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GREEN SYNTHESIS OF AN AMIDE-BASED CHEMOSENSOR

AND ITS APPLICATION FOR DETECTION OF TOXIC METAL
IONS

D. S. Bhagat,[®" R. P. Pawar,l" A. B. Tekale, S. G. Pande,[® R. R. Rangari,® 1.
V. Suryawanshi, P. B. Chavanl®, S. N. Tapasel® and A. A. Sahul

Keywords:chemosensor,forensic application,ultra-sonication,coordination complex

Ultrasound-assisted synthesis of a chemosensor from benzoyl chloride and diethylenetriamine in acetonitrile was carried out and the
product structure was confirmed by UV-VIS and FT-IR spectroscopy. The synthesized chemosensor interacts with metal ions and produces
a notable change in colorimetric measurements. It is observed that as the concentration of metallic ions increases, absorbance also

increases, thus the chemosensor can be used for quantitative estimation of metal-ion content.
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Introduction

In recent decade increase in industrialization resulted in
high pollution of metal ions in the environment which
interact with living systems and cause hazardous effects on
human health and the environment resulting in toxic cation
and poisoning.

Chemosensor is a sensory receptor that shows a detectable
change in color and photophysical properties. The ultimate
aim of the scientific community is the synthesis of sensitive
chemosensor which can be used for the detection of heavy
metal ions.> The Hg?* is a common, environmentally toxic
and hazardous pollutant among the heavy metal ions. Trace
amounts of Hg?* in the body can lead neurotoxicity and the
mercury ions easily pass through the biological tissues to
cause digestive, kidney and especially neurological
diseases.? The Cu?*ion is an important transitional metal ion
which plays a major role in environmental, biological,
forensic and chemical fields.* Cu?* ion is the third most
abundant essential metal ion in the human body transition
element after Fe** and Zn?*.* Zinc is the second most
abundant transition metal in the human body next to iron
and acts as a catalytic co-factor in various metallic-enzymes.
Zn?* ions play a vital role in numerous fundamental
biological processes such as cellular metabolism, DNA
synthesis and neurotransmission.> The deficiency of
Zn%ions causes various diseases such as Alzheimer's,
Parkinson's diseases, epilepsy regulation disorder in
mammalian reproduction, immune system, sense of taste
and smell and overall growth of the living body.® The zinc is
an important constituent in more than 250 metalloenzymes.”
Cobalt plays a significant role in the metabolism of ferrous

Eur. Chem. Bull. 2019, 8(9), 212-215

DOI: http://dx.doi.org/10.17628/ecb.2019.8.212-215

and hemoglobin synthesis. The Co?* ions are an important
constituent in vitamins.2 The Co?" shows toxicological
effects on human health, including decreased cardiac output,
asthma, heart and lung disease.® Ni?* is an essential trace ion
in organic systems, but the excess accumulation of Ni?* in
the body can lead to various diseases such as lung fibrosis,
cardiovascular and kidney diseases.°

In recent decades, a wide number of efficient chemo-
sensors (ligands) have been developed for the detection of
various metal ions in aqueous solution. The type of
interaction between chelate and the metal ion is a coordinate
bond or host-guest type.'* Various methods have been used
for detection of the metal ions such as rhodamine 6G (R6G)
and 8-aminoquinoline (8-AQ) co-modified core/shell
Fe30,@Si0; nanoparticles used for detection of Hg?* and
Zn%*ions in aqueous solution,*? Rhodamine B chemosensor
used for detection of Pb%*in acetonitrile,'® azadiene-pyrene
derivative for Hg?* in aqueous acetonitrile solution,'* (E)-2-
(5-((2-carbamothioylhydrazono)methyl)-6-hydroxy-3-oxo-
3H-xanthen-9-yl)benzoic acid for the detection of Cd?*ions
in aqueous solution,”® N-(1,10-phenanthrolin-5-yl)-2,2-
diphenylacetamide for selective detection of Fe®* in an
aqueous medium,'® 8-hydroxyquinoline based graphene
oxide for detection of Zn* in aqueous media,'’
cyclometalated platinum(ll) bipyridylacetylide complex for
Mg?* in acetonitrile,'® rhodamine-based compound for
Pd?*in pure water,'® and for highly selective detection of
Ag(l) ions.?°

The syntheses of chemosensors are reported in the
literature by various methods from readily available starting
materials such as water meditated synthesis of CF;-CF3and
use for detection of CN1.2! Ultrasound-assisted synthesis of
diphenylamine-based Schiff base used in the detection of
copper(ll) ion in agueous solution,?? microwave-assisted
synthesis of graphitic carbon nitride quantum dots?® and
photoluminescent carbon dots synthesis using starch
(Tapioca Sago) via solution method at mild condition® and
possess great applications in various fields such as
environmental,? forensic, and the biological sciences.?”

Herein, we develop an ultrasound-assisted new method for
the synthesis of amide-based chemosensor using
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diethylenediamine and benzoyl chloride. Ultrasound waves
accelerate the rate of reaction by cavitation and nebulization
phenomenon. The cavitation helps to create a development
of implosive collapse of bubbles in a liquid. Nebulization
phenomenon helps in the creation of mist from ultrasound
passing through a liquid and impinging on a liquid-gas
interface.?
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Materials and methods

All chemicals were purchased from Sigma Aldrich and
used without further purification. UV spectrophotometric
analysis was carried out using UV-VIS Perkin Elmer,
lambda scan-35 system. FT-IR analysis was done on a
BRUKER instrument having OPUS software of version
7.0.129.0)

Procedure for synthesis of amide-based chemo-sensor

In 25 mL round bottom conical flask benzoyl chloride
(5.00 mmol), diethylenetriamine (10.00 mmol) and 1-2 mL
acetonitrile were taken and kept in ultrasonication bath at
room temperature for 10 minutes. The reaction mixture was
poured into ice-cold water, and the precipitate of
chemosensor was separated by simple filtration. Residue
allowed drying at room temperature and dry white
crystalline powder compound is used as chemosensor in
aqueous ethyl alcohol.

Procedure for preparation of pH 10 buffer solution

For 10 ml: pH 10 buffer was prepared by taking 0.7 g of
NH.CI, and 5.68 mL NHjs solution in 10 mL distilled water
in a conical flask.

Results and discussion

In the present work, we developed a new method for the
synthesis of amide-based chemosensor  ((7E)-N*-
benzylidene-N?-((E)-2-(benzylideneamino)ethyl)ethane-1,2-
diamine) using diethylenetriamine and benzoyl chloride
under ultrasound irradiation. The absorbance in the UV-VIS
analysis of Co(ll) ion solution in aqueous ethanol for 100,
200, 300, 400, 500, 600, 700, 800, 900 and 1000 ppm are
illustrated in Figure 2. It was observed that as the
concentration of a metal ion in solution was increased, the
absorbance was increased. It helps to find out the
concentration of a metal ion in an unknown solution by
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using a standard calibration curve. Mercury (Hg?*), nickel
(Ni?*) and copper (Cu?*) show excellent absorbance in the
UV-VIS analysis. It was observed that metal ions form
stable complexes with chemosensor and show visible color
change or change in color intensity of aqueous solution. In
UV-VIS analysis, absorbance was increased with respect to
concentration and it validates the Lambert-Beer’s Law.

The FT-IR spectroscopic technique was used to predict
the functional group of chemosensor and metal-complex of
chemosensor with the help of stretching frequencies. These
results are illustrated in Table 1. The probable interaction of
chemosensor with metal ions shows that it forms a stable
coordination complex with a metal ion (a predicted structure
is given in Figure 1). The synthesized amide-based
derivative probably acts as a tridentate ligand showing
chromophoric nature with the given metal ions and acts as
chemosensor.

Table 1.FT-IR analysis of chemosensor and samples

No. Sample/ Frequencies, Assigned group
Compound cm?
1. Chemosensor 3623, 3750 N-H
2982 C-H (aromatic)
1700 C=0
1647, 1546 C=C (aromatic)
1280 Cc-C
1046 C-N
2. Chemosensor 2946 C-H
after reacting 2876 C-H (Aliphatic)
with 1% Cu. 1746 C=0
1656, C=C (Aromatic)
1621,1546 N-H
3231, 3456
3. Chemosensor 2972 C-H (Aliphatic)
after reacting 1748 C=0
with 1% Hg. 1648 C=C (Aromatic)
1195 C-N
1317 C-O
3234-3496 N-H
4. Chemosensor 951 N-Niz
after reacting 2892 C-H (Aromatic)
with 1% Ni 3365 N-H

Figure 1. Amide based chemosensor forms coordination complex
with metal ions
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Figure 2. UV analysis of Co?* dilutions with chemosensor (100-
1000 ppm)

Conclusion

We developed a simple, efficient and eco-friendly method
for the synthesis of amide-based chemosensor from
commercially available material. We studied the application
of chemosensor for qualitative and quantitative analysis of
metal ions in a various extracted solution using UV-VIS
spectroscopy techniques. This chemosensor helps in the
preliminary analysis and detection of Hg?*, Co?*, Ni?*, Cu®*
metal ions in aqueous and spiked solutions. This
chemosensor has excellent application in forensic chemistry
and toxicology to detect the metal poisoning cases.

Acknowledgment

We are thankful to the Department of Forensic Chemistry
and Toxicology, Government Institute of Forensic Science,
Aurangabad for the permission to use laboratory and
sophisticated instrumentation facility. Authors are especially
thankful to Dr. S. G. Gupta (Director, Government Institute
of Forensic Science, Aurangabad) for support and
permitting us to use the sophisticated instrumentation
facility. [

References

Lee, S., Chai, I, Hong, S., Yang, Y.l., Lee, J., Kang, T., Yi, J,,
Highly selective detection of Cu?* utilizing specific binding
between Cu-demetallated superoxide dismutase 1 and the
Cu?* ion via surface plasmon resonance spectroscopy, Chem.
Commun., 2009, 41, 6171-6173. doi: 10.1039/b910666a

2Zhang, X., Xiao, Y., Qian, X., A Ratiometric Fluorescent Probe
Based on FRET for Imaglng Hg?* lons in Living Cells,
Angew.  Chem. Int.  Ed., 2008, 47, 8025.
doi.org/10.1002/anie.200803246

3Li, L. Q., A Colorimetric and Fluorescent Chemosensor for Cu?*
Detection in Aqueous Solution, Synth. React Inorg. Metal-
Org. and Nano-Metal Chem., 2016, 46, 1854-1856.
doi.org/10.1080/15533174.2015.1137077

“Que, E. L., Domaille, D. W, Chang, C. J., Metals in neurobiology:
Probing their chemistry and biology with molecular imaging.
Chem Rev, 2008,108, 1517-1548.doi: 10.1021/cr078203u

SFeng, J., Shao, X., Shang, Z., Chao, J., Wang, Y., Jin, W., A new
biphenylcarbonitrile based fluorescent sensor for Zn?* ions
and application in living cells, Chem. Res. Chin. Univ., 2017,
33, 695-701. doi: 10.1007/s40242-017-7084-z

Eur. Chem. Bull. 2019, 8(9), 212-215

DOI: http://dx.doi.org/10.17628/ecb.2019.8.212-215

Section B-Short communication

SPatra, C., Bhanja, A. K., Sen, C., Ojha, D., Chattopadhyay, D.,
Mahapatraa, A., Sinha, C., Imine-functionalized thioether
Zn(I1) turn-on fluorescent sensor and its selective sequential
logic operations with H2PO4~, DFT computation and live cell
imaging, RSC Adv., 2016, 6, 53378-53388. doi:
10.1039/C6RA07089B

"Bertini, I., Gray, H. B., Lippard, S. J., Valentin, J. S., Bioinorg.
Chem., 1994, University Science Books, Mill Valley, CA
(USA). ISBN 0-935702-57-1

8Park, G. J., Na, Y. J, Jo, H. Y, Lee, S. A, Kim, C,, A
colorimetric organic chemo-sensor for Co** in a fully
aqueous environment, Dalton Trans., 2014, 43, 6618-6622.
doi: 10.1039/C4DT00423J

9Sun, J.,, Ye, B., Xia, G, Wang, H. M., A multi-responsive
squaraine- -based “turn on” fluorescent chemosensor for
highly sensitive detection of Al®*, Zn?* and Cd?* in aqueous
media and its blologlcal appllcatlon Sens. Actuators B:
Chem., 234-240.
doi. 0rq/10 1016/j.snb. 2017 03.134

©Lju, X., Lin, Q., Wie, T.-B., Zhang, Y.-M., A highly selective
colorimetric chemosensor for detection of nickel ions in
aqueous solution, New J. Chem., 2014, 38, 1418-1423. doi:
10.1039/C3NJ01403G

Shahabuddin, M., Ashfaque, A. B., Asif, A. B.,, A new
calix[4]arene Schiff base sensor for Hg?* and Au®*, J. lran.
Chem. Soc, 2016, 13, 2275-2282.
https://doi.org/10.1007/s13738-016-0946-3

2Yao, G., Guowen, M., Meiling, W., Qing, H., Chuhong, Z.,
Zhulin, H., R6G/8-AQ co-functionalized Fe30@SiO:
nanoparticles for fluorescence detection of trace Hg2+ and
Zn?* in aqueous solution, Sci. China Mater, 2015, 58, 550-
558. doi: 10.1007/s40843-015-0071-0

18Ji, Y. K, Yun, J. J, Yoon, J. L., Kwan, M. K., Mi, S. S.,
Wonwoo, N., Juyoung, Y., A Highly Selective Fluorescent
Chemosensor for Pb2*, J. Am. Chem. Soc., 2005, 127, 10107-
10111. doi: 10.1021/ja051075b

1Zhou, Y., Zhy, C.-Y., Gao, X.-S., You, X.-Y., Yao, C., Hg?*-
Selective Ratiometric and “Off-On” Chemosensor Based on
the Azadiene—Pyrene Derivative, Org. Lett., 2010, 12, 2566-
2569. doi: 10.1021/011007636

Liu, W., Xu, L., Sheng, R., Wang, P., Li, H., Wu, S., A Water-
Soluble “Switching On” Fluorescent Chemosensor of
Selectivity to Cd?*, Org. Lett., 2007, 9, 3829-3832. doi:
10.1021/01701620h

8Nadeem, S., Shah, M. R., Khan, B., Hoda, N., Topel, O,
Supramolecular chemosensor for selective detection of iron
in aqueous medium, Supramol. Chem., 2013, 25, 798-805.
doi.org/10.1080/10610278.2013.804186

UEftekhari-Sis, B., Rezazadeh, Z., Akbari? A., Amini, M., 8-
Hydroxyquinoline Functionalized Graphene Oxide: an
Efficient Fluorescent Nanosensor for Zn2+ in Aqueous
Media, J. Fluoresc., 2018, 28, 1173-1180.
doi.org/10.1007/s10895-018-2281-9.

8yang, Q.-Z., Wu, L.-Z., Zhang, H., Chen, B., Wu, Z. X., Zhang,
L. P, Tung C.- H A Luminescent Chemosensor with
SpeC|f|c Response for Mg?*, Inorg. Chem., 2004, 43, 5195-
5197.doi: 10.1021/ic049815p

®Wang, M., Liu, X., Lu, H., Wang, H., Qin, Z., Highly Selective
and Reversible Chemosensor for Pd?* Detected by
Fluorescence, Colorimetry, and Test Paper, ACS Appl. Mater.
Interfaces, 2015, 7, 1284-1289. doi: 10.1021/am507479m

DCoskun, A., Akkaya, E. U., lon Sensing Coupled to Resonance
Energy Transfer: A Highly Selective and Sensitive
Ratiometric Fluorescent Chemosensor for Ag(l) by a
Modular Approach, J. Am. Chem. Soc., 2005, 127, 10464-
10465. doi: 10.1021/ja052574f

2Lin, Q., Fu, Y.-P., Pei, C., Wei, T. B., Zhang, Y.-M., Rational
design, green synthesis of reaction-based dual-channel
chemosensors for cyanide anion, Tetrahedron Letters, 2013,
54, 5031-5034. doi.org/10.1016/j.tetlet.2013.07.022

214



http://dx.doi.org/10.17628/ecb.2019.8.212-215

Amid-based chemosensors to detect toxic metal ions

2Parsaee, Z., Haratipour, P., Lariche, M. J., Vojood, A., A novel
high-performance nano chemosensor for copper (II) ion
based on an ultrasound-assisted synthesized diphenylamine-
based Schiff base: Design, fabrication and density functional
theory calculations, Ultrasonics Sonochem., 2018, 41, 337-
349. doi.org/10.1016/j.ultsonch.2017.09.054

3BLi, H., Shao, F. Q., Huang, H., Feng, J.-J., Wang, A.-J., Eco-
friendly and rapid microwave synthesis of green fluorescent
graphitic carbon nitride quantum dots for vitro bioimaging,
Sensors Actuators B, 2016, 226, 506-511.
doi.org/10.1016/j.snb.2015.12.018

%Basu, A., Suryawanshi, A., Kumawat, B., Dandia, A., Guin, D.,
Ogale, S. B., Starch (Tapioca) to carbon dots: an efficient
green approach to an on-off-on photoluminescence probe for
fluoride ion sensing, Analyst, 2015, 140, 1837-1841.
doi:10.1039/C4AN02340D

2| jeberzeit, P. A., Dickert, F. L., Chemosensors in environmental
monitoring: challenges in ruggedness and selectivity, Anal.
Bioanal. Chem., 2009, 393, 467. DOI:10.1007/s00216-008-
2464-3

Eur. Chem. Bull. 2019, 8(9), 212-215

DOI: http://dx.doi.org/10.17628/ecb.2019.8.212-215

Section B-Short communication

%Yilmaz, E., Garipcan, B., Patra, H. K., Uzun, L., Molecular
Imprinting Applications in Forensic Science, Sensors, 2017,
17, 691-695. https://doi.org/10.3390/s17040691

2Jung, H.-S., Ko, K. C., Kim, G.-H., Lee, A.-R., Na, Y.-C., Kang,
C., Lee, J. Y., Kim, J. S., Coumarin-Based Thiol
Chemosensor: Synthesis, Turn-On Mechanism, and Its
Biological Application, Org. Lett., 2011, 13, 1498-1501.
https://doi.org/10.1021/012001864

®Bang, J. H., Suslick, K. S., Applications of Ultrasound to the
Synthesis of Nanostructured Materials, Adv. Mater., 2010,22,
1039-1059. doi.org/10.1002/adma.200904093

This paper was presented at the “International Symposium on
Exploring New Horizons in Chemical Sciences”, January 10—
12, 2019, Aurangabad, India (ENHCS-2019).

Received: 11.03.2019
Accepted: 14.07.2019.

215



http://dx.doi.org/10.17628/ecb.2019.8.212-215

Effect of reduction on the electrical modulus of AgO3SCFs-chitosan-based solid electrolytes Section B-Research paper

= ———g = EFFECT OF SILVER ION REDUCTION ON ELECTRICAL
E B MODULUS OF CHITOSAN-SILVER TRIFLATE SOLID
POLYMER ELECTROLYTE MEMBRANE

Soran Kamal® and Sleman Qadir®

Keywords: silver; electrical modulus; polymer electrolyte; chitosan; silver triflate

Utilizing impedance spectroscopy, chitosan-based solid polymer electrolyte containing CFsSO3Ag was investigated for their electric
modulus properties. Using the highest conductivity sample, the lowest conductivity relaxation time (ts) was determined. The high
capacitivity of the material is shown by the electrical modulus of the real part. A non-Debye type relaxation is predicted by the asymmetric
peak of electric modulus's imaginary part (M"). Utilizing Argand plot, a deformed arc for the relaxation times distribution is demonstrated.
Silver nanoparticles formed from silver ions causes a rise in the values of M' and M" above 358 K. The ultraviolet-visible (UV-vis)
absorption and complex impedance of silver nanoparticles in chitosan-silver triflate solid electrolyte are temperature dependent.
Transmission electron microscopy (TEM) confirmed the silver nanoparticles formation. The dynamical relaxation process for a particular
composition is proven by the scaling behavior of M" spectra to be independent of temperature. The conductivity relaxation is shown by a f

exponent to be non-exponential.
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Introduction

Very intriguing classes of solid-state coordination
compounds are polymer electrolytes that utilize solid but
flexible membranes for ionic conductivity.® Because of the
attractive interaction between cations and chains, chain
polymers can act as solvents for certain salts if they have
electronegative atom (nitrogen or oxygen) in their repeating
units.? Chitosan polymers contain both N and O atoms in
their chains® are used as solid electrolytes in electrochromic
displays, sensors, fuel cells and batteries.*> Despite the
intensive studies, the mechanism for their conductivity is
still not clarified completely.® The amorphous phase is the
main conductive phase, despite the coexistence of
crystalline and amorphous phases.” Little is understood
about the coupling between ion transport and polymer
segmental relaxation in polymer electrolytes and could be
the key for new discoveries.®

In the polymer electrolytes, both dipoles and charge
species affect the relaxation dynamic and frequency
dependent conductivity.® Electric modulus formalism M"
can be used as an environment for studying relaxation
dynamics, specifically dielectric relaxation.'® M" displays a
pronounced peak, leading to modulus representation and
associating the extent of conductivity with time scale 1.

Despite the well establishment of relations between the
various quantities, yet there is still debate on modulus
representation.! When the electric displacement is constant,
from the physical viewpoint, the relaxation of electric fields
in the material is correspondent to the electrical modulus.*?
Emphasizing small features at high frequencies and
suppressing the high signal intensity associated with
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electrode polarization is the main benefit of modulus
representation.'* Therefore, studying relaxation times and
conductivity in polymers and ionic conductors can be
achieved through electric modulus spectra.’?

In the chitosan-silver triflate polymer electrolyte thin film
preparations, commercial chitosan was used as a base
polymer containing amine and hydroxyl functional groups
and suitable for solid polymer electrolyte preparation.'4
Silver salts like AgSbFs, CF;SOsAg, AgBF. and AgCIO. were
tested in polymer hosts like and poly(vinylpyrrolidone)
(PVP), poly(ethylene oxide) (PEO) and poly(2-ethyl-2-
oxazoline)(POZ) to make  silver-based  polymer
electrolytes.'>¢ Olefin transport is facilitated essentially by
nitrogen and oxygen atoms contained within polar polymer
chains, and silver metal particles were formed due to the
reduction of silver ions."8

Due to these properties, the effect of silver nanoparticle
reduction from silver ions on the properties of electrical
modulus of chitosan-silver triflate solid electrolyte is studied
in this paper over a wide range of temperature and
frequency.

Experimental

Solid polymer electrolyte (SPE) thin film preparation

Silver triflate (CFsSOsAg) (Fluka, €99 purity, Germany,
CAS No. 2923-28-6) and chitosan from crab shells (75 %
deacetylated, Sigma Aldrich, USA, CAS No. 9012-76-4)
were used as raw materials. Solution cast technique with the
solvent being acetic acid (1 %) is used for the preparation of
solid polymer electrolyte (SPE) films. Chitosan (1 g) is
dissolved in acetic acid solution and fixed in the current
system. Varying amount of silver triflate (CF:SOsAQ)
ranging from 2 to 10 wt. % in steps of 2 wt. % is added to
this system to adjust different compositions of chitosan-
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silver triflate electrolyte in weight percent ratios; 98:2, 96:4,
94:6, 92:8 and 90:10 for chitosan: CF3SO3Ag and 100:0 for
pure chitosan acetate. To obtain a homogenous solution, the
mixture is continuously stirred until said result is obtained.
In room temperature, the solutions are left to dry in different
Petri dishes after casting, in order to form the films, then
further drying is done by transferring into desiccators. The
result is a solvent-free and mechanically stable film.

Complex impedance measurement

Characterization of the materials electrical properties is
done through the complex impedance spectroscopy. Small
discs of 2 cm diameter are made from the SPE films, and to
ensure proper electrical contact between the sample and
electrodes, two clean stainless steel and circular shaped
electrodes are used under spring pressure. This solves the
problem of air interstices between the electrodes and the
sample interface. HIOKI 3531 Z Hi-tester (made in Japan,
N0.1036555) is used to measure the impedance of films in
the frequency range from 50 to 1000 kHz. The imaginary
and real parts of the impedance is calculated and measured
by the software. Using b equations below, the real (M’) and
imaginary (M") parts of complex electric modulus (M*) is
evaluated by the use of the real (Z') and imaginary (Z") part
of complex impedance (Z*) [19]:

M*=1/¢"=M"+ jM"= joC,Z"’

& &
M=———ad M"=——
g|2+8u2 8I2+8"2
Z*:Zl_jzn

where

Co is the vacuum capacitance and given by oA/l
Ais the area of the film,
I is the thickness and

The angular frequency is represented by ® and is equal
to © = 2xf; the applied field's frequency is f.

UV-Vis and TEM characterization

The absorbance mode of Jasco V-570 UV-Vis-NIR
spectrophotometer (Japan, Jasco SLM-468) is used to record
the UV spectra of chitosan-silver triflate electrolyte films.
An LEO LIBRA (Germany, 120 EFTEM, accelerating
voltage 120 kV) TEM instrument was used. The excess
solution was removed by a filter paper from the dried
chitosan-silver triflate electrolyte solution placed on a
carbon-coated copper grid at room temperature.

Results and discussions
Concentration dependence of M" spectra

The M" spectra frequency dependencies for compositions
with different silver triflate content at 303 K are shown in
Figure 1. In the highest conducting sample could be
observed higher frequencies for maximum M" peaks.
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Possibly due to polar group relaxations especially at low
frequency, pure chitosan and chitosan-silver triflate (98:2)
may show more than one peak. At higher salt
concentrations, because of the motion and high free charge
carrier concentration within the material, these peaks are
disappeared. Consequently, the low-frequency relaxation
can be hidden due to a high DC conductivity that is
produced.
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Figure 1. Concentration dependence of A" for (a) pure chitosan
acetate (100:0), (b) 98:2, (c) 96:4, (d) 94:6, (e) 92:8 and (f) 90:10
for chitosan: CFsSOsAg at 303 K.

Broadening of the peaks suggests a non-Debye type
relaxation, representing the conductivity relaxation peaks
distribution of the free charges.?® As conductivity increases,
the relaxation times decrease and causing shifting to higher
frequencies.?? Through the relation 2afma=1/1,, We can
calculate the conductivity relaxation times, were fnax IS a
frequency corresponding to M"max and 75 is the conductivity
relaxation time. Figure 2 shows silver triflate concentration
function as a variation of 1, as the salt concentration
increases up to 4 wt. % CF;SO3Ag, the conductivity
relaxation ties decrease. We can deduct from the results,
especially at the 4-8 wt. % concentration that there is a
competition between the ion associations and dissociations
— a charge carriers concentration increases from 8 wt. %
CF3;S0OsAg to 10 wt. % CF3;SO3Ag explains the significant
drop in conductivity relaxation times, i.e., as the number of
mobile charge carriers increases, the conductivity increases.
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Figure 2. Concentration dependence of conductivity relaxation
time (o) at 303 K

M’ and M"” frequency dependence at selected temperatures

The imaginary and the real part's frequency dependence of
the complex modulus for the sample with the highest
conductivity (90:10) at various temperatures are shown in
Figure 3 and 4. Equations given were used to calculate the
imaginary and real parts of the complex modulus.
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Using the representation of electrical modulus (M*), the
conductivity behavior in regards to conductivity relaxation
time can be interpreted conveniently. lonic conductivity
analysis is commonly done by the representation of M=
through ionic process association with conductivity
relaxation time.?2 M’ are very small at lower frequencies, as
illustrated by Figure 3, the electrode polarization is close to
zero thus can be neglected.?®?*. At higher frequency, M’
increases until reaching the maximum value of M., due to
the wide range of relaxation process frequencies.?® The
spread of conductivity relaxation over a range of frequencies
explains the observed dispersion and pointing to the
occurrence of relaxation time and the presence of a loss of
peak at the same time in the imaginary part diagram of
electric modulus versus frequency. € in complex
permittivity (¢*) is equivalent to M’ in complex electric
modulus (M*) and this explains the peak absence in M’
diagram, i.e., the capability of the material for energy
storage is represented by M’. The charge carriers and
mobility of the polymer increase with increasing the
temperature and due to this, the M’ values are decreased.

0.14
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0.12 308 K
s 313K
0.10 { = 318K
« 323K
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= « 333 K
0.06 { - 338K
343 K .
0.04 { = 348K s
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002 { -358K e
0.00 4

1 2 3 4 5 6
log(f)

Figure 3. Frequency dependence of M’ at different temperatures
for chitosan-silver triflate=90:10 composite

With increasing the temperature, the orientation of
molecular dipoles and charge carriers become easier. It is
possible that the electrode polarization effect with its large
value of capacitance causes M” to exhibit low values at low
frequencies.?® A large amount of charge carriers are
accumulated on the interface of electrode/solid polymer
electrolyte. The peaks can be seen at high frequencies
(Figure 4). The non-Debye behavior is illustrated by the
asymmetric and board peaks on both sides of maxima. The
region on the right of the peak are carriers that are mobile on
short distances and are confined to potential walls, while the
region to the left of the peak is carriers that are mobile over
a long distance.?*
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Figure 4. Frequency dependence of M” at different temperatures
for chitosan-silver triflate (90:10) composite
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Experimental  frequency limitation  explains the
disappearing of the M” peaks at higher temperatures. The
formation of silver nanoparticles from the reduction of silver
ions contributes to the rise of both M’ and M” above 358 K.
The function of temperature at a fixed frequency can be
used to study M’ and M" as a way for studying silver ion
reduction to silver nanoparticles.

The best conductivity relaxation time of ions (ts ) is the
relaxation frequency associated with the peak. Figure 5
demonstrates the relationship of reciprocal temperature and
log(fmax). The activation energy (Arrhenius behavior), E, =
1.16 eV.
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Figure 5. Temperature dependence of relaxation frequency

The rise in the mobility of ionic carriers with rising
temperature causes a reduction in relaxation time. The
points form almost a straight line, the regression value R? is
0.996.

Argand plots analysis

In polymer electrolytes, the nature of the relaxation
process can be studied by Argand plot demonstration. The
dependence of Argand plot on temperature is shown in
Figure 6.
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Figure 6. Argand plots for chitosan-silver triflate (90:10) at
different temperatures

It can be concluded that the Debye model (single
relaxation time) fails to explain the half semicircle curves of
Argand plot shown in Figure 6. In this situation, especially
in polymers to understand the experimental data, a
distribution of relaxation time becomes mandatory.
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The possible reasons for this distribution type are space
charge polarization, hopping, the ellipsoidal shape of polar
groups and the presence of inhomogeneity.?” At lower
temperatures, the Argand plot shows deformed arcs with
centers localized below the horizontal axis. The electric
relaxation of material corresponds with this position of the
centers as well as distribution and intercorrelation of
activation energy and relaxation time.?® There is a shift in
Argand curves when the temperature rises (Figure 6). This
can be explained with increasing of ionic mobility with the
increased conductivity resulting from risen temperature and
both Z' and Z " increase, subsequently. At 363 K, the
resistance within the sample increases, since a large amount
of silver nanoparticles form from silver ions reductions,
causing an increase on M"—M' curves.

The dependence of M’ and M on t

he temperature shown in Figure 7a and 7b. Until 358 K
due to a rise of ionic conductivity, M’ and M" decrease as
the temperature rises because of the dominance of silver
ions. However, above 358 K, a large amount of silver ions
transform into silver nanoparticles causing M’ and M” to
increase with rising the temperature. The ionic motion is
hindered by the increase of resistance within the sample
caused silver nanoparticles.

The complex impedance plots can detect the presence of
silver nanoparticles within the sample. Phase transitions,
interfacial effects in polymers and complex systems,
molecular mobility and conductivity mechanisms can also
be efficiently studied by electrochemical impedance
spectroscopy.?®
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Figure 8 supports the above statement; the complex
impedance plots at different temperatures explain the
increase of M’ and M". The electrode surface polarization
phenomena (i.e., tilted spike) is often separated from the
bulk material (i.e., depressed semicircle) in the complex
impedance plots (Z" vs. Z").%
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Figure 7. Temperature dependence of (a) M’ and (b) M” at selected
frequencies for chitosan-silver triflate (90:10) composite
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Figure 9. Complex impedance plots of pure chitosan at selected temperatures

The free charges are building up in the interface of the
electrode surfaces and the electrolyte form an electric
double layer (EDL) capacitance that results in the formation
of electrode polarization phenomena (tilted spike).**?? The
silver nanoparticles act as grain boundaries causing second
semicircles to appear at different temperatures (Figure 8). It
can be concluded that the silver nanoparticles and silver ions
compete. As the temperature rises from 303 to 358 K, the
bulk resistance decreases, i.e., silver ions are dominant and
the system behaves as an ionic conductor. However, when
the temperature passes 358 K, the bulk resistance increases
since more silver nanoparticles are formed from silver ions.
Subsequently, both M" and M” increase since the conduction
mechanism and overall polarization decrease because of the
decline in silver ion amounts. Z’ and Z” increase above 358
K. At this point, a noncomposite behavior seems to be
appeared due the polymer electrolyte rather than ionic
behavior. On the other hand, in pure chitosan (Figure 9), the
second semicircles cannot be seen.

The complex impedance plot of pure chitosan is shown in
Figure 9 at different temperatures. The bulk resistance of
chitosan-silver triflate (90:10) solid electrolyte is lower than
that of pure chitosan. Also, there is a continuous decrease in
pure chitosan's bulk resistance as the temperature increases
up to 393 K. It is a difference comparing that to the 2"-Z’
plot of chitosan-silver triflate (90:10) solid electrolyte.
Another observation would be that pure chitosan in its 2"-Z'
plot does not manifest second semicircles as temperature
changes.

Specific UV-vis absorption band can be seen for silver
nanoparticles and their clusters in the ultraviolet-visible
region.®! The UV-Vis absorption spectra at temperature 303
K for chitosan-silver triflate (90:10) solid electrolyte and
pure chitosan are shown in Figure 10.
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Figure 10. UV-Vis absorption spectra of (a) pure chitosan and (b)
chitosan- CF3SO3Ag (90:10) composite at 303 K.

The chitosan-silver triflate (90:10) solid electrolyte has a
broad absorption peak from 400 to 500 nm with maximum
being at 426 nm, mainly due to the surface plasmon band of
silver nanoparticles. Pure chitosan has no specific
absorption peak within this wavelength range. The
concentration of the silver nanoparticles corresponds with
the height of the peak.®232
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Figure 11. UV-Vis absorption spectra of chitosan- CF3;SOsAg
(90:10) composite at different temperatures
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The UV-Vis absorption spectra of chitosan-silver triflate
(90:10) solid electrolyte at different temperatures is shown
in Figure 11. As the temperature increases from 303 K to
393 K, the peak heights increase from 0.61 to 1.2. It shows
that at high temperatures, more rapid conversion of silver
ions to silver nanoparticles occurs.® It has been reported
that the silver ion reduction can occur in hydroxyl, carboxyl
and imide group-containing polymers.®>3¢ The color change
of solid membranes from yellow to dark brown is another
indicator of silver nanoparticle formation. Similar behavior
for PVP-silver salt electrolyte was mentioned by Kang et
al.® Interacting electromagnetic field causes the free
conduction electrons to oscillate (surface plasmon resonance
(SPR)).% The intense color in the visible spectrum can only
be seen in electrodes with plasmon resonance since they
have free electrons.*

The presence of silver nanoparticle was confirmed with
transmission electron microscopy (TEM). The silver
nanoparticles within chitosan- CF3SOsAg (90:10) solid
electrolyte can be seen in Figure 12. It can be seen that they
are agglomerated and dispersed. When the repulsion energy
is lower than the attraction energy between the particles, it
leads to particle agglomeration.*°

Figure 12. TEM micrograph of silver nanoparticles for chitosan-
silver triflate (90:10) composite at room temperature

As far as we know, change in properties of solid polymer
electrolytes (SPE) by the effect of silver ion reduction to
silver nanoparticles is reported for the first time.

Scaling behavior of M"".

More information can be obtained on the effect of charge
carrier concentration, structure, and temperature on
relaxation dynamics by studying the scaling of electric
modulus.** Figure 13 shows the electric modulus of
chitosan-silver triflate (90:10) as its imaginary part is scaled
at different temperatures. The parameters of M” and f are
scaled according to M"max and fmax, respectively.

A single master curve is formed by merging of all the
modulus  spectra  (Figure 13). For the particular
compositions, the dynamical relaxation is independent on
temperature.? Deviation from Debye behavior can be seen
from the dielectric relaxation processes evidenced by the
asymmetric plot shape and the non-symmetric distribution
of relaxation times.** A clear non-symmetric plot can be
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seen for the normalized modulus in Figure 13, in accordance
with the non-exponential behavior of electrical functions.**
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Figure 13. Scaling of M” for chitosan-silver triflate (90:10)
composite at different temperatures

The deviation from Debye relaxation can be shown from
the exponent f. The typical Debye behavior is 1.14 decades,
while in the chitosan:CFsSOsAg (90:10) composite full-
width half height (FWHH) is nearly 2 decades. A highly
non-exponential conductivity relaxation is concluded from
the small value (0.57) of B.*2 Deviation from Debye-type
relaxation becomes the more significant the lower the value
of B (standard value is p=1). A practical solid electrolyte has
a B value of less than 1.2

Conclusions

A solution casting preparation of chitosan-silver triflate
electrolytes resulted in composite films. The highest
conductivity samples have no shift towards higher frequency
in their M” spectra due to a low number of mobile charge
carriers. The systems capacitive nature is demonstrated by
the long tail of M’ spectra in the low-frequency range. Non-
Debye relaxation type can be seen from the broad peaks of
M" spectra. Relaxation times distribution gives a deformed
arc shape of Argand plots. A large amount of silver
nanoparticles formed from silver ions at higher temperatures
causing the increase of M'and M" values. The presence and
growth of silver nanoparticles result in the appearance of the
temperature dependence of second semicircles in complex
impedance plots. UV-Vis and transmission electron
microscopy (TEM) confirmed the formation of silver
nanoparticles. A temperature independent nature of the
dynamical relaxation processes was demonstrated and a
highly non-exponential nature of the conductivity relaxation
is concluded from the value of the § exponent.
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EVALUATION OF ANTIOXIDANT ACTIVITY OF CINNAMIC

ACID AND SOME OF ITS DERIVATIVES

Olawale H. Oladimeji,[®" Aniekeme E. Essien,® Arthur J. Sheriffld and Taiwo E.
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Cinnamic acid, chemically known as 3-phenyl-2-propenoic acid is has a broad spectrum of pharmacological actions including antioxidant
activity. The esterification and selective reduction of the acid led to ethyl cinnamate and cinnamyl alcohol, respectively. Cinnamic acid
demonstrated a poor antioxidant activity (ICso) of 1.2 pg mL-1 while ethyl cinnamate and cinnamyl alcohol elicited activities of 0.64 pg mL-
! (moderate) and 0.84 pg mL-1, respectively. The obtained results indicate that esterification enhances the antioxidant activity of cinnamic

acid.

* Corresponding Authors
E-Mail: wale430@yahoo.co.uk;
hakeemoladmeji@uniuyo.edu.ng

[a] Department of Pharmaceutical and Medicinal Chemistry,
Faculty of Pharmacy, University of Uyo, Uyo, Nigeria.

[b] Department of Pharmaceutical Chemistry, Faculty of
Pharmaceutical Sciences, University of Jos, Nigeria

INTRODUCTION

Free-radicals are chemical species which have been
implicated as the causative agents in many degenerative
conditions such as Alzheimer’s and Parkinson’s disease,
stroke, cancer, pancreatitis, laryngitis, asthma, hay fever,
rheumatoid arthritis, wounds, atherosclerosis, emphysema,
lungs dysfunction, radiation injuries, premature aging and
diabetes amongst many others.* Living organism possesses
antioxidant defense and repair system which offer some
protections against oxidative stress but nevertheless are
insufficient to prevent the damage. Antioxidants are believed
to play an important role in the body defence system against
radical oxidative species (ROS)>® and at low concentrations
significantly delay or inhibit oxidation of body tissues.’

Some of the antioxidant drugs in clinical practice are costly,
toxic and poorly active. Hence, there is need to search for
templates with little or no toxicities. A known chemical
substance with antioxidant activity, cinnamic acid was
considered. It is a white colored crystalline organic acid
occurring naturally in plants which has low toxicity and a
broad spectrum of biological activities. This acid is used as a
flavoring agent in certain pharmaceuticals and in the
manufacture of the esters for the perfume and fragrance
industry. Cinnamic acid can being structurally modified into
compounds with probable potentials for higher antioxidant
activities. In the present study, the acid was chemically
modified to its ethyl ester and reduced derivatives by
esterification and NaBH,-reduction (selective reduction)
respectively. The acid and synthesized products were
screened for antioxidant activities using the DPPH (2,2-
diphenyl-1-picrylhydrazyl hydrate) reagent and the obtained
antioxidant activities (ICso) compared.
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EXPERIMENTALS

Cinnamic acid and DPPH (2, 2-diphenyl-1-picrylhydrazyl
hydrate) were sourced from Sigma Chemicals, Germany)
while acetic acid, acetone, benzene, chloroform, diethyl
ether, ethanol, hydrochloric acid, magnesium sulphate,
methanol, petroleum ether, sodium borohydride, sodium
hydroxide, sulphuric acid and tetrahydrofuran were obtained
as AnaLAR Grade Chemicals from BDH Chemicals Limited
Poole, England.

Melting points were determined using an Electro-thermal
Melting Point apparatus (Electro-thermal Engineering
Limited, England).® The properties of the cinnamic acid and
derivatives are the followings:

Cinnamic acid: CgHsO2; mol. wt. (148.16 g/mol); white
color crystalline solid; m.pt. (132-134 °C); [n]p®° (1.616);
[a]o? (09; [d] (1.25 g /em®): FTIR (cm™): 1576 (Ar-C=C),
1627 (acyclic C=C), 1682 ( o, B unsaturated C=0), and 2923
(-OH).

Ethyl cinnamate: C11H1202; mol. wt. (176.21 g/mol); pale-
yellow liquid; [n]o? (1.658); [a]o?® (0°%); [d] (1.05 g /cm?):
FTIR (cm™): 711, 767 (CH, and CHs bending modes), 1037
(C-O-C, ether linkage), 1637 (Ar-C=C) and 1730 (C=0).

Cinnamyl alcohol: CgHi001; mol. wt. (134.16 g/mol);
colorless liquid; [n]o?° (1.581); [a]o?® (0°%); [d] (1.04 g /cmq):
FTIR (cm™): 754, 1631 (Ar-C=C), 1681 (acyclic C=C) and
3200 (-OH).

Assays

Cinnamic acid (1.5 g) was carefully weighed out into a
conical flask and 50 mL of 0.5 M NaOH added. The mixture
was immersed in boiling water bath for 10 minutes, cooled
and three drops of phenolphthalein were added as indicator.
Titration was then carried out against the excess alkali using
0.5 M HCI and the end-point noted (pink color). Blank
titration was carried out without the sample.
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Cinnamic acid (1.0 g) was dissolved in 100 mL of ethanol
and 10 mL of cc, sulphuric acid was added. The flask was
corked with Al foil and kept for 2 weeks in a refrigerator at 4
°C to ensure complete synthesis of the ester.

Selective reduction of cinnamic acid®®

Cinnamic acid (1.5 g) was dissolved in 20 mL of THF and
this solution was slowly added to a suspension of NaBHa
(0.45 g) in 200 mL of THF at room temperature in 10 min.
The mixture was stirred until evolution of gas ceased. 0.63 g
of iodine and 20 mL of THF were carefully added to the
mixture immersed in an ice-bath with the evolution of more
gas. The mixture was further stirred for 1 h. Dilute HCI (5
mL) was added carefully and the mixture extracted with ether.
The combined ethereal extracts was washed with 3 M NaOH
(30 mL), brine and dried over MgSO.. Evaporation of the
organic layer gave the reduced product.

Determination of optical rotation and refractive index

Cinnamic acid was dissolved methanol and the optical
rotation was measured at 589.3 nm at 20.5 °C with using an
ADP-220 (Bellingham Stanley, England) polarimeter. The
refractive indexes were measured on a WAY-15 (Abbe,
England) refractometer at the same wavelength and
temperature.'**2 The optical rotation and refractive indices of
the derivatives being liquids were measured directly without
dissolution in any solvents.

Spectrophotometric determination of antioxidant activity using
DPPH reagent

Substances which are capable of donating electrons or
hydrogen atoms can convert the purple-colored DPPH radical
(2,2-diphenyl-1-picrylhydrazyl hydrate) to its yellow-colored
non-radical form; 1,1-diphenyl-2-picrylhydrazine.**** The
absorbance of each sample was taken at Am 512 nm using a
Jenway 6405 (USA) UV-spectrophotometer.

Determination of the antioxidant activity of cinnamic acid, its
derivatives and vitamin C

Each of sample (2 mg) was dissolved in 50 mL of methanol.
Serial dilutions were carried out and each concentration was
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incubated with same volume of 0.004 % wi/v methanolic
DPPH solution for optimal analytical accuracy. After an
incubation period of 30 minutes in the dark at room
temperature (25 * 2 °C), the absorbance of each test sample
was then taken at Am 512 nm. The radical scavenging activity
(RSA %) or percentage inhibition (Pl %) of free radical
DPPH were calculated according to th stahdard equation:

Ablank - Aample

lank

RSA(PI, %)=100

where Auiank is the absorbance of the control reaction (DPPH
solution without the test sample and Asample iS the absorbance
of DPPH incubated with the samples. Vitamin C
concentration providing 50 % inhibition (1Cso) was calculated
from a graph of inhibition percentage against the
concentration of the samples and Vitamin C.1516

Infrared spectroscopy

IR spectra were recorded with a Shimadzu 8400S FT-IR
(Japan) spectrophotometer.

RESULTS AND DISCUSSION

Cinnamic acid used in this study was subjected to analysis
for ascertaining and establishing its purity. Its melting point
was found to be 132-134 °C. The percentage purity of the
sample of cinnamic acid was computed to be 97.27 % w/w
from the back-titration of sodium hydroxide. Its refractive
index was found to be 1.616 and there was no optical
rotation. Diagnostic IR stretchings at 1576, 1627, 1682 and
2923 cm* indicate the characteristic Ar-C=C, acyclic C=C,
a,  unsaturated C=0 and —OH groups, respectively.

Ethyl cinnamate was synthesized as a pale yellow liquid.
This compound was isolated as a yellow oil from Pycnanthus
angolensis (Welw.) Warb using column chromatography
(CC) and preparative column chromatography (p TLC) and
characterized by IR and GC/MS techniques.'’ Its refractive
index was found to be 1.658.

Cinnamyl alcohol was synthesized by the selective-
reduction method.!® This procedure converts a carboxylic
acid to an alcohol using sodium borohydride in the presence
of iodine. Its refractive index was found to be 1.581.

Table 1. Radical scavenging activity (percentage inhibition) of samples at different concentrations and ICso values of samples

Sample Concentration, mg mL? I1Csp, ug mL !
0.0004 0.0008 0.0012 0.0016 0.0020

Cinnamic acid 43.28 46.78 50.98 57.98 62.18 1.2

Ethyl cinnamate 46.50 52.38 58.54 64.42 71.84 0.64

Cinnamyl alcohol 41.10 50.98 55.18 63.58 69.18 0.84

Vitamin C 87.10 87.39 87.69 88.09 88.70 0.34
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The radical scavenging activity (RSA %) or percentage
inhibition (P1 %) and the 1Cso values of the studied cinnamic
acid derivatives or Vitamin C are given in Table 1. Ethyl
cinnamate gave a moderate antioxidant activity (1Csg) of 0.64
ug mL*while the activity of reduced derivative was marginal
at 0.84 pg mL* Cinnamic acid was poorly active (1.2 ug mL°

1).

Ethyl cinnamate demonstrated a higher antioxidant activity
than cinnamic acid due to its lipophilic character. Hence,
ethyl cinnamate is able to transverse the lipid membrane to
the allosteric (active) sites better and faster than cinnamic
acid to effect the pharmacological action of anti-oxidation.
Ethyl cinnamate isolated from P. angolensis (Welw.) Warb
was found to be antioxidant at 0.48 pg mL* ¥ while the
synthesized one showed an activity of 0.64 pg mL™.

CONCLUSION

The results of this present study indicate that the
esterification of cinnamic acid enhances its antioxidant
activity which compare favorably with the activity elicited by
a standard antioxidant drug (Vitamin C).
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Catalyst-free synthesis of pyridine benzamides

A CONVENIENT CATALYST-FREE SYNTHESIS OF SOME

Section A-Research paper

SUBSTITUTED PYRIDINE BENZAMIDES FROM ARYL
ALDEHYDES
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Kshipra S. Karnik,® Sajed H. Ansari,[¥ Shambala U. Chavan,® Yogesh W. More,["]
Dattatraya N. Pansarel®!
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A new method of amides synthesis under catalyst-free condition has been developed by using aldehydes and aminopyridines. The amides
were synthesized by using different aldehydes and aminopyridines using ethanol as a solvent and hydrogen peroxide as oxidant. The
method helps in preparation of amides which were acquired in good yield within 4-5 h using conventional heating. The reaction is catalyst-

free. The developed method is easy, economical, and flexible.
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INTRODUCTION

The amide bond is one of the most important functional
group. Amides are the precursors of polymers, proteins and
many natural compounds.! The preparation of peptides
involves amide bond formation.2 The synthesis of amides is
generally done by the reaction of amines with active
derivatives of carboxylic acid such as anhydrides, acyl
halides, aldehydes, and esters®>  Benzamides having
biological significance and potency as effective
antihelmintic or antimicrobial agents and proved to be a
potent smooth muscle relaxant. Synthesis of these
benzamides includes many methods such as the direct
conversion of benzene, electrophilic aromatic substitution
reaction, etc.’

Due to their potential importance in pharmaceutical fields,
catalyst-free reactions are the most emerging concept in the
last few decades in the organic synthesis.®” A catalyst-free
reaction has of extreme significance in decreasing the
amount of by-products which avoids purification of
compounds.® Hydrogen peroxide has high active oxygen
content and water as a reduced product which can be easily
removed.® Ethanol produced from renewable biomass'® and
used as a solvent because of its chemical and toxicological
limitation.!* As it is readily soluble in water thus, it avoids
obstruction during workup procedure.?

In continuation of our previous work*-% for the synthesis
of pharmaceutically active materials, an alternative pathway
is given for synthesis of pyridine benzamides.

Eur. Chem. Bull. 2019, 8(7), 227-230
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EXPERIMENTAL

All chemicals, unless otherwise specified, were purchased
from commercial sources and were used without further
purification. The major chemicals were purchased from
Sigma Aldrich and Avra labs. The development of reactions
was monitored by thin-layer chromatography (TLC)
analysis on Merck pre-coated silica gel 60 F254 aluminum
sheets, visualized by UV light. Melting points were recorded
on SRS Optimelt. Melting points are uncorrected. The 'H
NMR spectra were recorded on a 400 MHz Varian NMR
spectrometer, shifts are reported in Sppm Units. The 3C were
recorded on a 100 MHz Varian NMR spectrometer.

R 0
CHO Ethanol, H,0.
‘ o 22 NH SN
R _ R—
N "NH, Reflux

la 2a 3a
Scheme 1.
o = ‘N
Rl e CHO @\ Ethanol, H,0, Rt X NH A
= N/ NH, Reflux \z
la 2a 3a

Scheme 2.

General procedure for the synthesis of benzamide compounds

To the mixture of aldehyde (0.1 g, 0.00094 mol) and
aminopyridine (1 eq.), ethanol (5-7 mL) was added as a
solvent and stirred for 15 min. After the dissolution of
reactant, the reaction mixture was refluxed was 4-5 h with
the addition of H,O.,. After the completion of the reaction,
the product was extracted with ethyl acetate and water. The
solvent was evaporated to dryness to afford the product.(]
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N-(Pyridin-2-yl)benzamide (3a)

IH NMR (400 MHz, DMSO-ds) 8.41 (d, 1H), 8.15 (d, 1H),
7.99 (d, 2H), 7.80 (t, 1H), 7.49 (d, 2H), 7.15(t, 1H). °C
NMR 165.4, 151.0, 149.2, 137.1, 132.4, 129.3, 129.1, 119.2,
114.8.

4-Chloro-N-(pyridin-2-yl)benzamide (3b)

IH NMR (400 MHz, DMSO-ds) 8.15(d, 1H), 8.14(d, 1H),
7.95 (d, 2H), 7.80 (t, 1H), 7.55 (t, 1H), 7.48 (t, 2H), 7.17 (¢,
1H).3C NMR 165.6, 151.4, 149.2, 138.4, 133.9, 132.4,
128.5, 128.2, 119.2, 114.5.

2-Chloro-N-(pyridin-2-yl)benzamide (3c)

IH NMR (400 MHz, DMSO-ds) 8.41 (d, 1H), 8.14 (d, 1H),
7.82 (d, 2H), 7.43 (d, 1H), 7.41 (d, 1H), 7.40 (d, 1H), 7.16 &,
1H). 3C NMR 164.7, 150.8, 149.1, 138.3, 132.2, 131.6,
131.4, 129.9, 129.6, 126.5, 119.2, 115.1.

4-Bromo-N-(pyridin-2-yl)benzamide (3d)

IH NMR (400 MHz, DMSO-ds) 8.14 (d, 1H), 8.16 (d, 1H),
7.92 (d, 2H), 7.89 (t, 1H), 7.64 (d, 2H), 7.15 (t, 1H). °C
NMR 165.8, 151.0, 149.2, 138.0, 132.7, 131.8, 129.2, 124.3,
119.2, 114.8.

2-Nitro-N-(pyridin-2-yl)benzamide (3e)

IH NMR (400 MHz, DMSO-ds) 8.41 (d, 1H), 8.26 (d, 1H),
8.03(d, 1H), 7.80 (t, 1H), 7.79 (t, 1H), 7.77 (t, 1H), 7.14 (t,
1H). 3C NMR 164.9, 150.8, 149.2, 147.0, 138.0, 132.4,
131.1, 130.2, 129.5, 124.1, 119.2, 115.1.

4-Methoxy-N-(pyridin-2-yl)benzamide (3f)

'H NMR (400 MHz, DMSO-dg) 8.41 (d, 1H), 8.15 (d, 1H),
7.87 (d, 2H), 7.81 (t, 1H), 7.15 (t, 1H), 7.02 (d, 2H), 3.81(s,
3H). C NMR 165.5, 161.9, 151.0, 149.1, 137.9, 130.1,
128.5, 119.2, 114.8, 113.5, 55.3.
4-Nitro-N-(pyridin-2-yl)benzamide (3g)

'H NMR (400 MHz, DMSO-dg) 8.40 (d, 1H), 8.33 (d, 2H),
8.12(d, 2H), 7.79 (t, 1H), 7.16 (t, 1H). *C NMR 166.2,
151.0, 149.4, 149.2, 137.9, 136.3, 128.9, 124.1, 119.2, 114.8.
2,3-Dimethyl-N-(pyridin-2-yl)benzamide (3h)

'H NMR 8.40 (d, 1H), 8.15(d, 1H), 7.80 (t, 1H), 7.65 (d,
1H), 7.15(m, 3H), 2.39 (s, 3H), 2.30 (s, 3H).*C NMR 165.9,
150.8, 149.1, 138.2, 137.3, 134.4, 134.2, 132.0, 136.2, 125.6,
119.2, 115.1, 20.0, 16.5.
3,4-Dimethoxy-N-(pyridin-2-yl)benzamide (3i)

'H NMR (400 MHz, DMSO-dg) 8.40 (d, 1H), 8.17(d, 1H),
7.80 (t, 1H), 7.45 (t, 2H), 7.15(t, 1H), 6.98 (d, 3H), 3.87 (s,

Eur. Chem. Bull. 2019, 8(7), 227-230
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3H), 3.91 (s, 3H). 3C NMR 166.0, 152.3, 150.8, 149.2,
149.2, 137.9, 129.2, 122.6, 119.2, 114.6, 111.5, 111.4, 55.9,
55.9.

N-(Pyridin-4-yl)benzamide (5a)

H NMR (400 MHz, DMSO-ds) 9.50 (s, 1H), 8.40 (d, 2H),
7.96 (t, 4H), 7.50 (t, 2H), 7.46 (d, 1H). 3C NMR 168.3,
148.9, 143.2, 134.5, 132.4, 128.6, 127.7, 113.7.

2-Chloro-N-(pyridin-4-yl)benzamide (5b)

IH NMR (400 MHz, DMSO-ds) 9.18(s, 1H), 8.40(d, 2H),
7.99(d, 1H), 7.98(d, 1H), 7.75(t, 1H), 7.47(d, 1H), 7.41(t,
1H), 7.40(d, 1H). 3C NMR 165.1, 148.9, 143.3, 132.2,
131.8, 131.4, 129.9, 126.6, 126.5, 113.4.

2-Nitro-N-(pyridin-4-yl)benzamide (5c)

'H NMR (400 MHz, DMSO-ds) 9.88 (s, 1H), 8.40 (d, 1H),
8.19 (d, 1H), 8.04 (d, 1H), 7.95 (d, 2H), 7.82 (t, 1H), 7.74(t,
1H). 3C NMR 165.3, 148.9, 147.0, 143.3, 132.4, 131.1,
130.5, 129.7, 123.6, 113.5.
4-Bromo-N-(pyridin-4-yl)benzamide (5d)

'H NMR (400 MHz, DMSO-ds) 9.88 (s, 1H), 8.40 (d, 2H),
7.93 (d, 2H), 7.86 (d, 2H), 7.65 (d, 2H). 3C NMR 169.6,
149.1, 143.3, 133.7, 131.8, 129.3, 124.3, 113.8.
4-Methoxy-N-(pyridin-4-yl)benzamide (5e)

'H NMR (400 MHz, DMSO-ds) 8.40 (d, 1H), 7.98 (d, 1H),

7.87 (d, 1H), 7.03 (d, 1H), 3.81 (s, 2H). °C NMR 169.9,
161.9, 148.9, 143.3, 129.7, 129.1, 113.8, 113.5, 55.3.

RESULTS AND DISCUSSION

The reaction to prepare compound 3a was screened with
different solvents to enhance the competence of the
reactants and the results are as summarized in Table 1.

Table 1. Optimization of solvents in the preparation of 3a

Solvent Time, h Yield, %
N,N-Dimethylformamide 29 87
Toluene 12 65
Water 10 75
Ethanol 5 99

DOI: http://dx.doi.org/10.17628/ecb.2019.8.227-230

It could be observed that other than reported* the use of
ethanol as a solvent proves beneficial in the percentage yield
and reaction time as well. On the reaction with N,N-
dimethylformamide, the yield was up to the mark, but the
reaction time made us look forward towards other solvents
(Table 1). On the other hand, the use of toluene showed a
drastic change in the reaction time, but the purification
reduced the yield of the compound.
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Water gave less percentage yield than expected, but the
reaction time reduced to 10 h. Ethanol paved us the way
towards a further synthesis because of reduced reaction time
and excellent yield. [

Table 2. Preparation of 2-substituted pyridine benzamide
compounds (3a-m) in the presence of H202 in EtOH

Sr.No R'R?CgH;CHO Benzamide product
Time, h Yield, %

3a R=H, R=H 4 99

3b R=4-Cl, R=H 4 94

3c R=2-Cl, R=H 5 95

3d R!=4-Br, R*=H 4 85

3e R!=2-NO2, R>=H 5 80

3f R!=4-MeO, R>=H 5 95

3g R1=4-NO>, R%=H 5 90

3h R=R?*=Me 4 87

3i R!=R?=MeO 5 92

In preparation of 4-substituted pyridine benzamide (5a)
(Scheme 2), the optimization of different solvents (Table 2)
gave us similar results as were established in case of 2-
substituted pyridine derivative (3a). The yield and the time
required for the reactions were quite similar to those of
compound 3a.

Table 3. Optimization of solvents in the preparation of 5a.

Solvent Time, h Yield, %
N,N-Dimethylformamide 29 84
Toluene 12 55
Water 10 80
Ethanol 5 95

Table 4. Preparation of 4-substituted pyridine benzamide
compounds (5a-e) in the presence of H202 in EtOH

Sr. No R'R?CsH3;CHO Benzamide product
Time, h Yield, %

5a R!=H, R=H 5 88

5b R=2-Cl, R=H 4 95

5c R!=2-NO2, R>=H 4 83

5d R!=4-Br, R*=H 5 80

5e R!=4-MeO, R>=H 4 92

CONCLUSION

We have optimized a catalyst-free one-pot synthesis of
benzamide from substituted aldehyde and aminopyridines
with excellent yields. The solvent as ethanol and oxidant as
H,O, plays an important role to give promising yields. As
the reaction is catalyst-free, thus this reaction proves to be
economical and advantageous.
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AN INTERACTION MODE OF N-(DECYLOXYPHENYL)-N*-(4-
CHLOROBENZOYL)THIOUREA DOPANT IN
CARBOXYMETHYL CELLULOSE (CMC) FOR SOLID

POLYMER ELECTROLYTE

Wan M. Khairul,¥" Saidatul Radhiah Ghazali,' M. I. N. Isa,l’! Adibah 1zzati Daud®®% and
Rafizah Rahamathullah(®d]

Keywords: thiourea, carboxymethyl cellulose, conductive thin film

Alkoxy substituted arylthiourea derivatives provide excellent electronic properties due to the presence of rigid n-systems within their
molecular framework. This study introduces a new thiourea derivative, N-(decyloxyphenyl)-N*-(4-chlorobenzoyl)thiourea (1A), belongs to
the compounds with general formula A-ArC(O)NHC(S)NHAr-D (A is an aryl group containing chloro (-Cl) substituent, in which acts as
electron acceptor, while D represented as —OCnH2n+1, the alkoxy chain tail acts as electron donor). Due to its characteristic of D-r-A system,
alkoxy thiourea derivatives are applied as a dopant in Carboxymethyl Cellulose (CMC) host material to form a conductive biopolymer solid
polymer electrolyte (SPE) film. The formation of a biopolymer-thiourea complex (LA-CMC) has been analyzed through Fourier Transform
Infrared (FTIR) spectroscopy and X-ray diffraction (XRD) to determine the interaction between CMC and thiourea derivative in the form of
film as well as Electrical Impedance Spectroscopy (EIS) for their ionic conductivity behavior. The highest conductivity at ambient
temperature (303K) exhibits 1.44 x 107 S cm* for CMC-thiourea complexation featuring chloro-substitution (1A). Indeed, biopolymer
electrolyte materials featuring thiourea derivative as a dopant has great potential to be developed as an electrical conductor. Due to these
findings, these so-called molecular wires candidate has opened wide possibilities to be applied in many microelectronic devices in the near

future.
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INTRODUCTION

Nowadays, thiourea derivatives have been used widely in
numerous advanced materials application such as in drug
development for pharmaceutical application,! chemical
sensors for anions and gas detection,>® active layer for
photovoltaic solar cells and catalysis in promoting the cross-
coupling reaction.*5

The uniqueness of thiourea derivatives incorporating with
varies functional group substitutions make them versatile
compounds to be applied in advanced materials application.
The presence of diprotic donor group insight thiourea
derivatives plays a significant role in providing enough
electron to the conjugated system of thiourea derivatives, in
which, the z-conjugated system of thiourea derivatives make
it as a promising candidate for molecular wires.

Currently, the development of molecular wires featuring
conjugated polymers has become exceptional attention. There
is an urgent need to explore the ideal materials in the form of
the membrane to be applied in microelectronic devices. In this
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context, the synthesis and ability of thiourea derivatives
bearing methyl substitution as a dopant in carboxymethyl
cellulose (CMC) have been reported by our group in the
previous occasion.® As a continuation of our previous work,
a different type of withdrawing group involving chloro
substitution of alkoxy thiourea was doped into CMC in
demand to develop new biopolymer electrolyte film and
further characterized the film using FTIR, XRD and AC-
impedance spectroscopic studies. CMC is also well-known as
a cellulose gum with the characteristic of anionic, soluble in
water media, biodegradable and exhibit excellent mechanical
properties.”® However, the use of CMC itself as a polymer
host gave a moderate conductivity performance. To
overcome this issue, the use of suitable dopant into the
polymer host system is needed to enhance the conductivity
performance of solid polymer electrolytes.

In addition, the properties of dopant must be suited to the
CMC properties in both chemical and mechanical aspects.
Thiourea derivatives are known as versatile compounds
consist of fair m-system with electronic conjugation on its
structure that gave an enormous potential to be an ideal
candidate as a dopant for CMC polymer host. Therefore, the
purpose of this research was to prepare and characterize a
novel thiourea-based conjugated compound prior to the
formation of a solid conductive membrane to enhance the
conductivity of CMC.

EXPERIMENTAL

Synthesis of N-decyloxyphenyl-N’-(chlorobenzoyl)thiourea(1A)

An equimolar amount of 4-chloro benzoyl chloride (5.50 g,
31.20 mmol), ammonium thiocyanate (2.40 g, 31.20 mmol)
were suspended into 50 ml of acetone to afford an off-white

231
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solution. The solution was stirred at room temperature for ca.
4 hours followed by the addition of 4-decyloxy aniline (7.8 g,
31.20 mmol). The reaction was then put at reflux for another
1 hour until the observed color of the solution turned from
off-white to white. After the reaction was adjudged
completion by thin layer chromatography (hexane:
dichloromethane: 2:3), the reaction mixture was cooled to
room temperature and filtered. The off-white filtrate was
added with ice cubes and filtered to yield a crude product of
white precipitate. The white precipitate was then
recrystallized from methanol to afford the white crystalline
solid of the title compound, 1A (3.40 g, 54 %).

Preparation of thiourea carboxymethyl cellulose (CMC)
polymer electrolyte (1A-CMC)

The biodegradable film of solid polymer electrolyte
(SPE) was prepared by the solution casting technique.
0.50 g CMC (obtained from standard supplier Across
Organic Co.) was dissolved into 50 ml of water, while,
in another different beaker, an equal amount of thiourea
derivative 1A was dissolved in 50 ml methanol with
constant stirring at 30 — 40 °C. After that, the thiourea
solution was added into CMC solution with continuous
stirring to form homogenous dissolution. The mixture
was then poured into a petri dish and allowed for slowly
evaporation at ambient temperature for the formation of
thin film (LA-CMC).

Electrical conductivity measurement of 1A-CMC

Electrical conductivity measurement was determined
using HIOKI 3531 High-tester electrical impedance
spectroscopy (EIS) in the frequency range 50 Hz — 1
MHz. The SPE sample of 1A-CMC was cut into 2cm X
2cm (the same size as the stainless-steel blocking

electrode and the sample was sandwiched between them.

RESULTS AND DISCUSSION

To prepare N-decyloxyphenyl-N’-(chlorobenzoyl)
thiourea (1A), equimolar amounts of 4-chlorobenzoyl
chloride and ammonium thiocyanate were reacted in
acetone at room temperature for 4 h, then 4-decyloxy
aniline was added and the reaction mixture was refluxed
for 1 h. The synthetic pathway in the preparation of the
final product of interest (1A) is as described in Scheme
1.

O Acetone 0
Cl + NH4SCN ———> Cl
cl Stir NCS

+

HQN—@OCmHﬂ

Reflux l Acetone

{
NH
m@—& rw«i%ocm21

o
Targeted compound (1A)

Scheme 1. Reaction pathway to the synthesis of 1A.
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The biodegradable film of solid polymer electrolyte (SPE)
was prepared by the solution casting technique. An equal
amount of thiourea derivative 1A dissolved in methanol was
mixed with an aq. solution of CMC and the mixture was left
slowly to evaporate at ambient temperature for the formation
of thin film (LA-CMC).

The bulk resistance (Ry) value was obtained from the plot
of negative imaginary impedance versus the real part of
impedance, in which the conductivity of the sample was
calculated from Eq. 1:

O =

t @
R.a
where
t is the thickness of the film,
a is for the film's area and
Ry represents bulk resistance of the film.

Characterisation of polymer electrolyte film (LA-CMC)

Fourier-Transform Infrared (FTIR) analysis was carried out
to determine the occurrence of complexation between CMC
and thiourea (1LA) compound. CMC was adopted as a host
polymer while 1A acts as dopant material to enhance the
conductivity performance of SPE film.

1A-CMC

C-0-C band

R

O-H band

Transmittance (%)

C-H (aliphatic)
band

C=0 band

C-O band
T T T T T T T T T T T T
3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750

Wavenumber (cm 1)
Figure 1. Overlay FTIR spectra of 1A-CMC and its dopant (1A)

Fig.1 depicts the comparison of FTIR spectra to show
evidence of the occurrence of complexation that has been
taken place between CMC and 1A.

From the above spectra, it was clearly shown that there are
some changes in the wavenumber and intensity peaks of 1A
dopant upon the addition of CMC. The wavenumber and
intensity of major absorption bands represent the main
functional groups of 1A decreases due to the existence of an
interaction between 1A with CMC and the interruption of
amorphous nature of CMC to form new SPE film. In this
sense, the presence of a new weak broad band of O-H group
in the range of 3400-3200 cm in the 1A-CMC film indicates
the functionality of —OH group of CMC and confirms the
existence of polymer host in newly developed SPE film.

232


http://dx.doi.org/10.17628/ecb.2019.8.231-234

CMC-alkoxythiurea-based solid polymer electrolyte

The strong C=0 stretching band and C-O ether bands at
1650 cm* and 1176 cm® from 1A is shifted within the range
of 1700 — 1670 cm™ and 1130-1140 cm™* upon addition of
CMC which represents asymmetric stretching carboxylate
(COO) anions of (C=0) and (C-0) moieties functional group
in the system.® Noticeable changes in wavenumber and
intensity peak of these peaks prove that the interaction has
occurred between 1A as dopant and CMC host polymer to
obtain the SPE film featuring 1A-CMC. The existence of a
strong peak at 1100 — 1000 cm™ attributed to C-O-C
stretching band in the SPE system also indicate the presence
of polymer host in 1A-CMC.

X-Ray diffraction study of 1A-CMC

XRD was used to reveal the nature of complexes of SPE
film. The formation of complexes can be identified from the
changes in diffraction peaks, the presence of new peak or/and
absence of peak from the original position due to the increase
of amorphousness of the sample. Fig.2 represents the overlaid
XRD diffractogram of 1A and 1A-CMC.

1A-CMC
-
7]
Q.
o
S
>
=
7
=
7}
-
=
1A
T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80

20 (Dedaree)

Figure 2. XRD diffractograms of CMC-thiourea SPE film (1A-
CMC) and thiourea dopant (1A)

The XRD diffractogram of thiourea dopant (1A) at the
ambient environment for 26 from 6° to 60° shows many broad
Bragg peaks at around ~15-25°, indicating semicrystalline
nature. By adding CMC, the diffraction peaks become
broader and less intense as shown for sample CMC-thiourea
(LA-CMC) due to the increase of the amorphous content of
thiourea which decreases the degree of crystallinity.*® This,
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in turn, has increased the segmental mobility of the 1A-CMC
system and lowers the transition temperature Ty, which
contributed to the increase in conductivity.

Conductivity study of 1A-CMC

The conductivity of 1A-CMC was investigated from the
EIS study conducted using HIOKI 3232-50 LCR Hi-tester
interfaced with a computer in which the resultant Cole-Cole
plot and conductivity graph of 1A-CMC SPE film at elevated
temperature reveal that the highest conductivity achieved is
1.44 x 107 S cm™ at 303 K was obtained as in Fig. 3.

The high frequency of the obtained semicircle is related to
the ionic conduction process in the bulk of the polymer
electrolytes. While the semicircle possesses a low frequency
attributed to the effect of electrode polarization in which
related to the charge transfer process.** From the Cole-Cole
plot, the information of the bulk resistant, R, can be obtained
to calculate the conductivity of the films. The bulk resistance,
Ry can be retrieved from the intercept of the high-frequency
semicircle and the low-frequency spike on the Z-axis.
Equation 1 is used to calculate the conductivity, o of 1A-
CMC.
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Figure 3. The values of conductivity of pure CMC and 1A-CMC
(Inset: Cole-cole plot)

Predicted Molecular Structure of 1A-CMC complex

To predict the molecular structure of the complex between
thiourea and CMC (1A-CMC), the Mulliken charges values
are measured using theoretical calculation using TD-DFT
B3LYP/6-31G (d, p) basis set. The Mulliken charges values
on the selected atoms of thiourea dopant (LA) is listed in
Table 1.

Table 1. Mulliken effective charges value of selected atom on thiourea dopant (1A)

Thiourea Mulliken charges Thiourea-CMC Calculated distance, Na*to O, A
dopant complex

O (C=0 Amide) S O (alkoxy) 0o=C -O
1A -0.535 -0.262 -0.549 1A-CMC 2.2446 2.3108
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From the Mulliken analysis, the charges on the oxygen
atom of C=0 amide are about two times higher than of sulfur
atom of 1A. While the values of charges observed for oxygen
atoms of alkoxy were slightly similar to the oxygen atom of
C=0 amide. In this sense, we believed that the complexation
is formed between the COO"Na* of CMC and the oxygen of
amide as a ‘head” and another COO'Na* of CMC to the
oxygen alkoxy as a ‘tail’ due to the higher negative value of
charges on oxygen atoms as depicted in Fig. 4. An attempt
also has been made to optimize the complex formed between
thiourea and CMC using the binding site of COO'Na* to the
oxygen carbonyl of amide and alkoxy oxygen which resulted
in a significant interaction in which the distance between the
two poles are in the range of 2.23 to 2.25 A.

H S
M
Cl HN O
o
"II::eid"E:  Tail
= NP
Na' M
?b
0O
. O, 0. .
L
~ . -
0 OH OHE
OH OH

Figure 4. The proposed molecular structure of thiourea-CMC (A1-
CMC) complex

CONCLUSION

Thiourea derivative featuring chloro substitution (1A) has
been successfully synthesized and characterized using
standard spectroscopic and analytical methods. In turn, 1A
has been doped into CMC host for the formation of SPE thin
of LA-CMC via solution casting technique. The conductivity
behavior of 1A-CMC has been evaluated using electrical
impedance spectroscopy (EIS). Results obtained revealed that,
by addition of 1A as a dopant in CMC host, the electrical
conductivity of SPE film has increased from 10° to 107 Scm-
L. This study indicates that 1A exhibits great promises and
show excellent potential to be explored further as conductive
biodegradable films for various electronic applications in the
near future.
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DETERMINATION OF ANTIOXIDANT AND ACIDITY
E B REGULATORS AS ADDITIVES IN DIFFERENT FRUIT JUICES
OF INDIA

Shazia Khanum Mirzal®" and Sayyad Sultan Kasim[®

Keywords: Fruit juices; acidity regulators; citric acid; antioxidants; ascorbic acid.

The increasing demand for ready-to-drink juices has led to challenges for food distributors regarding the safety and quality of their foods
hence food additives are added to foods to keep them fresh, control its pH and improve the flavor, texture, color or taste and appearance.
The present work aimed at the quantitative determination of additives as ascorbic acid and citric acid in a variety of fruit juices of India
using the classical titration method, to check whether the current uses of these additives are according to the Food Safety and Standard
Authority of India (FSSAI). Consuming too much amount of vitamin C may increase the amount of oxalate in your kidneys, which has the
potential to lead to kidney stone problem. The high intake of citric acid leads to stomach pain, diarrhea, nausea or vomiting, increased
sweating and fast heart rate. In this study, we have selected 14 different popular juice samples which are consumed most by Indian children.
Each sample was analyzed for organoleptic or physical tests such as color, texture, flavor, taste and pH. These findings indicated that the
current use of ascorbic acid and citric acid in all juices by the fruit juice industry is below the permitted limit of FSSAI and are safe for the

consumption by Indian children.
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Introduction

Nowadays most people tend to eat the ready-made food
available in the market rather than preparing it at home.
Such foods contain some additives and preservatives so that
their quality and flavor are maintained and bacteria and
yeasts do not spoil them. Current trends show that
increasing technology and inclusion of packaged foods in
the diets of modern society leads to an increase in the use
and need of food additives. ]

The USFDA defines food additives as "any substance, the
intended use of which results or may reasonably be expected
to result directly or indirectly if it is becoming a component
or otherwise affecting the characteristics of any food”.*

Direct additives are those that are added intentionally to
food for a specific purpose, while indirect additives are
those to which the food is exposed during processing,
packaging or storing.? Food additives are substances which
are added to food which improve the flavor, texture, color,
taste, appearance, function as processing aid or are chemical
preservatives. Food additives as non-nutritive substances
added intentionally to food, generally in small quantities to
improve its appearance, flavor, texture or storage property.>#

Food safety is a global problem and a large number of
consumers worldwide face a variety of food safety risks
each year. The majority of food safety incidents are caused
by illegal activities, especially by abuse of food additives
and even illegal use of chemical additives. The synthetic
food additives react to the cellular component of the body
leading to the various physiological effects. Many effects
like food allergies, food intolerance, cancer, attention deficit
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hyperactivity disorder (ADHD), brain damage, nausea,
cardiac disease among others have been reported.® Additive
has been used for many years to preserve, flavor, blend,
thicken and color foods and have played an important and
essential role in reducing serious nutritional deficiencies.®
There are thousands of food additives found in food.
USFDA maintains a list of over 3000 ingredients in its food
additive database.” Additives may cause different allergies,
asthma, high fever, and certain reactions such as rashes,
vomiting, headache, and tight chest.® The use of food
additives in food manufacturing has been a public health
issue for many years.®

The increasing demand for ready-to-drink juices has led to
challenges for food distributors regarding the safety and
quality of their foods. Acidity regulators are used to
changing or otherwise control alkalinity and acidity of foods.
Acidity regulators or pH control agents are the food
additives added to improve or maintain the pH of the food.
They can be organic acids or mineral acids, bases,
neutralizing agents or buffering agents. Acidity regulators
are used to altering and controlling the acidity or alkalinity
at a specific level important for processing, taste and food
safety.

Citric acid is a weak organic acid. It is a white crystalline
powder extracted from citrus fruits. It has a distinct sour
taste. The molecular weight of citric acid is 192.09. The
molecular formula is CsHgO7. The E number of citric acid is
E330. The citric acid has many uses, including food
preservatives. It has a pleasant citrus flavor that works well
in beverages and juices and crunchy snacks. Citric acid is
used both as a natural flavor enhancer and preservative in a
variety of foods such as jams, jellies, canned fruits and
vegetables, ice creams, fruit drinks, candies and carbonated
drinks and beverages. It helps to regulate acidity, is an
antioxidant and maintains the pH of the food. Many canned
food contains added citric acid because it helps to extend the
shelf life of the product as well as enhance the flavor.
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The most common adverse symptom of high intake of
citric acid includes stomach pain, diarrhea, nausea or
vomiting, loss of appetite, and increased sweating, fast heart
rate, restless feeling, and slow breathing. The uncommon
symptoms are cloudy urine, fever, headache and increase in
blood pressure. Sometimes pain in muscles also occurs.

The oxidation process spoils most food, especially those
with high-fat contents. Antioxidants are the food additives

which increase the shelf life of foods by inhibiting oxidation.

Some of the antioxidants foods additives combine with
oxygen to prevent oxidation and others prevent the oxygen
from reacting with the food leading to its spoilage. In the
absence of antioxidant food additives, oxidation of
unsaturated fats takes place, rendering a foul smell and
discoloration of food. Oxidation is a chemical reaction that
can produce free radicals leading to chain reactions that may
damage cells. Antioxidant terminates these chain reactions.
Fats turn rancid when exposed to oxygen.

Ascorbic acid is also commonly known as Vitamin C. Its
E number is 300. It acts as an antioxidant. It is used in many
foods as an anti-oxidizing agent. The molecular weight of
vitamin C is 176.12. The chemical formula of vitamin C is
CeHgOe.

There are many juices and fruit drinks available in the
market which contains added Vitamin C. There are many
benefits of using antioxidant food additives. If we read the
ingredient list for fruit juices and drinks, cereals, fruit-
flavored candies, cured meats, cereals and frozen fruits,
ascorbic acid is added. An antioxidant is a molecule that
inhibits the oxidation of other molecules. Antioxidants
prevent or inhibit the oxidation process. The most common
antioxidant additives are ascorbic acid i.e., vitamin C. [

The most common side effect of high vitamin C intake is
digestive distress and kidney stones. If it is taken in very
high doses, it exhibits common side effects including
headache, feeling faint, redness and warm feeling of the skin
or flushing, nausea, vomiting or diarrhea, heartburn, and
abdominal cramps. The most common side effect of high
vitamin C intake is digestive distress and kidney stones.
Consuming too much amount of vitamin C may increase the
amount of oxalate in your kidneys, which may lead to
kidney stone problem. The recommended daily intake of
vitamin C is 90 mg for men and 75 mg for women.®

Experimental

General

The chemicals used for analysis were of A.R. Grade and
were from S.D. fine chemicals. They were used without
further purification. All the experimental vessels and storage
containers were Pyrex glass.

In this research work, each sample was analyzed for
organoleptic or physical tests such as color, texture, flavor,
taste and pH measurement.

Qualitative analyses of different juice were done for
additives content such as acidity regulator as citric acid and
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antioxidant as ascorbic acid. The 14 different packaged fruit
juices were selected, which are most popular among the
children of India, from the local market of Aurangabad,
India. They were then frozen in plastic bags in household
freezer (-20 °C) and kept until analysis. The packaged fruit
juice samples, as shown in Table 1, were selected. All these
juices are made in India.

Table 1. Packaged fruit juice samples selected for analysis from
the Indian market

Code Indian Brand Name Type of Fruit Juice
A Appy Apple juice

B Frooti Mango juice

C Real fruit power Mix fruit juice

D Tropicana Mixed Fruit Mix fruit juice

E B-Natural Orange orange juice

F Minute Made Apple Apple juice

G Maaza Refresh Mango juice

H Alo Fruit Berries Berry juice

1 Enerzol Orange Orange drink

J Tropicana Pineapple pineapple juice

K Paper Boat Alphaso Aam  Mango juice

L Delmonte Pineapple Pineapple Juice
M Pride Pinch Lemon Carbonate Lemon
N Fruit Valley Mix Mix fruit juice

DOI: http://dx.doi.org/10.17628/ech.2019.8.235-238

Determination of pH

Exactly 25 mL of liquid sample was weighed and
transferred to a 100 mL dry beaker. It was dissolved in a
small amount of boiled and cooled distilled water by little
warming. The volume was made to 100 mL by using
decarbonized distilled water. The pH of this solution was
recorded on a pH meter at room temperature.

Determination of acidity regulator as citric acid (E330)

Accurately weighed about 2 g sample was mixed in 50
mL decarbonized distilled water, warmed for about 15-20
min and cooled to room temperature. In the case of dilute
samples, 10 mL of sample solution was mixed with is 20
mL of distilled water. The solution was titrated against 0.1
N sodium hydroxide solution using phenolphthalein solution
as an indicator.

Determination of acidity regulator as acetic acid (E260)

About 10 mL of the sample was taken in a conical flask
and 20 mL of distilled water was added in it. It was boiled
for about 5 min, cooled to room temperature and was titrated
against the 0.1 N NaOH solution using phenolphthalein as
an indicator.

Determination of antioxidant as ascorbic acid (E330)

Accurately about 10 mL of the sample was taken in a
conical flask and 25 mL of dilute H,SO4 was added in it.
This solution is titrated with the 0.1 N iodine solution using
starch as an indicator.
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Results

The experimental results of the determination of additives
in the selected fruit juices are depicted in the Tables 2-4.

Table 2. Physical/organoleptic tests of packaged fruit juices

Code Colour Flavorl Taste

A Light brown Apple Sweet

B Light yellow  Mango Sweet

C Light red Mix fruit Sweet

D Light orange  Mix fruit Sweet

E Light orange  Orange Sweet and sour
F Light brown Apple Sweet

G Dark yellow Mango Sweet

H Light violet Berry Sweet and sour
| Orange Orange Sweet and sour
J Light yellow  Pineapple Sour

K Dark yellow Mango Sweet

L Light yellow  Pineapple Sweet

M Colorless’] Lemon Sour

N Light brown Mix fruit Sweet

Table 3. Determination of pH and ascorbic acid as an antioxidant
in packaged fruit juices

Code pH  Ascorbic Code pH Ascorbic
acid % acid %
A 5.60 1.58 H 6.2 3.34
B 3.64 1.32 | 3.30 246
C 516 2.46 J 3.80 2.90
D 5.47 2381 K 5.90 1.84
E 3.60 3.34 L 425 270
F 550 1.58 M 2.35 1.58
G 580 1.60 N 419 246

Table 4. Determination of citric acid as an acidity regulator in
packaged fruit juices.

Code Citric acid, % Code Citric acid, %
A 3.26 H 3.07
B 3.64 | 2.49
C 2.68 J 4.73
D 4.41 K 2.75
E 5.21 L 3.71
F 3.52 M 4.80
G 2.49 N 2.43
Discussion

All the Juice samples were selected for the qualitative
analysis of additives present in it. Each juice samples was
analyzed for pH, antioxidant as ascorbic acid and acidity
regulator as citric acid. The pH of juices changes along a
wide scale, the highest pH, 6.20 is of Alo berries juice and
the lowest pH, 2.35, is of pride pinch lemon. The values for
each sample can be seen in Table 3.
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The most significant amount of ascorbic acid, 3.34 %, was
found in B Natural orange juice and Alo fruit Berries, the
lowest ascorbic acid was detected in Frooti juice 1.32 %,
Minute Made apple juice 1.58%, pride pinch 1.58 % and
Maaza juice 1.60 %. Real fruit power, Enerzol orange and
Fruit valley juice contain 2.46% of ascorbic acid. Delmonte
fruit juice, Tropicana mix juice and Tropicana pineapple
juice contain 2.70 %, 2.81 %, 2.90 % respectively as shown
in Table 3.

The maximum amount of citric acid present in the B
natural orange juice 5.21 %. The minimum contents of citric
acid are in fruity valley mix juice 2.43 % and Paperboat
juice alphanso 2.75 %. The other values can be seen in
(Table 4).

Al-Harthy and Abukhader'® identified food additives
content in selected snack foods and beverages sold in the
Omani market. Citric acid is the most common one and
frequently used in all the products. Brima and Abbas!!
analyzed the drinks from the local market of the Kingdom of
Saudi Arabia. They reported that the citric acid is used as an
additive in different drinks to improve flavor and taste. His
results also showed a range of concentration in different
samples. 22 % of the samples were shown to have citric acid
concentration is higher than 3 g L. They suggested that this
data can be used to formulate public health awareness. !

Conclusion

In this study, we have taken 14 different popular juice
samples, consumed most by the Indian children, which are
available in the supermarkets of Aurangabad, India. The
objective of this research was to evaluate the physical and
chemical parameters. Each sample was analyzed for
organoleptic or physical tests such as color, texture, flavor,
taste and the pH measurement. These findings indicated that
the current use of ascorbic acid and citric acid in juices by
the fruit juice industry is in below upper limit of FSSAI and
are safe for the consumption of children of India.
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