This work aims to study the physico-chemical
properties of chlorpheniramine maleate (drug) in water and aq-MeOH/EG
(mono/dihydric alcohols) systems at different temperatures by using different techniques.
Densities and viscosities of chlorpheniramine maleate in water and also in MeOH/EG
aqueous solutions have been measured over a temperature range of 298.15 to 318.15 K.
Number of several parameters, i.e., apparent molar volume (¢,), partial molar volume
(¢2), Hepler’s constant (0Cp/0P)r, Falkenhagen coefficient (A), and Jones-Dole coefficient
(B) have been calculated by using experimentally measured density and viscosity values.
The mentioned calculated parameters were found to be valuable in perceiving drug-drug
and drug-solvent interactions. Moreover, one of the liquid chromatographic techniques
such as RP-HPLC has also been performed, and the outcomes supported the conclusion
procured from the volumetric and viscometric studies. Drug interactions help to

understand their behavior in different solvent systems during drug development.

Keywords: apparent

molar  volume; RP-HPLC; drug-solvent interactions;

chlorpheniramine maleate

m INTRODUCTION

A drug is a chemical that produces a change in
biological function through its chemical reaction and/or
interaction. The proteins present inside the body interact
with the drug, and the active ingredient of the drug
consists of a chemical that can change a physiological
function in the body. Chlorpheniramine maleate (CPM)
is an anti-allergic drug and this drug is used to prevent the
symptoms of allergic conditions like rhinitis and urticaria
and against respiratory systems and hay fever. CPM has
antidepressant and antianxiety effects as well. CPM is the
maleate salt of chlorpheniramine (Fig. 1). It is a weak base
having a pKa value of 9.2 [1]. CPM is easily soluble in
water and alcohol due to the formation of salt between a
carboxylic group of maleic acid and a tertiary amine
group of chlorpheniramine by the process of proton
transfer.

Volumetric and viscometric properties are very
important to understand the various types of
interactions (drug-solvent or drug-drug) that occur in
solutions. The examination of drugs in water and other
aqueous systems gives insight into the chemistry of
biological systems [2]. A study of physicochemical
properties like density and viscosity plays a major role in
elucidating any compound's structural organization [3].
In different solutions, the nature and effect of solute in
aqueous and non-aqueous solutions have been observed

X
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Fig 1. Structure of chlorpheniramine maleate
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with the help of volumetric and viscometric parameters.
Several researchers [4-6] worked on volumetric and
viscometric properties and proved that these properties
play an important role in investigating intermolecular
interactions occurring in the solutions. Densities and
viscosities of some vitamins (L-ascorbic acid, nicotinic
hydrochloride,
hydrochloride) in different concentrations of the aqueous

acid, thiamine and  pyridoxine
media were investigated at different temperatures [7-9].
The properties of antidepressant drug (Escitalopram
oxalate) in the aqueous and alcoholic media were also
examined by volumetric and ultrasonic studies. The study
of nicotinic acid in aqueous NaCl and dilute HCI
solutions has been determined with the help of volumetric
and viscometric parameters [10]. RP-HPLC with UV-Vis
is of great importance for drug analysis in
pharmaceuticals because of its high-resolution power,
and sophisticated and sensitive technique. In literature,
several research articles [11-13] have been published on
drug analysis.

Literature survey shows that different interaction
studies of chlorpheniramine maleate have been reported
with a variety of techniques such as physical interaction of
active ingredients as well as excipients in a dosage form
has accomplished by the solubility test parameter,
polarization microscope, powder X-ray diffraction, and
FTIR [14]. Other researchers [15] have established an “in-
vivo” and “in-vitro” drug-drug interaction in a simulated
body environment as gastric and intestinal pH by UV-
Visible spectrophotometry.

A lot of research data for drugs is available with
ethanol [16-18], but no work has been published on
methanol and ethylene glycol systems so far. Therefore,
the present work aims to scrutinize the chlorpheniramine
maleate in water, monohydric (methanol), and dihydric
alcohol (ethylene glycol) systems through density and
viscosity measurements. To explore the structure-
breaking/promoting behavior in water and ag-alcoholic
systems, volumetric and viscometric parameters have
been investigated. Verification of these interactions in the
said solvent systems was further supported by the more

advanced technique RP-HPLC.
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m EXPERIMENTAL SECTION
Materials

Chlorpheniramine maleate was procured from
Nabi Qasim (a pharmaceutical industry) and used
without any purification (drugs purity near to 0.99 mol
fraction). Methanol (CH;OH) and ethylene glycol
(HOCH,CH,OH) of BDH are 99% pure. Deionized
water was used as a solvent for the experimental work.

To prepare the mobile phase, all reagents and water
used for HPLC analysis were of HPLC grade. Methanol
and phosphoric acid 85% were purchased from Merck,
Germany. Stock and working solutions were prepared in
the mobile phase. Before injection, all solutions were
filtered by 0.45 pm filters and degassed using a sonicator.

Chromatographic Instrument and Conditions

Analysis was carried out on LC- 10 AT VP pump
HPLC system (Shimadzu, Japan) equipped with a UV-
Visible detector. Hypersil C;s column (4.6 mm x 15 cm,
5 um) was used as a stationary phase. RP-HPLC system
was connected via CBM-102 Shimadzu model to a P-IV
computer loaded with CLASS-VP (Version 2.0) Shimadzu
software for data acquirement and arithmetical
calculations. Manual injector rheodyne with 20 uL fitted
loop and DGU-14 AM sonicator was used as online
degasser. Additionally, a microliter syringe and a
micropore filtration assembly were utilized for the
filtration purpose of the sample and mobile phase.
Additionally, a VWP Scientific thermo state water bath
model 1120m SER 9143791, weighing balance Shimadzu,
AUW220, and Ostwald viscometer type Techniconominal
constant 0.1 Cs/s capillaries, ASTMD 445 were also
utilized in this work.

The chromatographic analysis was carried out
according to the reported method [19]. Chromatographic
condition is based on isocratic elution mode at ambient
temperature. The mobile phase consisted of 0.1%
orthophosphoric acid and acetonitrile (70:30 v/v) and
was pumped at a flow rate of 1.5 mL min™'. A sample
volume of 20 pL was injected in triplicate onto the HPLC
column, and effluents were screened over the dative UV
region at 240 nm.
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Table 1. Densities of CPM in aqueous, ag-MeOH, and aq-EG systems at different temperatures
p (g cm™) at temperature (K)

10? [CPM] mol dm™? 298.15 303.15 308.15 313.15 318.15

aqueous system
4.00 969.36 0.96795 0.96639 0.96453 0.96236
6.00 0.97141 0.96931 0.96759 0.96544 0.96347
8.00 0.97229 0.97061 0.96901 0.96710 0.96514
10.0 0.97433 0.97289 0.9709 0.96900 0.96710
12.0 0.97536 0.97376 0.97191 0.97014 0.96784
14.0 0.97765 0.97731 0.97641 0.97545 0.97484

aq-MeOH System (10% v/v)
4.00 0.97921 0.97795 0.97715 0.97707 0.97701
6.00 0.97998 0.97869 0.97721 0.97712 0.97705
8.00 0.97875 0.97872 0.97817 0.97741 0.97735
10.0 0.97979 0.97893 0.97825 0.97782 0.97775
12.0 0.98085 0.97899 0.97829 0.97813 0.97809
14.0 0.98088 0.98011 0.97925 0.97921 0.97914

aq-EG System (10% v/v)
4.00 0.98268 0.98013 0.97778 0.97596 0.97441
6.00 0.98397 0.98155 0.97897 0.97719 0.97542
8.00 0.98549 0.98224 0.98012 0.97813 0.97650
10.0 0.98652 0.98316 0.98112 0.97906 0.97756
12.0 0.98732 0.98405 0.98193 0.98025 0.97841
14.0 0.98857 0.98515 0.98311 0.98107 0.97926

Procedure all the measurements thrice.

Grade A quality glassware (Pyrex) was used for
solution preparation. The preparation of an aqueous
solution of 10% v/v MeOH and EG was done by using a
certain volume of MeOH and EG in deionized water.
Stock solutions (0.14 mol dm™) of CPM were prepared
individually in water and aq-MeOH/EG systems.
Dilutions of different concentration ranges (0.04-0.12 +
0.01 mol dm™) were made from a stock solution in water,
aq-MeOH/EG systems. The density of solvents and
solutions was measured at different temperatures by using
a 10 cm’ relative density bottle (R.D bottle) and a
thermostatic water bath, which kept the temperature of
solutions constant. The uncertainty in the experimental
data of density was found to be + 0.0001 g cm™, and that
of the temperature is + 0.01 K. The Ostwald viscometer
(Techniconominal constant 0.1 Cs/s capillary, ASTMD
445) was used to measure the viscosity of liquids, and the
results contain uncertainty of + 0.0002 mPas. The
reproducibility of obtained results was verified by doing

In RP-HPLC sets of experiments, appropriate
amounts of the standard drug were transferred into
individual 25 mL volumetric flasks and diluted with the
mobile phase up to the mark having a concentration of
0.06 mol dm™. Similarly, for the interaction mixture, the
drug was fully dissolved in all solvent systems
individually and finally diluted with the mobile phase up
to the mark. The portion of these solutions was filtered
045 um
polytetrafluoroethylene (PTFE) filter membrane and
then injected into the HPLC system.

through a  disposable Millipore

m RESULTS AND DISCUSSION
Volumetric Properties

densities  of
within  the
concentrations range of 0.04-0.14 mol dm™ are

tabulated in Table 1, at various T = (298.15-318.15) K.
The obtained result unveils that the density values of

data for the
maleate

Experimental

chlorpheniramine solutions
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drug solutions escalate with the increase in concentration
due to the addition of more solute (drug) in a solvent, and
a decrease in magnitude was observed by raising the
temperature because at higher temperatures faster-
moving molecules go further apart causing the increase in
volume resulting in a decrease in density. The procured
density data was useful for the calculation of apparent
molar volume (¢v) by using the below-mentioned relation.
¢, _M_1000(p—p°) (1)
p° Cp°®
where p is the density of the solution, p° is the density of
the solvent, M is the molecular weight of solute (drug),
and C (mol dm™) is the concentration of the drug
solution. The calculated ¢, of binary and ternary
solutions are tabulated in Table 2. In the studied systems,
¢vwas showing a linear function with concentration and
obeyed Masson’s equation. The survey in Table 2 signifies
that ¢, is positive in binary and ternary systems showing
the existence of drug-solvent interaction, which decreases
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from water to alcoholic systems at studied temperatures
(298.15-318.15) K [6]. This behavior also indicates the
presence of strong drug-solvent interactions.

The collective effect of drug-solvent interactions
reflects the partial molar volume of the drug. The partial
molar volume (¢9) and experimental slope S, have been
computed with the help of apparent molar volume by
using the following Masson equation [20].
by = byo +5yC2 (2)
where ¢9 is related to drug-solvent interaction, C"* is the
square root of drug concentration and S, indicates drug-
drug interaction. Representative graphs of ¢, versus C'
in Fig. 2, were linear, and from the intercept and slope,
$?, and S, respectively can be obtained. The values of
¢9, and S, are mentioned in Table 3.

The positive values of ¢9 for CPM in water were
detected to be enhanced by the rise in temperature while
a drop in values was observed in aq-MeOH/EG systems.
The monitored ¢9 values were found to be the least in

Table 2. Apparent molar volume (¢.) of CPM in aqueous, aq-MeOH, and aq-EG systems at different temperatures

107* ¢y (cm’ mol™) at temperature (K)

10> [CPM] mol dm™ 298.15 303.15 308.15 313.15 318.15

aqueous system
4.00 10.907+0.000° 10.891+0.001¢ 10.916+0.001° 10.922+0.001¢  10.985%0.001°
6.00 8.209+0.001° 8.339+0.001° 8.370+0.001¢ 8.442+0.001¢ 8.453+0.001¢
8.00 7.036+0.001° 7.071+0.001° 7.082+0.001¢ 7.106+0.001¢ 7.115+0.001¢
10.0 6.200+0.001* 6.214+0.001° 6.261+0.001° 6.281+0.001¢  6.284+0.001¢
12.0 5.734+0.001* 5.760+0.001° 5.788+0.001¢ 5.795+0.001¢ 5.832+0.001¢
14.0 5.325+0.001* 5.333+0.001° 5.347+0.001¢ 5.362+0.001¢ 5.368+0.001¢

aq-MeOH system (10 % v/v)
4.00 7.980+0.001¢ 7.956+0.001¢ 7.768+0.001¢ 7.691+0.001° 6.801+£0.001*
6.00 6.274%0.001¢ 6.265+0.001¢ 6.255%0.001° 6.205+0.001*  5.618+0.001°
8.00 5.672+0.001¢ 5.508+0.001¢ 5.385+0.001¢ 5.433+0.001°  4.994+0.001°
10.0 5.083+0.001¢ 5.036+0.001¢ 4.952+0.001°¢ 4,957+0.001*  4.609+0.001°
12.0 4.689+0.001¢ 4.734+0.001¢ 4.666%0.001° 4.648+0.001°  4.358+0.001°
14.0 4.481+0.001¢ 4.442+0.001¢ 4.396x0.001°¢ 4.372+0.001>  4.127%0.001*

aq-EG system (10 % v/v)
4.00 3.131+0.001* 3.139+0.001° 3.155+0.001¢ 3.176+0.001¢ 3.193+0.001¢
6.00 3.165+0.001° 3.286+0.001¢ 3.289+0.001¢ 3.211+0.001° 3.243+0.001°
8.00 3.172+0.001° 3.300+0.001° 3.322+0.001¢ 3.373£0.001¢  3.431%0.001¢
10.0 3.223+0.001° 3.346+0.001° 3.357+0.001¢ 3.406+0.001¢  3.440%0.001¢
12.0 3.285%0.001° 3.379+0.001° 3.396+0.001¢ 3.411+0.001¢  3.464+0.001¢
14.0 3.293+0.001* 3.388+0.001° 3.425+0.001¢ 3.433+0.001¢ 3.481+0.001¢
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Fig 2. Plot of apparent molar volume (¢,) versus C'* for CPM in (a) aqueous, (b) ag-MeOH, (c) ag-EG systems

Table 3. Partial molar volume (¢,) and S, of CPM in aqueous, aq-MeOH, and aq-EG systems at different temperatures

1072 ¢y (cm® mol™) at temperature (K)

Solvent systems 298.15 303.15 308.15 313.15 318.15

aqueous system 16.308+0.002° 16.389+0.001° 16.421+0.000¢ 16.479+0.003¢ 16.559+0.001¢
aq-MeOH system (10% v/v) 11.411+0.002¢ 11.336+0.000¢ 11.105+0.003¢ 10.996+0.001° 9.474+0.004°
aq-EG system (10% v/v) 2.916+0.002¢ 2.913+0.003¢ 2.899+0.000¢ 2.854+0.001° 2.843%0.001°

107% S, (cm? dm"? mol~/?) at temperature (K)

-31.285+0.001¢
-2.041£0.001°¢
1.017£0.002*

aqueous system
aq-MeOH system (10% v/v)
aq-EG system (10% v/v)

-31.450+0.002¢
-2.125+0.003°
1.355+0.001°

-31.589+0.002°
-1.704+0.001¢
1.656+0.001¢

-31.472+0.003¢
-2.432+0.002°
1.465%0.003¢

-31.790£0.001°
-1.622+0.004°
1.830+0.000°

the aq-EG system as compared to water and aq-MeOH
systems. The difference in values of ¢ for CPM in studied
systems is because of the variance in solvation pattern
around the solute. The S, parameter characterizes the
pair-wise interaction of solvated species in solution; this
parameter is a volumetric coefficient. The interaction
patterns among the drug species are determined with the
help of the S, parameter, which builds upon solution
nature and temperature [21-22]. The data gathered for
CPM at multiple temperatures displayed negative values
of S, in water and aq-MeOH systems, although positive in
the aq-EG system. The negative S, in water and aq-MeOH
systems at T = (298.15-318.15 K) points out the very weak

solute-solute (drug-drug) interactions. The observed
positive slope in the aq-EG system is due to the
incomplete ionization of drug molecules that show the
positive slope. Furthermore, at higher temperatures, low
positive values were observed, which may be accredited to
the decline in the solvation of ions by rising temperature.

The partial molar volume of transfer (¢g,,) is used
to express valuable information regarding interactions
between solute-solvent molecules in a solution. The
following expression was used to manifest the standard
transfer volume in ternary solutions.

(3)
(4)

¢3(tr) = ¢3(aqueOH) - ¢3(aq)

Ov(er) = P(aq-EG) ~ Po(aq)
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Partial molar transfer volume data are presented in
Table 4, as calculated by Egs. (3) and (4). The magnitude
of ¢y in ternary solutions (CPM+aq-MeOH/EG) is
negative, demonstrating that ¢9 values are higher in water
at studied temperatures.

The combination of change in volume of solute after
interaction with the solvent and innate volume of solute
is defined as the standard partial molar volume of transfer
[23]. Below-mentioned contributions are helpful in
defining innate volume [24-25]

9% (int) = Viw + Vyoid (5)
where V., is the volume occupied by the solute because of
its van der Waals volume [24] and V.4 is the volume
related to the voids and empty spaces which are present
thereto, including the involvement of a solute molecule to
its standard partial molar volume.

¢3(int) = va + Vvoid — NG (6)
where o; is used for the volume shrinkage which occurs
due to the interaction of solute (Hydrogen bonding
groups) with water molecules, and n is the number of
potential hydrogen bonding groups inside the molecule.
Hence, the composition of ¢y;,y) is as follows.

¢3(int) =Vow + Vioid — Vshrinkages (7)

In all types of aqueous solutions, the ¢g,, value
depends on the Vghrinkage because Vy,, and Vg4 are almost
unchanged. The use of Eq. (7) that the increase in the
values Of Vgprinkage in the presence of aqg-MeOH/EG
systems is because of a rise in the number of interactions
with water molecules which causes the decline in values of
limiting apparent molar volume; therefore, negative ¢g
values are procured [26].

The co-sphere overlap model, which is proposed by
Friedman and Krishnan [27] helpful in the interpretation
of obtained results. According to Friedman and
Krishnan’s proposed study [27], several interactions
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occur between solute (drug) and solvent systems (water,
aq-MeOH/EG) such as ion-dipole, dipole-dipole, ion-
hydrophobic, and hydrophobic-hydrophobic
interactions. Dipole-dipole or ion-dipole interactions
are types of hydrophilic-hydrophilic interactions. In
consonance with the theory, the dominance of dipole-
dipole interactions will lead to a positive ¢{ ), whereas
the hydrophobic-hydrophobic interactions lead to a
negative by ).

The results in Table 4, depicted the supremacy of
hydrophobic-hydrophobic interactions over dipole-dipole
interactions in studied systems [28]. Hydrophobic and
charge contributions are the indication of the solution
properties of drug molecules. The polar groups are
hydrated in water, and in drug molecules, the
intermolecular aggregation through their hydrophobic
parts, which favors their limited aqueous solubilization,
is anticipated to happen in a way practically equivalent
to micellization. However, this solubilization inclination
is influenced by the addition of non-aqueous
components. Hydrophobic tails and hydrophilic groups
are both present in alcohol molecules. This interesting
quality leads to an aqueous environment to complex
self-association behavior that is not exhibited in non-
aqueous solvents. Through the phenomenon of polar
hydrophobic hydration in the water region, the solution
behavior of alcohol molecules is largely established [4].
An overall result of several drug-drug and drug-solvent
interactions in solutions is pronounced as electrostatic
interactions between the local charge on the drug, co-
solutes or its ions and the dipole moment of HO,
interlocking packing interactions of the ions, solutes, or
co-solutes with H,O which causes caging and also
solvation and another polar-ionic group (H-bonding)
interactions between different polar and non-polar
groups of drugs and different solvent systems; overall state

Table 4. Partial molar transfer volume of (¢9«r)) of CPM in aq-MeOH and aq-EG systems at different temperatures

1072 ¢S (cm® mol ™) at temperature (K)

Solvent systems 298.15 303.15 308.15 313.15 318.15
aq-MeOH system (10% v/v)  -04.986+0.002¢  05.030+0.001¢ -05.316+0.003°  -05.483+0.002°  07.084+0.001*
aq-EG system (10% v/v) -13.390+0.000°  13.475£0.001¢  -13.522+0.002°  -13.624+0.003*  13.715+0.004
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Fig 3. The plot of ¢.° versus temperature for CPM in aqueous, ag-MeOH, and aq-EG systems

Table 5. Values of coefficients (ao, ai, az) for CPM in aqueous, aq-MeOH and aq-EG systems

Polynomial Coefficients

Solvent systems ao (cm® mol™ K1)

a; (cm® mol™? K1) a, (cm® mol™ K2)

aqueous system 1928.6
aq-MeOH system (10% v/v) -71373
aq-EG System (10% v/v) -7338.1

-3.0400 0.0069
479.20 -0.7916
46.649 -0.0709

of the studied solutions can characterize all these
interactions with the help of the standard partial molar
volume of a solute [29].

The variation of apparent molar volume at infinite
dilution ¢9, with the temperature can be expressed by the

following general polynomial equation, which is
presented in Fig. 3.
¢y =ag +ayT+o,T (8)

The values of coefficients a,, ai, a, for CPM are

determined over the temperature ranges under
investigation and are tabulated in Table 5. The calculation
of partial molar expansibilities can be done through the
differentiation of Eq. (8) with temperature.
02 =842 /8T)p =1, +20,T (9)

The increase and decrease in values with the
variation in temperature are used to describe the presence
and absence of caging and packing effects, respectively.
The magnitude of partial molar expansibilities for CPM
in water, aq-MeOH/EG systems are observed to be
amplified by the rise in temperature, which expresses the
presence of caging effect as described in Fig. 4 and data
displayed in Table 6.

The below-mentioned thermodynamic expression

was established by Hepler [30], which shows the behavior

Hydrogen bond

ltu
Hydrophobs Water molecule

?
Water molecule Hjsroptioba

Fig 4. Caging effect of water

of solute in solvent systems (structure promoter or
structure breaker) [31].
(6C, /8,)r =(0205 1 8T%)p =20, (10)
The sign of (6*$9/0T?), with respect to temperature
(0°95/0T?), was used to determine the structure-
making/breaking effect with the help of ¢.. Based on
Hepler‘s criterion, it can be evaluated that the sign of
(0*$9/0T?), will be positive for structure promoting
solute, whereas the negative sign 2 is the structure
breaking behavior of solute. According to Hepler’s
criterion, the positive is used for structure promoter,
whereas the negative sign corresponds to structure
breaking property. The data tabulated
investigation (Table 6), indicated the structure-making

in our

behavior in the water while the negative sign of
(0Cp/0P)r was observed in ag-alcoholic systems, which
is the indication of structure-breaking behavior. The basis
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Table 6. Partial molar expansibility (¢g) and (0°¢$9/0T?), of CPM in aqueous, ag-MeOH, and aq-EG systems

¢°% (cm’ mol™?) at temperature (K)

Solvent systems 298.15 303.15 308.15 313.15 318.15 (9*p9/9T?),
aqueous system 1.072+0.002°  1.141+0.001¢  1.210+0.001¢  1.279 +0.004¢ 1.348+0.003% 0.0138
aq-MeOH system (10% v/v)  7.406£0.002¢ -0.509+0.001¢ -8.425+0.003° -16.341+0.001° -24.257+0.000° -1.5832
aq-EG system (10% v/v) -0.167+0.001¢  -2.297+0.002° -2.427+0.001°  -0.557+0.002¢  -0.687+0.003¢ -0.0260

of structure promoting behavior of CPM in water is due
of different
hydrophobic,

to the presence interacting groups
(hydrophilic, the
surroundings, which causes relaxation in hydrated and

and ionic) in
electro-strict molecules of water, resulting dominance of
solute-co-solute interaction. The observed structure-
breaking behavior in aq-MeOH/EG systems is due to the
formation of a hexa-atomic ring between alcohols
(MeOH and EG) and water [32] as presented in Fig. 5. The
formation of a hexa-atomic ring between water and
alcohols weakens the interaction of hydrogen bonding of

alcohols around CPM.
Viscometric Properties

The data for viscosity measurement is tabulated in
Table 7, and escalation in viscosity values was observed
with increasing concentration of CPM in studied systems,
while a decline was observed with the rise in temperature
because the kinetic energy of molecules increased, which
enhanced the fluidity of solutions [33].

The detected data of CPM in aq-alcoholic system
showed greater viscosity values as compared to water
because MeOH and EG contain both hydrophilic and
hydrophobic groups, which are responsible for stronger
hydrogen bonding and cause disruption in the structure
of water with other possible interactions as well;
therefore, the overall viscosity of the solution increased.

(k) \\O/H\\
[
C
(@  ~o H7 T H
H PN
! H7 T H
PN 0
| 1 I
Ho 0L 0L - 0
>CHTTH HSH  H
S He oo oo o _H
4 e S5, THTTRTTE
ol H T 07
" H HoT

Fig 5. Hexa-atomic ring of (a) MeOH and (b) EG with
water

Table 7. Viscosities of CPM in aqueous, ag-MeOH, and aq-EG systems at different temperatures

1 (mPa s) at temperature (K)

10? [CPM] (mol dm™?) 298.15 303.15 308.15 313.15 318.15
aqueous system
4.00 0.8937 0.7995 0.7212 0.6554 0.5996
6.00 0.9144 0.8598 0.7452 0.6769 0.6205
8.00 0.9387 0.8815 0.7859 0.6985 0.6313
10.0 0.9624 0.9129 0.8067 0.7299 0.6529
12.0 1.0115 0.9348 0.8182 0.7407 0.6742
14.0 1.0526 0.9467 0.8391 0.7618 0.6951
aq-MeOH system (10% v/v)
4.00 0.9079 0.8496 0.7747 0.7239 0.6789
6.00 0.9242 0.8703 0.7958 0.7429 0.6912
8.00 0.9459 0.8823 0.8175 0.7556 0.7126
10.0 0.9677 0.9146 0.8395 0.7763 0.7343
12.0 1.0117 0.9367 0.8615 0.8178 0.7561
14.0 1.0530 0.9674 0.8884 0.8295 0.7785
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Table 7. Viscosities of CPM in aqueous, ag-MeOH, and aq-EG systems at different temperatures (Continued)

1 (mPa s) at temperature (K)

10? [CPM] (mol dm™) 298.15 303.15 308.15 313.15 318.15
aq-EG system (10% v/v)
4.00 0.9217 0.8424 0.7555 0.6977 0.6613
6.00 0.9458 0.8536 0.7564 0.7042 0.6686
8.00 0.9656 0.8682 0.7766 0.7198 0.6829
10.0 0.9915 0.9081 0.7983 0.7480 0.7266
12.0 1.0018 0.9196 0.8501 0.7539 0.7408
14.0 1.0208 0.9313 0.8529 0.8152 0.7904

The Jones-Dole relation was used to determine A
and B coefficients for CPM in studied systems by applying
the least square fitting method [34].

ng /C"? =A+BC" (11)

where 1, stands for specific viscosity, A is solute-solute
and B The
representation of curves between 1,/C"? and C'? are
presented in Fig. 6, and the data are listed in Table 8. The
data prophesied that A values are negative, indicating

is used for solute-solvent interactions.

weak drug-drug interaction, but the negative values
decreased by increasing temperature in ag-MeOH/aq-EG
systems which shows weaker drug-drug interactions at

higher temperatures, while in water, the values increased
with the rise of temperature indicating drug-drug
interaction got strengthen at high temperatures.

On the other hand, the B values of binary and
ternary systems are positive, indicating that drug-
solvent interactions exist in studied systems [35]. The
derivative of viscosity B coefficient with respect to
temperature, i.e., dB/dT can provide a direct indication
of structure promoting/breaking nature of solute (drug)
in solution. The sign of dB/dT is positive for structure-
breaking groups while the value becomes negative for
promoting groups. The enumerated data show negative

Table 8. Values of A and B coefficients of Jones-Dole parameters and dB/dT for CPM in aqueous, aq-MeOH, and aq-

EG systems at different temperatures

Temp (K) A (m*? mol™) B (m® mol™) 102dB/dT
aqueous system
298.15 -0.556+0.003* 2.768+0.001¢
303.15 -0.416+0.002¢ 2.697+0.002¢
308.15 -0.466+0.001¢ 2.606+0.003¢ -1.680
313.15 -0.476+0.003" 2.583+0.002°
318.15 -0.440+0.000¢ 2.405+0.004°
aq-MeOH system (10% v/v)
298.15 -0.314+0.002¢ 2.183+0.003*
303.15 -0.437%0.002¢ 2.192+0.002°
308.15 -0.421+0.001¢ 2.255+0.004° 1.240
313.15 -0.464+0.004° 2.37610.002¢
318.15 -0.486+0.003° 2.401+0.001¢
aq-EG system (10% v/v)
298.15 -0.228+0.001¢ 1.554+0.004°
303.15 -0.302+0.002¢ 1.745+0.001°
308.15 -0.324+0.003¢ 2.097+0.002° 4.040
313.15 -0.391+0.001° 2.254+0.004¢
318.15 -0.342+0.002* 2.309+0.000¢
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Fig 6. Plots of Jones-Dole equation for CPM in (a) aqueous, (b) ag-MeOH, (c) aq-EG system

signs of dB/dT for CPM in water corresponding structure
promoting nature while positive dB/dT in aq-MeOH/EG
systems shows structure breaking behavior. The ABy
gives an indication about interaction patterns occurring
in a solution can be manifested by using Eq. (12) [36].
AB(tr) = B(aq—MeOH/EG) - B(water) (12)
The results of ABy) for CPM in studied systems

arranged in Table 9, verify the supremacy of
@ o Auto-dissociation

Dipole-dipole

03 0.35 04

hydrophobic-hydrophobic interactions as mentioned in
the volumetric study, also illustrated in Fig. 7.

HPLC Analysis (Recovery Studies)

Chlorpheniramine maleate in the different solvent
system was analyzed by a significant change in retention
time (Fig. 8), the area under the curve (AUC), and %
recovery as given in Table 10. In order to eradicate the

Auto-dissociation
—~——————
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Table 9. Values of ABy) for CPM in ag-MeOH and aq-EG systems at different temperatures

10 AB() (kg mol™) at temperature (K)

Solvent systems 298.15 303.15 308.15 313.15 318.15
aq-MeOH System (10% v/v) ~ -5.847+0.002°  -5.050+0.001¢  -3.515+0.003¢ -2.071£0.002°  -0.043+0.001°
aq-EG System (10% v/v) -12.31740.000°  -9.516+0.001¢  -5.087+0.002° -3.295+0.003"  -0.961+0.004*

Table 10. Retention time, recovered concentration, and percent recovery of CPM in aqueous, Aq-MeOH, and Aq-EG

systems
S. No. Retention time Recovered conc. % Recovery
(min) M)
Std. CPM 1.92 - -
CPM + water 1.89 0.024 40.72
CPM + aq-MeOH (10%, v/v) 1.89 0.021 34.83
CPM + aq-EG (10%, v/v) 1.89 0.021 3491
effects of inactive materials (excipients) in the  recoveries of CPM up to 41% while a similar decreasing

formulations, the interaction studies were executed by
using raw materials of Active Pharmaceutical Ingredients
(API) as previously reported [11].

Upon direct interaction of the API ingredients with
the solvents and application of the HPLC method, the
trend of recoveries clearly shows the possible interaction
with the solvent system since the % recoveries of CPM is
significantly affected as observed with the other
techniques. In aqueous solvent, there was a decline in

trend in % recovery of CPM was observed at 35% in the
case of ag-MeOH and ag-EG system. CPM is a freely
soluble active pharmaceutical ingredient in the studied
solvent systems (water, methanol, and ethylene glycol)
[37]. Therefore, a similar retention time was observed
with studied solvents (1.89 min) while a drift in
retention was found comparatively with Std. CPM
(1.92 min) confirms some interactions in water and aq-
MeOH/EG systems.
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Fig 8. Chromatograms of standard (a) CPM, (b) CPM in aqueous, (c) CPM in aq-MEOH and (d) CPM in aq-EG

systems

m CONCLUSION

The current work provides a route to systematic
information on CPM in water, mono, and dihydric
alcohols (CPM+aq-MeOH/EG systems) through density
and viscosity measurements at 298.15-318.15 K, which
presented physicochemical properties of the drug. The
results procured from the experimental data were helpful
in scrutinizing drug-drug and drug-solvent interactions
in the studied systems. The supremacy of hydrophobic-
hydrophobic interactions over hydrophilic-hydrophilic
interactions was observed in ag-MeOH/EG systems. The

positive sign of the second derivative of temperature
coefticient (0Cp/0P)r shows the structure-promoting
property of CPM in the water, while the negative sign in
aq-MeOH/EG (10%v/v) shows the structure-breaking
property. The results obtained from the viscometric
study also support the conclusion drawn from the
volumetric study. Outcomes based on the HPLC
technique proved that the recovery was affected, which
also confirms the interaction behavior of CPM in water,
mono, and dihydric alcohols. To study the development
of structure and solvation behavior on the premise of
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various kinds of interactions present in solutions, the
calculated parameters are beneficial.
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various substituted aldehydes. The synthesized molecules were characterized by physical
data, elemental, IR and 'H-NMR analyses. The antioxidant ability of compounds was
determined through the use in vitro assays such as DPPHe scavenging, ABTS, total
antioxidant capacity (TAC), hydroxyl radical OHe scavenging, and reducing power
capability. The antioxidant activity of the compounds increased slightly after changing
the atom bridge and hydroxyl group position. The results showed that the compound 5-
DPSS exhibited superior scavenging strength against DPPH (ECsy = 7.10 = 0.16 pyg/mL),
whereas 3-DPSS showed the highest activity (ECso = 1.36 + 0.08 ug/mL) when inspected
by ABTS in relation to butylated hydroxyanisole (BHA) (ECso = 7.54 * 0.67). The higher
OH. activity was marked by the compound 5-DPS (ECsy = 44.9 + 3.3 ug/mlL) related to
BHT at (ECsp = 98.73 + 0.3 ug/mL). The compounds 5-DPM demonstrated remarkable
activity both reducing power (ECs = 53.2 + 0.3 ug/mL), and TAC assay (ECsy = 620.0 +
2.4 ug/mL). These results prove that the modification in hydroxyl group position affect
the antioxidant ability of Schiff bases.
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= INTRODUCTION job in securing against oxidant-incited harm and can be

. . ispl h 1 h
The free radicals are the standard sources in charge displayed as hydrogen donors or electron reducers to the

of numerous illnesses, for example, age-related maladies receptive sites in killing free radical [8-9]. It is accounted

cq e e . . for those numer natural atom nerall
rheumatoid joint inflammation, Infectious ulcer, and or those numerous natural atoms executed as generally

. . . . ) amazing cell reinforcements. In this manner, it is critical
malignancy inception [1-5]. These medical issues are

. . to comprehend the method of activity and effectiveness
conveyed by the response of receptive oxygen species

(ROS), usually known as responsive species (RSs) [6-7]. of these cancer prevention agents [10]. Antioxidants are

molecules that play a critical role in protecting against

Cancer prevention agents are particles that assume a basic ] ]
oxidant-induced damage and can be presented as
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hydrogen donors or electron reducers to the reactive site
in scavenging free radical [11]. It is reported that many
organic compounds behave as very powerful antioxidants.
It is therefore essential to recognize the mechanism of
action and the tendency to act as antioxidants [12-13].

Schiff bases are classes of compounds that contain
azomethines bond (C=N) and owe the general
formulation RHC=N-R' (where R and R' may be alkyl,
cycloalkyl, aryl or heterocyclic). They are attained by a
condensation process of primary aromatic amines and
aldehydes or ketones [14]. Schiff bases play a significant
role in the biological process with various applications
[15-16]. Additionally, phenolic Schiff bases are proved as
efficient antioxidants and excellent free radical scavengers
[17]. This radical scavenging propriety is mainly due to
the transfer of hydrogen atoms from the OH, NH, and SH
groups (attached to the aromatic nuclei) to the free
radicals [18].

In the light of these data, we are interested in
synthesizing new Schiff bases and investigating their
antioxidant properties. The modification of the bridge
and the position of hydroxyl groups is a useful strategy to
ameliorate the antioxidant activity of Schiff bases. For
that, eight compounds are synthesized by the insertion of
carbon, sulfur, two sulfur atoms between two aromatic
rings. The hydroxyl groups are introduced in ortho or
para position to 3,3’-OH and 5,5'-OH. The aims of this
work are to synthesize three series of Schiff bases and to
study the effect of the atom bridging on the antioxidant
capacity. In addition, the introduction of two hydroxyl
groups in different positions in the Schiff bases
significantly affects the scavenging efficiency of free
radicals in the system, where one is fixed in position 2, and
another is at different position in the aromatic ring. The
effects of both the bridge and the introduction of the
hydroxyl groups were studied. The contributions of the
hydroxyl position structures on the antioxidant activity
were also investigated.

m EXPERIMENTAL SECTION
Materials

The
diaminodiphenylmethane (97%),

work, 4,4'-
bis(4-aminophenyl)

chemicals utilized in this
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sulfide (98%), 2,5-dihydroxybenzaldehyde (97%) and
bis(4-aminophenyl) disulfide (98%) 2,3-
dihydroxybenzaldehyde (98%), and the solvents were
purchased from Sigma-Aldrich. 2,2-diphenyl-1-
picrylhydrazyl (DPPH; 97%), NaOCI solution (6-14%
active chlorine), 2,2-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt (ABTS; 98%),
butylated hydroxy anisole (BHA; 99%), butylated
(BHT; 99%),
monohydrate (99%), ascorbic acid (vitamin C; 99%),

hydroxytoluene 1,10-phenanthroline
potassium ferricyanide (99%), potassium persulfate
(98%) and trichloroacetic acid (99%), were obtained
from Sigma Aldrich and Merck.

Instrumentation

The 'H-NMR spectra were measured through
Bruker AC400 spectrometer (400 MHz) using DMSO-
ds. The analysis of the elemental was taken by a Perkin
Elmer 2400 (automatic elemental analyzer). The spectra
of FTIR were recorded on a Bruker Vector 22
Spectrophotometer (KBr discs).

Procedure

Synthetic procedure of Schiff bases

The ligand was produced by the reported method
[19]. Substituted aldehydes (2 mmol), appropriated
diamine (1.0 mmol) in 20 mL of pure ethanol, two
microliters of acetic acid were added into a (100 mL)
round bottom flask, and the product reaction mixture
was refluxed for at 78 °C for 3 h. The formed product was
filtered and washed with hot ethanol and then dried. The
synthesis of monosubstituted products is shown in Fig. 1.

N,N"bis(2,3-dihydroxybenzylidene)-4,4'-
diaminodiphenyl methane: (3-DPM)

2,3-Dihydroxybenzaldehyde (0.276 g, 2 mmol)
4,4'-diaminodiphenylmethane (0.198 g, 1 mmol). Yield
74%; m.p 200 °C; '"H-NMR (100 MHz, CDCl;) § (ppm)
=13.28 (s, 2H, C,0OH, and C,OH of 2Ar-OH); 9.17 (s,
2H, C;0H, and C’;OH of 2Ar-OH); 8.90 (s, 2H, HC=N);
6.78-7.10 (m, 8H, ArH); 5.20 (2H, s); 4.02 (s, 2H, CH,);
FTIR v (cm™) 3417 (OH, broad centered at), 1615 (C=N);
Microanalysis for C;yH2,N,O4 (438.47), Calcd.: C, 73.96;
H, 5.06; N, 6.39. Found: C, 73.85; H, 5.06; N, 6.39.
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Fig 1. Synthesis of Schiff bases

N,N"bis(2,5-dihydroxybenzylidene)-4,4’-
diaminodiphenyl methane: (5-DPM)

2,5-Dihydroxybenzaldehyde (0.276 g, 2 mmol) 4,4'-
diaminodiphenylmethane (0.198 g, 1 mmol). Yield 84%;
m.p 210 °C; '"H-NMR (25 MHz, CDCl;) § (ppm) 12.33 (s,
2H, C,0OH and C’,OH of 2Ar-OH), 9.10 (s, 2H, CsOH and
CsOH of 2Ar-OH), 8.82 (s, 2H, HC=N), 6.80-7.32 (m, 8H,
ArH), 5.20 (2H, s), 4.00 (s, 2H, CH,); FTIR v (cm™) 3302
(OH), 1602 (C=N); Microanalysis for Cy;H;N,O4
(438.47), Calcd.: C, 73.96; H, 5.06; N, 6.39. Found: C,
73.81; H, 5.04; N, 6.41.

N,N"bis(2,3-dihydroxybenzylidene)-4,4'-
diaminodiphenyl sulfide: (3-DPS)

2,3-Dihydroxybenzaldehyde (0.276 g, 2 mmol)
bis(4-aminophenyl) sulfide (0.216 g, 1 mmol). Yield 82%;
m.p 210 °C; 'H-NMR (25 MHz, CDCL) § (ppm) 13.78 (s,
2H, C,0OH and C,OH of 2Ar-OH), 9.48 (s, 2H, CsOH and
C’sOH of 2Ar-OH), 8.88 (s, 2H, HC=N), 6.80-7.75 (m,
8H, ArH); FTIR v (cm™') 3400 (OH), 1620 (C=N), 880 (C-
S); Microanalysis for Cy;sHz0N,O4S (456.11), Caled.: C,
68.41; H, 4.42; N, 6.14; S, 7.02. Found: C, 68.39; H, 4.40;
N, 6.13; O, 14.04; S, 7.03.

N,N"-bis(2,5-dihydroxybenzylidene)-4,4"-
diaminodiphenyl sulfide: (5-DPS)

2,5-Dihydroxybenzaldehyde (0.276 g, 2 mmol)
bis(4-aminophenyl) sulfide (0.216 g, 1 mmol). Yield 88%;
m.p > 210 °C; '"H-NMR (25 MHz, CDCl;) 6 (ppm) 12.01
(s, 2H, C,OH and C,OH of 2Ar-OH), 9.10 (s, 2H, CsOH
and C’sOH of 2Ar-OH), 8.83 (s, 2H, HC=N), 6.82-7.60
(m, 8H, ArH), 5.20 (2H, s); FTIR v (cm™) 3417 (OH),
1612 (C=N), 879 (C-S); Microanalysis for Cy;sHzN>04S
(456.11), Calcd.: C, 68.41; H, 4.42; N, 6.14; S, 7.02. Found:
C, 68.39; H, 4.40; N, 6.13; O, 14.04; S, 7.03.

N,N"bis(2,3-dihydroxybenzylidene)-4,4'-

diaminodiphenyl disulfide: (3-DPSS)
2,5-Dihydroxybenzaldehyde (0.276 g, 2 mmol)

bis(4-aminophenyl) disulfide (0.248 g, 1 mmol). Yield 68%;

m.p > 210 °C; "H-NMR (25 MHz, CDCL;) & (ppm) 12.33
(s, 2H, C,OH and C’,OH of 2Ar-OH), 9.10 (s, 2H, CsOH
and C’sOH of 2Ar-OH), 8.82 (s, 2H, HC=N), 6.80-7.32
(m, 8H, ArH), 5.20 (2H, s), 4.00 (s, 2H, CH,); FTIR v
(em™) 3425 (OH), 1620 (C=N), 881 (C-S);
Microanalysis for CysH0N,O.S; (488.09), Calcd.: C,
63.92; H, 4.13; N, 5.73; O, 13.10; S, 13.12. Found: C,
63.90; H, 4.13; N, 5.72; O, 13.12; S, 13.11.

N,N"-bis(2,5-dihydroxybenzylidene)-4,4'-
diaminodiphenyl disulfide: (5-DPSS)
2,5-Dihydroxybenzaldehyde (0.276 g, 2 mmol)
bis(4-aminophenyl) disulfide (0.248 g, 1 mmol). Yield
71%; m.p > 210 °C; 'H-NMR (25 MHz, CDCl;) 8 (ppm)
12.01 (s, 2H, C,OH and C,OH of 2Ar-OH), 9.10 (s, 2H,
CsOH and C’sOH of 2Ar-OH), 8.82 (s, 2H, HC=N), 6.80—
7.60 (m, 8H, ArH); FTIR v (cm™) 3340 (OH), 1604 (C=N),
879 (C-S); Microanalysis for CyHzN,O0.S, (488.09),
Calcd.: C, 63.92; H, 4.13; N, 5.73; O, 13.10; S, 13.12.
Found: C, 63.91; H, 4.12; N, 5.73; O, 13.13; S, 13.12.

Radical scavenging capacity
Free radical scavenging capacity. The antioxidant
potential of the Schiff base compounds to scavenge the
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical was
assessed spectrophotometrically following the method
reported by Benslama et al. [20]. Briefly, a 320 uL of
DPPH methanolic solution (0.6 mg/100 mL) was added
to the 80 uL of the compound prepared at various
concentrations (solubilized in N,N-dimethylformamide).
The resulting mixture was maintained in the dark at
room temperature. After incubation for 30 min, the
absorbance of the mixture was recorded at 517 nm, and
the antiradical power was expressed as half-maximal
effective concentration (ECsp)) as compared to the
control. The percent of antiradical capacity was then
calculated according to Eq. (1):
(A, —A,)x100
A

C

DPPH scavenging (%) = (1)
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where A. is the absorbance of control and A is absorbance
of sample.

ABTS radical-scavenging activity. To set the
antioxidant ability of the synthesized phenolic Schiff
bases, we adopted the ABTS* method from [21], with a
little alteration. A solution of ABTS* (7 mM) was mixed
with solution of potassium persulfate (2.4 mM) to get a
fresh stock solution. Thereafter, the solution used for
ABTS screening was produced by combining the stock
solutions of potassium persulfate and ABTS* in equal
amounts for 12-14 h in the dark at room temperature. A
specific absorbance of ABTS" at 0.705 + 0.01 units at
734 nm desired for the analysis was attributed to diluting
1 mL of ABTS" solution in 60 mL of methanol. A fresh
ABTS" solution was made up for each assay. The sample
(50 uL) was mixed with 1 mL of the ABTS" solution, and
then the absorbance at 734 nm was recorded after 6 min
for each measurement. The percentage inhibitions of the
synthesized SBs were calculated using Eq. (2):
(A.—A{)x100 @)

AC

where A. is the absorbance of the ABTS free radical
solution recorded without a sample and Ags is the

ABS scavenging (%) =

absorbance of ABTS free radical solution with the sample.
All tests and analyses were realized in triplicate and the
outcomes attained were averaged. The inhibition
percentage was plotted against concentration, and a
straight line was generated, and the ECs, values of the
Schiff bases were calculated from this graph, explicitly, the
amount of antioxidant Schiff bases necessary to diminish
the 50% of the initially ABTS radical concentration.

Hydroxyl radical (OHe) -scavenging activity. The
hydroxyl radical scavenging effect of compounds was
evaluated by [21]. However, 60 pL of FeSO.,7H,O
solution (1 mM) was added to 90 mL of a 1,10-
phenanthroline (1 mM) aqueous solution, and 2.4 mL of
phosphate buffer (0.2 M, pH 7.8) were added to the
resulting mixture following by the addition of 1.5 mL of
different concentrations of the sample, then 150 pL of
hydrogen peroxide (0.17 mM) in sequence. The mixture
was then incubated in the water bath at 37 °C for 30 min.
The decrease in the concentration of OHe was estimated
spectrophotometrically by measurement of absorbance at
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560 nm, and the antiradical capacity was expressed as
ECs the values, i.e., the concentration of the studied
compound, which induces a decrease of 50% in the
absorbance of 560 nm compared to the control. All
readings were taken in triplicate, and Butylhydroxy
toluene (BHT) was used as a positive control.

The percent inhibition was calculated according to

Eq. (3).
A —A 100
Hydroxyl —radical scavenging (%) = %

A

C

where A. is the absorbance of the control solution

(3)

without the sample and As is the absorbance of the
sample solution with the sample.

Reducing capacity

The reducing effect of the compounds was
measured following the methods [22]. A volume of
20 uL of the compound at various concentrations was
combined with 100 pL of potassium ferricyanide
[KsFe(CN)s] solution (1%) and 80 uL of phosphate
buffer solution (0.2 M, pH 6.6). The resulting mixture
was incubated for 20 min at 50 °C. Then, 100 uL of
trichloroacetic acid (10%) was also added to terminate
the reaction, and the entire was centrifuged for 10 min
at 2800 r/min. Finally, the supernatant solution (100 uL)
of was combined with 20 uL of FeCl; solution (0.1%) and
distilled water (100 pL). Then, the mixture was incubated
for 10 min, and the absorbance was recorded at 700 nm.
The antioxidant strength of samples was estimated using
a ferrous iron standard curve, absorbance as a function
of concentration, and results are expressed as Fe*
concentration (ug/mL) corresponding to the half
absorbance value in the standard curve Ag;s.

Total antioxidant capacity (TAC)

This assay was based on the capacity of an
antioxidant agent to reduce the molybdenum (VI) to
molybdenum (V) and generate a green phosphomolybdate
complex (V) which to be estimated spectrophotometrically
at 695 nm. Equal volumes of sodium phosphate (28 mM),
sulfuric acid (0.6 M), and ammonium molybdate (4 mM)
were taken in a beaker to get the phosphomolybdate
reagent. To take the test, 300 uL of sample in several
concentrations of Schiff bases (50-500 pg/mL in DMSO)
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was mixed with phosphomolybdate reagent and incubated
in a water bath for 90 min at 95 °C. The mixture was
allowed to settle at room temperature, and absorbance was
determined at 765 nm. Instead of the sample, DMSO was
used in the blank. According to the equation obtained from
the calibration curve, the total antioxidant capacity was
estimated as pg/mL ascorbic acid equivalent (AAE) [23].

Statistical analyses

The experiments were performed in triplicates, and
data were presented as mean + SD. The ECs (50%
inhibition concentration) values were estimated using the
linear regression method. The Graphpad Prism7 was
determined to analyze the data. However, the statistical
differences between the experimental groups and standard
were analyzed using the Student t-test, and the difference
were considered statistically significant where p < 0.05.

m RESULTS AND DISCUSSION
Synthesis

The present work involved the preparation of the
phenolic Schiff bases by condensation reaction. All the
synthesized molecules were powder solids and found to
be insoluble in dichloromethane and soluble in methanol
and acetonitrile. The analytical data agree well with the
formula of the products and were recognized through
elemental analysis and spectroscopic data (UV-Vis, IR,
and "H-NMR). The relevant FTIR data of the synthesized
compounds presented standard features in appointed
regions and characteristic bands in the other zones. In all
the compounds under study, the aromatic (C-H) bond
manifested in the range (3024-3082 cm™) [24], whereas
the aliphatic (C-H) of 3-DPM and 5-DPM bond appeared
in the range of (2924 cm™). The clear band in the range of
(1604-1628 cm™) was attributed to the azomethine bond
(C=N) [25]. The aromatic (C=C) bond appeared in the
range of (1520-1566 cm™) [26].

The 'H-NMR spectra were used in structure
elucidation and identification of the synthesized phenolic
Schiff bases. The 'H-NMR spectra of synthesized
compounds (3-DPM; 5-DPM, 3-DPS, 5-DPS, 3-DPSS, 5-
DPSS) displayed the azomethine proton (-HC=N) at and
8.93, 8.77, 8.87, 8.79, 8.87, and 8.83 ppm respectively as
singlet [27-28] and aromatic protons at 6.78-7.38 ppm
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range as multiplets [29-30]. Furthermore, the aliphatic
protons (-CH) shows a singlet at 4.02 ppm for the
compound 3-DPM and 5-DPM [31]. The identified
signals of all the protons of the phenolic Schift bases
were in agreement in their expected region.
Radical Scavenging Capacity
DPPH- scavenging activity

From Fig. 2, the curves of the antioxidant effect of
all the Schiff base compounds appear almost the same
evolutionary trend. The sharp rise in the DPPHe.
inhibition curve from 10 up to 180 pg/mL, taking a
constant trend (stationary phase) from 200 ug/mL. The
compound 5-DPSS has the best anti-free radical power
with a percentage inhibition of 94.43% with a
concentration threshold of 200 ug/mL. The oxidation
power of the samples is related to the presence of
compounds that exert actions by splitting the chain of
free radicals via hydrogen atom donation [32]. The best
anti-free radical activity is attributed to the compound
5-DPSS with an ECs value of 7.10 + 3.2 pg/mL, while the
weak activity is recorded for the product 5-DPM (20.97
+ 0.89 pg/mL). The percentage inhibition of the DPPHe
increases with increasing concentration in a dependent
manner, either for the Schiff base compounds or for
[33-35]. The
synthesized compounds was found to be in ascending
order of 5-DPM < 3-DPSS < 3-DPS < 3-DPM < 5-DPS <
5-DPSS (Fig. 2). Based on the ECs, values (Table 1)
among the six products tested, the 5-DPSS compound

standards inhibition efficiency of

was noted as the most active, with an antioxidant activity
equal to (7.10 * 0.16) ug/mL. The DPPH scavenger
potential increased in that order as follow: 5-DPSS (7.10
+0.16 pg/mL) > 5-DPS (7.20 + 0.20 pg/mL) > 3-DPM
(8.37 + 0.34 pg/mL) > 3-DPS (8.84 + 0.34 pg/mL) > 3-
DPSS (11.34 + 0.17 > 5-DPM (20.97 + 0.89 pg/mL). At
the same time, the positive control, BHA and BHT
showed a close potential 5.73 + 0.41 and 22.32 + 1.19
ug/mkL, respectively, than the six products. The lowest
antioxidant potential was assigned for 5-DPM with
20.97 £ 0.89 pg/mL. It was clear that the compounds
having sulfur bridging atom and second hydroxyl group
in position 5 showed the best free radical scavenging
activities in the DPPH test.
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Fig 2. Free radical scavenging activity DPPHe (%) of: (a) DPM, (b) DPS, (c) DPSS. Error bar indicates SD standard

Table 1. The antioxidant activity of the products synthesized and standards

Product ECso values (ug/mL) Ays EAA
DPPH ABTS OH. Reducing power TAC
3-DPM 8.37+0.38 1.49 £ 0.05 227.7+5.1 71.1+0.1 1680.0 + 0.01
5-DPM 20.97 +0.89 3.23+0.01 143.2 + 16.0 53.2+0.3 620.0 +2.4
3-DPS 8.84+0.34 1.77 £ 0.08 209.2+73 139+1.3 1153.3 +5.7
5-DPS 7.20+£0.20 1.95 £ 0.01 449+33 1389+ 1.0 949.16 + 1.44
3-DPSS 11.34 £ 0.17 1.36 £ 0.08 244.1 £ 16.0 75.5+£0.5 1193.3 £5.7
5-DPSS 7.10+0.16 2.64 +0.05 232.5+3.93 68.2+0.2 730.0 + 4.6
BHA 573 £0.41 7.54 £ 0.67
BHT 22.32+1.19 1.55+0.26 98.73+£0.3 99.2 £0.41 100.0 £0.21

ABTS radical scavenging activity
A significant attribute of the antioxidants is the free

radical proton scavenging. A recognized protonated

radical ABTS has distinctive absorbance maxima at

734 nm, which declines with the quenching of the

proton free radicals [36]. The Schiff base series, with
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phenyl, diphenylmethane, diphenyl sulfide, and diphenyl
disulfide bridges, were powerful and impressive scavenger
effect of the ABTS free radical (Fig. 3), and this capacity
was consistent with those to those of BHA and BHT
(Table 1) that are employed as standard drugs. The lower
concentrations of the tested samples were more potent in
quenching ABTS" free radicals in the system [37]. The
three series of Schiff bases exhibit powerful scavenging of
the ABTS" radical relative to those of the standards (BHA
and BHT). 3-DPSS revealed the highest activity with an
ECs, of about (1.36 * 0.08 ug/mL) amongst the
synthesized diphenolic Schiff bases series. The ABTS
radical scavenging capacity of the tested compounds can
be ranked in the order: 3-DPSS > 3-DPM > 3-DPS > 5-
DPS > 5-DPSS > 5-DPM.

100 -
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From the calculated values of ECs, we can
conclude that the compounds that have the hydroxyl
group in position three present more potent scavenging
effects than position 5 in the other Schiff bases series.
Furthermore, the sulfur atom bridge performed well
compared to that of carbon. The results of the ABTS
radical test by the Schiff bases were shown to be much
better than those of DPPHe. Many factors like solubility
of the compounds' stereoselectivity of the radicals or the
indifferent testing systems have been conveyed to affect
the aptitude of compounds to react and inhibit different
radicals [37-38]. Hong et al. [39] observed that some
compounds that present ABTS scavenging response did
not display DPPH scavenging ability. In this study, the
compounds showed strong scavenging effect against
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DPPH and ABTSe. This supplementary showed the
capacity of the extracts to quench different free radicals in
different systems, signifying that they may be beneficial
therapeutic for radical-related

agents remedying

pathological injury.

Hydroxyl radical OH* scavenging capacity

The six synthesized compounds showed different
scavenging power for the OHe (Fig. 4). It is important to
note that the compound which has the best inhibitory
activity was 5-DPS (44.9 + 3.3 pg/mL) among the others,
which appears weak than BHT (98.73 + 0.3 ug/mL), while
the lowest was found in the compound 3-DPSS (244.1 +
16.0 pg/mL). In addition, it is clearly seen that the
compounds having two hydroxy groups at position 2-5
are more effective than the catecholic compounds (at
position 2-3) in the same and the different series [40]. The
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statistical results obtained show that the activity of
scavenging OHe by the compound 5-DPS has a
significant difference of p < 0.05 compared to the
standard, which clearly explains the insignificant action
of this compound in terms of activity and efficiency as
the standard (BHT).

The results indicated that the substituents on the
phenyl ring have a great influence on the antioxidant
activity expressed in the activity of scavenging DPPHa.
Schiff's bases carrying the 2,3-dihydroxysalicylidene
fragment on the benzene ring with sulfur bridge were
found to be the best scavengers of DPPHe. This result
was expected since it was well known that the catechol
moiety, two adjacent hydroxyl groups influence
antioxidant activity [41]. Thus, the hydrogen bonds
between the two adjacent hydroxyl groups involve
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electrostatical interactions between the proton of the
hydroxyl in position three and the oxygen of the hydroxyl
number 2. This weakens the OH bond, which consequently
makes hydrogen more labile, therefore more reactive, and
more ready to react with the free radical [42]. In addition,
the oxidation potential of the hydroxyl group plays an
important role in determining the entity responsible for
the activity.

Cacic et al. [43] proved that the catecholic part 2.3-
dihydroxybenzylidene (phenolic ring carrying two
hydroxyl groups in ortho position; adjacent) is crucial for
the anti-radical activity, as well as other authors [44-45],
who investigated coumarin derivatives with o-dihydroxy
phenolic groups. When two hydroxyl groups are at
position 2-5 of the phenyl ring, a stable phenoxyl radical
is formed, which allows an oxygen atom to share a positive
charge, which causes stabilization by delocalization.
When two hydroxyl groups are in position 2-4 of one of
the phenyl rings, oxygen cannot share a positive charge,
and this influences the scavenging DPPH activity [46].

Reducing Power

The reduction capacity is an important property of
The
compounds can give electrons or hydrogen atoms to the

potential  antioxidant  activity. antioxidant
reactive radicals, reducing them into more stable and
unreactive species [47]. Generally, antioxidant compounds
provoke the reduction of Fe**/ferricyanide complex to the
ferrous (Fe**) form owing to their reductive potency [48].
According to this method, the reduction is expressed as
an increasing of absorbance at 700 nm, in which higher
absorbance suggests a higher ferric reducing antioxidant
power. In the FRAP assay, higher FeSO47H,O equivalent
signifying powerful antioxidant activity. Hence, the
compound 5-DPM has relatively high ferric reducing
power ability (53.2 + 0.3 mg/mL), while compound 3-DPS
(139 + 1.3 mg/mL) exhibits inefficient ferric reducing
activity (Fig. 5). As shown in Fig. 5, the reducing power of
Schiff bases was augmented comparable to standard
antioxidants by increasing concentration. The reducing
power of samples and standard antioxidants decreased in
the order of 5-DPM > 5-DPSS > 3-DPM > 3-DPSS > 5-

DPS > 3-DPS. The above-cited results indicate that

1241

compounds that have a hydroxyl group in position 5
possess powerful reductive capacity than the catechol
form. The FRAP assay, overall, as the nonradical
method, has been disputed to have a slight relationship
with the radical scavenging method (HAT mechanism)
happening in lipid systems, and it has a deprived
with activity
measurements. It is, hence, advised that this assay may

correlation other  antioxidant
well be used in combination with further methods in
discriminating dominant mechanisms for diverse

antioxidants [49].
Total Antioxidant Capacity (TAC)

The results showed that all of the compounds
tested have remarkable reducing power with values
between 620 to 1680 ug EAA.mg of the product (Fig. 7).
The most active compound is 3-DPM and the weakest 5-
DPM. The decreasing classification of the tested is as
follows: 3-DPM > 3-DPSS > 3-DPS > 5-DPS > 5-DPSS >
5-DPM.

All compounds bearing a hydroxyl group in the
para and ortho position did not show significant
antioxidant activity compared with the standards BHA
and BHT. Compounds having two hydroxyl groups in
the para position exhibit moderate antioxidant activity
relative to the ortho position [50]. This indicates that the
change in the position of the hydroxyl groups on the
phenyl ring has a great influence on the antioxidant
activity expressed in the activity of scavenging DPPHo,
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that it carries in its structure the catecholic form.
Regarding to the reducing power, the compound 5-DPM
(53.2 + 0.3) with the methylene bridge has considerable
reducing power performance compared to the standards
BHA (99.2 + 0.41) (Table 1).

Indones. J. Chem., 2022, 22 (5), 1233 - 1245

m CONCLUSION

In this work, we have synthesized six phenolic
Schiff bases compounds. The synthesized compounds
were characterized by using various spectroscopic
methods, as well as the evaluation of their antioxidant
power by different methods, scavenging of the DPPHo.,
scavenging of the OHe, ABTSe., TAC and reducing
power. Examination of the various results obtained by
scavenging the DPPHe and ABTS, allowed us to
conclude that Schiff bases have hydroxyl group in
position 5 exhibit better antioxidant activity compared
to the ones having hydroxyl group in position 3. In
contrast, the ABTS assay showed that the catechol Schiff
bases compounds having a hydroxyl group in position 3
reveal good antioxidant activity in comparison with
their analogues having a hydroxyl in position 5. On the
one hand, the antioxidant profile of the various
compounds synthesized exhibits a dose-dependent
power. The observation of the ECs, values of the ABTS
method shows that the 3-DPSS compound reveals the
best value by mean of ECs (1.77 £ 0.08 ug/mlL), the
compounds: 3-DPS, 3-DPSS, 3-DPS, 5-DPSS, 3-DPM
and 5-DPM, presented an inhibitory power superior to
that of BHA (7.54 + 0.67 pg/mL). Noting that all
results, whether OHo.,

compounds have uneven

reducing power, or TAC.
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= INTRODUCTION alkaloids have made significant contributions to the

Microtubules (MTs) are cytoskeletal polymers made treatment of human cancers, but the toxicity of

up of aB-tubulin heterodimers that play a key role in colchicine and podophyllotoxin has limited their

cellular movement, division, and intracellular transport. therali eut}11c' app hcatlor}llm t}?e tf'eaitlment of ianc}frlm'
Interfering with the assembly of MTs in dividing cells n.t ' respect, the chemically Ve.rsatl ¢ chaicones
o . . are an interesting scaffold for the discovery of new
causes cell cycle arrest, resulting in apoptosis-inducing

signals [1-2]. Therefore, the development of MT colchicine site ligands that inhibit tubulin assembly [8-

. . . . 10]. In th ing attempts to devel ior tubuli

perturbing drugs is one of the most promising anticancer J- In the ongoing attempts to develop superior tubulin
polymerization inhibitors, a series of chalcones 1-7 with
aromatic substitution patterns resembling those found

in conventional colchicine site ligands [11] (Fig. 1) have

therapeutic methods [3-4]. Limitations, such as drug
resistance, adverse side effects, complex formulations and
synthesis, and limited bioavailability of these MT

perturbing drugs [5] have continuously aroused the been synthesized. The molecular modeling was built to

investigate the interactions of all the chalcones 1-7 with
colchicine (PDB code: 1SA0). The docking experiments
and prediction of pharmacokinetic properties and

search for novel small molecules of the tubulin/MT
system. MT-targeting drugs typically attach to one of the
three primary tubulin binding sites which are taxane,

vinca and colchicine sites [6] (Fig. 1). Taxanes and vinca toxicity were carried out using the X-ray crystallographic
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Fig 1. Microtubule-interacting agents that bind to tubulin's colchicine site

structure of colchicine in association with an inhibitor to
investigate the binding affinity of these compounds at the
active site.

m EXPERIMENTAL SECTION
Materials

All the commercial chemicals and reagents in the
syntheses were used without further purification; all
chemicals, solvents, and materials used are as follows:
QRéEC, ASIA Sdn. Bhd.: acetic acid glacial, sulfuric acid
(97%), hydrochloric acid (37%), acetone, chloroform,
dichloromethane, diethyl ether, ethyl acetate, n-hexane,
toluene, tetrahydrofuran, methanol (99.5%), ethanol
(99.7%) and paraffin oil. Dimethyl sulfoxide-ds (Sigma-
Aldrich, USA), sodium carbonate (99.99%, Merck,
Germany), 3,4,5-trimethoxyacetophenone (97%, Sigma-
Aldrich, Germany), 2-hydroxy-5-bromobenzaldehyde
(98%, Sigma-Aldrich, China), 2-hydroxy-5-
chlorobenzaldehyde (= 98%, Sigma-Aldrich, China), 2,5-
dihydroxybenzaldehyde (= 98%, Sigma-Aldrich, China),
5-iodosalicylaldehyde (97%, Sigma-Aldrich, USA), 3-
methoxy-2-hydroxybenzaldehyde (96%, Sigma-Aldrich,
USA), 3-ethoxy-2-hydroxybenzaldehyde (96%, Sigma-
Aldrich, USA); TLC silica gel 60 F254, aluminum sheet,
20 cm x 20 cm (Merck, Germany) and silica gel 60 (70—
230 mesh).

Instrumentation

Instruments used included Thin-layer
chromatography (TLC) uses a commercially available
aluminum-supported silica gel 60Fzs, plate, which was
observed under CAMAG® Ultra Violet (UV) lamp (254 and

386 nm). The melting points were determined using the

Stuart Scientific SMP1 equipment in the temperature
range of 25-350 °C. The functional groups of the
compounds were determined using the FTIR Perkin
Elmer 2000 spectrometer. The '"H and >C-NMR spectra
were obtained using a 500 MHz Bruker Avance
spectrometer. The CHN elemental analysis is used to
determine the amount of carbon (C), hydrogen (H), and
nitrogen (N) in a sample using a Perkin Elmer II, 2400
CHN analyzer.

Procedure

A mixture of 3,4,5-trimethoxyacetophenone (0.3 g)
in MeOH (20 mL), LiOHe« H,O (0.5 g), and disubstituted
benzaldehyde (0.12 g) was refluxed and the reaction
progress was monitored by TLC (Scheme 1). After
quenching the reaction with dilute hydrochloric acid,
the solution was extracted with ethyl acetate. The organic
layer was washed with aqueous NaHCO;, water, and brine
before it was dried over anhydrous Na,SO,. The crude was
concentrated and purified using column chromatography
with n-hexane/ethyl acetate (10:1) as an eluent.
(E)-3-(2-hydroxy-3-methoxyphenyl)-1-(3,4,5-
trimethoxyphenyl)prop-2-en-1-one, 1. Yield: 84.8%,
pine-green powder; m.p: 168-171 °C. IR (cm™): 3336
(-OH); 2946, 2839 (C-H sp’); 1620 (C=0); 1611 and
1583 (C=C). '"H-NMR (500 MHz, DMSO-ds) 6, ppm: 8.05
(d, J = 15.7 Hz, 1H, H-3); 7.84 (d, ] = 15.7 Hz, 1H, H-2);
7.45(d, J=2.7,1H,H-37); 7.40 (s, 2H, H-6’, H-2°); 6.93 (dd,
J1=2.7Hz,],=89Hz, 1H, H-47); 6.91 (d, ] =8.9 Hz, 1H,
H-67); 6.15 (s, 1H, H-8); 3.90 (s, 6H, H-4,6); 3.77 (s, 3H,
H-5); 3.76 (s, 3H, H-7). "C-NMR (125 MHz, DMSO-dy)
S, ppm: 188.7 (C-1); 153.4 (C-5°, C-3°); 152.7 (C-27); 142.3
(C-4);139.7 (C-1°); 133.8 (C-3); 130.1 (C-57); 122.2 (C-37);
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LiOHe H20

MeH, reflux
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Scheme 1. Synthesis of chalcones 1-7

121.4 (C-2); 119.1 (C-17); 117.6 (C-4); 112.8 (C-6);
106.6 (C-6°, C-2°); 60.7 (C-5); 56.7 (C-4, C-6); 56.1 (C-7).
CHN Elemental analysis: Calculated for C;sHOs: C,
66.27; H, 5.85. Found: C, 65.97; H, 5.57.
(E)-3-(3-ethoxy-2-hydroxyphenyl)-1-(3,4,5-
trimethoxyphenyl)prop-2-en-1-one, 2. Yield: 65.8%,
brown powder; m.p: 177-179 °C. IR (cm™): 3336 (-OH);
2946, 2839 (C-H sp?); 1620 (C=0); 1611 and 1583 (C=C).
'H-NMR (500 MHz, DMSO-d,) 8, ppm: 8.15 (d, ] = 15.7
Hz, 1H, H-3); 7.81 (d, J = 15.7 Hz, 1H, H-2); 7.55 (d, ] =
2.7, 1H, H-3"); 7.33 (s, 2H, H-6", H-2"); 6.93 (dd, J, = 2.7
Hz, ], = 8.9 Hz, 1H, H-4”); 6.91 (d, ] = 8.9 Hz, 1H, H-6");
6.15 (s, 1H, H-8); 3.90 (s, 6H, H-4,6); 3.77 (s, 3H, H-5);
3.76 (s,3H, H-7). "C-NMR (125 MHz, DMSO-dg) 8, ppm:
189.7 (C-1); 154.4 (C-5’, C-3"); 151.7 (C-2”); 142.3 (C-4’);
141.1 (C-1°); 133.8 (C-3); 130.1 (C-57); 122.2 (C-37); 121.4
(C-2); 120.0 (C-17); 118.6 (C-4”) 112.7 (C-6); 108.2 (C-
6’, C-2); 60.9 (C-5); 56.7 (C-4, C-6); 56.1 (C-7). CHN
Elemental analysis: Calculated for C,sHOs: C, 66.27; H,
5.84. Found: C, 65.98; H, 5.56.
(E)-3-(2,3-dihydroxyphenyl)-1-(3,4,5-
trimethoxyphenyl)prop-2-en-1-one, 3. Yield: 78.4%,
yellow powder; m.p: 195-198 °C. IR (cm™): 3238 (-OH),
2935, 2839 (C-H sp?), 1648 (C=0), 1589 and 1552 (C=C).
"H-NMR (500 MHz, 1,2-dichloroethane-d,) 8, ppm: 11.03
(s, 1H), 8.33 (d, J = 16.2 Hz, 1H), 8.23 (d, ] = 8.9 Hz, 1H),
7.60 (d, J = 16.2 Hz, 1H), 7.25 (d, ] = 7.7 Hz, 2H), 7.10 (s,
2H), 4.64 (s, 3H), 4.54 (s, 3H), 4.50 (s, 6H). "C-NMR (125
MHz, 1,2-dichloroethane-d,) §, ppm: 195.0, 163.7, 162.9,
159.5,159.2,141.1,131.1,127.3,115.6, 112.8, 107.6, 102.3,
92.3,57.0,56.7, 56.4. CHN Elemental analysis: Calculated
for C19H»Os: C, 66.27; H, 5.85. Found: C, 65.99; H, 5.56.
(E)-3-(2-hydroxy-3-methylphenyl)-1-(3,4,5-
trimethoxyphenyl)prop-2-en-1-one, 4. Yield: 72.5%,
golden-yellow powder; m.p: 142-145 °C. IR (cm™): 3176
(-OH); 2943, 2836 (C-H sp’); 1636 (C=0); 1586 and 1558

(C=C). 'H-NMR (500 MHz, DMSO-ds) 8, ppm: 10.01 (s,
1H, H-8); 8.07 (d, ] = 15.5 Hz, 1H, H-3); 7.81 (d, J = 15.5
Hz, 1H, H-2); 7.70 (s, 1H, H-3); 7.30 (s, 2H, H-6’, H-2");
7.08 (dd, J; = 1.8 Hz, J, = 8.3 Hz, 1H, H-4"); 6.85 (d, ] =
8.3 Hz, 1H, H-6); 3.90 (s, 6H, H-4,6); 3.77 (s, 3H, H-5);
2.27 (s, 3H, H-7).”C-NMR (125 MHz, DMSO-d;) 6,
ppm: 188.5 (C-1); 155.6 (C-27); 153.4 (C-5’, C-3°); 142.3
(C-4°); 139.8 (C-1°); 133.8 (C-3); 133.3 (C-57); 128.8 (C-
3”); 128.4 (C-17); 121.6 (C-2); 120.8 (C-4”); 116.6 (C-
6”); 106.6 (C-6", C-2); 60.7 (C-5); 56.7 (C-4, C-6); 20.6
(C-7). CHN Elemental analysis: Calculated for C;¢H»Os:
C, 66.27; H, 5.85. Found: C, 66.01; H, 5.56.
(E)-3-(5-chloro-2-hydroxyphenyl)-1-(3,4,5-
trimethoxyphenyl)prop-2-en-1-one, 5. Yield: 62.4%,
yellow powder; m.p: 221-225 °C. IR (cm™): 3207 (-OH),
2937, 2839 (C-H sp®), 1603 (C=0), 1583 and 1508
(C=C).'H-NMR (500 MHz, DMSO-d;) 8, ppm: 10.44 (s,
1H), 7.68 (d, J = 2.1 Hz, 1H), 7.42 (d, J = 16.5 Hz,
1H),7.25 (dd, J; = 2.2 Hz, J, = 8.7 Hz, 1H), 7.00 (d, ] =
16.5 Hz, 1H), 6.90 (d, ] = 8.7 Hz, 1H), 6.30 (s, 2H), 3.83
(s, 3H), 3.71 (s, 6H). *C-NMR (125 MHz, DMSO-d5) 9,
ppm: 193.1, 162.4, 158.5, 155.9, 138.1, 131.6, 129.3,
128.0, 123.7, 123.3, 118.3, 111.6, 91.6, 56.3, 55.9. CHN
Elemental analysis: Calculated for C;sH;,ClOs: C, 61.99;
H, 4.96. Found: C, 61.69; H, 4.67.
(E)-3-(5-bromo-2-hydroxyphenyl)-1-(3,4,5-
trimethoxyphenyl)prop-2-en-1-one, 6. Yield: 67.9%,
yellow powder; m.p: 171-174 °C. IR (cm™): 3154 (-OH);
2949, 2833 (C-H sp*); 1645 (C=0); 1566 and 1507
(C=C). '"H-NMR (500 MHz, DMSO-ds) 3, ppm: 9.61 (s,
1H, H-8); 8.12 (d, ] = 2.3 Hz, 1H, H-3"); 7.96 (d, ] = 15.5
Hz, 1H, H-3); 7.94 (d, ] = 15.5 Hz, 1H, H-2); 7.42 (s, 2H,
H-6’, H-2°); 7.40 (dd, ], = 2.4 Hz, ], = 8.7 Hz, 1H, H-4");
6.98 (d, J = 8.7 Hz, 1H, H-67); 3.90 (s, 6H, H-4,6); 3.77
(s, 3H, H-5). "C-NMR (125 MHz, DMSO-d;) 8, ppm:
188.5 (C-1); 156.8 (C-2”); 153.4 (C-5’, C-3’); 142.5 (C-
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4); 137.8 (C-1); 134.7 (C-5); 133.5 (C-3); 130.7 (C-3);
124.2 (C-17); 122.3 (C-2); 118.8 (C-47); 111.3 (C-67);
106.8 (C-6’, C-2°); 60.7 (C-5); 56.8 (C-4,C-6). CHN
Elemental analysis: Calculated for CisHi;BrOs: C, 54.98;
H, 4.36. Found: C, 54.68; H, 4.06.
(E)-3-(2-hydroxy-5-iodophenyl)-1-(3,4,5-
trimethoxyphenyl)prop-2-en-1-one, 7. Yield: 88.4%,
brown powder; m.p: 197-200 °C. IR (cm™): 3218 (-OH),
2929, 2845 (C-H sp?), 1600 (C=0), 1583 and 1500 (C=C).
"H-NMR (500 MHz, DMSO-ds) 3, ppm: 10.43 (s, 1H, H-8),
7.89(d,J=19Hz, 1H, H-3”),7.51(dd, J;=2.0 Hz, ], = 8.6
Hz, 1H, H-4”), 7.37 (d, ] = 16.3 Hz, 1H, H-3), 7.00 (d, ] =
16.3 Hz, 1H, H-2), 6.73 (d, ] = 8.6 Hz, 1H, H-6"), 6.30 (s,
2H, H-6’, H-2"), 3.83 (s, 3H, H-5), 3.71 (s, 6H, H-4,6). *C-
NMR (125 MHz, DMSO-ds) 8, ppm: 194.0 (C-1); 162.4
(C-27); 158.5 (C-5°, C-3°); 156.9 (C-4’); 140.2 (C-1); 138.1
(C-57); 136.9 (C-3); 129.9 (C-3); 124.5 (C-17); 119.2 (C-
2); 111.7 (C-47); 91.5 (C-67); 82.1 (C-6°, C-2°); 56.3 (C-5);
55.9 (C-4,6). CHN Elemental analysis: Calculated for
Ci;sH710s: C, 49.11; H, 3.89. Found: C, 48.82; H, 3.58.

Cytotoxicity assay

Cell culture. The MCF-7 cell for human breast cancer
was obtained from the American Type Culture Collection
(ATCC, USA) in addition to 10% (v/v) of the Fetal Bovine
Serum (FBS) from the Rosewell Park Memorial Institute
1640 (RPMI), (GE Healthcare HyClone, Kansas, USA).
The cells were kept at 37 °C in an incubator (Memmert,
Germany) with 5% CO, and 95% humidity. The cells were
divided every two to three days or when they reached 80-
90% confluency on the culture flask surface. The spent
media were removed to eliminate any leftover serum that
may inactivate trypsin activity and cells were washed with
1 to PBS (MediaTech, United States). Following the
removal of the PBS, 2 mL of trypsin solution (SAFC
Biosciences, USA) was added to the flask. Cells were
incubated at 37 °C for 10 min to enable them to detach
from the surface of the culture flask (Nunc, Denmark).
Then, 6 mL of appropriate growth medium was added to
inactivate the trypsin activity in the ratio of 1:3 (1 =
trypsin; 3 = growth medium) to a Falcon tube of 15 mL.
After trypsinizing the cells, they were centrifuged at 1500
rpm for 5 min, and the supernatant was discarded. The
cell pellet was re-suspended in 8 mL of new growth
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medium before being divided into the prepared culture
flasks for further usage.
Cell counting. A dye exclusion viability test in a
hemocytometer was used to measure the number of cells
in a particular population. The cell monolayers were
unbundled by trypsinization, centrifugation, and
medium re-suspension. The cell suspension (20 mL) was
combined with 20 mL of a 0.08% (v/v) trypan blue dye
solution (Merck, Germany) to produce a trypan blue dye
solution. A capillary action distributed the solution
uniformly across the counting chamber of a
hemacytometer after it had been put there. The average
number of viable cells in each of the four-square grid
corners was determined by looking through an inverted
fluorescence microscope (Nikon, Japan) at 100x
magnification to count the number of unstained viable
cells in each of the four-square grid corners. Each square
grid represents a 0.0001 mL volume, and the cell
concentration was calculated using Eq. (1) and a dilution
factor of two. To measure the percentage of cell viability,
both dead (stained) and viable (unstained) cells were
counted individually, and the results were computed as
shown in Eq. (2). Between samples and after usage, the
hemocytometer slide and glass coverslip were promptly
washed and cleaned with 70% (v/v) ethanol (Thermo
Scientific, USA) to remove any remaining residue.
C=(n/v)xD (1)
% Viability = (Nv/Nv + ND) x 100% 2)
where C: cell concentration (cells/mL), N: average
number of cells, v: volume counted (mL), D: dilution
factor, Nv: total number of visible cells, and ND: total
number of dead cells.
MTT assay

The cytotoxicity of the compounds was
determined using the MTT cell viability test. The MCEF-
7 cell lines were plated at a density of about 2 x 10*
cells/well in a 96-well plate and incubated overnight
before being treated with chalcone analogs at different
doses (0-100 g) and incubated for another 24 h.
Following incubation, 20 puL of MTT reagent (5 g/L) was
applied to each well of the microplate, followed by 90
min in the dark at 37 °C. The spent medium was

discarded, and the purple formazan precipitates were
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dissolved in 200 pL of dimethyl sulfoxide (DMSO). To
detect the absorbance of the solution, the optical density
was measured using a microplate reader (Tecan Sunrise,
Switzerland) at a test wavelength of 570 nm and a
reference wavelength of 650 nm. The test was carried out
in triplicate to determine the percentages of viable cells in
comparison to the DMSO control. The half-maximal
inhibitory concentration (ICsy) value was calculated from
the data using the dose-response curve fitting graph at
50% cell viability.

Cytotoxic effect of the synthesized compounds on
MCF-7 cells. The cell-based assays count the number of
viable cells on multi-well plates and determine if a
chemical affects cell growth or has direct cytotoxic effects
that result in cell death. Regardless of the kind of cell-
based assay employed, it is critical to know the number of
viable cells left in an experiment. The antiproliferative
activity was measured using 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) reduction assay,
which is the most widely used assay and was the first
homogeneous cell viability assay developed for a 96-well
plate, making it suitable for high throughput screening.
The viable cells with active metabolism convert the yellow
tetrazolium MTT insoluble (E,Z)-5-(4,5-
dimethylthiazol-2-yl)-1,3-diphenylformazan (formazan),

into the

a purple crystal. A dying cell lost the ability to convert MTT
to formazan. When formazan is produced, it is dissolved
in DMSO to give a purple solution with a distinctive
absorbance at 540 nm. The intensity of the purple color is
related to the cell count, showing the vitality of the cells.
The antitumor efficacy of all chalcone-based drugs was
determined in vitro against breast cancer cell lines (MCF-
7) using a previously described MTT test. The ICs, values,
which are employed as a cytotoxicity measure, relate to
inhibited by 3,4,5-
trimethoxychalcone compounds. The inhibitory activity

the proportion of cells
of drugs was determined after a 24-h exposure and was
represented as the concentration needed to decrease
tumor cell growth by 50% (ICs). All results are expressed
of three
experiments. The antiproliferative effect of paclitaxel was

as means standard deviations separate
also evaluated using the MCF-7 cell line as a positive

control.
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Molecular modeling

a,B-Tubulin was chosen as the target receptor and
was obtained from the Protein Data Bank. a,-Tubulin-
colchicine complex site inhibitors were developed using
a structure-based approach with the reported protein
crystal structure of colchicine obtained from the Protein
Data Bank (http://www.rcsb.org/,PDB code: 1SA0). The
potential inhibitors, trimethoxy and ortho-hydroxy
chalcone, were designed based on the common
similarities shared with those reported colchicine
inhibitors by molecular docking, which was chosen
based on the binding energy and inhibition constant of
the chalcones. The ligand structures were drawn using
Marvin-Sketch and BIOVIA to observe the ligand-
protein interactions. Structure files were prepared for
molecular docking by defining the number of torsion
angles and hydrogen atoms. To validate the feasibility of
the Autodock Vina with Chimera 1.12 programs, the
docking studies were first performed on the reference
compounds colchicine to predict the binding mode of
the design compounds, and the calculations of
AutoDock Vina were performed on a Windows Intel®
Pentium® Core (TM) i5-2450M Quad CPU 4.00 GHz
operating system. All structure images above were
displayed using PYMOL viewer.

m RESULTS AND DISCUSSION
Chemistry

The preparation of chalcones 1-7, as shown in
Scheme 1, was easily obtained in good yield via a
Claisen-Schmidt condensation of an aromatic aldehyde
with an aliphatic ketone using LiOHe H,O as a catalyst
in refluxing methanol. Purification using column
chromatography with n-hexane/ethyl acetate (10:1) as
an eluent gave the expected compounds, which were
characterized using 'H-NMR spectroscopy and IR
spectrometry.

Antiproliferative Properties of Chalcone
Compounds against Breast Cancer Cell Line (MCF-
7)

Chalcones 1-7, as small molecule inhibitors, were
tested on MCF-7 human breast cancer cell lines.
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Paclitaxel was used as a reference drug against MCF-7 in
the MTT experiment. The inhibitory activity was measured
after 24-h exposure to chemicals and expressed as the ICs
value. All data are presented as the means and standard
deviations + SDs of three independent experiments. Upon
investigation of the inhibitory effects of substances,
paclitaxel was also used as a positive control for the MCF-
7 cell line to examine its antiproliferative efficacy.

As shown in Table 1, chalcone 1 has the most potent
activity with the ICs, 0f 6.18 £ 0.69 uM, compared to other
chalcones, and was even more potent than the positive
control, paclitaxel (ICso: 15 pM). However, compounds 3,
4, and 5 showed moderate activity below 50 pM. Since the
rest of the samples showed poor cytotoxicity, the ICs
values for such compounds could not be determined. The
chemical structure and biological activity correlated
through structure-activity relationship (SAR) analysis
deduced that the trimethoxy substituents in ring A and
the planar structure of fully aromatized ortho-hydroxy
chalcones with another different substituent in ring B
formed interesting cytotoxicity activities. Studies have
demonstrated that the ortho-hydroxy chalcone or
trimethoxy groups can intercalate into DNA and inhibit
[12-14]. with
molecular modeling expectations, chalcones inhibited

tubulin  polymerization Consistent

MCEF-7 proliferation and tubulin assembly more
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effectively than the positive control paclitaxel, which
retained growth inhibitory activity against MCF-7 cells.
In this study, the influence of the substituents on the
aromatic ring attached to the ortho-hydroxy position of
the chalcone ring (B) system on the cytotoxic potency
has also been investigated. Compounds with ortho-
hydroxy chalcones with a variety of substituents at
positions-3 and -5 have been reported to inhibit MCF-7,
as shown in Table 1. Interestingly, these chalcone-based
compounds possess diverse structural properties with
various substituents, most of which are electron-
donating functionalities, such as methoxy functional
groups, at different positions of both aromatic systems.
It was observed that 3-methoxy substituent displayed
MCEF-7 inhibition more than 3-ethoxy and 3-CHs. The
position of the substituent on the aromatic ring (meta,
para, or ortho) has also influenced the cytotoxic activity.
From data collected in Table 1, the SARs study has also
revealed that compounds with another substituent, such
as Cl, Br, and I, showed that the replacement of bromo
substituent at position 5 to chloro has also influenced the
cytotoxic activity from 60 to 46.36 uM against MCE-7.

Structure-Based Drug Design

To gain a better understanding of the efficacy of
the synthesized compounds, their interactions with the

Table 1. Antiproliferative activities of chalcones 1-7 and docking parameters

9] 1, R=0CH;, R'=H
0 . 2, R=0OCH-CH;, R'=H
- = R 3 ReH,R=0H
~ 4, R=CH;, R=H
0 HO 5 R=H,R=Cl
6, R=H, R'= Br
A g R 7.R=H,R=|
MW. H-bond H-bond Free binding ICso MCF-7
Compound Logp
(g/mol) donor acceptor energy (kcal/mol) (uM)?
1 344.36 2.62 1 6 -9.4 6.18 £ 0.69
2 358.39 2.97 1 6 -8.7 > 50
3 360.41 2.60 2 6 -8.6 38.48 £ 0.64
4 328.36 3.32 2 5 -8.4 48.62 + 0.69
5 348.78 3.40 1 5 -8.1 46.36 = 0.90
6 393.23 3.64 2 5 -7.5 > 60
7 440.23 3.87 1 5 -7.7 > 100
Paclitaxel 853.91 3.30 4 10 -8.9 15

* The data are presented as the mean + SE from at least two separate dose-response curves
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tubulin crystal structure were examined. The classical
ligand of the colchicine site on tubulin (Fig. 1) contains
3,4,5-trimethoxyphenyl groups [15-17], which is linked to
increased antiproliferative potency in potential inhibitors.
The trimethoxy chalcones 1-7 were designed based on the
common similarities of the reported colchicine inhibitors
[18], with the conditions consistent with those described
in a series of potent colchicine. For a molecule to have
drug-like properties which might be pharmacologically
active in humans, these compounds need to meet
Lipinski’s rule of five, which specifies that the number of
hydrogen bond donors (5), hydrogen bond acceptors
(10), molecular weight less than 500 g/mol and octanol-
water partition coefficient log P less than 5 [19]. To
evaluate the properties of a compound which might be
pharmacological active in humans, the prediction of
ADME properties was performed. Herein, the drug-
likeness, solubility, and drug score values for chalcones 1-
7 were determined to analyze their overall potential and
to confirm whether they are qualified to become
promising drugs. These were compared with drugs that
are currently used against MCEF-7, such as paclitaxel and
colchicine. The drug-likeness value is calculated based on
the occurrence frequency of the analyzed molecules
compared to the commercial drugs and non-drug-like
compounds. Potential toxicity, solubility, and drug-like
properties (drug score) of the chalcones 1-7 were
estimated by Osiris Property Explorer. According to the
Osiris database, more than 80% of the traded drugs have
predicted solubility values; as shown in Table 2, the
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synthesized chalcones 1-7 exhibited solubility values
between -3.30 and —4.61.

In the Osiris program, the occurrence frequency of
each fragment is determined within the collection
created by shredding 3300 traded drugs as well as 15,000
commercially available chemicals (Fluka), yielding a
complete list of all available fragments. In this case,
positive values point out that the molecule contains
predominantly better fragments, which are frequently
present in commercial drugs but not in the non-druglike
collection of Fluka compounds. The drug score
combines drug-likeness and toxicity risks in one value
that may be used to judge the drug potential of a
compound. Interestingly, chalcones (1, 5, and 7) have
positive drug-likeness (5.35-7.16) and drug score (0.38—
0.71) values were similar to or even better than some of
the drugs currently used in the market (Table 2). The
drug score unites properties such as drug-likeness,
solubility, and toxicity risks in one parameter that may
be used to estimate the compound’s potential to qualify
as a drug.

Positive Control Docking

All chalcones 1-7 were docked into the binding
pocket of the target protein to determine the ligand's
potential poses. The root mean square deviation
(RMSD) in a molecular docking study refers to the
ability of docking programs to replicate the ligand
binding mode to match the target protein crystal
structure [20]. The docking techniques are validated only

Table 2. Estimation of toxicity, solubility, drug-likeness, and drug score for chalcones 1-7

Toxicity risks® o Drug- Drug
Compound — — — - Solubility .
Mutagenicity Tumorigenicity Irritation Reproductive likeness  score
1 - - - - -3.62 5.35 0.38
2 ++ - + - -3.92 3.90 0.75
3 - - + - -3.30 5.17 0.84
4 - - ++ - -3.94 5.28 0.46
5 - - - - -4.33 7.13 0.71
6 - - - - -4.43 5.00 0.66
7 - - - - -4.61 7.16 0.62
Colchicine - - - ++ -3.05 1.02 0.42
Paclitaxel - - - - -6.29 0.19 0.22

3 _. low risk; +: moderate risk; ++: high risk
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Fig 2. (a) Overview of the binding mode of chalcone 1 in the tubulin crystal structure, (b) close view of the potential

binding pose of chalcone 1 in colchicine (PDB code: 1SA0)

when re-docked ligands exhibit the same docking pose as
the reported protein-ligand complex, which is referred to
as positive control docking. A lower RMSD value of less
than 2.0 A means higher docking accuracy, which
indicates successful docking [21]. In this study, the target
protein used was colchicine crystal structure (PDB code:
1SA0). Chalcone was re-docked on the active location of
the same complex of colchicine and resulted in the RMSD
value of 0.42. The data obtained verified that the docking
experiments were highly accurate for the possible
chalcone inhibitors.

In molecular docking experiments, chalcones 1-7
showed good free binding energy for the protein-ligand
interaction in the range of —7.3 to —9.4 kcal/mol (Table 1).
The binding energy is comparable with the interaction of
the positive control, paclitaxel, and colchicine in the active
site of the protein. Molecular docking of chalcone 1
exhibited the best anti-proliferative activity and was
further
investigation. The amino acid residue which had

chosen as the optimum compound for
interaction with tubulin was labeled. In the binding mode,
compound 1 was nicely bound to the colchicine binding
site of tubulin via hydrophobic interaction and binding
was stabilized by a hydrogen bond. The calculated
binding energies were used as the parameters for the
selection of the cluster of docking posed to be evaluated,
in which the binding mode of the lowest energy structure
is located in the top docking cluster. The selected pose of
chalcone 1 showed the interactions of methoxy oxygen
(O-GLY-134; 3.1), methoxy oxygen (O-SER-130; 3.2),

carbonyl oxygen (O-GLN-10; 3.2), and hydroxy (O-
ASN-91; 2.9), as observed in Fig. 2. This molecular
docking result, along with the biological test results,
suggests that chalcone 1 may be a tubulin inhibitor.

m CONCLUSION

A new series of 3,4,5-trimethoxychalcone 1-7 were
successfully synthesized and characterized. Evaluation
of their cytotoxic and tubulin polymerization inhibitor
activity showed significant anticancer properties, which
are comparable with that of the reference drug,
paclitaxel. Among these compounds, chalcone 1 exhibits
the best free binding energy of —9.4 kcal/mol, which is
comparable with the interaction of the positive control,
paclitaxel, and colchicine in the active site of the protein.
Chalcone 1 showed the most potent MCF-7 inhibitory
activity (ICso = 6.18 £ 0.69 uM), which is a potential
tubulin polymerization inhibitor. The binding of
chalcone 1 with colchicine showed one protein-ligand
interaction and hydrophobic interactions with the
protein residues in the ASN-2 binding site, which might
play essential roles in its colchicine inhibition and
antiproliferative activity. Chalcones (1, 5, and 7) have
been shown water solubility, ADME properties, and
toxicity profile were similar to or even better than some
of the drugs currently used in the market, such as
paclitaxel. Thus, in search of inhibitors with potent
activity, chalcone 1, as well as other chalcone derivatives
containing 3,4,5-trimethoxy and hydroxy groups, are
promising compounds as potential anticancer agents.
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Abstract: Electrochemical biosensors are used to detect adenosine triphosphate (ATP)
levels, which are involved in a variety of biological processes, such as regulating cellular
metabolism and biochemical pathways. Therefore, this research aims to develop an
aptamer-based electrochemical biosensor with Screen Printed Carbon Electrode/gold
nanoparticles (SPCE/AuNP) and collect data as well as information related to ATP
detection. The modification of SPCE with AuNP increased the analyte’s binding
sensitivity and biocompatibility. The aptamer was selected based on its excellent
bioreceptor characteristics. Furthermore, aptamer-SH (F1) and aptamer-NH, (F2) were
immobilized on the SPCE/AuNP surface, which had been characterized using SEM, EIS,

and DPV. Also, the ATP-binding aptamers were electrochemically characterized using
the K;s[Fe(CN)s] redox system and Differential Pulse Voltammetry (DPV). According to
the optimization results using the Box-Behnken experimental design, the ideal conditions
obtained from the factors influencing the experiment were the F1 concentration and
incubation time of 4 uM and 24 h, respectively, as well as F1/F2/ATP incubation time of
7.5 min. Meanwhile, for the range of 0.1 to 100 uM, the detection (LoD) and
quantification (LoQ) limits were 7.43 and 24.78 uM, respectively. Therefore, this
aptasensor method can be used to measure ATP levels in real samples.

Keywords: adenosine triphosphate (ATP); aptamer; AuNP; electrochemistry; screen
printed carbon electrode (SPCE)

= INTRODUCTION

Adenosine triphosphate (ATP) plays an essential
role in many biological processes, such as regulating
cellular metabolism and biochemical pathways [1]. Most
mitochondrial diseases arise due to disturbances in the
process of oxidative phosphorylation. When this process
is inhibited, the important role of mitochondria in
producing energy in the form of ATP is disrupted,
resulting in cellular abnormalities and cell death [2].

Previous research studies have shown that diabetes
mellitus and cataracts are caused by mutations that occur
in the respiratory complex [3-4]. The prospect that the
of aptasensor

development application diagnostic

methods for diagnosing mitochondrial diabetes can
studied
mitochondrial DNA mutation studies both in vitro and
in silico [5-7].

The function of biological ATP in biochemical
studies, clinical diagnosis, and environmental analysis

strengthen previous research that has

are essential, necessitating the development of sensitive
and specific methods for its recognition and detection.
Various techniques, such as fluorometric methods [8-
10], high-performance liquid chromatography (HPLC)
[11], mass spectrometry [12], chemiluminescence [13],
and electrochemistry [14] have been used to detect ATP.
However, electrochemical sensors attract more attention
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due to their advantages in sensitivity, miniaturization
ability, minimal power requirements, low cost, and high
stability [15].

An electrochemical biosensor is an integrated
receptor-transducer analytical device based on a
biologically identifiable element in combination or in
close contact with an electrochemical transducer [16].
The measurement is based on the observation of an active
reaction that produces a measurable current, potential
changes, or impedance resulting from a change in
conductance, which is read wusing voltammetric,
amperometric, potentiometric, or impedance methods
[17].

The electrochemical biosensor developed in this
research uses aptamer bioreceptors, also known as
aptasensors. Furthermore, aptamers are short pieces of
single-stranded DNA molecules that recognize specific
target molecules. It was selected based on its
characteristics as bioreceptors, some of which are similar
to or even better than antibodies. Therefore, it generates
an excellent affinity for biosensors and other applications,
such as biomedical imaging, targeted drug delivery, and
biomarker discovery [18].

Aptasensors, due to their advantages, have been
widely used to detect ATP. For example, Mashhadizadeh
et al. developed an electrochemical aptasensor for ATP
with a non-enzymatic strategy using graphene oxide-
modified silver nanoparticles with a detection limit of
5 nM [19]. Furthermore, Zheng et al. developed an
electrochemical nanoaptasensor to monitor the
continuous fluctuations of ATP at the subcellular level
with a detection limit of 26 uM [20].

Aptamers were immobilized on the electrode
surface for biosensor construction. Meanwhile, several
aptasensor devices were developed using the Screen-
Printed Carbon Electrode (SPCE), which combines a
carbon working, reference, and a support electrode in one
simple and easy-to-use design [21-22]. SPCE is widely
used because of its small size, ease of mass production, low
cost, ability to improve electrochemical performance, and
ease of modification [23-24].

Modifications were made using gold nanoparticles

to increase the sensitivity and conductivity of the analyte
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signal. Also, due to the large effective surface area and
high electrocatalytic ability, gold nanoparticles (AuNP)
have been widely used to modify electrode surfaces [25].

Gold nanoparticles have a high surface area, can
the stability and
bioreceptors, and function as electron transfer between

improve immobilization of

the bioreceptors and the electrode surface to produce
[26].  These
nanoparticles, which are used as signal amplification

significant  signal  amplification
elements, have received much attention due to their ease
of synthesis, unique size, shape, and optical properties,
as well as good biocompatibility [27]. Therefore, this
research aims to develop an aptamer-based
electrochemical biosensor with SPCE/AuNP and collect
data as well as information related to the detection of

ATP.
m EXPERIMENTAL SECTION
Materials

The materials used in this study include aqua pro
gold
nanoparticles (AuNP) synthesized by the citrate

injection (PT Ikapharmindo Putramas),

reduction method at the Research Center for

Biotechnology and  Bioinformatics,  Universitas
Padjadjaran, magnesium chloride 2.0 M, sodium
hydroxide 0.1 M, hydrochloric acid 0.1 M, potassium
chloride 0.1 M (Merck), tris-(2 carboxyethyl) phosphine
hydrochloride 0.5 mM (TCEP) (Sigma), phosphate-
buffered saline pH 7.0 (PBS) (Merck), K;i(Fe[CN]s)
10 mM (Sigma), ATP 100 mM, CTP 100 mM, GTP
100 mM, UTP 100 mM (Roche Diagnostic GmbH), and
thiol-labeled
oligonucleotides (Bioneer) in the following orde’: F1: 5'-
HS-(CH,)s-ACCTGGGG’AGTAT-3' and F2: 5-

TGCGGAGGAAGGT-(CH,)>-NH,-3'.

amino-labeled oligonucleotides and

Instrumentation

The equipment used in this study included a
Zimmer Peacock potentiostat using PSTrace 5.8 software,
UV-VIS Spectrophotometer (Thermo scientific), Screen
Printed Carbon Electrode (SPCE) (GSI Technologies,
USA), tube,
micropipette tip, (Hirayama).

micropipette  (Eppendorf), micro

autoclave sterilizer
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Autoclave HVE-50), scanning electron microscope
(Hitachi TM3000) used to characterize the morphology of
the electrodes, as well as other general glassware available
at the
Bioinformatics, Universitas Padjadjaran.

Research Center for Biotechnology and

Procedure

Preparation of solution AuNP on 0.76 mM

A 628.53 pL of HAuCly3H,O 55.85 mM and
19.371.47 pL of aqua pro injection were added into the
Erlenmeyer flask, followed by stirring with a magnetic
stirrer and heating until boiling. Then, 1.730 pL of
Na;CsH507,-2H,0O 1% were added and stirred until the
color changed to red wine.

Modified SPCE preparation

The modification was performed by dripping 40 pL
of colloidal AuNP solution on the SPCE surface, then
allowed to dry for 24 h and rinsed with demineralized
water [28]. SPCE before and after modification was
characterized using DPV with a 10 mM Ks[Fe(CN)g]
redox system in 0.1 M KCl at a potential range of -1 to
+0.7 V and a scan rate of 0.008 V/s, Eqep 0.004 V with Epue
0.025V and tyus 0.05 s, EIS with 10 mM K;[Fe(CN)g]
redox system in 0.1 M KCl as well as a frequency of 0.1 to
106 Hz at 0.01 V anodic peak current potential, followed
by characterization using cyclic voltammetry (CV) using
10 mM K;[Fe(CN)¢] in 0.1 M KCI with a scan rate of 0.005
V/s in a potential range of -0.6 V to +0.6 V, and SEM.

Aptamer immobilization on SPCE/AuNP surface

The disulfide bond reduction of the F1 fragment was
performed by making an aliquot of 20 pL from F1 4 uM
with 5 pL TCEP 0.5 mM, then incubated in the dark for
1h. Furthermore, it was self-assembled on the
SPCE/AuNP surface by dripping 15 uL of aliquot solution
and 12 pL of 2 M magnesium chloride for 24 h. The

electrode was then rinsed thoroughly with a phosphate

Indones. J. Chem., 2022, 22 (5), 1256 - 1268

buffer solution of pH 7 [29]. The electrodes that have
been immobilized with aptamer F1 were characterized
using DPV with 10 mM Ks[Fe(CN)e] redox system in
0.1 M KClI at a potential range of -1 to +0.7 V, the scan
rate of 0.008 V/s, Eqep 0f 0.004 V with an Epue of 0.025 V
and a tyuse 0f 0.05 s.

Monitoring of aptasensor response to ATP

A total of 15pL of ATP with a certain
concentration and 15 pL of F2 4 uM were simultaneously
dropped on the electrodes and then incubated for various
time variations. Furthermore, the modified electrodes
were rinsed with a PBS solution of pH 7, making them
ready for electrochemical detection [26]. Finally, the
electrodes were characterized using DPV with a 10 mM
K;[Fe(CN)s] redox system in 0.1 M KCI at a potential
range of -1 V to +0.7 V, the scan rate of 0.008 V/s, Eqp
0f 0.004 V with E,use 0f 0.025 V and tyuse of 0.05 s.

Optimization of factors affecting experiments

The factors to be optimized in the experiment
includes aptamer F1 concentration (X1), aptamer F2
concentration (X2), and F1/F2/ATP incubation time
(X3). Each of these factors is designed using 3 different
levels, namely the lowest level (-1), medium (0), and the
highest (+1), as shown in Table 1.

Determination of analytical parameters

Creation of calibration curves as well as detection
and quantification limits. ATP solutions of various
concentrations (0, 0.1, 1, 10, 100, 500, 1000, 2000, 3000)
UM were tested on the aptasensor. The resulting
electrochemical response was measured using DPV with
a 10 mM K;[Fe(CN)g] redox system in 0.1 M KCl at a
potential range of -1 to +0.7 V and a scan rate of 0.008 V/s,
Eqep 0f 0.004 V with Epuse of 0.025 V and tpuse of 0.05 s.
Furthermore, a curve is made between the concentration
and the average peak current difference (AI) for each

Table 1. Factor and level of the analysis of experimental condition optimization

. Level
Factor Unit
-1 0 +1
Aptamer F1 concentration (X1) uM 2 4 6
Aptamer F1 incubation time (X2)  hour 6 15 24
F1/F2/ATP incubation time (X3) minute 2.5 5 7.5
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resulting measurement as x and y. Hence, the resulting
equation is y = bx + a. The detection and quantification
limits are determined using the following equation y = yB
+ 3SB and y = yB + 10SB, respectively. Where yB is the
response to the blank signal, SB is the blank standard
deviation, and b is the slope of the regression equation y
=a + bx [30].

Determination of precision and accuracy. Precision
and accuracy were determined by measuring the ATP
solution five times using the previously described
procedure. Also, the average difference in peak current
(AI) and the standard deviation are obtained based on the
measurement results. Where X is the average measured
concentration, and p is the actual concentration.
Meanwhile, the precision is expressed in terms of the
coefficient of variance (KV) with the following equation
[31].

Sb

KV =—=100%
X

Precision =100% — KV
Meanwhile, accuracy is expressed in percent relative error
(%Error) with the following equation [28].

9%Error = ~—100%
u

Accuration =100% — %Error

Electrochemical aptasensor selectivity test for ATP

On the electrochemical aptasensor that had been
designed, the selectivity test was performed by comparing
the ATP analyte solution to various nucleotide analogs,
such as UTP, CTP, and GTP, each at a concentration of
3000 M. The resulting electrochemical response was
measured using DPV with a 10 mM K;[Fe(CN)s] redox
system in 0.1 M KCl over a potential range of -1 to +0.7 V,
the scan rate of 0.008 V/s, Ege, of 0.004 V with Epue of
0.025 V and tyus of 0.05 s.

m RESULTS AND DISCUSSION

Modification and Characterization of SPCE/AuNP
SPCE Modification with AUNP

The metal nanoparticles exhibit unique physical and
chemical properties, different from the bulk or atomic
state due to the quantum size effect that produces specific
AuNP is one of the most

electronic structures.
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outstanding groups of metal nanoparticles that have
attracted considerable interest by promoting various
applications in biomedical fields such as biosensing,
imaging, and drug delivery systems [32-33].

A UV-Vis spectrophotometer was used to identify
the AuNP formation by observing the maximum
wavelength value produced. Furthermore, this was
indicated by the maximum wavelength on AuNP
absorption at 520-530 nm [34]. The nanoparticle size
influences the maximum wavelength shift [35]. The
AuNP colloid used in this research has an absorption
peak at a maximum wavelength of 522, implying that the
size used is quite good, as shown in Fig. 1.
fabricated by
with
electrochemical transducers modified with AuNPs have

Electrochemical  biosensors

combining Dbiological recognition elements
become increasingly essential in biosensor research
since AuNPs provide a stable surface for the
immobilization of biomolecules while retaining their
biological activity. However, this is particularly useful
when assembling biosensors [36]. This indicates SPCE
modification with AuNP was performed to increase the
sensitivity. Generally, the achievable sensitivity of an
electrochemical detection scheme depends on the
amount of electric charge assigned by the label or
electrode. This detection sensitivity is increased by
modifying the SPCE, which improves the signal element.
The modification was made with gold nanomaterials
because AuNPs aid in establishing an interface for direct
electron transfer from redox-active probes while
maintaining their bioactivity. Meanwhile, AuNP increases
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Fig 1. Characterization results of AuNP using UV/Vis
spectrophotometer with the maximum wavelength of
AuNP absorption at 522 nm
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the sensitivity of SPCE with a relatively large surface area
and high conductivity.

The modification of SPCE was conducted by
dripping 40 AuNP on the surface, then was incubated for
24 h atroom temperature to dry. This process takes longer
because the physical adsorption method modifies AuNP
on the SPCE surface.

SPCE/AuNP Characterization with Differential
Pulse Voltammetry

The differential
voltammetry (DPV) was conducted to determine the

characterization by pulse

current response in SPCE before and after modification
with  AuNP. the
measurements were performed by observing the

Furthermore, electrochemical
oxidation-reduction activity of the electroactive species
[Fe(CN)]*"*. The following is an oxidation-reduction
reaction in K;[Fe(CN)s].

[Fe(CN);]*” + e > [Fe(CN)s]*~

[Fe(CN);]* > [Fe(CN)s]*~ + e

When an analyte is oxidized at the working
electrode, current passes electrons to the auxiliary
through the external electrical circuit, resulting in solvent
reduction.

Fig. 2(a) shows the differential pulse voltammogram
of the bare SPCE and AuNP modified SPCE. This shows
an increase in peak current in the gold-modified SPCE of
30.979 pA compared to the bare SPCE of 11.133 pA.
Furthermore, it implies that the modification provides an
electrode surface with increased conductivity. Therefore,

40
35
30
25
20
15
10

5

[V e ————

-1.000 -0.500 0.000 0.500
Potential/V

(@)

Current/pA

Bare SPCE
—— SPCE/AuNP
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the electron transfer between the analyte and the
electrode is increased. Fig. 2(b) shows the cyclic
voltammogram of the bare SPCE and AuNP modified
SPCE; this shows an increase in the redox peak current
is associated with an increase in electrochemical activity
with an increase in the active electrode area.

SPCE/AuNP Characterization by Electrochemical
Impedance Spectroscopy

The electrochemical
impedance spectroscopy (EIS) was conducted on SPCE
before and after modification with AuNP, where the

characterization by

measurement was based on impedance or resistance. Fig.
3 shows the characterization results of the bare SPCE and

2" [kQ

4 (-]

2°kQ

X:-2631 E+3Q
Y: 1.573 E+40Q

Fig 2. SPCE characterization result spectrum using EIS;
line (a) Bare SPCE and line (b) SPCE/AuNP using a
redox system of 10 mM potassium ferricyanide
K;[Fe(CN)s] solution in 0.1 M KCl at a frequency of 0.1
to 10° Hz at an anodic peak current potential of 0.01 V

Current/yA

i

Potential/V

Fig 3. (a) Differential pulse voltammogram: bare SPCE (blue line) and SPCE/AuNP (red line) with 10 mM K;[Fe(CN)g]
redox system in 0.1 M KCl solution. The scan rate of 0.008 V/s was used in the potential range of -1.0 to +0.7 V. (b)
Cyclic voltammograms: bare SPCE (red line) and SPCE/AuNP (blue line) with 10 mM K;[Fe(CN)s] in 0.1 M KCI with
a scan rate of 0.005 V/s over a potential range of -0.6 V to +0.6 V
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AuNP-modified SPCE using EIS. The gold-modified
SPCE showed a decrease when compared to the bare
SPCE. The characterization results using EIS are inversely
proportional to DPV because resistance and current are
inversely proportional to Ohm's Law, namely V = L. R.
This shows that the modification of SPCE with AuNP
provides an electrode surface with increased conductivity.
Therefore, there is an increase in the electron transfer
between the analyte-electrodes, and the impedance value
becomes lower. The measurement of the circle diameter
(Rct) in the circular section of the Nyquist plot is related
to the high frequency of the electron transfer process as
opposed to the electron transfer current, which shows the
results of surface modification of SPCE with AuNP. In
Fig. 3 (line a), the unmodified SPCE has a large Rct due to
the current decrease in the electron transfer process, so
the resistance obtained is very large. The Rct of the gold-
modified SPCE surface (line b) was smaller than that of
the unmodified electrode (line a). After modification of
the SPCE surface, the current increases so that the
resistance is obtained, as shown in line b.

SPCE/AUNP Surface Characterization
Scanning Electron Microscopy (SEM)

using

SEM was used to examine the morphology of gold
nanoparticles, which involves scanning the sample
surface for particle shape using a high-energy radiance.
Fig. 4 shows the surface morphology of SPCE before and
after being modified with SEM gold nanoparticles, with a
and b showing the SPCE surface before and after being
modified with AuNP, respectively. Since AuNP has
adhered to the SPCE surface after being changed, the final
surface is more closed, thereby implying that the
modification has been completed successfully.

Aptamer F1 Immobilization on Electrode Surface

Characterization of SPCE/AuNP/F1 with differential
pulse voltammetry

The differential pulse voltammetry (DPV) based on
electron transfer from K;[Fe(CN)q] as the electroactive
species experiencing a redox reaction was used to
determine the success of aptamer F1 immobilization in
SPCE/AuNP. There is a decrease in peak current due to
the aptamer F1 on the electrode surface. The results of the
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DPV after  the
immobilization of the aptamer F1 are shown in Fig. 5.

voltammogram  before and

After the aptamer F1 was immobilized on the
SPCE surface, there was a decrease in the peak current
on the DPV voltammogram to 22.619 pA. This shows
that the immobilization has been conducted successfully
because compounds on the SPCE surface will disrupt the
electron transfer between the redox probe and the
electrode.

AuNPs are particularly suitable for diagnostics
because they are easily modified with thiolated ligands
to detect specific molecules of interest [32]. The
immobilization technique of the aptamer F1, which has
modified the thiol group on SPCE/AuNP through
covalent bonds, shows good stability, flexibility, and
high binding strength. This procedure results in the
specific binding of the aptamer to the electrode surface

PCE UG08 M AL DTA 20 Num SO0

Fig 4. Characterization results of modified SPACE using
SEM,; (a) SPCE bare, (b) SPCE/AuNP

40 1
35

——— Bare SPCE
——— SPCE/AUNP
——— SPCE/AUNPIF1

-1.000 -0.500 0.000

Potential/V
Fig 5. Differential pulse voltammogram: (a) bare SPCE,

(b) SPCE/AuNP, (c) SPCE/AuNP/F1 with 10 mM
K;[Fe(CN)s] redox system in 0.1 M KCl solution. The
scan rate of 0.008 V/s was used in the potential range of
-1.0Vto+0.7V
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and prevents non-specific binding. Furthermore, the
immobilization occurs covalently between the thiol-
modified aptamer and the surface of AuNP to form a self-
assembled monolayer due to the strong affinity
interaction between the thiol group and the gold surface,

forming an Au-SH covalent bond.

SPCE/AuNP/F1  surface characterization
scanning electron microscopy (SEM)

The efficacy of the aptamer F1 immobilization on
SPCE/AuNP was tested using SEM. The characterization
result of SPCE/AuNP/F1 is shown in Fig. 6, where the
electrode surface is covered with a triangular shape

using

aptamer. This implies that the immobilization of the
aptamer F1 on the SPCE/AuNP surface has been
conducted successfully.

Aptasensor testing on ATP and its characterization
The aptasensor test was conducted by dripping each
15 pL of aptamers F2 and ATP simultaneously on the

DG W4 AL D78 2

Nun SPCE-ALNP
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SPCE/AuNP/F1 surface and incubated for 7.5 min at
room temperature. Furthermore, the aptasensors were
washed with a pH 7 PBS solution to remove
nonadherent species from the SPCE/AuNP/F1 surface.
Hence, it reduces errors while measuring currents that
interfere with the analysis process. After adding the
aptamer F2 and ATP on the SPCE/AuNP/F1 surface,
there will be an association between F2 and F1 in the
presence of ATP, forming a sandwich/g-quadruplex
structure on the AuNP surface. The illustration of this
aptasensor is shown in Fig. 7.

The aptamer layer on the electrode surface gets
denser due to the association between F1 and F2, and the
negative charge increases more than in the previous
stage. Therefore, negatively charged ferricyanide ions
will be inhibited from approaching the electrode,
reducing electron transmission between the redox probe
and the electrode. The current decreased to 16.775 mA,
as shown in Fig. 8.

Oum  SPCEAUNPF1 HWIUONDIT 13T AL #9 t.:- Xum

Fig 6. Characterlzatlon results of modlﬁed SPACE using SEM; (a) bare SPCE, (b) SPCE/AuNP, and (c)

SPCE/AuNP/F1

AuNP
SPCE —i
2
: A
=l _

F2 ATP

= K

‘%HP:'E

Fig 7. Illustration of an aptamer-based electrochemical biosensor for detecting ATP using APCE/AuNP
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-1.000 -0.500 0.000 0.500
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Fig 8. Differential pulse voltammogram: (a) bare SPCE,

(b) SPCE/AuNP, (c) SPCE/AuNP-F1, (d) SPCE/AuNP-
F1-F2-ATP with 10 mM K;[Fe(CN)s] redox system in
0.1 M KCI solution. The scan rate of 0.008 V/s is used in
the potential range of -1.0 V to +0 .7 V
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Determination of Optimum Conditions with Box-
Behnken Experiment Design

The factors optimized in the experiment include
aptamer F1 concentration (X1), aptamer F2
concentration (X2), and F1/F2/ATP incubation time
(X3). Furthermore, each of them is designed through 3
different levels, namely, the lowest level (-1), medium
(0), and the highest (+1). Three experimental factors,
each with three levels, produced 15 trials and were
divided into two replication blocks for two repeats,
yielding a total of 30 trials with the outcome in the form
of current response (A), as shown in Table 2.

The response of the measurement results is
processed with the Minitab 18 prog, and the coefficients

Table 2. Factor, level, and current response in the optimization analysis of experimental conditions

Aptamer F1 Aptamer F1 F1/F2/ATP incubation Current response
concentration (uM) incubation time (h) time (min) (uA)
1 2 6 5.0 20.902
2 6 6 5.0 18.078
3 2 24 5.0 17.852
4 6 24 5.0 17.794
5 2 15 2.5 20.877
6 6 15 2.5 21.860
7 2 15 7.5 20.282
8 6 15 7.5 16.663
9 4 6 2.5 15.134
10 4 24 2.5 15.657
11 4 6 7.5 21.033
12 4 24 7.5 13.145
13 4 15 5.0 15.392
14 4 15 5.0 13.924
15 4 15 5.0 15.392
16 2 6 5.0 20.546
17 6 6 5.0 21.743
18 2 24 5.0 17.852
19 6 24 5.0 17.704
20 2 15 2.5 20.887
21 6 15 2.5 14.184
22 2 15 7.5 16.640
23 6 15 7.5 14.609
24 4 6 2.5 16.134
25 4 24 2.5 14.296
26 4 6 7.5 21.033
27 4 24 7.5 12.902
28 4 15 5.0 17.294
29 4 15 5.0 14.962
30 4 15 5.0 17.627
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Table 3. P-value of ANOVA results for each factor

Factor P-Value
Aptamer F1 concentration 0.120
Aptamer F1 incubation time 0.003
F1/F2/ATP incubation time 0.741

and response functions are obtained to determine the
maximum current. Furthermore, this method is an
experimental design using statistics and mathematics to
discover the optimal value. Based on the results of the
ANOVA output, the most significant factor affecting the
experiment was the aptamer F1 incubation time because
it had a P-value < 0.05, as shown in Table 2. The current
response obtained is then analyzed, showing the
coefficient of the response function in Eq. (1).

Y =26.73-5.95X1—0.045X2 +1.48X3 +0.672X12

+0.00747X2% —0.033X3% +0.0099X1 * X2 (1)
+0.002X1*X3-0.081X2* X3
X1: Aptamer F1 concentration, X2: Aptamer F1
incubation time, X3: F1/F2/ATP incubation time.

In the experiment, the component with negative
value effects decreases the reaction, while the factor with
a positive value increases the response, as shown in Eq.
(1). The optimum conditions obtained from the results of
the Box-Behnken experimental design for each factor
include the aptamer F1 concentration of 4 pM, aptamer
F1 incubation time of 24 h, and the F1/F2/ATP incubation
time of 7.5 min.

Calibration Curves, Detection and

Quantification Limits

Limits,

A calibration curve is drawn after determining the
optimum conditions of several factors that affect the
experiment. Also, the detection and quantification limits
of this electrochemical aptasensor are calculated using
variations in ATP concentration. The experiment was
conducted similarly to the procedure for determining the
aptasensor response by using the parameters of the
optimization results. ATP with various concentrations (0;
0.1; 1; 10; 100) uM was tested on an electrochemical
aptasensor to describe the amount present in the sample
and measured twice at each concentration. The resulting
electrochemical response using DPV is shown in Fig. 9.
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Fig 9. Differential pulse voltammogram for variations in

ATP concentration a-e (0, 0.1, 1, 10, 100) pM as

measured by a 10 mM K;[Fe(CN)s] solution redox

system in 0.1 M KCI solution with a scan rate of 0.008

0.500

V/s over a potential range of -1.0 V to +0.7 V, Eg, of
0.004 V with E,us 0f 0.025 V and tyuse of 0.05 s

Based on the characterization results using the
DPV, it is known that the higher the concentration of
ATP added, the lower the peak value of the current
generated. As a result, the aptamer binds, crowding the
SPCE surface and interrupting electron transport
between the potassium ferricyanide redox probe and the
electrode. A calibration curve was made by plotting the
peak value of the DPV current as a result of the
characterization of ATP concentration variations with
concentration variations (0.1; 1; 10; 100) uM, as shown
in Fig. 10. From the calibration curve, the linear
regression equation y = 0.0124x + 0.8769 is obtained
with R? of 0.9952. Based on the data processing results,
the value of the detection (LoD) and quantification
(LoQ) limits is 7.43 and 24.78 pM, then the accuracy and
precision values are 96 and 98.69%, respectively.

The detection limit obtained on the aptasensor for
ATP detection in this research is quite good compared
to Zheng et al. [20], which was carried out using a
conventional 3 electrode system, and Ren et al. [37] used
a fluorescence aptasensor. Hence, the electrochemical
aptasensor method using SPCE/AuNP is superior in
sensitivity and stability. However, the detection limit is
still higher when compared to Mashhadizadeh et al., that
used silver nanoparticle modified graphene oxide
(AgNP) nanocomposites, where graphene oxide as a
substrate for binding large amounts of AgNP enhances
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25
< 2
2 15
> 1 y = 0.0124x +0.8929
3 0.5 R2=0.9952
-20 0 20 40 60 80 100 120

ATP Concentration (X)/uM
Fig 10. ATP aptasensor calibration curve with variations in concentration (0.1; 1; 10; 100) pM as measured by a of
10 mM Ks[Fe(CN)e] solution redox system in 0.1 M KCl. The scan rate is at 0.008 V/s over a potential range of -1.0 V
to +0.7 V, Ege, 0f 0.004 V with an Epue 0f 0.025 V and a tyuse 0f 0.05 s

Table 4. Research on aptamer-based biosensors to detect ATP

LoD Ref.
Label-free fluorescence aptasensor based on AuNPs and CQDs for the 20 uM [37]
detection of ATP
Electrochemical nanoaptasensor for continuous monitoring ATP fluctuation 26 uM [20]
at subcellular level
Aptamer-based electrochemical biosensor for detecting Adenosine 7.43 uM This research

Triphosphate (ATP) using Screen Printed Carbon Electrode/Gold
Nanoparticles (SPCE/AuNP)

A simple non-enzymatic strategy for adenosine triphosphate electrochemical 5.0 nM [19]
aptasensor using silver nanoparticle-decorated graphene oxide
A sensitive colorimetric aptasensor with a triple-helix molecular switch 24nM [38]
based on peroxidase-like
451 as shown in Table 4.
o} uTP
- gg Electrochemical Aptasensor Selectivity for ATP
< 30 1 The selectivity of this electrochemical aptasensor
2‘3 25 3 for ATP was investigated by determining the current
o E .
£ 20 ; response when the sensor was added to other nucleotide
© 15 3 analogue analytes, which include UTP, GTP, and CTP.
10 The result of the voltammogram characterization
5 in Fig. 11 shows that the peak current in ATP is 12.455
043 - . : tA, while UTP, CTP, and GTP produce higher current
-1.000 -0.500 0.000 0.500
Potential/V peaks than ATP at 39.934, 35.446, and 37.034 uA,
Fig 11. Electrochemical aptasensor response  respectively. The peak DPV current in the ATP analog

voltammogram for ATP in detecting ATP, UTP, GTP,
and CTP at a concentration of 3 pM as measured by a 10
mM K;[Fe(CN)e] solution redox system in 0.1 M KCI
solution. The scan rate is at 0.008 V/s over a potential
range of -1.0 V to +0.7 V, Ey, of 0.004 V with Epue of
0.025 V and tpus of 0.05 s

the amplification AgNP oxidation signals [19]. Shahsavar
etal. used a colorimetric biosensor with DNAzyme [38],

increases as in the analyte without ATP. Therefore, it can
be seen that this electrochemical aptasensor shows a
selective response to ATP.

m CONCLUSION

The aptamer was successfully mobilized on the
surface of the SPCE modified gold nanoparticles with
the characterization results using differential pulse
voltammetry, where the current decreased from 30.979
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to 22.619 pA. Based on the results of SEM characterization,
it is shown that the SPCE surface has been covered by
aptamers. The optimum conditions obtained through the
Box-Behnken experimental design were ATP concentration
of 4uM, aptamer F1 incubation time for 24 h, and
F1/F2/ATP incubation time for 7.5 min. Therefore, the
detection and quantification (LoD) and limits (LoQ) of
the electrochemical aptasensors for ATP developed in this
research were 7.43 and 24.78 uM, respectively.
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Abstract: This study aims to prepare 2-hydroselenoacetamide derivatives (5-8) to use
some of these compounds as corrosion inhibition for carbon steel in 1 M HCI. The
compound C10H;oNO,CI 1 was prepared by reacting between p-aminoacetophenone with
chloroacetyl chloride, and then reacted 1 with substituted benzaldehyde to obtain the
corresponding derivatives as C;;H;sN,04Cl 2, C13H;sNO,CI 3 and CisH;sNO,Cl 4. The
last step in this study was conducted to obtain the organic hydroselenoacetamide such as
C1oHuNOsSe 5, Ci;H1uN>0,Se 6, CisHi;NO,Se 7, and CieH1sNO,Se 8 by reacting
chloroaminochalcone and sodium hydrogen selenide. All compounds were characterized
by Fourier Transform Infrared Spectroscopy (FTIR), proton nuclear magnetic resonance
("H-NMR), and elemental analysis (CHN). The corrosion inhibition activity of
C17H1uN>O,Se 6, C1sH;;NO,Se 7 and CisHsNO,Cl 4 for carbon steel in 1 M HCI solution
was investigated by using weight loss methods and electrochemical study. The activation
energy of the corrosion reaction was also calculated. The effect of different concentrations
and temperatures on inhibition efficiency was investigated. The results showed that the
corrosion rate decreased with the increase of the concentration of inhibitors, while the
inhibition efficiency and covered area decreased with an increase in the temperature.
Polarization studies demonstrated that the inhibitors were of mixed type. The purpose of
this study was to prepare, characterize and evaluate the corrosion inhibition activity of
hydroselenide compounds for carbon steel in 1 M HCI.

Keywords: corrosion inhibition; 2-hydroselenoacetamide; chalcone; acid medium

m INTRODUCTION

The composition of the amides has attracted

The chloroacetylation of p-aminoacetophenone
with chloroacetyl chloride occurred in the presence of

considerable attention from researchers because of their
importance in biochemistry and organic chemistry fields,
their usage as intermediate compounds in organic
synthesis, and wide range of industrial chemical
applications [1]. The association of amide is significant as
it plays as the main component of peptides, polymers,
natural compounds products, and pharmaceuticals [2].
Many amide derivatives have been used as antifungals,
antihistamines, worms, and antibacterial agents. For
example, the compound N-aryl-2-chloroacetamides acts
as an antimicrobial such as herbicides, antifungals, and
disinfectants [3].

glacial acetic acid [4] or in benzene and trimethylamine
[5] to give the compound no. 1 as shown in Scheme 1.
The N-substituted chloroacetamides could be converted
to chalcones through Claisen-Schmidt condensation [6].
Mostly chalcones are aromatic ketones that consist of
two aromatic rings that are linked by a three-carbon o,
unsaturated carbonyl system. Chalcone has a complete
delocalization m- electron system on conjugated double
bond (C=C) and two phenyl rings. Therefore, the redox
potential for the molecules decreases while their stability
increases [7]. The Claisen-Schmidt condensation is a
crossed aldol condensation reaction between ketone
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Scheme 1. Synthesis of N-aryl chloroacetamide (1)

possessing at least one a-hydrogen with the aldehyde. The
reaction is proceeded via the base-catalyzed formation of
enolate of the ketone. This enolate attacks the aldehyde
carbon and forms the adduct. Chalcone is then formed
from this adduct by the elimination of water molecule [8].

Selenium and its organic compounds are of great
interest due to their various applications in some
industrial fields, for example, platinum group metal
complexes of seleno ligand were developed as catalysts for
different reactions [9-10]. Metal selenolates exhibit as
versatile single-sources of molecular precursors for the
synthesis of nanoparticles and deposition of thin films of
metal selenides [11-13]. Selenium and its compounds are
used as oxidizing agents for organic compounds [14].
Selenium can be introduced as a nucleophile/electrophile
or even as a radical in chemo-, regio- and stereo-selective
manners [15].

Selenol is an organic compound that contains C-Se-
H functional group, sometimes called selenothiols or
selenomercaptains. Selenols are more acidic than
corresponding sulfur analogous because the energy of Se-
H bond is weaker than S-H bond and thus oxidized easily
and serve as Hydrogen atom donors. The RSe™ is a good
nucleophile as well as an excellent leaving group. Also, it
binds metal strongly, which is used for heavy metal
detoxification [16]. There are different methods for the
synthesis of selenols or selenolates [17-18], one of these
methods is the reaction of organic halides with sodium
hydrogen selenides or sodium selenides [19], as shown in
Scheme 2.

Corrosion is a process of gradual damage to material
(mostly metals) through a chemical reaction with their

i i
x4©—~<H:=CHc—©—NHc-CH2-CI + NaHSe

X= substituents

Ar{gas)

0 0
— x@E:CHEONHg-CHQ-SeH + NaCl

environment, causing the outer surface of the metal to
change and breaking down the crystal structure and
dissolution in the outer environment. It is a continuous
process that cannot be stopped, but it can be reduced by
using various preventive systems, including the use of
organic compounds, which can easily be adsorbed onto
the steel surface and lead to the formation of a protective
organic film on the electrode surface and reduce the
[20].
compounds as an inhibitor mainly depends on the

corrosion rate The efficiency of organic
presence of elements of groups V and VI of the periodic
table, such as N, P, As, S, O, and Se, which have lone
electron pairs, and the conjugated system as well as the
presence of m-electrons in their structure which can
strongly be adsorbed on the metal surface through to
donor-acceptor process to form a protective layer [21-
22]. Some organic compounds have been synthesized
and evaluated as corrosion inhibition in acidic media
containing heteroatoms, and the conjugated system
enhances the chemical adsorption process involving
electrons sharing between the vacant d-orbitals of iron
and the lone electron pairs of the heteroatoms to create
a strong coordinating bond which improves anti-
corrosion performance [21-23]. The aim of this study is
to prepare and characterize some novel organic seleno
compounds and use them as corrosion inhibition for
carbon steel in a 1 M HCl solution.

m EXPERIMENTAL SECTION
Materials

The chemicals included p-amino acetophenone, 4-

nitrobenzaldehyde, 3,5-dimethoxybenzaldehyde, and

Scheme 2. Synthesis 2-hydroseleno-N-arylacetamide
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sodium acetate were purchased from Merck. Meanwhile,
glacial acetic acid, ethanol, toluene, trimethylamine
(Sinopharm Chemical Reagent Co., Ltd.), chloroacetyl
chloride, sodium borohydride (Sigma Aldrich), selenium
powder, 3-hydroxybenzaldehyde (Alpha) were also utilized
in this study. All chemicals were used as received with no
purification. Carbon steel specimens were used in this
work had the composition of (wt.%) [Fe:99.68, C:0.037,
Mn:0.26, P:0.005, S:0.002]. The specimens were rubbed
successively using emery with grade 600 to 1200 mesh/min,
then washed with distilled water, cleaned with acetone
then fired in a hot air blower. The working electrode was
a 7.5 cm long steam for electrochemical measurement to
provide an exposed surface area of 1.0 cm?, while 2.5 x 2.0
x 0.2 cm® were used in weight loss measurements. The
1 M HCI test solution was prepared from analytical grade
reagent (37%) and deionized water.

Instrumentation

The elemental analysis of new synthesis compounds
was done by (CE-440) Elemental Analyzer. The IR spectra
were measured using FTIR-8400S SHIMADZU-Japan
and 'H-NMR was recorded on BUKER (300 MHz) with
DMSO-ds solvent. All melting points were measured with
a Gallen Kamp melting point apparatus and uncorrected.
The progress of the reaction was monitored with thin-
layer chromatography (TLC).

Procedure

Synthesis N-(4-acetylphenyl)-2-chloroacetamide (1)
Prepared N-acetylphenyl-2-chloroacetamide (1) by
two methods. A solution of chloroacetyl chloride
(1.13 mL) in glacial acetic acid was added to 1.35 g p-
aminoacetophenone in 10 mL glacial acetic acid at room
temperature, the solution was stirred for 30 min, and then
CH;COONa (10 mL) 0.5 M was added to the mixture with
constant stirring for another 30 min. The crude product
was filtered, dried, and then recrystallized by ethanol [4].
A mixture of p-aminoacetophenone (1.35 g) with
chloroacetyl chloride (1.19 mL) in 25 mL of toluene was
added 3-4 drops of triethylamine. The mixture solution
was refluxed for 4 h. The progress of the reaction was
monitored by TLC with the mobile phase of toluene:
acetone (7:3). A buff-colored solid-state intermediate was
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obtained and recrystallized by toluene [24].

Synthesis 2-chloro-N-(4-(3-(4-X-phenyl)acryloyl)phenyl)
acetamide (2)

The mixture of equimolar quantities of (1) (2.11 g)
N-(4-acetylphenyl)-2-chloroacetamide with substituted
benzaldehyde (2), i.e., 4-nitrobenzaldehyde (1.51 g), (3)
3,4-dimethoxybenzaldehyde (1.67 g), (4) 3-hydroxy
benzaldehyde (1.22 g) in ethanol was added by 20%
sodium hydroxide solution slowly dropwise with
stirring. After completing the addition, stirring
continued for 6 h and then left overnight. The mixture
was added to ice water, and then measured the pH of the
solution. The obtained product was recrystallized from

ethanol [25].

Synthesis 2-hydroseleno-N-(4-(3-(4-X-phenyl)acryloyl)
phenyl)acetamide

The NaBH, (0.225 g: 0.0061 mol) was dissolved in
25 mL H,O then added Se 0.23 g: 0.0029 mol while
stirring and suspended in 25 mL H,O under argon
atmosphere. A severe reaction occurred in less than
10 min, and H, gas was immediately released. A colorless
solution of sodium hydrogen selenide NaHSe was formed.

Solution of NaHSe was added to 2-chloro-N-(4-(3-
(4-X-phenyl)acryloyl)phenyl)acetamide 2.09 g: 0.0061
mol in 50 mL absolute ethanol, after about 45 min stirred,

QO

o]
il [l
H;N C—CH3+ Cl—C—CHCI

p-aming acetophenone Chloroacetyl chloride

CH;COONa 3H,0 .
) glacial
sodium acetate acetic acid
trihydrate

0 0
n H 1
mmc—c—n@—c—cm

chloro acetyl amide acetophenone (1)

Xm0
EtOHIOH‘l @_CH
0
[l

o)
0 W X
Cl-H,C—C—N C—CH=C

chloro acylaminochalcone (2,3 and 4)
x:4-NC3 , 3-OH |, 3.4 dimethoxy

Scheme 3. Preparation of chloroaminochalcone
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Ar{gas) NaHSe
4ANaBH4 + 2Se + TH,O sodium  + NaxBal7 + 14H;
AN hydrogen
selenide

@ H e
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chlore acylaminochalcone (2, 3 and 4)
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X

i
EtOH#OH—l @—CH
Q Q
Il H Il
Cl—H:C—C—N C—CH:E + NaHS
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Q Q
Il H Il
H-8e—HC—C—N C—CH:E

X=4-NO;, 3-OCHs, 4-OH. and 3.4-dimethoxy pheny|
Scheme 4. of 2-hydroseleno-N-(X-
phenyl)acryloyl)phenyl)acetamide

Preparation

the reddish color precipitate was obtained, filtered, and
washed several times with ethanol and dried (Schemes 3
and 4).

N-(4-Acetylphenyl)-2-chloroacetamide as compound
1. Off-white. Yield: 90%. m.p 153-155 °C. IR vem™
(KBr): 3286 (NH 2°-amide), 1654 (C=0 amide), 725 (C-
Cl). '"H-NMR spectra (ppm) DMSO-ds solvent: 10.65 (1H,
NH amide), 7.72 (4H aromatics), 4.34 (2H CH,), 2.55 (3H
CHs). Anal. calc. for C;0H1(NO,Cl: C, 56.75; H, 4.76; N,
6.62. Found: C, 56.16; H, 4.49; N, 6.36.
2-Chloro-I-(4-(3-(4-nitrophenyl)acryloyl)phenyl)-2-
chloroacetamide as compound 2. Brown. Yield: 70%.
m.p 200-202 °C. IR v cm™ (KBr): 3387 (NH amide), 1697
(C=0 amide), 1635 (C=0O chalcone), 632 (C-Cl). 'H-
NMR spectra (ppm) DMSO-ds solvent: 6.72 (1H NH
amide), 7.69 (8H aromatics), 3.39 (2H CH,), 6.54 (2H
CH=CH). Anal. calc. for C;H;3N,O,Cl: C, 59.23; H, 3.80;
N, 8.13. Found: C, 58.96; H, 3.72; N, 7.96.
2-Chloro-N-(4-(3-(4-hydroxy-3-methoxyphenyl)
acryloyl)phenyl)acetamide as compound 3. Brown.
Yield: 40%. m.p 185-188 °C. IR vcm™ (KBr): 3394 (1H
NH amide), 1681 (C=0 amide), 1651 (C=0O chalcone),
702 (C-Cl). 'H-NMR spectra (ppm) DMSO-ds solvent:
9.78 (NH amide), 6.95 (8H aromatics), 2.64 (2H CH.),

Indones. J. Chem., 2022, 22 (5), 1269 - 1281

3.95 (3H OCH3). Anal. calc. for C;sHsNO,CI: C, 62.52;
H, 4.66; N, 4.05; Found: C, 61.99; H, 4.65; N, 3.9.
2-Chloro-N-(4-(3-(3,4-dimethoxyphenyl)acryloyl)
phenyl)acetamide as compound 4. Yellow. yield:
80%. m.p 138-140 °C. IR v cm™ (KBr): 3352 (NH amide),
1643 (C=0 amide), 1600 (C=0 chalcone), 721 (C-Cl).
"H-NMR spectra (ppm) DMSO-ds solvent: 7.97 (1H NH
amide), 6.13 (8H aromatics), 3.36 (2H CH,), 3.83 (6H
2(OCH3)). Anal. calc. for C1oH;sNOLCL: C, 3.42; H, 5.04;
N,.89; Found: C, 62.96; H, 5.11; N, 3.6.
N-(4-Acetylphenyl)-2-hydroselenoacetamide as
compound 5. Off-white. Yield: 70%. m.p 190-192 °C.
IR vcm™ (KBr): 3348 (NH amide), 1651 (C=0 amide),
2370 (Se-H). '"H-NMR spectra (ppm) DMSO-d; solvent:
10.97 (1H NH 2° amide), 7.75 (4H aromatic), 3.36 (2H
CH, + 1H Se-H), 2.48 (3H CH;). Anal. calc. for
C1oH11NO,Se: C, 46.89; H, 4.33; N, 5.47. Found: C, 46.49;
H, 3.92; N, 5.16.
2-Hydroseleno-N-(4-(3-(4-nitrophenyl)acryloyl)
phenyl)acetamide as compound 6. Dark red. Yield:
60%. m.p 213-215 °C. IR vem™ (KBr): 3383 (NH
amide), 1635 (C=0 amide), 1600 (C=0 chalcone), 2470
(Se-H). "H-NMR spectra (ppm) DMSO-d; solvent: 9.88
(1H NH amide), 7.14 (8H aromatics), 4.38 (2H CH, +
1H Se-H), 6.54 (2H CH=CH). Anal. calc. for
CiyHuN,O,Se: C, 52.45; H, 3.63; N, 7.20. Found: C,
52.13; H, 4.14; N, 7.03.
2-Hydroseleno-N-(4-(3-(4-hydroxy-3-
methoxyphenyl)acryloyl)phenyl)acetamide as
compound 7. Dark red. Yield: 41%. IR vcm™ (KBr):
3406 (NH amide), 1735 (C=0 amide), 1654 (C=0
chalcone), 2340 (Se-H). '"H-NMR spectra (ppm) DMSO-
ds solvent: 8.66 (1H NH amide), 6.53 (8H aromatics),
4.30 (2H CH, + 1H Se-H), 3.76 (3H OCHs;). Anal. calc.
for Ci;sH7NO4ClSe: C, 55.39; H, 4.39; N, 3.59. Found: C,
54.93; H, 4.55; N, 3.40.
2-Hydroseleno-N-(4-(3-(3,4-dimethoxyphenyl)
acryloyl)phenyl)acetamide as compound 8. Dark
red. Yield: 60%. IR v cm™ (KBr): 3363 (NH amide), 1658
(C=0 amide), 1610 (C=0O chalcone), 2340 (Se-H). 'H-
NMR spectra (ppm) DMSO-ds solvent: 8.72 (1H NH
amide), 7.42 (8H aromatics), 3.36 (2H CH, + 1H Se-H),
2.52 (6H 2(OCH3)). Anal. calc. for C;0H;sNO,Se: C, 56.44;
H, 4.74; N, 3.46. Found: C, 55.99; H, 4.69; N, 3.11.
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Corrosion activity

Weight loss method. The weight loss measurements
have been used to investigate the corrosion behavior of
carbon steel alloy in the presence and absence of
inhibitors. The inhibition efficiency (n%) and surface
coverage (0) were calculated by the Eq. (1) and (2)

Cr —Cy;i
% =—2—Ri 100 (1)
Cr
Cr —Cgy
0= R Ri (2)
Cr
where Cr = Corrosion rate in absence of organic

hydroselenide compounds, Cg; = corrosion rate values in
presence of hydroselenide compounds. The Cg of carbon
steel was calculated in acidic medium by the Eq. (3)
AW

Cgr = Y (3)
where AW = weight loss for the ingot (mg), A = the area
of the submerged surface of the specimen (cm?), t = the
time of immersion (h).

Electrochemical measurements (Tafel method).
The potentiodynamic polarization (PDP) with computer-
controlled potentiostat (model Corr Test-(5350) was used
to perform electrochemical measurements. It examines
the corrosion of carbon steel alloy in 0.1 M HCI solution
in the absence and presence of a different concentration
of inhibitor 2-chloro-N-(4-(3-(3,4,-dimethoxyphenyl)
acryloyl)phenyl)acetamide and 2-hydroseleno-N-(4-(3-
(4-nitrophenyl)acryloyl)phenyl)acetamide compounds at
room temperature and different concentration of
different
concentration 100 ppm of inhibitors.

inhibitors, or at temperatures and a
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Electrochemical cell. In this study, an electrochemical
cell consisting of three electrodes arranged as follows:
The working electrode which represents alloy carbon
steel with dimensions of (5 x 1.5 x 0.2) cm’, which
represents the submerged part of the alloy. Platinum
Auxiliary Electrode and Saturated Calomel Electrode
(SCE) with a fiber-loggin capillary represent as a
Reference Electrode (RE). The device is programmed by
data of
measurement, the thickness of the ingot, the type of

entering information that includes the
operation, the equivalent weight of the metal, the type
and density of the metal. The time required to conduct
an examination is about 20 min, after which the cell and
loggin tube is emptied, and the process is repeated three
times to ensure the accuracy of the results. The
examination process is carried out in the absence and
presence of different concentrations of inhibitors. The
corrosion rate Crmpy Was evaluated from Eq. (4).

0.13><11§0:1;<Eq.wt 4)
where I is corrosion current density in pA cm ™, Eq.wt

CRmpy =

is the equivalent weight of the specimen, A is the total
specimen area, and D is the density of the specimen.

m RESULTS AND DISCUSSION
CHN Measurement

All the prepared compounds showed agreement
with the practical and theoretical results of elemental
(CHN) analysis, indicating the validity of the proposed
chemical structures for the prepared compounds. All
results of CHN analysis are listed in Table 1.

Table 1. The CHN data of selected compounds

Elemental analysis found (calc)

No.  Empirical formula S
% C % H % N

1 CioH10NO,Cl 56.16(56.75) 4.49(4.76) 6.36(6.62)
2 CiyHi:N,O04Cl 58.96(59.23) 3.72(3.80) 7.96(8.13)
3 C1sH1NO,CI 61.99(62.52) 4.65(4.66) 3.90(4.05)
4 C1oH1sNO4Cl 62.96(63.42) 5.11(5.04) 3.69(3.89)
5 CioH11NO;Se 46.49(46.89) 3.92(4.33) 5.16(5.47)
6 Ci7HuuN,O4Se 52.13(52.45) 4.14(3.63) 7.03(7.20)
7 CisH1zNO4Se 54.93(55.39) 4.55(4.39) 3.40(3.59)
8 C1H1sNO,Se 55.99(56.44) 4.69(4.74) 3.11(3.46)
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FTIR Spectra

The FTIR and their
hydroselenides have been studied and analyzed in terms

spectra for chalcones
of functional groups. The FTIR spectrum of compounds
1-4 exhibited strong absorption bands that appeared at
3286-3394 and 1643-1697 cm™" belonging to stretching
vibration for N-H and C=O, respectively [26]. The
absorption bands appear at 632-725 cm™ and belong to
C-Cl 2-chloro-N-
phenylacetamide derivatives [27]. The absorption bands

stretching  vibration  for
around 1600-1651 cm™ related to the carbonyl group
conjugated with double bond, which indicates the
formation of chalcones [28-29].

The FTIR spectrum for compounds 5-8 shows
absorption band appears at 532-640 and 2340-2470 cm™
belonging to stretching vibration for C-Se and Se-H
indicating to formation 2-hydroselenide [30-31], other
unsymmetrical stretching vibration for C=C aromatic, C-
H aliphatic, C-H aromatic, and C=C aliphatic were found
at expected positions [28-29]. Fig. 1 showed the IR-
spectra of compound 6.
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TH-NMR Spectra

'"H-NMR spectra of compounds 1-4 displayed
signals at 7.97-10.68 ppm belonging to NH amide [32],
phenyl protons and alkene protons give multiple signals
extent 6.13-8.35 ppm [30], also methylene protons
appear at 3.36-4.33 ppm [34] in the low field because
attached
electronegativity, that increase chemical shift.

methylene groups chloride atom; high

The compounds 5-8 displayed signals at 8.66-
10.97 ppm belonging to NH amide. Methylene protons
and the proton of Se-H group appears at 3.36-4.45 ppm
[35] at the high field because of the disappearance
chloride atom and are attached to the selenium atom,
which is less electronegativity than the chloride atom.
Fig. 2. The '"H-NMR for compound 5.

Weight Loss Studies

Effect of inhibitor concentration

In this study, the weight loss method was used to
evaluate the effect of corrosion of carbon steel immersed
in 1 M hydrochloric acid solution for 48 h at 300 K.
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Fig 1. The FTIR spectra of compound 6
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Table 2. Weight loss method results for carbon steel alloy in different concentrations at 300 K
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Inhibitors Inhibitors concentration CR_ ] 0 n%
(ppm) (mgcm™2h™)

(0) inhibitor 0.0 0.0138 - -

CisH7NO,Se (7) 50 0.0113 0.3864 38.64
100 0.0106 0.4270 42.70
150 0.0096 0.4783 47.83
200 0.0092 0.4994 49.94
300 0.0091 0.5081 50.81

Ci7H14N,O4Se (6) 50 0.0136 0.2648 26.48
100 0.0126 0.3189 31.89
150 0.0111 0.4000 40.00
200 0.0103 0.4432 44.32
300 0.0095 0.4864 48.64

Different concentrations of selenides lead to different
values of 1%, Cy, and 8 were listed in Table 2. The increase
of hydroselenide concentration causes the increase of n%

at 300 K.

The obtained result showed that the hydroselenide
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compounds 6 and 7, which are used as inhibitors in this
study, inhibit the corrosion of carbon steel in the acidic
medium. It is noted that the corrosion rate decreased,

and the inhibitor efficiency increased with the increasing

concentration of inhibitors, as shown in Table 2. These
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results show that the presence of an inhibitor works to
form a thin layer that protects the anodic and cathodic
region and works to reduces oxidation reaction, and
limits corrosion processes by preventing the arrival of
corrosion to the surface of carbon steel [20-23].

The action of inhibitors can be explained by the
molecular adsorption of inhibitors on the surface of the
alloy. The effective adsorption is a result of the interact of
n-electrons of multiple bonds and aromatic system of
inhibitor molecules with the metal, or interaction of lone
pair electron present on highly electronegative atoms (N
and O) in the structure of inhibitors molecules with d-
orbital of iron [21-23,33].

Referring to Table 2, we find that the inhibition
efficiency of compound 7 (50.81%) is higher than that of
compound 6 (48.64%) at the same concentration,
300 ppm, as shown in Fig. 3, due to the presence of

70 1
—+— E methoxy selenide
60 4

50 9

30 4

Efeciency, n (%)

20 4
10 9

0

electron releasing groups, -OH and ~-OCH3s, compared
to the electron-withdrawing (-NO,) group in
compound 6. So that the electron density on the phenyl
ring in compound 7 is higher, which improves the
adsorption process and increases the surface area
covered by the inhibitor, unlike compound 6, where the
presence of the electron-withdrawing group reduces the
electron density on the phenyl group, reducing the
adsorption process and thus reducing the efficiency of
the inhibitor [21-23].

Effect of temperature on inhibition efficiency

A weight-loss experiment has been performed in
the temperature range between 300-320 K in the
presence and absence of optimum concentration of
inhibitors. Table 3 lists corrosion rate (Cg), inhibition
efficiency (n%) and surface coverage (0) at each
temperature.

—a&— [ nitro selenide

40 1 /’_*, v

0 50 100 150

200 250 300 350

Concentration (ppm)

Fig 3. Relationship between inhibitor efficiency with increasing inhibitor concentration for nitro selenide (6) and

methoxy selenide (7)

Table 3. Weight loss results for carbon steel alloy in different grades and at a concentration of 100 ppm of inhibitors

in1 M HCl
Inhibitors Temperature (K) Cr 0 n%
(mgcm™h™)

(0) inhibitor 300 0.0138 - -
310 0.0143 - -
320 0.0225 - -
300 0.0049 0.6415 64.15

CisH17NO4Se (7) 310 0.0068 0.5261 52.61
320 0.0113 0.4977 49.77
300 0.0066 0.5171 51.71

Ci7H14N,O4Se (6) 310 0.0083 0.4216 42.16
320 0.0156 0.3066 30.66
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In general, it can be seen that the increase in the
temperature leads to an increase in the corrosion rate
from 0.01367 mg cm™ h™' at 300 K to 0.0225 mg cm™ h™!
at 320 K in the absence of inhibitor, and from (0.0066,
0.0048) mg cm ™" h™" at 300K to (0.0113, 0.0156) mg cm™
h™" at 320 K for inhibitor 6 and 7, respectively. Also,
inhibition efficiency decreased with an increase in the
temperature of the corrosion medium when the
concentration was fixed, as shown in Fig. 4. This behavior
is because the increase in temperature in the absence of an
inhibitor increases the kinetics of the anodic and cathodic
reactions, and the dissolution of metal becomes more
important, as shown in Table 3 [22]. In the case of the
presence of the inhibitor, the corrosion rate will increase
but less than in the absence of inhibitor. This is because

70 1
60 4
50 1
40 1

30 1

Efficiency, n%

10 - —a&— E nitro selenide

0

20 4 —+—E methoxy selenide
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the high temperature leads to an increase in the kinetic
energy of inhibitor molecules and an increase in their
diffusion, which reduces the efficiency of adsorption of
the inhibitor on the surface of carbon steel as well as
reduces the surface area covered by the inhibitor
molecules which may be formed by heterogeneous layer
[22,34-35].

Polarization Studies (Tafel Method)

The inhibition process of inhibitors 4 and 6 for
corrosion of carbon steel in HCl 1 M at 300 K was
studied by
electrochemical parameter values are listed in Table 4.

polarization  experiments.  The

Fig. 5 shows the relationship between the corrosion
efficiency and the concentration of inhibitors.

295 300 305

310 315 320 325

Temperature (K)

Fig 4. Relationship between the inhibition efficiency and temperature of the corrosion medium

Table 4. Tafel method results for carbon steel alloy in different concentrations of inhibitors in 1 M HCl at 300 K

o Inhibitors concentration Ecorr Leor

Inhibitors (ppm) (mV) (WA cm) Cr M,y (%n)

(0) inhibitor 0.1M -0.54373 91.99 2.46 -

CisH;sNOLCI (4) 50 -0.53325 81.44 2.18 11.38
100 -0.50546 69.37 1.85 24.79
150 -0.51232 77.44 2.07 15.85
200 -0.50032 67.09 1.79 27.23
300 -0.50677 57.15 1.52 38.21

Ci7H1sN,O4Se (6) 50 -0.54465 67.55 1.80 26.82
100 -0.50742 63.33 1.69 31.30
150 -0.50086 55.86 1.49 39.26
200 -0.51166 58.73 1.57 36.17
300 -0.51200 49.37 1.32 46.34
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Fig 5. Relationship between the inhibition efficiency and concentration of the corrosion medium
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Fig 6. Relationship between the inhibition efficiency and temperature of the corrosion medium at 100 ppm

Referring to Table 4, it is evident that the value of
corrosion current density is high in the absence of the
inhibitor and decreases significantly with the addition of
inhibitors; thus, the corrosion rate decreases. From the
values of E.m, it is noted that the behavior of both
inhibitors is of a mixed type [36]. It shows in Fig. 5, which
represents the Tafel curve for compounds 4 and 6. The
optimum concentration of both inhibitors 4 and 6 are
300 ppm, where the inhibition efficiency reached 38.21
and 46.34%, respectively.

Through the results obtained in Table 4 and Fig. 5,
we note that the use of organoselenium inhibitor 6 gives a
higher inhibition efficiency, 46.34%, than the chalcone (4)

(38.21%) at 300 ppm. The reason is due to the presence
of Se heteroatoms in compound 6 which enhances the
adsorption process on the surface of the alloy through
the sharing between the lone electron pairs of the Se
atom and empty d-orbital of iron to establish a strong
coordinated bond [37].

Effect of temperature on inhibition efficiency

The effect of temperature on inhibition efficiency
was studied at 300-320 K in the absence and presence of
inhibitors by the Tafel method. The results are listed in
Table 5. Fig. 6 shows the relationship between the
inhibition efficiency and the temperature of the
corrosion medium. Table 4 shows an increase in the Icorr
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Table 5. Tafel method results for carbon steel alloy in 1 M HCl at different temperatures and 100 ppm of inhibitors

Temperature Ecorr

ICOIT

Inhibitors ®) (mV) (WA cm™?) Cr M,y (%n)
(0) inhibitor 300 -0.54373 191.99 2.46 -
310 -0.54440 250.11 6.69 -
320 -0.53933 290.11 7.76 -
CisHisNO,Cl (4) 300 -0.50677 127.15 3.40 33.72
310 -0.50131 156.448 4.72 29.44
320 -0.49248 199.16 5.33 31.31
Ci7H1N,O4Se (6) 300 -0.51200 149.37 3.46 32.55
310 -0.50121 182.14 4.87 27.20
320 -0.50093 214.66 5.74 26.03

and, consequently, an increase in the corrosion rate with
an increase in temperature from 300-320 K, which led to
a decrease in the inhibition efficiency due to the
dissolution of inhibitor layer adsorbed on the surface of
the alloy as shown in Fig. 6.

The activation energy E. of corrosion reaction in the
absence and presence of inhibitors was calculated by the
Arrhenius equation (5).

E
InCp =lnA -——2 5
R RT ®)

Cr is corrosion rate, A is the Arrhenius constant, T is
absolute temperature, and R is the gas constant. Values of
activation energy can be determined from the slope of the
plots of In Cg vs. 1/T. The values of E, are 17.68, 20.419
and 23.75 kJ/mol in the absence, presence of inhibitors 4
and 6, respectively. These values are less than 80 kJ/mol
required for chemical adsorption. It can be concluded
from the calculated E, values that the adsorption of
inhibitors is a physical type [38].

m CONCLUSION

The corrosion inhibition performance of new
organic hydroselenide derivatives of carbon steel in HCI 1
M solution was evaluated using weight loss technique and
electrochemical studies. The result obtained showed that
the inhibitors are classified as mixed-type. The corrosion
rate decreases and the inhibition efficiency increases with
the increase in the concentration of inhibitors. The
inhibition efficiency and covered area decrease with
increasing corrosion medium temperature in the absence
and presence of an inhibitor. The study also showed that
the inhibition efficiency of compound 7 is higher than

that of compound 6 due to the presence of -OH and -
OCH; electron releasing groups on the benzene ring,
which enhances the ability of adsorption of inhibitor on
the surface of the alloy. From the calculated activation
energy values of 17.68, 20.419, and 23.75 kJ/mol in the
absence and presence of inhibitors, the adsorption
process was classified as physical adsorption.
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Abstract: Microwave-assisted Palladium/Reduced Graphene Oxide (Pd/RGO) synthesis
was effectively carried out in this study, which looked at the effects of different Pd loading
weights in Graphene Oxide (GO) on its physicochemical qualities. The Tour technique
was used to make GO, with a KMnOy:graphite weight ratio of 3.5. Meanwhile, Pd/RGO
was synthesized utilizing the in-situ reduction method of one-pot synthesis with ascorbic
acid as the green reducing agent, yielding Pd-0.5/RGO, Pd-1.0/RGO, and Pd-2.0/RGO,
respectively, with variations in Pd loading weight of 0.5, 1.0, and 2.0%. XRD, FTIR, SAA,
SEM-EDX, and TEM were used to examine all material characterizations. As a result,
Pd-1.0/RGO had the largest surface area of 65.168 m?/g among the Pd-based materials,
with a pore volume of 0.111 cc/g, the pore diameter of 3.316 nm, Pd crystallite size of
28.29 nm, RGO nanostructure dimension of 3.37 x 28.53 nm, and reduction level (C/O)
of 3.02. This material also contains specific functional groups, including O-H, C-H, CO,,
C=C, C=0, and C-O, based on FTIR spectra. Therefore, optimal weight loading of metal
on the surface of the supporting material will provide a large material surface area.
Increasing the surface area of the material improves its performance as a catalyst.

Keywords: in-situ reduction; palladium; reduced graphene oxide; microwave, Tour

method

= INTRODUCTION

For graphene-based applications in electronics,
optics, chemistry, energy storage, and biology, graphene
oxide (GO) is a valuable and promising material [1].
Graphene oxide is graphite oxidized to allow oxygen
molecules to intersperse between the carbon layers [2].
Although the actual structure of GO is unknown, it is
evident that epoxides, alcohols, ketone carbonyls, and
carboxylic groups disrupt the previously contiguous
aromatic lattice of graphene [3]. Various advantages over
graphene, such as more excellent solubility [4] and the
ability to surface functionalize, are due to these
oxygenated groups, which have opened up many
possibilities for application in nanocomposite materials
[5]. For GO synthesis, chemical approaches based on
oxidative-exfoliation processes have been developed over
time [6]. The most popular technique was developed by
Hummers and employed potassium permanganate

(KMnQO,) and sodium nitrate (NaNOs). [7]. The
Hummers method was additionally enhanced by
omitting NaNO; to prevent the production of harmful
gases, using ice in place of liquid water to prevent a high-
temperature rise and thereby promoting better and
easier control of the reaction, increasing yield and
oxidation degree while promoting the retention of
carbon rings in the basal plane by adding phosphoric
acid (H;PO*) to the reaction medium and omitting
NaNOs; altogether. This approach is called Tour
approach [8].

The oxidative-exfoliation procedures can yield vast
amounts of GO, but a graphene-like nanosheet requires
further treatment to reduce it into reduced graphene
oxide (RGO) [9]. Ascorbic acid (L-AA) is an affordable
and plentiful material that can reduce GO to an
acceptable level as a green alternative to standard
reducing agents of GO (e.g., hydrazine hydrate and
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sodium borohydride) [10]. More importantly, compared
to the traditional reductants employed in GO reduction,
L-AA and its oxidized products are environmentally
beneficial [11]. Despite the widespread use of strong
reducing chemicals to reduce GO, the process is still
exceedingly slow. Microwave irradiation was discovered
to speed up the reduction rate [12] significantly.
Microwaves heat materials directly through dielectric loss
rather than heat convection, as in traditional heating
methods, allowing for rapid and precise heating [13]. It is
thought to be promising in reducing reaction time and
producing hot spots with extremely high temperatures.

Palladium (Pd) is a platinum (Pt) group metal with
numerous uses in medicine, the environment, and
materials research. Pd is a unique metal with a wide range
of catalytic applications in various industries at ambient
temperatures [14]. Compared to Pt-based catalysts, Pd is
a more effective catalyst for the Formate Oxidation
Reaction (FOR ) in both half-cell and fuel cell tests [15].
Because of their high surface-to-volume ratio and more
active/selective surface atoms than bulk Pd catalysts, Pd
nanoparticles (PANPs) have gained much attention in
organic synthesis in recent years [16]. PANPs are a hot topic
because of their high catalytic activity and the possibility
of being employed as heterogeneous catalysts with unique
features. As a support material of PANPs, RGO is more
commonly utilized than other carbon-based materials
such as porous carbon and carbon nanotubes because of
its high availability, excellent corrosion resistance, low
cost, and superior dispersion in nature [17].

There are many reports regarding the synthesis of
Pd/RGO compounds. Wang et al. researched the usage of
reducing agents such as ethylene glycol, sodium
borohydride, and hydrazine hydrate in a comparative
study [18]. Kumar et al. synthesized Pd/RGO by
microwave-assisted heating reduction but using GO
precursor produced from the modified Staudenmaier
method [19]. Ng et al. investigated the Pd/RGO using GO
precursor synthesized by Tour technique, but through
ultrasonic wave-assisted reduction heating type [20].
Furthermore, Li et al. made Pd/RGO under microwave
irradiation but used ethylene glycol as a reducing agent
[21]. Therefore, in this work, we investigated the Pd/RGO
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utilizing the GO precursor obtained from the Tour
method. This GO preparation was adapted from
Fatmawati et al., which used a weight of oxidizing agent
for graphite of 3.5 [22], which is lower than the usual
value of 6. Then the Pd/RGO synthesis was carried out
by microwave-assisted in-situ reduction heating using
ascorbic acid. Consequently, the goal of this study is to
improve on earlier research by employing a shorter and
simpler reduction heating, using GO precursor with a
lower ratio of oxidizing agent to graphite than
recommended by the Tour method, as well as utilizing
ascorbic acid as a green reducing agent. The
characterization data of the XRD, FTIR, SAA, SEM-
EDX, and TEM will be used to investigate further the
physicochemical properties of the Pd/RGO material.

m EXPERIMENTAL SECTION
Materials

All the ingredients used in this experiment came
from commercial sources (E-Merck Germany, p.a.) and
were used without being purified. Graphite powder,
Potassium permanganate (KMnO,;, H,SO, 98%),
Orthophosphoric acid (HsPO, 85%), Hydrogen
peroxide (H,O, 30%), Hydrochloric acid (HCl 37%),
absolute ethanol, L(+)-Ascorbic acid, Palladium(II)
chloride (PdCl;) anhydrous, Sodium hydroxide
(NaOH), Silver nitrate (AgNOs), Barium chloride
dihydrate (BaCl,-2H,O), deionized (DI) water,
phosphate-buffered saline (PBS), and bidistilled water
were among the materials utilized.

Instrumentation

The crystallinity of the materials was determined
by X-Ray Diffraction (Bruker D2 Phaser) at a wide angle
of 5-90°. The materials' functional groups were
determined using a Fourier Transform Infrared
Spectrometer (FTIR, Shimadzu Prestige 21) operating at
4000-400 cm™'. The Surface Area Analyzer (SAA, JWGB
Meso 112) was used to examine the textural features of
materials, including specific surface area, pore volume,
and pore diameter, which were determined using the
BET and BJH methods. Using a Transmission Electron
Microscope, the materials' structure and polycrystalline
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ring pictures were captured (TEM, JEOL JEM-1400).
Scanning Electron Microscope-Energy Dispersive X-ray
spectroscopy was used to examine the materials' surface
morphology and metal content (SEM-EDX, JSM-6510LA).

Procedure

Synthesis of graphene oxide (GO)

KMnO; 1.3125 g was mixed with 0.375 g graphite
powder (weight ratio of 3.5) and placed in Beaker I [22].
Then, in Beaker II, 45 mL H,SO, and 5 mL H;PO, (volume
ratio of 9) were added. For 1 h, the two beakers were
placed in a cooler box with ice. Then, while stirring, the
solution in Beaker II was transferred to Beaker I and
heated for six hours at 65 °C [23]. The solution was then
placed into another beaker containing 200 g DI water ice
and 3 mL H,O, and swirled with a stirring rod. The solids
GO were left to precipitate in the solution. GO was
washed with a solution of HCI (2 times), ethanol absolute
(2 times), and PBS at 5000 rpm for 5 min until the pH of
the solution reached 7. The solution was then tested for
chloride ions using AgNO; and sulfate ions using BaCl..
The washing process was repeated numerous times using
hot bi-distilled water until the solution was free of both.
Finally, the solid was dried for 12 h at 80 °C in an oven.

Synthesis of palladium/reduced graphene oxide
(Pd/RGO)

The in-situ approach was used to deposit metal
nanoparticles onto the RGO surface. First, each PdCl, salt

Weight ratio of graphite to
KMnO, is 1/3.5

65«foréh

i -

Indones. J. Chem., 2022, 22 (5), 1282 - 1292

precursor solution (with 0.5, 1.0, and 2.0 percent w/w Pd
metal loading on GO) was agitated for 10 min at room
temperature before being added to the GO dispersion
(0.3 gin 25 mL distilled water). After stirring for 10 min,
the pH of the reaction mixture was raised to 9 by adding
0.1 M NaOH solution. After 5 min of stirring, a 3 g
ascorbic acid reducing agent was added to the reaction
mixture (weight ratio of ascorbic acid to GO of 10).
Stirring was continued for 10 min, followed by
microwave-assisted heating for 4 min at 70 °C with high
frequency using a microwave instrument (Electrolux,
Model EMM2308X). The Pd/RGO nanostructures were
rinsed numerous times with distilled water until they
reached a neutral pH and then dried for 12 h at 60 °C.
An illustration of the Pd/RGO synthesis procedure is
briefly shown in Fig. 1.

m RESULTS AND DISCUSSION
Analysis of Material Crystallinity

XRD measurements were used to determine the
crystalline phase structure of the samples. The
diffractograms of GO and Pd/RGO with various metal
loading levels are shown in Fig. 2. GO material is made
from graphite, which has a typical peak at about 26° and
a characteristic spacing between graphene layers of 0.34
nm, according to Fatmawati et al. [24]. The expanded
layer spacing after the graphite oxidation process was
caused by the oxygen functional groups from oxidants

PdCl;, L{+)-ascorbic acid

Microwave-
assisted co- <
reduction, e
70 °C for 4 uiV'
/

.;'/ ARR NS

Fig 1. The illustration of the Pd/RGO synthesis procedure
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Fig 2. Diffractogram of (a) GO (b) Pd-0.5/RGO (c) Pd-
1.0/RGO (d) Pd-2.0/RGO

attached on both sides of the graphene sheets, as well as
the resulting atomic-scale roughness to the originally
atomically flat graphene sheets [25]. During the oxidation
process, the d-spacing increases from 0.34 to 0.87 nm,
resulting in around a 150% increase in distance between
layers in GO compared to pristine graphite. The result of
this study is slightly lower than that of Bera et al. [26]. This
effect is owing to changes in oxidation treatment, with
ultrasonic waves being used in some cases. The d value for
GO, according to Prabakaran et al., is between 0.6 and
1 nm [27]. The peak of GO at 10.19° vanishes after
reduction treatment, and a new peak forms at 22-23°,
which belongs to RGO's C(002) planes, showing that GO
sheets were successfully reduced by microwave
irradiation for all samples [28]. Furthermore, each line of
Pd/RGO has a large peak at 22-23°, which is attributed to

the (002) planes of RGO, implying the removal of oxygen-
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containing functional groups from the GO [29]. The
shift from a sharp to a broad peak form implies that
removing oxygen groups from the graphene sheet
produces crystal damage or flaws. The gap between the
graphene layers was reduced from 0.87 to 0.40 nm when
these groups were removed. Furthermore, the peaks
near 40° could be attributed to the (111) lattice planes of
Pd's face-centered cubic crystalline structure (JCPDS
No. 46-1043) [20]. Due to the minimal quantity of metal
loading on the support material, the crystal plane of Pd
(200), (220), and (311) is missing. The diffractogram
shows that increasing the amount of metal loading on
the support material enhances the intensity of
crystallinity while decreasing the crystallite size (CS), as
reported by Ng et al. [20]. The Scherrer equation is used
to obtain these values, which are based on the Scherrer
constant (K = 0.9) and the height (H) of the carbon
nanostructure. Following Stobinski et al., the diameter
(D) of the carbon nanostructure was determined using
the Warren constant (K = 1.84) [30]. As a result, the
stacked carbon nanostructure has dimensions of D x H
with a layer separation of d. The findings of the XRD
spectra interpretation calculation are shown in Table 1.

Analysis of Material Typical Functional Groups

The rise and decrease in the spacing between layers
(d) of graphite-GO-Pd/RGO are connected to the
presence of oxygen functional groups, as shown in earlier
XRD data in Table 1. Fig. 3 shows FTIR spectra that
confirmed this type of oxygen functional group. Firm
peaks in the GO spectra can be found at 3400 and 1600-
1700 cm™. OH vibrations from alcohol and carboxylic
acid groups, as well as water absorption, are related to
these peaks, as are C=0 vibrations from ketone, carboxylic
acid, and ester groups. C-H vibrations from sp’ conjugated

Table 1. Data interpretation of XRD analysis

Material Peak characteristic of carbon material Peak of Pd
26 (002) d (nm) H (nm) 26 (100) D (nm) 20 (111) CS (nm)
GO 10.19 0.87 2.71 42.08 15.93 - -
Pd-0.5/RGO 22.01 0.40 1.71 42.64 17.59 39.68 23.77
Pd-1.0/RGO 22.00 0.40 3.37 42.30 28.53 39.59 28.29
Pd-2.0/RGO 23.03 0.39 2.10 42.60 5.79 39.74 14.42
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Fig 3. FTIR spectra of (a) GO (b) Pd-0.5/RGO (c) Pd-

1.0/RGO (d) Pd-2.0/RGO

carbons, C=C vibrations from graphitic carbons, and C-
O vibrations from alcohol, alkoxy, carboxylic, and ester
groups are represented by lesser intensity peaks at 2800-
2900, 1500-1600, and 1000-1300 cm™ [31]. The peak at
3400 cm™ reduced in strength, and the peak at 1600-
1700 cm™" diminished after reduction using a combination
of microwave-assisted heating and a reducing agent in the
form of ascorbic acid, showing carboxylic group
breakdown [30]. The remaining oxygen-containing
functional groups after the reduction process, according
to the spectra, are hydroxyl and epoxy. Meanwhile,
because metal deposition on RGO did not produce any

Indones. J. Chem., 2022, 22 (5), 1282 - 1292

absorption band linked with Pd-O, the effect of metal
loading cannot be substantiated using these results [32].
As a result, the three materials have pretty similar
personalities. Table 2 shows the complete results of the
FTIR interpretation.

Analysis of Material Elemental Composition

Furthermore, the percentage of elements present
in the material, particularly oxygen functional groups,
can be estimated using EDX calculations based on earlier
FTIR data. The EDX data shows the investigation results
with percent mass C increasing and percent mass O
decreasing from GO to Pd/RGO. This finding shows
that the process of reduction was successful.

The FTIR results follow the hypothesis that RGO
materials primarily comprise carbon. The C/O ratio
represents the reduction level, with a more excellent
ratio indicating that more oxygen groups in the
substance have been reduced. Due to leaching during
material washing, the actual percent mass of Pd was
lower than that deposited in the procedure. Another
option is that the EDX spectra were only collected from
the part of the sample that was photographed. Unlike the
Pd concentration in the bulk chemical elemental
analysis such as the ICP and AAS, therefore it is not
representative of the substance. Table 3 shows the results
of the data analysis of the main elements in the materials.
Beyond those results, the presence of impurities such as
Na of 1.041%, S of 2.307%, and K of 3.312% in the GO
spectrum indicates that the washing was not optimal,

Table 2. Data analysis of FTIR functional groups of material

Material O-H C-Hqps CO, C=0 C=C C-O
GO 3448.72 2931.80 2337.72 1627.92 1527.62 1095.57, 1249.87
Pd-0.5/RGO 3448.72 2931.80, 2862.36 2337.72 1566.20 1527.62 1203.58
Pd-1.0/RGO 3425.58 2931.80, 2862.36 2337.72 1573.91 1527.62 1149.57,1211.30
Pd-2.0/RGO 3448.72 2931.80, 2877.79 2337.72 1705.07 1573.91 1219.01

Table 3. Data of the elemental composition of the material from EDX analysis

Material % Mass C % Mass O % Mass Pd C/O ratio
GO 56.76 38.94 - 1.46
Pd-0.5/RGO 73.43 26.20 0.37 2.80
Pd-1.0/RGO 74.61 24.69 0.70 3.02
Pd-2.0/RGO 75.41 24.11 0.49 3.13
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leaving residues of PBS, sulfuric acid, and potassium
permanganate.

Analysis of Material Textural Properties

Fig. 4A shows the nitrogen adsorption-desorption
isotherm for the produced materials. According to the
TUPAC classification, all materials had a type IV isotherm,
which corresponded to the features of a mesoporous
material. The existence of a hysteresis loop near the
isotherm represents this typical mesoporous material.
The N, sorption isotherm of GO appears to be a sizeable
H3-type hysteresis loop with a BET surface area of 69.331
m’g~" from 0.5 to 1.0 relative pressure. These materials'
hysteresis follows the H3 pattern, in which the desorption
branch in the closure region tends to be perpendicular to
the adsorption branch at lower relative pressures. The
material pore pattern of the H3-type loop hysteresis,

A
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according to theory, has a wedge or slit geometry
resulting from agglomerates of parallel plate-shaped
particles [33-34]. The meso- and microporosity of the
GO adsorption isotherm can be attributed to the inter-
layer gaps between the GO sheets and flaws in the sheets
[35]. Metal impregnation, on the other hand, did not
affect the overall pore structure. When Pd nanoparticles
were deposited on the RGO surface, the type of
hysteresis loop changed from H3 to H4, and the specific
surface area and pore volume decreased (Table 4). There
isa common connection between plate-like particles and
the H4 hysteresis loop. The volume of nitrogen
adsorption, on the other hand, fell dramatically. This
decrease could be due to metal clusters obstructing the
holes between the layers [36]. Pd-0.5 and Pd-2.0 have a
similar isotherm pattern in that during reduction, they
lose substantially all of their microporosity and most of

100
80
60
40 (a)
20

(a)

100

@
o o

(b)

N B O
o O o

100

(c)

Quantity adsorbed (cm3lg)

N B O ®
o O O o o

dVv/dD (cm®nm/g)

(c)

100
80
60
40
2o @

0

(d)

/\\,\\\ (b)
L

0.0 0.1 0.2 03 04 05 06 0.7 0.8 09 1.0 1.1

PIP,

01234567 891011121314151617181920
D (nm)

Fig 4. Nitrogen adsorption-desorption isotherm and pore distribution of (a) GO (b) Pd-0.5/RGO (c) Pd-1.0/RGO (d)

Pd-2.0/RGO

Table 4. Textural properties of GO and Pd/RGO

Material Surface area (m?/g) Pore volume (cc/g) Pore diameter (nm)
GO 69.331 0.319 3.566
Pd-0.5/RGO 22.251 0.077 3.350
Pd-1.0/RGO 65.168 0.111 3.316
Pd-2.0/RGO 32.624 0.109 3.372
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their mesoporosity, as evidenced by a specific surface area
of 20-30 m*/g [37]. This effect is due to the rearranging
and spacing of graphene layers during the reduction
process.

Fig. 4B depicts the pore distribution of the materials.
The material's pores are mesoporous, ranging from 2 to
50 nm. Based on the BJH desorption method, where all of
these materials have a pore diameter of roughly 3 nm, the
pore diameter is selected from the highest point on each
bar chart, indicating the most frequent pore diameter.
Meanwhile, the BET method calculates the specific
surface area of materials. Table 4 shows the results of the
data analysis of the material's textural qualities. Following
a series of treatments, GO transforms into curly RGO, and
all Pd/RGO hybrids show a declining trend in BET surface
area and pore volume when more metals are added to the
hybrid system. Metal nanoparticles inhabited curved
graphene surfaces, causing this tendency [38]. According
to the investigation results, Pd-1.0/RGO has the most
extensive surface area. This large surface area is possible
because, when compared to the other two, Pd-1.0 is the
most effective loading to be performed on RGO. The
metal nanoparticles produced by Pd-1.0 can be
distributed evenly. Pd-0.5 is regarded as too small in
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loading, resulting in infrequent distribution on the RGO
surface and no significant increase in the material's
specific surface area. Pd-2.0, due to its higher loading
weight, is more prone to forming agglomerates between
metal nanoparticles when placed on RGO, resulting in a
small surface area. Another possibility is that the metals
in Pd-0.5/RGO and Pd-2.0/RGO are mostly leached
during material washing, resulting in a small surface
area. This result is consistent with the percent Pd metal
content of Table 3's EDX data.

Analysis of Material Surface Morphology and
Nanostructures

Fig. 5 is a collection of SEM pictures. All PdA/RGO
materials, including GO, have uneven, rough, wrinkled,
and exfoliated sheet-like surfaces. The layered structure
of graphene sheets can be seen in the SEM image of GO,
according to the literature, with thin layers structured
like waves or wrinkles on the surface [39]. The GO sheets
had smooth surfaces, similar to what had previously
been observed, whereas the RGO sheets had folded folds
and wrinkles [40].

The microstructure of GO is depicted in Fig. 6(a),
and it is made up of thin, stacked flakes of varied shapes
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Fig 5. SEM images of (a) GO (b) Pd-0.5/RGO (c) Pd-1.0/RGO (d) Pd-2.0/RGO
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that have well-defined monolayer and few-layer graphene
structures at their edges [41], as well as a smooth platform
surface with sporadic folds [42]. The Pd-2.0/RGO
micrograph in Fig. 6(b) has a morphology similar to that
of GO but with the addition of Pd nanoparticles. The
percentage of Pd nanoparticles was found to be low,
verified by prior EDX results. Furthermore, the size of the
identified Pd-2.0/RGO nanoparticles in Fig. 6(b) is around
10-15 nm, bolstering the XRD findings in Table 1.

m CONCLUSION

The synthesis of Pd/RGO with microwave assistance
has been completed. Although material characterization
results did not change significantly, the Pd loading weight
on the carrier material did affect particle size, reduction
level (C/O), and specific surface area. According to the
analysis results, the Pd-1.0/RGO material has the most
specific surface area due to the effectiveness of the loading
weight towards the distribution of metal nanoparticles
produced on the surface of the supporting material. The
critical point is that the metal loading should not be too
little or too much, as this can result in a small distribution
of nanoparticles or even an agglomeration of
nanoparticles. Therefore, optimal weight loading of metal
on the surface of the supporting material will provide a
large material surface area. Several research findings show
that increasing the surface area of material improves its
performance as a catalyst. Additional research to
determine the performance quality of each material is

possible through various electrocatalytic applications

Fig 6. TEM images of (a) GO (b) Pd-2.0/RGO
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such as Direct methanol fuel cell (DMFC), Direct formic
acid fuel cell (DFAFC), Direct ethanol fuel cell (DEFC),
and Oxygen Reduction Reaction (ORR).
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Abstract: Hydrogel wound dressings were developed through cross-linking reactions of
polyvinyl alcohol (PVA) with glutaraldehyde and by the addition of diclofenac sodium
and rutin as anti-inflammatory agents. Cellulose nanocrystals (CNC) were added to
improve mechanically and release properties. CNC was isolated from pineapple leaf fibers
through the ammonium persulfate method resulting in a mixture of rod-like whisker and
spherical morphology. The mechanical properties of hydrogels are increasing with the
addition of CNC. Hydrogels containing 8% CNC exhibited 7.266 N/mm? tensile strength,
156.3% maximum strain, and 700.3 N/mm’ elastic modulus. Drug release tests
containing sodium diclofenac were done by taking incubated phosphate buffer saline
samples in a pH 7.4 environment and showed that all CNC variations tested are
controllable for the first 30 min compared to the sample without CNC. Sodium diclofenac
is easily eluted from hydrogel due to its polar properties, and all samples almost
demonstrated the same release profile. PVA hydrogels showed fluctuating concentrations
of diclofenac compared to others. While hydrogels containing rutin showed a controlled
release mode, the addition of CNC in PVA resulted in a slower release of rutin, possibly
due to the better binding between CNC and rutin. To conclude, CNC has successfully
improved the performance of PVA hydrogels, including the drug release properties.

Keywords: hydrogel; wound dressing; polyvinyl alcohol; cellulose nanocrystals; anti-
inflammatory agents

= INTRODUCTION

than the normal healing process [6]. External origin
wounds such as those caused by falls or surgical

A wound is a disorder that occurs in the integrity of
the skin, mucous membranes, or skin tissue that can cause
physical or thermal damage [1]. The wound healing
process is a biological process that occurs in the human
body, which includes four stages, namely hemostasis,
inflammation, proliferation, and remodeling, that must
be done sequentially and in the correct period [2]. When
a skin injury occurs, microorganisms around the
surrounding tissue would invade the wound and initiate
an infection [3]. The presence of pathogens interferes
with the inflammation stage and, as a result, delays the
proliferation and remodeling stage which leads to tissue
damage [4-5]. An infected wound takes longer to heal

procedures are caused by external force or trauma,
resulting in a longer healing time and a higher cost of
care. Therefore, the infection must be avoided to ensure
a successful and accelerated healing process.

Various treatments and materials are available to
treat acute and chronic wounds. Conventional wound
care involves drying the area of injury with gauze and
tulle by absorbing moisture. This type of dressing
provided some protection from the external
environment. On the other hand, advanced wound
dressing promoted active healing by providing moisture
and allowing therapeutic agents to be released in a
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controlled manner [7-8]. Therefore, appropriate wound
dressing material is necessary to ensure moisture, drug
entrapment, and its release [9-10].

Hydrogels, for example, are one type of commercial
wound dressing that promotes a moist environment.
Hydrogels are hydrophilic polymers that help wounds
stay moist while absorbing exudate and can be blended
with active compounds such as antibacterial agents due to
their versatility [10-13]. They also have a porous structure
that holds high water content [14]. The development of
hydrogels has been studied extensively, and their
commercial use for biomedical applications is developing
[15].

Some widely used polymers, including polyvinyl
alcohol (PVA) [12,14], polyvinylpyrrolidone (PVP) [16-
17], and polyethylene glycol (PEG) [18-19], have low
mechanical, thermal, and barrier properties [10]. As a
result, nanoparticles are frequently used to improve their
properties. Nanocellulose is favored as hydrogel
reinforcement because of its functional drug release
capabilities, high air-holding capacity, high crystallinity,
and biocompatibility [20-22]. Cellulose comprises {3-1,4-
linked glucopyranose monomers joined by glycosidic
bonds [23]. The presence of three hydroxyl groups in each
monomer contributes to forming strong hydrogen bonds.

Cellulose nanocrystals (CNCs) consist of highly
crystalline regions (54-88% crystallinity) and have a rod-
like shape or whisker with 2-20 nm in diameter and 100-
500 nm in length [24]. Several methods are available to
extract the crystalline regions of cellulose to create CNCs,
including acid hydrolysis [25], an ultrasonic technique
[26], and enzymatic hydrolysis [27]. Acid hydrolysis by
sulfuric acid introduces sulfate groups to the surface of
CNCs due to the esterification of hydroxyl groups [25].
The high density of hydroxyl groups in cellulose increases
the surface modification options of CNCs. Isogai et al.
[28] have demonstrated that carboxyl groups
(carboxylated CNCs) can be created by the TEMPO-
mediated oxidation method. The addition of carboxyl
groups weakens hydrogen bonding and increases
adsorption capability, allowing carboxylated CNCs to be
used as drug-carrying hydrogels.
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On the other hand, TEMPO-mediated oxidation
requires many steps and a long oxidation time, while
periodate-chlorite oxidation to make carboxylated
CNCs involves a two-step procedure that needs
expensive periodate. Recently, ammonium persulfate
(APS) has successfully extracted CNCs with higher
carboxyl content and more homogenous rod-like
particles [21]. Although it is time-consuming, this
method is a one-step procedure. Thus, APS hydrolysis
was used to make carboxylated CNCs in this study.

Permeability to oxygen and rapid dehydration
remain the main issues of hydrogel wound dressings [29].
Therefore, determining the water content is critical, and
in the current research, hydrogels with various CNC
concentrations and anti-inflammatory agents rutin and
diclofenac sodium will be used. The modified hydrogels’
functional groups, tensile properties, water content, and
drug release profiles were assessed.

m EXPERIMENTAL SECTION
Materials

PVA, diclofenac sodium, glutaraldehyde, and rutin
hydrate were purchased from Sigma-Aldrich. APS 98%
and sodium hydroxide (NaOH) from Merck were used.
Phosphate buffer saline (PBS) pH 7.4 and sodium
hypochlorite (NaOCI, technical grade 12%) were
supplied by Biogear and Brataco, respectively. Pineapple
leaf fiber was purchased from Inatex. All chemicals were
used without further purification.

Instrumentation

Fourier-transform infrared spectroscopy (FTIR)
was used to determine the functional groups of CNC and
hydrogels. FTIR spectra were recorded on an FTIR
spectrometer (Prestige 21, Shimadzu) using the KBr
pressed-pellet method. The spectra were measured at a
resolution of 4 cm™ with the number of scans of 40, at
wavenumber 4500 to 400 cm™.

Transmission Electron Microscopy (TEM) was
used to study CNC morphology. The specimen was
prepared by dispersing a small amount of CNC in
ethanol on a carbon-coated Cu-grid substrate and leaving
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it at room temperature for approximately 15 min. TEM
images were taken using HITACHI HT7700 with an 80-
100 kV acceleration voltage.

The crystal structure of the CNC was studied using
X-ray Diffraction (XRD) on an X-ray diffractometer (D8
ADVANCE, Bruker) using Cu Ka X-rays (A = 0.154060 nm)
with a voltage of 40 kV and a current of 40 mA. The data
were collected over the 20 range of 10-60°. The
crystallinity index (CI) was calculated using the following
equation:

Cl(o%) =002 ~lam 190, (1)
Loz

where Iy is the intensity for the crystalline cellulose (26 =

22.5°) and L, is the intensity for the amorphous cellulose

(26 = 18°).

A tensile test was performed on a hydrogel sample
shaped into dog bone. The test was conducted using
Shimadzu with a maximum load of 1 kN and 10 mm/min
velocity. Values of elastic modulus, maximum strain, and
ultimate tensile strength were recorded.

Procedure

Isolation of CNC from pineapple leaf fiber

CNC was isolated from pineapple leaf fiber through
a modified procedure [21,30]. Pineapple fibers were cut
into small pieces. Fibers (40 g) were added into 600 mL
NaOH 4 M solution and stirred at 80 °C for 4 h to remove
lignin from the cellulosic fibers. The resulting suspension
was washed with demineralized water several times until
pH 7. The semi-dried fibers were left in the oven at 60 °C
for 12 h, bleached using 1.3 L of 5% NaOCl, and heated at
80 °C for 4 h afterward. The resulting suspension was then
rewashed with demineralized water until neutral pH.
Next, semi-dried fibers were left at 60 °C for another 8 h
in the oven. The fibers were then treated with 1.3 L APS 1
M at 80 °C for 16 h and washed with demineralized water
several times until the filtrate reached pH 7.

Preparation of PVA-CNC hydrogel

Four hydrogel samples containing 0, 2, 4, and 8%
CNC (Table 1) were prepared following Tanpichai et al.
[22]. CNC suspension was diluted with distilled water to
obtain a total of 100 mL colloidal solution with various
concentrations of wt.% CNC. PVA powder (4 g) was added
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Table 1. Composition of hydrogel samples

Hydrogel sample Water (mL) PVA(g) CNC/(g)
0% CNC 60 2.4 0

2% CNC 60 2.4 2

4% CNC 60 2.4 4.08
8% CNC 60 2.4 8.53

to the aqueous CNC suspension to make a 4 wt.% solid
content solution and continuously stirred for 3 h at 90 °C.
Glutaraldehyde (5 phr) was added dropwise to the
suspension and stirred for 5 min. A small amount of HCI
was added to adjust the pH to 1 to initiate a crosslink in
the hydrogel solution. The suspension was poured into
a petri dish and left for 24 h at room temperature to form
hydrogel (Fig. 1(a)). The hydrogel was repeatedly rinsed
with distilled water until reaching pH 5 and stored at 5 °C
before use.

Preparation of PVA-CNC-Rutin hydrogel

PVA-CNC hydrogel was freeze-dried overnight.
The dried hydrogel (50 mg) of each CNC concentration
was dispersed in a 10 mL solution of rutin (5 mg/mL) for
24 h. Hydrogels were taken out of the solution and
incubated in 100 mL PBS pH 7.4, stirred at 37 °C for 2 h.
The solution was measured at 271 nm on a UV-Vis
spectrophotometer to determine the rutin loading
content.

Preparation of PVA-CNC-Diclofenac sodium hydrogel

CNC suspensions with concentrations of 0, 2, 4, 6,
and 8% were prepared by dissolving CNC in distilled
water. Then, PVA powder was added to CNC suspension
with a concentration of 4 wt.% (4 g in 100 mL of colloidal
solution). The resulting solution was stirred for 3 h at
90 °C and let sit at room temperature for about 1 h.
Diclofenac sodium (0.06 g) was then added and stirred
for 30 min without being heated. The hydrogel was cross-
linked by adding glutaraldehyde (GA) solution (50 wt.%
in water) dropwise with a content of 5 phr, then stirred
for 5 min to homogenize it. A few drops of HCl were
added to adjust the pH to 1. The 60 mL hydrogel solution
was poured equally into a 15 cm diameter and left at
room temperature for 24 h before being stored in the
refrigerator to avoid dry hydrogel-forming when left at
room temperature for too long.
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Swelling test

PVA-CNC hydrogel samples (50 mg) were utterly
soaked in distilled water at room temperature at a
predetermined time (10, 20, 30, 60, 120, 240, 360, 720, and
1440 min). Each swollen sample was taken out and
weighed immediately after adsorbing excess water on its
surface with filter paper. The swelling ratio was calculated
as follows:

(Wt _Wo) (2)

Swelling ration=
o

where W, is the weight of the swollen sample, and W, is
the initial weight. The standard deviation value was
determined in triplicate.

m RESULTS AND DISCUSSION
Isolation of CNC

The preparation scheme of CNC from pineapple leaf
tibers is shown in Fig. 1(a). Pineapple leaf fibers were
treated with NaOH and NaOCI to completely remove
hemicellulose and lignin. The white color of the resulting
sample indicates the removal of lignin, later confirmed by

(a)

a0Cl 5%, 80 °C
_

Fineapple leaf fibers Cellulose

APS 1M
80 °C

Drying
>

Dried CNC
CNC

o, e e
NaOH 4 M, 80 °C _'.‘#?H
e

L "'t
g AR
e ¥
K‘ I \,j
-

2 8

Indones. J. Chem., 2022, 22 (5), 1293 - 1303

FTIR analysis. Cellulose was treated with APS 1 M to
result in a colloidal solution of CNC. APS at elevated
temperature generates radical ions and further forms
hydrogen peroxide under acid conditions. Radical ions
penetrate the amorphous area of cellulose and cleave the
1,4-p bond. Radical ions and hydrogen peroxide also
undergo oxidation reactions and result in COOH groups
on the surface of CNC [21].

TEM images depict rod-like whisker CNC with
17-71 nm in width and 89-1436 nm in length (Fig. 2(a-
c). We also observed CNC with spherical morphology
with a diameter of 13-350 nm (Fig. 2(a) and 2(d)). The
stability of CNC whiskers strongly depends on particle
size, size polydispersity, and surface charge.
Nanocellulose dimensions, sizes, and crystallinity are
influenced by the acid hydrolysis conditions and
cellulose source. Cheng et al. [31]. reported that the
morphology of cellulose nanoparticles would shift from
whisker to spherical as APS concentration increased. In
our case, besides the APS concentration, the non-

uniform size of pineapple leaf fiber precursor might affect
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Fig 1. (a) Isolation of CNC from pineapple leaf fibers using APS method, (b) FTIR spectra and (c) XRD diffractogram

of CNC
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Fig 2. TEM images of CNC with (a) mixture of whisker and spherical (b, c) whisker and (d) spherical morphologies

the morphology of CNC. APS will easily react with
smaller size precursors. Furthermore, the free radicals and
hydrogen peroxide generated from APS not only attack
the amorphous region of cellulose fibers but also
hydrolyze the crystalline part. This leads to the size
reduction of CNC and even morphological changes from
whisker to spherical.

The FTIR spectra of CNC, as presented in Fig. 1(b),
display almost similar vibrations with cellulose, as shown
by vibrations at 3445 cm™ (O-H hydrogen bonding),
2898 cm™' (C-H asymmetric stretching), 2724 cm™ (C-H
symmetric stretching), 1650 cm™ (O-H from adsorbed
water), and 1384-1035 cm™ (C-O stretching). Both
cellulose and CNC show signals at 1430 cm™ (CH,
symmetric bending and OCH), 1162 cm™ (C-O-C
asymmetric stretching, p-glycosidic linkage), 1061 cm™
(C-O/C-C stretching), and 896 cm™ (asymmetric C-H
out-of-plane stretching vibrations), attributed to the high
content of cellulose I structure. A new band at 1726 cm™
is observed in the CNC, originating from C=0 stretching
vibrations of carboxylic acid groups (COOH). This
functional group was formed during the hydrolysis of
cellulose fibers. APS was used to isolate CNC from
pineapple fibers due to its rising prevalence as a strong
oxidizing agent that can produce distributed rod-like

whiskers without pretreatments [21,32]. The fibers were
dissolved in NaOH and NaOCI solutions to remove
hemicellulose and lignin before being treated with APS.
The peroxide bond of APS was thermally broken when
heated to 80 °C, resulting in SO, free radicals and
hydrogen peroxide. The radical ions penetrated the
amorphous regions of cellulose and hydrolyzed the 1,4-
B bond of the cellulose chain, allowing the formation of
COOH groups [21].

The XRD pattern in Fig. 1(c) indicates the
structure of cellulose I with main diffraction peaks at
15.1° (110), 16.4° (110), 20.9° (110), 22° (200) and 34.5°
(004) [33]. The crystallinity of CNC accounted for 41.4%
based on the ratio of crystalline area to the total scattered
intensity and average crystallite size of 3.274 nm.
Previously, we have reported CNC isolation with the
APS method resulted in dominantly whisker morphology
with 80% crystallinity [30]. The lack of ultrasound
treatment and the inability of APS to dissolve
amorphous cellulose resulted in low crystallinity. Besides,
spherical CNC might contribute to lower crystallinity.

Synthesis of PVA-CNC Hydrogel

Fig. 3(a) depicts the visual of PVA-CNC with
various concentrations of CNC. In general, all hydrogel
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Fig 3. (a) Visual of hydrogels, (b) FTIR spectra of hydrogels and (c) Swelling ratio of PVA hydrogels with various

weight concentrations of CNC

Table 2. Composition of PVA-CNC hydrogel samples loaded with diclofenac sodium

Hydrogel sample Water (mL) PVA(g) CNC(g) Diclofenac sodium (g)
Hydrogel 0% CNC 60 2.4 0 0.06
Hydrogel 2% CNC 60 24 2 0.06
Hydrogel 4% CNC 60 24 4.08 0.06
Hydrogel 8% CNC 60 24 8.53 0.06

variations showed no visual difference, resulting in
colorless hydrogels. The FTIR spectra of various
hydrogels (with and without CNCs) exhibit an almost
similar profile as CNCs peaks overlap with PVA
functional groups at 3430 cm™' (O-H hydrogen bonding),
2935 cm™' (CH; asymmetric stretching), 1653 cm™ (C=0
carbonyl stretching), 1440 cm™ (C-H bending), 1031 cm™
(C-O stretching) and 839 cm™ (C-C stretching) as shown
in Fig. 3(b). A small peak at 1139 cm™ (C-O stretching)
was present in PVA hydrogel, showing the characteristic
of PVA.

A significant change was observed in the swelling
ratio of hydrogels after immersion in water. The highest
swelling ratio was found in the 0% CNC sample, while the
lowest was found in the 2% CNC sample (Fig. 3(c)). In
general, higher CNC content led to a lower swelling ratio.
However, a notable deviation was observed in 2% CNC.

The combination of PVA and CNC initiates cross-
linking and hydrogen bonds formation thus reducing
the number of functional groups that can bond with
water molecules and decreasing the swelling ratio [22].
The observable difference in 2% CNC could be
attributed to uneven CNC distribution in the hydrogel
matrix and the absence of pores. FTIR test of the
hydrogel sample in triplicate and pore size measurement
should be carried out to determine the valid reason.

Synthesis of PVA-CNC-Diclofenac Sodium Hydrogel

PVA-CNC-diclofenac sodium hydrogels were
prepared as depicted in Fig. 4. The mixture of PVA,
CNC, and sodium diclofenac (Table 2) was reacted with
glutaraldehyde to result in a crosslink bond between
hydroxyl functional groups. The crosslink can form
between PVA-PVA chains, CNC-CNC or PVA-CNC. In
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Fig 4. Synthesis of PVA-CNC-diclofenac sodium hydrogel crosslinked with glutaraldehyde

general, all hydrogel variations showed no visual
difference. The white color comes from adding diclofenac
sodium to the CNC solution. Due to its high water
content, the hydrogel sample 0% CNC was challenging to
be removed from the petri dish because the hydrogel
absorbed more water during the gelling process when it
was left at room temperature after mixing all materials.
The hydrogel in sample 2% CNC showed a similar
characteristic to the 0% CNC, which had relatively high
water retention, leading it to stick to the petri dish. On the
other hand, the 4, 6, and 8% CNC were more flexible and
therefore, they were quickly removed from the petri dish
and did not rip throughout the process.

The 8% CNC hydrogel had the highest tensile
strength of 7.266 N/mm® while the 0% CNC hydrogel
exhibited the strength of 0.012 N/mm”
Theoretically, CNC has Young’s modulus value higher
than microfibril cellulose (100 GPa) as CNC exhibit a
higher degree of crystallinity after removal of the

lowest

amorphous region [34]. CNC works as a hydrogel
reinforcement, increasing the tensile strength and elastic
modulus. As shown in Table 3, Young’s modulus
generally increased when the concentration of CNC

increased. Other than that, the material and treatment of
hydrogels influence the mechanical properties.

The drug release profile of 0% CNC hydrogel, as
shown in Fig. 5(a), showed a significant concentration
release of about 0.009 mg/mL in the first 30 min because
this hydrogel did not contain CNC and CNC controls
drug release. The trend continued to peak at 0.017 mg/mL
in 90 min before gradually decreasing to approximately
0.0028 mg/mL concentration in 480 min. However, after
90 min, the total weight of the hydrogel (Fig. 5(b))
increased steadily, indicating that the remaining
diclofenac sodium that was not cross-linked with PVA
had been dissolved. The same early bursts were present
in 2% CNC hydrogel, however, the release concentration
in the first 5 min was 72% lower (0.0025 mg/mL) than
the 0% CNC hydrogel due to CNC content in the 2%
CNC hydrogel, which played a role in controlling the
release of drugs from the hydrogel. In 90 min, the release
peaked at 0.022 mg/mL before declining.

However, after a 5-min incubation, the release
concentration on 4% CNC hydrogel was unexpectedly
CNC hydrogels, with
approximately 0.015 mg/mL. This could be due to its

greater than 0 and 2%

Table 3. Result of tensile test of PVA-CNC-diclofenac sodium hydrogel

Tensile strength

Maximum strain ~ Young’s modulus

Hydrogel sample (MPa) %) (MPa)
Hydrogel 0% CNC 0.01 76.25 191.72
Hydrogel 2% CNC 0.15 123.20 411.26
Hydrogel 4% CNC 1.53 67.48 580.03
Hydrogel 8% CNC 7.27 156.30 700.37
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Fig 5. In vitro drug release of sodium diclofenac in PBS pH 7.4 (a) concentration release of rutin versus time, and (b)

cumulative release ratio (mg/g) of rutin versus time

lower thickness compared to the other two hydrogels,
causing more surface diclofenac sodium molecules to
disperse. During the hydrogel formation process,
diclofenac sodium might be trapped on the surface of the
hydrogel. The concentration peaked at 0.024 mg/mL, the
highest of all variants. After 60 min, the drug
concentration dropped significantly, in line with the total
weight profile, which remained relatively constant.

The 6% CNC hydrogel, in contrast, had a
substantially lower concentration (0.002 mg/mL) than
other hydrogels, indicating that CNC in the sample could
effectively trap diclofenac sodium. The concentration
reached a peak of 0.023 mg/mL in 90 min. As for 8% CNC
hydrogel, the release concentration at the 5-min mark was
slightly higher than 2% CNC hydrogel. The concentration
should theoretically be lower because a higher amount of
CNC should better retain drug molecules. This could be
because the CNC in 8% CNC hydrogel could no longer
effectively hold diclofenac sodium. Furthermore, low
homogeneity of diclofenac sodium in the 8% CNC
hydrogel was found.

o o Freeze drying

oy,
+ CNC + | )
HOJ, HJ\/\/U\H — Dried hydrogek « i

PVA Glutaralde hyde

Synthesis of PVA-CNC-Rutin Hydrogel

Hydrophobic rutin is also employed as a drug
model for an anti-inflammatory agent. PVA-CNC-rutin
hydrogels were prepared by crosslinking PVA and CNC
with glutaraldehyde, followed by freeze-drying and drug
loading in a rutin solution (Fig. 6). PVA and PVA-CNC
exhibited the loading content around 4.89-4.90%.

The release profile indicates that all hydrogels
performed controlled release (Fig. 7). The addition of
hydrophobic rutin to 2% CNC hydrogel exhibited a
significantly lower release concentration than 0% CNC
hydrogel, revealing that CNC entrapment in the
hydrogels affected the release of rutin. Rutin contains
hydroxyl groups that can form hydrogen bonds with the
hydroxyl and carboxyl groups of the hydrogel [28]. As
the resulting intramolecular hydrogen bonds enhance
resulting, the release concentration decrease. At the
same time, the swelling ratio might also be responsible
for the release behavior. A higher swelling ratio
suggested that a higher rutin solution (in water) could be
preserved in the hydrogel, therefore inhibiting rutin

ol -Jl o
K

7
|
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Fig 6. Synthesis of PVA-CNC-rutin hydrogel crosslinked with glutaraldehyde
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Fig 7. In vitro drug release of rutin in PBS pH 7.4,
concentration release of rutin versus time

release from the hydrogel network. The 8% CNC showed
higher release concentrations than 4% CNC after the first
120 min, and this could be due to the higher
concentration of hydroxyl groups of 4% CNC, so the
higher entrapment of rutin in 4% CNC was probably due
to more and stronger hydrogen bonds with rutin. Further
characterization should be conducted.

The in vitro rutin-release profiles comprised two
phases. The initial one shows significant release and the
later steady release. In the first 30 min, rutin was released
rapidly (Fig. 7), showing release concentrations of 0.070,
0.042, 0.012 and 0.012 mg/mL for 0, 2, 4, and 8% CNC,
respectively. This sudden release might be attributed to
rutin near the hydrogel surface and the big difference in
concentration between the hydrogel surface and PBS
solution, resulting in great diffusion. The total rutin that
was released from the hydrogels was 2.530, 1.376, 0.571,
and 0.647 mg/mL, respectively. The low concentrations
might be due to the poor solubility of rutin in water [35].
The drug release profile of hydrogel is influenced by the
solubility of the drug, swelling ability of the hydrogel, and
drug-hydrogel interactions [36].

Overall, all hydrogels had a similar release profile for
diclofenac sodium, which was uncontrolled release
behavior. Diclofenac sodium was released in high
concentrations in the first 90 min, then gradually
dropped. Compared to rutin, with 10 hydrogen bond
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donors and 16 hydrogen bond acceptors, diclofenac
sodium only has 1 hydrogen bond donor and 3 hydrogen
bond acceptors [37]. Diclofenac sodium has weaker
links or associations with CNC hydrogel's negatively
charged carboxylate ions. Therefore, diclofenac sodium
is released early and uncontrollably in PBS solution. The
total weight of diclofenac sodium from the lowest to the
greatest was in 0, 2, 8, 4, and 6% CNC hydrogel. This
result was inversely proportional with the rutin-loaded
hydrogels, where a higher CNC concentration resulted
in a lower total weight of the drug released.

m CONCLUSION

In this work, CNC reinforced PVA hydrogels
containing active anti-inflammatory agents were
prepared. Sodium diclofenac and rutin were employed
as drug models. Hydrogels containing rutin showed
controlled release properties, but hydrogel with
diclofenac sodium performed non-controlled properties
with high concentration release between 0 to 90-min
incubation. The rutin release profile of 0% CNC showed
the highest release concentration, whereas CNC
containing hydrogels decreased significantly with the
addition of CNC. However, 0% CNC hydrogel showed a
distinct high concentration in the beginning compared
with other samples comprising CNC. It was shown in
this study that the addition of CNC to hydrogels can
change their properties, such as tensile strength, Young’s
modulus, swelling ratio, loading content, and drug
release behavior. Besides that, rutin and diclofenac
sodium had different release profiles because rutin was
better entrapped in the hydrogel. The addition of various
concentrations of CNC into PV A hydrogels can result in
tuneable drug release properties and potential to be
applied in wound dressing. Noteworthy, the selection of
active agents must be considered as it will contribute to
the molecular interaction with CNC and further
influence the drug release profile.
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the FTIR, some functional groups were identified in three rice bran varieties, namely, the
O-H stretching, C-H aliphatic, C-H sp® stretching, C=C stretching aromatics, C=C
stretching alkenes, CH, and CH; bonds rocking, C-H aromatic, CH-OH stretching
alcohols, and C-O stretching ether or ester suggesting that rice brans are rich in
phytochemical compounds. Through LC-HRMS analysis in positive ion mode, several
types of flavonoids were confirmed. Pinocembrin was found in the three brands. The
highest antioxidant and antidiabetic activity were observed in Blambangan rice bran
with an ICsy value of 1.09 and 75.76 ug/mL, respectively. To conclude, the red rice bran
phytochemical compounds exhibit potential biological activities as antioxidant and
antidiabetic agents.
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m INTRODUCTION of their potential to provide and promote human health
by reducing the concentration of reactive oxygen species
and free radicals [1,4-6].

The pigmented rice cultivars include black rice, red

Rice (Oryza spp.) is the most popular member of the
Poaceae family [1]. Rice consists of more than 40,000
varieties worldwide and it is commonly divided into two ] ] i o
widely cultivated types, Oryza sativa (Asian rice) and Oryza rice, purple rice, ‘and brown rice .[6_7]' Red rice is
suggested to contain various beneficial compounds for
human health [5,8-9]. The major phytochemicals of red

rice include phenolics, flavonoids, pro-anthocyanidins,

glaberrima (Africanrice) [2]. In developing countries, rice
is an important cereal crop consumed both as a staple
food as well as processed products [3]. In general, white . _ i
. . . . and anthocyanins; which are believed to have several
rice dominates the rice market. Nonetheless, pigmented ) ] ] o o i
biological functions, such as antioxidants, antidiabetics,
and anticholesterol [3,9-10].

Even though red rice and its biological capacities

rice cultivars nowadays attract great interest from
researchers, nutritionists, and clinicians. Attention is

currently being given to the antioxidative and radical-

; . . . . have been widely studied, research on red rice bran
scavenging properties of pigmented rice cultivars because

biological activities is still limited. The rice bran has been
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generally used as livestock feed, although, it is potential to
be explored for its contents and biological activities. The
phytochemical investigations of red rice bran have shown
that it contains flavonoids, phenolics, anthocyanins,
proanthocyanidins, tannins, alkaloids, and some essential
oils [9,11-12]. The flavonoid compounds detected in red
rice bran include quercetin, apigenin, catechin, luteolin,
and myricetin [9,13-14]. Moreover, several lipophilic
components were identified, including y-oryzanol,
tocotrienols, and tocopherols [15-16]. These compounds
have been suggested to possess high antioxidant activity
[17-19].

Antioxidants are molecules that neutralize free
radicals and prevent the damages that lead to degenerative
diseases, such as cardiovascular, diabetes, hyperlipidemia,
and other diseases. Antioxidants are substances that can
protect cells from damage caused by unstable molecules
known as free radicals [20-23]. Flavonoid compounds in
pigmented rice are known to have a biological activity on
metabolic disorders, such as cardiovascular disease,
and diabetes
compounds act as antidiabetic agents due to their ability

obesity, cancer, mellitus. Flavonoid
to regulate carbohydrate digestion, insulin signaling,
insulin secretion, glucose uptake, and adipose deposition
[24]. Flavonoids have been shown to decrease the
pathogenesis of diabetes and its complications. Flavonoid
compounds can reduce apoptosis and insulin resistance.
Furthermore, flavonoids can increase insulin secretion
and GLUT 4 translocation [25]. Flavonoid compounds
can interact with a-amylase and a-glucosidase enzymes to
form complex structures through hydrogen bonds and
hydrophobic interactions. The interaction of flavonoids
and enzymes causes inhibition of substrate binding to
enzymes so that enzyme activity decreases [26-27].

To the best of our knowledge, exploration of
biological activities from red rice bran from East Java has
not been conducted. In the current study, three varieties
of red rice, i.e., Aek Sibundong, Mentik Wangi, and
Blambangan were studied. The study aims to identify
compounds and investigate the antioxidant and
antidiabetic activity of the extracts from red rice bran
from East Java through phytochemical analysis, FTIR,

LC-HRMS, antioxidant, and antidiabetic assays.
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m EXPERIMENTAL SECTION
Materials

The materials used were purchased from Sigma-
Aldrich (Darmstadt, Germany): methanol (99.9%),
sodium hydroxide (98%), sulfuric acid (99.9%),
chloroform (99.5%), iron(III) chloride (97%), glacial
acetic acid (99%), hydrogen chloride (37%), sodium
carbonate (99%), trichloroacetic acid (99%), potassium
ferricyanide (99%), and aluminium chloride (99.9%).
The following materials were obtained from Merch:
ascorbic acid (99%), gallic acid (97.5%), quercetin (95%),
dinitrosalicylic acid reagent (98%), acarbose (95%),
Wagner reagent, Folin-Ciocalteu reagent (1:1), phosphate
buffer, starch, and a-amylase enzyme (from Aspergillus
oryzae). Three varieties of rice were obtained from three
regencies in East Java, Indonesia. They were Mentik
Wangi from Ngawi, Aek Sibundong from South Malang,
and Blambangan from Banyuwangi.

Instrumentation

The instruments used in this study were a Genesys
150 Thermo Scientific UV-Vis spectrophotometer and a
Fourier Transform Infrared (FTIR) spectrophotometer
(Shimadzu) IR Type Prestige 21. Identification and
separation of components were performed using Liquid
Chromatography-High-Resolution Mass Spectrometry
(LC-HRMS) Thermo Scientific Dionex UltiMate 3000
RSLCnano in the Laboratorium Sentral Ilmu Hayati
(LSIH), Brawijaya University.

Procedure

Maceration of red rice bran

The powder of three varieties of red rice bran
samples, each 200 g, was macerated with 99.9% methanol
for 3 x 24 h at room temperature [28]. Each extract was
filtered with Whatman paper no. 42 and then evaporated
by rotary evaporator vacuum with a slow speed at
95 rpm, at 45 °C. The extracts were then stored under
freezing temperature (4 °C) for further analysis [8,28].

Phytochemical analysis of red rice bran

The phytochemical analysis of flavonoid,
triterpenoid, phenolic, tannin, alkaloid, glycoside, and
saponin was conducted based on previous studies [29-

Yoravika Dwiwibangga et al.
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30]. Different wavelengths were used in each test to
measure the absorbance of the samples using a
spectrophotometer UV-Vis, i.e., 430 nm for the flavonoid
test, 544 nm for the triterpenoid test, 276 nm for the
steroid test, 276 nm for the phenolic test, 725 nm for
tannin test, 470 nm for alkaloid test, 600 nm for glycoside
test, and 435 nm for saponin test [8].

Determination of total phenolic content

The total phenolic content in extracted red rice bran
was determined by a spectrophotometric method using
the Follin-Ciocalteu‘s reagent [31]. The 0.2 mL sample
(4 mg/mL) was mixed with 0.6 mL of distilled water and
0.2 mL of Folin-Ciocalteu’s reagent. After 5 min, 1 mL of
saturated sodium carbonate solution (8% w/v in distilled
water) was added to the mixture, and the volume was
made up to 3 mL with distilled water. The final mixture was
kept in the dark at ambient conditions for 30 min to
complete the reaction. The absorbance was measured by
a UV-Vis spectrophotometer at 745 nm. All measurements
were determined in triplicate, and the data were expressed
as mg Gallic Acid Equivalent (GAE)/100 g of crude
extract of rice bran. The phenolic content was calculated
as GAE/g of dry plant material based on a standard curve
of gallic acid (5-100 mg/mL, Y = 0.0104x — 0.0314, R* =
0.9644). All determinations were carried out in triplicates.

Determination of total flavonoids content

The aluminium chloride colorimetric method was
used for the determination of the total flavonoid content
of the sample [31]. An amount of 0.6 mL extract was
mixed with 0.6 mL of 2% aluminium chloride. After
mixing, the solution was incubated for 60 min at room
temperature. The absorbance of the reaction mixtures was
measured against blank at 418 nm wavelength witha UV-
Vis spectrophotometer. The concentration of total
flavonoid content in the test samples was calculated from
the calibration plot (5-20 mg/mL, Y = 0.0506x + 0.0019,
R?* = 0.9856) and expressed as mg quercetin equivalent
(QE)/g of dried plant material. All the determinations
were carried out in triplicates.

Identification of red rice bran extract using FTIR
Identification of functional groups contained in the
extract of red rice bran was observed using FTIR

Indones. J. Chem., 2022, 22 (5), 1304 - 1320

spectrophotometer. A small amount of sample was
dropped on one part of the KBr window. Then, another
part of the KBr window was attached. Thus, the sample
was evenly distributed on the window surface. The KBr
window is placed in the holder, and the FTIR instrument
is switched on. The IR spectra were recorded in the
wavenumber range from 4500 to 400 cm ™.

Identification of red rice bran extract using LC-HRMS

LC-HRMS was conducted in LSIH (Laboratorium
Sentral Ilmu Hayati), Brawijaya University. The column
used was a Hypersil GOLD aQ 50 mm x 1 mm X 1.9 um
particle size with an injection volume of 100 uL. Solvents
used were solvent A = 0.1% formic acid in water and
solvent B = 0.1% formic acid in acetonitrile. The elution
gradient was 30 min with an analytical flow rate of
40 pL/min and the solvent ratio was set according to Table
1. Liquid chromatography was followed by mass
spectrometer analysis (Thermo Scientific Q Exactive
mass spectrometer) in the Electrospray ionization (ESI)
method with positive ion mode detection. Experiments
were set as follows: sheath gas (N;) pressure = 50 psi,
spray voltage = 4.5 kV, capillary temperature = 300 K,
and m/z range = 50-750. Spectra were recorded in full
mass scan condition with resolution = 70000 followed by
data-dependent MS* scan with resolution = 17500. The
compounds were determined using Compound
Discoverer software version 3.2 with mzCloud MS/MS

library.

Ferric reducing/antioxidant power (FRAP) assay
Various concentrations of each red rice bran extract
were made with a range of 0-200 pg/mL for Mentik Wangi
and Aek Sibundong; and 0-10 ug/mL for Blambangan.
The solution was mixed with 2.5 mL of 0.2 M phosphate

Table 1. Gradient elution

Time (min) %A : %B

0 95:5
2 95:5

15 40:60
22 5:95
25 5:95
25.1 95:5
30 95:5

Yoravika Dwiwibangga et al.



Indones. J. Chem., 2022, 22 (5), 1304 - 1320

buffer pH 6.6 and 2.5 mL of 1% potassium ferricyanide.
The solution mixture was incubated at 50 °C for 20 min,
and then 2.5 mL of 10% TCA was added and
homogenized. An aliquot of the solution was put in a new
test tube, mixed with distilled water and 0.1% ferric
chloride solution. The absorbance was measured at 700
nm using a UV-Vis spectrophotometer [32]. The
antioxidant activity of ascorbic acid with various
concentrations of 0, 2, 4, 6, 8, and 10 pg/mL was also
measured for a positive reference. The antioxidant activity
was then calculated using Eq. (1).

sample absorbance — control absorbance

% antioxidant = x100% (1)

sample absorbance
The ICs, value was determined by a linear regression
equation between the sample concentration and its
antioxidant activity as the X and Y-axis. The ICs, value of
each sample was expressed as a value of Y = 50, and the
value of X was obtained as ICs.

a-Amylase inhibitory activity

Briefly, 250 uL of bran extracts (Mentik Wangi and
Aek Sibundong (0-200 pg/mL), Blambangan (0-
100 ug/mL)) and acarbose (0-10 g/mL) were put into a test
tube and added 250 pL of the a-amylase enzyme
(50 upg/mL). Each solution was homogenized and
incubated at 37 °C for 30 min. Then, 250 uL of 1% (w/v)
starch was added and incubated again at 25 °C for 10 min.
After that, 500 uL of DNS reagent was added and heated in
boiling water for 5 min. The solution was cooled, and 5 mL
of distilled water was added. Absorbance measurements
at 480 nm and the ICs, value were calculated [28]. The
antidiabetic activity was then calculated using Eq. (2).

% antioxidant = [control absorbance —sample absorbance } «100% (2)

control absorbance
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Statistical analysis

All values were written as means * standard
deviation (SD) of three replicates. Statistical analysis of
total
antioxidant, and antidiabetic activity was performed

total phenolic content, flavonoid content,
using one-way analysis of variance (ANOVA), followed
by the data.
Inhomogeneous data were analyzed by Brown-Forsythe
and Games-Howell in IBM Statistical Product and
Service Solutions software version 23 with a 95%
confidence level (p < 0.05).

Tukey test for homogeneous

m  RESULTS AND DISCUSSION
Phytochemical Analysis

The phytochemical constituents contained in the
extracts are important for predicting the biological and
pharmacological activities. The phytochemical analysis
was conducted based on the color changes after extracts
reacted with the standard reagents for secondary
metabolite detection. Three varieties of red rice bran
were subjected to phytochemical identification. Results
are presented in Table 2. The phytochemical analysis
revealed that the red rice bran of Mentik Wangi, Aek
Sibundong, and Blambangan contained flavonoids,
triterpenoid,  phenolic, tannin, and glycoside.
Interestingly, steroids were detected only on Aek
Sibundong bran. From the measurement results of the
absorbance value, the higher absorbance indicates the
higher concentration of secondary metabolites
contained in the bran extract. These results suggest that
varieties of red rice bran are rich in secondary metabolite
compounds, thus, they have high nutrition contents.

Triterpenoids and flavonoids were considered as the main

Table 2. The phytochemical screening in pigmented rice

Sample Flavonoid Triterpenoid Steroid Phenolic Tannin Alkaloid Glycoside Saponin
Menthik Wangi +++ ++++ - ++ ++ - + -
Aek Sibundong ++ ++ + ++ ++ - + -
Blambangan ++ ++ - + + - + -

- = not detected

+ = detected phytochemical in low intensity of color

++ = detected phytochemical compound with medium color intensity

+++ = detected phytochemical compound with high color intensity

++++ = detected phytochemical compound with very high color intensity
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class of secondary metabolites identified in three red rice
bran based on absorbance values.

FTIR Analysis

FTIR spectra (Fig. 1) described absorbances of
various chemical components in the three red rice bran
extracts. The FTIR spectra of the samples visually do not
show major differences demonstrating that the chemical
components contained are generally similar (Table 3).
Ten specific regions appeared in the three FTIR spectra.
They were from O-H stretching, C-H aliphatic, C-H sp’
stretching, C=C stretching aromatic, C=C stretching
alkenes, CH, and CHj rocking, C-H aromatic, CH-OH
stretching alcohols, C-O stretching ether or ester, and
fingerprint region. However, some specific wavenumbers
shifted. The O-H stretching absorbance was found in
around 3433-3217 cm™. The O-H stretching region

Transmittance (a.u.)

Indones. J. Chem., 2022, 22 (5), 1304 - 1320

commonly comes from the flavonoid, phenolic,
glycoside, and tannin compounds in the extracts.

FTIR results also supported the results of the
phytochemical analysis. The C-H aliphatic and C-H sp’
stretching vibrations at 3000-2856 cm™ with the presence
of C-H bending vibrations on CH, and CHj at 1461-
1459 cm™ region indicated a dimethyl group as
triterpenoid compounds [33]. The band detected in
1744-1711 cm™ indicated the presence of ester, which
showed a hydrolyzed tannin compound formed from a
hydroxyl group and a carboxyl group from phenolic acid.
Also, the form of O-H stretching, C-H aliphatic, C=C
alkenes, C=C aromatics, C-O-H, and C-O-C ethers
indicated tannin groups [34]. The bands at 3433-3417,
3010-3007, 1744-1711, 1377-1370, 1268-1242, and 1169-
1073 cm™" indicated the presence of phenolic compounds,
glycosides, and flavonoids [35]. The absorption band in

4100 3700 3300 2900 2500 2100 1700 1300 900 500
Wavenumber (cm™)
—— MENTHIK WANGI AEK — BLAMBANGAN

Fig 1. FTIR spectrum of red rice bran

Table 3. The wavenumber values at the FTIR absorption peaks of red rice bran and their probable functional groups

Wavenumber (cm™)

No. Mentik Wangi Aek Sibundong Blambangan Probable functional group
1 3417.20 3421.48 3432.89 O-H stretching
2 3009.31 3007.88 3007.88 C-H aliphatic
3 2926.59-2855.28  2925.16-2855.28 2925.16-2855.28 C-H sp’ stretching
4 1739.98-1711.45 1744.26-1712.88 1742.83-1714.31 C=C stretching aromatic
5 1605.91-1514.64 1526.05 1638.72-1548.87 C=C stretching alkenes
6 1459.01 1460.44 1460.44 CH; and CHj (the vibrational rocking of the C-H)
7 1370.59 1374.87 1376.29 C-H aromatic and carbonyl-carbonate
8 1267.90 1242.23 1243.66 CH-OH stretching alcohols
9 1168.07-1073.94 1168.07-1095.33 1170.92-1095.33  C-O stretching ether or ester
10 1000-400 1000-400 1000-400 Fingerprint region
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the region 1000-400 cm™" was evidenced as fingerprinting
region. This region provides some information related to
organic compounds that are probably present in the
brans, such as carbohydrates, proteins, and organic acids.

LC-HRMS Analysis

LC-HRMS analysis aims to identify the flavonoid
compounds of bran extracts. LC-HRMS analysis led to the
interim identification of 20 compounds for each East Java
red rice bran extract (Table 4). The results of the LC-
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HRMS
flavonoids, phenolic acids, amino acids, saponin,

identified many components, including
alkaloids, vitamins, and fatty acids. The compounds that
were tentatively identified in the three extracts of East
Java red rice bran were pinocembrin, 4-coumaric acid,
ferulic acid, hexadecanamide, 2-
(methylthio)benzothiazole, 3,5-di-tert-butyl-4-
hydroxybenzaldehyde, monoolein, methyl 9Z,11E,13E-
octadecatrienoate,

ethylhexyl) phthalate, and stearamide.

4-methoxycinnamic acid, bis(2-

Table 4. LC-HRMS results of the East Java red rice bran

mzCloud Dm (error

Samples Proposed Compound RT (min) best match mass)
Mentik Wangi 4-Coumaric acid 6.74 99.3 0.66
Ferulic acid 7.25 98.0 0.59
Dibenzylamine 7.71 98.2 0.21
Tricin 5-O-B-D-glucoside 7.81 98.3 0.35
Pinocembrin 13.72 98.3 0.81
2-(Methylthio)benzothiazole 14.37 97.9 1.88
Bis(4-ethylbenzylidene)sorbitol 15.10 99.6 0.56
Tributyl phosphate 17.14 99.0 0.94
2,4-dihydroxyheptadec-16-en-1-yl acetate 17.27 98.7 0.79
3,5-di-tert-Butyl-4-hydroxybenzaldehyde 17.37 97.9 1.07
Dibutyl phthalate 18.43 98.6 2.05
Linoleoyl Ethanolamide 19.34 97.2 1.52
Methyl 9Z,11E,13E-Octadecatrienoate 19.72 98.3 1.70
4-Methoxycinnamic acid 20.95 98.7 1.02
Monoolein 21.31 98.7 2.52
Hexadecanamide 21.95 99.0 1.92
Bis(2-ethylhexyl) phthalate 23.18 99.8 2.70
Bis(2-ethylhexyl) adipate 23.29 98.7 1.66
Di(2-ethylhexyl) phthalate 23.32 99.7 2.70
Stearamide 23.96 98.2 2.02
Aek Sibundong Diisodecyl phthalate 5.31 98.6 0.20
Bis(3,5,5-trimethylhexyl) phthalate 5.30 98.6 0.52
4-Coumaric acid 6.75 99.3 0.95
Ferulic acid 7.27 96.3 0.60
Dibenzylamine 7.72 98.7 0.36
127-9,10,11-trihydroxyoctadec-12-enoic acid 11.68 99.1 1.45
Pinocembrin 13.74 97.4 0.93
2-(Methylthio)benzothiazole 14.39 98.6 1.04
Triisobutyl phosphate 17.15 98.1 1.40
3,5-di-tert-Butyl-4-hydroxybenzaldehyde 17.37 98.3 0.87
9-Oxo-10E,12E-octadecadienoic acid 18.32 98.2 1.45
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Table 4. LC-HRMS results of the East Java red rice bran (Continued)

mzCloud Dm (error

Samples Proposed Compound RT (min) best match mass)
Aek Sibundong Dibutyl phthalate 18.36 96.9 1.09
Monoolein 19.14 96.8 0.80
Methyl 9Z,11E,13E-Octadecatrienoate 19.73 98.7 2.12
1-Linoleoyl glycerol 20.03 98.3 1.27
Palmitoyl ethanolamide 20.65 99.2 1.13
4-Methoxycinnamic acid 20.75 98.9 0.56
Hexadecanamide 21.92 98.9 1.09
Bis(2-ethylhexyl) phthalate 23.17 99.7 1.37
Stearamide 23.99 98.3 1.37
Blambangan  4-Coumaric acid 6.76 99.0 0.59

Ferulic acid 7.28 97.5 0.65
7-hydroxy-5-methoxy-2-phenyl-3,4-dihydro-2H-1-
benyzopyrzn_4_one y-epheny ¥ 11.40 98.5 0.98
Pinocembrin 13.75 97.8 0.93
2-(Methylthio)benzothiazole 14.41 98.2 1.63
Bis(4-ethylbenzylidene)sorbitol 15.11 99.5 1.10
2,4-dihydroxyheptadec-16-en-1-yl acetate 17.27 98.9 0.79
3,5-di-tert-Butyl-4-hydroxybenzaldehyde 17.38 99.2 1.26
Diisobutyl phthalate 18.43 98.7 2.16
Methyl 9Z,11E,13E-Octadecatrienoate 19.73 99.3 1.18
1-Linoleoyl glycerol 19.86 97.9 1.08
Palmitoyl ethanolamide 20.68 98.9 1.13
4-Methoxycinnamic acid 20.94 98.2 0.97
Octadec-9-ynoic acid 21.09 97.5 0.11
Monoolein 21.54 98.4 0.88
Oleamide 21.86 97.9 1.94
Hexadecanamide 21.96 99.1 1.68
Bis(2-ethylhexyl) phthalate 23.33 99.6 1.91
Methyl palmitate 24.40 98.3 0.58
Stearamide 24.52 98.7 2.12

Table 5. Flavonoid and phenolic components of the three
bran samples
Flavonoids Phenolics
Pinocembrin  4-Coumaric acid
Monoolein Ferulic acid
4-Methoxycinnamic acid

The total ion chromatogram of each bran variety is
shown in Fig. 2. In Mentik Wangi bran, LC-HRMS
chromatograms and mass spectra show the compound 4-
coumaric acid with the molecular formula CoHsOs,
established by m/z 165.05453 [M+H]". Tricin 5-O-B-D-

glucoside has a molecular formula C;;H,01,, which
appeared at m/z 493.13397 [M+H]". The molecular
formula of pinocembrin, 4-methoxycinnamic acid, and
bis(2-ethylhexyl) phthalate is C;sH,04, Ci0H1003, and
C24H350,, respectively, with the m/z, emerged at 257.08063
[M+H]*, 179.06999 [M+H]*, and 391. 2834 [M+H]*
(Fig. 3). In the LC-HRMS chromatograms and mass
spectra of Aek Sibundong’s bran, ferulic acid, 3,5-di-tert-
butyl-4-hydroxybenzaldehyde, and monoolein with the
molecular formula C,oH;004 CisH20,, and Cy;HyOs,
respectively, with the m/z appeared at 195.06525 [M+H]*,
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Fig 3. LC-HRMS chromatograms and mass spectra of (a) 4-Coumaric acid, (b) Tricin 5-O-B-D-glucoside, (c)

Pinocembrin, (d) 4-Methoxycinnamic acid, and (e) Bis(2-ethylhexyl) phthalate from the East Java Mentik Wangi bran

extract

23516925 [M+H]*, and 357.29965 [M+H]".
Linoleoyl

The 1-

glycerol and palmitoyl ethanolamide
compounds have a molecular formula C;H3s0s and
CisH37NO,, established by m/z 355.28387 [M+H]" and
300.28937 [M+H]* were identified (Fig. 4). Furthermore,
Blambangan bran identified the molecular formula for the
compound 7-hydroxy-5-methoxy-2-phenyl-3,4-dihydro-
2H-1-benzopyran-4-one, bis(4-ethylbenzylidene)sorbitol,
and 2,4-dihydroxyheptadec-16-en-1-yl ~ acetate are
Ci6H1404, C24H300g, and C9H304 with the m/z value at
271.09631 [M+H]", 415.21106 [M+H]*, and 351.25052

[M+H]". Diisobutyl phthalate and methyl palmitate with

the molecular formula C;H»Os and Ci;HsO,,
recognized by m/z 279.15848 [M+H]" and 271.26312
[M+H]" (Fig. 5).

From the results of the LC-HRMS analysis, it is
known that pinocembrin, tricin 5-O-B-D-glucoside,
monoolein, and 7-hydroxy-5-methoxy-2-phenyl-3,4-
of the
flavonoid compound. In addition, it’s also known that 4-

dihydro-2H-1-benzopyran-4-one are part
coumaric acid, ferulic acid, and 4-methoxycinnamic acid
are part of the phenolic. In the results of the LC-HRMS,
pinocembrin, monoolein, tricin 5-O-p-D-glucoside, 4-

coumaric acid, 4-methoxycinnamic acid, and ferulic acid
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(c) Monoolein, (d) 1-Linoleoyl glycerol, and (e) Palmitoyl ethanolamide from the East Java Aek Sibundong bran extract

were found in Mentik Wangi rice were identified. In Aek
Sibundong's bran, pinocembrin and monoolein were
identified as flavonoid compounds. In addition, 4-
coumaric acid, 4-methoxycinnamic acid, and ferulic acid
were identified as phenolic compounds. In Blambangan's
bran, pinocembrin, monoolein, 7-hydroxy-5-methoxy-2-
4-
coumaric acid, 4-methoxycinnamic acid, and ferulic acid

phenyl-3,4-dihydro-2H-1-benzopyran-4-one,

were identified as flavonoid and phenolic compounds.
The flavonoid and phenolic components in the three bran
samples are shown in Table 5. Antidiabetic and
antioxidant activity of each bran variety was influenced by
compounds. Flavonoid

flavonoid and phenolic
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compounds have an important role in the health
segment, such as antidiabetic, antioxidant, antiviral,
anti-inflammatory, and antibacterial. Flavonoids show
beneficial antioxidant activity in managing diabetes
mellitus [36].

Antioxidant Activity

Investigation of flavonoid and phenolic in red rice
bran continued using UV-Vis spectrophotometer to
analyze total flavonoid and phenolic content. Table 6
displays the calculation of total phenolic and flavonoid
content. The highest total phenolic and flavonoid content
is in Mentik Wangi (2200.97 + 0.056 mg GAE/g sample

Yoravika Dwiwibangga et al.
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Fig 5. LC-HRMS chromatograms and mass spectra of (a) 7-hydroxy-5-methoxy-2-phenyl-3,4-dihydro-2H-1-

benzopyran-4-one,

(b) Bis(4-ethylbenzylidene)sorbitol,

(c) 2,4-dihydroxyheptadec-16-en-1-yl acetate, (d)

Diisobutylphthalate, and (e) Methyl palmitate from the East Java Blambangan bran extract

and 1467.96 + 0.011 mg QE/g sample). Based on the One-
Way ANOVA test, it was known that the significance
value was p > 0.05. Therefore, it was assumed that the
value of total flavonoid and phenolic content in the three
varieties of red rice bran were not significantly different.
Furthermore, the total flavonoid and phenolic content
values also supported the results of phytochemical analysis,
FTIR spectra, and LC-HRMS results. The highest total
flavonoid and phenolic content were found in Mentik
Wangi bran. These results indicated that the concentration
of flavonoid and phenolic compounds in Mentik Wangi
bran was higher than in the other two rice brans.

Ascorbic acid as the positive reference resulted in
the highest antioxidant activity with the ICs, value of
0.28 + 0.93 ug/mL. The reducing power activity was
found in the order of ascorbic acid > Blambangan > Aek
Sibundong > Mentik Wangi. The antioxidant activities
of all red rice bran were lower than that of ascorbic acid.
Based on the Games-Howell test, the antioxidant activity
in the three varieties of red rice bran was significantly
different. The lowest antioxidant activity was shown in
Mentik Wangi bran with the ICs, value of 124.30 +
1.27pg/mL. Both Mentik Wangi and Aek Sibundong
brans resulted in an ICs, value of less than 250 pg/mlL,
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which is categorized as weak antioxidant activity; whereas
Blambangan bran and ascorbic acid had an ICs, value of
less than 10 pg/mL, which is categorized as very strong
antioxidant activity (Table 6) [9]. A lower ICs, value
represents a stronger free radical inhibitor (strong free
radical inhibitors are active at low concentrations) [37].
Unpaired electrons or free radicals tend to attract
electrons from other compounds to achieve atomic or
molecular stability. If these free radicals are not inactivated,
they can damage cell-forming macromolecules, such as
proteins, carbohydrates, fats, and nucleic acids. The
reducing power in the FRAP method is an indicator of the
potential of antioxidant compounds [38]. Compounds
that have reducing power may be able to act as
antioxidants because compounds can stabilize radicals by
donating electrons or hydrogen atoms. This interaction
will stabilize the radical compound and stop the chain
reaction of the formation of other free radicals [38-39].

Antidiabetic Activity

Inhibition of a-amylase and a-glucosidase is
considered effective for controlling type 2 diabetes
mellitus. The a-amylase secreted by the salivary glands
and pancreas functions to break the a-1,4-glycoside bond
to produce maltose and glucose. When the a-amylase
enzyme is inhibited, the digestion of carbohydrates will
also be blocked so as the level of glucose absorption into
the blood will decrease [40]. Acarbose was used as a
comparison for the a-amylase enzyme inhibition assay.
The maximum potential of the sample in inhibiting a-
amylase was indicated by the smallest amount of ICs.
Assays for the inhibitory activity of the a-amylase enzyme
are shown in Table 7. Acarbose as a reference resulted in
the highest antidiabetic activity with the ICs, value of 6.12
+ 1.68 ug/mL. The highest antidiabetic activity was shown
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in Blambangan bran with the ICs, value of 75.76 + 0.36
pg/mL. The antidiabetic activity was found in the order
of acarbose > Blambangan > Aek Sibundong > Mentik
test, the
antidiabetic activity in the three varieties of red rice bran

Wangi. Based on the Games-Howell
was significantly different.

Flavonoids have been extensively studied as a-
glucosidase and a-amylase inhibitors [41-42]. The
hydroxyl group of flavonoid compounds can effectively
be conjugated to the residue of the active site of a-
amylase and a-glucosidase enzymes. The 4-oxo group
on the C ring of flavonoids contributes to the distribution
of the electron cloud by donating a hydrogen atom to
form hydrogen bonds with the active site residue. This
interaction will inhibit the enzyme activity [42-43].

The phytochemical profiles, total flavonoid and
phenolic content values, FTIR spectra, and LC-HRMS
results contained in the extracts are important for
predicting the biological and pharmacological activity of
plants. All phytochemical profiles detected in red rice
bran have many biological activities. Flavonoid and
phenolic compounds are commonly known to have high
antioxidant activity [44-45]. The potential of phenolic
and flavonoid compounds as antioxidants are caused by
the hydroxyl groups in phenolic compounds. The
hydroxyl group acts as a hydrogen atom donor when it

Table 7. The antidiabetic activity of red rice bran in
inhibiting a-amylase

Sample I1Cso (pg/mL)

Mentik Wangi 171.82* £ 0.49

Aek Sibundong 157.29* +1.28

Blambangan 75.76° + 0.36
*Different notations show significant differences at the
a = 0.05 level

Table 6. Total phenolic, total flavonoid, and the antioxidant activity of red rice bran

Total phenolic content

Total flavonoid content

Sample (g GAF/g) (mg QF/g) ICso (ug/mL)

Mentik wangi 2200.97 + 0.056 1467.96 + 0.011 124.30° £ 1.27

Aek sibundong 1578.00 + 0.110 1197.00 £ 0.011 116.83% + 1.42
Blambangan 949.48 £ 0.056 1122.77 £ 0.011 1.09°+0.82

*GAE = Gallic acid equivalent, QE = Quercetin equivalent.

*Different notations show significant differences at the a = 0.05 level
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reacts with free radicals through an electron transfer
mechanism so that the oxidation process can be inhibited
[46-47]. Flavonoid and phenolic compounds are most
effective at stabilizing free radicals (hydroxyl, superoxide,
and peroxyl radicals) and can inhibit oxidation reactions
because they can produce phenolic radicals that are
stabilized by the resonance effect of aromatic rings [48].
Flavonoids and phenolic compounds are useful to stop
free radicals in the body and to prevent aging factors.
Flavonoids with antioxidant activity are beneficial in the
management of diabetes mellitus [49-50]. The number of
hydroxyl groups, hydroxyl configuration, C2-C3 double
bonds, and C-4 ketonic functional groups is essential in
the manifestation of flavonoid bioactivity, especially for
antidiabetic effects [51-52].

The FRAP method was applied to study the
antioxidant activity. The FRAP method is often used to
evaluate the ability of an antioxidant to donate an electron.
In this examination, the ability of extracts to reduce the
ferric cyanide complex to the ferrous cyanide complex
was determined [53]. Compounds with reducing power
indicate that they are electron donors and can reduce the
oxidized intermediates so they can act as antioxidants.
Results showed that red rice bran had various antioxidant
activities. Mentik Wangi and Aek Sibundong were
categorized as having weak antioxidant activity, whereas
Blambangan was very strong antioxidant activity. Based
on previous research, Aek Sibundong bran with the ICs
value 0f 116.83 + 1.42 g/mL had weaker antioxidant activity
than Aek Sibundong red rice with the ICs, value of 6.65
g/mL, whereas Blambangan bran with the ICsy value of
1.09 + 0.82 g/mL had stronger antioxidant activity than
Blambangan red rice with the ICs value of 34 g/mL [54].

The a-amylase inhibition test was used to evaluate
the ability of flavonoid and phenolic compounds to
inhibit enzyme activity. The results showed that red rice
bran has various antidiabetic activities. The bran of
Mentik Wangi, Aek Sibundong, and Blambangan had
antidiabetic activity, respectively, with ICs, values of
171.82 +0.49, 157.29 + 1.28, and 75.76 + 0.36 ug/mL. This
inhibition was influenced by the interaction of hydrogen
bonds between the hydroxyl groups of flavonoids and the
catalytic residues of the enzyme. The interaction between

Indones. J. Chem., 2022, 22 (5), 1304 - 1320

enzymes and flavonoids can reduce starch digestion and
postprandial glycemia. Flavonoids can also prevent the
glucose absorption by inhibiting glucose transporters
[55-56].

The results of antioxidant and antidiabetic activity
were not positively correlated with the results of
phytochemical analysis, total phenolic, and flavonoid
content. Flavonoid and phenolic compounds were
indeed responsible for the antioxidant and antidiabetic
activity. However, the number and position of the -OH
group in the compound were more influential.
Compounds having hydroxyl groups in the 5,7-meta
position have higher antioxidant activity. Substitution of
the alkyl group at the -ortho or -para position in ring B
will increase the electron density of the hydroxyl group
with an inductive effect. However, long or branched
alkyl chains will decrease antioxidant activity due to the
influence of steric effects. In addition, the lower the
dissociation energy of the ~-OH bond, the greater the
ability of antioxidant activity because it is easier to react
with free radicals [57-58].

Flavonoids have a stronger free radical scavenging
ability than phenolic acids because they have a higher
number of hydroxyl groups. The high antioxidant and
antidiabetic activity of Blambangan bran are influenced
by the flavonoid content. The highest peak area of
pinocembrin and monoolein compared to other bran
varieties indicated the high concentration of these
compounds. Pinocembrin and monoolein are known to
be effective in inhibiting the activity of the a-amylase
enzyme. The conjugation of 4-oxo group on C ring plays
an important role in the antioxidant and antidiabetic
activities. The hydroxyl group of flavonoids enhances
the interaction with enzymes, especially by forming
hydrogen bonds. The hydroxyl group at the C-3 position
in ring B, the C-5 position in ring A, and the carbonyl
compound at the C-4 position in ring C have the
potential to inhibit the activity of a-amylase enzymes. In
addition, the 5,7-meta-dihydroxylation arrangement on
the A ring also increases the antioxidant and antidiabetic
capabilities of flavonoids [50,59-60]. Therefore, further
in vitro and in vivo analyses are needed to elucidate the
biological function of East Java red rice brans.
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m CONCLUSION

This study shows that each red rice bran has
antioxidant activity and potential as an inhibitor a-
amylase enzyme. The highest antioxidant and antidiabetic
activity were found in Blambangan red rice bran with an
ICso value of 1.09 + 0.82 and 75.76 % 0.36 pg/mL,
respectively. The use of phytochemical analysis, FTIR, and
LC-HRMS tentatively identified many compounds
contained in the rice bran extracts. The phytochemical
compounds discovered in red rice bran included
flavonoids, triterpenoid, phenolic, tannin, and glycoside.
FTIR analysis supported the results of the phytochemical
analysis. Various flavonoid and phenolic compounds
found in the results of the LC-HRMS analysis affect the
biological activity of the rice brans. East Java red rice bran
is prospective to be used as an antioxidant and
antidiabetic. Alpha-amylase inhibition has led to the
discovery of new plant-based therapeutic products,
specifically for diabetes. Further studies with an in vivo
and in silico approach are needed to confirm the results of
the current work.
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m INTRODUCTION On the other hand, besides the effectiveness of LEV

Levofloxacin (LEV), CisHaFN:Os, is one of the in treating infections, LEV may cause serious heart
> 181120 34,

. . , . lems, , inal di fort,

fluoroquinolone drugs which has an optical S(-) isomer of prob e'ms te.ndon r.up ture, abdomina dlscom. ort, and
. . ) . . bacterial resistance in long-term use [2-5]. Besides that,
ofloxacin. This drug is commonly used as an antibacterial _
. . e improper waste treatment of the pharmaceutical
agent against most aerobic gram-positive and gram- ]
. : . . companies of health care centers could promote
negative organisms that cause respiratory, skin, and i . }
o . : . environmental pollution caused by the high concentrated
genitourinary tract infections [1]. It is also known to be T ) '
: . o . LEV. Therefore, it is important to monitor LEV in
more active against gram-positive organisms than other oo _ _ _
. . . biological fluids and the environment. Various methods
fluoroquinolone drugs, such as ciprofloxacin. LEV works )
have been reported as effective methods to detect LEV,

such as using HPLC [6-7], UV detection [8-9], and
chemiluminescence [10]. Despite their sensitivity, these

by inhibiting bacterial deoxyribonucleic acid (DNA)
gyrase. Thus, it is usually used as an alternative antibiotic
to heal the disease if other antibiotics cannot give a

positive response methods require expensive instrumentation, high-skilled
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professionals, and are time-consuming.
One of the
electrochemistry, which is known to have a short time

promising methods used is
analysis, and only a small amount of reagent is needed. To
support the optimum analysis using the electrochemical
method, a suitable electrode is mandatory. Many types of
research on the detection of LEV have been reported by
using various electrodes such as carbon nanotubes [11],
nickel oxide porous films [12], modified screen-printed
electrode (SPE) [13], and modified glassy carbon electrode
(GCE) [14]. Among those electrodes, boron-doped
diamond (BDD) electrode is famous for its excellent
properties for sensor applications such as detecting arsenic
(IIT) [15], neuraminidase [16], chemical oxygen demand
(COD) [17], glucose [18], and many more applications
such as for CO; reduction [19-20] and synthesis application
[21]. This wide range of BDD sensor applications is
known due to its low background current that supports
the analysis in a very low concentration, wide potential
window in aqueous solution, and high physical and
chemical stability suitable for real applications [22-23].

In this report, we modified nickel nanoparticles on
the surface of the BDD electrode (NiBDD) to be used as a
working electrode. A previous study shows that the use of
nickel oxide (NiO) modified on GCE could enhance the
voltammetric signal [12]. Thereafter, we propose to use Ni
NPs decorated on the BDD surface to act as a catalyst for
detecting LEV in order to improve sensitivity and
selectivity.

m EXPERIMENTAL SECTION
Materials

LEV, Na,SO, (99.5 %), and NiSO, (99.99%) were
purchased from Sigma Aldrich. H,SO, (98%), NaOH
(98%), HCI (37%), and HNOs (65%) were purchased from
SAP chemicals. Ascorbic acid (99%), D-glucose (99.8%),
and ammonium sulfate (99.5%) were purchased from
Merck. All
pretreatment and purification.

solutions were used without further

Instrumentation

The following instrumentations were used in this
work are microwave plasma-assisted chemical vapor

Indones. J. Chem., 2022, 22 (5), 1321 - 1329

AX 5400, CORNES
Technology Corp.) to synthesize BDD electrode,

deposition system (Model

Potentiostat Emstat3*Blue from Palmsen, to run
electrochemical methods such as cyclic voltammetry
(CV), linear sweep voltammetry (LSV), and square wave
(SWV).  The
microscopy-energy dispersive spectroscopy (SEM-EDS)
(Hitachi SU 3500). to characterize the topography of
electrode surface and metal analysis.

voltammetry scanning  electron

Procedure

Electrode preparation and characterization

One percent (B/C) BDD electrode was deposited
on the surface of Si (111) using a microwave plasma-
assisted chemical vapor deposition system (Model AX
5400, CORNES Technology Corp.). A detailed
procedure was described by Watanabe et al. [24]. Prior
experiment, the BDD electrode was ultrasonicated in
ultrapure water for 5 min. Follow-up treatment was
carried out by applying CV in 0.1 M H,SOs in a potential
range of -2.5 V to 2.5 V with a scan rate of 1 V/s for 40
times repetitions. A potential of 2.5 V for 300 s was
applied using the chronoamperometry technique to
prepare oxygen terminated BDD (OBDD) electrode.
NiBDD electrode was prepared by depositing Ni
nanoparticles on the surface of the OBDD electrode in 1
M NiSO; for 250 s at a potential of -1.2 V. OBDD and
NiBDD electrodes were then characterized using CV
and SEM-EDS.

Electrochemical measurement

All measurements were performed in one
compartment cell (5 mL). Pt spiral and Ag/AgCl
(saturated KCl) were used as counter and reference
electrodes, respectively. Working electrodes, OBDD and
NiBDD, were used with a geometric area of 0.04 cm’.
Prior to the electroanalytical measurement, the working
and counter electrodes, including electroanalytical cells,
were ultrasonicated in ultrapure water for 10 min for
cleaning. The supporting electrolyte used in this
experiment was 0.1 M Na,SO,. An electrochemical
method such as CV was used to characterize the
electrode, and electrochemical detection measurements
were performed using LSV and SWV methods. All
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measurements were performed using Emstat3'Blue
potentiostat.

m RESULTS AND DISCUSSION
Preparation and Characterization of NiBDD

The pretreatment of the BDD electrode was carried
out before electroanalysis was performed. BDD was
anodically oxidized by applying potential from 0 V to
+2.5 V for 40 cycles in 0.1 M H,SO.. Anodic oxidation is
reported to be able to convert the hydrogen functional
group to an oxygen functional group on the surface of the
BDD electrode [25-26]. Accordingly, it minimizes the
conversion of hydrogen- to the oxygen-terminated
surface during measurement, which may interfere with
the LEV detection performed in positive range potentials.
Fig. 1 shows the SEM image and EDS of the NiBDD
electrode. The topography of the NiBDD surface was
revealed, as can be seen in the white spot of Ni particles.
From the EDS data, 1% Ni particles were found on the
surface of the NiBDD electrode (96% C and 3% O). This
result shows that Ni nanoparticles have successfully
deposited on the surface of the BDD electrode.

1323

Optimization of Electrochemical Technique for
LEV Determination

The first optimization for LEV determination was
carried out using LSV analytical method and then
compared to SWV (Fig. 2). A significant improvement
in the LEV oxidation peak was observed using the SWV
method. Moreover, a correlation between LEV
concentration and the current response was also
conducted to know the sensitivity of measurement by
using LSV and SWV methods. Linear calibration of LEV
was obtained with R* = 0.9927 and sensitivity of 0.1216.
Although the correlation between LEV concentration
and current shows linear, the sensitivity is much lower
compared to the use of the SWV analytical method, which
shows a value of 1.095 with R* = 0.9955. The result was
also supported by the limit of detection (LOD) value of
LEV,in which 11.62 and 5.11 uM were calculated by using
LSV and SWV analytical methods, respectively. In this
report, this result of LOD for the SWV technique is higher
compared to the report by Farias et al. using reduced
graphene oxide/glassy carbon electrode [11]. This
confirms that the SWV method is a sensitive analytical
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Fig 2. Voltammetric curves of potential vs. current of 50 uM LEV in 0.1 M Na,SO, performed on OBDD (a) and

NiBDD (b) electrodes with LSV and SWV method

method that is usually used for many sensing methods in
electrochemistry, such as for environmental pollutant
analysis [27]. Therefore, SWV was used for further
analysis.

Optimization of SWV parameters such as frequency
(Hz), pulse amplitude (mV), and step potential (mV) was
performed in 0.1 M Na,SO, containing 50 pM LEV. Pulse
amplitude was examined by applying various amplitudes
from 10 mV to 50 mV. The current response increased as
the pulse amplitude increased. This trend was similar to
frequency optimization. On the other hand, at step
potential optimization, the current was decreased to
14 mV. The maximum step potential was 12 mV. For all
these three optimizations, the peak potentials did not shift
(at 1.09 V), indicating that the peak potentials were
insensitive to frequency, pulse amplitude, and step
potential. Therefore, for all analytical measurements in

this experiment, pulse amplitude 50 mV, frequency 50
Hz, and 12 mV step potentials were used.

Electrochemical Detection of LEV

In Fig. 3, a solid line shows the SWV of the NiBDD
electrode with 50 pM LEV in 0.1 M Na,SO,. Two
oxidation peaks at +1.0 and +1.1 V are detected and
belong to the oxidation peak of LEV [28]. The oxidation
of LEV occurs in two steps of electron transfer to form
cation and followed by hydrolysis and deprotonation
steps. This oxidation peak shows the catalytic activity of
Ni nanoparticles on the detection of LEV in Na,SO4
solution. Ni nanoparticles increase the adsorption of
LEV on the active surface of the working electrode.
Thus, for further analysis, we use these oxidation peaks
to study the detection of LEV on OBDD and NiBDD
electrodes.
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The influence of the scan rate on the LEV
determination was also studied on NiBDD electrodes. In
Fig. 4(a), 50 uM LEV in 0.1 M Na,SO, was measured
with the CV analytical method at various scan rates
ranging from 10 mV/s to 50 mV/s. The voltammogram
shows the irreversible process of LEV, in which only the
oxidation peak of LEV was detected. In Fig. 4, a graph of
the square root of scan rate versus current at potential
around +1.0 V shows a linear regression equation of y =
9.1786x + 14.485 (R* = 0.9927). It is suggested that the
electrochemical oxidation of LEV on NiBDD was

diffusion-controlled.
In addition, the influence of pH on the LEV
determination was also performed. Fig. 4(b) shows the pH
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Fig 4. CV of NiBDD electrode with various scan rates. Inset: linear relationship between the square root of scan rate
and current (a). Effect of pH on the anodic current (b). 50 uM LEV in 0.1 M Na,SO, with a scan rate of 100 mV/s
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dependence on the current response of LEV oxidation
studied by the SWV method. pH was varied from 4.0 to
8.0. As can be seen, the current responses increased from
pH 4 to 5.5 and then decreased over 5.5. Thus, the optimal
pH to measure LEV in this experiment was pH 5.5.
Determination of LEV on NiBDD using SWV was

performed in optimum conditions with different LEV
concentrations ranging from 0 to 100 uM (Fig. 5). Each
LEV concentration was measured three times and
showed the increase of current response linearly with a
correlation coefficient of 0.9958. The LOD was
measured and showed a value of 11.13 uM.
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Selectivity, Reproducibility, and Real

Analysis

Sample

The selectivity of LEV measurement was evaluated.
LEV with a concentration of 50 uM was measured in 0.1
M Na,SO; containing the same concentration of
interference (urea, glucose, and ascorbic acid). Fig. 6
shows the SWV with and without interferences. There are
no significant changes in the current response, 3.06%,
4.29%, and 7.47% for the addition of urea, glucose, and
ascorbic acid, respectively, according to the acceptable
precision in AOAC (11%). The exception is for ascorbic
acid, in which a new peak was detected at around
potential +0.7 V. However, this peak does not promote a
significant effect on the presence of LEV oxidation peak.
Meanwhile, reproducibility is one of the important
aspects to be considered in the sensor. To evaluate the
reproductivity of LEV, NiBDD was fabricated, and the
measurement was conducted for 10 days in the same
condition, in which one measurement was carried out
each day. The results show a satisfactory result, with an
RSD of 1.45%, which this result is better than the report
of LEV analysis (1.70%) in urine samples by Radi et al.
[29] and is an acceptable % RSD value according to
AOAC [30].

Determination of LEV in the real sample was
conducted in a human urine sample (Fig. 7). LEV with a
concentration of 50 pM was added into the urine sample
and measured using the SWV method. An oxidation peal
of LEV was detected at potential around +1.0 V, showing
a good recovery of 93.91 £ 0.02% (acceptable limit of 80—
110%) [30], indicating that this method of measurement on
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Fig 7. SWVs of LEV in urine sample on NiBDD electrode
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on NiBDD electrode can be applied to detect LEV in the
real sample.

m CONCLUSION

LEV was successfully detected on the NiBDD
electrode by analyzing the LEV oxidation peak at around
+1 V at maximum pH of 5.5. The detection of LEV was
sensitive whether in Na,SO, (which contains ultrapure
water) or in a real urine sample. SWV method shows a
56% lower LOD value compared to the LSV method.
Optimized conditions of SWV with pulse amplitude of
50 mV, frequency of 50 Hz, and step potentials of 12 mV
were used to detect LEV accurately. Analysis in real
urine sample shows good antibiotic % recovery of
93.91 £ 0.02. The LEV electrochemical detection on the
NiBDD electrode is fast, simple, and sensitive, which has
a potential for further development in antibiotic
detection.
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* Corresponding author: Abstract: The commonly used herbicide in agriculture, namely 2,4-
dichlorophenoxypropanoic acid (2,4-DP), is an anionic herbicide used to interleave
into the interlayer of calcium-aluminum layered double hydroxide (Ca-Al LDH)
employing co-precipitation method to form a new nanohybrid labeled as CAL-2,4DP.
Received: March 12, 2022 The LDH compound serves as a host in supporting the herbicide’s controlled release
Accepted: June 17, 2022 formulation. The effective interleave was investigated by employing a powder X-Ray
Diffraction (XRD) pattern at 0.025 M nanocomposite, which revealed that the basal
spacing has increased from 8.0 A to 23.8 A. The ATR-FTIR spectra further supported
the interleaving, where the nitrate peak (NO~) diminished, and the carboxylate ion
(COO") band appeared at 1653 cm™. The percentage loading of CAL-2,4DP was
71.26%, calculated from the carbon content in the sample. The BET analysis shows
that CAL-2,4DP was a mesoporous material relying on nitrogen-desorption
isotherms. The release of 2,4-DP ions into the aqueous solutions followed the order of
PO# > COs#* > CI” with a percentage of 83, 65, and 30%, respectively. This work
indicates the successful interleaving process of the 2,4-DP anion and the potential of
CAL-2,4DP as an eco-friendly agrochemical that can be beneficial for farmers in
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minimizing herbicide usage to the environment.

Keywords: 2,4-dichlorophenoxypropanoic —acid (2,4-DP); interleaved; co-
precipitation; LDH; nanoparticles; controlled release

m INTRODUCTION farmers have used chemical herbicides directly to

eradicate the weeds. Here, they usually assume that the
In the case of weed management, farmers are often ]
. . . weeds can be easily controlled at a fast rate. Farmers
concerned with the infestation of weeds that grows on a Iv herbicide in high ) N
large scale. Weed infestation results in competition ap p ¥ herbicide I Algher con?entratmn ont. © CTOPS,
which eventually affect the soil and the environment.
between the unwanted plants and the crops for resources . - ] .
. . . Some chemical herbicides can evaporate into the air,
such as water, sunlight, nutrients, and space to survive in ] ]
o contaminate the soil, and reach the surface water
the agrosystem. This issue needs to be tackled by farmers _ _ _
o . o through running off, which threaten the aquatic
as their existence can reduce the crop yield, affecting its - )
quality and marketability. As these concerns mount, organisms [1].
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Layered double hydroxide (LDH) denotes the
hydrotalcite-like compounds, which comprise brucite
(Mg(OH,)) like layers mutilated with interlayer anions
[2]. The LDH general formula is [M?*" M
(OH2)[**(A™)wn'yH20], in which M** and M** denote the
divalent and trivalent cations such as calcium (Ca?**) and
aluminum (Al’**) accordingly, meanwhile A™ is the
interlayer anion [3]. The brucite-like sheets are positively
charged, in which some part of the divalent cations can be
substituted with the trivalent cations [5-8]. The negative
charges reside in the hydrated interlayer to compensate
for the positively charged sheets and keep the charges
balanced while providing its typical stacked layered
structures. The sheet's interlayer could be made up of
anions and water molecules [5]. Any types of anions such
as nitrate (NO;"), carbonate (COs*"), and chloride (CI")
can be interleaved into the interlayer space due to its high
anionic exchange capability and variability of chemical
composition, giving rise to widespread applications of
LDH in drug delivery for pharmaceutical [9-10], polymer
composites [8], acting as a host and controlled release
formulations in agriculture [5,11-12].

2,4-Dichlorophenoxypropanoic acid (2,4-DP) (Fig.
1) is used as a plant growth regulator commonly utilized
to specifically combat broadleaf weeds in crop
plantations, for instance, wheat, rice, and domestic usage
[11]. However, 2,4-DP anion (Fig. 2) is highly polar and
has high water solubility. Thus, the active substances can
be easily released to the surface water and bioaccumulate
in the water [5,13-14]. Therefore, due to the unique
properties of LDH acting as a host, 2,4-DP herbicide can
be interleaved into the LDH interlayer matrix. The
interleaving process between the 2,4-DP herbicide and
LDH host can reduce the concentration of the released
agrochemicals and minimize the environmental impacts
by producing the new environmentally friendly herbicide.

The intercalation was synthesized using the co-

cl
CIGO O
/v CH

HiC
Fig 1. Molecular structure of 2,4-DP
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precipitation method because of its simplicity and high
yield. The interaction of the 2,4-DP anion and its LDH
host was analyzed using the FTIR, XRD, CHNS, and
BET techniques, while the controlled release of the active
substances was measured using the UV-Vis instrument.

m EXPERIMENTAL SECTION
Materials

The reagents used in the calcium-aluminum LDH
(Ca-Al LDH) interleaving and synthesis procedure were
utilized without additional purification. These reagents
included calcium nitrate tetrahydrate, (Ca(NOs),-6H.O,
99%, R&M Chemicals), Aluminum nitrate nonahydrate,
(AI(NO3)3-9H,O, 98.5%, R&M Chemicals), sodium
hydroxide (NaOH, 99%, Merck), 2,4-
dichlorophenoxypropanoic acid (2,4-DP) (CoHsCLOs,
98.5%, Sigma-Aldrich), and absolute ethanol (C;HsOH,
99.7%, HmbG Chemicals).

Instrumentation

X-ray powder diffraction (XRD) patterns were
recorded at the 5-90° range utilizing a Bruker D8
Advance XRD diffractometer, operating under Cu Ka
radiation at 40 mA and 40 kV (A = 1.54059 A) with a
scanning step of 0.01°. The Fourier transformed infrared
(FTIR) spectra were gained on a Perkin Elmer Spectrum
100 utilizing attenuated total reflectance (ATR) mode in
the 4000-650 cm™ range. The elemental analysis was
conducted utilizing a CHNS analyzer, model CHNS-
932. The pore size and surface area distribution of the
Brunauer-Emmett-Teller (BET) analysis were assessed
by employing nitrogen adsorption-desorption of the
nanocomposites on a Micromeritics surface area and
pore analyzer (ASAP 2000). The controlled release of the
2,4-DP herbicide from the Ca-Al LDH host was assessed
utilizing a 0.3 mg sample into a 3.5 mL 0.01 M of various
salt solutions of NaCl, Na,COs, and Na;PO, [13]. By

HiC
Fig 2. Molecular structure of the 2,4-DP anion
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employing a Perkin Elmer UV-Vis Spectrophotometer
Lambda 35, the anions produced in the aqueous solutions
were monitored for 20 h at a predetermined time.

Procedure

Synthesis of calcium-aluminium layered double
hydroxide host (Ca-Al LDH)

For the precursors, approximately 0.033 M
AI(NO;)3-9H,0 as well as 0.10 M Ca(NOs),-6H,O were
mixed together into 250 mL of DI water. Following from
there, to avoid carbon dioxide (CO,) contamination, the
mixture pH was accustomed to 11 by adding 2 M NaOH
followed by vigorous stirring under a nitrogen
atmosphere. After that, the mixture went through the aging
process for 18 h at 70 °C in an oil bath shaker. Precipitate
could be seen in the mixture after 18 h, which was then
centrifuged for 25 min at 300 rpm. After centrifugation,
the precipitate was removed and washed multiple times
with DI water before being dried in an oven at 80 °C for
72 h. Finally, for further usage and characterization, the

material was crushed into a fine powder.

Synthesis of Ca-Al-2,4DP-LDH nanocomposite (CAL-
2,4DP)

The intercalation of the 2,4-DP herbicide into the
interlayer LDH was done using the co-precipitation
method. The same precursors were used according to the
synthesis of Ca-Al LDH, followed by adding different
concentrations of 125 mL 2,4-DP herbicide in the range
of 0.025-0.10 M into the conical flask filled with metal
cations mixtures. Then, the solution was stirred under the
nitrogen gas purge at a constant pH of 11 using NaOH
solution until a white precipitate was formed. The solution
was aged, followed by the centrifugation of the precipitate,
and dried at 80 °C for 72 h before sample characterization.

m RESULTS AND DISCUSSION
PXRD Analysis and Spatial Orientation of 2,4-DP

Fig. 3 portrays the PXRD patterns of both the Ca-Al
LDH host and its nanocomposite, CAL-2,4DP, at various
concentrations in the range of 0.025-0.1 M. The pattern
of Ca-Al LDH showed high crystallinity and harmonious
peaks, which is consistent with the typical LDH host [7-9,
15]. It also has a well-defined peak at 10.34° corresponding
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Fig 3. PXRD patterns of Ca-Al LDH and three different
concentrations of CAL-2,4DP

to the basal spacing of 8.0 A, measured utilizing Bragg’s
law formula. Moreover, as portrayed on 0.025 M CAL-
2,4-DP, the diffraction peak of the synthesized
nanohybrid can be seen shifting to the lower angle at
3.71°. The basal spacing has expanded from 8.0 to 23.8 A,
indicating that the 2,4-DP anion interleaved into the
interlamellar of the LDH host. Here, the difference in the
basal spacing is pronounced compared to the LDH host
due to the anion size of 2,4-DP, which is larger than the
nitrate ions, and the spatial orientation between the
interlayers [15]. As discussed, this peak signifies the
interleaving of 2,4-DP into the LDH host. However, the
PXRD patterns of 0.05 M and 0.1 M CAL-2,4DP showed
that the interleaving process did not complete between
the guest and the host anions. The presence of carbonate
and calcite can be observed near 25° and 29° due to the
carbonate contamination [16]. Overall, it could be
inferred that the interleaving process occurred at a lower
concentration of CAL-2,4DP.

Fig. 4 shows the proposed spatial orientation of
2,4-DP within the Ca-Al LDH using ChemOftice software.
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481A

Fig 4. Proposed spatial orientation of 2,4-DP in the
interlayer of LDH

Based on the basal spacing of CAL-2,4DP, 23.8 A, the
interlayer gallery height for the accommodation of 2,4-DP
can be calculated. Taking into account that the thickness
of the Ca-Al LDH layer is 4.81 A [17] implies that the
expected gallery height that the 2,4-DP anions can
accommodate was 19 A. Therefore, it can be suggested
that the 2,4-DP anions were oriented in bilayer
arrangement within the interlayer.

FTIR Analysis

Fig. 5 shows the FTIR-ATR spectra of the Ca-Al
LDH host and its guest. Because of the O-H stretching and
bending vibration of the hydroxyl groups in the interlayer
water molecules, bands exist at 3460 cm™ and 1631 cm™
at Ca-Al LDH [18]. Note that a sharp band at 1325 cm™
associates with the nitrate stretching vibration. Besides
that, a peak of 1443 cm™ refers to the carbonate stretching
in the interlayer region that might be due to the CO,
contamination from the air during the preparation [5].
For the FTIR spectra of pure 2,4-DP, the peak at 2912 cm™
is associated with the stretching vibration of the O-H
groups from COOH.

On the other hand, the sharp peak at 1732 cm™
resembles the carbonyl group (C=0) functional group.
Following here, another distinct peak can be seen at
1489 cm™, indicating the C=C vibrations of the aromatic
ring [19]. Finally, the C-Cl vibration at the aromatic ring
can be observed at 817 cm™.

The 2,4-DP herbicide was interleaved into the LDH
interlayer area according to the FTIR spectra of 0.025 M
CAL-2,4DP. The O-H stretching caused by the adsorbed
interlayer water molecules produces a broad absorption
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Fig 5. FTIR spectra of Ca-Al LDH and its nanocomposite

band at 3436 cm™'. Moreover, the O-H bending of the
COOH is shown by the emergence of a prominent
absorption band at 1410 cm™, while the carbonyl group
may be observed at 1653 cm™'. Moreover, the interleaved
process can be confirmed by vanishing the nitrate peak
around 1325 cm™, signifying that 2,4-DP anion has
already exchanged with the nitrate ions that initially
occupied the interlayer host. On the other hand, a peak
of 794 cm™ attributes to the C-Cl attached to the
aromatic ring. Thus, based on the spectra for CAL-
2,4DP, the nanocomposite resembles the absorption
bands in both LDH and 2,4-DP. The FTIR spectrum of
CAL-24DP suggests that 2,4-DP anion can be
interleaved successfully in the interlayer lamellae at a
lower concentration.

Elemental Analysis

Table 1 indicates the elemental analysis of the Ca-
Al LDH host and CAL-2,4DP nanocomposite obtained
from the CHNS analysis. The result shows that Ca-Al
LDH comprises 3.05% nitrogen. The nitrogen content
aligns with the occurrence of a sharp band at 1325 cm™
in the FTIR spectra of Ca-Al LDH (Fig. 5), representing
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Table 1. Basal spacing and chemical composition of Ca-Al LDH host and its intercalated compound, CAL-2,4DP

(0.025 M)
Sample d(A) % C (%w/w) % H (%w/w) % N (%w/w) % loading
Ca-AlLDH 8.0 0.16 2.51 3.05 -
CAL-2,4DP 23.80 25.58 3.74 0.23 71.26

the nitrate group. The percentage content of C and H in
the CAL-2,4DP nanocomposite increased due to the
presence of a 2,4-DP anion that interleaved into the
interlayer. The nitrogen content in the nanocomposite
also decreases to 0.23% after the interleaving process. The
percentage loading of 2,4-DP intercalated into the Ca-Al
LDH interlayer is estimated to be 71.26% based on the
carbon content of about 25.58 % in the CAL-2,4DP.

Surface Properties

The nitrogen adsorption-desorption isotherms and
pore size distribution for Ca-Al LDH, along with its
intercalated compound, 0.025 M CAL-2,4-DP, are all
portrayed in Fig. 6. Depending on the IUPAC
(International Union of Pure and Applied Chemistry)
categorization, the isotherms resemble Type IV sorption,
indicating mesopore-type material with an H3 hysteresis
loop [7]. The hysteresis loop for the CAL-2,4DP observed
has a broader adsorption branch than the Ca-Al LDH due
to the interleaving process of the 2,4-DP anion replacing
the nitrate ion. As a result, the adsorbate uptake for CAL-
2,4DP increases slowly at a relative pressure of 0.0-0.5,

200
180 4
160 i
140 i
120 1 CAL-2,4DP
100 i

80 —- Wider adsorption

60

Volume adsorbed (cm3lg)

40
20

04

N . R . R N
02 04 0.6 08 10
Relative pressure (P/Pg)

Pore volume (cm3/g)
o o o o
o o o o
w S (&)] (o]
1 1 1 1

followed by rigorous adsorption at a relative pressure of
above 0.7, with maximum uptake at 184 cm’ g
Nonetheless, Ca-Al LDH portrays a similar pattern of
delayed adsorbate uptake at a relative pressure of 0.0-
0.8, reaching an optimum uptake at 9 cm’ g™'. For the
BJH desorption pore size distribution, the interleaved
compound of CAL-2,4DP shows higher pore size
distribution at about 200-450 A with a pore volume of
0.07 cm® g'. Here, the Ca-Al LDH portrays minimal
pore volume at 0.04 cm® g™ under 620 A. Furthermore,
the difference in pore structure and distribution for both
host-guest relies on the formation of interstitial pores
between the size of the particles and crystallite during
the interleaving process [20].

Table 2 encapsulates the porosity and surface area
of Ca-Al LDH and CAL-2,4DP employing the Brunauer,
Emmett, and Teller (BET) and the Barrett, Joyner, and
Halenda (BJH) methods. Here, the BET surface area
increased from 17.93 m* g”' for Ca-Al LDH to 21.35 m?
g ' for CAL-2,4DP. The increase in surface area for CAL-
2,4DP indicates that the interleaving process has taken
place and agrees with the expansion of basal spacing in

0.08

0.07

CAL-2,4DP

| Ca-Al LDH
0.02

+ T + T + T + T + T
0 200 400 600 800 1000
Pore diameter (A)

Fig 6. Adsorption-desorption isotherm and pore size distribution of Ca-Al LDH and CAL-2,4DP
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Table 2. Surface properties of Ca-Al LDH and CAL-2,4DP (0.025 M)

Sample  Surfacearea  BJH desorption = BET average pore BJH average pore
(m*g")  porevolume (cm*g™)  diameter (A) diameter (A)
Ca-AILDH  17.93 180.36 94.34 156.71
CAL-2,4DP 21.35 178.59 111.14 126.90
o = CONCLUSION
80 1 83%
70 | In this study, a new nanohybrid LDH was
60 1 65% successfully synthesized through the interleaving
8 50 1 process of 2,4-DP herbicide into Ca-Al LDH interlayer
2 0] via the co-precipitation method. The resulting
* 30 1 synthesized nanohybrid, CAL-2,4DP, confirmed its
20 1 interleaving process through several characterization
L techniques such as PXRD, FTIR, and elemental analysis.
i3 20 po:os “ “ac'.? - P 1000 200 Lhe PXRD analysis portrays the basal spacing expansion
m

Fig 7. Release profiles of 2,4-DP anion from CAL-2,4DP
into 0.01 M of various aqueous solutions

in Fig. 3. In addition, the inclusion of larger 2,4-DP anions
generates more pores in the crystallites, increasing the
surface area for the intercalated compound [21].

Controlled Release Studies

The release profiles of the accumulated 0.025 M
CAL-2,4DP from the Ca-Al LDH interlayer into various
aqueous solutions were investigated in Fig. 7. The salt
solutions were observed according to their ion charges of
phosphate (PO,’"), carbonate (CO5*"), and chloride (CI").
In the first 15 min, the release patterns of the 2,4-DP
anion were rapid, followed by a much slower release upon
reaching its equilibrium condition around 200 min. Here,
the accumulated 2,4-DP ions depend on the availability of
anion in the aqueous solutions following the order of
PO, > COs* > Cl™ with percentages of 83, 65, and 30%,
respectively. Phosphate ions with the highest percentage
confirm that a higher density charge affects a higher

amount of PO

anion to be exchanged with 2,4-DP
anion [18]. Therefore, PO,>" anions are interleaved into
the Ca-Al LDH interlayer during the controlled release
process, which simultaneously releases the 2,4-DP ions

out from the interlayer into the aqueous solution.

from 8.0 A to 23.8 A, implying that the 2,4-DP anion
interleaved into the interlayer and replaced the nitrate
ions. The synthesized nanohybrid of CAL-2,4DP is
proven to be mesoporous material with type IV sorption
according to the BET analysis. Moreover, the release of
2,4-DP anion from the Ca-Al LDH host is dependent on
the available ions in the aqueous solution in the order of
PO > CO;* > CI'. Therefore, this research proposes
the Ca-Al LDH possibility as a host carrier for herbicide-
controlled decrease the

release mechanism to

agrochemicals usage in agriculture.
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Abstract: The biodegradable polymer poly(lactic-co-glycolic acid) (PLGA) is a
biomaterial with great potential as a drug delivery carrier and a tissue engineering
scaffold. Using diclofenac sodium (DS) as a drug model, PLGA/DS nanoparticles were
synthesized by modification with two hydrophilic polymers: chitosan and
carboxymethyl chitosan (CMCh). The introduction of chitosan and CMCh enhances the
efficiency encapsulation, capacity loading of the nanoparticles, and DS release at pH 6.8
and minimum release at pH 1.2. Synthesis of nanoparticles was carried out using a
double emulsion (water/oil/water) solvent evaporation method. Characterization using
an Attenuated total reflectance-Fourier transform  infrared (ATR-FTIR)
spectrophotometer indicates that the interaction between DS and polymer on
nanoparticles is non-covalent with a spherical shape based on a transmission electron
microscope (TEM) and scanning electron microscope (SEM) characterization. From the
various formulation studied, nanoparticles with the ratio chitosan-PLGA-DS and
CMCh-PLGA-DS of 2:20:4 proved to be the optimum model carrier with the required
release profile and could be the alternative for DS delivery systems.

Keywords: diclofenac sodium; PLGA; chitosan; carboxymethyl chitosan; controlled

release

= INTRODUCTION

Diclofenac sodium (DS) is a non-steroidal anti-
inflammatory drug (NSAID) widely used to relieve pain
and anti-inflammation in various diseases like
osteoarthritis and rheumatoid arthritis [1-2]. Due to its
about two hours of biological half-life, frequent
administration is necessary to maintain therapeutic drug-
blood levels. DS is reported to cause gastrointestinal
troubles, peptic ulceration, and renal damage if large
dosing is taken orally [1,3-4]. A controlled drug is
required to maintain drug efficacy and reduce side effects.
This can be accomplished using a drug encapsulation
technique to deliver the drug to a specific target [5].
Nanoparticles are one of the most extensively exploited
for drug delivery systems due to their unique properties
related to their size, capacity for drug protection, and
controlled drug

release [6]. Encapsulation with

nanoparticles is one technique for enhancing drug
stability by protecting it from enzymatic degradation,
controlling drug release, increasing drug solubility,
absorption by target cells or tissues, and drug safety [7-
8]. The biodegradable polymer poly(lactic-co-glycolic
acid) (PLGA) is a biocompatible and biodegradable
copolymer commonly utilized as a nanoparticle matrix
[2]. Several methods to prepare PLGA nanoparticles
include the single or double emulsion method, salting-
out, and nanoprecipitation [9]. PLGA has been modified
with other biodegradable polymeric materials to
increase its use as a drug carrier.

Chitosan and its derivatives are hydrophilic
polymers that can be used as a surface modification of
PLGA. Chitosan has been widely applied in tissue
engineering, biomedical implants, and drug delivery
devices as a natural biopolymer. However, it has
limitations, such as being insoluble at physiological pH
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and poor mechanical stability [10]. Carboxymethyl
chitosan (CMCh) is a chitosan derivative that enhances its
solubility at neutral pH. The presence of a carboxyl group
at C-6 of chitosan produces carboxymethyl chitosan,
which is soluble in both neutral and alkaline pH solutions.
CMCh can be applied as a surface coating for polymer
nanoparticles in the drug encapsulation process. The pH
sensitivity of CMCh can be utilized for controlled drug
release in delivery systems based on gastrointestinal pH
changes [11]. CMCh improves the stability of polymer
nanoparticles, hence diminishing drug burst release from
polymer nanoparticles [12]. Furthermore, minimizing the
size of particles of the drug can increase the solubility of
the drug [13-14].

In this study, PLGA nanoparticles containing
different amounts of chitosan or CMCh and DS have been
fabricated via a double emulsion (w/o/w) solvent
evaporation technique. The effect of chitosan and CMCh
on PLGA nanoparticles was studied by an in vitro DS
percentage  of
encapsulation efficiency and loading capacity. The effect

release study, determining the
of chitosan and CMCh on PLGA nanoparticles in in vitro
DS release study, percentage of encapsulation efficiency,
loading efficiency, and morphology were compared with

unmodified PLGA nanoparticles.
m  EXPERIMENTAL SECTION

Materials

The materials used in this study were diclofenac
sodium (National Agency of Drug and Food Control-
Republic of Indonesia) as a drug model, poly(D,L-lactic-
co-glycolic acid) lactic acid-glycolic acid ratio 50:50 with
7-17 kDa (Nomisma
Healthcare, India) as a nanoparticle material, poly(vinyl
alcohol) (PVA) 87-90% hydrolyzed (Sigma Aldrich) as an
emulsifier, low molecular weight chitosan with a degree of
deacetylation > 75%, Mw = 50-190 kDa (Sigma Aldrich),
O-carboxymethyl chitosan (CMCh) with a degree of
80% (Xi’an Herben Biotech),
dichloromethane (Merck, Germany) was used as a PLGA
chloride  (Merck,
hydrochloride acid (37%, Merck, Germany), and sodium

carboxyl end groups, Mw =

substitution >

solvent.  Sodium Germany),
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hydroxide (Merck, Germany) were used to prepare the
release medium. In addition, glacial acetic acid (Merck,
Germany) was used to dissolve chitosan, methanol (LC
grade, Merck, Germany), and deionized water (Milli-Q,
Millipore) used for analysis using High-Performance
Liquid Chromatography.

Instrumentation

A probe ultrasonicator (Hielscher UP 200st, PT
Petra Karunia Persada) and freeze dryer (Thermo
Scientific) were used in the preparation of nanoparticles.
Nanoparticles were characterized using an ATR-FTIR
(Shimadzu IRSpirit). The size of
nanoparticles was analyzed by particle size analyzer
(Horiba SZ 100z, Integrated Laboratory and Research
Center, Universitas Indonesia), and the morphology was

spectrometer

analyzed by using a scanning electron microscope
(SEM-Quanta) and transmission electron microscope
(TEM-FEI Tecnai G2, Integrated Laboratory and
Research Center, Universitas Indonesia). Determination
of DS was performed by high-performance liquid
chromatography (HPLC Shimadzu LC-20 AD) and UV-
Vis Spectrophotometer (Shimadzu UV-1800).

Procedure

Preparation of DS nanoparticles

The nanoparticles were prepared using the double
emulsion solvent evaporation technique as reported by
Khanal et al. [11] with modification. As much as 200 mg
of PLGA was dissolved in dichloromethane, and the DS
solution was added and sonicated for 30 s using a probe
ultrasonicator. The mixture was added dropwise to 5 mL
of 0.3% polyvinyl alcohol (PVA) solution under a
constant vortex. The solution was emulsified in an ice
bath for 3 min using a probe ultrasonicator (water in oil
emulsion). The emulsified solution was transferred into
45 mL of 0.3% PVA solution containing CMCh or
chitosan solution, and the emulsion was stirred at
500 rpm for 5 h at room temperature (water in oil in
water emulsion) and centrifuged the emulsion at 8000
rpm for 30 min at 4 °C. Finally, the nanoparticles were
lyophilized for 24 h. The composition of ingredients is
described in Table 1 and Table 2.
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Table 1. Variation of composition of CMCh and chitosan
on PLGA-DS

) Weight ratio
Formulation Code CMCh-PLGA-DS

PLGA-DS F-0 0:20:2
CMCh-PLGA-DS F-1 1:20:2
CMCh-PLGA-DS E-2 2:20:2
CMCh-PLGA-DS E-3 3:20:2
CMCh-PLGA-DS F-4 4:20:2
Chitosan-PLGA-DS H-1 1:20:2
Chitosan-PLGA-DS H-2 2:20:2
Chitosan-PLGA-DS H-3 3:20:2
Chitosan-PLGA-DS H-4 4:20:2

Table 2. Variation of composition of DS on CMCh-PLGA
and chitosan-PLGA

. Weight ratio
Formulation Code PLGA-DS

E-A 20:1

CMCh-PLGA-DS* F-B 20:2
F-C 20:4

H-A 20:1

Chitosan-PLGA-DS* H-B 20:2
H-C 20:4

*the composition of CMCh and chitosan used was the optimum
composition obtained in the optimization of Table 1

Determination of loading capacity and encapsulation
efficiency

The nanoparticles loading capacity (LC) and
encapsulation efficiency (EE) were determined directly
using a method described in Farmakope Indonesia 6th
edition as follows: Accurately weighed 5 mg of
nanoparticles was put into a 20 mL volumetric flask,
added 0.5 mL of dichloromethane, then shaken using a
vortex mixer for 3 min. The nanoparticles were added
with methanol, sonicated for 20 min, and diluted with
methanol to volume. The amount of DS in lyophilized
nanoparticles was analyzed using an HPLC UV detector
at 254 nm. An octyl silane column was used with
methanol and 0.01 M phosphate buffer pH 2.5 (7:3) as the
mobile phase with a 1 mL/min flow rate. The LC and EE
were given according to Eq. (1) and (2).

weight of the drug

- x100% (1)
total weight of the drug loaded nanoparticles
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EE— weight of drug in nanoparticles

x100% (2)
weight of drug added
In vitro drug release study
In vitro release studies were conducted to
determine the effect of chitosan and CMCh on
PLGA/DS nanoparticles. As much as 50 mg of each
formulation were immersed in 50 mL pH 1.2 solution
and stirred at 100 rpm for 2 h at a temperature of 37 +
0.5 °C. About 2 mL of filtrate was taken and replaced
with preheated fresh medium at various periods. After 2
h, the pH of the release medium was increased to 6.8 by
adding 2.5 M sodium hydroxide solution [15], and the
release was continued for a further 24 h. About 2 mL of
filtrate was taken and replaced with a preheated fresh
medium within 24 h. The concentration of drug release
was measured by UV-Vis spectrophotometer at
wavelength 277 nm using an absorbance-drug
concentration calibration curve.

m RESULTS AND DISCUSSION
FTIR Spectroscopy Analysis

Characterization of the nanoparticles was
performed by ATR-FTIR, investigating interactions
between the drug and polymer (Fig. 1). Pure PLGA
exhibits peaks at 1713 and 1051 cm™, corresponding to
-C=0 stretching and C-O-C bending [16-17]. CMCh
displayed the characteristic peaks at 1547 and 1024 cm™
indicating COO stretching and C-O-C bending [16,18].
A suggested COO band at 1547 cm™ overlaps the NH,
band at 1600 cm™". The CMCh/PLGA/DS nanoparticles
spectrum displayed band at 1774 cm™ indicates PLGA.
The relative weak band was at 1534 and 712 cm’,
indicating a typical band absorption CMCh and DS,
respectively. The same profile occurred in the
Chitosan/PLGA/DS nanoparticles spectrum, where the
characteristic peaks of PLGA, DS, and Chitosan
appeared at 1718, 1606, 1064, and 713 cm™". IR analysis
showed no change in the peaks of each material which
indicates there was no new absorption formed in the
nanoparticle spectrum. The spectrum of nanoparticles
shows a characteristic absorption band of the drug, and
its polymer indicates the absence of covalent interactions

between the drug and the polymer [19], suggesting the
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Fig 1. FTIR spectra of PLGA, CMCh, Chitosan, DS,
Chitosan-PLGA-DS, and CMCh-PLGA-DS nanoparticles

interaction between PLGA and CMCh was a non-
covalent bond. Non-covalent bonds on the surface of
nanoparticles can occur through electrostatic interactions
[20].

Particle Size, Surface Charge, and Morphology

PSA analysis

The addition of CMCh and chitosan increased the
hydrodynamic diameter of the nanoparticles, according
to the dynamic light scattering technique. The increase in
size was due to the increased viscosity of the external
phase containing CMCh or chitosan, which reduces shear
stress during stirring so that larger emulsion droplets are
formed [21]. The modifier composition enhanced the
particle size [17,22]. Khanal et al. also reported the size
increase of modified PLGA nanoparticles using chitosan
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[11]. Fig. 2 shows the size distribution taken from three
samples that were F-0, F-2, and H-2. Table 3 shows the
hydrodynamic size for all of the nanoparticles. The size
difference between the unmodified and modified
nanoparticles demonstrates that carboxymethyl chitosan
or chitosan was adsorbed on the PLGA surface [23].
The presence of chitosan or CMCh layer on the
nanoparticle surface was caused by the electrostatic
interaction between the amine group and the negatively
charged surface of the PLGA. This was the dominant
interaction in the formation of the first adsorption layer.
The adsorption of chitosan or CMCh can continue
where hydrogen bonds can be involved in the
adsorption. Therefore, the chitosan or CMCh layer can
be adsorbed at high concentrations on the first layer.
More layers allow the chitosan or CMCh chains to repel

14 4
124
= —F-0
X104
5 e
5 o
S
°3
L 6
[
44
2
0 T T T T 1
200 400 600 800 1000

Particle diameter (nm)

Fig 2. Size distribution of the F-0, F-2, and H-2
nanoparticles determined by dynamic light scattering
measurement

Table 3. The hydrodynamic size of nanoparticles

Formulation Size + SD Polydispersity Zeta Potential
code (nm) +SD + SD (mV)
F-0 140 + 4 0.14 £ 0.09 -52+£0.7

F-1 1737 0.26 £ 0.02
F-2 233+2 0.14 £ 0.07
F-3 238 + 30 0.30 £ 0.17
F-4 197 £2 0.23 £0.07 -434+1.1
H-1 399 + 38 0.41 £ 0.04
H-2 267 £2 0.18 £ 0.07
H-3 289 +5 0.35+0.09
H-4 425+5 0.39 £ 0.08 243 +0.8
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because they have the same charge but interact through
van der Waals forces and hydrogen bonds [22]. However,
in Table 3, the increase in the ratio of chitosan and CMCh
to PLGA nanoparticles does not seem to give a significant
difference in size increase. The small amount of chitosan
or CMCh or the amount of chitosan or CMCh
undergoing leaching may be due to non-optimal
interactions. It is necessary to prove it by studying the
addition of chitosan or CMCh with a more significant
amount.

The polydispersity index (PDI) value shows the
distribution of suspended particles, where the value is
between 0-1. PDI values below 0.5 indicate that the
nanoparticles have a homogeneous size distribution and
good stability [24]. The PDI resulting from each
nanoparticle formula shows good homogeneity. It can be
seen from its value which is below 0.5. A large positive or
negative value of zeta potential has been shown to prevent
agglomeration due to electrostatic repulsion and increase
colloidal stability [25-26]. We measured the zeta potential
of three different formulas as representatives. It was found
that the PLGA-DS nanoparticles have a zeta potential of -
52 + 0.7 mV due to carboxyl end groups on nanoparticle
surfaces. The zeta-potential of the CMCh-PLGA-DS (F-
4) was slightly less negative (-43.4 + 1.1 mV) compared to
the PLGA-DS nanoparticles because CMCh has an amine
group and a carboxyl group, so the amine group may
reduce the negative value of the nanoparticle surface,
which indicates the CMCh effectively adsorbed onto the
PLGA nanoparticle surfaces. In contrast to chitosan-
PLGA-DS nanoparticles (H-4), a positive value for zeta
potential resulted due to the presence of an amine group,
which was 24.3 £ 0.8 mV.

SEM and TEM analysis

TEM measurements were conducted to investigate
the morphology and size of the particle. In addition, the
surface morphology of the PLGA-DS, CMCh-PLGA-DS,
and Chitosan-PLGA-DS nanoparticles was observed
through SEM images. Fig. 3 shows the morphology of the
nanoparticles discovered to be spherical and have smooth
surfaces. SEM images of the nanoparticles after the release
of the drug show interparticle fusing. The morphology of
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Fig 3. SEM images of nanoparticles: (a) F-O before
release; (b) F-0 after release; (c) F-2 before release; (d) F-
2 after release; (e) H-2 before release (f) H-2 after release

the nanoparticles remain, suggesting that most of the
release of the drug occurs through diffusion across the
polymeric matrix [27].

Nanoparticles coded F-0, F-2, and H-2 were taken
as samples to be measured using TEM, where the F-2
and H-2 are nanoparticles with an optimum release
profile compared to other formulas. TEM images of the
PLGA-DS, CMCh-PLGA-DS, and chitosan-PLGA-DS
in Fig. 4 suggested that a layer of CMCh and chitosan
was attached to the surface of the nanoparticles due to
non-covalent interactions that may occur between
CMCh with PLGA. The measurement results with TEM
and PSA were only slightly different. The size of
nanoparticles of F-2 based on TEM measurements was
about 300 nm, and 280 nm for H-2. In general, there are
differences in particle size with PSA measurements with
TEM particle sizes, which can be caused by differences
in the methods used. In contrast to measurements using
TEM, which produces a 2D image projected from the
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nanoparticles, the dynamic light scattering (DLS) method
used in PSA is based on hydrodynamic measurements of
nanoparticles that produce a dispersed particle size
distribution [28]. The presence of aggregation in the
dispersion can encourage the distribution of particles to
tend to be larger [29].

The Effect of CMCh and Chitosan Composition on EE
and LC

The effect of CMCh and chitosan to PLGA weight
ratio on EE of DS encapsulated in the PLGA-CMCh and
PLGA-Chitosan matrix is presented in Fig. 5. This study
evaluated four different weight ratios of CMCh and
chitosan to PLGA. CMCh-modified PLGA (F-1 to F-4)
and chitosan-modified PLGA (H-1 to H-4) nanoparticles
have an encapsulation efficiency that tends to increase as
the composition of CMCh and chitosan increases. As
shown in Fig. 5, the EE of the PLGA nanoparticles without
modification (F-0) was 59.2%. Meanwhile, the EE values
of modified PLGA nanoparticles were higher. The result
is higher than the optimal EE in the previous study by
Khanal et al., 52% [11]. The interaction of nanoparticles
with DS tends to increase with the increasing amount of
chitosan and CMCh. Chitosan and CMCh have an amine
group that can interact electrostatically with DS and
PLGA, retaining DS in the matrix. Therefore, variations
in the ratio of chitosan and CMCh to PLGA showed an
increase in size, which allowed higher drug entrapment.

As shown in Fig. 6, these results have a similar trend,
namely, the increasing composition of CMCh in the
matrix enhances the EE and LC. These results, as observed
in a previous study by Khanal et al., obtained an optimal
LC of 6% [11].
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Fig 5. Effects of weight ratio of CMCh and chitosan to
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The Effect of CMCh and Chitosan Composition on
Release Drug

In vitro drug release study was performed to
evaluate the release of DS from nanoparticles. Several
factors influence drug release from nanoparticle-based
formulations, including pH, temperature, drug solubility,
desorption of surface-bound or adsorbed drugs, drug
diffusion, nanoparticle matrix swelling, erosion, and the
combination of erosion and diffusion processes [30]. The
percentage of cumulative drug release is presented in Fig.
7(a). The results showed that DS was released from the
PLGA matrix faster than from the CMCh-PLGA matrix.
Approximately more than 70% of the cumulative drug
release from CMCh-PLGA nanoparticles occurred in 24 h,
whereas for the cumulative drug release from the PLGA
only 49%. The showed that all
formulations had a biphasic release profile, characterized

matrix, results
by an initial rapid release and continuous release [31]. As
seen in Fig. 7(b), all formulas show resistance to pH 1.2.
This is indicated by the low percentage of release at pH
1.2, and the highest release is only about 1.5%. The
presence of CMCh was thought to play a role in protecting
the surface of the PLGA matrix so that drug release could
be reduced.

Compared with PLGA-DS nanoparticles, the
of CMCh-PLGA-DS
nanoparticles was higher at pH 6.8. It was estimated that
CMCh affects the release of DS in the medium. CMCh is

cumulative release

drug

pH 1.2

1007 PH 6.8

Cumulative release (%)

0 2 4 6 8

10 12 14 16 18 20 22 24
Time (h)
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more hydrophilic than PLGA, allowing pH 6.8 medium
solution to penetrate the nanoparticle matrix more
quickly and release more drug molecules [11]. The
increase of CMCh concentration suggested increasing
the medium penetration and hydration rate of the
CMCh-PLGA matrix. The behavior of CMCh, which has
a solubility at neutral pH, allows increasing the release
rate at pH 6.8. At neutral pH, the carboxyl group in
CMCh was deprotonated, leading to dissolution in the
medium. This provides the possibility for hydration of
the matrix. These factors may contribute to a higher
CMCh-PLGA
nanoparticles. From all formulas, the composition of
CMCh to PLGA in formula F-2 seemed to have the best
release profile, which resulted in low drug release at pH

cumulative  drug release  from

1.2 was 0.2%, and sustained release up to 24 h, which
reached 90.9%.

The release profile of chitosan-PLGA-DS had
almost the same trend. The release study was low at pH
1.2 and relatively high at pH 6.8 for all formulas, as seen
in Fig. 8. The maximum release was 1.3% at pH 1.2,
while the lowest was 0.8%. Chitosan can dissolve in
acidic media, so at pH 6.8, the contact of chitosan-
PLGA-DS with a pH of 1.2 might cause protonation of
chitosan, weakening the interaction of chitosan with
PLGA to dissolve in the medium and facilitating the
diffusion of DS from the matrix. The solubility of DS is
known to increase at this pH. The addition of chitosan
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Fig 7. Effect of weight ratio of CMCh to PLGA (a) and different pH media (b) on profile release of diclofenac sodium
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was adequate in this study to withstand the release of DS
at low pH.

According to the release profile, the formula F-2 and
H-2 were the optimum since they had the lowest release at
pH 1.2, followed by a fairly significant release at pH 6.8. This
formula is used to optimize the PLGA-DS composition.

The Effect of Diclofenac Sodium Composition on EE
and LC

Fig. 9 shows the percentage of encapsulation
efficiency as the mass ratio of DS to PLGA varies. All
formulas, both CMCh and chitosan-modified, have
excellent encapsulation efficiency. So, this suggests that
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Fig 10. Effect of weight ratio of diclofenac sodium to

PLGA on loading capacity

adding DS composition does not seem to influence the
percentage of EE.

Fig. 10 illustrates the percentage loading capacity
of the optimized DS composition. The higher the DS
composition in the matrix, the higher the percentage of
LC obtained. The higher percentage of LC reveals that
the polymer matrix might contain drugs in a 20:4 ratio
for both F-2C and H-2C, enhancing the effectiveness of
nanoparticles. Although various nanoparticle systems
with various characteristics have been successfully
synthesized, the loading capacity of most of the
nanoparticle systems is relatively low, generally less than
10%. As an outcome, developing techniques to improve
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drug loading is necessary [32].
m CONCLUSION

A modified PLGA nanoparticle was prepared
successfully using carboxymethyl chitosan and chitosan
to encapsulate DS. It could improve the loading capacity,
efficiency encapsulation, and drug release of
nanoparticles with increased size. The formula obtained
the best formulation of CMCh-PLGA-DS with the best
LC and EE. The minimum drug release at pH 1.2 medium
and the maximum drug release at pH 6.8 with a low initial

burst release, namely F-2C and H-2C.
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Abstract: Mixed ligand metal complexes are synthesized from oxalic acid with Schiff
base, and the Schiff base was obtained from trimethoprim and acetylacetone. The
synthesized complexes were of the type [M(L;)(Lz)], where the metal, M, is Ni(II), Cu(Il),
Cr(IlI), and Zn(Il), L, corresponds to the trimethoprim ((Z)-4-((4-amino-5-(3,4,5-
trimethoxybenzyl)pyrimidine-2-yl)imino)pentane-2-one) as the first ligand and L,
represent the oxalate anion (C,03~) as a second ligand. Characterization of the prepared
compounds was performed by elemental analysis, molar conductivity, magnetic
measurements, 'H-NMR, *C-NMR, FT-IR, and Ultraviolet-visible (UV-Vis) spectral
studies. The recorded infrared data is reinforced with density functional theory (DFT)
calculations. Also, the recorded and calculated IR spectra of the complexes suggested that
the coordination of Schiff base is a bidentate ligand with Cu and Ni complexes and a
tridentate ligand with Co, Cr, and Zn complexes. The electronic structures of the
complexes were investigated by DFT calculations, showing several degrees of HOMO-
LUMO energy gaps between complexes. The complexes were studied for their DNA
interaction activities. The synthesized ligand and its metal complexes were evaluated for
antimicrobial properties against bacterial strains of Bacillus subtilis (G+), Enterobacter
cloacae (G-), and Staphylococcus aureus (G+). These complexes considered in this study
showed good antimicrobial activity.

Keywords: trimethoprim; oxalic acid complexes; acetyl acetone; Schiff base;
antimicrobial activity

= INTRODUCTION

Schiff base compounds showed a unique role as

Acid and with, M(II) = Cu, Zn, Ni and Fe(III) ions [5].
The H,L is coordinated to the metal atom as a neutral,
monoanionic, or dianionic tetradentate type (ONNO)

ligands with transition metals and main groups in
bioinorganic and coordination chemistry [1-2]. The
interaction of Schiff bases with metal ions gives complexes
of different geometries used as anticancer, antibacterial,
antiviral, design medicinal compounds, antitumor
organometallic chemistry, catalytic applications, chemical
analysis, geology, and corrosion inhibition [3-4]. The
complexes with mixed ligands of a Schiff base 4-
dihydroxybenzylidenethiosemicarbazide (H,L)-, Oxalic

ligand in its complexes. Chen [6] has reported the
synthesis and structural characterization of a trans-
(PyH)2[M0,04(C;04)>(Py);] in an aqueous solution. The
pyridine ligand coordinates to the Mo atom through the
N atom. The oxalate ligand coordinates to each Mo atom
through 2-Carboxylate Oxygen atoms in a bidentate
chelating manner. Based on these observations, the
present study was undertaken to synthesize and
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characterize mixed ligand complexes of oxalate anion and
Schiff base derived from trimethoprim and acetylacetone
with one of the metal ions Cr(III), Co(II), Ni(II), Cu(II)
and Zn(II). DFT calculations for molecular electrostatic
potential, geometry optimization and vibrational
frequencies of the synthesized molecules using the B3LYP

level of theory and LANL2DZ basis set were reported.
m EXPERIMENTAL SECTION
Materials

All the chemicals and solvents, trimethoprim,
ethanol, acetylacetone, acetic acid, dimethyl sulfoxide,
chloroform, methanol, and acetone metal chloride salts,
were purchased of A.R. Grade quality obtained from
Aldrich, Merck, and BDH and were used without further
purification.

Instrumentation

Melting points were determined by MPA160 - Digi
Melt melting point instrument. The Eager300 obtained
the Elemental analysis of ligand for EA1112 Thermal
Finnegan C.H.N.S 2400 The atomic
absorption spectrophotometer analysis of the complexes

instrument.

was measured using a fair agreement method using the
device from type Shimadzu (A.A 620) atomic absorption
spectrophotometer. The molar conductivity values of the
complexes with a concentration of 10~ mol/L in dimethyl

0 HoN
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/
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sulfoxide (DMSO) were reached by the digital
conductivity series Ino.Lab.720 device. The Magnetic
susceptibility measurements of the complexes were
measured using Johnson Mattey Balance. Ultraviolet-
visible spectra were recorded on double-beam UV-
Visible spectrophotometry of the type UV 160A
(Shimadzu) at 200 and 1100 nm with a 1 cm quartz cell,
using DMSO as a solvent and a concentration of
107 mol/L. The Fourier-transform infrared spectra were
measured using KBr pellets on the Shimadzu FTIR
8400S spectrophotometry instrument. The spectra FTIR
are recorded in the range of 400 to 4000 cm™. The 'H
and PC-NMR spectra were obtained from the DMSO-ds
solution using an Inova 500 MHz instrument.

Procedure

Synthesis of Schiff base ligand

The Schiff base ligand (L) was prepared by
condensation of 1.176 g (4 mmol) of trimethoprim in
20 mL ethanol and 0.4 g (4 mmol) acetylacetone for 8 h
with the addition of 4 to 5 drops of acetic acid (Scheme
1). The volume of the mixture was reduced by slow
evaporation at room temperature and leave it to stand
overnight. Then, the obtained off-white precipitate was
washed several times with absolute ethanol, dried at
room temperature, and recrystallized from ethanol to
get a pure sample.

(2)-4-((4-amino-5-(3,4,5-trimethoxybenzyl)pyrimidin-2-yl)imino)pentan-2-one

Scheme 1. The synthesis route of Schiff base ligand, L,
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CivsHuN,O4 (Ly): %Yield: 86%. Anal. calc. for
C1oH24N4O4 (372.43 g/mol): C, 61.27; H, 6.50; N, 15.05.
Found C, 62.06; H, 5.56; N, 13.99. Mp: 185 °C. IR (KBr,
cm™): v(C=0) 1682, v(-C=N-) 1658. 'H-NMR (DMSO-
ds): 8 1.880 (-N=C-CH5), 2.490 ((CO)-CHs;), 3.518-3.605
(CH,), 3.710 (O-CHs), 5.966 (pyrimidine ring), 6.545-
6.252 (NH,), 7.487 (Ar). ®C-NMR (500 MHz, DMSO-dg):
518.5 (-N=C-CH), 21.3 (-(CO)-CHs). 55.8 (O-CH3), 59.9
(CH,), 105.6-135.8 (Ar), 152.7-161.6 (pyrimidine ring),
162.3 (-C=N), 172.5 (C=0).

Synthesis of the complexes of the type [M(L1)(L2)]

The complexes were prepared in a molar ratio of
1:1:1 (M:L;:L,). The metal chloride salts (MCl,,-nH,O. n =
0-6, and CrCl;-6H,O) reacted with the two ligands
according to Scheme 2 and the following proposed
general equation:

H,C,04 +2KOH - K,C,04 + 2H,0

MCLnH,O + L; + K,L, > [M(Ly)(L,)] + 2KCl + nH,O
where L; = Schiff base (the first ligand), L, = C,05~
(Oxalate anion as a second ligand) and M = the
corresponding metal.

Dissolving 0.23793, 0.23769, 0.17048, 0.17228 and
0.26635 g (1 mmol) of CoCl-6H,O, NiCl-6H,0,
CuClL:2H,O, ZnCl,, and CrCl-6H;O, respectively, in
10 mL of ethanol. A 0.372 g (1 mmol) of L; in 10 mL of
ethanol and the solution of potassium oxalate were added
at the same time to the metal chloride solution. The
mixture was stirred for 4 h at room temperature and left
for 24 h. The precipitate was filtered and washed with
ethanol before recrystallizing and drying at room
temperature. The percentage yield range is 79 to 85%.

CoC,HN,Og (1): %Yield: 83%. Anal. calc. for

m0
_ ethanol
/C C\ + 2KOH
HO CH
Qxalic acid
o NH3
0 0 N
nn o, L N* |
SERN )\\
KO OK /(;-:_N N
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CoCyH,N,05 (519.38 g/mol): C, 48.56; H, 4.66; N,
10.79. Found C, 49.02; H, 4.44; N, 11.13. Mp: 223-
255 °C. IR (KBr, cm™): v(C=0) 1670 (carbonyl of L),
v(—C=N-) 1645, v(C-O) 1238 (oxalate), v(Co-N) 524,
v(Co-0) 480 (oxygen of L,), v(Co-0O) 459 (oxygen of L,).

CrC,uHuN,O;s (2): %Yield: 82%. Anal. calc. for
CrC;HxN4Os (512.44 g/mol): C, 49.22; H, 4.72; N,
10.93. Found C, 48.78; H, 4.36; N, 10.61. Mp: 285 °C. IR
(KBr, cm™): v(C=0) 1671 (carbonyl of L;), v(~C=N-)
1643, v(C-O) 1235 (oxalate), v(Cr-N) 526, v(Cr-O) 475
(oxygen of L), v(Cr-O) 448 (oxygen of L,).

ZnCyH,N,Os (3): %Yield: 79%. Anal. calc. for
ZnCy;HuN,Os (525.82 g/mol): C, 47.97; H, 4.60; N,
10.66. Found C, 48.11; H, 4.98; N, 10.85. Mp: 216-220 °C.
IR (KBr, cm™): v(C=0) 1674 (carbonyl of L),
v(—C=N-) 1643, v(C-O) 1242 (oxalate), v(Zn-N) 542,
v(Zn-0) 484 (oxygen of L,), v(Zn-0O) 438 (oxygen of L,).

CuCyHuN,Os (4): %Yield: 83%. Anal. calc. for
CuC,HN,Og (523.99 g/mol): C, 48.14; H, 4.62; N,
10.69. Found C, 49.03; H, 4.86; N, 10.93. Mp: 253-255 °C.
IR (KBr, cm™): v(C=0) 1681 (carbonyl of L),
v(—C=N-) 1642, v(C-O) 1240 (oxalate), v(Cu-N) 513,
v(Cu-0O) 479 (oxygen of L,).

NiC; HN,Os (5): %Yield: 85%. Anal. calc. for
NiCyHxN,O5 (519.14 g/mol): C, 48.59; H, 4.66; N,
10.79. Found C, 47.82; H, 4.92; N, 10.41. Mp: 216 °C. IR
(KBr, cm™): v(C=0) 1680 (carbonyl of L;), v(-C=N-)
1643, v(C-0O) 1245 (oxalate), v(Ni-N) 532, v(Ni-O) 472
(oxygen of Ly).

DNA binding properties
DNA was extracted from human blood samples
without any health problems in the city of Baghdad/Iraq

o O
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c—c * 2H;0

/ AN
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Potassium oxalate
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CH,

+ metal chloride

Scheme 2. The synthesis route of the complexes contains Schiff base ligand and metal ion
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using unique extraction from Promiga USA. The steps
mentioned in the protocol were followed. The DNA
concentration and the purity of the extracted DNA were
obtained using the spectrophotometer of 1.6 to 1.8 ng/mL.
The purity and concentration were measured using the
subject standards. The samples were initially extracted on
the 1% agarose gel to confirm their quality and to see if
there was any breakage during extraction. The studied
materials were then mixed with the extracted DNA by 2:1
v/v and put in a water bath for one hour at 37 °C and then
transported in 1.5% agarose gel for 1 h and 75 V, then
treated with Red safe fluorescent dye and under the UV
source using the gel documentation system.

Computational details

All the DFT calculations were performed with the
Gaussian09 program [7]. The geometries of the
complexes were fully optimized at B3LYP (Becke's, three-
parameter exchange functional, in combination with Lee-
Yang-Parr correlation function) [8-10] with the 6-311G*
basis set for C, H, O and N atoms and LANL2DZ (Los
Alamos National Laboratory 2 double-zeta) [11-13] basis
set for metal atom. LANL2DZ is an effective core
potential (ECP) type and has been widely used for studies
of transition metals (TM) containing systems. The
computational cost is decreased with the chemically
inactive core electrons represented by an ECP since the
cost formally increases as ~N4, where N is the number of
explicitly treated electrons. The program GaussView 6
[14] was used to inspect the input and output files
generated by Gaussian09 for pre-processing, structure
modification, and post-processing analyses of structures,
frequencies, and forces. A frequency analysis was
performed for each stationary point to identify the
minima's most stable structure. All minima have no
imaginary frequencies in the vibrational mode
calculations. The molecular electrostatic potential, V(r),
at a given point r(x,y,z) in the vicinity of a molecule, to
determine the reactive sites of the complexes, was
calculated at the B3LYP functional with the 6-311G* basis
set for C, H, O and N atoms and LANL2DZ basis set for
the metal atom of the optimized geometry. The definition,

description, and calculation of V(r) were reported in
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many reports [15]. The B3LYP level of theory with the
6-311G* basis set for C, H, O, and N atoms and the
LANL2DZ basis set for metal atoms is used to calculate
the energies and electron densities of the frontiers
molecular orbitals. The PDOS (Projected density of
states) has been obtained via the calculated orbital
populations for all synthesized complexes at the same
level of theory, using GAUSSSUM 3.0 program [16].

m  RESULTS AND DISCUSSION

The solubility of the compounds was tested using
various solvents. The synthesized complexes are non-
hygroscopic solids, varying colors and soluble in water
and dimethyl sulfoxide, whereas insoluble in ethanol,
chloroform, methanol, and acetone. Also, they are air-
stable at room temperature. The molecular weight,
of the
synthesized complexes were carried out by the literature

melting point, and Flame-AAS analysis
methods [17]. The experimental and calculated values of
a metal content percent (M%) in all complexes are in fair
agreement. The chloride ions test in all complexes was
done with the AgNO; solution, and a negative result was
obtained [18]. The molar conductance values of the
complexes in DMSO solvent indicated that [ML,L;]
complexes are non-electrolytes, while complex 2 is a 1:1
electrolyte [19-20]. These results support the proposed
formula of the complexes (Fig. 1). The physical and
analytical data of Schiff base ligand L;, and its metal
complexes are listed in Table 1.

TH-NMR Result

The '"H-NMR in the DMSO-d; solvent of the ligand
(L,) is shown in S1. In S1, two signals appeared at 3.605
and 3.518 ppm, which were assigned to the protons of
the CH, groups. The previously reported values of the
CH, group signals in the '"H-NMR spectrum are in the
range of 3.59-3.52 ppm [20]. The spectrum of the ligand,
S1, also showed a peak at 3.710 ppm. This peak is
attributed to the methoxy protons (O-CH; group). The
chemical shifts of the protons of the O-CH; group are
reported in the range of 3.65-3.8 ppm [21-23]. The
chemical shift of the benzene ring protons is found at
7.487 ppm. It was reported that the chemical shift of the
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Table 1. Analytical data and some physical measurements of the Schiff base ligand and the complexes

Molar conductance

Molecul ight Melti int
Compound © e(cu/ o ‘gelg Color ¢ 1(r°1§)p om M% A\
g/mo (Q'cm?mol™)
L, 37243 Yellow 185 - -
1 519.38 Pink 223-255 11.35% 25.88¢
10.85°
2 512.44 Dark green 285 10.15° 37.88¢
10.20°
3 525.82 White 216-220 12.43* 17.18¢
11.93
4 523.99 Off white 253-255 12.13* 16.55¢
11.13°
5 519.14 Light green 216 11.31* 18.6°
10.20°
% theoretical value, ®: experimental value, ©: measured in DMSO
HaC
3 \O /
H:;C/0 N\ N=C I 0\\ /o
, Y \/C\ _ C_C\/
H:;C\O _N o/ o
NHz Lo: Oxalate
Lq: (Z2)-4-{{4-amino-5-{3 4 5-trimethoxybenzyl} Pyrimidin -2-yl)imino)pentan-2-cne anion
M \
O —~C
H:;C/ N\ NT _,\C
| Y \ _o=0
HiC o _N—M
@ | AN
@]
(@] |
NHz — e-Cxq
1(M=Co), 2(M=Cr),3(M=2n) [/
" |\
Cc
H C/O N Né //C—
3 ' N\ \ fof
HiCo —M—0
3 O ZN \ \C:O
O/
NH; G
4(M=Cu), 5 (M=Ni) 0

Fig 1. The suggested structure of the complexes [M(L:)(L2)]) and ligands

benzene ring protons displayed in 6.75-8.01 ppm [23-24].
The chemical shift of the proton of the pyrimidine ring is
observed at 5.966 ppm. The protons of the amine group
(NH,) showed two peaks at 6.545 and 6.252 ppm. The
reported values for the pyrimidine ring proton and the
protons of the amine group are 5.8 and 6.9, respectively
[25]. The chemical shifts of the methyl protons of the

(-N=C-CH5;) and ((CO)-CHs) groups were observed at
1.880 and 2.490 ppm, respectively [26].

13C-NMR Results

The C-NMR spectrum of the ligand L, in DMSO-
ds solvent is shown in S2. The spectrum of the ligand, S2,
exhibits a chemical shift at 18.53 ppm, which is assigned
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to the carbon atom of the methyl group, which is attached
to the azomethine group (-N=C-CHs). It was reported
that the chemical shifts of the carbon atom in the methyl
group of C-CH; in the range 19.09-19.87 [22]. The
chemical shift at 21.3 ppm is attributed to the carbon atom
of the methyl group, which is attached to the carbonyl
group (-(CO)-CHs). It was reported that the carbon atom
of the methyl group displayed chemical shifts at 21.06 and
21.4 ppm [27]. The signals appeared in the range 40.0-
32.9 ppm concerning the DMSO solvent. The chemical
shift at 55.8 ppm is assigned to the carbon atom of the O-
CH; group. This assignment is based on the previously
reported chemical shifts of the carbon atom of this group
[21-22]. The chemical shift at 59.9 ppm is due to the
carbon atom of the CH, group. The reported values of the
carbon atom of the CH, group of the mono- and diphenyl
tin(IV) complexes were 59.9-60.46 ppm [28]. The
chemical shift of the carbon atoms of the aromatic ring
appeared in the range of 105.6-135.8 ppm [26]. The
carbons of the pyrimidine ring showed three signals at
152.7, 154.3, and 161.6 ppm [26]. The peak that appeared
at 162.3 ppm can be assigned to the carbon atom of the
azomethine group (-C=N). In a previous work reported
by Saheb et al., the carbon atom of the azomethine group
showed a chemical shift at 162.79 ppm [21]. The signal
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appeared at 172.5 ppm concerning the carbon atom of
the carbonyl group. The carbon atom of the carbonyl
group showed chemical shifts in the reported value of
167.3-170.0 ppm [22].

Vibration Frequencies Results

Table the
frequencies of infrared spectra of the synthesized

2 displays selective  vibrational
complexes and ligands. The assignments for the
observed infrared bands were made primarily based on
the vibration modes as calculated (theoretically) and on
the literature data [27-32]. The infrared spectrum of the
free ligand L, exhibits a sharp band at 1658 cm™', which
is assigned to v(—C=N-). This vibrational band appears
at alower frequency, in the range 1642-1645 cm™, in the
infrared spectra of all complexes. The shifting of the
v(—~C=N-) to the lower frequency after complexation
indicates coordination with the metal ion through the
nitrogen atom of the —~C=N- group. The vibrational
frequency of the L, ligand at 1682 cm™, which is assigned
to the v(C=0) of the acetyl group, is shifted to lower
frequencies in the infrared spectra of complexes 1, 2, and
3 and appears in the range of 1670-1674 cm ™' indicating
the coordination is through the oxygen atom of the acetyl
group of the L, ligand. In the cases of complexes 4 and 5,

Table 2. Experimental and calculated infrared absorption (cm™) data of the free ligand and complexes

Compounds v(C=0)® v(-C=N-) v(C-0)¢ v(M-N) v(M-O)¢ v(M-O)®

L, 1682 1658 - - - -
(1693)? (1665)?

L, - - 1277 - - -

(1310)?

1 1670 1645 1238 524 480 459
(1689)* (1643)* (1273)* (565)* (488)* (443)*

2 1671 1643 1235 526 475 448
(1680)* (1651)? (1272)* (536)* (470)? (422)?

3 1674 1643 1242 542 484 438
(1677)* (1651)* (1270)* (551)° (473)° (401)°

4 1681 1642 1240 513 479 -
(1694)* (1638)? (1265)* (553)* (447)?

5 1680 1643 1245 532 472 -
(1694)2 (1650)? (1270)? (533)? (463)?

% Calculated value at the B3LYP level of theory with the 6-311G* basis set for C, H, O, and N atoms and LANL2DZ
basis set for metal atom., v: stretching, M: the corresponding metal, ®: oxygen of the carbonyl of L; ligand, <: Oxygen of

L, ligand
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the v(C=0) of the acetyl group appeared at 1681 and
1680 cm™', respectively. These peaks are similar to that of
the free ligand L,, indicating that the acetyl group in L,
does not participate in the coordination with the metal in
complexes 4 and 5. It is interesting to note that the
frequency of the v(C-O) band of the free L, ligand appears
at 1277 cm™, while in the infrared spectra of complexes 1,
2, 3,4, and 5, this band is downshifted and located at 1238,
1235, 1242, 1240, and 1245 cm™, respectively. This result
suggested the coordination of the oxygen atoms of the
hydroxyl group, the L, ligand, with the metal ion. The
downshifting of the frequency values of the v(-C=N-),
v(C=0), and v(C-O) bands of the complexes as compared
to the free ligands are further supported by the calculated
vibrational frequencies (Table 2). In the lower frequencies
region of the infrared spectra of all complexes, new bands
observed in the range 513-542 cm™' and 472-480 cm™!
were ascribed to the v(M-N) and v(M-O) vibrations,
respectively. Also, in the infrared spectra of complexes 1,
2, and 3, another new band was observed at 459, 448, and
438 cm™', respectively, and assigned to the v(M-O).
Accordingly, the primary ligand L, binds to the metal ion
in a tridentate fashion through two nitrogen atoms and

Indones. J. Chem., 2022, 22 (5), 1348 - 1364

one oxygen atom in complexes 1, 2, and 3 and as a
bidentate ligand fashion through two nitrogen atoms in
the case of complexes 4 and 5 (Fig. 1). In the case of the
L, ligand, it binds the metal ion as bidentate donors via
an oxygen atom in all complexes.

Geometry Optimization

The optimized geometry around the central metal
ion in complex 1 is trigonal bipyramid, where 2 and 3
adopted a distorted square pyramid configuration. These
results are based on the observation obtained from the
calculated geometries according to the B3LYP level of
the theory of these complexes (Fig. 2, Table 3). The
distorted square pyramid of the optimized geometry
around the metal ion in these complexes is due to the
tension in N6-M-N8 and N8-M-046 angles. Accordingly,
we can deduce that the Schiff base ligand (L;) binds to
the metal ion as tridentate fashion (NNO) donors, Fig.
2, and as bidentate ligand fashion (NN) donors, Fig. 3,
while the (oxalate anion) binds to the metal ion as
bidentate donors through oxygen atoms. The optimized
geometries for complexes 4 and 5 (Fig. 3, Table 4)
showed a slight N6-M-N8 angle and indicated a distorted
square planar geometry.

Table 3. Selected bond angles (°) and bond distances (A) of the optimized structures of 1, 2, and 3 at the B3LYP level
of theory with the 6-311G* basis set for C, H, O, and N atoms and LANL2DZ basis set for metal atom

Bond lengths (A) of complex 1

Bond lengths (A) of complex 2

Bond lengths (A) of complex 3

Co(52)-0(46) 1.927 Cr(58)-0(46)
Co(52)-N(8) 1.926 Cr(58)-0(52)
Co(52)-N(6) 1.910 Cr(58)-0(53)
0(54)-Co(52) 1.849 N(6)-Cr(58)
0(53)-Co(52) 1.836 N(8)-Cr(58)

1.968 0(46)-Zn(58) 2.196
1.921 N(6)-Zn(58) 2.125
1.940 N(8)-Zn(58) 2.275
2.071 Zn(58)-0(52) 1.949
2.067 Zn(58)-0(53) 2.005

Angles (°) of complex 1

Angles (°) of complex 2

Angles (°) of complex 3

N(6)-Co(52)-N(8) 69.3
N(6)-Co(52)-O(46)  159.8
N(6)-Co(52)-O(54)  99.4
N(6)-Co(52)-0(53)  99.7
N(8)-Co(52)-0(46)  93.0
N(8)-Co(52)-O(54)  168.7
N(8)-Co(52)-0(53)  93.6
0(46)-Co(52)-0(54)  98.2
0(46)-Co(52)-0(53)  90.8
0(54)-Co(52)-0(53)  87.9

0(52)-Cr(58)-0(46)
0O(52)-Cr(58)-N(6)
0(52)-Cr(58)-N(8)
0(52)-Cr(58)-0(53)
0(46)-Cr(58)-N(6)
0(46)-Cr(58)-N(8)
0(46)-Cr(58)-0(53)
N(6)-Cr(58)-N(8)
N(6)-Cr(58)-O(53)
N(8)-Cr(58)-0O(53)

101.9 0(52)-Zn(58)-N(6) 1389
131.3 0(52)-Zn(58)-0(46)  94.8
98.9 0(52)-Zn(58)-N(8) 1146
83.6 0(52)-Zn(58)-0(53)  85.8
116.8 N(6)-Zn(58)-O(46)  120.2
79.1 N(6)-Zn(58)-N(8) 60.3
1326 N(6)-Zn(58)-0(53) 89.3
63.5 0(46)-Zn(58)-N(8) 76.4
90.2 0(46)-Zn(58)-0(53)  126.5
147.2 N(8)-Zn(58)-0(53)  149.5
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Fig 2. The optimized structures of 1, 2, and 3 complexes at the B3LYP level of theory with the 6-311G* basis set for C,

H, O, and N atoms and LANL2DZ basis set for metal atom

The pei value for complex 1 is 4.86, complex 2 is
3.52, and complex 4 is 1.98 BM, respectively, while the pl
values for complex 3 and 5 are approximately zero
(diamagnetic).

The electronic spectral studies of compounds were

carried out in DMSO (107 M) solution [33-36]. Oxalic
acid in the DMSO solvent showed two high intensive
bands at 262 nm (38167 cm™) attributed to m>m* and at
310 nm (28490 cm™) attributed to n->m*, respectively.
The spectrum of the free ligand (L;) showed a strong band
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Fig 3. The optimized structures of 4 and 5 complexes at the B3LYP level of theory with the 6-311G* basis set for C, H,

O, and N atoms and LANL2DZ basis set for metal atom

Table 4. Selected bond angles and bond distances (A) of the optimized structure of 4 and 5 at the B3LYP level of theory

with the 6-311G* basis set for C, H, O, and N atoms and LANL2DZ basis set for metal atom

Bond lengths (A) of complex 4

Bond lengths (A) of complex 5

Cu(58)-0(52) 1.877
Cu(58)-N(8) 2.026
Cu(58)-0(53) 1.876

1.949

Cu(58)-N(6)

Ni(58)-0(52) 1.844
Ni(58)-N(8) 1.987
Ni(58)-0(53) 1.846
Ni(58)-N(6) 1.886

Angles (°) of complex 4

Angles (°) of complex 5

at 281 nm (35587 cm™'), which may be ascribed to m->m*

N(6)-Cu(58)-N(8) 67.0
N(6)-Cu(58)-0(52) 168.3
N(6)-Cu(58)-0(53) 98.6
N(8)-Cu(58)-0(52) 107.6

165.6

N(8)-Cu(58)-0(53)
0(52)-Cu(58)-0(53) 86.3

N(6)-Ni(58)-N(8) 68.5
N(6)-Ni(58)-0(52)  173.8
N(6)-Ni(58)-0(53)  97.7
N(8)-Ni(58)-0(52)  105.4
N(8)-Ni(58)-0(53)  166.2
0(52)-Ni(58)-0(53)  88.3

electronic transition within the organic ligand.

Complex 1 is

bipyramidal, and the electronic spectrum might be

considered distorted

trigonal

assigned in the “regular”

geometry. In a trigonal-

bipyramidal ligand field, the ground term is split into the
states *A;', *A,", *A,", *E", and “E’; the *P term is split into
*A," and “E". The electronic spectrum of complex 1 (d’,
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Term symbol of *F) exhibits four bands, the first band at
279 nm (35842 cm™') assigned to the charge transfer
transition. The other three bands are due to d-d
transitions at 526 nm (19011 cm™) ,672 nm (14880 cm™),
and 826 nm (12106 cm™), which are assigned to
*AS'(F)>*AL1"(F), *A;(F)>*Ay"(F), *A7'(F)>*E"(F) transitions,
respectively [36-40].

The electronic spectral data of the chromium
complex (complex 2) reveal four bands at 604 nm
(16556 cm™), 509 nm (19646 cm™!), 425 nm (23529 cm™),
and 277 nm (36101 cm™), (Table 3 and 4) [29-30]. The
intense high band appearing at 277 nm is assigned to the
n->m* transition of the benzene ring. Furthermore, the
band at 425 nm is assigned to the n>m* transitions of the
azomethine group. The electronic spectrum of the Cr(III)
complex showed two bands at 509 and 604 nm. The
spectral band is consistent with that of five coordinated
Cr(III) complexes (Cr(III), d’, Term symbol of *F), so a
“regular” square-pyramidal geometry may be assigned for
this complex [34-35,41]. However, distorted geometry is
observed in this instance. The zinc(II) complex (complex
3) displays multiple intense absorption bands in the UV
region at 281 nm (35587cm™') that we assume result from
metal-ligand charge-transfer and ligand internal
transitions, which is compatible with this complex having
distorted square pyramid structures [35-36].

The electronic spectrum of complex 4 displays a
broad single d-d band that appeared at 859 nm (11641
cm™') which implies the three allowed spin transitions,
*Big>*A1g(v1), B1>"Byg(v2) and °B1>°Eg, may be due to
square planar (slightly distorted) geometry around the
copper(Il) ion and 281 nm (35587 cm™') which assigned
to ligand to metal charge transfer (LMCT) [37].

The (UV-Vis) spectrum of complex 5 exhibits four
bands; the first band at 279 nm (35842 cm™) is assigned
to the m>m* transition of the aromatic ring. The second
band appeared at 419 nm (23866 cm™'), which is
attributed to the charge transfer from ligand, azomethine,
to metal. From the electronic spectrum, the observed peak
at (628 nm) 15923 cm™ is assigned to the 'A;>'B; band
and 778 nm (12853 cm™), which is attributed to the
'A;>'A; band. These transitions suggest the square planar
geometry around Ni(II). The 10 Dq = 2853 cm™, and

1357

vi/v, = 80 (or v,/v; = 1.23 are in the usual range
reported for a distorted square planar of the Ni(II)
complexes [38].

Electronic Structures

The calculated electron densities and energies of
the frontiers' molecular orbitals (HOMO and LUMO)
were investigated to explain the electronic properties of
the prepared complexes. Fig. 4 and 5 summarize the
calculated absolute energies of the HOMO and LUMO
orbitals together with the HOMO-LUMO energy gap
values. Complex 5 has a more significant HOMO-
LUMO energy gap. The calculated orbital energy levels
and percent composition of particular chosen frontier
inhabited and virtual molecular orbitals of the prepared
compounds, expressed in terms of composing fragments
(L1, Ly, and metal ion), are listed in Table 5. As shown in
Table 5, the HOMO of complex 1 is wholly localized on
the L, ligand, and its LUMO complex is mainly localized
on the metal ion. The HOMO and LUMO of complex 2
are mainly localized on the metal ion, as shown in Fig. 4
and presented in Table 5. The percent composition of
frontier occupied and virtual molecular orbitals of
complex 3 differ from those of complexes 1 and 2, as
shown in Table 5. The ligands L, and L, of complex 3
contribute 100% of LUMO and 99% of HOMO,
respectively. The LUMO orbital of complex 4 is
distributed over metal ions, L; and L,, with almost equal
percent, while its HOMO orbital is almost localized on
the metal ion (Fig. 5, Table 5). The percent composition
of HOMO and LUMO molecular orbitals of complex 5
are very similar to those of complex 3 (Fig. 5, Table 5).

Molecular Electrostatic Potential

The generated molecular electrostatic potential in
the space around a molecule, including the charge
distribution, is very helpful in understanding the sites
for electrophilic attacks and nucleophilic reactions. Also,
exploring the charge distribution around the molecule is
essential for studying biological recognition processes
and hydrogen bonding interactions [42-45]. Hence, the
molecular electrostatic potentials for complexes 2 and 5
were calculated from the optimized geometry (Fig. 6). The
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LUMO (E=-7.32 eV) LUMO (E=-2.67 eV) LUMO (E=-2.89 eV)
Energy gap =0.77 eV Energy gap =2.14 eV Energy gap = 2.41eV
HOMO (E= -8.09 eV) HOMO (E= -4.81 eV) HOMO (E=-5.30 eV)
*, v @
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Fig 4. The frontier orbitals, HOMO, and LUMO of the complexes 1, 2, and 3 were calculated at the B3LYP level of
theory with the 6-311G* basis set for C, H, O, and N atoms and LANL2DZ basis set for metal atom, with the surface
isovalue of 0.02

-

LUMO (E=-8.12 eV) LUMO (E=-2.88 eV)
Energy lgap =0.40 eV Energy gap =3.42 eV
HOMO (E=-8.52 eV) HOMO (E= -6.30 eV)

Fig 5. The frontier orbitals, HOMO, and LUMO of complexes 4 and 5 were calculated at the B3LYP level of theory
with the 6-311G* basis set for C, H, O, and N atoms and LANL2DZ basis set for metal atoms, with the surface isovalue
is 0.02
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Table 5. Energies and percent composition of HOMO and LUMO molecular orbitals of complexes, expressed in terms
of composing fragments, calculated at the B3LYP level of theory with the 6-311G* basis set for C, H, O, and N atoms

and LANL2DZ basis set for metal atom

C d  Molecular orbital Orbital Fragment
ompoun olecular orbita rbital energy (eV) Metal T ligand L, ligand
1 LUMO -7.32 62 12 26
HOMO -8.09 0 100 0
5 LUMO -2.67 63 17 20
HOMO -4.81 83 8 9
3 LUMO -2.89 0 100 0
HOMO -5.30 0 1 99
4 LUMO -8.12 30 31 39
HOMO -8.52 5 88 7
LUMO -2.88 1 99 0
> HOMO -6.30 3 1 96

electrophilic reactive sites of the molecule are concerned
with the negative (red) regions of molecular electrostatic
potential (Fig. 6). The nucleophilic reactive sites are
regarded by the positive (blue) regions of molecular
electrostatic potential. For complex 2, the negative
electrostatic potential regions are mainly localized over
the 057, 056, 023, 028, and N2 atoms (Fig. 6). The V(r)
values are -0.092, -0.085, -0.032, -0.037 and -0.022 a.u. for
057, 056, 023, 028 and N2 atoms of complex 2,
respectively. According to these results, complex 2 has
tive possible sites for the electrophilic attack. The most
positive electrostatic potential is localized on the
C47-H50 (V(r) = 0.045 a.u.) region of complex 2.
Therefore, the C47-H50 region represents the most
reactive site toward nucleophilic attack within complex 2.
For complexes 1 and 3, the most positive and negative
electrostatic potentials are similar to those observed for
complex 2. For the complex 5, the negative electrostatic
potential regions are mainly localized over the O57 (V(r)
=-0.080 a.u.), 056 (V(r) = -0.079 a.u.), 046 (V(r) = -0.028
au.), and 029 (V(r) = -0.036 a.u.) atoms (Fig. 6).
Accordingly, the 057, 056, 046, and 029 atoms
represent the possible sites for the electrophilic attack of
the complex 5. The most positive electrostatic potential
region is localized on the N9-H11 (V(r) = 0.049 a.u.) of
the complex 5. Therefore, the region N9-H11, in complex
5, is an electrophilic site and represents the most reactive
site toward nucleophilic attack. For complex4 the most

Fig 6. The Molecular electrostatic potential map of
complexes 2 and 5

positive and negative electrostatic potentials are similar
to those observed for complex 5.

Antibacterial Activities

The comparative study of the biological effects of
the ligands and their complexes is listed in Fig. 7. The
synthesized complexes have been tested against the
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Fig 7. The biological effect of compounds

(a) Escherichia coli (b) Bacillus subtilis

(c) Enterobacter cloacae

(d) Stap hylococcus aureus

Fig 8. Photograph of the zone of inhibition in mm
antibacterial activity of compounds

growth of Escherichia coli, Enterobacter cloacae,
Staphylococcus aureus, and Bacillus subtilis. Generally, the

antibacterial activities were in the order: Complex 2 > L,

> complex 5 > complex 4 = complex 1 > complex 3 > L,
= DMSO. This
significantly affect the antimicrobial activity of the

finding means that complexes

organic ligand. Fig. 8. The antibacterial activity (ZI) of
all the complexes >> Oxalic acid = DMSO. The DMSO
was used as a solvent and negative control. It did not
show any activity against bacteria. All tests lacked
antibacterial activity against Enterobacter cloacae. All
complex tests had anti-bacterial activity against test
bacteria (Escherichia coli, Staphylococcus aureus, and
Bacillus subtilis). The results showed that the nature of
the metal ion (M(II), Cr(Ill)) in complexes plays a
significant role in the ZI activity [46]. Also, the structure
of L; due to the presence of the (C=N) group, which is
significant in the mechanism reactions in biological
reactions, and ligands with (N) and (O) donor systems
might inhibit enzyme production and possibly (m-e)
delocalization through the whole (chelate ring) system
thus include through coordination [46].

DNA Binding Properties

The electrophoresis diagram of compounds is in
Fig. 9. In comparison to control samples 1 and 2, there
was a complete breakage in samples 3 and 10, which
represented CrA and DMSOA, respectively, and the
number 5 (lane 5), which represented NiA, was not
found to be broken, and in samples 4 (lane 4), 6 (lane 6),
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1: control; 2: control; 3: CrA; 4: OxA; 5: NIA; 6: CuA; 7: ZnA; 8: DNA
control; 9: TMA; 10: DMSOA, 11: control

Fig 9. Agarose gel electrophoresis pattern for the DNA

binding studies of oxalic acid and Schiff base

trimethoprim with various metal ions

7 (lane 7), 8 (lane 8), and 9 (lane 9), representing OxA,
CuA, ZnA, DNA control 3, and TMA, respectively. The
most influential sample on DNA was sample 8 (lane 8),
which represents DNA control, where a long haze streak
showed DNA breaking along the gel transfer line. In the
DNA cracking that was detected by the weak radiation of
the sample and the use of Red safe stain at the
examination under the source of ultraviolet compared to
the control sample. The intensity of the metal-DNA bands
is also reduced when compared to the DNA control
[39,46].

m CONCLUSION

The new mixed ligand complexes are synthesized
from the reaction of Schiff base ligand, L;, and oxalate
anion, L,, with metal salts. The synthesized Schiff base
ligand, L;, was prepared from the reaction of trimethoprim
and acetylacetone. The general formula of the synthesized
complexes is [M(L;)(L,)], where M represents one of the
following metals Co(II), Ni(II), Cu(II), Zn(II), and Cr(III),
L, represents the trimethoprim ((Z)-4-((4-amino-5-(3,4,5-
trimethoxybenzyl)pyrimidine-2-yl)imino)pentane-2-one)
as the first ligand and L, represent the oxalate anion
(C;057) as a second ligand. The analytical and
conductivity measurements support the proposed
formulae and indicate that the complexes are non-
electrolytes except complex 2, which is a 1:1 electrolyte.
The results obtained from measurements of UV, IR, and

NMR are in good agreement with the optimized

1361

structures of these complexes, which are calculated at the
B3LYP level of theory with the 6-311G* basis set for C,
H, O, and N atoms and LANL2DZ basis set for metal
atom. The Schiff base, L;, coordinated to the metal ion
in a tridentate fashion through two nitrogen atoms and
one oxygen atom in the case of complexes 1, 2, and 3,
which adopted highly distorted trigonal bipyramid for
complex 1, and distorted square pyramid configuration
for 2 and 3, and as bidentate ligand fashion through two
nitrogen atoms in the case of complexes 4 and 5 which
adopted a highly distorted square planar geometry. The
molecular electrostatic potential of the complexes is
explored. The results show that the negative electrostatic
potential regions are mainly localized over the oxygen
atoms in most cases. The electronic structures of the
complexes are investigated in terms of the energies of the
HOMO and LUMO orbitals and the electron density
distribution of these orbitals over the composing
fragments (L;, L, and metal ions) of the complexes. The
antibacterial activities of the prepared compounds were
in the order: complex 2 > L; > complex 5 > complex 4 =
complex 1 > complex 3 >L,. In the DNA cracking that
was detected by the weak radiation of the sample and the
use of a Red safe stain, it is observed that the intensity
decreased for the metal-DNA bands compared to DNA
control.
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Synthesis, Characterization, and Antibacterial Activity of Lanthanide Metal
Complexes with Schiff Base Ligand Produced from Reaction of 4,4-Methylene
Diantipyrine with Ethylenediamine

Kawther Adeeb Hussein” and Naser Shaalan

Department of Chemistry, College of Science for Women, University of Baghdad, Iraq

* Corresponding author: Abstract: An environmentally friendly method for the synthesis of Schiff bases was
described by combining 4,4-methylenediantipyrine with ethylenediamine. The complex
was prepared in a classical way, the usual condensation reaction method. A series of metal
complexes were prepared from reactions of lanthanide nitrate salts [Nd*, La*?, Er*3, Gd*,
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Received: April 20, 2022 and Dy*] with a Schiff base ligand. The structures of the complexes were confirmed by
Accepted: July 19, 2022 analytical studies, spectral measurements, and thermal studies, and the prepared ligand
DOL: 10.22146/ijc.74214 was characterized using microanalysis technique, UV-Visible, infrared, nuclear magnetic

resonance 'H-NMR and C-NMR, mass spectrometry, and thermogravimetric analysis
(TGA), and the addition of conductivity measurement and magnetic moment of
complexes. The results showed that these complexes have a consistency of 10 in which the
elements are bonded with the ligand through the two nitrogen atoms at C=N and that the
bonding ratio between the metal:ligand is in 1:2 ratio. By using agar disc-spreading, we
tested several in vitro compounds for their antibacterial activity against four pathogenic
bacteria, including Staphylococcus aureus, Bacillus subtilis, Escherichia coli, and
Klebsiella pneumoniae. The majority of the complexes demonstrated antibacterial activity.

Keywords: Schiff's bases; lanthanide complexes; biological activity; 4,4-
methylenediantipyrine

= INTRODUCTION These elements overcome in their compounds the

The lanthanide (II) ions (rare earth metal ions) oxidation state +3, and in some of them, the +2 and +4

coordination chemistry field is rapidly expanding because states appear, and the +3 state is the only stable state in

. e : : lanthanum, gadolinium, and lutetium because it
of its application in fundamental and applied research in oo )
corresponds to the vacancy of the 4f orbital in it and its
half-filling, and then it is completely filling [9-11]. While

these metals can be considered transitional elements,

a variety of fields ranging from chemistry to material
science and biology [1-3]. The chemistry of Schiff base

complexes with lanthanide has gained importance . S
they have properties that distinguish them from the rest

of the elements [12].
One of the properties of the lanthanides that affect

recently because of the vast range of applications of
lanthanide complexes, such as in photochemistry and

medicine [4-5]. The lanthanides are a series of 15 rare

earth elements starting from cerium to lutetium in the how they interact with other elements is the alkalinity
Periodic Table with atomic numbers 58 through 71. Some property, which is the extent to which the atom can lose

scientists have added to them the element lanthanum 57, electrons [13]. Schiff base compounds are azomethine-

which precedes them in the Periodic Table, and the name containing compounds formed through a condensation
of the lanthanide series is due to the element lanthanum ~ "¢2€ton between  primary amine  and carbon.yl
[6-7]. The lanthanide series consists of a series of ~ °''F ounds, and they were first reported by Hugo Schiff
successive elements in which the f orbital is partially or in 1864 [14-16]. Schiff base compounds are a significant

filled with electrons, and the outer orbital is empty [8]. and well-studied class due to their wide variety of
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biological uses, simplicity of manufacturing, chelating
properties, and stability [17-19]. In addition to their
unique properties and practical uses, Schiff bases are also
particularly fascinating compounds that shield metal ions
from the chemical environment by creating kinetically
inert complexes. Additionally, they have a remarkable
ability to organize lanthanide ions, and antipyrine
derivatives possess certain scientific advantages [20-22].
Several lanthanide coordination compounds have been
demonstrated to contain ligands containing nitrogen
donor atoms that serve as good building blocks for
creating other lanthanide coordination compounds. As a
linkage in metal coordination chemistry, Schiff bases
continue to play a significant role [23-24]. Schiff base
metal complexes have played a significant role in the
history of coordination chemistry, resulting in a wide
range of articles ranging from pure synthetic efforts to
contemporary studies of metal complexes on a physical,
chemical, and biological level [25-26]. The objectives of
this study are synthesizing a new Schiff base ligand from
antipyrine  derivatives which is  (4,4-methylene
diantipyrine), characterizing it by spectroscopic methods,
synthesizing some complexes using salts of rare earth
(Nd”, La®”, Er”, Gd"”, and Dy"),
characterizing them by physical and spectral analytical

metal ions

methods, and studying their biological activity [27].
m EXPERIMENTAL SECTION

Materials

All reagents and chemicals used in this study are in
the analytical grade and purchased from Sigma-Aldrich
such as 4,4-methylenediantipyrine (97%),
ethylenediamine (99%), absolute ethanol (99%), and
lanthanide nitrate [Ln(NO3);]-6H,O whereas Ln*® = La,
Nd, Er, Gd, and Dy.

Instrumentation

The microanalysis element of the studied ligand and
complexes was carried out with a Thermo Finnegan flash
device in Syria Energy Centre. Infrared spectra of ligands
and their complexes were recorded within the range
4000-250 cm™ using a device of the type Shimadzu FTIR-
spectrometer and using a KBr disk for ligands and CsI for

Indones. J. Chem., 2022, 22 (5), 1365 - 1375

complexes at the Department of Chemistry, College of
Science, Baghdad University. Also, the '"H-NMR and
BC-NMR spectra of the prepared ligand were recorded
by using a Bruker 400 MHz AVANCE spectrometer
after dissolving it with DMSO-ds solvent and using
Si(CHs), (TMS) as a reference for measurement at room
temperature in Ankara, Turkey, and the mass spectra of
the prepared compounds were recorded by a Network
Mass Selective device at the University of Ankara,
Turkey. The melting point of the prepared ligand and
their complexes using a device from the English
company Stuart with a temperature range of 300 °C at
the Department of Chemistry, College of Science,
Baghdad University.

Procedure

Synthesis Schiff base of ligand

Schiff’s base ligand was prepared by dissolving 1 g
(1 mol) of 4,4-methylenediantipyrine in (20 mL) of
ethanol absolute 99.9% in a round-bottom flask with a
capacity of 100 mL. An amount of 0.154 g (1 mmol) of
ethylenediamine in a separating funnel was added
dropwise into the mixture, followed by 3-5 drops of
glacial acetic acid with continuous stirring until the
components were homogenous. The mixture was heated
and refluxed for 4-6 h, at 100 °C. After the precipitation
was completed, the white crystals were collected by
filtration, washed with absolute ethanol, dried for 24 h,
and then recrystallized in absolute hot ethanol. The re-
crystallized powder was collected by filtration and then
dried for 12 h. It had 75% yield and a melting point (m.p)
189-191 °C. The ligand was characterized by several
techniques [28].

Preparation of lanthanide complexes

Lanthanide complexes are prepared by dissolving
0.1 g of Schiff bases ligand in 5 mL of methanol absolute
in a 25 mL round bottom flask. An amount of 5 mL of
methanol absolute at a time was added with lanthanides
salts. The mixture was refluxed, stirred for 4 to 7 h, and
then left to precipitate. Then the precipitate was
collected and purified with water and ether and let dry
to obtain a pure precipitate; the molar ratio was fixed at
1:2 [29].
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Table 1. Microanalysis elements C, H, N, and O and physical data for ligand as well as its lanthanide complexes

Ln*3 = Nd, La, Er, Gd and Dy

Scheme 2. Preparation of lanthanide complexes

Analysis (calculated)

Compound M.wt Yield% % % N% 0%
L/[CasHasNi] 412.54 75% 7279 (73.02) 6.84(6.79)  20.37 (19.95) -~
CsoHs6N1sNdOs 1155.34 65% 51.98 (52.34) 4.89(4.92) 18.19(17.95) 12.46(12.53)
CsoHs6Ni5LaOy 1150.00 60% 52.22(52.34) 4.91(4.82) 18.27(17.95) 12.52(12.67)
CsoHsN1sErOq 1178.35 68% 50.97 (51.23)  4.79(4.58) 17.83(17.92) 12.22(12.40)
CsoHssN1sGdOs 1168.34 65% 51.40 (52.13) 4.83(3.97) 17.98(17.89) 12.32(12.72)
CsoHsNy;sDyOs  1173.62 65%  51.17 (51.42) 4.81(4.63) 17.90(17.57) 12.27 (12.59)

m  RESULTS AND DISCUSSION

The reaction of the Schiff base ligand with the
lanthanide nitrate [Ln(NO3)3]-6H,O, Ln = La*®, Nd**, Er*,
Gd*, and Dy" produced good yields of complexes. The
analytical data, along with some physical properties of the
ligand and its metal complexes, are listed in Table 1.

FTIR Spectra of Schiff Bases Ligand

The Schift bases ligand [C,sH2sNe] was characterized
using an FTIR spectrum as shown in Fig. S1, which
revealed bands 3441, 3043, 2908, 1643, and 1589 cm™! that

are attributed to v(O-H), hydrated water [30], v(C-H)
Aromatic, v(C-H) (Aliph), v(C=N), and v(C=C) [31].

Mass Spectrum of Ligand

In coordination chemistry, mass spectroscopy is

increasingly being used as a potent structural
characterization tool. Mass spectra fragmentation
patterns for free Schiff base ligand [CsH2sNe] were in
good agreement with the structure in Fig. S2. The mass
spectrum was characterized by an intense peak at 412.54

m/z, which corresponds to its molecular weight computed
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at411.79 m/z [32].
Nuclear Magnetic Resonance Spectrum

"H-NMR spectrum of ligand

The "H-NMR of protons was studied in DMSO-d; as
the solvent and TMS as the standard reference. The
spectrum of ligand showed a chemical shiftat § = 1.77,2.23,
and 2.51 ppm, which appeared to return to -CH,-, -CHj,
and —-CH,- proton, respectively, in the 4-amino antipyrine
and ethylenediamine compounds. The spectrum displayed
various signals at 8 = 7.34 and 7.48 ppm assigned into
aromatic protons. In comparison, the beam appeared to
return to N-CHj at the chemical shift at § = 3.12 ppm; the
chemical shift of the azomethine group C=N is not
observable from 'H-NMR because no proton is present
related to the carbon azomethine group, the signals at § =
2.32 and 2.97 ppm indicated into DMSO-ds and water
(H.O), respectively [33-34]. The ligand "H-NMR spectrum
is shown in Fig. S3.

3C-NMR spectrum of ligand

The “"C-NMR was studied in DMSO-ds as the
solvent. The spectrum of ligand showed CHj, aliphatic at
11.48 ppm, -CH; at the 15.52 ppm, CH; and CH, at the
aliphatic, N-CH; and N-CH, at 35.39, 40.02 at the CH.
CH; at the aliphatic, CH-N-N at the 135.97 ppm, and the
C-CHj; at 155.33 ppm, while C=N at the 165.76 ppm [35],
as shown in Fig. S4.

FTIR Spectra of Complexes

Infrared spectra were recorded for the ligand
(CsHsNg) in the range of 4000-400 cm™ and its
complexes in the range of 4000-200 cm ™. The absorbance
peaks of the IR spectra are summarized in Table 2, and
representative IR spectra of the La complex are shown in

Indones. J. Chem., 2022, 22 (5), 1365 - 1375

Fig. S5. There was a distinct difference between the
spectra of the complexes and the spectrum of the ligand
due to its intensity and location. Further to that, it
appeared that new bands emerged as a result of
coordination between the ligand and the ions of the
internal elements (lanthanides). It was also noted that
the spectra of the complexes are similar among
themselves due to the presence of the same effects in the
vibrations of the ligand, and the infrared spectrum
indicates the presence of a band at 3441-3439 cm™;
which is attributed to the stretching frequencies of the
O-H bond of the moisture that appeared in the spectra
of each of the ligands and its lanthanide complexes.

The spectrum of the ligand also showed a medium-
intensity absorption band located at a frequency of
3043 cm ™ due to the vibration of the aromatic C-H band
stretching and the aliphatic absorption band at the
frequency of 2908 cm™. The spectrum of the ligand
similarly showed a medium-intensity band at the
frequency 1492 cm™, which is generated from the
vibration of the stretch band C=C of episode 4-
aminoantipyrene. The spectrum of the ligand likewise
showed a band at the frequency 1589 cm™" belonging to
the frequencies of the azomethine group C=N, 1591,
1583, 1593, 1581, 1577, and 1578 cm™', respectively, due
to their participation in the coordination process with
the lanthanide ions and forming complexes
CsoHs6N1sNd O, Cs0Hs6N1sLaO, Cs0HseNisErOs,
CsoHssN1sGdOy, and CsoHssN1sDyOs bond through the
free electron pair of one of the atoms of this group.
Bands appeared in the spectra of complexes 565, 530,
574, 572, and 572 cm™' back to frequencies (M-O), 503,
412,505, 503, and 435 cm™ back to frequencies (M-N),

Table 2. The infrared spectrum of the prepared ligand and lanthanide complexes

Ligand\Complexes V(IEI)_SI) v(C=N) v(C=C) v(NO;) v(NO;) v(NO3;) v(M-O) v(M-N)
2
L/[C,y5H,sNs] 3458 1643 1589 -—- --- -- -—- ---
CsoHs6N1sNdOy 3481 1643 1525 1490 1456 1311 582 453
CsoHsNsLaOg 3477 1620 1585 1492 1458 1304 588 458
CsoH56N15ErQOg 3446 1618 1575 1490 1458 1303 592 459
CsoHs6N15GdOy 3448 1616 1566 1490 1440 1300 590 435
Cs0Hs¢N15DyOg 3446 1616 1560 1496 1458 1303 592 424
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respectively, which is the result of forming coordination
bonds between the donating atoms O and N with the
central lanthanide ions [36-37].

Measurements with UV-Visible Spectroscopy

In Table 3, the UV-Vis spectra of the Schiff base
ligand and its lanthanide complexes dissolved in DMSO
(1 x 107> M) are listed. The absorption bands of ligand and
two representative ions are shown in Fig. S6. The first
high-intensity pack observed at Am. = 283 was likely
caused by the m>m* transition of aromatic rings. The
second absorption pack that appeared at Amex = 290 nm
corresponds to the n>m* transition of the carbonyl group
(C=0), and the last band at An.x = 328 nm could be
attributed to the n>m* transition of the azomethine group
(C=N). The absorption spectra of all investigated
lanthanide complexes differ from the free Schiff base
ligand in intensity and pattern [38], indicating that the
Schiff base ligand is coordinated with Ln** ions. Evidence
of complexes is revealed with different absorption bands
around 450-1100 nm [39] (Table 3). In spectral terms
with the same configuration 4f, a transition occurs (f>f).
As a result, there are very sharp spectral bands that are
similar to those observed with free ions. This is related to
the possibility of such transitions. As a consequence of the
valence selection rule (Laporte), electrical dipole
transitions are not allowed when the lanthanide ion is
subjected to a ligand field. As a result of the center
asymmetric interactions, the dipole transition becomes

partially permissible [40].
Magnetic Measurements of Lanthanide Complexes

The response of the transition elements to
magnetism increases with the increase in the number of
single electrons in the shell. As for the response of the
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lanthanide ions, it is related to how the electrons move
in the orbit, as it is in the depth of the atom, and thus the
lanthanide elements depend on the 4f shell electrons,
especially the single electrons. Among the direct results,
Her = /4S(S + 1) + L(L + 1), where the magnetic effect
resulting from the movement of the electron in its orbit

contributes to paramagnetic, next to the spinning
movement of the electron S, while the transitional
elements, the participation of the orbital movement, is
neglected due to the interference with the electric field
of the ocean. The effective magnetic moment (L) of the
created complexes has demonstrated that all the
prepared complexes, except lanthanum complexes, are
paramagnetic. The findings were compared with the real
values and were closely related to the calculated values
[41], as shown in Table 3.

Molar Conductivity Measurement of Lanthanide
Complexes

Table 3 shows that all the lanthanide complexes are
non-conductive in dimethylformamide (DMF) solvent
at a concentration of 1 x 10 M. It was revealed that
nitrate ions do not exist outside the coordination sphere.

Thermogravimetric Analysis (TGA)

The results of TGA of La**, Nd*, Er*®, Gd*?, and
Dy"’ complexes are given in Fig. S7 and Table 4. The
thermograms have been carried out in the range of up to
700 °C at a heating rate of 10 °C/min in a nitrogen
atmosphere. They show an agreement in weight loss
between the results obtained from the thermal
decomposition and the calculated values. It was observed
that the ligand undergoes two stages of decomposition.
In the range of 45-240 °C, the estimated mass loss was

13.5% (calculated at 13.8%). Due to the decomposition

Table 3. The physical data, molar conductivity, and electronic spectra for Schiff base ligand and lanthanide complexes

Compound  Dec Point Color Conductivity DMF Absorption bonds Assigned Magnetic
(°C) (Cm2.0ohm™".mol™") (nm) transition moment (B.M)

L/[C25H2sNe] 189-191  White crystals --- 283, 290, 328 n>7t, n>mt ——--
CsoHssN1sNdOo 280 White 20 - 1S Dia
CsoHssN1sLaOy > 300 Light yellow 30 584, 738, 803, 981 To2 > *Gspz, *Ioz > *Pupa, 2.67

o2 > D712

CsoHs6N1sErOy 270 Misty rose 20 488,521, 542,652,974 *Ha-> *Lisp, “Lisz > *Gun 7.54
CsoHs6N15GdOy 280 Sea shell 20 757, 806, 909 8S712 > T2 2.46
CsoHs6N1sDyOs 260 Light yellow 30 650, 982 *Li1 > *Hsp2, *Hisz > *Pspa 3.84
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Table 4. TGA data of Schiff bases ligand and its lanthanide complexes
Sample Temperature TG weight mass loss . Sample  Temperature TG weight mass loss .
Reaction Reaction
step range °C Calc%  Found % step range °C Calc%  Found %
L() 45-240 13.8 13.5 CHN, Er (I) 25-75 7.5 73 5H,0
L(ID) 240-510 67.5 67.7 Ci7HioNs Er (1) 80-230 10.0 9.6 2NO;
-- -- -- -- -- Er (IIT) 230-415 35.6 36.8 NOs + CasH2sNs
-- -- -- -- -- Er (IV) 415-590 32.3 32.1 CasHasNe
Final residual 18.5 18.6 CsHs Final residual 14.5 14.2 ErO
Nd (I) 25-75 8.0 8.5 6H.0 Gd (I) 30-75 7.4 7.0 6HO
Nd (IT) 75-180 10.1 9.8 2NO; Gd (11) 75-225 9.9 9.7 2NO;
Nd (I1I) 180-430 36.9 37.5 NOs + CosHasNs - Gd (IIT) 225-440 37.2 37.1 NO; + C2sH2sNs
Nd (IV) 430-620 33.0 325 CasHasNs Gd (IV) 440-575 325 323 CasHasNe
Final residual 12.5 12.6 NdO Final residual 13.0 13.5 GdO
La (I) 25-70 6.9 7.1 5H.0 Dy (I) 25-70 5.4 5.6 4H.0
La (II) 70-225 10.2 9.8 2NO; Dy (1) 70-215 10.0 9.6 2NO;
La (III) 225-430 37.5 37.6 NOs + CsH2sNg -~ Dy (I1I) 215-420 37.2 37.0 NO; + C25H2sNs
La (IV) 430-595 325 327 CasHasNs Dy (IV) 420-590 324 325 CasHasNe
Final residual 12.4 12.3 LaO Final residual 15.0 15.2 DyO

of C;HuN; in the first step, the range 240-510 °C, the
estimated mass loss was 67.7% (calculated 67.5%) due to
the decomposition of the C,;H;9N4 molecule. In the final
stage, an estimated mass loss of 18.6% (calculation of
18.5%) was due to the loss of the CsHg molecule with a
complete analysis. The data supports the results of
elemental analysis and confirms the suggested formula.
The complexes shown in Scheme 3 showed common
behavior as in the following steps to the lanthanide
complexes, respectively, as shown in Table 4 and Fig. S7.
The analysis of the lanthanide complexes showed that the
dissociation process of the loss goes through several
stages, and the process occurs through 3 steps, as in
Scheme 3, and this is proof of good thermal stability,
where the loss in the first step is hydrated water not
coordinated, and this means that the water is out of

-XHQO

[LN{CsoHssN121iNO3)] 6H,0 —> [Ln{CsoHseN12)2(NOs)

°C

Ln**= Nd, La. Er, Gd and Dy
X=654

coordination, in each stage losing part of its weight and
liberating a specific compound of the complexes that
have been prepared. The temperature ranges are
different among them, causing these differences to
disintegrate the ions formed by the complexes after the
dissolution, the material remaining after the complex
has been formed may belong to lanthanide oxide [42-
43]. Based on the characterization, the complex
structure of lanthanide ions may be presented in Fig. 1.

Study of Antibacterial Activity

The findings showed that the produced ligand and
its constituents were biologically efficient since the
experiment was conducted in aerobic circumstances at
37 °C. Drilling was used to expose Schiff base ligand and
lanthanide complexes to every pathogenic active of

2(NO;)
] —> [Ln{C5H5eN12)iNO3))

°¢ | (NO3" CgsHzgNs)

o

Ln**0 <«———— [Ln{Co5HagNs)]
{CasHagNs)

Scheme 3. TGA-analyses of lanthanide complexes
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.XHQO

Ln*3= Nd, La, Er, Gd and Dy
xH,0=6,5, 4

Fig 1. Suggested lanthanide complex structure with a
coordination number of ten

pathogenic bacteria to four different types of pathogenic
bacteria, i.e., two types of gram-negative bacteria:
Escherichia coli and Klebsiella pneumoniae, and two

gram-positive bacteria: aureus and

Staphylococcus

Escherichia coli

Escherichia coli

1371

Bacillus subtilis. The complex was dissolved in DMF at 1
X 10 M concentration and they showed different
efficacy to the negative and positive stain-bacteria of the
complexes. The data is shown in Table 5, Fig. 2 and 3.
We conclude from the bacterial dishes that the
ligand has variable biological activities, as it shows its
activity for some types of bacteria and not for others,
where it was found that the lanthanide complexes are

Table 5. The antibacterial activity of the prepared Schift
bases ligand and lanthanide compound

Sample S. aureus B. subtilis E. coli K ,
penumoniae

DMSO - - - _
L/[CysH2sNi] ++ + - 4t
CsoHssNisNdOy  ++++ + _ it
CsoHs6NisLaOy ++++ + — 4+
CsoHs6N1sErOs ++++ +++ ++ _
CsoHseN1sGdOy  ++++ ++++ + _
CsoHseN1isDyOo  ++++ 4+ _ _

| Staphylococcus aunus

m Bacillus subfilis

m Escherichia coli

m Klebsiella penumoniae

Bacillus subtilis Bacillus subtilis

L g
La
el @

Staphylococcus aureus Staphylococcus aureus

Klebsiella pneumoniae

Kiebsiella pneumoniae

Fig 3. Biological activity of investigated compounds against Escherichia coli, Klebsiella pneumoniae, Staphylococcus
aureus, and Bacillus subtilis for Schiff base ligand and its lanthanide complexes
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more biologically active than the ligand due to the effect
of the lanthanide elements, where the complexes showed
more effective towards Gram-positive bacteria (S.
aureus), followed by Gram-positive bacteria (B. subtilis),
while Gram-negative bacteria show less activity than
Gram-positive bacteria, especially (E. coli) where it shows
less biological activity than (K. pneumoniae).

The created complexes are more efficient against
Gram-positive bacteria (S. aureus). Gram-negative
bacteria are more resistant due to the presence of a double
membrane in each bacterial cell. Although all bacteria
have an inner cell membrane, Gram-negative bacteria
have a separate outer membrane. Some medicines and
antibiotics are prevented from entering the cell by this
outer layer [44]. Also, it turned out that the prepared
compounds are antibacterial, positive, and negative for
the Gram stain. We found that the prepared ligand is less
effective than its complexes, and this is due to the small
invasion that bacterial species show for such ions. The
demise of bacterial species or the cessation of their growth
can be through damage to the cell walls or prevention of
the formation of the cell wall, or a decrease in the
permeability of the cytoplasmic membranes, the physical
and chemical composition of the protein, and nucleic
acids in the cell, or cellular enzymatic activity, as well as
through the prevention of manufacture of proteins and
nucleic acids [45-47].

m CONCLUSION

The  Schiff-base  ligand  ((3aE,7E)-1,2,9,10-
tetramethyl-3,8-diphenyl-3,5,6,8,9,11-hexahydro-2H-
dipyrazolo(3,4-e:4',3"-h]
condensation  of

[1,4]diazonine) obtained by
with
ethylenediamine and followed by the reaction with
lanthanide(III) nitrate
complexes. The Schiff base ligand, on interaction with
La”, Nd*, Er”, Gd", and Dy", yields compounds
corresponding to the general formula
[Ln(L)2(NOs);]-XH,O. [Ln** = La, Nd, Er, Gd, and Dy, (X
=6, 5, 4)]. The analytical data showed that the metal-to-
ligand ratio of the complexes is 2:1. At room temperature,

4,4-methyleneantipyrine

salts to form mononuclear

spectroscopic studies, element microanalysis CHNO,
molar conductivity, and magnetic moment measurements

Indones. J. Chem., 2022, 22 (5), 1365 - 1375

were used to describe these complexes. The compounds
are crystalline complexes that disintegrate in four steps
when heated in N, gas to 700 K. One of the results of
thermal decomposition was that water is located outside
the coordination field. As is the case in the structural
complexes that were seen by four nitrogen atoms
azomethine group and six oxygen from nitrate. The
peaks of the infrared spectrum also support these
findings. Furthermore, the thermal decomposition results
support the assumptions we make about the complexes'
structural features. The molecular ion peaks found in the
ligand's mass spectra and peaks can be traced back to the
products of possible ligand cleavage, which supports the
structural formula of the ligand. There is no effect of the
Schiff bases ligand on the 4f electrons of the lanthanide
ions. The ligand and its metal complexes act as good
effective biological activity using four types of bacteria
which are two types of Gram-negative bacteria (E. coli
and K. pneumoniae) and two Gram-positive bacteria (S.
aureus and B. subtilis).
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* Corresponding author: Abstract: A new ligand (E)-2-((2-chloro-6-methylquinoline-3-yl)methylene)-N'-((E)-
(2-chloro-6-methylquinoline-3-yl)methylene)hydrazine-1-carbothiohydrazide (QH) was
prepared by reacting hydrazine hydrate with carbon disulfide to yield
thiocarbohydrazide. The thiocarbohydrazide in the second step was treated with a
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Received: April 28, 2022 quinoline derivative 2-chloro-6-methylquinoline-3-carbaldehyde to yield the ligand. The
Accepted: June 29, 2022 ligand was identified by spectroscopic techniques FTIR, 'H-NMR, and C-NMR. Next,
DOL: 10.22146/ijc.74423 vanadium (V), cobalt (Co), and copper (Cu) complexes were prepared in the [M:L] ratio

of I:1 (QV, QCo, QCu). The complexes were characterized using FTIR, ESI, magnetic
susceptibility, and molar conductivity. The thermal analysis (TGA) of V(IV), Co(Il), and
Cu(II) complexes were studied. The activation thermodynamic parameters, such as the
energy of activation, enthalpy, entropy, and free energy change of the complexes, were
evaluated, and the stabilities of the thermal decomposition of the complexes were
discussed.

Keywords: quinoline derivative; thiocarbohydrazide; metal complexes; thermodynamic
parameters

= INTRODUCTION in these ligand system complexes now includes

Thiocarbohydrazide, H;N-NH-(C=S)-NH-NH,, is numerous areas, ranging from general considerations of
b 2 - - - - - 2)

o . o . the effect of sulfur and electron delocalization in
a promising unit for synthesizing new polyfunctional

. . . . transition metal complexes to potential biological
organic compounds following condensation with a - d ol avolicati
ketone or an aldehyde. Both hydrazine groups of activity and practical application [5-7].
Thiocarbohydrazones are a class of vital compounds

thiocarbohydrazide are very reactive and predominantly
in the pharmaceutical and medical fields. They possess
several biological activities based on their parent aldehyde

or ketone moiety. Among their biological activities are

form bis-derivatives with aldehydes and ketones [1].
Although ligands with donor atoms, nitrogen, and

oxygen, are by far the most thoroughly studied, interest in

. . antibacterial, anticancer, antifungal, anti-inflammatory,
sulfur donor chelating agents has grown over time, and & Y

. L . ) . antimycobacterial, antioxidative, antituberculosis, and
chemical studies in this area have increased significantly o o .
o . . herbicidal activities. Furthermore, thiocarbohydrazones
[2]. The coordination of a metal cation with a prepared - ] o .
are utilized as starting materials in the synthesis of

industrial and biological compounds with the potential
of developing a new class of antileishmanial compounds

ligand indicates that it has two azomethine nitrogen as
donor atoms, which are the two terminal nitrogen atoms
and, in most cases, the sulfur donor atom [3-4]. Interest
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[8-10]. The fungicidal activity of thiocarbohydrazones has
been tested on textile fabrics [11], and recently, the
synthesis and investigation of a series of 2-acetylpyridine
thiocarbohydrazones as inactivators of Herpes simplex
virus-1 (HSV-1) ribonucleotide reductase showed better
results compared to analogous 2-acetylpyridine
thiosemicarbazone derivatives [12]. The antifungal and
antimicrobial properties of thiosemicarbazones and their
transition metal complexes have been studied widely.
However, little is known about the biological properties of
thiocarbohydrazones [13]. Hence, the purpose of the
present work was to synthesize a new thiocarbohydrazone
ligand and determine its transition metal complexes with
V(IV), Co(Il), and Cu(Il) ions that can potentially

function as an antiviral agent.
m EXPERIMENTAL SECTION
Materials

The o-aminophenol, chloroform, sulfuric acid, and
p-toluidine from BDH, UK
Dimethylformamide, cyclohexane, diethyl ether, ethanol,

were  purchased
hexane sulfuric acid, and glacial acetic acid were
purchased from Sigma-Aldrich, Germany. Carbon
disulfide, vanadyl sulfate pentahydrate, acetic anhydride,
4-bromoaniline, copper dichloride hexahydrate, cobalt
dichloride, and hexahydrate were purchased from Fluka,
Switzerland. Hydrazine and phosphoryl chloride were
purchased from Merck, Germany. Acetone and dioxane
were purchased from Fischer, UK. All materials and
reagents were used without further purification, following
the manufacturer's protocol.

Instrumentation

The studied compounds’ infrared spectra were
measured using FTIR spectrophotometer model FTIR
Affinity 1, as KBr disks at room temperature and a range
of 4000-400 cm™. 'H-NMR spectra of the studied
compounds were scanned on a Bruker Vance 500 MHz
spectrometer, whereas the >*C-NMR spectra were scanned
on 125 MHz. TMS, as the internal standard, was used as a
reference to determine the 0.0 ppm. DMSO-d; was used
as a solvent.

TGA studies were conducted using Mettler Toledo
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with a 10 °C/min heat rate and a range of 0-700 °C. The
Electrospray lonization (ESI) of the compounds was
measured by Waters Alliance 2695 HPLC-Micromass
Quattro micro-API Mass Spectrometer.

The magnetic susceptibility of the complexes was
measured at room temperature using the Gouy Method
Model with a device manufactured from Auto Magnetic
Susceptibility (Sherwood scientific). The correction
factor for the prepared complexes was calculated using
Pascal's constants for the atoms constituting the
complexes. The molar conductivity of the complexes
was measured using a conductivity device manufactured
by a Switzerland company at a temperature of 25 °C using
dimethylformamide (DMF) as a solvent at 1 x 10> M.

Procedure Preparation of the Ligand (QH)

Preparation of thiocarbohydrazide

Thiocarbohydrazide was prepared by adding
(0.5 mol, 24 mL) of hydrazine hydrate to (75 mL) of
distilled water in a flask. Next, (0.25 mol, 15 mL) of
carbon bisulfide was added dropwise with continuous
stirring for 1 h at room temperature. The mixture was
then heated for 2 h, cooled in an ice bath, and filtered.
The precipitate was recrystallized from water, with a
yield of 95% (0.836 g), m.p. (171-174 °C) [14].

Synthesis of the ligand (E)-2-((2-chloro-6-
methylquinoline-3-yl)methylene)-N'-((E)-(2-chloro-6-
methylquinoline-3-yl)methylene)hydrazine-1-
carbothiohydrazide (QH)

2-Chloro-6-methylquinoline-3-carbaldehyde (2.5
mmol) 0.5 g and (1 mmol) 0.106 g thiocarbohydrazide
were mixed in a round flask with 10 mL ethanol and a few
drops of acetic acid as catalyst. The mixture was heated
with reflux for 2 h, and the reaction mixture was
monitored by TLC using ethanol: chloroform (2:8 v/v).
The mixture was cooled, filtered, dried, and recrystallized
from dioxane [15]. The pale yellow powder was obtained
with a yield of 75 % (0.879 g) m.p. (190-193 °C).

Synthesis of the complexes

Vanadyl complex: Diaqua [((E)-2-((2-chloro-6-
methylquinoline-3-yl)methylene)-N'-((E)-(2-
chloro-6-methylquinoline-3-
yl)methylene)hydrazine-1-carbothiohydrazide)
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Vanadium(lV) chloride] (QV). The vanadyl complex
was prepared by reacting (1 mmol, 0.18 g) VOSO,-5H,O
and (1 mmol, 0.481 g) of the ligand (QH) with 50 mL of
dioxane followed by 2 h reflux to obtain the vanadyl
complex QV filtrate. The filtrate was then washed twice
with diethyl ether and dioxane to produce a dried brown
powder with a yield of 90% (0.589 g).

Cobalt complex: Tetra-aqua ((E)-2-((2-chloro-6-
methylquinoline-3-yl)methylene)-N'-((E)-(2-chloro-
6-methylquinoline-3-yl)methylene)hydrazine-1-
carbothiohydrazide) Cobalt(ll) chloride (QCo). Cobalt
complex was prepared by reacting (1 mmol, 0.237 g)
cobalt chloride, CoCl,-6H,0, and (1 mmol, 0.481 g) ligand
(QH) with 50 mL Dioxane and reflux for 2 h to yield
brown powder cobalt complex, the yield of 98% (0.670 g).
Copper complex: Diaqua ((E)-2-((2-chloro-6-
methylquinoline-3-yl)methylene)-N'-((E)-(2-chloro-
6-methylquinoline-3-yl)methylene)hydrazine-1-
carbothiohydrazide) Copper(ll) chloride (QCu). The
copper complex was prepared by reacting (1 mmol,
0.170 g) of copper chloride, CuCl,:2H,O, and (1 mmol,
0.481 g) of ligand (QH) with 50 mL dioxane and reflux for
2 h to yield dark green powder, the yield of 95% (0.618 g)

Indones. J. Chem., 2022, 22 (5), 1376 - 1385

m.p. dec. < 250 °C. Table 1 lists the physical properties
of the new complexes.

m  RESULTS AND DISCUSSION

The present study focused on the synthesis of
transition metal complexes V(IV), Co(II), and Cu(II)
with the ligand QH (Fig. 1). Scheme 1 demonstrates the
synthesis path of ligand QH.

FTIR Spectra of the Complex (QV, QCo, and QCu)

The IR spectrum of the ligand (QH) displays the
H-N group’s stretching vibration band at 3450 cm™ and
stretching bands at 3051 and 2954 cm™', attributed to the
C-H,
appearance of the stretching band at 1691 cm™ was due

aromatic and aliphatic respectively. The
to azomethine C=N. The band at wavenumber
1581 cm™ was attributed to the stretching vibration of
the aromatic C=C, whereas the band at 1303 cm™' was
due to the bending vibration of the C-N group. The band
at 1176 cm ™' was attributed to C=S, as displayed in Table
2.

The FTIR spectra of the studied complexes are

shown in Fig. 2, and the data is in Table 2. All the spectra

Table 1. Physical properties of the new complexes

Complex Molecular formula M.wt (g/mol) Color Yield (%)
QH C23H13C12N68 481.40 YCHOW pale 75
QV C23H13C12N68V 655 Brown 90
QCO C23H20C12C0N5028 684 Brown 98
QCu C23H1sCLCuNeS 651 Dark green 95
3 S
HsC H _H/N |\\IH H CHs HsC H _:/N HH H CHs
N —
o N N N —
N \II/ Clp H \ Ch
= /v\ \ N/ W= Lo <—0H, 1\ N/
D h OH, © i OH, ¢
av QCo
3
HsC H HIN/ILF\\IH H CHs
— I
Q/Y\ \c d N o
N/
N
<l HQO/ lxOH2 <l
QCu

Fig 1. Structure of complexes QV, QCo, and QCu
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Scheme 1. The synthesis path of ligand OH
Table 2. IR spectra data of the complexes
Stretching
Complex
O-H N-H Ar-H C-H C=N C=C C-N C=S§ C-Cl Other
QH W - 3450 3051 2922 1691 1581 1303 1176 736 -----
QCu 3446 3358 3053 2926 1620 1558 1375 1195 823 N-Cu 561
Qv 3421 3344 3051 2921 1614 1554 1333 1265 761 N-V 522
QCo 3400 3261 3060 2902 1656 1566 1377 1220 750 N-Co 550

3 2's 53
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=
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Fig 2. FTIR spectra of the ligands and their complexes

displayed bands of stretching vibration of the O-H group
within the range of 3400-3446 cm™, whereas the bands of
stretching vibration of the N-H group were observed in
the region of 3261-3358 cm™". The stretching vibration
band of the Ar C-H group was seen within the range of
3053-3060 cm™'. Whereas those in the range of 2902-
2926 cm ' were due to the aliphatic C-H group. The bands

related to the C=N group were observed in 1614-
1656 cm™'. The IR spectrum of all complexes showed
bands of stretching vibration of the C=C group within
the range of 1554-1566 cm ™', whereas the bands of C-N
stretching vibration were seen in the range of 1333-
1377 cm™. The bands related to the C=S group were
observed in the range of 1195-1265 cm ™', and the bands
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of stretching vibration within the region of 750-823 cm™
were attributed to the C-Cl group. As for the bonding of
the ligands with transition metals, the bands showed a
stretching vibration in the region of 522-561 cm™ [16-
17]. However, no broad band of stretching vibration of
the O-H group was observed for the ligand QH, indicating
the formation of complexes.

TH-NMR and *C-NMR Spectrum of QH

The '"H-NMR spectra of the synthesized ligand were
recorded on a Bruker Avance 500 MHz spectrometer used
to confirm the proposed structure of QH in DMSO-ds,
with tetramethylsilane (TMS) as the internal standard.
The peaks at 2.5 and 3.3 ppm were attributed to DMSO
and water solution, respectively [18]. The main peaks
appear in Table 3 (Supplementary Fig. S1).

The PC-NMR spectrum of the new compound data
is summarized in Table 4 (Supplementary Fig. S2). The
spectra showed a heptate signal at 39 ppm due to the
DMSO-ds solvent [19].

Magnetic Susceptibility

Magnetic susceptibility is one of the methods for
single electrons used to study the complex’s properties.
Paramagnetic properties are obtained when the central

Indones. J. Chem., 2022, 22 (5), 1376 - 1385

atom contains single electrons, whereas diamagnetic
properties are obtained when double electrons are
present. This method is successfully implemented for
studying the complex’s geometry, shape, hybridization,
and oxidation number [20].

The magnetic properties of complexes are due to
the orbital and perchance motion. The theoretical
magnetic moment of the first transition series of metal
ions is defined by the following equation (Eq. (1)):

n=+/486S+1)+(L+1)BM (1)

Most of the paramagnetic materials consist of

paramagnetic centers and diamagnetic groups. Hence,
the obtained values for the magnetic susceptibility need
to be corrected based on Pascal's constants to calculate
the value of the correction factor (D) and reduce the
error rate arising from the magnetic influences.

In this study, we relied on Faraday's method for
forbidden complexes and the magnetic moment values
were calculated based on the following equations:

Regr =2.82x (X, X T)l/2

X, =X, —(-D) (2)
Xy =Xg *M

where X,;: weight susceptibility, M: molecular weight of the
complex, Xi: molar susceptibility, Xa: atom’s susceptibility,

Table 3. The '"H-NMR data of the ligand QH

Structure

Chemical shift (ppm)

(13.13") 2.43 (s, 6H, CHs)
(10.10") 7.30 (d, 2H, Ar-H)
(9.9) 7.72 (d, 2H, Ar-H)
(5,5') 7.80 (s, 2H, Ar-H)
(7.7 8.08 (s, 2H, Ar-H)
(3.3 8.64 (s, 2H, CH=N)
(2.2) 10.96 (s, 2H, N-H)

Table 4. The "C-NMR data of the ligand QH

Structure

Chemical shift (ppm)

169.3: C=N (C3, C3’)
151-149: C=N ring
143-141: C-Cl, (C12, C12)
134-121: Aromatic carbon
21.06: CH,, (C13, C13)
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Table 5. Magnetic properties of the prepared complexes

Complex X, * 10 X Xa D*10°  pgBM
QCo 0.099 0.0067617  0.00692425  -162.65 4.09
QCu 0.018 0.001178  0.00130836  -136.56 1.78
Qv 0.021 0.0013755  0.00151206  -136.56 1.9

D: diamagnetic correction, W effective magnetic
momentum, T: absolute temperature, X,: given from the
device by the practical measurement of the solid model

The magnetic moment calculated for the QCo was
4.09 M.B (Table 5), indicating a paramagnetic character
due to the presence of three single electrons in the outer
shell. The geometrical shape was octahedral due to the
sp’d® hybridization [21]. The complexes, QV and QCu,
had a paramagnetic character due to the presence of one
single electron in the outer shell. The value of the
magnetic moment of the QCu demonstrated that the
geometrical shape of the complex was a square planer due
to the dsp® hybridization, while based on the value
obtained for the QV, the geometrical shape was square
pyramidal due to the dsp’ hybridization [22].

Molar Conductivity

Molar conductivity is extensively used in the field of
coordination chemistry to investigate the ionic formula of
compounds in the solution when in the solid-state [23].
The greater number of ions released by the complex in the
solution, the higher degree of molar conductivity. The
complexes with low molar conductivity due to difficult
ionization can be neglected. and can be calculated the
conductivity by using the following relationship
Ay, =A, —K.C (mol L em?. Q™) (3)
Am: molar conductivity, A..: electrical conductivity at the
final dilution
A=10°K_/C (4)

Therefore, based on the values presented in Table 6,
it was concluded that the solutions were electrolytes.

The Electrospray lonization (ESI)

The soft ionization mass spectrum is a valuable
instrument for obtaining the molecular structure of the
molecules by the appearance of a molecular ion signal

Table 6. Molar conductivity of the complexes

Complex Molar conductivity (mol™.cm®.Q™")
QCo 140.8
QCu 93.38
Qv 132.6

corresponding to the compound’s molecular weight.
The spectra data can be seen in Table 7 (Supplementary
Fig. §3-5). The protonation ion of the analyst [M+H]*
can normally be used to identify the molecular weight of
the compound. Although fragmentation is possible due
to ESI-MS experimental conditions, it yields less intense
fragment ion peaks as compared to electron impact (EI).
The ESI mass spectra of complexes gave a molecular ion
peak equal to [M+1]*. The mass spectra confirmed the
proposed chemical structure of these complexes. As can
be observed in Table 7, the molecular weight of QCo was
683, while the [M+H]" was 684. The molecular weight of
the QCu was 651, while the [M+H]* was 652. The
molecular weight of the QV was 655, while the [M+H]*
was 656.

Thermal Analysis

Thermal analysis (TG and DTG) was utilized to
determine the thermal stability of these complexes and
to confirm whether water molecules were inside or
outside the central metal ion's inner coordination
sphere. The complexes were heated to 700 °C in a
nitrogen environment at a rate of 10 °C/min for TG
analysis. The mass losses calculated using TG curves
were very close to the calculated values. All complex
degradation paths, which differ from one to the next,
confirm the postulated structures [7].

Table 8 represents the thermal breakdown data of
the complexes and reveals that the complexes’ remaining
components were more stable [24]. The thermal curve of
the QCo at the first stage of 90-150 °C represents the loss
of water of crystallization molecules with a practical loss
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Table 7. The ESI of the complexes

Complex Structure M.wt [M+H]*
Qv 655 656
Cl
QCo 683 684
Cly
L HoO CH, Cl i
3
HaC H ‘HN /ILI\\IH H CHa
QCu AN N\ /N\ — 651 652
Cl
N/ /CU \ V/, z
N
L ¢l HsC \OH;_, Cl |
Table 8. Thermogravimetric analysis of the prepared complexes
Decom. temp. (°C) Char. content  Mass loss (%) .
Complex ) Assignment
T; T max T¢ at 600 °C theoretical
QCo 90 133 150 38.35% 10.5 (10.7) H,O crystallization
150 300 320 10.5 (10.6) 4H,0 coordination
320 420 600 40.35 Survival of parts of the ligand
QCu 100 140 170 55.84% 5.5 (5.51) H,O crystallization
170 220 270 11 (10.4) 2H,0 coordination
270 300 600 25.15 Survival of parts of the ligand
Qv 90 130 150 75.43% 5.49 (5.51) H,O crystallization
150 305 350 10.98 (11.8) 2H,0 coordination
350 470 600 7.26 Survival of parts of the ligand

0f 10.7% and a theoretical ratio of 10.5% (DTG 133 °C).
As for the second stage of 150-320 °C, which represents
the loss of four molecules of coordinated water (4H,O),
the percentage of practical loss was 10.6%, the theoretical
percentage was 10.5%, and the DTGu.x was at 300 °C. As
for the third stage, which appears clearly in the spectrum
of TG, DTG at 320-600 °C, the results revealed loss of
parts of the ligand with a percentage of 40.35%, and the
residual percentage was 38.35%, indicating the survival of
parts of the ligand at the end of the stage, which exceeds
the proportion of cobalt oxide (CoO) with a theoretical

ratio of 10.9%. The results show that the complex has
high thermal stability and intensity of bonding of the
ligand with the metal (Supplementary Fig. S6).

As for the QCu, the thermal analysis curve
demonstrates several stages of loss. The first stage is
100-170°C  (DTGmax 140 °C),
demonstrating a practical loss of 5.51% and a theoretical

represented by

ratio of 5.5% (loss of crystallization water molecules). As
for the second stage of 170-270 °C (DT Gax 220 °C), the
results revealed the loss of two molecules of coordinated
water (2H,O), and the third stage of 270-600 °C
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(DTGmax 300 °C) showed the loss of parts of the ligand
with a percentage of loss of 25.15% and a residual
percentage of 55.84%. This percentage exceeds the
percentage of copper oxide (CuO) as we relate it to the
theory (12.1%), and this explains the presence of organic
parts of the ligand connected to the metal (Supplementary
Fig. 7).

With regards to the QV, the thermal curve of the
complex where the first stage starts from 90-150 °C
(DTGmax 130 °C) represents the loss of a molecule of
crystallization water (H,O), whereby the practical loss
ratio was 5.51%, and the theoretical ratio was 5.49%. At
the second stage of 150-350 °C (DTGma 305 °C), the
practical loss ratio was 11.8%, and the theoretical ratio
was 10.98%, representing the loss of a molecule of
coordinated water (2H,O). Furthermore, the third stage
was clear in the spectrum (TG, DTG) at 350-600 °C
(DTGmax 470 °C) due to the loss of parts of ligand at a
percentage of 7.26% with a residual ratio of 75.43%,
indicating the survival of parts of the ligand at the end of
the process which exceeded the percentage of vanadium
oxide (VO,) (theoretical part of 12.28%). This is explained
by the fact that the complex has thermal stability and
strong bonding of the ligand with the metal
(Supplementary Fig. S8).

In summary, it is evident that the shapes of the
proposed complexes were accurately correct, as
demonstrated in the analyzed results. The mass spectrum
revealed the proposed molecular weight of each complex,
and the thermal analysis of the complexes demonstrated
that they contain water of coordination, both according to
their composition. Also, the molar conductivity showed
that the complexes were ionic due to the presence of

chlorine ions outside of the coordination sphere. The
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study of the magnetic susceptibility showed the
hybridization and geometrical shapes of the molecules
through the number of single electrons for each metal
ion.

Calculation of the Thermodynamic Functions of
the Prepared Complexes

The thermodynamic functions of the complexes
prepared in this study were calculated in a range of
different temperatures of 150-600 °C (Table 9). The data
indicate a gradual increase in the values of stability
constants at higher temperatures. The increase in the
values of the stability constants in this study with the
increase in temperature enabled us to study this
interaction from a thermodynamic point of view, i.e.,
extracting the thermodynamic variables, each of which
has a change in enthalpy (AH), a change in free energy
(AG), and a change in entropy (AS), from the Coats-
Redfern equation at all the temperatures mentioned
above, represented by the Eq. (5) [25]:

logW\NfW AR 2RT E
log| — LW |_jg) AR(y 2RT) | 5)
T OE E 2.303RT

where, W = weight loss at the end of stage; W, = weight
loss at temp (t); E = activation energy; A= constant; 0 =
constant; R = gas constant = 8314 M'.J7'K; T =
absolute temperature.
AG =AH -~ TAS (6)
After calculating the thermodynamic functions
based on the above equation, what follows is evident.
The negative AS values meant that all the processes took
place at a low rate and that the activated complex was
more ordered than either of the reactants. Furthermore,

Table 9. Kinetic parameters of the complexes using the Coats—Redfern equation

Complex  Stage A E AH AS AG
(s (kJ.mol™) (kJ.mol™) (kJ.mol LK) (kJ.mol™)
QCo I 2.19 x 10* 6.25 x 10! 59.12 -0.16 1.25 x 10°
II 5.20 x 10 1.52 x 102 147.20 0.01 1.54 x 10?
QCu I 2.18 x 10° 5.97 x 10! 56.79 -0.14 1.06 x 10?
II 7.21 x 10% 1.20 x 10? 196.38 0.19 -1.18 x 10!
111 8.51 x 10° 1.19 x 10? 114.45 -0.06 1.44 x 10?
QVO I 1.01 x 10° 1.80 x 10! 13.16 -0.14 9.12 x 10!
II 1.00 x 10" 1.98 x 10? 191.80 -0.04 2.23 x 10?
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the values of AH of activation were positive for all the
complexes, indicating the endothermic nature of the
process. In addition, all the AG values were positive,
demonstrating that all steps were nonspontaneous (Table
9).

m CONCLUSION

We have synthesized new V(IV), Co(II), and Cu(II)
complexes with quinoline-thiocarbohydrizide ligands
containing different steric and electronic properties in
good yields. The new complexes have been well-
characterized by FTIR, 'H-NMR,”C-NMR, ESI-MS,
TGA, molar conductance, magnetic susceptibility, and
calculating the thermodynamic function. The studied
complexes were found to be more stable at 700 °C.
Findings from this study provide insight into the potential
role of the synthesized thiocarbohydrazone ligand and its
transition metal complexes as potential virotherapy.
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Abstract: This study was aimed to characterize lignin peroxidase (LiP) obtained from
Phanerochaete chrysosporium ITB isolate. The characterizations included molecular
weight, the pH and optimum working temperature of the crude extract of the enzyme, the
temperature stability, the effect of metal ions and inhibitors, their precipitation with
ethanol, and the storage stability. The LiP of P. chrysosporium ITB isolates was 34 kDa.
The crude extract of LiP displays high activity at pH between 3 until 5 and 26-32 °C, has
good thermal stability at 26-32 °C for 20 h. The activity is affected by Pb**, K*, Co**, Fe**,
Cd*, Mg*, and Cu** EDTA, Na*, Cr**, Hg’", NaN;, Ni**, and Ca’" ions, is not affected
by Mn?* and Zn?* ions, precipitated with the optimum ethanol at 64% ethanol saturation
which results in an increase in specific activity of 2.3 times. The crude extract storage at
0°C is more stable than the precipitate resulting from ethanol precipitation and
resuspension from ethanol precipitation. These results strengthen that LiP from P.
chrysosporium is another LiP isoenzyme that can be used for bioremediation processes.
Unfortunately, the concentration using the ethanol precipitation method has not been
effective, so further studies using other methods should be required.

Keywords: lignin peroxidase; Phanerochaete chrysosporium; ITB isolate; characterization

= INTRODUCTION

medium culture conditions affected the type of

Phanerochaete chrysosporium is known to degrade
lignin and various aromatic pollutants during secondary
metabolism in the stationary phase. Peroxidases
(manganese peroxidase and lignin peroxidase) and the
extracellular H,O,-producing enzyme system of oxidase
produced by these organisms are the main enzymes
involved in the metabolism of lignin degradation,
synthesized in response to the limited levels of nitrogen,
carbon, and sulfur; also adopted various metabolic
strategies to degrade complex polymeric substrates [1-5].
Many studies have shown that the type of strain and

isoenzyme of LiP  produced.  Phanerochaete
chrysosporium has multiple LiP-encoding genes and
secretes the enzyme as numerous isozymes (H1, H2, H6,
H7, HS8, and HI10), where H8 has been well
characterized. It is an extracellular globular glycoprotein
of approximately 343 amino acid residues with a
molecular size of 38-42 kDa. Lignin peroxidases have
unique properties, such as a low optimum pH of 3.0-4.5
and a theoretical isoelectric point (pI) of 3.3-4.7,
depending on the isozyme [6]. However, LiP of P.

chrysosporium Karnataka India isolates was 55 kDa [7].
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Phanerochaete chrysosporium I'TB isolate is a group
of white rot fungus owned by the Microbiology
Laboratory of the Bandung Institute of Technology since
1999. Although this strain has been widely used for
various studies, such as improving the quality of pulp
from kapok wood [8] and improving the quality of animal
feed from lignocellulosic waste [9-10], neither its
ligninolytic enzyme, especially LiP, has been investigated.
In fact, the application of LiP in various industrial fields is
intensively being developed, including for delignification
of feedstock for ethanol production, textile effluent
treatment, dye decolorization, coal depolymerization,
treatment of hyperpigmentation, skin-lightening through
catalytic
pharmaceutical and endocrine-disrupting compounds
[11-12].

The phylogenetic analysis using the ITS sequence
showed that P. chrysosporium ITB isolate had the highest
similarity of 99.6% with P. chrysosporium BKM-F-1767,
RP78,PV1, KCTC 6728, SF-4, ATCC MYA-476, FCL208,
FCL236, and Gold-9-419-4 and it was suspected as a new
strain of P. chrysosporium [13]. This was reinforced by the

melanin oxidation and elimination of

fact that the ability of this strain to produce MnP lowest
than LiP even in specific media for production MnP
whereas P. chrysosporium BKMEF-1767 (ATCC 24725),
which had been widely studied, can generate MnP with
high activity. On the other side, it was also known that the
highest specific activity of LiP from P. chrysosporium ITB
isolate in modified Kirk’s medium containing sawdust 1%
(w/v), ammonium sulfate 20 mM, Tween-80 0.025%, and
veratryl alcohol 300 ppm in aqua demineralized,
cultivated to 1 x 10° spore/mL, and were grown at 37 °C
and 50 rpm for five days was 77.4 + 13.1 U/mg [14]. The
activity was high enough that this isolate had a high
potential to be used as a source of LiP. It was essential to
observe and determine the characteristics of the LiP
The
characterizations included molecular weight, the pH and

enzyme from P. chrysosporium ITB isolate.
the optimum working temperature of the crude extract of
the enzyme, the temperature stability, the effect of metal
ions and inhibitors, their precipitation with ethanol, and
the storage stability.
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m  EXPERIMENTAL SECTION
Materials
Chemicals used were of analytical grade,

purchased from Merck including Tween-80, glasswool,
KH,PO,, MgSO,7H,O, CaCl,, MgSO.7H,O, NaCl,
FeSO,7H,0, CoCl,, ZnSO4+7H,O, CuSO,5H,0,
AIK(S0O,),-12H,0, nitriloacetate, thiamine-HCI,
CH;COOH, CH;COONa, (NH,),SO,, veratryl alcohol,
Tween-80, HCl, KCl, citric acid, sodium citrate, Folin
Ciocalteu, NaCl, MnSQO,, Pb-acetate, ZnSO,, Cd(NO),,
CaCl,, HgCl,, Cr(NOs);, EDTA, NaN3, ethanol absolute,
bovine serum albumin (BSA), Na;CsHs0,-2H,O, sodium
carbonate, NaOH, K,HPO,, and KH,PO.. Potato dextrose
agar was purchased from Difco, while the demineralized
water and sawdust were obtained from a local brand.

Instrumentation

The equipment used in this study included glass
apparatus, analytical balance (Precisa XT 120 A), thermo
scientific water bath shaker incubator, vortex laboratory
shaker (Dragon Lab MX-5), shaking water bath
(Medfuture), soft incubator (Eyela SLI-600ND), drying
oven (Memert UNB 400), autoclave (Tomy), universal
indicator (Merck),
airflow, microcentrifuge (Tomy MX-105), and magnetic

amicon ultrafiltration, laminar
stirrer (B -One). The used instrument for analysis was
Vis 50 DA spectrophotometer.

Procedure

Production of crude extract of lignin peroxidase (LiP)

The P. chrysosporium ITB isolate was obtained
from the Culture Collection of Microbiology Laboratory
of Institut Teknologi Bandung, Indonesia. This strain
was purified with monospore technique on potato
dextrose agar (Difco) and was cultured on potato
dextrose refers to [14]. As many as 1 x 10° spores/mL of
suspension spore were inoculated to the production
medium of LiP, were modified from Kirk's Medium
(Basal medium 1 X, sawdust 1%, trace element solution
1 X, Thiamine-HCI 0.01%, 20 mM acetate buffer pH 4.5,
ammonium sulfate 20 mM, Tween-80 0.025%, and
veratryl alcohol 300 ppm in aqua demineralized), were
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grown at 37 °C and 50 rpm for 5 d. The mixture was
centrifuged at 10000 rpm at 4 °C for 10 min. The filtrate
obtained was the crude extract of the LiP enzyme and was
determined for its protein level and LiP activity. The
protein levels were determined by referring to the Lowry
assay [14].

Lignin peroxidase assay

Determination of the activity of the LiP enzyme in
this experiment was carried out by a modified method
referring to [3,14] as follows: 800 pL of 10 mM veratryl
alcohol, 1,000 pL of 0.2 M tartaric acid, and 1,680 pL of
aquaDM and 200 pL of enzyme solution were mixed in a
test tube. The mixture was incubated for 2 min, and then
the reaction was initiated by the addition of 320 uL H,O,
5 mM. The absorbance was measured at a wavelength of
310 nm at the 0™ and 1 min. The activity of the LiP
enzyme in this experiment was calculated using Eq. (1).
(At —A0)x V1, (mL).10° W

€max XX Venzym (mL)xt

where en. = veraryl aldehyde molar extension coefficient
(9300 M! cm™), d = cuvette width (1 cm), Vieta = 4 mL,
Venzym = 0.2 mL, t = 1 min

Activity of LiP (U/mL)=

Characterization of LiP  peroxidase
Phanerochaete chrysosporium ITB isolate
The activity of the LiP enzyme was determined at

from

various pH by replacing the tartaric acid in the LiP assay
with 0.2 M HCI-KCI buffer (pH = 1 and 2), 0.2 M citrate
buffer (pH = 3), 0.2 M acetate buffer (pH = 4 and 5),
0.2 M phosphate buffer (pH = 6 and 7).

The temperature was optimized at, 32, 38, 50 and
58 °C, whereas the other conditions were remained the
same.

The thermal stability assay of LiP was carried out by
incubating the crude extract of LiP for 0, 20, 24, and 30 h
at various temperatures.

The effect of metal ions and inhibitor was observed
by measuring the LiP activity in the reaction mixture
containing 10 mM metal ions. The tested inhibitor that
were K*, Na’, Mn*, Pb*", Zn*, Mg**, Cd**, Ca**, Hg*",
Co™, Cu’*, Fe**, Cr’*, EDTA and NaNj. The enzymes that
were not added with metal ions and inhibitors were used
as controls.

Indones. J. Chem., 2022, 22 (5), 1386 - 1395

The thermal stability of the LiP enzyme was
expressed as the relative activity of LiP or the activity
remaining after incubation for the n th hour according
to Eq. (2).

Relative activity of LiP (%)
_ LiP activity at n—hour <100% (2)
LiP activity at 0

The effect of metal ions and inhibitors on the
activity of the LiP enzyme was expressed as the relative
activity of LiP which was determined using Eq. (3).
Relative activity LiP (%)

_ Activity of LiP with addition compounds «100% 3)

Activity LiP as control
The crude extract was precipitated by adding
ethanol until the ethanol saturation was 33, 50, 55, 60,
64, and 67%. The mixture was stored in the refrigerator
(4 °C) overnight. The mixture was centrifuged at 0 °C at
10000 rpm for 30 min. The pellets obtained were air-
dried at room temperature for 2 h and resuspended in
1.5 mL acetate buffer pH 4.5 for approximately 3 h. Each
measured protein content, LiP activity, and storage
stability for 0, 2, 9, 16, and 23 days at 0 °C. The protein
profile of each treatment was traced by SDS-PAGE to

identify the molecular weight of LiP.

Data analysis

All treatments were repeated in triplicate. The
results were expressed as mean * standard deviation of
three repetitions. The statistical analysis was conducted
using the Statistical Package for The Social Science
(SPSS) v.16 software. The one-way analysis of variance
(ANOVA) followed by Tukey's HSD test was used to
determine the real difference from each variation. The
differences at p < 0.05 were considered statistically
significant.

m  RESULTS AND DISCUSSION

Optimum pH of LiP from P. chrysosporium ITB
Isolate

The results showed that the LiP of P. chrysosporium
ITB isolate was affected by the pH of the reaction (the
farther away the alphabetical differences are, the more
significant the difference due to the treatment). At very
acidic pH (pH 1.0), the activity was low. The activity was
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increased with increasing of the reaction pH until it
reached pH 5.0. However, the LiP activity dramatically
decreased at pH 6, and no LiP enzyme activity was
detected at pH = 7 and 8 (Fig. 1). The optimum pH value
for the oxidation reaction of veratryl alcohol by LiP from
P. chrysosporium ITB isolate was in the pH range of 3-5
because the high activity of the LiP enzyme at this pH
range did not statistically differ. These results were in line
with previous studies, which stated that the most
dominant LiP isoenzyme, LiPHS, from P. chrysosporium
BKMEF-1767 wildtype, had the highest catalytic ability at
pH 3.0, and low at pH < 3.0, but differed at pH 4.0 and 5.0
[15]. In that study, the activity of LiIPH8 at pH 4.0 and 5.0
tended to decrease although was still considered stable,
while in this study, it tended to increase. This study was in
line with the purified LiP of immobilized P. chrysosporium
Indian Karnataka isolate, which has high activity at pH 3.0
and was still stable up to pH 5.0, then decreased at high
pH [7]. The high activity of LiP at low pH was in line with
the computational studies showing that at low pH, the
heme redox potential value of LiP was higher so that LiP
can oxidize veratryl alcohol at that pH [15]. Based on this
comparison, LiP from P. chrysosporium ITB isolates
offered the advantage that the crude extract had a fairly
wide pH working range of 3.0 to 5.0.

The Optimum Temperature of LiP from P.
chrysosporium ITB Isolate

Temperature is a factor that greatly affects enzyme
activity. Certain temperatures (generally more than
40°C) can change the conformation of the three-
dimensional structure of the enzyme because the heat
breaks some of the noncovalent bonds that stabilize the
three-dimensional structure of the enzyme [16]. The LiP
enzyme from P. chrysosporium ITB isolates had high
activity and did not differ significantly at 26 and 32 °C,
while at temperatures higher than 32 °C the activity of the
LiP enzyme decreased, as shown in Fig. 2. These results
were not in line with the optimum temperature of LiP
production [14]. The production of LiP at 37 °C was much
higher than at 30 °C.

1389

250 4

200 4 c
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Fig 1. LiP activity at various pH of enzymatic reactions
(the farther away the alphabetical differences are, the
more significant the difference due to the treatment)

25

Activity of LiP (U/mL)
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=1

o
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Fig 2. LiP activity at various temperatures of enzymatic

reactions

On the contrary, these results showed that the
activity of the LiP enzyme decreased at 38 °C, indicating
that the growth temperature for LiP enzyme production
did not automatically reflect the optimum reaction
temperature carried out by the LiP enzyme. However,
the results of this study were in line with the optimum
reaction temperature of LiP enzymes from various other
fungi, namely P. chrysosporium ATCC-24725 (26 °C),
Penicillium citrinum (30 °C), Gloeophyllum sepiarium
(25 °C), (25°C) as
summarized in [17], also in line with [2] and [7] which

and Pycnoporus sanguineus
stated that the LiP enzyme from P. chrysosporium BKM-
F-1767 and P. chrysosporium Karnataka India isolate
had optimum activity at 30 °C.
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Thermal Stability of LiP from P. chrysosporium ITB
Isolate

The thermal stability profile of LiP from P.
chrysosporium ITB isolate was shown in Fig. 3. The LiP
enzyme was stable at 26 and 32 °C after 20 h of incubation
and decreased slightly after 24 and 30 h of incubation. The
thermal stability of the enzyme at a temperature of more
than 32 °C decreased by varying degrees after 20, 24, and
30 h of incubation. The LiP enzyme activity after incubation
for 20, 24, and 30 h at the highest temperature of 58 °C
still displayed the activity of 58, 53, and 42%, respectively,
indicating that LiP from P. chrysosporium isolate ITB was
a moderate thermostable enzyme. The results were better
than the LiP enzyme from P. chrysosporium BKMF-1767,
which had an activity of only 38% after 24 h of incubation
at 60 °C [2], and much better than the purified LiP from
P. pulmonarius, where the activity became 25 and 20%
after 2 h incubation at 40 and 60 °C [18].

Effect of Metal lons and Inhibitors on LiP from P.
chrysosporium ITB Isolates

Lignin peroxidase (LiP) is expected to be applied for
the bioremediation of xenobiotic compounds in the
environment. The waste in the environment certainly
contains various metal ions and some enzyme inhibitors.
Actually, it is necessary to have information about the
effect of these compounds, which may also be present in
the waste, on LiP activity. The results obtained indicated
that the data distribution was not normal because the
significance value is < 0.05. Therefore, the Kruskal Wallis

-
(=
o

90 4

Relative activity of LiP (%)
N W [=:]
o o o (=]

-
[=]
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o
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test was performed. The results of the analysis showed
that the addition of metal ions and inhibitors affected the
decolorization ability of the LiP enzyme. The Pb** ion
eliminated the activity of the LiP enzyme; EDTA, Na’,
Cr*, and Hg*" ions decreased LiP enzyme activity to less
than 40%; K*, Co*, Fe**, Cd*, Mg*, and Cu** ions
decreased the activity of the LiP enzyme to 78-90%;
Mn** and Zn*" ions did not affect LiP enzyme activity,
while Ni**, NaN;, and Ca* ions increased LiP enzyme
activity (Fig. 4). These results were similar to those [2] in
the case that Ca*" ions increased LiP activity and Hg™,
K*, Fe*, and Mg** ions decreased LiP activity, while Na*
and Co*" ions in this study increased LiP activity. These
results were also in line with [18] in case of K*, Na*, Hg*',
Mn?*, and Zn*" ions, but opposite to the effect of Fe*',
EDTA, Cu*, and Mg* [18]. These results were
presumably because the LiP isoenzyme produced in this
experiment was different from the LiP isoenzyme. The
LiP enzyme had a protoporphyrin heme group at its
active center, so it was suspected that the presence of
other metal ions affected the stability of the Fe’" ion in
the heme group. The stability of the heme group greatly
affected the activity of LiP.

Fractionation Profile of Crude Extract of LiP
Enzyme from P. chrysosporium ITB Isolate with
Ethanol Precipitation

Although the crude extract of the LiP enzyme has
a relatively high specific activity (£ 77 U/mg) but the
protein content is very low (+ 150 ug/mL). Concentration

26 32

40 50 58

Temperature (°C)

—= 20" h —a— 24" h

30" h

Fig 3. Thermal stability of LiP from P. chrysosporium ITB isolate
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Fig 4. The effect of metals ion and inhibitor on LiP of P. chrysosporium ITB isolate

of the sample will reduce the volume of the sample,
making it easier for packaging and storage. Concentration
is the first step in enzyme purification as an effort to
increase enzyme activity and stability, and it is also
required for molecular analysis of enzymes such as SDS-
PAGE. The addition of organic solvents will reduce the
interaction between proteins and water molecules
because water will immediately surround the organic
solvent molecules through hydrogen bonds. This
situation encourages electrostatic interactions between
protein molecules so that they form aggregations and
precipitate [19].

In this study, it appeared that the concentration of
the added ethanol affected the deposition of the LiP,
which was indicated by changes in the specific activity
value of LiP produced at each concentration of ethanol

140 -
120 +

100 -

Specific activity of LiP (U/mg)

used (Fig. 5). The greater the concentration of ethanol
added, the higher the specific activity of LiP produced
because more LiP enzymes were deposited. Although the
use of ethanol at concentrations of 55, 60, 64, and 67%
did not statistically and significantly affected the value of
specific LiP activity, the use of 64% ethanol produced the
highest specific activity value of LiP. Under these
conditions, from five milliliters of the sample, which has
a specific activity of 48.36 U/mg, precipitated with 64%
ethanol, then the precipitate obtained was resuspended
in 1.5 mL of acetate buffer pH 5.0, the specific activity of
LiP was 112.82 U/mg on average. It indicated that there
was a volume concentration of 3.3 times and an increase
in specific activity of 2.3 times.

The storage stability test was carried out on three
samples of LiP enzyme, namely LiP enzyme in the form

Cc
a[) e
b
60 1
40 1
20 4
a
0
30 50 55

c c
I I c
60 64 67

Ethanol saturation (%)
Fig 5. Effect of ethanol concentration on crude extract fractionation of LiP with ethanol precipitation method
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of crude extract of LiP, resuspension of ethanol

fractionated precipitate, and ethanol fractionated
precipitate, which were stored at 0 °C. On day of 0, 2, 9,
16, and 23, each sample was placed at room temperature,
allowed to melt, and the activity of the LiP enzyme was
measured. The timing was chosen to observe the stability
of the enzyme in short (2 d), medium (8 and 16 d), and
long-term (23 d) storage. So far, no similar research had
been found, whereas for large-scale applications,
information on enzyme stability during storage was very
necessary. Fig. 6 shows the crude extract has the best
enzyme stability compared to the precipitate resulting
from the fractionation of ethanol and the resuspension of
the precipitate from the fractionated ethanol. The crude
extract had LiP enzyme activity which remained high
until the 23" day. At the same time, the ethanol
fractionated precipitate started to gradually decrease since
the 9t day, and the resuspension of the ethanol
fractionated precipitate experienced a sharp decrease in
LiP enzyme activity since the 2™ day and lost its activity
on the 16™ day of storage. The decreased activity of the
LiP in the ethanol fractionated precipitate and the loss of
LiP enzyme activity in the resuspension of the ethanol
fractionated precipitate during storage at 0°C were
unexpected results. This was presumably because, during
the deposition process with ethanol, there was a change in
the dielectric constant of the medium, which led to

changes in protein conformation so that the structure was

10 1
9 -

Activity of LiP (U/mg)

o = N W
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less stable. Before being stored, the precipitate
resuspended in acetate buffer pH 5.0 might experience a
change in the dielectric constant of the medium. It
allowed a change in protein conformation again so that
when the sample was thawed or subjected to freeze-
thaw, it triggers denaturation so that the enzymes in the
sample lose their activity. Buffering in protein solution
will result in dramatic changes in pH during the freezing
process, which can result in protein denaturation [20].
The LiP enzyme in the precipitate resuspended in acetate
buffer pH 5.0 was not only denatured due to
conformational changes due to changes in the dielectric
constant of the medium but it was also thought to be due
to drastic changes in pH during freezing so that there
was no LiP activity after 16 d of storage. On the other
hand, the crude enzyme extract sample remained stable
because denaturation did not occur before and during
the freezing process at 0 °C, so when the sample was
thawed, the LiP activity remained high. Therefore, it was
suggested that it was not necessary to concentrate the
sample with ethanol precipitation methods, to maintain
the stability and activity of the crude extract of the LiP
from P. chrysosporium ITB isolates. However, this
suggestion should be further studied, considering that
the higher the concentration of purified protein, the
higher its stability of protein. Unfortunately, there was
no similar research that can be used as a comparison.
Recent studies have used the filtration method at the

0 2

9

Time storage (days)

® Crude extract of LiP

= Resuspension of ethanol fractionated precipitate

Ethanol fractionated precipate
Fig 6. Stability of the storage of LiP
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Fig 7. SDS-PAGE profile of LiP elzzyme-s from P. chrysosporium ITB isolate. Electropherogram photo from SDS-PAGE
with MP: standard protein, F: filtrate before ultrafiltration, S: filtrate from ultrafiltration, EK: crude extract of LiP enzyme,
P: result of concentration with ethanol fraction (a). Illustration of LiP enzyme band versus standard protein band (b)

stage of concentration of crude LiP extract [18]. The use
of this method minimized the occurrence of denaturation
due to changes in the dielectric constant of the medium as
happened in this study. But the ultrafiltration technique
was still quite expensive for large-scale enzyme purification.

The Molecular Size of LiP from P. chrysosporium ITB
Isolate

Electropherogram of SDS-PAGE shows that the MP
well (which were the standard protein bands used, ranging
from 15 kDa to 100 kDa), the F well (containing the filtrate
before ultrafiltration) and the EK well (containing the
crude extract of the LiP enzyme) did not show any bands,
while the S well (containing the filtrate from ultrafiltration)
and the P well (as the result of concentration by ethanol
fractionation) showed a thin band measuring + 34 kDa.
This band was suspected to be the LiP enzyme because
both the filtrate and the ethanol fractionation results
showed LiP activity. Although the crude extract measured
the activity of the LiP enzyme, there was no visible bands
because the concentration was too small. These results
were slightly different from previous studies. The pure LiP
enzymes from P. chrysosporium ATCC 20696, namely
LiP1 and LiP2 measuring 38 and 40 kDa [21], displayed
three bands measuring between 35-45 kD in the
extracellular protein of P. chrysosporium RP28, which was

thought to be an H1-ligninase isoenzyme. The H5 LiP
isoenzyme [22] and the pure LiP enzyme from P.
chrysosporium BKMEF-1767 measuring at 36 kDa [2].
This confirmed that P. chrysosporium isolate ITB was a
different strain from the previous P. chrysosporium
strains, namely P. chrysosporium ATCC 20696, P.
chrysosporium RP28, and P. chrysosporium BKMF-1767.

m CONCLUSION

The LiP was suspected to be a LiP isoenzyme with
a molecular weight of 34 kDa. The crude extract of LiP
displayed high activity at pH 3-5, at 26-32 °C, had good
thermal stability at 26-32 °C as long as 20 h. The activity
was lost due to the presence of Pb*" ion, decreased to 78-
90% due to K*, Co*, Fe**, Cd**, Mg*", and Cu’* ions,
decreased to less than 40% due to EDTA, Na*, Cr*', and
Hg’* ions, was not affected by Mn** and Zn*" ions, but
increased in the presence of NaN;, Ni*', and Ca** ions.
The crude extract precipitated with the optimum
ethanol at 64% ethanol saturation which resulted in an
increase in specific activity of 2.3 times. The storage of
the crude at 0 °C was more stable than the precipitate
resulting from ethanol precipitation and resuspension
from ethanol precipitation. With these characteristics, the
crude extract of LiP from P. chrysosporium ITB isolate
has good potential to be used as industrial enzymes.
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Abstract: Zinc(II) oxide (ZnO) nanoparticles were easily produced in this research by
thermal decomposition of the Zn(II) Schiff base complex. The ligand was synthesized via
condensation of benzylamine with 2-hydroxybenzaldehyde. The Zn(II) Schiff base
complex was prepared by the reaction between zinc salt and Schiff base with the molar
ratio of 1:1 (metal:ligand). The binary complex powder was calcined at 700 °C to produce
ZnO nanoparticles. Various methods were used to characterize the Schiff base, complexes,
and nanoparticles, including 'H and "C-NMR, FTIR, TGA, DTA thermal analysis, XRD,

TEM, SEM, EDX, BET, UV-Vis Diffuse Reflectance, atomic absorption, melting point, and
UV-Vis spectrophotometer. ZnO nanoparticles had an average crystallite size of 48.2 nm.

Keywords: Schiff base; Zn(II) Schiff base complex; ZnO nanoparticles

= INTRODUCTION

Schiff bases are compounds that contain the
azomethine group (C=N) in their structure and are often
formed via the reaction of primary amines and carbonyl
groups Schiff bases are a type of ligand; these ligands, as
well as their metal complexes, are important [1-2] because
of their capacity to stabilize metal ions in a variety of
oxidation states, as well as their use in a variety of catalytic
and industrial applications [3]. Because of their unique
topologies, structural lability, and sensitivity to molecular
environments as a functional material, metal complexes
with oxygen and nitrogen donor Schiff bases are of special
interest [4]. Zinc complexes of bidentate Schift-base
ligands have recently become popular in several disciplines
of research due to their potential uses in biomolecules,
catalysts, and optoelectronics [5-6]. There was also a study
on the synthesis of numerous salicylaldehydes and
Schiff base from
condensation and their complex [7-10]. Nanoparticles

benzylamine derivatives simple
have gotten a lot of interest lately because of their wide
range of uses, such as photocatalysis [11]. Zinc(II) oxide
is an n-type semiconductor with a 3.37 eV large and direct
band gap that can be used in dye-sensitized solar cells

[12], gas sensors [13], electric and optical devices [14],

and chemical absorbance [15]. ZnO exists in a range of
morphologies, including rode, nanoplate, tube, and its
prepared from difference methods such as Microwave-
assisted thermal methods, electrochemical methods, and
sol-gel procedures are all used to make ZnO nanoparticles
[16-19]. The thermochemical decomposition of zinc(II)
complexes has attracted a lot of interest in recent years
[7,11,20-21]. The process of manufacturing ZnO
nanoparticles is straightforward, solvent-free, and
effective. In this study, the structure of a compound was
described using “C, 'H-NMR, FTR, and UV-Vis.
Additionally, ZnO nanoparticles were successfully
synthesized using the complex's combustion synthesis
approach (Scheme 1). SEM, TEM, XRD, BET, and FT-
IR spectroscopy were used to examine the shape and
structure of the as-prepared ZnO.

m EXPERIMENTAL SECTION
Materials

The salicylaldehyde,
ethanol, acetic acid, diethyl ether, and zinc acetate
dihydrate (Zn(CH;COO),2H,O were bought (99%
purity; Merck company Germany). All compounds were

benzylamine, absolute

taken without being purified further.
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Instrumentation

The Fourier-transform infrared spectroscopy
(FTIR) measurements of the prepared compounds were
performed at 4000-400 cm™" using a KBr disc by using an
8400 FT-IR SHIMADZU spectrophotometer. The UV-
Vis spectra were measured on (UV-1700) SHIMADZU
spectrophotometer in the range of 300-800 nm. The UV-
visible spectrophotometer with Labspher diffuse
reflectance was recorded on the UV-2600 SHIMADZU
spectrophotometer (Japan). The thermal analysis for the
ligand and complex was conducted by using thermos
gravimetric analysis (TGA) on DTG-60. The melting
point was conducted using Stuart SMP30 (UK). The
molar conductivity measurements were obtained using
WTW cond 720 (Germany).

compounds was done by using furnace Carbolite S336RB

The cancellation of

(England). The above instruments were obtained at the
University of Babylon, College of Science for Women.
The produced compounds were measured by nuclear
magnetic resonance (NMR) at 400 MHz in DMSO-d; at
25°C and tetramethylsilane (TMS) as the internal
standard on a Bruker spectrometer (Germany) in Isfahan
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University of Technology (IUT, Iran). The images of
ZnO nanoparticles were recorded using a scanning
electron microscope (SEM; Zeiss Germany), and a
transmission electron microscope (TEM; 912AB,
Germany) at the University of Tehran. The X-ray
diffractometer (XRD 6000, SHIMADZU, Japan) was
conducted in the Ministry of Science and Technology,
Baghdad, Iraq. Atomic absorption measurements were
obtained by using GBC Avanta Ver 1.33.

Procedure

Synthesized of 2-((benzylimino)methyl)phenol ligand

The ligand was prepared by condensation, as
shown in Scheme 1. In a 250 mL round bottom flask was
placed a mixture of 2-hydroxybenzaldehyde 0.095 mol,
10 mL) and benzylamine (0.095 mmol, 8.93 g) dissolved
in 20 mL of ethanol and 2-3 drops of acetic acid with
heated to reflux for 6 h. The precipitate obtained was
filtered under reduced pressure, dried, and purified by
recrystallization from ethanol. The solvent was removed
under reduced pressure to yield the ligand as a yellow
solid and recrystallization in ethanol m.p. at 35-38 °C
[22-23].

OH
/o ~O
LG o
H

2-hydroxybenzaldehyde
Molecular weight: 122.12

phenylmethanamine

n) -—————

a= Ethanol reflux 6 h
b= Zn{OAg).2H50, reflux, 4 h
c= Cancelation at 700 °C

Malecular weight: 10716

2-({benzyliminaimethyl)phenol
Molecular weight: 211.26

(=

/OAC
AN

O
o ~
T n
N/

2H,0

Scheme 1. Synthesized Schiff base, Zn (Schiff base) complex and of ZnO nanoparticles
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The chelation complex, as shown in Scheme 1, was
made in a 1:1 (M:L) ratio by adding an ethanolic ligand
solution (5.00 g, 0.023 mol) to an aqueous solution of
metal salts (5.04 g, 0.023 mol) (Zn(OAC),-2H;0). For 6 h,
the mixture was refluxed at 75°C and stirred. After
cooling to room temperature, a yellow solid precipitant
was formed, and the product was filtered, dried, and then
recrystallized from hot ethanol m.p. 110-115 °C.

Synthesis ZnO nanoparticle

ZnO nanoparticles (NPs) were obtained by directly
calcining the yellow powders of Zinc Schift base complex.
Approximately 2 g were poured into a platinum crucible,
placed in an electrical furnace, and heated at 10 °C/min in
the air to 700 °C for 5 h. The ZnO NPs yielded in Scheme
1 were washed in ethanol to remove any remaining
contaminants and then dried in the air [24].

m RESULTS AND DISCUSSION
FTIR Spectra of Schiff Base Ligand

The Schiff base (L) ligand's FTIR spectra in Fig. 1
showed an appearance of a band at 3061 cm™ due to v(O-
H) of the phenol group, proving the existence of a strong
intramolecular hydrogen bonding [25]. The synthesis of

Indones. J. Chem., 2022, 22 (5), 1396 - 1406

Schiff base ligand (L) was confirmed by the assignment
of a new stretching vibration band to the v(C=N) group
at 1636 cm™ [8]. The bands at 2888 and 2842 cm™ were
due to asymmetric and symmetric stretching of v(CH,).
Other bands of 3032, 1578, and 1486 cm™ were due to
v(C-H aromatic) st and (C=C) st. The FTIR of the Zinc
(Schiff base) complex was recorded as KBr discs. The
v(C=N) group at 1636 cm ™" stretching frequency for free
ligands (L) was shifted to 1619 cm™ due to the
coordination with the azomethine function to the metal.
In the
complexation, the v(OH) phenolic band arising at

spectra of the complexes, upon metal
3105 cm™ in the ligand spectrum vanished, and the v(C-
O) phenolic underwent a bathochromic shift [8]. The
major stretching vibrations of ligands and their
complexes are listed in Table 1.

Nuclear Magnetic Resonance 'H and '*C-NMR for
Schiff Base (2-((Benzylimino)methyl)phenol

The signal assignments for the 'H-NMR spectra of
Schiff base (ligand L) in DMSO-ds are shown in Fig. 2.
The Schift base proton was detected as a key singlet (s,
'H, CH=N), 8.2 ppm (1H). The aromatic protons
exhibited chemical shiftsat 7.2-7.4 ppm (m, 7H, ArH)

——— Ligand Zn(Il) Schiff base complex Zn(I1)Oxide nanoparticles
300 -
" C ]
250 4 "W 3,651
H (&\ ey 3.063
5 200 1 “ 1.584
: |
§ | st 1630
CREVEERT ALY A" PP | A —— .
% lr‘ ' | |Ii ! ‘1 ] l‘-'Iﬁ U \\l | I A l —
5 | Y R AN WA T — et ———
a ' i} 1 ” " N\ r Vv
& | " | \
& 100 - ' AR
50 4
453
300 800 1300 1800 2300 2800 3300 3800

Wavenumber (cm)

Fig 1. FTIR spectra for Schiff base (ligand), Zn (Schiff base) complex and ZnO nanoparticles
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Table 1. FTIR data for Schiff base (ligand), Zn (Schiff base) complex, and ZnO

Wavenumber (cm™)

Band Schiff base Zn (Schiff base) ZnO
v(O-H) 3061 3105 ]
v(C=N) 1636 1619
v(CH;) asymmetric and symmetric 2888 and 2842 - -
-C=C (aromatic) 1578 and 1486
-C-H (aromatic) 3032
v(C-0) 1135 1120
Zn-O - - 474
i and 6.8-6.9 ppm (m, 1H, ArH). The O-H proton singlet
74 18 16000 had a significant peak at 13.48 ppm (s, 1H) in the spectra
L 14000 (1H) and the methylene group at 4.5 ppm (s, 2H)
12000 ~ [23,25].
. — Fi ‘ The l%ga'nd's BC-NMR spec‘tra ar'e shown in Fig. 3.
- g A distinguishing feature of the ligand's spectra was the
2 presence of the (N=CH) azomethine group, which
135 L o appeared at 166 ppm. The carbon of the hydroxyl group
22 i was at 153.49 ppm (C-OH). The carbons in aromatic
u 3455 2000 compounds were at 149.88 ppm (C Ar), 139.28 ppm (CH
= . i 98l L 11y Ar), 129.03 ppm (CH Ar), 128.23 ppm (2C, CH Ar),
12 7 2

ppm

Fig 2. 'H-NMR spectra for Schiff base

127.60 ppm (CH Ar), 120.48 ppm (2C, CH Ar), 119.12
(2- ppm (CAr), 117.37 ppm (CH Ar), 117.06 ppm (CH Ar)

((benzylimino)methyl)phenol and 62.83 ppm (CH,).
r 2500
128.2
L 2000
39.9
1500 ':',"
A
2
"
E
]
L 1000 £
- — 62.8
166.7 117.4
149.9 1205
139.3 #1205 L 500
. . - . 0
200 150 100 50 0
ppm

Fig 3. PC-NMR spectra for Schiff base (2-((benzylimino)methyl)phenol
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Electronic Spectra of Schiff Base (L) and Zinc
Complex

The UV-Visible absorption spectra of ligand L in a
DMF solution are presented in Fig. 4 and reported in
Table 2. The transitions were allocated in two bands at
267 nm, 37453.18 cm™! and 316 nm, 31645.56 cm™! due to
the -m* and the n-n* transition. The spectrum of the ZnL
complex in DMF solution exhibited three bands at
288 nm, 34722.20 cm™, 300 nm, 33333.30 cm™, and
345 nm, 28986 cm™', which were assigned to m-n" and
Zn->Lcr transitions in a tetrahedral.

Thermal Analysis

TGA and DTA for Schiff base (ligand) and its Zn(ll)
complex

Under nitrogen at a rate of 20 °C/min, Fig. 5 and 6
illustrate TG and DTA trends for the Schiff base (ligand)
and its metal ion complexes [26]. The first step,
endothermic, is caused by the loss of two adsorbed water

Indones. J. Chem., 2022, 22 (5), 1396 - 1406

in the
temperature of 30-323 °C. The second endothermic
reaction, which is observed in the temperature range of

and two acetate molecules as indicated

323-490 °C, is triggered by the removed of one benzene
ring. The third exothermic process, which occurs in the

(267.5)
—— Ligand ———Zn(ll) schiff base complex 5
(316)
1.5
O :
% (]
L3 2
@ A
(4]
o ;/ - 05
—“--\.‘w,rlf
. = _—— %o
550 450 350 250
A (nm)

Fig 4. Electronic spectra of Schiff base (L) and zinc
complex

Table 2. Electronic spectra of Schiff base (L), zinc complex

Amax NIM

Compound (vem) Assignment  Suggested geometry
Schiff base (L) 267 (n-1%) -
(37453.18),
316
(31645.56) (m-71")
ZnL 288, (34722.20) (n-1%) Tetrahedral geometry
300, (33333.30) (re-7")
345, (28986) CTML
r 120 Ligand Zn(ll) Schiff base complex
—— Ligand
100 - 80
L 80 [ - 60
. |
L 60 o \ - 40
3 <
40 f‘ \ - 20 E
[
it b 20 3 ’ : r———rr . 0
1000 800 600 ¢ ¥ 200 {
— 0 sl &-V(ﬁ - 20
7000 6000 5000 4000 3000 2000 1000 =5
L 20 L 40

Temperature (°C)
Fig 5. TGA analysis for Schiff base (Ligand) and its zinc
complex

Temperature (°C)
Fig 6. DTA analysis for Schiff base (Ligand) and its zinc
complex
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temperature range of 490-650 °C, is caused by the
breaking up of the organic reduction. Finally, the metal
(Zn) oxidized at temperature between 650 and 800 °C,
resulting in ZnO [27].

Characterization of ZnO Nanoparticle

The ZnO NPs were made by calcining a typical
complex for 5 h at 700 °C. The nature of the obtained ZnO
was validated using FTIR, UV-Vis Diffuse Reflectance,
XRD, SEM, TEM, EDX, and BET pattern analysis.

FTIR of the ZnO nanostructure

The FTIR pattern of the produced ZnO NPs is
shown in Fig. 1 on a scale of 4000 to 400 cm™. The
absorption bands of ZnO NPs at 474 cm™' were due to
v(Zn-0). The FTIR spectra obtained clearly showed that
ZnO NPs were synthesized [24,28].

UV-Vis diffuse reflectance for ZnONps

The Tauc method is a practical and basic approach
for measuring a thin film material's characteristic optical
band gap [29]. The UV-Vis reflectance spectra of ZnO
nanoparticles are shown in Fig. 7. The band gap energy
could then be calculated using the Tauc’s relation. The
UV-Vis reflectance spectrum had a lower scattering effect
than which
corresponded to a sharp reduction in reflectance at a

absorption. The optical band gap,
certain wavelength, indicated that the particles in the
sample were nearly evenly spread. The direct band gap
energy (Eg) for ZnO nanoparticles was obtained by fitting
the reflection data to the direct transition, as shown in Eq.
(1).

(ahv)? = A(hv —Eg) (1)
where a is the absorption coefficient, hv is the photon
energy, and Eg is the direct band gap. The direct band gap
was 3.2 eV when plotting (hv)* as a function of photon
energy and projecting the linear component of the curve
to absorption equal to zero [30-31].

X-Ray diffraction (XRD) analysis for the ZnO
nanoparticles

The X-Ray beam incident on a sample and diffracted
by the crystalline phases based on Bragg's law, as shown
by Eq. (2), is the fundamental approach used to estimate
the solid crystalline structures and crystallite size [32].

1401

\

\ Eg=32eV L 06

\

\ L 0.2
—_— 3.2

(F(R)hv)?

v v 0
3 25 2
Energy (eV)
Fig 7. Energy band gap for ZnO Nps
nA =2dsin0 (2)

where n is the order of reflection, X is the wavelength of
X-Rays, and 0 is the Bragg angle. Then, d spacing was
calculated, allowing for easy identification of material
structure in the interplanar spacing. The shape, position,
and intensity of the peak are the most important aspects
of a diffraction pattern. The structure of the investigated
material can be moduled after assigning Miller indices
(h,k,1) to each unit cell and comparing peak positions to
standard patterns published by the International Center
for Diffraction Data (ICDD). Sherrer's formula Eq. (3)
can also be applied to the XRD data to determine the
crystallite size [33].
KA
B.Cos6 3)
where L or (D) is the crystal size, K (0.94) is a constant
that depends on the crystal type, A (1.54180 A) is the
wavelength of X-Ray, B is FWHM (full width at half
maximum), and 0 is Bragg's angle [34].
Fig. 8 compares the X-Ray diffraction data of ZnO
NPs to the JCPDS 01-076-0205 standard reference for
ZnO. Diffraction peaks (100), (002), (101), (102), (110),
(103), and (112) were found and were confirmed by the

L(D)=

hexagonal ZnO (Wurtzite) according to the standard
reference. Through the figure, three very clear zinc oxide
peaks were noted at the angles 31.96°, 34.84°, and 36.42°
compared to the JCPDS card.

SEM for synthesized ZnO
The morphology of ZnO nanoparticles sintered at
700 °Cin Fig. 9 was studied using SEM techniques to

Hadeer Mohammed Subhi et al.
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collect useful information about the structure of the
produced nanoparticles. Gaussian and SEM picture
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O = N W A& O

Indones. J. Chem., 2022, 22 (5), 1396 - 1406

micrograph investigations showed irregular aggregated
distribution and aspherical shape. According to the
histogram, the average grain size was between 40 and
190 nanometers.

EDX analysis of ZnO nanoparticles

The production of ZnO NPs was studied using
EDX analysis. Various locations were concentrated
during the EDX measurement. The relevant peaks are
shown in Fig. 10. The EDX spectrum revealed the
presence of ZnO in the produced nanostructure. The
atomic percent values of Zn and O in the spectrum were
86.7 and 13.3, respectively. In the synthesized samples,
there was a presence of Zn and O dopants. There was no
significant quantity of impurities found.

mmmm Frequency Normal distnbution

0.01
0.008
0.006
0.004
0.002
0

Normal distribution

Diameter (nm)

Fig 9. SEM and Histogram for ZnO nanoparticles

Zn

Fig 10. EDX analysis for ZnO nanoparticles
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TEM of ZnO nanoparticles

Fig. 11 shows the TEM images of ZnO. The TEM
held to better
nanoparticles' crystalline properties and size. The TEM

investigation was understand the
images of ZnO showed that the particles were virtually
hexagonal with a minor thickness variation, confirming
the SEM findings [35]. Fig. 11 shows that TEM
morphology surface analysis is used to analyze the
morphology of the surface of ZnO nanoparticles.

Surface area analyzer
The nitrogen isothermal adsorption technique

shown in Fig. 12 was used to determine the surface area
and pore structure of the ZnO nanoparticles. The
isotherm profiles of ZnO showed a minor hysteresis loop,
which could be classified as type IV. The surface area,
average pore diameter, and total pore volume for ZnO are
listed in Table 3. The high surface energy of ZnO
nanoparticles is thought to be the source of nanoparticle
aggregation or the creation of bigger nanoparticles [36].
From the nitrogen adsorption/desorption studies, the BET

Fig 11. Transmittance electron microscopy for ZnO NPs
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Fig 12. Nitrogen adsorption-desorption isotherms for
ZnO NPs
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Table 3. Surface physical characteristics of ZnO
Value

363.61 [m?g™']

83.54 [cm’(STP) g™']
0.1558 [cm® g']

Surface physical parameters

Surface area
Average pore diameter
Total pore volume

method was utilized to compute the Sger of ZnO
nanoparticles. Prior to analysis, the material was
degassed for two hours at 100 °C. The following
equation was used to determine the diameter of ZnO
nanoparticles:

6000
p sample * Sgpr

(4)

dBET =

where the sample is the density of ZnO powder
(5.60 g/cm?), Sger is the BET-specific surface area (m?*/g),
and dger is the mean crystalline size (nm). dser Values of
5.72 nm for ZnO nanoparticles annealed at 700 °C were
found using Eq. (4). The difference between the XRD
Scherrer formula and the BET methods for determining
the mean crystalline size of ZnO nanoparticles suggested
that there ZnO
nanoparticles.

were agglomerations in the

m CONCLUSION

Salicylaldehyde, phenylmethanamine, and zinc
acetate were used to create a binary Zn Schiff-base
complex. FTIR, '"H-NMR, “"C-NMR, TGA, DTA, and
UV-Vis were utilized to determine the structure of the
new Zn(II) complex produced and describe the
formation of Schiff base ligand and metal with a molar
ratio of 1:1. These observations led to the suggestion of
deformed tetrahedral molecular geometries for the
metal complex. Thermal decomposition was employed
to make ZnO NPs with a 3.2 eV bandgap energy and
particle sizes of 48 nm. The results of XRD, EDX, SEM,
TEM, and BET revealed that single-phase ZnO NPs with
particle sizes of less than 100 nm were produced via
solid-state thermochemical decomposition of binary
Zn-Schift base complex. These findings might be utilized
to predict the behavior of ZnO NPs, to serve as a
foundation for future research at the in vitro and in vivo
levels of experiments, and in the photodegradation of
dye.
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Table S1. 2D structure of ligand interaction with EGFR amino acid residues
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Compound 2D structure of ligand interaction with EGFR amino acid residues Interaction
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Table S2. 3D structure molecular docking results of ligand molecule in EGFR protein overlay with erlotinib position

Compound 3D structure molecular docking results of ligand molecule (magenta)
P in EGFR protein overlay with erlotinib (cyan) position
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Compound 3D structure molecular docking results of ligand molecule (magenta)
pott in EGFR protein overlay with erlotinib (cyan) position
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