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Ordinary Laboratory Synthesis of Magnetite Nanoparticles

Devendra Adhikari 1, Gunakhar Devkota 1,2, Sushant Ghimire 1, Soumyadip
Choudhury 3, Suresh Kumar Dhungel 4, Ralf Lach 5, Wolfgang Grellmann 5

and Rameshwar Adhikari 1,2*
1 Central Department of Chemistry, Tribhuvan University (TU),

Kirtipur, Kathmandu, Nepal
2 Research Centre for Applied Science and Technology (RECAST),

Tribhuvan University, TU, Kathmandu, Nepal
3 Institute of Chemistry, Chemnitz University of Technology, Chemnitz, Germany
4 Nepal Academy of Science and Technology (NAST), Khumaltar, Lalitpur, Nepal

5 Polymer Service GmbH Merseburg (PSM), Merseburg, Germany
* Email: nepalpolymer@yahoo.com, rameshwar.adhikari@cdc.tu.edu.np

ABSTRACT
Handy wet chemical methods of synthesizing highly crystalline magnetite nanoparticles (MNPs) in fairly pure state
in an ordinary Chemistry laboratory and their characterization using simple methods (complemented by advanced
analytical techniques such as X-ray diffraction (XRD), Fourier transmission infrared (FTIR), spectroscopy and
optical microscopy (OM)) have been demonstrated. The substance is coated with a primary layer of tetra-
methylammonium hydroxide (TMAOH) to increase the stability and dispersibility of the nanoparticles. The XRD
results show that the MNPs thus obtained is pure and crystalline. The nanoparticles remain stable for more than a
year. The method described in this paper can be easily employed for the synthesis of these interesting materials in
an ordinary Chemistry laboratory.

Keywords: Magnetite nanoparticles, Wet chemical method, Co-precipitation, X-ray diffraction, Electron microscopy

Introduction

Magnetite, a common iron ore occurring as a rock min-
eral, is commonly known as ferrous–ferric oxide (chemi-
cal formula: Fe3O4) and has the IUPAC name Iron (II,III)
oxide. It has been long known that the naturally magne-
tized pieces of Iron (II,III) oxide mineral was named
lodestone37. It has many attractive properties, attribut-

able to its ferromagnetic behaviour and by virtue of its
unique catalytic properties, biocompatibility and super-
paramagnetic behaviour. It has been widely used in many
fields such as in drug delivery systems, as magnetic
resonance imaging (MRI) contrast agent, magnetic fluid
hyperthermia10,35 as well as for environmental remediation
and in microfluidics1,29,36. The substance exhibits crystal-
line texture with cubic inverse spinel structure (space

mailto:nepalpolymer@yahoo.com,
mailto:rameshwar.adhikari@cdc.tu.edu.np
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group ) at room temperature where Fe3+ ions
occupy both octahedral and tetrahedral sites while the
Fe2+ ions only the octahedral ones24.

Over the past few decades, with the progress of the
nanotechnological revolution in various fields, synthesis
and applications of magnetite nanoparticles have attracted
enormous academic and technological interest.3,10,31,37

Various methods have been developed to synthesize
magnetite nanoparticles (MNPs), which include thermal
decomposition, sol-gel, microemulsion and co-precipita-
tion methods.2,9,22,31,34 Some methods are so attractive that
they offer the control of size as well the dimensionalities
of the nanoparticles quite precisely. Among them, co-
precipitation is one of the most convenient and eco-
nomic methods which has the potential to meet the in-
creasing demand for water-dispersible MNPs.2,28 The co-
precipitation method produces monodisperse, highly pure,
and stoichiometric nanoparticles of single and multicom-
ponent metal oxide.5,25,38 Generally, for many applica-
tions, MNPs embedded in nonmagnetic matrices such as
polymers, and organic and inorganic ligands are required
to avoid their macroscopic aggregation and sedimenta-
tion.3,10,20

Due to the unique magnetic properties and versatile
applications of MNPs, it has become necessary to pro-
pose a safe method for synthesizing and characterizing
these materials in ordinary senior high school laborato-
ries. This would enable the new generation scientists to
quickly grasp the essence of applicability of the new
materials and guide them in innovative applications path-
ways. In line with this motto, this study aims at suggest-
ing how stable MNPs can be synthesized and character-
ized using a simplistic approach and in an ordinary
Chemistry laboratory. In this regard, the easy methods
of synthesis of different kinds of nanomaterials such as
silver11, hydroxyapatite27, copper16, and layered double
hydroxides7 have been explored in our laboratory. In
this work, we report the preparation of MNPs by co-
precipitation of soluble Iron (II) and Iron (III) salts in

the presence of alkali at pH > 9.6,31,38 We characterized
these nanoparticles by ordinary methods using magnets
and Tyndall effect and then further confirmed using ad-
vanced analytical techniques such as Fourier transform
infrared (FTIR) spectroscopy, X-ray diffraction (XRD)
and scanning electron microscopy (SEM).

Materials and Methods

Laboratory grade Ferric Chloride (FeCl3), Ferrous sul-
phate heptahydrate (FeSO4·7 H2O), urea (N2H4CO) and
Ferric nitrate [Fe(NO3)3·9 H2O], Sodium hydroxide
(NaOH), Ammonium hydroxide (NH4OH), Tetra-
methylammonium hydroxide (TMAOH), and Ethanol
were purchased from Thermofisher Scientific, India and
used without further purification.

Synthesis of MNPs by Co-precipitation Method
The MNPs were synthesized by ageing the stoichiomet-
ric mixture of ferrous and ferric salts in an aqueous
medium by adopting the protocols suggested by differ-
ent authors17.

The basic steps and procedures involved in the co-
precipitation of magnetite crystals are illustrated in
Scheme 1. The changes in the physical appearance of
solutions in some of the important steps due to under-
lying chemical changes are presented in Fig. 1. Briefly,
3.24 g of anhydrous Ferric chloride and 3.6 g of Urea
were dissolved in 200 mL of distilled water taken in a
500 mL conical flask. The mixture was thoroughly stirred
with heating at about 90°C for 2 hrs till the solution
changed to a light brown viscous liquid (Fig. 1a).
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Stirring for 2h at 90°C

Annealing at 200°C

Addition of 2.5 molar NaOH
until pH > 10

Washing with EtOH and water,
Centrifuging and drying at 50°C for 5h

Annealing at 200°C

Addition of 1 mL of TMAOH
and stirring for 30 min

Scheme 1. Steps of MNPs synthesis by co-precipitation method and analyses

Centrifuging and washing with
distilled water
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Fig. 1. Photographs showing (a) light brown slurry during co-precipitation reaction (b) black
coloured magnetite particles upon addition of NaOH solution to the light brown mixture, and

(c) the mass of magnetite particles decanting at the bottom of the glass container

The liquid was then cooled to room temperature to obtain
a brown slurry which was further annealed at 200°C.
2.74 g of Ferrous sulphate was dissolved in the mixture
with constant magnetic stirring. 2.5 M NaOH solution
was added to the mixture drop-wise until the brown
solution changed to black colour and reached pH > 10.
The black precipitate was allowed to decant and washed
several times with distilled water and with ethanol
(Fig. 1c). Finally, the solution was filtered off and the
precipitate dried at 50°C for 5 h and stored for further
study. A part of the powder was redispersed in distilled
water by ultrasonication for 15 min and used for further
characterization. The overall reaction for the synthesis is
Fe2+ + 2 Fe3+ + 8 OH–  Fe3O4 + 4 H2O

17.

The complete precipitation of MNPs takes place at a pH

range of 8–14 with a Fe3+/Fe2+ stoichiometric ratio of
2.1 under an inert atmosphere. At the lower pH and in
an ordinary atmosphere, the magnetite transforms into
maghemite (Fe2O3)

14,17.

In order to get the stable nanoparticles dispersed in the
aqueous solution, 1 mL of tetra-methylammonium hy-
droxide (TMAOH), a steric stabilizer, was syringed drop-
wise into the flask containing the black precipitate and
allowed to coat on the surface of the solid magnetite
particles for 30 min with continuous stirring using a
magnetic stirrer. The mechanism of the dispersion of the
MNPs by TMAOH treatment can be found elsewhere33.

If more TMAOH free product is desired, the colloidal
solution can be centrifuged followed by washing of the
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solid substance thus obtained, by distilled water. The
product can be then redispersed in water under
ultrasonication. Similarly, a polar stabilizer such as Sali-
cylic acid and Polyethylene glycol can also be used5,10,36.

For comparison, the MNPs were also prepared using the
sol-gel method by following the standard protocol12,30.
This method also yielded quite satisfactory results (data
is not presented here). Also, the magnetite prepared this
way can be coated with TMAOH for colloidal stability.

Preliminary Characterization
The preliminary characterization of the magnetite mate-
rial was performed using two simple experiments viz.
utilizing the concept of the behaviour of the magnetic
materials under the influence of external magnetic field;
and behaviour of the colloidal dispersion in presence of
laser light (Tyndall effect). The experiments are illus-
trated in Fig. 2.

Fig. 2. Schematic diagrams showing the experimental setups for (a) alignment of magnetite powder
on a sheet of paper along the magnetic lines of force of a bar magnet placed beneath the paper;

and (b) scattering of laser light by a colloidal solution.

Advanced Characterization Techniques
X-ray diffractometer (Bruker D2 Phaser, Germany) with
CuK radiation (wavelength  = 0.15418 nm) at the
scanning rate of 0.1°/step and scatter angle 2 ranging
from 20° to 80° was used to record the powder XRD
patterns of the samples. An accelerating voltage of 35
kV and the emission current of 30 mA were used.

Fourier transform infrared (FTIR) analysis was carried
out by using the IR Prestige-21 Spectrometer
(SHIMADZU, Japan) to identify the functional groups
present in the sample. The spectra were collected over
the range of 4000–400 cm”1 using a KBr pellet tech-
nique with a spectral resolution of 4 cm-1.
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Scanning electron microscope patterns (SEM) of bare
and coated NPs was obtained using Jeol JSM 6300
scanning electron microscope. The specimens were pre-
pared by placing a few drops of colloidal MNPs on a
silicon wafer followed by evaporation of water under
ambient conditions. The specimens were sputtered with
a thin layer of platinum to avoid charging.

Results and Discussion

Preliminary Characterization of MNPs
The preliminary characterization of the synthesized
materials by simple methods is demonstrated in Figures
2, 3 and 4. The effect of TMAOH coating on the disper-

sion and stability of MNPs is shown in Fig. 3. Without
the use of coating ligand, the MNPs remain suspended
in the solution only for a few hours. They get settled at
the bottom of the glass container when stored for months
(Fig. 4a). On the other hand, the particles remain stable
forming a colloidal solution for several months when
they are coated with TMAOH (Fig. 4b). Degradation of
MNPs to other products over a longer period is indi-
cated by the complete brown colouration of the mixture,
which is attributed to the oxidation of magnetite to he-
matite and/or maghemite14,15. The oxidation process lead-
ing to different forms of iron oxide is indeed a complex
phenomenon and remains out of the scope of this report.

Fig. 3. Photographs showing different stages of stable precipitate: (a) agglomerated MNPs
settling down in the glass vial, and (b) TMAOH-coated MNPs which stayed stable for months

Fig. 4 shows the photographs of the magnetite particles
under different conditions. The optical micrograph of
the dry magnetite powder is presented in Fig. 4a which
shows the formation of elongated patterns. These pat-
terns are formed due to the effect of an external magnet
bar placed beneath the paper containing the magnetite
powder. The patterns depict simply the magnetic lines
of force formed upon the action of an external magnet.
The presence of colloidal or nanometric particles can be
demonstrated further by a simple experiment illustrating

the Tyndall effect, which manifests when the laser light
is scattered by the colloidal solution. On passing the red
laser light through the dispersion of the magnetite, the
light is scattered around giving rise to the glowing ap-
pearance of the glass container (Fig. 4b). The Tyndall
effect i.e. the scattering of laser light, is the phenom-
enon exhibited by colloidal solutions and can be thus
used for preliminary characterization of the presence of
nanoparticles.
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Fig. 4. (a) Optical micrograph showing elongated patterns formed by the magnetite upon the
influence of external magnetic field; (b) scattering of laser light (Tyndall effect) by the magnetite

particles indicating the presence of nanoparticles; and (c) aggregation of MNPs towards the
external magnet

It can be easily confirmed with the help of a common
magnet that the product formed is magnetite. The black
precipitate is easily attracted towards the magnet when
it is brought towards the outer surface of the flask con-
taining the solid product, as shown in Fig. 4c.

The material was subjected to advanced characterization
using FTIR spectroscopy, XRD and SEM.

Characterization of MNPs by Advanced Techniques
The FTIR spectra of the bare and TMAOH-coated MNPs
are shown in Fig. 5. The FTIR spectra of bare and
TMAOH-coated MNPs show the typical bands ca. 609
cm–1 and 591 cm–1 confirming the presence of Fe–O
bonds. The band at 1405 cm–1 of TMAOH-coated MNPs
corresponds to the asymmetric methyl deformation mode
whereas a symmetrical mode of vibration of the methyl
group in coated MNPs was found in 1388 cm–1. Simi-
larly, a single band in the coated nanoparticles at 962
cm–1 is attributed to the C–N mode of vibration3. Simi-
larly, the band between 1675 cm–1 to 1600 cm–1 is due
to the remaining trace amount of H2O in the sample21.

Fig. 5. FTIR spectra of bare Fe3O4 and TMAOH-
coated MNPs sample

The FTIR spectra provide information about the nature
of the chemical bonds in a substance but do not give any
information about the structural details of the crystalline
solids. Neither does this technique offer evidence about
the type and dimensions of the nanoscopic texture of the
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material. Powder X-ray diffraction and electron micros-
copy18 provide structural information on the integral and
localized scales.

The XRD patterns of the MNPs synthesized by the co-
precipitation and sol-gel methods are shown in Fig. 6.
The diffraction patterns are consistent with the standard
assigned for the cubic crystalline phase. The character-
istic XRD peaks are observed at 2è values ca. 32°, 37°,
44°, 58°, and 63° which corresponds to (200), (311),
(400), (511), and (440) Miller reflection planes, respec-
tively. The peaks appearing in Fig. 6 at identical posi-
tions can be well indexed to the inverse cubic spinal
structures of MNPs19. The presence of sharp peaks also
suggests that MNPs have well defined crystalline tex-
ture. The average crystallite size of the MNPs was cal-
culated using Debye-Scherer’s formula which is given
in Equation (1).

(1)

where, t is the average crystallite size (nm), K the shape
factor (K=0.9 for most of the spherical crystals),  is the
wavelength of the X-rays used (=0.154056 nm for

cos
Kt
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Fig. 6. Powder XRD patterns of MNPs synthesized
by co-precipitation and sol-gel methods

CuK radiation), B is the full-width at half maximum
(FWHM) and  is the Bragg’s diffraction angle. The
crystalline size of the magnetite particles was found to
be 13 nm and 8 nm for the co-precipitation and sol-gel
methods, respectively. Thus, the XRD analyses confirmed
that the materials prepared contained the nanoparticulate
structures with grains having a diameter in the order of
10 nm.

As already mentioned, the XRD method gives an inte-
gral idea of the crystalline morphology of the materials.
A slight change in the diffraction peak to a lower value
of 2 is due to the slightly higher Fe+4 content in the
sample8. However, the local morphology of the same
material may show a different picture. To study the
microscopic texture of the MNPs, the specimens were
imaged by a scanning electron microscope equipped with
the field emission gun cathode which offers the struc-
tural analyses of the materials in the native state with a
pretty high resolution. The results obtained for the MNPs
prepared by the co-precipitation method are presented in
Fig. 7.

The micrographs presented in Fig. 7 show that in con-
trast to the XRD results, there is a wide disparity in
particles size, ranging from about 100 nm to several
microns in diameter. The formation of large particles is
the result of the agglomeration of the primary
nanoparticles during the synthesis of MNPs as no cap-
ping agents were used. It can be further revealed that
both the bigger and the smaller particles are composed
of granular structures which indeed represent the pri-
mary nanoparticles with the diameter in the order of 10
nm thus correlating with the XRD result.
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Fig. 7. Lower (a) and higher (b) magnification FESEM images of the MNPs synthesized by
co-precipitation method; the area indicated by the white rectangle in the top image is magnified

in the lower image.
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Another interesting feature observed in Fig. 7 is that
almost all of the particles exhibit sharp-edged cubic-like
geometric texture26, which is also in coherence with the
XRD results. Fig. 7 shows different projections of the
cubic crystalline texture of the magnetite.

Conclusions

The present work aims at investigating the chemical
pathways towards synthesizing the pure MNPs using a
simple, efficient and economic method. The MNPs were
successfully synthesized via the chemical co-precipita-
tion route by using soluble Ferrous and Ferric salts.

Handy wet chemical methods for synthesizing highly
crystalline MNPs in a fairly pure state in an ordinary
chemistry laboratory and their characterization using
simple methods (complemented by advanced tools) are
demonstrated.

The substance was coated with a primary layer of tetra-
methylammonium hydroxide (TMAOH) to increase the
stability and dispensability of the nanoparticles. The
nanoparticles remained stable for more than a year.

The XRD results show that the MNPs thus obtained
were pure and crystalline. The electron microscopic re-
sults demonstrated the cubic-like texture of the materi-
als with agglomerated texture.

The method discussed in this work can be employed for
the synthesis of MNPs in an ordinary Chemistry labora-
tory, such as in senior high schools for enhancing the
enthusiasm of new generation scientists towards
nanoscience and nanotechnology.
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ABSTRACT
A new series of Zirconium metal complexes were synthesized with different hydrazone derivatives which was prepared1

by condensation of 2-Hydroxy benzoyl hydrazide with substituted aromatic aldehydes, viz. Salicylaldehyde, 5-Bromo
Salicylaldehyde, 5-Chloro Salicylaldehyde, 5-Methoxy Salicylaldehyde and 5-Hydroxy Salicylaldehyde. The Zirconium
metal complexes were characterized by using different physico-chemical techniques like elemental analysis, molar
conductance, magnetic susceptibility, electronic absorption, IR, XRD and TG analysis. Their biological activities
against some bacterial and fungal strains have been studied.

Keywords: Zirconium, hydrazide, XRD, aromatic aldehyde, biological activity.

Introduction

Coordination compounds are very important to the chem-
ist and there has been rapid development in Coordina-
tion Chemistry due to its versatile applications. Several
coordination complexes have been synthesized and in-
vestigated. Transition metal complexes with soft and hard
donor groups2 have been used extensively in Coordina-
tion Chemistry. The Coordination Chemistry of hydra-
zones has been a subject of research because of their
physiological activity, coordination capability and wide
range of applicatons3-6 in biological, pharmaceutical, ana-
lytical, catalytic and industrial fields, especially those
derived from aldehydes and ketones. Hydrazone ligands
and/or their metal complexes have a wide range of
applications because of their antimicrobial, antitubercu-
lar, antitumour, analgesic and antiinflammatory, anti-HIV,

anthrax lethal factor inhibitory, antidiabetic and antima-
larial properties7.

Materials and Methods

Materials
All the chemicals used were of the analytical grade (AR)
and with of highest purity. Zirconium Nitrate was ob-
tained from Sigma-Aldrich Chemicals and used directly
without further purification. Liquids like Ethanol when-
ever used were distilled and purified according to stan-
dard procedure8.

Methods
Preparation of Zirconium Metal Complexes
The synthesis of metal complexes was done by using
1:2 proportion of Zirconium Nitrate (0.01M) and hydra-

mailto:ladmanoj24@gmail.com
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zone ligand (0.02M) in ethanol. The resulting reaction
mixture was refluxed for 3 hrs and then cooled at room
temperature. To the clear solution, an aqueous NH3 so-
lution was added drop wise with constant stirring till the
pH was in between 8.5-9.0. The mixture was further
refluxed for 1hr and cooled to room temperature. The
product was isolated by filtration. The complexes thus
obtained were washed repeatedly with solvent ethanol
and finally dried in an oven at 110°C. The yield was
above 80%.

Antimicrobial and antifungal activity
The invitro antimicrobial screening effects of the syn-
thesized Hydrazones and their metal complexes were
studied against three bacterial strains namely Bacillus,
E. coli, S. aureu and two fungal strains namely Candida
and Aspergillus by paper disc diffusion method using
nutrient agar medium for antimicrobial activity and
Sabouraud dextrose agar for antifungal activity.

Results and Discussions

The Zirconium complexes synthesised are pale yellow
solids, soluble in solvents like DMF and DMSO. The
complexes are non-hygroscopic and thermally stable
above 200°C indicating a strong metal-ligand bonding.
The physical and elemental analysis data of the metal

complexes is shown in Table-1. The values observed for
molar conductance of all Zirconium metal complexes
fall between 0.0005-0.0011 mhos.cm2mol-1 in 10-3M so-
lution which indicates that all the complexes are non-
electrolyte in nature.9

Zirconium metal chelates are diamagnetic in nature, as
expected due to the absence of unpaired electrons in the
outermost orbital of Zirconium according to its elec-
tronic configuration 4d0, 5s0 and also reduction of Zir-
conium ion does not takes place under influence of the
ligand. The electrons are paired because of strong con-
jugation in the chelate ring.

The electronic spectra of Zirconium complexes were
recorded in DMF solution (10-3M). The electronic ab-
sorption studies of Zr(IV) complexes do not show any
characteristic transitions due to the absence of unpaired
electron. The complexes of Zr(IV) shows only charge
transfer transitions between metal and ligand (22630,
21593 in cm-1) and intra-ligand transition bands (32645,
28789, 25742 in cm-1) which is in accordance with the
results revealed by magnetic susceptibility studies i.e.
diamagnetic nature of the complexes. The electronic
spectra of Zr(IV) chelates in comparison with ligand
spectra shows that the peaks of the complexes are deep
and intense and hence support complex formation.

Table 1: Physical and analytical data of Metal Complexes

 

Complexes Molecular Formula  
(Formula Wt.) 

% Elemental analysis Found 
(calculated) 

Electrical conductance 
mhos.cm2mol-1 

Zr C H N 
Zr1 [C28H20N4O6Zr] 

(599.70) 
15.21 

(15.18) 
56.08 

(56.09) 
3.36 

(3.33) 
9.34 

(9.35) 
0.0005 

Zr2 [C28H18Br2N4O6Zr] 
(757.49) 

12.04 
(12.01) 

44.40 
(44.38) 

2.40 
(2.42) 

7.40 
(7.37) 

0.0010 

Zr3 [ C28H18Cl2N4O6Zr] 
(668.59) 

13.64 
(13.63) 

50.30 
(50.26) 

2.71 
(2.73) 

8.38 
(8.36) 

0.0008 

Zr4 [ C30H24N4O8Zr ] 
(659.75) 

13.83 
(13.84) 

54.61 
(54.60) 

3.67 
(3.69) 

8.49 
(8.47) 

0.0011 

Zr5 [ C28H20N4O8Zr ] 
(631.70) 

14.44 
(14.41) 

53.24 
(53.20) 

3.19 
(3.21) 

8.87 
(8.85) 

0.0011 
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The FTIR spectrum of the chelating ligand shows four
characteristics bands around 3600-3142 cm-1, 3246-
3000cm-1, 1650-1623 cm-1, and 1618-1614 cm-1 assign-
able to (-NH), free (-OH) stretching, amide carbonyl
(-C=O) and azomethine (-C=N) stretching mode respec-
tively. In the FTIR spectrum (Table-2), the absence of a
weak broad band in the region 3197-3042 cm-1, in the
spectra of the metal chelate indicates deprotonation of
-OH group during complex formation and subsequent
coordination of the oxygen of amide carbonyl to the
metal ion10. The (C=N) band is shifted to lower

wavenumber with respect to free ligand, indicating that
the nitrogen of azomethine group is coordinated to metal
ion, which was further confirmed by observation of the
red shift in the (N-N) stretching frequency from 813 to
976 cm-1 region11-13. The spectra of metal complexes
showed new bands at 545 to 656 cm-1 and 556 to 567
cm-1 for (Zr-O) and (Zr-N) vibrations respectively6.
Hence, coordination takes place via oxygen of amide,
nitrogen of azomethine group and oxygen of hydroxyl
group of ligand molecules and support coordi-
nation number 8 around Zirconium in the present
complexes13-15.

Table 2: Important IR Spectral Bands (cm-1) of the Complexes

Assignment Zr1 Zr2 Zr3 Zr4 Zr5 
ν (C=N) 1552 1549  1543  1525 1548 
ν (C=O) 1606 1608 1607 1602 1607 
ν (Zr-O) 645 654 656 650 654 
ν (Zr-N) 560 556 558 564 567 

 
The powder X-ray diffraction pattern of Zirconium metal chelates are shown in Figures 1a to 1e. The d h k l and
2 values of difractograms were compared with the values recorded in literature (JCPDS). The XRD pattern
confirms single phase crystalline nature of all metal chelates of Zirconium. The sharp and highly intense peaks
suggest that the prepared chelates are crystalline in nature.16

Fig.1a: XRD of metal complex Zr1 [C28H20N4O6Zr]
Fig.1b: XRD of metal complex Zr2

[C28H18Br2N4O6Zr]
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Fig.1c: XRD of metal complex Zr3 [C28H18Cl2N4O6Zr] Fig.1d: XRD of metal complex Zr4 [C30H24N4O8Zr]

Fig. 1e: XRD of metal complex Zr5 [C28H20N4O8Zr]

The Thermo gravimetric (TG) analysis of the present metal complexes was carried out in the inert atmosphere of
nitrogen with a heating rate of 10°C per minute. The Thermographs (Figures 2a-2e) are single step indicating
continuous mass loss of the ligand part with increasing temperature. The metal chelates are thermally stable and
decompose above 200°C and gives Zirconium oxide as the ultimate product of heating above 850°C.
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Fig 2a: TG of metal complex Zr1 [C28H20N4O6Zr] Fig 2b: TG of metal complex Zr2 [C28H18Br2N4O6Zr]

Fig 2c: TG of metal complex Zr3 [C28H18Cl2N4O6Zr] Fig 2d: TG of metal complex Zr4 [C30H24N4O8Zr]

Fig 2e: TG Pattern of metal complex Zr5 [C28H20N4O8Zr]
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On the basis of the above results the following bonding structure was proposed for the Zirconium metal complexes.

 

O

O

N
H

N

O

R

O

O

N
H

N

O

R

Zr

where, R= Zr1= -H, Zr2= -Br, Zr3=-Cl, Zr4= -OCH3, Zr5=-OH

Fig. 3: The proposed structure of Zirconium metal complexes

Table 3: Biological activity of hydrazone derivatives and their Zirconium metal complexes

Compound Antibacterial activity 
( Zone of inhibition in mm ) 

Antifungal activity 
(Zone of inhibition in mm) 

1 2 3 4 5 
L1 6 9 4 18 4 
L2 4 9 5 8 4 
L3 - 4 4 10 6 
L4 - 6 4 5 7 
L5 15 8 9 4 4 
Zr1 6 7 10 6 4 
Zr2 11 7 22 8 6 
Zr3 9 8 9 7 4 
Zr4 6 9 8 9 5 
Zr5 6 10 8 4 4 

Tetracycline 16 26 18 - - 
Amphotericin - - - 19 13 

 
[Where, 1= E. coli, 2- S. aureu, 3- Bacillus, 4- Candida, 5- Aspergillus]

The in vitro antimicrobial screening results are shown in
Table-3. The antimicrobial activity of all the hydrazone
ligands and their Zirconium metal chelates is less that of
standard tetracycline and amphotericin. On the basis of

the observed zone of inhibition, it was found that some
zirconium metal chelates are more active than their re-
spective hydrazone ligands and also that hydrazone
ligands and zirconium metal chelates both shows good
antimicrobial activities.
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ABSTRACT
Energy security looms as one among the vital challenges of this century for scientists and users. For a developing
country like India, sustainable sources of energy are the backbone of economical growth. India is the fifth biggest
power user globally, and by 2030, it is predicted to overtake Russia, Brazil, and Japan to be the third highest. Also,
increasingly India is reliant on fossil fuel consumption, which results in greenhouse emissions and other issues.
Conventional resource planning has also increasingly crumbled, leading to disparities in energy resource utilization.
Therefore, we need to focus on new sources of energy, which has led to the exploration of renewable, environment
friendly, socially accepted to the communities and non-conventional fuel sources. Through the advent of bioenergy
technology development, it has become feasible to combat climatic changes without relying on non-renewable coal
and oil resources. The Indian government is indeed assisting research and academic institutions, companies, and non-
governmental organisations in exploring and implementing technical developments that would increase the production
of biofuel. The present paper critically reviews the current situation, technologies involved, biofuel policy in India,
and future perspectives.

Keywords: India, Biofuel, Energy, Environment, R&D Technology, Policy.

1. Introduction

According to the Energy Technology Perspectives
Report1 of  International  Energy Agency  released  in  the
year 2008,  the  BLUE Map  scenario  aims  to  achieve  a
half reduction  in  world  carbon  dioxide  diffusion before
2050. The IPCC estimates that the pollutant diffusion
must be cut by 50–85% to maintain temperature rise
globally around 2°C and 2.4°C2. According to the sce-
nario in 2050, biomass contributes for roughly 23% of
global total predominant energy and becomes a signifi-
cant source of energy. Solar and wind energy will

account for 11% and 12% of worldwide electricity out-
put respectively. With the rise in anthropogenic Green
House Gas (GHG) discharge, owing primarily to the
widespread use of fossil energy, heat energy generation
production, and transportation fuels, it is becoming in-
creasingly vital to build abatement methods and guide-
lines for mitigating the consequences of these emissions3.
Climate change forecasts might have substantial ramifi-
cations for both environment and human functions, rais-
ing doubts about the long-term viability of present non-
renewable source of energy usage, mostly because of
resource finiteness, and also due to the detrimental

mailto:ishu_singhal@yahoo.com,
mailto:bsbalaji@mail.jnu.ac.in
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impacts of CO2 emissions4. Since pre-industrial ages
(past 420,000  years),  scientists  have  observed a  signifi-
cant rise in global GHG levels, caused by human
actions, primarily the fossil fuel combustion and,
deforestation to  a  smaller  extent2. Following USA,
Japan, and China, India is the 5th largest main energy
user and 4th biggest gasoline consumer globally. As a
result, it should concentrate on the production of new
fuel origins, which might lead to the investigation of
environmentally benign renewable energy origins. With
worries about high energy costs, oil supply unpredic-
tability, and greenhouse gas emissions, energy generated
from biological entities, particularly biofuels, has gained
a lot of interest in the last several years5, 6.

The attention given to biofuels by researchers, non-gov-
ernmental organizations (NGOs), industries and media
is directly reflecting the level of concern over the im-
pact of biofuel policies and production on people in
developing countries. This concern has also been incor-
porated into regulations for renewable fuel targets, use
of biofuels and social impacts under the Renewable
Energy Directive (RED) European Commission7.

First generation biofuels rely on consumable feedstock
like sugar and starch, which raises production costs and

results in depletion of natural resources and resources
consumed in crop cultivation. Consumable feedstock, in
particular, conflicts with food plants, necessitates the
use of a lot of fertilizer and water, and takes up a lot of
acreage. The second generation of biofuels is focused
on more sustainable renewable sources, like switch hay,
sawdust, low-cost timber, agriculture wastes, and slud-
ges, which are indigestible hemicelluloses biomass. Third
generation biofuels employ aquatic biomass like algae
that are  photosynthetic  organisms  collecting large
amounts of CO2 and produce both O2 and oil8. To boost
biofuel output, the fourth generation biofuel employs
genetically altered algae. Despite the fact that geneti-
cally modified algae biofuel would be a familiar alternate
form to fossil fuels,  the possible health and environmen-
tal dangers remain a major issue. An assessment of these
problems and, as a result, the development of effective
mitigation techniques to address them is critical to com-
mercialization. While much study was done on genetic
alteration and  some other  methods  aimed  at  increasing
the yield of algal strains, only a few of them have ad-
dressed the legal restrictions placed on the genetically
altered algae harvest and process9. Various generation of
biofuel production, the different feedstocks used in the
particular generation and the impacts of each generation
is depicted in Figure 110.

Figure 1. Different generations, feedstocks and the impact of Biofuel production
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Technically speaking, Biodiesel is a naturally “oxygen-
ized” biofuel that is created entirely of edible oil and
contains over 10% oxygen. It is produced by the trans-
estrification method in presence of a catalyst. Burning
fuels made from edible oils does not add any more CO2

to the environment. Using Green oils (Bio-diesel) is
therefore more beneficial to the environment and econ-
omy of a developing country like India due to its nature-
portability, easy access, renewability, improved combus-
tion efficiency, reduced sulphur and aromatics, higher
point of flash, greater biodegradability, and less reliance
on imported gasoline11. Therefore, the present study
focusses on the infancy of biodiesel industry, demand
and production, R&D technological breakthroughs re-
quire policy support, community and local interest, stim-
ulus packages, future and cost-effective feedstock alter-
natives in India.

2. The infancy of biofuel industry in
an India

India’s crude oil requirements are mainly reliant on for-
eign markets. India now imports 82% of its crude oil
needs, making the nation vulnerable to global price
changes. India’s energy strategy calls for a shift to more
alternative energy sources. Increased usage of domesti-
cally generated biofuels helps to save considerable
amounts of foreign currency while also rejuvenating the
domestic economy via economic possibilities across the
supply chain12.

Biofuel programme  in  India serves  as  a model  for  other
countries looking to develop renewable and sustainable
energy sources. The demand for feedstock and rising
production costs are the two biggest roadblocks to achiev-
ing the goal of ethanol production. There are two strat-
egies to boost ethanol output. One method is to employ
lignocellulosic feedstock that is already abundant and
inexpensive. Another method is to use biochemical or
genomic engineering to change the content of the feed-
stock. Furthermore, an incorporated systematic approach

necessitates a review of biomass supply as well as
changes in biomass content for a consistent supply of
feedstock13.

The availability of a large area of degraded land in India
might be utilized to grow energy crops. The agroforestry
leftovers are abundant and offer tremendous energy and
bioenergy potential. Agroforestry leftovers have their own
significance that cannot be overlooked, since they are
now the only true biomass resources accessible. The
exploitation of biofuel capability would almost certainly
benefit India, since it is expected that increased local
production of the alternative renewable diesel substitute
will cut oil imports and emissions14.

A large number of industrial plants are present that can
process bio-ethanol, but very few are capable of produc-
ing biodiesel. Europe, U.S.A, Brazil, China, and India
are the major countries involved in the research and
development of biofuels. Biodiesel 2020 analyses world-
wide biodiesel market expansion metrics and estimates
of biodiesel output for the next 5 to 10 years. Proprie-
tary projections  are  also  available  to  create  “circum-
stances” for European countries, the United States, China,
India, and Brazil in 2020. Different outlooks and cir-
cumstances are also presented for the migration from
first to  second  generation  biofuel  programs  in  develop-
ing and developed nations, as well as growing markets15.
Commercial manufacture and distribution of Jatropha-
based biofuel is still limited in India, around
1,400 and 3,000  lakh liters  every  year.  This  modest
amount of biofuel is supplied to pilot programs run by
automotive manufacturers and transportation businesses,
as well as to the underfunded sector, which includes
mobile antennas, furnaces, irrigation pumps, agricultural
applications, diesel generator proprietors etc. However,
according to reports from industry and research surveys,
no commercial supply of biofuel to state-owned trans-
portation firms has been documented, with the excep-
tion of experiments16, 17.
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3. Demand and production of biofuel
in India

The Planning Commission, Government of India has a
model for  the establishment of biofuel generation in  two
stages. A demo project was worked out in stage I dur-
ing 2003  and  2007.  The  advancement  of  Jatropha  oil-
seed seedlings, the growth of 4 Lakh hectares of Jatro-
pha, the establishment of seed acquisition and Jatropha
oil abstraction hubs, and the construction of eighty
thousand Mt/year  transesterification  plants  to  generate
biofuels from Jatropha oil were included in this mission.
Stage II  included  an  extension  of  the  programme  that
will result in the creation of biofuel to fulfil 20% of the
nation’s diesel needs by 2011-1218. However, according
to the 2014 India Gain Report, local Indian ethanol output
in 2015 is expected to reach 21000 million liters, with
three fourth of that going to the consumable spirits sec-
tor, a modest increase from over 2000 million liters
in 201417.

4. Research and Development techno-
logies involved in biofuel production

4.1. Algal based
Researchers around the world identified algae as a feed-
stock for biofuel production over 40 years back. But the
actual usage started around ten years ago. A lot of ad-
vancement has taken place in this field by the develop-
ment of an integrated system for large scale algae cul-
ture production with industrial effluents and fertilizers
input. However, major challenges for economical pro-
duction of biofuel are high cost of fertilizers, continuous
production with culture integrity, better understanding
of anti-flocculation and purification processes to name a
few. Christenson et al. tried to investigate the applica-
tions of sewage water19, as raw material for the produc-
tion of algal. Woertz et el., reported and stu-died the use
of dairy and municipal waste20, to tackle high fertilizer
cost for cost effective biofuel production. They reported
14-29% peak lipid content, relying on sewage water

aggregation. Highest volumetric capacity corresponding
to 11,000 lakhs per hectares per year, if continued
through the year has been reported by them. Orthophos-
phate and ammonium removal from the waste has also
been reported. Genetic manipulations and recombinant
DNA technology have enabled researchers to use an
improved variety of algal cultures to tackle culture in-
tegrity.

Algal productions methods available are
i. Suspended Cultures

a. Open ponds
b. Closed reactors

ii. Immoblized cultures
a. Matrix- immobilized microalgae
b. Algal biofilms

At present in India, large scale production is only pos-
sible with suspended algal culture methods. Among them,
open raceways ponds are being successfully implemented.
However, closed reactors are also being employed for
pilot level production. Immobilized culture methods are
in infancy stage but, most of the academic and research
laboratories are trying to explore ways for improvement
of efficiency and cost effectiveness.

4.2 Pyrolysis
Pyrolysis is the term referring to the thermic degradation
of biomass in the absence of oxygen or combustion de-
ficient materials21. Ideally, solid biomass conversion into
biofuel through a single step process within a short resi-
dence time is generally preferred. Pyrolysis and gasifi-
cation are different processes. By properly managing the
quantity of oxygen available, biomass is decomposed
into syngas. Currently, the term “pyrolysis” is used to
designate operations wherein oils are the chosen end
product.
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Feasible pyrolytic process requirements are as given
below:
 To raise the temperature within the pyrolytic cham-

ber from a heat source.
 At this high temperature, the major pyrolysis events

begin to liberate volatiles and generate char, fol-
lowed by autocatalytic subsidiary pyrolysis process.

 Further thermal decomposition, reforming, purifica-
tion, and further dehydration, by keeping residence
time/temperature/pressure profile parameters in op-
timized range.

The usage of lignocellulosic biomass, microalgae biom-
ass, sewage sludge, dairy waste, and agricultural waste
is being currently employed for thermal decomposition.
Various types of pyrolysis methods exist depending on
the variations in the heat source, catalyst and residence
time. Microwave assisted pyrolysis exploits the use of
microwaves as heat source along with a short residence
time. Beneroso et al. reported high syngas production
via microwave pyrolysis of microalgae at 400oC to
800oC22. Salema et al. demonstrated the use of an over-
head stirrer for improvement of biofuel production effi-
ciency by increasing heat transfer rate by using micro-
waves as a heat source23. However, the use of electrical
conventional furnace is a quite well established tech-
nique among researchers. A comparative analysis of the
use of electrical furnace and microwave has been done
and it is found that both the techniques are well suited
for the present needs along with slight differences in the
products obtained24. The use of an inorganic catalyst has
also been studied by researchers to reduce residency
time for fast pyrolysis. One such study was conducted
by Carlson et al, for rapid pyrolysis of solid biomass in
the existence of zeolite based stimulant at 200oC for 15
minutes25.

4.3 Trans-esterification
The use of transesterification reaction for biodiesel prepa-
ration from edible and non-edible vegetable oil is the
most common method employed till date. Due to cost

effectiveness, non-edible oils are the only option left for
bulk biofuel production. The triglycerides in oil com-
bine with alkyl alcohol in the presence of a catalyst,
like sodium  hydroxide  (NaOH),  sodium  methoxide
(CH3ONa), potassium hydroxide (KOH), and potassium
methoxide (CH3OK), to produce biodiesel and glycerol
as a residue in trans-esterification processes26. At present,
homogeneous acid stimulants like hydrochloric and
sulphuric acids,  homogeneous  alkaline  stimulants  like
NaOH, KOH, and CH3ONa27 and metallic oxides like
zinc oxide, calcium oxide and magnesium oxide are also
utilized28. Although, both forms of catalysts have draw-
backs, acid catalysts probably take longer to produce
biofuel than alkaline catalysts and also are caustic in
nature. Even if alkaline catalysts require less time, they
raise the pH of the biofuel, necessitating a complete
cleaning, leading to sewage water formation and the re-
moval of methyl esters (MEs), resulting in yield loss.
Complete cleaning causes side effects such as glyce-
ride and  methyl  ester  saponification and  demineraliza-
tion of pufa through a catalyst28. Metal oxide catalyst is
the most suited candidate till date for trans-esterification
process with the highest efficiency. Wang et al articu-
lated the use of M

g
O nanoparticles31 as stimulant for the

biofuel production29. Similar work was done by Wen
and Yang30, and Veriansyah et al.,31 by using KF/CaO
nano-catalyst and surface modified zinc oxide nano-
particles respectively and they reported the increase in
efficiency30, 31.

4.4  Fermentation
 Anaerobic digestion
The biogas generation through the anaerobic absorption
of natural wastes was achieved in this process. Methane
and CO2 are mainly present in biogas. It also con-
tains other  gas residues including  hydrogen  disul-phide.
It entails the decomposition of organic materials by
methanogens, which produces an energy content gas of
around 20–40% of the additional raw material. The whole
process involves primarily three stages:
 Hydrolysis: At this stage, complex chemicals are
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transformed into simple sugars that can be dissolved.
 Fermentation: These simple carbohydrates are fer-

mented by microorganisms into methyl esters, ace-
tic acid, furfurals, and a gas comprising H2 and CO2.

 Methanogenesis: This is then further metabolized
mainly into 70 to 60% CH4 and 30 to 40% CO2

(30–40%) by methanogens32.

The remaining nutrient rich residues were utilized as
fertilizers33. At present, in India, the household waste,
cow dung, and other cattle waste are exploited for large
scale production of biogas. Microalgae anaerobic diges-
tion has a rich protein level, resulting in lower C/N pro-
portions. This can also increase in high production of
by-product such as ammonia, which can be toxic to
methanogens. But through co-digestion with other waste
products, this problem can be tackled.

 Alcoholic fermentation
Alcoholic fermentation is the process of producing
alcohols, most often ethanol, but also butanol,
and propanol from biomass sources like cellulose or glu-
cose. Ethyl alcohol is the most common biofuel used
worldwide particularly in those countries which produce
wheat, sugar beet, sugar cane, corn etc. in bulk quanti-
ties. The blending of alcohol is more common in coun-
tries like India and Brazil to cater to energy needs. This
conversion of starch into sugars is done in large tanks
called fermenter at slightly warmer temperature with the
help of yeast. The conversion of sugar into ethanol is
done by yeast. A multi stage fractional distillation pro-
cess is used to drain the moisture and other contami-
nants from the 10-15% diluted ethyl alcohol34. The solid
material remaining over from the filtration process could
be utilised for cow feed or combustion for additional
syngas generation. It is a wide accepted approach world-
wide for the bulk production of bioethanol. However, a
lot of controversies have taken place regarding the  usage
of edible sources such as sugarcane juice for the pro-
duction of bioethanol and its consequent use as bio-
gasoline but the usage of agricultural waste and other

organic waste for the same purpose is termed as a better
alternative.

4.5 Direct combustion
It is a process in which the biomass is combusted
directly in  the  presence of  air  to  transform  chemical
energy stored into combustion gases and get stored ther-
mal energy35. Generally, an electric fired kiln, container,
or vapor turbine at above 800oC is employed for this
process. The main drawback of this method is that it
usually needs pre-treatment activities like drying, grind-
ing and chopping for direct burning, which adds to
energy consumption and costs35. Also, a low moisture
content of <50% dry weight is required but, any type of
biomass can be burnt. The generated heat should be
used without delay since storing it is not a feasible
choice36. Owing to a greater moisture content in biom-
ass, large scale power production is not technically fea-
sible, even though the conversion efficiency of combus-
tion of biomass for heat is comparable to that of thermal
power plant generation of combined heat and power
(CHP). During the co-combustion of biomass in thermal
power plants, higher efficiencies are obtained but the
net energy exchange effectiveness is in between 20%
and 40%34. At present, rural areas in India exploit the
direct combustion method for small household needs to
meet their daily energy requirements (direct surveys).

4.6 Gasification
It is the biomass semi oxidation process involving a flam-
mable gas mixture known as syngas at extreme tempera-
tures around 800°C and 1000°C36. A wide variety of
feedstock i.e. any organic matter can be used for gasifi-
cation process for the production of syngas. Syngas is a
combination of CO2, CO, N, H2, and CH4 produced by
a conventional gas production process in which biomass
combines with water and oxygen to produce syngas, a
lower nutritional gas that may be burned directly. It may
also be utilized as a fuel for energy generation in gaso-
line engines or turbines.
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Beneroso et al25 articulated a microwave supported
microalgae pyrolysis for the syngas production. They
studied the microalgae pyrolysis at 400ºC and 800ºC of
Scenedesmus almeriensis. They achieved an exceptional

production of syngas and higher yield of gas around
94% by volume at 800ºC. Additionally, they found a
lesser CO2 production and lesser hydrocarbons than at a
similar temperature mentioned earlier22.

Process Technology Algae type Produced Biofuel Ref. 

Thermochemical 
Conversion 

Pyrolysis Micro algae 
Macro algae 

Bio-oil 
Syngas 
Char 

37 

Liquefaction Micro algae Bio-oil 38 

Gasification Micro algae 
Macro algae Syngas 39 

Direct Combustion Micro algae Electricity, H2 40 

Biochemical 
Conversion 

Anaerobic digestion Micro algae Methane, H2 
37 Fermentation Micro algae Ethanol 

Photobiological H2 Production Micro algae Hydrogen 
Chemical 

Conversion Trans-esterification Micro algae 
Macro algae Bio-diesel 41 

 

The technology and process employed with respect to
the phylum of algae for biofuel production is summa-
rized in Table 1.

5. Government of India policies

The Ethyl alcohol policy of India indicates a 5% merger
permission and tax benefits to sugarcane mills42. Poli-
cies are needed to announce a Minimum Support Price
(MSP) for non-edible oilseeds used for the production
of biodiesel. The formation of a National Biofuel Work-
ing Committee, which would report to the Prime Min-
ister, and a Biofuel Advisory Board, which would report
to the Secretary of Cabinet and monitor implementation
of policy  will  be  helpful.  A  National  Biofuel  Initiative
has been established to provide economic incentives for
the development of novel and second generation biofuels.
Biodiesel and bioethyl alco-hol are expected to be clas-
sified as “declared products” by the authorities in order
to allow unfettered circulation of biofuels inside and
outside the regions42.

5.1 Role of Indian Ministries for implementation of
biofuel production
 Ministry of New and Renewable Energy: For pro-

moting biofuel research and development and tech-
nology improvement for the production of biofuels.

 Ministry of Petroleum and Natural Gas: For ad-
vertising, expansion, and pricing implementation and
acquisition policies for biofuels.

 Ministry of Agriculture: For R&D encouragement
for the biofuel feedstock plant production.

 Ministry of Rural Development: For Jatropha plan-
tation promotion on wastelands.

 Ministry of Science & Technology: For support in
research of biofuel plants, particularly in the bio-
technology field.

 National Biofuel Coordination Committee
(NBCC) headed by the honorable Prime Minis-
ter: To offer sophisticated organization and guid-
ance/review of policy on several biofuel develop-
ment aspects, usage and promotion.

Table 1. Different process and technology of biofuel production
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Current production of biofuel in India relies on both
usage of edible organic sources and as well as non-
edible organic sources. Our sugarcane business enti-
ties have  been  given  permission  for  ethanol  generation
and processing. However, no specific provisions are made
for the treatment of other bio-ethanol fuel sources other
than sugarcane and molasses43. Rao et al44 debated on
the use of alternative feedstock such as sugar beet and
sweet sorghum, which were also quoted in the policy
however, there is no detailed roadmap recommended for
their endorsement or demotion44. Biodiesel production
from non-edible oilseeds such as Jatropa curcas need to
be promoted. Use of wastewater for the production of
micro algal based biofuel is a promising method. Sew-
age sludge, agricultural waste and other organic waste
can also be good candidates for biofuel manufacture.

In India, biofuel scheme provides an exemption from
central taxes and duties for our biofuel sector. Currently,
as biodiesel is totally ruled out from duty charges, bio-
ethyl alcohol has a concessional rate of 16% excise duty.
For the biofuel production plant and machinery and
bioethyl alcohol, additional customs and excise duty
concessions are also provided45. The policy does not
rule out sales tax, license charge, permit charges and
taxes on import, thus hindering the expansion and de-
velopment of the industrial production process. There is
a need to establish and formulate policies regarding trans-
portation, sales, permit and entry taxes.

6. Future of biofuel production in an
India

As per the 55th Round Table Conference of the National
Sample Survey of India in 1999–2000, biomass is used
as the major fuel for cooking by 86% of rural families
and 24% of urban families out of a total of 120,000
families46. Biomass gasification processes rely on waste-
lands that are thought to offer the most potential to
address India’s rural energy demands. The use of forest
residues as a power generating feedstock can give a

financial incentive to convert wastelands into fuel for-
ests47. As per the Department of Land Resources (DoLR)
and the Government of India, approximately 63.9
million acres of arable in India are now unfit for agri-
culture. Conversely, the Asian Development Bank (ADB)
predicted in 2011 that 32 million acres of wastelands
needed to be devoted to biofuel crops, with certain growth
promotion, to reach the Indian biofuel scheme’s 20%
oil-blending objective. Presently, the biofuel plants,
Jatropha curcas and Pongamiapinnata seem to be the
most popular, with necessary financial returns to sustain
their growth48.

Balooni49 found that planting trees with surrounding
natural root system or perfectly adapted plants like
Prosopis Juliflora, Acacia Nilotica, Sesbania Egyptia,
and Casuarina Equisetifolia, and diverse Eucalyptus
species is economically beneficial for the harvest of fuel
wood, fodder, timber, and other forest products49 In
Kakinada, Andhra Pradesh, Natural Bioenergy Limited
(NBL), a joint venture with Energea Gmbh (Austria)
and Fe Clean Energy (United States), plans to establish
a 300 t/day (about 90,000 t/year) biodiesel facility.
Energea is a significant biodiesel technology provider
with many sites around Europe50. The project would be
funded by Fe Sustainable, a private equity fund commit-
ted to clean energy initiatives. The project’s cost, which
is nearing completion, is projected to be Rs.1,400
million. The Industrial Development Bank of India (IDBI)
has decided to invest Rs.330 million after doing thor-
ough research. Other institutions interested in debt fund-
ing the project are Infrastructure Development and
Finance Company, Andhra Bank, the National Bank for
Agriculture and Rural Development, and the State Bank
of India (SBI).

7. Stimulus packages

The Indian government has started a Nationwide Biofuels
Program with the goal of attaining a 20% biofuel blend51.
Railway Authorities of India is planning to build four
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biofuel facilities for Rs. 120 crore as part of one of the
nation’s biggest biofuel ventures. Two biofuel esterifica-
tion units will be constructed in Raipur and Chennai
over the next 2 years, with the remaining two plants to
be built later. Each facility will cost roughly Rs 30 crore
and generate 30 tonnes of biodiesel per day, totaling
over 9,000 tonnes per year. Besides lowering reliance
on fuel imports, the project hopes to provide a number
of additional local advantages, such as job creation for
the literate rural population, wasteland rehabilitation, and
emission reductions  from  energy  consumption,  all  of
which can contribute to good economic transformation42,

52, 53.

The search for an ideal feedstock is a challenging and
motivational task for researchers. At present, microalgae,
dairy and cattle waste, agricultural waste, sugarcane, corn
stover, and various other organic biomass are being used
for biofuel production. One such study investigated
biofuel production by green algae through the process-
ing of cattle farm and civic wastewaters. They treated
wastewater from dairy in an outdoor batch culture20. Only
utilizing oil containing plants and residue oils for biofuel
production is not enough to meet the current demands
for fuel54, 55. Even though Ethanol production using corn
directly competes with the food supply, still it the most
dominant feedstock. However, microalgae appear to be
a more promising feedstock option. Also, it can be po-
tentially cultured using wastewater56.

8. Discussion

The present review investigates one of the prime consid-
erations in the recent biofuel discussion on the impact
of biofuel status and future prospective in India. The
paper also annotates that it is impossible to assess the
trade policy effects. The above mentioned R&D tech-
nologies are presently being employed for large scale as
well as small scale production of biofuel depending on
the feasibility and yield of the technology concerned. In
India, all the technologies are being employed but in the

initial development stages.

Currently it is impossible to direct the production of
biofuel feedstock into areas that will not cause oblique
changes in usage of land that may counteract any GHG
biofuel incentives. Non-edible oil crops such as Rape-
seed oil, Jatropha oil, Mahua oil, Pongamia oil, Rice Bran
oil, Palm oil, Olive oil, Linseed oil, Cotton seed oil, Soya
bean oil, Guang-Pi, Beef Tallow and Lard are commonly
available in India and are more cost-effective for the
production of biodiesel rather than edible oils11. Encour-
aging the usage of biofuels from these feedstocks might
be an alternative to boost the GHG potential savings
from biofuel usage while lowering their effects on farm
products market and agricultural prices once their social
and environmental effects are well understood57.

Lastly, in the light of increased prices of fossil fuel, policy
makers will have less impact over the quantity of biofuel
that is employed in the future. If rising rates of oil (and
attractive prices of feedstock) boost the market competi-
tiveness of biofuels, the role of policy, whether in the
form of benefits, regulations, or duty exemptions, less-
ens.  Additional study is being undertaken in the field of
sources of renewable energy all over the world; how-
ever there is a necessity for further study in this area,
which must be performed on a big scale. Production
cost of biofuel is now too high, and innovative methods
are needed to lower production costs.

9. Conclusions

India is known for emphasizing the social elements of
sustainability, and its endeavour to build a “green power
economy” via biofuels is no exception. India’s biofuel
regulations are said to be targeted at both local sustain-
able energy generation and regional development co-
benefits such as job creation and poverty alleviation.
India’s place in the world biofuel map is presently not
remarkable. However, the country has plans to expand
the biofuel sector, which can provide a great opportu-
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nity for enhancement of environment sustainability,
improve economic conditions, infrastructure development
and also foreign investment in the Indian biofuel indus-
try.
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ABSTRACT
Phytoremediation refers to the ability of certain plants to bioaccumulate, degrade, or render harmless the contaminants
in soil, water, etc. Wetlands function as the kidneys of a landscape as plants in wetlands act as sinks by uptake of
nutrients and heavy metals. The current study focuses on estimating the phytoremediation potential of some selected
wetland plants. Plant samples were collected from inlets and outlets of Jakkur wetlands, Bengaluru, India on a weekly
basis. The plants were identified using standard keys based on taxonomic literature. Plants identified were Typha sp.,
Cyperus sp., Ludwigia sp., Pistia stratiotes, Polygonum sp., Alternanthera philoxeroides and Spirodela sp., which are
perennial. Among these, Typha sp., Cyperus sp., Pistia stratiotes and Spirodela sp. are monocots, and Ludwigia sp.,
Polygonum sp. and Alternanthera philoxeroides are dicots. These plants showed the uptake of the heavy metals viz.,
cadmium, zinc, nickel, copper, chromium and lead. During the first week, uptake of Cu and Zn was more by young
Typha sp. at inlet and Cr was more at outlet of sampling. The uptake of Cu, Pb, Zn and Ni was 1.4, 9.0, 9.4 and
10.0 mg/kg respectively during the second week of sampling in young Typha sp. shoot. Also, the Pb and Zn uptake
was 13.6 and 10.4 mg/kg respectively in the mature Typha sp. during the third week at outlet of sampling. Ni uptake
was 4.0 mg/kg during the third week of sampling by mature Typha sp. at inlet. The uptake of Pb, Zn and Cd was
12.2, 23.0 and 1.4 mg/kg respectively during the fourth week of sampling in the mature Typha sp. at outlet. The uptake
of Pb, Ni, Cr and Cd was 5.2, 2.4, 12 and 0.8 mg/kg respectively during the first week of sampling in the medium
Polygonum sp. The uptake of Zn was 10.2 mg/kg during the second week in the mature Alternanthera philoxeroides
at outlet of sampling. The uptake of Cr was 19.6 mg/kg during the third week was found to be more by mature
Alternanthera philoxeroides at outlet of sampling. The uptake of Cu, Pb, Zn and Cr was 2.2, 9.8, 8.6 and 10.2 mg/
kg respectively during the fourth week in young Alternanthera philoxeroides at inlet. Similarly, the uptake of Cr was
13.6 mg/kg at outlet during the second week in Spirodela sp. The uptake of Cu was 2.4 mg/kg during the third week
in medium Ludwigia sp. at outlet.

Keywords: Phytoremediation, Macrophytes, Physiology, Wetland, Nutrients, Perennial

Introduction

Metallic elements that have a high atomic weight, rela-
tively high density and are toxic at low concentrations
such as mercury (Hg), cadmium (Cd), arsenic (As),
chromium (Cr), thallium (Tl), lead (Pb), etc. are referred

to as heavy metals. Applications of metals include do-
mestic, agricultural, medical and technological with wider
distribution in the environment. The potential effects on
human health and the environment have been a concern,
which necessitates suitable methods which can help in
the remediation to minimise harmful effects. Soil and

mailto:tvr@iisc.ac.in
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water are increasingly getting contaminated with heavy
metals1 due to sustained flow of untreated effluents which
is damaging the environment. Sources of heavy metals
in the environment are geogenic, industrial, agricultural,
pharmaceutical, domestic effluent, etc. Escalated health
concerns associated with environmental contamination
due to heavy metals have necessitated remediation mea-
sures that are economical and technically feasible.
Remediation is to avoid all such environmental damage.
Remediation can be achieved with the help of various
physico-chemical processes viz., ion-exchange, precipi-
tation, reverse osmosis, ultrafiltration, flocculation, electro
dialysis, etc. But these methods are costly, time-consum-
ing, and are also not very effective2.

Bioremediation is a viable and cost effective approach
using microorganisms (bacteria, actinobacteria, fungi,
algae and yeasts), plant residues and plants to remove
heavy metals from waste water, industrial effluents, etc.3,4.
Bioremediation is emerging as a green approach for the
removal of heavy metals and other pollutants from con-
taminated land, water, etc.

Phytoremediation is one of the most eco-friendly, eco-
nomical, simple and effective bioremediation options to
remove heavy metals from waste water, industrial efflu-
ents, etc. In phytoremediation, the contaminated soils
and water are treated in-situ with the help of plants5.
Aquatic plants are of importance in this regard due to
uptake mechanisms and rates of uptake of metals of
these plant.6,7.

Aquatic plants (macrophytes) are important component
of wetlands8, which have the special ability of adaption
to the constant contact with surface water and ground-
water9. Macrophytes have thin outer tissues and aeren-
chyma, through which air is distributed to the parts of
plant below the surface of the water. Macrophytes veg-
etation has been used in wetlands to treat wastewater by
uptake nutrients and heavy metals10. Macrophytes have
a metabolic role in wastewater treatment due to their

potential to release oxygen into the rhizosphere which
helps in nitrification and direct uptake of nutrients11 as
in Typha spp. Which has a considerably high nutrient
uptake capacity12.

Aquatic macrophytes are appropriate for metal removal
as they can tolerate adverse conditions and are easier to
harvest13. Wetland plants are divided into emergent,
submerged and floating types. The emergent plants are
rooted in the soil with basal portions, and leaves, stems
and reproductive organs are aerial14. The examples of
emergent plants are Phragmites australis, Typha
domingensis, Typha latifolia, Phragmites karka, Juncus
pallidus, Empodisma minus, Phalaris arundinacea,
Scirpus cyperinus, Aster novae-angliae, Limonium
carolinianum, Cephalanthus occidentalis and Rhizophora
mangle. Submerged plants are below the surface of water
for their entire life cycle. The examples of submerged
plants are Ceratophyllum demersum, Vallisneria
americana, Myriophyllum spicatum, Hydrilla verticillata,
Heteranthera dubia, etc. Submerged species provide
more biomass for the uptake and sorption of the con-
taminants through phytoextraction. Submerged plants
have the ability to accumulate metals in their tissues in
comparison to rooted emergent plants. In floating plants,
the leaves and stems float on the surface of water. The
examples of floating plants include Eichhornia crassipes,
Pistia stratiotes, Salvinia herzogii, Wolffia columbiana,
Lemna valdiviana, Nymphaea spp., Nuphar advena,
Juncus effusus, Phyllanthus fluitans, etc.14.

The common aquatic plant species (Typha latifolia,
Myriophyllum exalbescens, Potamogeton epihydrus,
Sparganium angustifolium, Myriophyllum spicatum and
Sparganium multipedunculatum) have been used for
aluminium (Al) removal15. Macrophytes such as Parrot
feather (Myriophyllum aquaticum), creeping primrose
(Ludwigia palustris), and water mint (Mentha sp.) have
been used for removal of iron (Fe), zinc (Zn), copper
(Cu), and mercury (Hg) from water16. The L. minor has
been used for removing copper (Cu) and cadmium (Cd)
from contaminated soils17.



Page | 35

.................................................................................................................................................................................................

.................................................................................................................................................................................................
Volume 6 Issue 1  January - June 2022  G P Globalize Research Journal of Chemistry

Synthesis, Characterization and Biological Activity of Zirconium Metal Complexes Derived
from Novel Salens

Aim of the study:
The main aim of this research work was to assess the
remediation potential of select macrophytes. This
involved:
i) Weekly sampling of macrophytes
ii) Identification of macrophytes samples
iii) Assessment of remediation potential of selected

wetland plants.

Materials and Methods

Study Area
Sampling of wetland plants
Wetland plants were sampled from inlets and outlets of
Jakkur Lake, Bengaluru on a weekly basis (0.25 m2 area).
The plant samples were collected in triplicates. Collected
macrophyte samples were washed, labelled and the plant
species were identified using standard morphological keys
based on taxonomic literature.18

Remediation potential of wetland plants
All the dried plant samples were powdered using mortar
and pestle, sieved (1 mm) to get fine powders and la-
belled properly. The powdered plant sample (0.5 g) were
acid digested19 and analysed for six heavy metals viz.,
cadmium (Cd), chromium (Cr), copper (Cu), nickel (Ni),
lead (Pb) and zinc (Zn) using reagent blanks and suit-
able standards using Flame Atomic Absorption Spectro-
photometry (GBC Avanta version 1.31).

Results and Discussion

Diversity of the wetland plants
Total seven wetland plant species were collected from
Jakkur Lake, Bengaluru. The identified plant species
were Typha sp. (Figure 1), Cyperus sp. (Figure 2),
Ludwigia sp. (Figure 3), Pistia stratiotes (Figure 4),
Polygonum sp. (Figure 5), Alternanthera philoxeroides
(Figure 6) and Spirodela sp. (Figure 7). Among these
five are emergent (Typha sp., Cyperus sp., Ludwigia sp.,
Alternanthera philoxeroides and Polygonum sp.) and two
are floating wetland plant species (Spirodela sp. and
Pistia stratiotes).

Fig. 1. Typha sp.

Fig. 2. Cyperus sp.
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Fig. 3. Ludwigia sp. Fig. 4. Pistia stratiotes

Fig. 5. Polygonum sp. Fig. 6. Alternanthera philoxeroides
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Fig. 7. Spirodela sp.

Remediation potential of the wetland plants
Copper replaces other co-factors in key enzymes and
disrupts photosynthetic activity and other cellular pro-
cesses20. Lead toxicity causes swollen, bent, short and
stubby roots21. Excess Zn will alter the physiological,
ultra structural and biochemical parameters of the plants.
Excess of Ni causes various physiological alterations
and diverse toxicity symptoms such as chlorosis and
necrosis in the plant species22. Copper concentration
exceeding 20 mg/kg in the shoot is injurious, though
copper is an essential element for growth23. The
remediation potential of the wetland plants collected on
weekly basis is represented in Tables 1, 2, 3 and 4 re-
spectively.

Table 1. Uptake of heavy metals by the wetland plants (sampling done on 17/5/2017)

 

Plant samples *Inlet *Outlet  
Heavy metals (mg/kg) Heavy metals (mg/kg) 

Cu  Pb  Zn  Ni Cr Cd Cu Pb Zn Ni Cr Cd 
young Typha sp. 17.2 0.0 14.4 1.4 5.0 0.0 1.2 6.0 4.2 1.4 13.2 0.2 
mature Typha sp. - - - - - - 0.0 3.2 3.2 0.6 10.0 0.0 

  young 
Alternanthera 
philoxeroides  

0.0 0.0 2.8 2.0 0.6 0.0 0.0 7.6 3.0 5.8 10.8 0.0 

medium 
Polygonum sp. 

1.4 5.2 9.0 2.4 12.0 0.8 - - - - - - 

mature 
Polygonum sp. 

0.8 0.0 3.2 0.2 8.8 0.2 - - - - - - 

medium 
Ludwigia sp. 

      0.6 8.4 6.4 6.2 10.6 0.6 

mature Pistia 
stratiotes 

- - - - - - 2.6 8.2 7.0 6.2 9.6 0.2 

Spirodela sp. - - - - - - 0.8 7.6 8.8 6.8 10.6 0.0 
Normal range24 1-5 0.2-20 1-400 0.02-5 0.03-14 0.1-2.4       
Critical range24 5-30 30-300 100-400 10-100 5-30 5-30       
Threshold effect 

level25 
35.7 18.0 123.0 35.0 37.3 0.596       
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Table 2. Uptake of heavy metals by the wetland plants (sampling done on 30/5/2017)

Plant samples *Inlet *Outlet 
Heavy metals (mg/kg) Heavy metals (mg/kg) 

Cu Pb Zn Ni  Cr Cd Cu Pb Zn Ni Cr Cd 
young Typha 

sp. shoot 
1.4 9.0 9.4 10.4 11.2 0.4 0.0 7.8 5.4 5.8 8.2 0.4 

medium Typha 
sp. shoot 

- - - - - - 0.6 9.8 6.4 9.0 10.2 0.2 

mature Typha 
sp. shoot 

0.0 8.0 7.6 10.0 14.0 0.6 0.0 7.2 5.2 8.0 12.6 0.0 

mature 
Alternanthera 
philoxeroides 

- - - - - - 0.6 8.8 10.
2 

5.6 10.0 0.4 

mature Pistia 
stratiotes 

- - - - - - 1.2 5.0 8.8 6.0 7.0 1.6 

Spirodela sp. - - - - - - 0.0 2.8 4.0 0.0 13.6 1.0 
Normal range  1-5 0.2-20 1-400 0.02-5 0.03-14 0.1-2.4       
Critical range  5-30 30-300 100-400 10-100 5-30 5-30       

Threshold limit 35.7 18.0 123.0 35.0 37.3 0.596       
 

Table 3. Uptake of heavy metals by the wetland plants (sampling done on 6/6/2017)

Plant samples *Inlet  *Outlet 
Heavy metals (mg/kg) Heavy metals (mg/kg) 

Cu Pb Zn Ni Cr Cd Cu Pb Zn Ni Cr Cd 
medium Typha 

sp. 
14.4 7.6 16.4 1.8 6.2 0.6 - - - - - - 

mature Typha sp. 2.0 4.6 5.2 4 6.0 0.8 1.0 13.6 10.4 0.0 2 0.2 
mature 

Alternanthera 
philoxeroides 

1.4 2.4 6.6 3.2 5.2 1.8 0.8 10.4 8.8 0.0 19.6 1.0 

medium 
Ludwigia sp. 

- - - - - - 2.4 12.2 7.6 0.0 4.0 0.2 

Normal range 1-5 0.2-20 1-400 0.02-5 0.03-14 0.1-2.4       
Critical range  5-30 30-300 100-400 10-100 5-30 5-30       

Threshold limit 35.7 18.0 123.0 35.0 37.3 0.596       
 

Metal uptake by wetland plants during the 1st week
The uptake of Cu by young Typha sp. from inlet ex-
ceeded the normal range and uptake of Ni by young
Alternanthera philoxeroides, medium Ludwigia sp.,
mature Pistia stratiotes and Spirodela sp. from the out-
let exceeded the normal range. (Table 1)

Metal uptake during the 2nd week
The uptake of Ni by young and mature Typha sp. shoot
from inlet exceeded the normal range and uptake of Ni
by young and mature Typha sp. shoot, mature
Alternanthera philoxeroides and mature Pistia stratiotes
from the outlet exceeded the normal range. (Table 2)
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Table 4. Uptake of heavy metals by the wetland plants (sampling done on 13/6/2017)

Plant samples 
                                                                                                                             

*Inlet  *Outlet 
Heavy metals (mg/kg) Heavy metals (mg/kg) 

Cu Pb Zn Ni Cr Cd Cu Pb Zn Ni Cr Cd 
medium Typha sp. 2.0 5.8 7.6 1.8 8.8 0.8 - - - - - - 
mature Typha sp. 1.6 5.2 6.8 2.2 9.0 0.6 1.8 12.2 23 3.0 5.4 1.4 

young Alternanthera 
philoxeroides 

2.2 9.8 8.6 1.4 10.2 0.2 - - - - - - 

medium 
Alternanthera 
philoxeroides 

- - - - - - 0.4 0.0 3.6 2.4 4.6 0.8 

medium Ludwigia sp. - - - - - - 3.2 3.6 7.8 3.4 9.6 0.6 
Normal range  1-5 0.2-20 1-400 0.02-5 0.03-14 0.1-2.4       
Critical range  5-30 30-300 100-400 10-100 5-30 5-30       

Threshold limit 35.7 18.0 123.0 35.0 37.3 0.596       
 

*Inlet and outlet are the sampling points at Jakkur Lake, Bengaluru.

C - Carbon; N - Nitrogen; P - Phosphorus; Cd - Cadmium; Cr - Chromium; Ni - Nickel;   Zn - Zinc;  Cu - Copper;
Pb - Lead

Metal uptake during the 3rd week
The uptake of Cu by medium Typha sp. from inlet ex-
ceeded the normal range and uptake of Cr by mature
Alternanthera philoxeroides from the outlet exceeded
the normal range. (Table 3)

Metal uptake by wetland plants during the 4th week
The uptake of heavy metals by the macrophytes during
the 4th week was within the normal range. (Table 4)

Wetland plants at storm water detention ponds have
showed the ability for the uptake of nutrients and heavy
metals26. Eichhornia sp. uptake heavy metals Pb, Cr, Zn,
Mn, and Cu to a large extent from the wastewater27.
Ludwigia natans is useful for remediation of Cd from
contaminated water28. Typha angustifolia has been re-
ported to assist remediation of various heavy metals (Cu,
Pb, Ni, Fe, Mn, and Zn) and it has been found that the
plant removes heavy metals from industrial wastewater
containing metal, melanoidin, and phenol compounds29.
Spirodela sp. has high uptake capacity of Cr, Zn and
Pb30. The analyses highlights the use of plants for

remediation as an environmental friendly approach be-
cause of their high efficiency in metal removal31.
Removal of toxic metals by wetland plants viz.,
Phragmites australis, Juncus effusus and Iris
pseudacorus32. Carex pseudocyperus and C. riparia have
been reported to be effective for the removal of metals
from water33. The heavy metal accumulation potential of
wetland plants has been studied34-38. The spatial pattern
of heavy metal accumulation in the sediments and mac-
rophytes of Bellandur wetland, Bangalore, India show
higher accumulation of all metals except for chromium
in Typha angustata35. The bioremediation potential of
aquatic macrophytes in Jakkur wetland, Bangalore, In-
dia is evident with the higher concentration of lead, zinc,
nickel and chromium in Typha angustatathan at inlet.
Nickel above normal range was observed in Typha
angustata at inlet and in all plant species at outlet36-38.
Similarly, there is a report on heavy metals in biotic and
abiotic components of Varthur wetlands, Bangalore,
India37, 39. The assessment of bioconcentration and trans-
location factors in macrophytes showed the select macro-
phytes are useful to remove heavy metals37, 38.
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Conclusions

The phytoremediation approach is an eco-friendly solu-
tion for the treatment of contaminated soils and water
using plants. Common plants in wetlands such as Typha
sp., Cyperus sp., Ludwigia sp., Pistia stratiotes,
Polygonum sp., Alternanthera philoxeroides and
Spirodela sp., have good remediation potential due to
their metal uptake ability. Macrophytes have the ability
for the uptake of heavy metals such as Cd, Pb, Zn, Ni,
Cr and Cd, which will be the low cost option in the
remediation of polluted soil and water. The uptake of
heavy metals by the macrophytes during the fourth week
was within the normal range suggesting that they can be
used as fodder. Use of select local macrophyte species
in the constructed wetland systems would aid in
remediation through removal of contaminants (nutrients
and heavy metals) from domestic and industrial waste-
waters. Ensuring zero discharge from industries would
be the best option toward ensuring heavy metals not
getting into biotic food chain. Growing macrophytes in
the flood plains of water bodies in rural area helps in
treating agriculture run-off containing nutrients and heavy
metals.
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ABSTRACT
In the present study, we report the synthesis of Schiff base prepared by condensation between 4-Hydroxy-3-
methoxybenzaldehyde and 4-Aminoantipyrine, as primary ligands and an amino acid L-Tryptophan as a co-ligand
through refluxation to form mixed ligand metal complexes [M(VAAP)(Try)(H2O)2] where M= Cu,Ni,Mn,Zn metal ions.
The prepared compounds were identified by C,H,N elemental analysis, Powder X-ray diffraction(PXRD), infrared
spectrum (FTIR),UV-Vis spectral analysis,in addition to magnetic susceptibility using Vibrational magnetometer
spectroscopic techniques. The magnetic properties as well as electronic spectra indicated that all the metal complexes
exhibited octahedral geometry. The PXRD patterns suggested that all complexes were hexagonal systems with unit
cell parameters.The cytotoxicity studies of mixed ligand complexes with VAAP and Tryptophan ligand against
MCF-7 cell lines by using MTT assay method are presented. The results of the anti-cancer activity in terms of
IC50(g/mL) were recorded and compared with standard drug doxorubicin. Thus, the mixed ligand metal complexes
showed a high efficiency of anti-cancer property compared to ligand.

Keywords: Mixed ligand complex, Doxorubicin, Tryptophan, PXRD, Anti-cancer Activity

Introduction

Schiff bases and their metal complexes are compounds
prepared by reaction of an primary amine and a carbo-
nyl group (aldehyde or ketone). Literature survey shows
that several Schiff base complexes with metal ions have
been synthesized and characterized and their biological
activities have been studied.1-6 It is possible to synthe-
size a broad variety of mixed ligand complexes with one
metal ion, or a variety of metal ions.

Mixed ligand Complexes derived from tryptophan dis-
play anti microbial assay7,8. Azo dye pigments of 4-Amino

antipyrine are well-known multidentate ligands that co-
ordinate in neutral and ionic form. 4-amino antipyrine is
important in a variety of fields, including anti-cancer
therapy. Anti-inflammatory, anti-oxidant, and anti-HIV
properties have previously been reported-tryptophan is a
rare amino acid due to the complexity of its catabo-
lism9,10. Thus, the authors focused on the preparation of
mixed ligand complexes [4N(4-Hydroxy-3-methoxy-
benzalideneamino)-1,2-dihydro-2,3-dimethyl-1-
phenylpyrazol-5-one] (VAAP) with Cu(II), Ni(II), Mn(II),
Zn(II) and an amino acid, L-Tryptophan as a co-ligand.
The anti-cancer activities of the derived complexes were
investigated in vitro.

mailto:drksbabu9@gmail.com;
mailto:shabanajara18@gmail.com
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Materials and Methods

All the compounds were obtained from commercial
sources and used as such. IR spectra were recorded us-
ing Potassium bromide (KBr) pellet using a Bruker
Fourier Transform Infrared (FT-IR) spectrometer in the
wavenumber range 4000-400 cm-1. Ultra Violet (UV-
Visible) 1800 series spectrophotometer was used in the
wave length range 200-400 nm. Magnetic susceptibility
was measured using Vibrational Magnetometer. Pow-
dered XRD patterns were studied using Bruker-D8
Advance X-Ray Diffractometer.

Synthesis of Primary Ligand
The selected aldehyde for the preparation of primary
ligand 4-Hydroxy-3-methoxy benzaldehyde (2g) (0.1M)
was solvated in 50 mL of methanol. 4-Amino antipyrine
(2.2g) (0.1M) was disintegrated in 50 mL of distilled
water. The mixture was refluxed for 60 minutes. On
cooling to room temperature, a yellow compound was
obtained which was washed with hot water and dried in
vacuum. The yield was 85%. Methanol was used to
recrystallize the compound.

Scheme 1 Synthesis of primary ligand [VAAP]

Synthesis of Mixed Ligand metal complexes
[M(VAAP)(Try)(H2O)2]

A warm methanolic solution of 10 mL 4[N-(4’-hydroxy-
3-methoxybenzalideneamino)-1,2-dihydro-2,3-dimethyl-
1-phenylpyrazol-5-one] (0.1M) was added as a primary
ligand to a warm methanol suspension of Metal chloride

(0.88g)(0.05M). After 40 minutes, a 5 mL of methanolic
solution of L-Tryptophan (2.2g) (0.1M) amino acid was
added as a secondary ligand in the amount. The mixture
was vigorously agitated. The solution was then refluxed
for about 2 hours. The crystals were strained, purified
with warm water, and vacuum dried. The yield percent-
age was 72 percent. The formation of mixed ligand metal
complexes is given in Scheme-2.

MX2.2H2O + VAAP    [M(VAAP)(H2O)2] + Try  [Co(VAAP)(Try)(H2O)2]

Scheme 2 : Synthesis of mixed ligand metal complexes [M(VAAP)(Try)(H2O)2]
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Infrared Spectral Studies
The FTIR spectrum of the primary ligand (VAAP)
showed distinctive bands at 1648 cm-1 and 1598 cm-1,
which were attributed to (C=O) and (C=N) respectively.
The band at 1648 cm-1 corresponds to (C=O) of the
azomethine ligand and is transmitted to the substituted
site at 1594cm-1 to 1579cm-1, indicating coordination of
oxygen from the carbonyl group towards the metal ion.
The spectrum shows fine peaks at 3431-3080cm-1 that
are attributed to the carboxyl component (O-H) and

indole moiety (N-OH). There was a modification in the
frequency with change in contour and intensity on co-
ordination with metal ion at (1648-1899cm-1) indicating
that carbonyl oxygen of antipyrine was involved in che-
lation. There are two more frequencies observed in the
IR spectra of Cu(II) complex at 549 cm-1 and 431 cm-

1 which can be attributed to (M-N) and (M-O) stretching
vibrations. The FTIR spectra of Schiff base and mixed
ligand metal complexes are illustrated in Figures 1-3.
The FTIR spectral data of Schiff base and metal com-
plexes given in Table 1.

Table 1. IR absorption bands (cm-1) of ligand and its metal complexes.

Ligand \ Metal complexes  C=O  C=N  C=C  C-N  C-O  M-N M-O  
(TMBAAP)  1648  1598  1496  1355  1295    ⎺     ⎺  
[Cu(VAAP) (Try)(H2O)2] 1695 1578  1553  1355  1295  542  441  
[Ni(VAAP) (Try)(H2O)2] 1694  1577  1562  1356  1295  541  446  
[Mn(VAAP) (Try)(H2O)2] 1695 1596 1561 1356 1295 542 434 
[Zn(VAAP) (Try)(H2O)2] 1696 1591 1545 1365 1275 581 440 

 

Electronic Spectral studies
The electronic spectral bands of Schiff base and its mixed
ligand metal complexes are given in Table 2. Two bands
at 298 nm and 326 nm in the UV-visible spectrum of
Schiff base may be attributed to (n*) transitions within
aromatic rings and azo-methine group. The electronic

spectra of the mixed ligand complexes
[M(VAAP)(Try)(H2O)2] shows bands near 23,529 cm-1

which can be assigned to d-d transition suggesting the
octahedral geometry around the metal ions. The physico-
chemical and Ultra violet spectral data, Magnetic sus-
ceptibility of mixed ligand complexes are presented in
Table 2.

 Table 2: Physico chemical and electronic spectral data of Schiff base and mixed ligand complexes

Compound Molecular weight 
(g/mole) 

Colour (%  
Yield ) 

UV data 
(Assignments) 

Magnetic 
Moments. 
Μeff (BM) 

[VAAP] 355.39 Yellow 85 n-π* (Transition) - 
[Cu(VAAP)(Try)(H2O)2] 825.28 Green 72 d-d (Transition) 1.79 
[Ni(VAAP)(Try)(H2O)2] 826.74 Dark 

Green 
76 d-d (Transition) 2.70 

[Mn(VAAP)(Try)(H2O)2] 829.75 Pink 74 d-d (Transition) 5.73 
[Zn(VAAP)(Try)(H2O)2] 874.75 white 75 C-T (Transition) Diamagnetic 
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Powder X-RAY Diffractional studies
Powder X-ray diffraction data of three metal complexes
[M(VAAPS)(Try)(H2O)2][where M = Cu, Ni, Zn metal
ions is reported. The X-ray powder diffraction pattern
for the Cu(II) complex shows 28 reflections ,Ni(II) com-
plex shows 48 reflections and Zn(II) complex shows 38
reflections in the range of 11.44 – 43.690 (2), which
arises due to the diffraction at the crystalline planes of
the complex by the X-ray radiation. The distance be-
tween two planes which is called as an interplanar dis-
tance (d) was calculated by Bragg’s equation
(2dsin=n). The experimentally obtained and calculated
values of d values along with the relative intensities for
the selected peaks were tabulated. The unit cell param-
eters for the highest peaks and h2 +k2 +l2 values were
deduced from the spectra. The values for mixed ligand
complexes were 1,3,5,6,7,9 and the presence of number
7 in these values indicated that the complexes may be
tetragonal or hexagonal systems. The XRD patterns of
mixed ligand metal complexes are represented in Fig-
ures 1-3.

Fig. 1: Powder XRD pattern for Cu(II) mixed
ligand complex

Fig. 2: Powder XRD pattern for Ni(II) mixed
ligand complex

Fig. 3: Powder XRD pattern for Zn(II) mixed
ligand complex
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Anti-Cancer Activity

Method employed
The Schiff base (VAAP) and mixed ligand metal com-
plexes were used to determine the cytotoxic effect against
MCF-7 cell line by MTT assay. The results of the anti-
cancer activity in terms of IC50 (µg/mL) were recorded
(Table 3 and Figure 4) and compared with those of stan-
dard drug doxorubicin which has an IC50 value of 6.02
µg/mL. From the results, it is observed that compound
1a exhibited highest anticancer activity with a IC50 value
equal to 5.05 µg/mL which is very near to that of the
standard drug. The rest of the complexes show good to
moderate activity.

Table 1: Inhibition of cell viability of mixed
ligand metal complexes [M(VAAP)(Try)(H2O)2] 1-
1d against MCF-7 cell lines with standard drug

doxorubicin

Compound IC50 (µg/mL) 
1. [VAAP] 11.05 
1.a [Cu(VAAP)(Try)(H2O)2] 5.05 
1.b [Ni(VAAP)(Try)(H2O)2] 7.05 
1.c [Mn(VAAP)(Try)(H2O)2] 6.01 
1.d [Zn(VAAP)(Try)(H2O)2] 6.03 
    Doxorubicin 6.02 

 

Conclusions

The synthesis of a mixed ligand complex containing
[M(VAAP)(Try)(H2O)2], where M represents Cu(II),
Ni(II), Zn(II) metal ions has been reported. The Schiff
base and its complexes are soluble in water and DMSO
(Dimethyl sulfoxide), and have an octahedral geometry.
The anti-cancer assignments were checked for MCF-7
Breast cancer cell lines against standard drug Doxorubi-
cin. The results showed that the mixed ligand complexes
had potential activity towards cancer cell lines, which
we hope will aid in the development of new drugs to
control cancer activity.
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ABSTRACT
The aim of this study was to establish a green synthesis strategy for three aza heterocyclic compounds: 1, 4-dihydro-
2, 3-quinoxalinedione; 2,3-diphenyl quinoxaline; and 4-dihydro-2, 3-quinoxalinedione (4-Hydroxyphenyl) ethyl ester
of -6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylic acid. Because of their enormous biological and
pharmacological efficacy, heterocyclic compounds have risen in popularity in recent years. Heterocyclic compounds
have a wide range of applications due to their synthetic versatility and biological actions such as antibacterial,
antiviral, anti-inflammatory, antidepressant, antitubercular, anti-amoebic, and analgesic. The selected chemicals were
produced using three distinct processes, with the most efficient and environmentally friendly method being chosen.
Compounds were analyzed using Infrared Spectroscopy, Nuclear Magnetic Resonance Spectroscopy, and Mass Spectra.
Computational modeling studies were conducted using MVD (Molegro Virtual Docker) 2013.6.0 software to estimate
the biological activity of these medicinal compounds in order to determine the optimum green synthesis methodology.
Our research showed that the most efficient method for producing 1,4-dihydro-2,3-quinoxalinedione was to use
mechano-chemistry in a solvent-free environment with a simple pestle and mortar with 96 percent yield in 15 minutes,
and in the case of 4-(4-Hydroxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylic acid ethyl, the yield
was 96 percent in reaction time of 3 minutes. In the case of 2,3 diphenyl quinoxaline, all three procedures, including
the use of a sonicator and solvents such as ethanol and water, yielded nearly identical yields (97, 95, and 94 percent,
respectively), and the reaction times were likewise similar, ranging from 8, 10 to 20 minutes. With the use of a
molecular docking method on a particular protein, docking studies revealed that 1,4-dihyroxyquinoxaline-2,3-dione
has anti-inflammatory action and 2,3-diphenylquinoxaline has anti-microbial activity. The target protein was successfully
docked with the 1,4-dihyroxyquinoxaline-2,3-dione structure, as evidenced by the minimal binding energy. In-silico
drug development, which uses computational modeling to save time, effort, and expense, is a difficult, expensive, and
time-consuming procedure.

Keywords: Green chemistry, Aza heterocycles, In-silico analysis, Computational modeling, Molegro Virtual Docker
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Introduction

Green chemistry and its twelve principles are a familiar
term in the present era. It is a philosophical approach
that contributes to sustainable development via applica-
tion and extension of the principles of green chemistry.
This approach is also known as “Environmentally be-
nign” chemistry, “Clean chemistry” and “Benign-by-
design chemistry”. The term “Green chemistry” has been
defined in numerous ways. P.T Anastas referred to this
term for the first time in a special US Environmental
Protection Agency (USEPA) program in 1991. The pro-
gram was regarding implementation of sustainable de-
velopment in chemistry and chemical technology by
industries, academics and government. The objective of
green or sustainable chemistry is enhancing the avail-
ability of useful compounds to human race at the same
time preventing the harmful effects of the processes to
the environment. This approach has become obligatory
in present day chemistry 1.

Industrial production involves numerous chemical reac-
tions that exploit enormous quantities and wide varieties
of molecules, reagents, solvents, acidic substances,
alkaline reagents etc. The side effect of these chemical
processes is the generation of large quantities of unde-
sired and harmful substances along with the generation
of required products. The undesired substances may be
in the form of solid, liquid or gas and pose the greatest
challenge that chemistry has to deal with. So, it has
become imperative for the chemists involved in synthe-
sis to reduce chemical pollution. There has been signifi-
cant enhancement of work in this direction in the last
few decades. The intention is modification in chemical
processes that will have less impact on environment and
human health. By inventing new chemical processes that
prevent pollution, green chemistry safeguards the envi-
ronment. According to the principles of green chemistry,
a threat can be eliminated in a simpler way, by using
safe raw materials for production process2.

Ionic liquids have extensively been used in recent years
as alternative solvents in organic synthesis. No special
apparatus and methodologies are required to carry out
reactions in ionic liquids, along with the ability of them
being recyclable3. These liquids are considered as good
solvents for future improvements that can give “green”
credentials to their use and applications4. In recent years,
organic reactions in aqueous media have received con-
siderable attention. The fact is that water is the inexpen-
sive, most abundant, non-toxic, and environmentally
friendly solvent. It exhibits unique reactivity and selec-
tivity, which is different from that in conventional or-
ganic solvents5. Hence, water is proved to be an excel-
lent solvent for many synthetic methods. One approach
to making chemical synthesis greener is to use existing
chemical synthesis processes but make the process itself
safer and less polluting while also making the reagents
required for it by greener processes. An example of the
former might be to substitute a less volatile and less
toxic solvent as an action medium for a chemical syn-
thesis reaction. In some cases, a reagent may be made
more safely by using biological processes for its prepa-
ration in place of chemical processes. A second general
approach to making chemical preparations greener is to
use different reagents for the synthesis that are safer and
less likely to pollute6. The pharmaceutical industries are
in need of new innovative alternate synthetic routes for
synthesizing therapeutic and pharmacologically impor-
tant compounds7. The development of economic and
environmentally responsible methodologies for their in-
ter-conversion remains a challenge, since conventional
processes often lead to significant amounts of wastes
and/or are performed under strong reaction conditions8.
Facing with the ever-growing concern for environmen-
tal issues, methods with traditional organic synthesis has
been greatly challenged. Thus, it places higher expecta-
tions on the future work for all the organic chemists9.

Heterocyclic compounds are acquiring more importance
in recent years because of their immense biological and
pharmacological potency. Various biologically active
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synthetic compounds have five membered nitrogen con-
taining heterocyclic rings in their structures. Many com-
pounds bearing pyrazoles and their reduced forms,
pyrazolines constitute an interesting class of heterocycles
due to their synthetic versatility and effective biological
activities such as antimicrobial, antiviral, anti-inflamma-
tory, antidepressant, antitubercular, antiamoebic and
analgesic. The presence of this core in any molecule has
the ability to enhance its activity which has been veri-
fied by literature survey studies on synthetic protocols10.
Pyrimidine and its derivatives have been recognized as
important heterocyclic compounds due to their chemical
and biological significance in medicinal chemistry. It is
well known that the condensation of amino heterocycles
and pyrimidine gives rise to the formation of bicyclic
heterocycles known as triazolopyrimidines. The 1,2,4-
triazolopyrimidines have attracted growing interest due
to their important pharmaceutical properties and they
appear in a variety of synthetic pharmacophores which
possess anti- parasitic, antimicrobial, anticancer and
antibiotic activities.

A pertinent category of nitrogen containing benzo het-
erocyclic compounds containing a ring complex made
up of a benzene ring and a pyrazine ring are Quinoxaline
derivatives11. These compounds have immense therapeu-
tic values and potential activities; have ability to act as
antimicrobial agents12,13, cytotoxic agents, anti-tubercu-
lar, anxiolytic, anti-HIV, antioxidant13, anti-inflamma-
tory14,15, antimalarial, anticancer, antidepressant12, anti-
bacterial and antifungal agents14. They are recognized to
inhibit growth of gram positive bacteria and are active
against various transplantable tumors and are thus used
in antibiotics15,16, and treatment of cancer, diabetes, dia-
betic retinopathy, rheumatoidarthritis, hemangioma and
Kaposi’s sarcoma17,18. Because of their diverse pharma-
cological and biological properties, they have emerged
as privileged structures in combinatorial drug discovery
libraries19.

Most of the reported methods of traditional synthesis

have the flaw of usage of expensive reagents/additives,
metal catalysts, inflammable organic solvents or harsh
reaction conditions, as well as difficult experimental/
work-up procedures. Hence, it is highly preferable to
develop mild eco-friendly one-pot synthetic protocols
for these highly significant classes of compounds. The
goal of computational docking is to find the 3D con-
figuration of the complex that minimizes the energy
requirement. In-silico molecular docking has been widely
used to determine the binding mode (pose) of a small
molecule to a binding site. Computational and bioinfor-
matics tools have become very important resources to
identify the potential targets for various ligands in the
present scenario20.

Hence, the present work aimed at finding a green pro-
tocol for synthesis of selected aza heterocyclic com-
pounds viz. 1, 4-dihydro-2, 3-quinoxalinedione; 2,3-
diphenyl quinoxaline and 4-(4-Hydroxyphenyl)-6-methyl-
2-oxo-1,2,3,4-tetrahydropyrimidine-5- carboxylic acid
ethyl ester. After selecting the best green synthetic pro-
tocol, computational modeling studies were performed
using MVD (Molegro Virtual Docker) 2013.6.0. soft-
ware to predict the biological activity of these therapeu-
tic compounds.

Materials and Methods

All the glassware used in the present study were of
Borosil make. Prior to use, the glassware was soaked in
Chromic acid solution for 24 hours. The glassware was
then washed with tap water, further rinsed with distilled
water and completely dried in the oven (at 110°C). All
the chemicals and reagents used for the study were of
analytical grade: o-phenylenediamine, Benzil, 4-Hydro-
xybenzaldehyde, Diethyl oxalate and Urea (extra pure)
were procured from Lobachem, Mumbai; p-TSA was
procured from Rankem and Ethanol, Diethyl acetoac-
etate was procured from MERCK, Germany. Acetic Acid
Glacial, procured from SDFCL, Mumbai and Water
(extra pure double distilled) were used as solvents
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(Table 1). Table 2 states the analytical instrumental details
used in the study for synthesis and spectral analysis.

All the three selected compounds viz. 1,4-dihydro-2,3-
quinoxalinedione; 2,3-diphenyl quinoxaline and 4-(4-
Hydroxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydro-
pyrimidine-5- carboxylic acid ethyl ester were synthe-
sized by 3 different methods detailed in Table 3. Scheme

1-3 states the general reaction of the synthesis of com-
pounds respectively. After synthesis, the compounds were
confirmed by finding out melting point by Gallenkamp’s
Melting point apparatus. The spectral analysis of the
synthesized aza-heterocycles was performed at IIT,
Indore, India by FT-IR, NMR and Mass Spectroscopy.
The yields of synthesized compounds were also calcu-
lated.

Table 1. Properties of Chemicals used in synthesis
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Table 2. Analytical Techniques and Instruments Used

Analytical Techniques 
and Instruments 

Model/Make/Maufacturer Features 

Weighing balance 
Shimadzu Japan 
Fully Automatic Self-
Calibration 

One Touch Weighing balance Shimadzu Japan Fully 
Automatic Self-Calibration 

Microwave Magic cook (Model no. 20S, 
Mech) Manufacturer: Whirlpool 

600W, 50 Hz frequency, 230 Volt AC with 
timer. 

Sonicator Company: Rivotek Ultrasonic probe sonicator with accessories, In-
put Power 230 V, 50 Hz, AC. Ultrasonic power 
250 W. Horn diameter 10mm and 20mm with 
timer. 

Orbital Shaker Scientech (INSTAMES IN- 
1011) 

Orbital incubator shaker 

Gallenkamp’s Melting 
point apparatus 

Model No. IC0949  

Nuclear Magnetic 
Resonance spectrometer 

BrukerPvt. Ltd. Switzerland, 
Bruker-Tensor 27 

NMR spectrometer used for the analysis was 
Bruker-Avance-III, 400MHz 

Fourier Transform-Infra 
Red spectrometer 

Bruker Pvt. Ltd. Germany  

High Resolution Mass 
spectrometer 

Bruker Pvt. Ltd. Germany Bruker-MicrOTOFQ-II 

 
The spectral analysis of the synthesized aza-heterocycles was performed in ambient conditions at IIT, Indore, India

Table 3. Various experimental routes for synthesis of selected compounds

3a. Synthesis Procedures for 1, 4-dihydro-2, 3- quinoxalinedione
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3b. Synthesis Procedures for 2,3-diphenyl quinoxaline

3c. Synthesis Procedures for 4-(4-Hydroxyphenyl)-6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxylic acid ethyl ester
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Synthesis Reaction Schemes of 1,4-dihydro-2,3-quinoxalinedione; 2,3-diphenyl quinoxaline and 4-(4-
Hydroxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5- carboxylic acid ethyl ester

Scheme-1. Synthesis of 1, 4-dihydro-2, 3-quinoxalinedione

Scheme-2. Synthesis of 2, 3-diphenylquinoxaline

Scheme-3. Synthesis of 4-(4-Hydroxyphenyl)-6-methyl-2-oxo-1, 2, 3, 4-tetrahydropyrimidine-5-
carboxylic acid ethyl ester
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Molecular Docking Studies
The three dimension structure of receptor (PDB ID
3HSW) was downloaded from RCSB Protein data bank
(Available from: http://www.rcsb.org/pdb/home/
home.do). For docking analysis PDB coordinates of the
target protein and 1,4-dihydroxy quinoxaline 2,3 dione
molecule were optimize by MVD (Molegro Virtual
Docker) 2013.6.0. In our study, molecular docking was
performed on receptor (PDB ID 3HSW) for the above
mentioned Quinoxaline derivatives. Molecular dynam-
ics stimulation provides information about docking pose
stability. For another derivative of quinoxaline used in
our study, 2,3 diphenyl quinoxaline ,docking was per-
formed on receptor (PDB ID 3ZV6).

Results and Discussion

The following section details the results of our experi-
mental work. Table 4 states the percentage yield, reac-
tion time and melting point of the synthesized aza- het-
erocycles. Table 5 delineates Energy and RMSD values
obtained during docking analysis of 1,4-
dihyroxyquinoxaline-2,3-dione as a ligand molecule.
Table 6 gives the Energy and RMSD values obtained
during docking analysis of 2,3- diphenylquinoxaline as
a ligand molecule. Table 7 states the Energy and RMSD
values obtained during docking analysis of 4-(4-
Hydroxyphenyl) -6-methyl-2-oxo-1,2,3,4- tetr a-
hydropyrimidine-5-carboxylic acid ethyl ester as a ligand
molecule. Figure 1 specifies the 3D structures of synthe-
sized Quinoxaline derivatives.

Table 4. Percentage yields, reaction times and melting points of the synthesized aza- heterocycles

http://www.rcsb.org/pdb/home/
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Table 5. Energy and RMSD values obtained during docking analysis of 1,4- dihyroxyquinoxaline-2,3-
dione as a ligand molecule

Docking Pose PDB code Moldock score RMSD 
1 3HSW _ligand 19.2112 11.1316 
2 3HSW _ligand 19.2112 9.8562 
3 3HSW _ligand 19.2112 8.8888 
4 3HSW _ligand 19.2112 12.0354 
5 3HSW _ligand 19.2112 9.4533 

 

Table 6. Energy and RMSD values obtained during docking analysis of 2,3- diphenylquinoxaline as
a ligand molecule

Docking Pose PDB code Moldock score RMSD 
1 3ZV6 _ligand 30.0426 5.4313 
2 3ZV6 _ligand 30.0427 6.1986 
3 3ZV6 _ligand 30.0427 3.6356 
4 3ZV6 _ligand 30.0427 5.3784 
5 3ZV6 _ligand 30.0427 6.2503 

 
Table 7. Energy and RMSD values obtained during docking analysis of 4-(4- Hydroxyphenyl)-6-

methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylic acid ethyl ester as a ligand molecule

Docking Pose PDB code Moldock score RMSD 
1 3ZV6_ligand -0.8593 5.6602 
2 3ZV6_ligand -0.8593 8.3054 
3 3ZV6_ligand -0.8592 3.4673 
4 3ZV6_ligand -0.8592 5.4109 
5 3ZV6_ligand -0.8592 3.7634 

4-(4-Hydroxyphenyl)-6- methyl-
2-oxo-1,2,3,4- 

tetrahydropyrimidine-5- 
carboxylic acid ethyl ester 

 
 
 

2,3-diphenylquinoxaline 
 

1,4-dihyroxyquinoxaline- 
2,3-dione 

 Figure 1. 3D structures of synthesized Quinoxaline derivatives
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Discussion

The selected compounds were synthesized by Methods
1, 2 and 3 as stated in the Methodology of previous
section. With Method 1; 96% yield of 1,4-dihyro-
xyquinoxaline- 2,3-dione was obtained by grounding
reactants in mortar and pestle for 15 minutes. The melt-
ing point of the compound was observed to be 298°C
(Table 4). In Method 2; there was 88% yield of the
compound and melting point of 298°C was observed.
Method 3; yielded 79% of the compound with melting
point of 296°C.

On spectral analysis with FT-IR, NMR and Mass spec-
trometer the following peaks were observed: IR (cm-1):
3372.94, 1631.13, 1590.07, 1498.21, 1458.78, 1267.91,
927.97, 809.52, 748.24. The absorption band at 1590
cm-1 is due to C— C stretching of aromatic ring system,
that at 3372.94 cm-1 is due to -NH group, while that at
1631.13 cm-1 is due to –C=O group. 1H- NMR
(400MHz, CDCl3),  ppm 7.76, 7.75, 7.65, 7.64, 5.63,
5.50, 5.48; the peaks in the region ä 7.6-7.7 are due to
4 aromatic protons. MS (m/z) 162.14 (calc.), 163 (exp.)
Similarly 2,3-diphenyl quinoxaline was synthesized by
Methods 1, 2 and 3 21 . Method 1; gave 97% yield of
compound and melting point 126°C was observed.
Method 2; gave 95% yield and melting point of com-
pound was observed to be 125°C. Method 3; gave 94%
yield and melting point of 127°C was observed
(Table 4).

On spectral analysis with FT-IR, NMR and Mass spec-
trometer the following peaks were observed. IR (cm-1):
1665.51, 1585.40, 1446.19, 1317.39, 1210.31, 1167.94,
1069.76, 995.32, 873.21, 786.54, 716.79, 639.85. The
absorption bands at 1665 cm-1 and 1585.40 cm-1 are due
to C-C stretching of aromatic ring (phenyl nucleus), that
at 1210.31 cm-1 due to plain bending of C-H in aromatic
phenyl ring, weak absorption band at 3061 cm-1 is due
to aromatic C—H stretching, strong absorption bands at
716.79 cm-1 and 786.54 cm-1 indicate mono substituted

benzene ring. The weak absorption band at 1446 cm-1 is
due to –C=N stretching. 1H-NMR (400MHz, CDCl3),
ä ppm 8.01, 7.99, 7.69, 7.67, 7.65, 7.54, 7.53, 7.51. MS
(m/z) 282.33 (calc.), 283.13 (exp.) 21

4- (4-Hydroxyphenyl) -6-methyl -2-oxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylic acid ethyl ester was
synthesized by Methods 1, 2 and 3 22. By applying
Method 1 96% of compound was yielded in reaction
time of 3 minutes which had a melting point of 236°C.
Method 2 gave 80% yield and melting point of 238°C
was observed. Method 3 gave 90% yield of compound
and melting point of 236°C was observed (Table 4).

On spectral analysis with FT-IR, NMR and Mass spec-
trometer the following peaks were observed IR (cm-1):
3510.63, 3150.20, 1674.20, 1596.10, 1452.33, 831.42,
776.55, 707.62, 646.66. The characteristic broad band
in the region 3150.20 cm-1 is due to hydroxyl group (-
OH).The absorption band at 3510 cm-1 is due to –NH
group. The absorption band at 1596.10 cm-1 is due to C-
C stretching. The absorption band at 831.42 cm-1 is due
to paradisubstituted benzene. 1H-NMR (400MHz,
CDCl3),  ppm 10.59, 9.78, 9.56, 9.32, 9.11, 7.64, 7.74,
7.62, 7.05, 7.03, 6.94, 6.92, 6.70, 6.69, 5.51, 5.06, 3.97,
3.95, 3.47, 2.50, 2.24, 2.07, 1.90, 1.10, 1.08. Anal. cal-
culated for C14H16N2O4, MS (m/z) 276 (calc.), 277
(exp.) 22.

Chemistry plays a significant role in bridging physics,
material sciences and life sciences. Our society has
become dependent on chemical products in order to
maintain our current standard of living and to improve
quality of life. The last century has been highly produc-
tive in the developments in water treatment, pharmaceu-
tical development, material science, polymers, agricul-
ture pesticides and fungicides, detergents, petroleum
additives and so forth. According to Paul Anastas, the
goal of green chemistry is not just clean-up, it is about
redesigning chemical processes from the ground level. It
is about making industrial chemistry safer, cleaner and
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more energy efficient throughout the product’s life cycle,
from synthesis to clean up to disposal.

Quinoxaline-2,3-diones are mainly prepared by conden-
sation of o-phenylenediamines with various ketoacid de-
rivatives23,24. The last and crucial step is the ring closure
of an o- phenylenediamine with oxalate derivatives form-
ing a paradiazine ring of quinoxaline-2,3- dione. Nor-
mally, this step is carried out using the method of
Phillips25 under the catalysis of strong acid26,27,28. Fre-
quently a solvent is also employed. It is desirable to
perform the ring closure in the synthesis of quinoxaline-
2,3-dione under mild reaction conditions in order to avoid
any side reactions. The general Phillips reaction carried
out under harsh conditions, as commented by Piguet et
al29 requires modification for various reasons.

As far as possible, catalysts and solvents should be
avoided, as these substances are potential impurities in
the final product. In our modified procedure, green sol-
vents and no catalysts have been employed. The reac-
tion temperature is low, i.e. room temperature. Excess
diethyl oxalate, a reactant, serves as a mild solvent and
can be easily removed from the solid product by simply
washing with ether. (Table 4).

Organic synthesis in aqueous media is rapidly gaining

popularity because of the fact that the use of many toxic
and volatile organic solvents, particularly chlorinated
hydrocarbons, contribute to pollution. Furthermore, us-
ing water as a solvent offers many advantages, such as
simple operation and high efficiency in many organic
reactions that involve water soluble substrates, reagents
such as carbohydrates. Jaberi and Amiri30 synthesized 2-
substituted benzimidazoles by one pot reaction of o-
phenylenediamine with aldehydes in presence of boric
acid in water at room temperature in good yields.

Ratnadeep Ghadage and Pramodkumar11 synthesised 1,4-
dihydro-2,3-quinoxalinedione using oxalic acid dihydrate,
conc. HCl and o-phenylenediamine. On stirring the
mixture at 100 °C for 20 min, 77% of the compound
was synthesized. They observed melting point of the
compound at 300°C. While the melting point of our
compound was (296-298°C) (Table 4), which was in
conformity to that observed by Ghadage et al.,11. They
reported the spectra of the synthesized compound as; IR
(cm-1): 3404, 3176, 3113, 1682, 1618, 1522, 1499, 1426,
1383, 755, 744; 1H-NMR (CDCl3), ä ppm 8.003 (s,2H,
NH), 6.978 (t, 2H, CH), 6.715 (d, 2H,CH).

They have proposed a condensation reaction mechanism
(Scheme 4) for the synthesis of 1,4- dihydro-2,3-
quinoxalinedione under the same conditions11.

Scheme 4: Mechanism for synthesis of 1,4-dihydroquinoxaline-2,3-dione from
oxalic acid and o-phenylene diamine 11
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Thakuria and Gopal Das31 performed efficient synthesis
of the potential pharmacophore 1,4- dihydro-quinoxaline-
2,3-dione in a one-pot reaction at room temperature from
substituted o- phenylene diamine and oxalic acid under
solvent-free conditions by a simple grinding method with
unsurpassed atom economy. They found the mass spec-
tra of compound MS (m/z): 162.0 (M+), whereas we
observed it at 163. The time required by Thakuria et
al.,31 was 0.5 hrs with 98 % yield, while we found the
yield under solvent free conditions to be 96% at a reac-
tion time of 15 minutes.

Grinding technique has been very successful in fulfill-
ing the principles of green chemistry. Using this tech-
nique the reactions are carried out under solvent free
conditions with maximum yield and minimum cost.
Grinding of reactants can be carried out manually using
a pestle and mortar or by using a high speed vibrating
mill32,33. According to conventional approach, the colli-
sions between reactants are necessary to carry out the
reaction. Grinding forces the molecules of the reactants
to undergo forced collisions and thus leads to the forma-
tion of products. As compared to conventional methods,
the time required for completion of reaction using grind-
ing is much less and this can be attributed to the large
number of collisions at faster rate between the reacting
molecules during the grinding process. In addition to
this, the amount of heat produced because of friction
during grinding process also helps in the completion of
reaction. The general usefulness of solvent free condi-
tions in chemical reaction has been well described by
Toda34 and Tanaka35in a review which covers a number
of synthetically useful reactions.

Green chemistry is established as national responsibility
in present time. It is highly amenable to have a conve-
nient and rapid synthetic procedure that is energy effi-
cient. Such a procedure should be suitable for large-
scale operation also having a practically applicable ori-
entation. Grindstone Chemistry is useful for desktop
synthesis as well as kilogram scale operation.

The pioneering work of Toda et al34 has shown that
many exothermic reactions can be accomplished in high
yield by just grinding solids together using mortar and
pestle, a technique known as ‘Grindstone Chemistry’
which is one of the ‘Green Chemistry Techniques’. The
energy generated through friction initiates the reactions.
Grindstone Chemistry leads to reduction in wastes gen-
eration along with being highly reactive and energy ef-
ficient. It is simple to tackle such reactions as they re-
duce pollution, are more economical and ecologically
favorable. Solid-state reactions are efficient and selec-
tive as compared to reactions in solution36. This method
is superior to conventional methods as it is eco-friendly
with high yield and does not require any special appa-
ratus, It is also non-hazardous, operationally simple and
convenient. A hand held electric food mixer with stain-
less steel rotor is a simple and inexpensive option for
conducting Grindstone Chemistry on a large scale.

Conventional Method of synthesis of 2,3-Diphenyl
quinoxaline: 1.26 gm of benzil was dissolved in 8 mL of
warm rectified spirit and transferred into a 100 mL round
bottom flask containing 1.08 gm of o-phenylene diamine
dissolved in 8 mL of rectified spirit. Refluxing was done
for 1 hour on a boiling water bath. Then, water was
added until slight cloudiness persisted. The crude prod-
uct was filtered and recrystallized from rectified spirit
(75% yield, 1- 1.5hrs)37,38. Significant yield improvement
in a shorter reaction time was observed when we synthe-
sized the same compound with the help of ultrasound
(97%, 8 minutes).

Joshi et al.39, synthesized 2,3-Diphenyl quinoxaline by
microwave irradiation of benzil (0.01M), o-phenylene
diamine (0.01M) and ethanol (16ml) which gave 60%
yield in a reaction time of 55 seconds, while we achieved
97% yield after 8 minutes of sonication. The yield of
our compound was found to be significantly higher than
that by the conventional method of synthesis which led
to 51% yield in a reaction time of 0.5 hrs304. Although
the reaction time by Joshi et al.39 was less, the yield
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could be increased by modifying the technique and
slightly varying the reaction time.

Jyotidas and Sarkar40 synthesised quinoxalines in aque-
ous medium in the presence of tetraethylammonium
bromate. They reported the spectral data of 2,3-
Diphenylquinoxaline as 1H NMR: (300MHz, CDCl3)
 8.193(t, 2H, J1=2.7 Hz, J2=3.6 Hz, ArH),7.77-7.803(m,
2H, ArH), 7.519-7.544(m, 4H, ArH), 7.344-7.365(m, 6H,
ArH).13C NMR: (75MHz, CDCl3)  153.43, 141.17,
138.99, 129.95, 129.79,129.15, 128.78, 128.25 and IR
(cm-1): 3057.17, 3028.24, 1548.84. The yield was found
to be as high as 92% 41 ; they synthesized 2,3 diphenyl
quinoxaline applying efficient practical techniques like
sonication (sonochemistry sythesis), UV radiation and
simple mechanochemistry using mortal-pastel method.
They monitored the progress of the reaction by TLC and
did the characterization by IR and NMR. Compared with
traditional methods, these methods are more convenient
and reactions lead to higher yield (95.8-98.3%), shorter
reaction time (10, 15, 17 minutes) and milder condi-
tions, without generation of pollution and are safer to
the analyst. The melting point of the compound observed
by Bendale et al., 41 was in the range 122-124°C, whereas
we observed the melting point to be between 125-127°C.
The spectroscopic studies revealed max: 292 nm IR:
characteristic IR (KBr) bands found at: 3065, 1441, 1395,
768, cm-1. Our observation of MS was (m/z): 283.13. As
observed by Bendale et al.,41 we also found that in com-
parison with traditional methods, our methods were more
convenient and reactions can be carried out in higher
yield (94-97%), shorter reaction time (8-20 minutes) and
milder conditions (sonication and stirring at room tem-
perature), without generation of pollution and are safer
to the analyst.

To investigate the role of ultrasonic irradiation in our
method, the reactions were carried out in the presence
of p-TSA, dissolving o-phenylene diamine and benzil in
EtOH and sonicating the above mixture at room tem-
perature. From the results that are summarized in

Table 4, it is clear that, under the same reaction condi-
tions, reactions under ultrasonic irradiation led to rela-
tively higher yields and shorter reaction times. It is pre-
sumed that the efficiency using ultrasound irradiation is
due to the cavitation phenomena. An ultrasonic wave
breaks intermolecular forces due to its pressure wave
with alternate compressions and rarefactions. The chemi-
cal and physical effects of ultrasound derive primarily
from acoustic cavitation which includes formation,
growth and collapse of the cavity 42,43. Bubble collapse
in liquids results in an enormous concentration of en-
ergy from the conversion of kinetic energy of the liquid
motion into heating of the contents of the bubble. The
high local temperatures and pressures produced by cavi-
tation lead to a diverse set of applications of ultrasound
such as accelerating the rate of the reaction, changing
the reaction pathway, enhancing chemical reactivity and
synthesizing organic compounds44.

The two main sources of ultrasound in organic synthesis
are ultrasonic cleaning baths and ultrasonic immersion
probes, which typically operate at frequencies of 40 and
20 kHz, respectively45. The former are more commonly
employed in organic synthesis simply because they are
less expensive and hence more easily available to chem-
ists, even though the amount of energy transferred to the
reaction medium is lower than that of ultrasonic probe
systems, which deposit the acoustic energy directly into
the reaction medium.

Compared with traditional method, our method is more
convenient and reactions can be carried out with higher
yield, shorter reaction time and under milder conditions,
without generation of pollution and safer to the analyst.
This approach has several advantages, such as excellent
yield, short reaction time, low cost, simple experimental
as well as isolation procedures, and finally, it is in agree-
ment with the green chemistry protocols.

Some organic reactions using water as the medium suf-
fer from a serious disadvantage due to the non-homoge-
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neity of the reaction mixture because most of the or-
ganic chemicals are almost insoluble in water and this
results in a many fold decrease in reaction rates or some-
times reaction does not happen at all. This problem can
be overcome by providing the activation energy to the
reaction by using microwave irradiation. The microwave
dielectric heating effect uses the ability of some liquids
and solids to transform electromagnetic energy into heat
and thereby drive chemical reactions. This in situ mode
of energy conversion has many attractions for chemists,
because its magnitude depends on the properties of the
molecules. This allows some control over the properties
of the material and may lead to reaction selectivity. There
are a variety of methods for carrying out microwave-
assisted organic reactions using domestic or commercial
ovens; this is basically known as microwave-induced
organic reaction enhancement (MORE) chemistry. Most
of the published chemistry has been performed using
domestic microwave ovens. The key reason for using
devices intended for heating food items to perform syn-
thesis is that they are readily available and inexpen-
sive46.

Anil Kumar Jogula et al.,47 used Cyanuric chloride as a
new catalyst for the one-pot Biginelli reaction coupling
of -ketoester, aldehydes and urea to give the corre-
sponding tetrahydropyrimidinones. The reaction time
required was 12 hrs, with 80% yield and the melting
point was within 198-200°C. When we synthesized the
same compound viz. 4-(4- Hydroxyphenyl)-6-methyl-2-
oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylic acid ethyl
ester in the presence of p-TSA using 4-hydro-
xybezaldehye, ethyacetoacetate, ethanol and urea apply-
ing microwave irradiation, we observed a yield of 96%
within 3 minutes reaction time and the melting point
was 236-238°C22. Yadav et al.48, performed microwave
assisted synthesis of tetrahydropyrimidinones in the pres-
ence of TTSA. They irradiated an equimolar mixture (2
mmol each) of aldehyde, -keto ester and urea (or thio-
urea) in acetonitrile, with catalytic amount of TTSA (3%)
and the contents were irradiated by microwave radiation

at interval of 10 sec. They found the yield of 4-(4-
Hydroxyphenyl)-6-methyl-2-oxo-1,2,3,4- tetrahydro-
pyrimidine-5-carboxylic acid ethyl ester to be 95% and
melting point 201°C. M.V. Yadav48 and Nayak et al.49,
synthesized Ethyl 4-(4-hydroxyphenyl)-6-methyl-2-oxo-
1,2,3,4- tetrahydropyrimidine-5-carboxylate monohydrate
using a mixture of ethylacetoacetate (0.1 mol), para
hydroxy substituted benzaldehyde (0.1 mol) and urea
which was refluxed in 50 mL of ethanol for 2.0 hrs in
the presence of concentrated hydrochloric acid as cata-
lyst. The quenching of reaction mixture was done in ice
cold water. The precipitate obtained was filtered, dried
and crystallized from methanol to obtain the title com-
pound49.

Heating under reflux for several hours is logical for
endothermic reactions. For exothermic reactions, how-
ever, such energy input would be superfluous. The con-
venience and the time saving that results from the use of
Grindstone Chemistry––for small scale as well as large
scale reactions––is illustrated here in our work by de-
scribing the successful application of this technique to
the multicomponent Biginelli reaction. We employed p-
toluene sulfonic acid (p-TSA), an inexpensive and com-
mon organic chemical, which was an efficient catalyst
for this reaction.

Bose et al.50, synthesized tetrahydropyrimidinone using
grindstone technique and found the yield to be 95%,
with melting point 236–238°C. While Sun et al.51 also
reported the melting point of the compound to be in the
range 236–238°C. Ushati Das et al.,52 also synthesized
Ethyl-4-(4-hydroxyphenyl)-6-methyl-2-oxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate monohydrate using
4-Hydroxybenzaldehyde, ethyl acetoacetate, urea and p-
TSA in mortar and pestel (yield 95%, m.p. 509–511 K).
The observations by Ushati et al.52, and Bose et al.50,
were almost similar to those noted by us under solvent
free conditions of grindstone technique in terms of yield
(our yield was 90%, with m.p. 236°C) and a reaction
time of  4-5 minutes.
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Mohideen et al.53, synthesized Ethyl 6-methyl-2-oxo-4-
phenyl-1,2,3,4-tetrahydropyrimidine- 5-carboxylate by
grounding a mixture of benzaldehyde (0.106 g, 1 mmol),
ethyl acetoacetate (0.130 g, 1 mmol) and urea (0.070 g,
1.17 mmol) with four drops of ortho phosphoric acid for
about 30 minutes. The reaction mixture was cooled for
15 minutes and poured into a beaker containing 50 mL
of cold water. The precipitate obtained was filtered,
washed with water and ethanol to get a white solid (0.26
g, 92% yield; mp 203–204). Physiologically active
tetrapyrimidinones were successfully prepared by
Biginelli reaction by grinding aryl aldehydes, ethylaceto-
acetate and urea/ thiourea in presence of p-toluene-
sulphonic acid at room temperature54 Several mecha-
nisms have been proposed for the synthesis along with

that given by K. Folkers and T.B. Johnson55 A proposal
was also given by C.O. Kappe55 in 1997 for the above
synthesis.

The Biginelli reaction is important for the preparation of
dihydropyrimidine derivatives and excellent results are
found for reactions carried out with microwave enhance-
ment as observed by Hayes57. He found that single-mode
cavities offer more consistent and predictable energy
distribution. Single-mode instruments produce one ho-
mogeneous, intense pocket of energy that is highly re-
producible. Due to their uniform energy distribution and
higher power density, these systems typically couple more
efficiently with small samples57.

 
Scheme 5 Biginelli reaction

The original Biginelli reaction was carried out by re-
fluxing a mixture of the three components, ethyl ac-
etoacetate, benzaldehyde and urea in presence of etha-
nol catalyzed by small amount of HCl58 which often
resulted in poor to variable yields of desired products
(20-70%)59.

Multi-component systems being more efficient and eco-
nomical have attracted the attention of organic chemists.
Further, these reactions can be carried out without iso-
lation of the intermediates (one pot and one step synthe-
sis) and avoid the protection/deprotection strategies in
the synthesis as well as time consuming purification
processes. H.M. Hugel,60 and Shete et al 61, checked the

efficiency of various metal phosphates (NaH2PO4,
KH2PO4 and K2HPO4) as promoter in the multicompo-
nent dihydropyrimidine synthesis. They synthesized
5- acetyl / ethoxycarbonyl, 4-aryl / substituted aryl, 6-
methyl, 3, 4- dihydropyrimidine-2-one / thione using a
mixture of urea / thiourea, appropriate aldehyde, acetyl
acetone / ethyl acetoacetate and metal phosphate in 20
mL of glacial acetic acid solvent which was heated at
45-50°C under magnetic stirring for 20-40 min. They
found glacial acetic acid to perform well as a solvent as
compared to ethanol. With glacial acetic acid, all prod-
ucts were obtained in satisfactory yields (moderate to
excellent). Further, all metal phosphates they used were
cheap and nontoxic. With NaH2PO4 the yield of
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5- ethoxycarbonyl, 6-methyl, 4-phenyl, 3, 4-dihydro-py-
rimidine-2(1H)-one was 66% and melting point was
found to be between 192-195°C; with KH2PO4 yield
was 89% and melting point was between 204-206°C;
while with K2HPO4 yield was 50% and melting point
was between 200-202°C. The melting point reported was
202-203°C 62. The lower meting points of these products
(as compared to the reported values) indicated low pu-
rity of the compounds. It can be seen that catalyzing the
reaction by KH2PO4 gave superior results over the other
two metal phosphates both in terms of yield and purity.

It is well known that Biginelli reaction is an acid cata-
lyzed versatile one pot multi-component reaction for the
synthesis of 3, 4-dihydropyrimidin-2(1H)-one / thione
derivatives. The reaction occurs via formation of metal-
enolate ion pairs and metal-N-acylimine intermediates
which govern the overall progress of Biginelli reaction.
The stabilization of N-acylium intermediate by the cat-
ion of the catalyst is the mechanism involved in this
reaction63.

Computational modeling in drug discovery utilizes in-
silico tools for drug design or for identifying ‘lead’
compounds from the existing databases that exhibit
potential of inhibitory effects. For docking analysis PDB
coordinates of the target protein and synthesized mol-
ecules were optimized by MVD Software as described
in methodology section. Table 5, 6 and 7 states the
results of docking analysis of 1,4-dihyroxyquinoxaline-
2,3-dione; 2,3- diphenylquinoxaline and 4-(4-Hydro-
xyphenyl)-6-methyl-2-oxo-1,2,3,4- tetrahydropyrimidine-
5-carboxylic acid ethyl ester respectively. The 3D struc-
tures of selected compounds were optimized by ACD
Lab software (Figure 1). These coordinates were found
to have minimum energy and stable conformation. 1,4-
dihyroxyquinoxaline-2,3-dione shows anti inflammatory
activity as shown by the molecular docking process. This
can be used as lead compound for development of novel
anti- inflammatory drugs. In our study, molecular dock-
ing was performed on receptor (PDB ID 3HSW) for the

above mentioned quinoxaline derivatives. Molecular
dynamics stimulation provided information about dock-
ing pose stability. Other derivatives of quinoxaline which
were used in our study were 2,3-diphenylquinoxaline
and 4-(4-Hydroxyphenyl)-6-methyl-2-oxo- 1,2,3,4-
tetrahydropyrimidine-5-carboxylic acid ethyl ester for
which docking was performed on receptor (PDB ID
3ZV6). 2,3-diphenylquinoxaline was found to exhibit
anti-microbial activity. The minimum binding energy
indicated that the target protein was successfully docked
with 1,4-dihyroxyquinoxaline-2,3-dione structure. The top
five poses are given in Tables 5, 6 and 7.

Conclusions

We have developed efficient method for the synthesis of
1,4- dihydro-2,3-quinoxalinedione; 2 ,3 diphenyl
quinoxaline and 4-(4-Hydroxyphenyl)-6- methyl-2-oxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylic acid ethyl es-
ter. The reaction of o-phenylene diamine and Benzil in
ethanol and p-TSA by using sonicator, has several ad-
vantages, such as excellent yield, short reaction time,
low cost, simple experimental as well as isolation pro-
cedures, and finally, it is in agreement with the green
chemistry protocols. We have found that                p-
toluenesulfonic acid (p-TSA), an inexpensive and com-
mon organic chemical, is an efficient catalyst for this
reaction. The catalyst used in an inexpensive chemical
that is commonly found in most organic laboratories.

The synthesis of 1,4-dihydro-2,3-quinoxalinedione by the
reaction of o-phenylene diamine and Diethyloxalate by
Grindstone technique is a simplified and rapid synthetic
procedure. This procedure is much simpler and faster.
The methodology does not require the use of any
organic solvent, catalyst and additional oxidant, thus
meeting green chemistry objectives. Another useful
aspect is that this procedure is energy efficient. This
reaction can be easily adapted for use as an interesting
experiment in an organic chemistry teaching laboratory.
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Microwave radiation was used for the synthesis of      4-
(4-Hydroxyphenyl)-6- methyl-2-oxo-1,2,3,4-tetra-
hydropyrimidine-5-carboxylic acid ethyl ester. The mi-
crowave assisted method is an efficient rapid, simple,
feasible and eco-friendly method for the synthesis of a
large number of organic heterocyclic molecules.

Hence our study concludes that the best method for
efficient synthesis of 1,4-dihydro-2,3- quinoxalinedione
was by mechano-chemistry under solvent free condition
by employing simple mortar pestel leading to a yield of
96% at a reaction time of 15 minutes. For the synthesis
of 4-(4-Hydroxyphenyl)-6-methyl-2-oxo-1,2,3,4-
tetrahydropyrimidine-5- carboxylic acid ethyl ester mi-
crowave irradiation is the best method (yield 96%, reac-
tion time of 3 minutes). Whereas, in case of 2,3 diphe-
nyl quinoxaline all the three methods i.e., application of
sonicator and solvents like ethanol, water gave almost
comparable yields (97, 95 and 94 % respectively), the
reaction times were also comparable viz., 8, 10 and 20
minutes.

Drug discovery is a complex, expensive and arduous
process and in-silico drug discovery employing compu-
tational modeling reduces the time, efforts and cost sig-
nificantly. The docking analysis demonstrates that 1,4-
dihyroxyquinoxaline-2,3-dione shows anti inflammatory
activity whereas 2,3-diphenylquinoxaline was found to
exhibit anti- microbial activity. The minimum binding
energy indicated that the target protein was successfully
docked with 1,4- dihyroxyquinoxaline-2,3-dione struc-
ture.
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ABSTRACT
Nitrobenzene is a toxic agent which must be treated before discharging into the environment. One of the methods to
treat nitrobenzene is to reduce it to amine compounds with zero-valent iron (ZVI). During the reduction, the iron
surface can develop a passive film that decreases the reduction of nitrobenzene. To overcome this problem, many
novel materials such as zero-valent bimetals like Pd-Fe, Cu-Fe, and Cu-Al have recently been shown to have
enhanced potential to destroy passive layers as compared to ZVI. In this study, Fe-Al powder was used for nitrobenzene
reduction. Optimal conditions for reduction of nitrobenzene to amine products, such as the ratio of Fe/Al, pH, and
reaction time were studied.

Keywords: Binary metal Fe-Al, Nitrobenzene, Reduction, Amine

Introduction

Wastewater contamination by nitro aromatic organic
compounds has gained great attention. Nitrobenzene
(NB) has been considered a priority control contaminant
by American Environment Protection Agency1. Waste-
water containing NB must be treated before being dis-
charged into the environment2,3. It is therefore necessary
to find a novel and effective technology for the degra-
dation of NB from wastewater. Nitrobenzene from waste-
water has been reduced by zero-valent iron (ZVI) par-
ticles to triaminobenzene4. During oxidation, the iron
surface is made passive by an iron oxide or hydroxide
layer leading to a decrease in the rate of reaction with
NB. To overcome this phenomenon, many novel mate-
rials such as zero-valent bimetals like Pd/Fe, Cu/Fe, and
Cu/Al have recently been shown to have enhanced reac-

tivity toward destroying passive layers compared to ZVI6.
Bimetallic particles consist of two types of zero-valent
Fe/Al metals.

Reduction by ZVI is an electrochemical corrosion pro-
cess in which oxidation of Fe0 to Fe 2+ is an anodic half-
reaction. The cathodic half-reaction involves electron
acceptors like H+, H2O, O2 or nitro group (-NO2). The
ZVI corrosion in the aqueous phase consists of the
following reactions7,8:

Fe0 + 2H+  Fe2+ + H2 (1)
Fe0 + 2H2O  H2 +  2 OH- (2)

The ZVI corrosion in aqueous phase as a system of Fe0

- H2O - O2consists of the following reaction:

mailto:luongsinhhoa@gmail.com
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          2Fe + O2 + 2H2O  2Fe2+ + 4OH- (3)

Bimetallic particles consisting of two types of zero-va-
lent metals, aluminum – iron (ZVA and ZVI) are useful
for the reduction of chloro and nitro aromatic compounds.
Fe has electrode potential of Fe2+/Fe0, (–0.44 V) which
is higher than that of Al3+/Al0, (–1.67 V). Fe and Al can
form electrochemical cells in which iron plays the role
of anode and aluminum that of cathode6.9. The metal
iron can reduce organic compounds as follows:

      Fe0 + RX + H+  Fe2+ + 2RH + X-           (4)

and 2Al0 + 3 Fe2+(on iron surface)  Al3+ + 3Fe0 (on
iron surface)  (5)

Thus, ZVI may be considered as a constant source of
electrons. In this study, we apply the bimetallic zero-
valent Fe/Al particles consisting of a core metal (alumi-
num) and a second metal (iron) for reduction of NB
from water. The reaction between Al/Fe with NB (de-
noted as RNO2) is as follows:

3Fe0 + RNO2 + 6H+  3Fe2+ + RNH2 + 2H2O       (6)
3Fe2+ + Al0  Fe0 + Al3+   (7)

The bimetallic Fe/Al particles are used in which metal
Al, as an electron source prevents the precipitation of
the corroded layer of iron layer at the Fe0 surface and
thus enhances the surface reactivity of iron.

Materials and Methods

Chemicals
All chemicals used for this study were of analytical grade.
Nitrobezene solution (ACS Sigma – Aldrich, reagent 
99.0%, molecular weight, 123,11) was purchased in
Vietnam. Commercially available aluminum particles
(99.5% pure, 20 micrometers) were procured. Bimetal-
lic Fe-Al particles used for this study were prepared
according to the method published in literature6,9, using

the zero-valent aluminum powder (ZVA) and ferric chlo-
ride as precursors in a fume hood under ambient condi-
tions, according to the reaction:

Fe3+ + Al0  Fe0  +  Al3+

Fe0 was deposited on the Al0 surface and then washed
with deionized water, filtered and dried in vacuum. Fe
and Al in the samples were determined by inductively
coupled plasma-optical emission spectrometry (ICP-
OES). The ratio of Fe/Al was calculated as follows:

Fe / Al = (Applied Fe content—Residual Fe content)/
(Applied Al content—Residual Al content).

Throughout the experiments, the Fe0/Al0 particles
used for the study involved 0.5, 1.2, 2.1, 2.5, and
2.8 g Fe / g of Al.

Analytical method
The pH of solution was monitored using a Toledo pH
meter. The concentration of NB was determined by
anodic stripping Voltammetry with a mercury hanging
drop electrode (HMDE) using Metrohom 797 VA
Computrace4. Nitrogen was passed for 60s through the
solution consisting of NB in 0.1M acetic acid -sodium
acetate buffer as electrolyte to remove dissolved oxy-
gen. The voltagram was run in the potential range from
- 40.90 to -0.10 V. The current peak height appeared at
-0.442 V (Figure 1), being proportional to the NB con-
centration in the electrolyte.

Fig. 1 Voltagram of NB on HMDE, NB conc. 10
mg/L, acetate buffer pH = 4.0, time for 60s.
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The NB concentration of samples was determined using
the following plot.

Fig.2 Calibration plot for Nitrobenzene

Reduction of NB by batch experiment
All experiments were conducted under N2.The initial
concentrations of NB and ZVI-Al particles were 80 mg/
L and 1.0 g/L with different ratios of Fe0/Al0, at various
initial pH values. The solutions were continuously stirred
with a mechanical stirrer, in a batch of 200 mL. The pH
of all solutions was adjusted with 0.1 M NaOH or H2SO4.
Samples of solution collected from the reaction vessels
at regular time intervals were filtered to determine the
concentration of NB by Cyclic Voltammetry

Results and Discussion

The degradation of NB in ZVA - ZVI water system
Binary metallic ZVAl-ZVI consists of different ratios of
Fe0 and Al0 that influence the kinetic curve of NB. The
NB degradation rate increased with the increase of Fe0

amount in ZVA-ZVI, and then reached a near-constant
value. (Table 1, Figure 3).

Table 1. NB degradation dependence on the time and ratios of Fe0 / 1g Al0; M1, M2, M3, M4, M5 are
samples involving Fe0amounts of 0.5, 1.2, 2.1, 2.5, 2.8 g/1g Al0: pH =3: NB with initial concentration

of 80 mg/L in a 500 mL batch involving 200 mL sample.

Reaction 
time, min 

0 5 10 15 20 25 30 35 

CNB/M1 80 74.5 70.1 66.6 62.5 61.4 58.3 55.2 
CNB/M2 80 65.3 40.7 23.7 14.1 7.8 4.2 1.8 
CNB/M3 80 50.3 30.2 15.1 6.5 4.5 2.1 0.3 
CNB/M4 80 50.0 29.5 15.7 6.6 4.5 2.2 0.3 
CNB/M5 80 50.1 29.7 15.8 6.7 4.5 2.2 0.3 

 
The findings showed that the concentration of NB de-
creased when the reaction time increased from 0 to 35
min, but at a different rate, depending on the amount of
Fe0.

Table 1 indicates that when the Fe0 in ZVAl powder
increases from 0.5 to 2.1 g Fe0/1gAl0 corresponding to
M1, M2, M3,the NB concentration decreases from 80 to
6.5 mg/L and then reaches a near-constant value. This
phenomenon can be explained by the Fe0 saturated alu-
minum surface reducing the reaction between aluminum

and Fe2+6. Therefore the ratio ZVI/Al powder with value
2.1 was selected as the optimum value for the other
experiments.

Influence of NB initial concentration on its degrada-
tion rate by ZVAl - ZVI powder
The experiments were carried out with NB concentra-
tions 20, 40, and 80 mg/L, in a batch of 500 mL con-
taining 200 mL of the sample with 2.1g Fe/1g Al. The
average rate of NB degradation was measured for 5
minutes from the beginning. The results were presented
in Table 2.
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Table 2. The average rate of NB degradation for 5 min from the beginning

Fig. 3 Influence of Fe amount/1g Al on NB degradation, at pH =3, for the different samples M1, M2,
M3, M4, M5.

 

CNB Initial, mg/L 0 10 20 40 80 
RAverage rate,mg/L.min 0 0.65 1.48 2.98 5.94 

The results in Table 2 show that the initial average rate
of NB degradation by ZVA-ZVI system, (at constant
dosage of the powder), increases with the increased initial
NB concentrations. The initial degradation rate of NB
can be expressed by the following expression and
Figure 410:

         dC0
NB / dt = kobsC

0
NB

where C0
NB is considered as the initial concentration;

kobs is the rate constant in min=1.

Fig. 4. The dependence of the reaction rate on
the initial NB concentration

NB, mg/L

C(NB), mg/L

ra
te

 k
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At the constant ZVA/ZVI dosage, the reaction rate of
the NB degradation obeys first-order kinetics and is a
case of Langmuir-Hinshelwood mechanism applied for
surface adsorption reaction where the limiting step is
adsorption/desorption 10.

kobs observed is 0.0748 min–1

Influence of pH on the NB reduction by ZVA/ZVI
powders
The influence of pH on the reduction of NB by ZVI-
ZVAl power is shown in Table 3.

Table 3. Influence of pH on NB reduction by ZVI-ZVA powder 80 mg/L NB, 2.1 g Fe/1g Al, reaction
time 20 min, in a reaction batch involving 200 mL sample.

pH 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
NB, mg/L 5.2 6.5 7.4 10.5 25.7 39.2 56.8 

 

The results indicated that the reduction reaction between
NB and ZVI-ZVA was favoured in acid medium. It means
that H+ ions participate in the reduction reaction of NB.

Recycling and reuse of Fe/Al bimetallic particles
The effectiveness of the NB reduction reaction is strongly
influenced by the activated iron surface and the forma-
tion of by-product on the iron surface. In this study,
Fe(III) and Al(III) hydroxides may deposit on the sur-
face of bimetal and form passive films, which could
hinder the reduction reaction. These passive films can
be removed in acid medium (pH = 2) after which the
bimetal can be continuously effectively used for further
experiments.

Conclusions

In this paper, the application of binary metal particles Fe
– Al for the reduction of nitrobenzene from waste water
was studied in detail. The reduction of nitrobenzene was
evaluated by voltammetric method. The reduction of
nitrobenzene depends on the presence of metallic iron
deposited on the Al surface, pH, and reaction time. The
optimal experimental conditions for the reduction of
nitrobenzene were determined such as the ratio of Fe/Al
(metal) i (2.1g Fe/1g Al), pH =3.0, and reaction time =
20 min.
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ABSTRACT
Reactions of a series of o-substituted anilines and chromone-3-carboxaldehyde were reinvestigated which resulted in
imines R1, R2 and R3. All the products were subjected to sensing of toxic analytes. Among all toxic anions, CN- was
selectively detected by R1 and R3 whereas R2 was not at all selective to any specific anions. R3 exclusively displayed
sensing towards Co2+cation. Cyanide sensing efficiency of R1-R3 receptors were characterized by various spectroscopic
techniques namely IR, 1H-NMR, 13C-NMR, ESI, Mass and single crystal XRD. UV-Vis spectroscopic and fluorescence
techniques were used for rest of the sensing studies.R1 showed sensitivity upto 0.321 ppb for cyanide and R3 showed
selectivity towards cyanide and Co (II) upto 76 ppm for cyanide and 5.1 µM for cobalt respectively. The techniques
were also applied for real time detection of CN- and Co(II) from Ragi millet and commercially available Vitamin B12
tablets.

Keywords: Chemosensor, Cyanide, Co(II), Supramolecule, Real time detection, Spectroscopic techniques

Introduction

Schiff bases are known to be a prolific functionality in
the field of synthesis. These bases find application as
optical and fluorescence sensors for analytes, basic build-
ing blocks for total synthesis, as strong ligands in coor-
dination chemistry and for binding with proteins and
DNA. Schiff base reaction is named its discoverer, Hugo
Schiff. In 1978, C.K. Ghosh and S. Khan1 synthesized
and characterized the Schiff base product of chromone-
3-carboxaldehyde and o-phenylenediamine. They pro-
posed a seven member diaza product which was stabi-
lized by air oxidation. They proposed imine formation
followed by cyclization resulting in the formation of a

seven member ring which was red in colour .The reac-
tion was carried out in reflux condition in ethanol. They
reported two possible structures for o-phenylenediamine
product with chromone-3-carboxaldehyde, among them
one is 5-membered and another is 7-membered. For
o-aminophenol and o-aminothiophenol, they proposed 5
membered and 7-membered ring structures. In 1982 Ivo
Sigg et al.2 re-optimized the reaction between chromone-
3-carboxaldehyde and o-substituted aniline. They pro-
posed a 14-member porphyrin like core with 4 nitrogen
atoms in the middle for o-phenylenediamine which is of
yellow colour, but in the case of o-aminophenol or
o-aminothiophenol, only a seven member ring was pro-
posed. Formation of a seven membered ring involving

mailto:sanay.naha_tripura@nfsu.ac.in
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many hetero atoms is a bit distinct possibility, as it
involves the aromaticity of chromone moiety. In this
paper, we have reexamined the series of chromone-o-
substituted aniline reactions to verify the products and
elucidate the exact structures of the products. Chromone
moiety is available in many natural products as well as
in some medicines. Chromone is known to be a prom-
inent fluorophore with strong binding sites and finds a
prominent position in the sensor field.

In recent time, there are many reports on colorimetric
and fluoremetric chemosensors for toxic and hazardous
species based on the chromone molecule. Chromone
based receptors for Al3+ have been reported based on the
PET and FRET mechanisms3-5. Upon binding with Al3+,
PET is inhibited resulting in fluorescence. In recent time,
chromone based organic nano particles are reported6

based on AIE emission mechanism in water medium for
sequential identification of Cu2+ (by quenching emission)
and CN- (by restoring emission).

Cyanide (CN-) is one of the highly toxic anions that can
affect many biological functions such as vascular7, visu-
al8, central nervous9, cardiac, endocrine10 and metabolic
systems11. About 0.5–3.5 mg/kg of cyanide is lethal and
can lead to death12. Cyanide is of particular interest in
various industrial applications like metallurgy, mining,
electroplating and polymer synthesis, and also is involved
in separating metal ions like, gold, silver and copper
from platinum13. In recent times, chemosensor systems
for CN- detection based on the mechanism of coordina-
tion14, hydrogen bonding interaction15, supramolecular
self-assembly16, nucleophilic addition reaction and che-
modosimetric detection17 have been reported. K.S. Lee
et al8. have reported a coumarin-based fluorescent chemo-
dosimeter with a salicylaldehyde functionality as a bind-
ing site for selective detection of cyanide ions in water
at biological pH18. A copper complex of receptor acts as
a selective and specific colorimetric and fluorometric
sensor for cyanide by displacing copper from the com-
plex19-21. A dicyano-vinyl containing receptor has been

reported as a colorimetric and fluorometric selective cy-
anide sensor22-25. Many receptors have been reported
which are efficient in detecting cyanide based on chemo-
dosimetric approach and ICT approach at ppm level26-29.

As the imines mediated from chromone-3-carboxalde-
hyde and o-substituted anilines have some typical colo-
rimetric and fluorogenic properties, we applied the exa-
mined compounds for sensing studies of various anions
and cations which are a part of our daily needs.

Materials and Methods

Materials
Tetrabutylammonium salts of cyanide (CN–), fluoride
(F–), chloride (Cl–), bromide (Br–), iodide (I–), acetate
(AcO–), dihydrogenphosphate (H2PO4

–), hydrogensul-
phate (HSO4

–), nitrate (NO3
–) and hydroxide (OH–) ions

and chloride salts of metals (Zn2+, Cu2+, Hg2+, Cd2+, Pb2+,
Mg2+, Co2+, Cr3+, Fe3+) were used as received for prepar-
ing stock solutions. Solvents were used in the pure and
dry form. NMR grade DMSO-d6 (SIGMA-ALDRICH)
was used as received for titration.

Instruments used: SHIMADZU UV-2600 UV-Vis spec-
trometer and SHIMADZU RF-5301pc fluorescence spec-
trometer were used for photo-physical studies of all
receptors. BRUKER-Ascend 500 NMR was used for
receptor characterization and NMR-titration studies.

Synthesis
Chromone-3-carboxaldehyde (174mg, 1mM) and o-phe-
nylenediamine (216mg, 2mM) (R1) were taken in
10 mL methanol in a round bottom flask. After 12 hrs
of constant stirring at room temperature, a scarlet yel-
low precipitate appeared. The precipitate was collected
by filtration and washed with methanol and dried in an
oven. After drying, the solid product was dissolved in
chloroform giving a red coloured solution. The solid
product dissolved partially. The solution was then fil-
tered. The filtrate part gave the imine product (R1A)
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which was red in colour, whereas 14-member ring prod-
uct (R1) came out as yellow colour product.

For o-aminophenol (109mg, 1mM) (R2) and o-ami-
nothiophenol (125mg, 1mM) (R3) with chromone-3-
carboxaldehyde, the same synthetic procedure was fol-
lowed, but neither of them gave the 14-member ring
product.

Yield of R1 was found to be  81%. For R2 and R3 the
yields were 75% and 78% respectively.

R1:- IR-1570cm-1(-C=N-), 1637cm-1 (C=O), 3075cm-1(-
NH)). 1H NMR-(ä) 14.3(t), 10.2(s), 8.6(s), 7.39(t),
7.33(d), 7.2(d) and 6.95(t).13 C NMR -(ppm) 192, 155,
153, 136, 132, 130, 127, 126, 119, 117, 116, 110 and
31. m/z- calculated-528.18, experimental-529.9 (M+1).
(Fig. S1)

R1A:- IR-1548cm-1(-C=N-), 1625cm-1 (C=O), 2918 and
2851(d)cm-1(-NH2)). 

1H NMR- () 14.6(s), 11.4(s), 8.6(s),
7.6(s), 7.5(s), 7.2(d) and 7.1(t). 13C NMR -(ppm) 207,
196, 161, 152, 136, 134, 131, 126, 119, 118, 115, 109
and 31. m/z- calculated-264.18, experimental-265.3
(M+1). (Fig. S2)

R2:- IR-1606cm-1(-C=N-), 1643cm-1 (C=O), 3238cm-1(-
OH)). 1H NMR- () 12.01(d), 10.4(s), 8.2(d), 7.8(d),
7.5(t), 7.01(t), 6.98(2s) and 5.8(s). 13C NMR -(ppm) 179,
155, 146, 144, 134, 128, 126, 124, 118, 116, 114, 101
and 55. m/z- calculated-265.06, experimental-266.9
(M+1).(Fig. S3)

R3:- IR-1608cm-1 (-C=N-), 1647cm-1 (C=O), 3445cm-1

(-SH)). 1H NMR- () 12(s), 8.3(s), 8.2(s), 7.9(s), 7.7(t),
7.3(s), 7.2(d) and 6.97(s).13 C NMR -(ppm) 180, 158,
144, 137, 135, 132, 127, 119, 118, 115, 101 and 55.
m/z- calculated-281.05, experimental-280.04 (M-1).
(Fig. S4)

Stock Solution Preparation
25 mL of 1.5 × 10-3 M solutions of the receptors R1, R2
and R3 were prepared in acetonitrile (ACN). All anion
solutions (1.5 x 10-3M) were prepared in acetonitile from
the corresponding Tetrabutyl ammonium salts. All cat-
ion solutions (1.5×10-3M) were prepared from the re-
spective metal chloride salts.

UV-Visible Spectroscopic Studies
100µL of receptor stock solution was taken in a 1mm
cuvette and diluted to 3mL with solvent to get 5µM
solutions. After dilution, the solution was subjected to
irradiation with UV-light and the receptor UV-Vis spec-
trum was obtained. Analytes (e.g. CN–, F–, OH– etc.)
were then introduced into the receptor and UV-Vis spec-
tra were recorded. The same technique was followed for
all other receptors studies.

NMR Studies
1.5mM solutions of receptors were prepared in DMSO-
d6. Solutions of Tetrabutylammonium cyanide and cop-
per nitrate (1.5mM) were prepared in DMSO-d6. Two
equivalents of analytes were introduced in the receptor
and the 1H-NMR spectra of the resulted mixtures were
recorded.

DFT Studies
All theoretical energy calculations were done using the
DFT/TDDFT method with the hybrid exchange correla-
tion functional B3LYP-6-31g by Gaussian 9.0 program.

Result and Discussion

Structures of R1, R1A, R2 and R3 were well character-
ized by various spectroscopic techniques. Among the
synthesized receptors, the 1H NMR of R1 matches  with
the reported1H NMR spectrum2 but spectral data of
R1(A), R2 and R3, is contatary to the structures pro-
posed by C.K. Ghosh and S. Khan1 and Ivo Sigg2. They
have predicted the structures of R1A, R2 and R3 as
seven membered, which is expected to follow an
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Scheme 1- One step synthesis of receptors R1(I), R1A (II),R2(III) and R3(IV) by simple imine
formation in methanol at room temperature (12 hrs).

intramolecular nucleophilic rearrangement to form a
seven member cyclic ring. This was ascribed to the elec-
trophilic nature of the C16 position and attack of OH and
SH groups at C16 carbon. But we found it to be a simple
imine for which 1H-NMR spectra provide sufficient
evidence. The single crystal structure studies further
confirmed the structure of R2 (Fig. 1 (A, B, C)) [CCDC
1844119]. Ivo Sigg had proposed the nucleophilic
attack at C16 carbon due to its electrophilicity. However
crystal structure studies indicate the presence of meth-
oxy group at C16. From crystal structure studies it is

evident that the molecule is a simple imine but C16 car-
bon in chromone framework is found to be chiral. It is
due to the nucleophilic attack of methanol during the
crystallization process. But upon moderate heating or
melting the crystal, the methoxy group leaves the mo-
lecular framework hence the melting points of both crys-
talline and amorphous compound are same. And further-
more, formation of seven member ring will not take
place by breaking a six membered aromatic ring, which
is much more stable in comparison to a non-aromatic
seven member ring.

(A)



.................................................................................................................................................................................................

Page | 76
.................................................................................................................................................................................................

Volume 6 Issue 1  January - June 2022  G P Globalize Research Journal of Chemistry

(B)

(C)

Fig. 1. (A) Solved crystal structure of R2, (B) Chirality of C16 position inside the unit cell and (C)
Driving force and distance between two molecules inside the unit cell.

Disturbance in electronic framework is the key strategy
in sensing mechanism. If any analyte is strong enough
and very selective to disturb the electronic framework of
the receptor, it results in colour change of the resultant
solution (either blue shift or red shift) and which is
observed in UV-Vis and luminescence spectroscopy. Per-
turbation in electronic flow changes the absorbance and
emission properties of the receptor molecule. Hence,
naked eye detection is easy, efficient and effective as
compared to other techniques. The synthesized recep-
tors R1, R2, and R3 were subjected to sensing for
anions.

R1 shows exclusive selectivity and sensitivity for cya-
nide (CN-) ion among all other anions in acetonitrile
(ACN) medium. Upon introduction of cyanide in R1,
immediately the colour of the receptor solution becomes
yellow, which can be easily detected by the naked eye
as depicted in Fig 2. (A). The sensing of cyanide by R1
is evident in UV-Visible spectrum as decrease in absor-
bance intensity (max(R1)= 354 nm) which is attributed to
-* transition of the R1 and near 450nm a new hump
appears which is attributed to the n-* transition in the
receptor upon addition of cyanide as it provides non-
bonding orbitals. Cyanide is known to possess basic
property and can abstract acidic protons from the recep-
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.

tor. R1 has -OH functional group which is a source of
acidic protons and can be deprotonated easily by cya-
nide. The presence of non-bonding electrons on oxygen
atom is responsible for the n-* transition after addition
of cyanide. Other anions like F-, Cl-, Br-, I-, AcO-, HSO4,
H2PO4

-, NO3
-, and OH- show hardly any influence on

the photophysical property of the receptor as absorbance
spectra appeared exactly similar to that of the receptor.

The effect of cyanide on R1 is also confirmed by emis-
sion spectroscopy. Receptor R1 hardly shows any lu-
mine-scence property upon excitation at 354nm. But after
addition of cyanide, emission spectrum shows a maxima
at 470nm with about a 100 fold increase in intensity,
whereas other competitive anions do not show any  in-
fluence on emission spectra. Apart from anion sen-sing,
R1 can be used for sensing of cations.

 R1 CN- F- Cl- Br- I- AcO- H2PO4- HSO4- NO3- 
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Fig. 2. A) Naked eye sensing of cyanide by R1. B) UV-Vis spectra of 5×10-5M R1 against all
         anions of 5×10-5M. C) Emission spectra of R1 against all anions.

Likewise R2 was also used for sensing studies but sur-
prisingly, R2 does not show any specificity towards
anions or cations. In case of anions, cyanide and hy-
droxide show colour change to yellow whereas hydro-
gen sulfate shows full discoloration of the R2 solution.
Fluoride, chloride, bromide, iodide, acetate and dihydro-
genphosphate show same intensity in colour of R2 so-
lution as shown in Fig. 3(A). It is observed in naked eye
sensing that on addition of Co(II) and Cu(II), the colour

of R2 solution immediately changes to intense yellow as
shown in Fig. 3(B). Upon addition of Pb(II), colour
appears to be slightly bluish and on addition of Hg(II)
the solution becomes colourless. Addition of Ni(II) re-
sults in a colour change to pale yellow. All the colour
change are evident in the UV-Vis spectrum as all the
cations show red shift in max(R2) from 394nm to the
range of 410nm to 440nm. Discoloration of R2 solution
by hydrogen sulfate is also evident in UV-Vis spectrum
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as intensity at 354 nm decreases by about 5 times and
also in emission spectrum, the intensity at emission
maximum decreases about 5 times as compared to R2
emission intensity. All the anions show colour change

due to their basic pro-perty. As R2 is formed from o-
aminophenol and chromone-3-carboxaldehyde, the phe-
nolic proton acts as an acidic proton with which all
anions can show interaction. Cations also show the same
phenomena.
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Fig. 3. A) Naked eye sensing of anions by R2. B) Naked eye sensing of cations by R2. C) UV-Vis
spectra of 5×10-5M R2 against all cations (5×10-5M). D) Fluorescence spectra of 5×10-5M R2 against

all cations (5×10-(M). E) UV-Vis spectra of 5×10-5M R2 against all anions of (5×10-5M). F)
Fluorescence spectra of 5×10-5M R2 against all anions of (5×10-5M).

But in the case of R3, we again observed very specific
interaction with cyanide which leads to the colour change
from slightly yellowish to intense yellow (Fig. 4A). Upon
exposure to all anions, R3 solution changes colour only
in the case of cyanide which implies that only cyanide
is capable of perturbing the electronic framework of R3.
R3 shows max at 382nm and a double hump at 310 nm.
Absorbance at 382nm is attributed to n-* transition and

that at 310nm is due to for -* transition. UV-Vis spec-
tra of R3 anion sensing revealed that cyanide addition
make a significant difference in the electronic environ-
ment of R3 framework. After addition of cyanide, ab-
sorption maxima do not show any shift but intensity get
altered. R3 spectrum shows two humps at 310nm and at
382nm. After introduction of cyanide the intensity at
382nm gets increased whereas that at 310nm gets
decreased.
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Fig. 4. A) Naked eye sensing of anions by R3. B) Naked eye sensing of cations by R3. C) UV-Vis
spectra of R3 (5×10-5M) against all anions (5×10-5M). D) Fluorescence spectra of R3 (5×10-5M)

against all anions (5×10-5M). E) UV-Vis spectra of R3 (5×10-5M) against all cations of (5×10-5M). F)
Fluorescence spectra of R3( 5×10-5M) against all cations of (5×10-5M).

Cross check of R3 sensing
Photophysical studies of R3 show anion selectivity to-
wards cyanide and cation selectivity for Co(II). Among
CN- and Co(II), permanent sensing has been observed
for Co(II) even in the presence of cyanide (Fig 5. (A)).
The addition of Co(II) followed by addition of cyanide

does not have any impact on R3-Cobalt complex pro-
ving that Co(II) binds strongly with R3 and cannot be
replaced by cyanide (Fig 5. (B)); but if the addition
sequence is reversed, even in the presence of cyanide,
Co(II) can bind with R3.

Figure 5. A) UV-Visible spectra of sequential addition of 5×10-5M cyanide to 5×10-5M R3 and
followed by 5×10-5M Co(II). B) UV-Visible spectra of sequential addition of 5×10-5M Co(II) to 5×10-5M

R3 and followed by 5×10-5M cyanide.
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Theoretical studies
DFT studies of R1 and R1-CN  were performed and the
optimized electronic distribution of the possible orbital
orientation was generated (Fig. 6). The energy of the
generated HOMO and LUMO orbitals for R1 and R1-
CN- were obtained from the program. The HOMO-
LUMO energy difference for R1 was found to be 1.79
eV where the HOMO-LUMO energy difference for

R1-CN- was found to be 0.814eV. Lower the energy
difference between HOMO-LUMO, absorbance will
appear on the red side of the absorption spectrum. So,
from the calculations, HOMO-LUMO energy difference
for R1 was higher than that of its deprotonated structure
and can be correlated with the appearance of max.

Fig. 6. Optimized electronic distribution of HOMO and LUMO orbitals of R1 and its deprotonated form.

Sensing Mechanism
Introduction of cyanide and Co(II) in R1 and R3 respec-
tively showed colour change and the corresponding
UV-Vis spectrum also supported the interaction of
respective anion and cation. By 1H-NMR titration, it is
observed that cyanide shows colour change with R1 due
to the deprotonation of the two acidic protons namely –
OH protons, with a 2:1 ratio of saturation equivalence
for cyanide with R1 (Fig. 7).

For R3 and Co(II), NMR titration shows that there is a
covalent binding between metal and S, N and O present
in the molecule. As saturation ratio for R3 and Co(II) is
2:1, it is expected that two molecules of receptor will
covalently bind with one Co(II) atom leading to hexava-
lent complex. After saturation, we further examined the
effect of cyanide on the Co(II) complex which not dis-
turb the cobalt sensing.
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mechanism of cyanide by R1and of Co (II) by R3.
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Real sample analysis
Since R1 and R3 are able to sense (CN-) and Co (II)
respectively, we have performed real sample analysis for
R1 with Ragi as cyanide source and for R3 with vitamin
B12 complex tablets available in local medical stores.
Till date, this is the first report on Ragi used as real
sample analysis. About 5-10 g of ragi was taken in 10-
15mL of water and the resulting mixture was sonicated
for around 30 minutes and allowed to stand for 1-2 hrs.
The opaque solution was taken in vials and ultra centri-
fuged. From the resulting transparent liquid layer formed,
about 200µL was taken out and added to the previously
prepared R1 solution in DMSO. The colour change

observed is similar to that observed in the case of cya-
nide addition. UV-Vis spectrum also reveals the same
colour change Fig. 8 (A).

Likewise vitamin B12-complex tablets were brought from
local medical shops. One tablet was dissolved in 5mL of
double distilled water and sonicated for a period of 30
minutes. The resulting opaque solution was allowed to
settle down for a day and then the solution was taken in
vials for ultra centrifugation. The transparent solution
was added in R3 solution and UV-Vis spectrum was
recorded. The expected colour change was observed
along with change in absorption spectrum Fig.8 (B).

Figure 8.Naked eye colour and corresponding electronic spectral change upon addition of real
sample and cyanide R1(A) and real sample and cobalt in R3 (B).
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Conclusions

Reexamination of product formed by reaction of
chromone-3-carboxaldehyde and o-substituted aniline
(R1, R2 and R3) was done successfully and structure
confirmation of imines was done. The receptors were
successfully used as colorimetric and fluorometric sen-
sors for toxic anions and cations. R1 shows selectivity
towards cyanide with detection limit of 0.32 ppb and R3
shows selectivity for Co(II) with detection limit of
5.1 µM. Though R3 shows colour change for cyanide
with detection limit of 76 ppm, in the presence of Co(II)

its sensing ability for cyanide ceases. Cobalt shows 1:2
binding ratio with R3 and cyanide shows 2:1 binding
ratio with R1.
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