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1.1 Recent Trends in Electronic Industry: Intermetallic Aluminides 

Dr. T. Joseph Sahaya Anand 

Faculty of Manufacturing Engineering, Universiti Teknikal, Malaysia Melaka (UTeM), 76100 Durian Tunggal, Malacca, 

Malaysia 

Ph: 06 - 331 6489 (O) 016 - 412 7232 (M), Fax: 06 - 331 6431 

 

The paper presents an overview of current and prospective applications of Aluminides based 
intermetallic alloys - modern engineering materials with special properties that are potentially useful 
for both structural and functional purposes. Intermetallics are a unique group of materials composed of 
two (or more) types of metal (or metal and non-metal) atoms, which exist as solid compounds and differ 
in a structure from that of the constituent components.  Thermosonic bonding of the Cu wire on Al bond 
pad is a common technology used in the industry. Cu wire in the semiconductor interconnection 
technology has been extensively developed as replacement of Au wire. This is due to the cost 
advantages, superior material properties and better reliability performance. Despite the cost and material 
advantages of Cu wire, it has been reported that premature failure of voids formation occur at the Cu 
wire–Al pads interface. This is observed after certain duration of high temperature storage (HTS) at 
175°C. This defect in turn causes the electrical failure to the device. The quality of wire bonds prepared 
at different conditions, specifically various bonding temperature (150°C, 280°C and 400°C) and 
annealed at different HTS durations (0 hours; i.e.: as-synthesized, 500 hours and 1000 hours) are 
determined by measurements of the strength of the interface between the bond wire and the bond pad. 
It was observed that the higher bonding temperature as well as the longer duration of HTS increased 
the quality of the bond strength.  

 

Keywords : Wire bonding, Cu-Al intermetallic compound (IMC), High temperature storage (HTS), bulk materials, thin foils. 

 

1.2 Significance and development of the advanced energy storage devices 

1Ravikumar Raman, 1David Aradilla and 2Gopukumar Sukumaran 
1 INAC-SPrAM/PCI, CEA, 17 Rue des martyrs, F-38000, Grenoble, France 

2CSIR-Central Electrochemical Research Institute, Karaikudi, India, 630003 

 

Lithium ion batteries (LIBs) currently dominate the field of electrochemical energy storage. 
The supply of lithium is finite and its availability and cost remain a concern, particularly in terms of 
larger scale storage applications. Considerable research effort is being expended to reduce the cost of 
the LIBs and to find viable alternatives. Sodium is one less expensive, more Earth-abundant alternative. 
With a standard reduction potential of -2.8 V and good compatibility with both current lithium 
processing techniques and selected electrode materials, it is particularly attractive as a lithium 
replacement. Recent work on sodium ion batteries (NIBs) has concentrated on all the possible cell 
components, but arguably most research has concerned the development of cathode materials [1-3], 
especially NaCoO2 [2], Na4Mn9O18 [4] and sodium manganese hexacyanoferrate [5]. 
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Moreover, Solid-state lithium ion batteries are being more intensely being studied for the 
improvised safety features. Magnesium ion batteries are another important field of study because of its 
high safety and abundance, use of MgNWs are being studied and proved to be better anode for LIBs 
and MIBs [6, 7]. Stationary energy storage devices like flow battery concept is a well-established 
technology, example is Zn-Br flow battery. 

Based on the power and energy density in accordance with the application battery designs varies 
with the various electrode materials. On the other hand, supercapacitors and micro capacitors also plays 
important role for the achievement of high power for specific devices. The materials like porous carbon 
with metal nano wires are showing very important role in super capacitors. Thus, more advances have 
been achieved to help the society to store energy efficiently. 
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1.3 Ethylenediamine based Covalent Triazine Framework and its carbon composite as an 

Oxygen Evolution Reaction Catalyst 

Sivalingam Gopi, Murugavel Kathiresan* 

*Electro Organic Division, CSIR-Central Electrochemical Research Institute, Karaikudi-630003, TamilNadu, India 

Abstract 

Herein, synthesized Ethylene diamine based covalent triazene framework and this carbonized 
material was electro chemically investigated. The porous materials were subjected to different 
characterization ( FT-IR, 13C and 15N CP-MAS solid state NMR) to confirm the trizine network. The 
amorphous nature of the sample was definited by PXRD and Raman measurements. The PXRD 2θ 
value of the carbonized sample was very similar to amorphous nitrogen doped carbon[1],[2]. 
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Electro chemical investigation of these materials using chronoamperometry and linear sweep 
voltammetry. These studies described that the OER activity and stability of the catalyst and excellent 
stability[3] was observed for the catalysts after 1000 cycles and for 6 hrs. The current density and onset 
potential were compared between bare, carbonized and commercial GC, showed 10 times better current 
density than bare GC electrode and the onset potential also better than the commercial GC. 
References 
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1.4 Electrocatalysis of mediated oxygen reduction at Glassy carbon electrode modified with 
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Since riboflavin exhibits facile redox kinetics, it can be used as a good mediator of electrons 
[1]. Mediators are compounds of high electrochemical activity that undergo electron exchange readily 
with the analyte and again at the electrode surface and thus act as a shuttle to transport electrons between 
the analyte and electrode surface. The modification of flavins has been achieved by adsorption [2-4] 
and covalent linkage [5]. The catalytic effect of riboflavin and 1,4-napthoquinone [6] and amino 
derivatives of anthraquinones [7]  was already reported. 
 

 

 

Fig. 1 Cyclic voltammogram for 1,5-DIHAQ/RB/GCE in phosphate buffer pH 7.0 at scan rate 40 mVs-1. The inset shows the plot of 
cathodic peak current vs. scan rates. 

 In the present studies the electrochemical behavior of Riboflavin at glassy carbon electrode 
modified with hydroxyl derivatives of 9,10-anthraquinone was investigated by cyclic voltammetry, 
chronoamperometry and chronocoulometry techniques. The morphological character of AQ/RB/GCE 
was examined using scanning electron microscopy (SEM). The influence of pH on the shift in oxygen 
reduction potential and enhancement in peak current led to the selection of pH 7.0 as the optimum 
working pH. Combined mediation of 9,10-anthraquinones and riboflavin showed excellent 
electrocatalytic performance for the reduction of O2 to H2O2. The involvement of two electrons in 
dioxygen reduction was confirmed from chronocoulometric and hydrodynamic voltammetric studies. 
The heterogeneous rate constants, mass specific current and the diffusion coefficients were determined 
by rotating disk voltammetry. The stability of the modified electrodes was ascertained in acidic and 
neutral media. Anthraquinones combined with riboflavin showed excellent electrocatalytic activities 
towards O2 reduction in the neutral pH 7.0 with an over-potential of about 388 – 718 mV lower than 
the plain GCE. This oxygen reduction potential shift is more significant on comparison with the shift 
observed for GC electrodes modified with other anthraquinone derivatives.  
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The mechanism involved in the electrocatalytic oxygen reduction was studied by 
chronoamperometric techniques in various pH media. SEM analysis showed uniform dispersion of 
particles on GCE electrode.  The modified electrode showed effective electron transfer with more 
stability and reproducibility. 

 

AQ 
Potential Shift ΔE (mV) 

nO2 
AQ+RB AQ 

1-HAQ 577 234 1.96 
1,4-DIHAQ 718 298 2.01 
1,5-DIHAQ 684 271 1.98 
1,8-DIHAQ 655 245 1.95 
2,6-DIHAQ 388 198 2.02 

Table.1. Potential shift in O2 reduction ΔE and number of electrons involved in O2 reduction nO2. 
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Abstract 

The electrocatalytic reduction of oxygen was investigated on copper nanoparticle modified 
glassy carbon electrode (CuNP/GCE) with 1,4-naphthoquinone (NQNE) in different  pH media 1.0 – 
13.0. The electrochemical behaviour of CuNP/GCE with NQNE was studied in the absence and 
presence of oxygen by employing cyclic voltammetric technique. The stability of the modified electrode 
was also examined in acidic, neutral and basic media.  

Voltammetric behaviour of NQNE at the modified GCE 

Cyclic voltammogram of 1,4-naphthoquinone at CuNP/GCE exhibits a single redox couple 
under deaerated condition. On increasing the scan rate, the peak separation also increases (Figure A) 
which shows the quasi-reversibility of the electron transfer process at CuNP/GCE. The cathodic peak 
current (Ipc) increases linearly with square root of scan rate (υ1/2), indicating diffusion controlled mass 
transfer for NQNE reduction process at CuNP/GCE. The voltammetric peak potentials depend on pH 
for 1,4-naphthoquinone. Three distinct linear portions with different slope values were observed. The 
pH-potential diagram for NQNE at CuNP/GCE shows that at low pH (1 to 4) values, NQNE reduction 
involves two-electron three-proton process. In the intermediate pH range, it undergoes two-electron, 
two proton process and at pH above 10, the electrode surface reaction is a two electron, one proton 
process.  
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Catalytic Reduction of Oxygen at CuNP/GCE with NQNE 

Under deaeration, 1,4-Naphthoquinone exhibited a single redox couple at the modified GCE 
whereas the cathodic peak reached its maximum current at the expense of anodic peak under aerated 
condition (Figure B), indicating the electrocatalytic reduction of oxygen. The influence of pH on the 
electrocatalytic behaviour of the modified electrode with NQNE was studied and pH 8.0 was chosen as 
the optimum working pH by comparing the shift in oxygen reduction potential (∆E). The cathodic peak 
current Ipc is linearly proportional to square root of scan rate υ1/2 which clearly confirms the diffusion 
controlled process for oxygen reduction. The 1,4-naphthoquinone-adsorbed copper nanoparticle 
modified glassy carbon electrode possesses an excellent electrocatalytic abilities for oxygen reduction 
with overpotential 550 mV greater than that at a bare glassy carbon electrode.    

      

Figure: A. Cyclic voltammograms of NQNE at CuNP/GCE under de-aeration at scan rates 20, 50, 100, 200, 300, 400, 500, 600 and 700 
mVs-1. B. Cyclic voltammograms of NQNE at CuNP/GCE under aeration (o) and under de-aeration (d) at pH 8.0. 

 
Keywords: Catalytic reduction, Voltammograms, Copper nanoparticle modified glassy carbon     electrode, 1,4-Naphthoquinone, Oxygen 

reduction. 
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Abstract 

Modified electrodes have proved their importance in the catalytic reduction of oxygen [1-4] 
due to its involvement in the energy conversion and storage.  
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The electrocatalytic reduction of oxygen with 2-amino anthraquinone (2-AMAQ) at the 
polyaniline modified glassy carbon electrode has been investigated by employing cyclic voltammetry, 
chronoamperometry and chronocoulometry techniques. The electrode was modified with polyaniline 
(PANI) by means of electrodeposition. The focus of electrode substrates is on carbon-based material 
since the oxygen reduction on these surfaces forms hydrogen peroxide as an end product. The 
electrochemical and electrocatalytic behaviour of 2- amino anthraquinone and PANI/GCE were 
investigated at different pH media.  The stability of the polyaniline modified electrode was also studied 
in acidic, neutral and basic media.   

A single redox couple for 2-AMAQ was obtained in the deaerated condition at PANI/GCE. 
Under aerated condition, there was an increase in cathodic peak current at the expense of anodic peak 
indicating electrocatalytic reduction of oxygen. The optimum working pH was found to be 7 by 
comparing the shift in oxygen reduction potential. 

Figure 1 shows the cyclic voltammograms of 2-AMAQ at PANI/GCE in the presence (o) and 
absence (d) of oxygen at pH 7. The half peak potential EP/2 vs pH (Figure 2) showed three distinct linear 
portions with different slopes of  90mV up to pH 4 (two electron three proton), 60mV at intermediate 
pH (two electron two proton) and 30mV at pH above10 (two electron one proton) for 2- amino 
anthraquinone at the polymer modified electrode. The SEM photograph result in the figure 3 shows the 
strong adsorption of the 2-AMAQ on the modified electrode PANI/GCE. The Diffusion co-efficient 
value of 2-amino anthraquinone at the polyaniline modified electrode was found to be 7.75 x 10-9 cm2/s. 
The number of electrons involved in 2-amino anthraquinone reduction and oxygen reduction were 
determined by chronoamperometric and chronocoulometric studies and both were found to be 2. 

 
Fig.1 Cyclic voltammograms of 2-AMAQ at PANI/GCE in the presence (o) and absence (d) of oxygen at pH 7. Fig.2 pH–potential diagram 

for 2-AMAQ. Fig.3 SEM photograph of PANI/GCE with 2- AMAQ. 

Keywords: Polymer, 2-amino anthraquinone, oxygen reduction, cyclic voltammetry, polyaniline.  
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Abstract 

Non-graphitizable porous carbons with high specific surface area have received considerable 
attention as high capacity anode in both LIBs and SIBs, as they afford several advantages such as easy 
electrolyte access, reduced ion diffusion pathway, providing more space for ion accommodation and 
large interface formation. Many carbonaceous materials such as hollow carbon nanowires, carbon tubes, 
graphene sheets, carbon spheres and carbon nanofibres etc have been explored as potential anode in 
Li/Na ion batteries.1,2. Further, the modification of carbon host with hetero atoms as dopants 
substantially exhibit improved chemical and electrochemical performance3,4. Especially, nitrogen 
doping attracts attention because of its higher electronegativity and smaller size than that of carbon 
atom. Hybridization of π electron in carbon with lone pair of nitrogen not only enhances the conductivity 
but also provides favourable binding site for Li/Na storage. The complexity involved in the substitution 
of nitrogen onto the carbon skeleton can be overcome by the selection of nitrogen rich precursors. 
Further, the storage capacity of Li/Na ion mainly depends on nitrogen doping level.  

In this work, nitrogen rich porous spherical carbon particle (SC) with large surface area was 
synthesised by simple pyrolysis of amorphous covalent organic framework. The obtained mesoporous 
spherical carbon particles with dilated interlayer distance (0.377 nm), large surface area (390 m2 g-1) 
and high level nitrogen doping (10.9 %) offer eminent electrochemical performance as an anode for 
both lithium ion (LIBs) and sodium ion batteries (SIBs). The material was characterised by different 
surface analytical techniques. The potential window, charge-discharge characteristics and 
electrochemical impedance were also studied in detail. 

For LIB applications, the synthesised material delivers an average reversible capacity of 820 
mAh g-1 after 100 cycles at 0.1 A g-1, superior rate capability of 410 and 305 mAh g-1 at 4.0 and 8.0 A 
g-1 respectively. In SIBs, the material shows stable reversible capacity of about 238 mAh g-1 for the 
studied 500 cycles at 0.5 A g-1. The rate and steady state cycling performance at high current densities 
are impressive, being as high as 165 mAh g-1 even after 250 cycles at 2.0 A g-1. 

 

 

 

 

 

 

 

 

 

Fig. 1 (a) & (c) Cyclic voltammograms at a scan rate of 0.1 mV s-1 and (b) & (d) steady state cycling at a current density of 0.5 A g-1  for N-
rich SC in LIBs and SIBs respectively.  (inset figure: rate performance comparison and FESEM & TEM images). 
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Abstract 

Herein, we report the one-pot route to synthesize structurally uniform and electrochemically 
active graphitic carbon nitride/nickel oxide (g-C3N4/NiO) nanocomposite and investigates the 
electrocatalytic activity toward the oxidation of quercetin (QR). The synthetic g-C3N4/NiO 

nanocomposite has a uniform surface distribution, which was characterized with scanning electron 
microscopy (SEM). Moreover, the composition of synthetic g-C3N4/NiO nanocomposite was 
characterized by UV-vis-spectroscopy, X-ray diffraction (XRD), fourier transform infrared 
spectroscopy (FT-IR spectra), BET, SEM and TEM. The peak current response increases linearly with 
quercetin concentration from 10 to 250 µM with a fast response time of less than 2s and a detection 
limit of 0.031μM. The excellent performance of quercetin sensor, including long term stability, can be 
ascribed to the synergistic effects of the large surface area (resulting in high loading ability), dispersing 
ability and conductivity of g-C3N4 and the large surface-to-volume ratio and electrocatalytic activity of 
NiO nanoparticles. The proposed methodology was successfully used to quantify quercetin 
in green tea, green apple and honeysuckle. 
 

 

 

 

 

 

Keywords: g-C3N4, NiO, glassy carbon electrode. cyclic voltammetry, differential pulse voltammetry. 
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Abstract: 

Styrene epoxide is an important intermediate in the chemical industry for the manufacture of a 
range of pharmaceuticals, natural products, functional materials, perfumery industries and in the 
synthesis of  several biologically active compounds. There are several methods are available for the 
epoxidation of alkenes.  Among these, the epoxidation of styrene to styrene oxide is of particular interest 
from both scientific as well as commercial point of view. The conventional method for epoxidation of 
alkene uses peracid is being replaced by H2O2 using reusable homogeneous catalysts that are more 
environment friendly. Though H2O2 is used as terminal oxidant for epoxidation, there is concern about 
the potential hazards associated with the storage and transportation of concentrated H2O2. 
Electroorganic synthesis avoids the above problems as it utilizes electron as the reactive species 
generated by electron transfer at the electrode for following chemical reaction without any hazardous 
oxidizing agents. The epoxidation of styrene was attempted both in two-phase and single phase 
electrolytic conditions and the products obtained are entirely different in each case. 

 
Herein we report the electrochemical oxidation of styrene containing a solution of 0.6% NaBr 

in acetonitrile and water in a ratio of 3:1 as a solvent mixture at 40 oC in an undivided cell. Platinum 
sheets are used as electrodes at a current density of 60 mA/cm2 with an inter electrode gap of 0.5cm. 
The effect of usage of various bromide salts, concentration of electrolyte, ratio of solvent to water is 
discussed in detail. The product styrene oxide is obtained in 85-90% yield with 97% conversion after 
passing a charge of 4F/mole. The electrolyte can be reused as it is regenerated after the product 
formation (styrene epoxide). Present technique can be used for the preparation of other epoxides from 
the corresponding alkenes. 

The main advantages of this present method are 

1) This is an alternative process for the production of styrene oxide by electrochemical method.  
2) It does not use directly the corrosive peroxide and organic peracid for oxidizing styrene 
3) The electrochemically generated oxidants are eco-friendly and not toxic or air pollutants. 
4) The electrolysis is carried out in an undivided cell and hence the cell set up is simple  
5) The electrolysis is carried out at room temperature without any diaphragm makes the process 

simple. 
6) Side product formation is minimized as the selectivity of the product is high. 
7) The bromide used in the electrolysis for the oxidation of styrene is regenerated after the 

formation of styrene oxide and hence the electrolyte can be reused without any spent reagent disposal.  
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Abstract 

Nano composite polymer electrolytes based on PEO/PVP with constant salt ratio of LiClO4 and 
the plasticizer propylene carbonate (PC) were prepared for varies concentration of alumina. FTIR 
studies confirmed the complexation of LiClO4   salt and filler alumina with the polymer matrix. The 
addition of plasticiser yields polymer electrolytes with enhanced ionic conductivity.  It was found that 
12 wt% of the filler added PEO (72) – PVP (8) - LiClO4 (8) - PC (12) complex showed higher ionic 
conductivity has been found to be 7.31 ×10-3 S cm -1. The dispersion of nanoparticles in the plasticised 
polymer matrices is not only to improve the ionic conductivity but also to enhance the mechanical 
strength and stability of the polymer electrolytes. The morphology of thin films was examined by 
Atomic Force Microscopy (AFM). The electrical impedance spectroscopy technique was used to 
measure the ionic conductivity of polymer nanocomposite electrolyte. Hence this system can be used 
as for the fabrication of lithium battery.  

Figure 1 shows the FTIR spectra of pure PEO, PVP, LiClO4, PC with different concentrations 
of Al2O3, filler in the range of 4000 – 400 cm-1. It has been observed that a very small intensity peak at 
1799 cm-1 corresponds to the ether oxygen group which is shifted to 1794, 1792, 1790, 1791 and 1798 
cm-1 respectively.  It is observed that the small ether oxygen band at 1799 cm-1 is found to smoothen 
gradually with the increase of   LiClO4 salt.  

The mode responsible for the band at 845 cm-1 is due to CH2 rocking motion with little 
contribution from C-O stretching motion of PEO, while band at 947 cm-1 originates primarily in the C-
O stretching motion with some CH2 rocking motion [1].  It is known that a vibrational band observed at 
2900 cm-1  is attributed to aliphatic C-H stretching of pure PVP is shifted to 2887, 2883, 2873, 2881 and 
2890 cm-1  respectively. The bands at 1651 and 1451 cm-1 are attributed to C=O stretching and CH2 

wagging of pure PVP, which are shifted in all prepared composites. The intensity of the peak 
corresponding to C=O stretching at 1651 cm-1 is decreased with the increase of filler concentration. The 
band at 630 cm-1 corresponding to ClO4

 ˉ anion which is present in the complexes. It is noted that the 
vibrational band is decreased with the increase of Al2O content. Several new peaks have been observed 
in all the composition. The appearance of new peaks along with their changes in existing peaks and 
their disappearance in the IR spectra indicates the complexation of alumina with the polymers. 

Polymer electrolytes with fixed ratios of polymers, salt and plasticizer (PEO (72)–PVP (8) – 
LiClO4 (8)–PC (12) were prepared in order to find the appropriate nanofiller component for lithium 
battery applications. Fig.2. the ionic conductivity measurements have been carried out on these 
electrolytes by employing variable frequency range from 10 Hz to 1 MHz and temperature range from 
room temperature to 70°C. The thin films of the polymer complex were sandwiched between the two 
stainless steel electrodes attached to conductivity measurement setup.  
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The two stainless steel electrodes act as blocking electrodes for Li+  ions under applied electric 
field. The semicircle may be due to the bulk effect of the electrolyte and the spike may be due to the 
effect of blocking electrodes [2]. 

The disappearance of semicircular portion in high frequency region of complex impedance plot 
indicates that the conduction is mainly due to the ions and the inclined line due to the effect of the 
blocking electrodes. The intercept of the semicircle or spike with the real impedance (z') axis gives the 
bulk electrical resistance (Rb ) of the polymer electrolytes. 

AFM image of  PEO (72%) - PVP (8%) - LiClO₄ (8%) - PC (12%) – alumina (12%) is shown 
Fig.3. over the scanned area 2.5μm × 2.5μm. The topographic images clearly show the presence of 
alumina nanoparticles with polymer matrix which are responsible for maximum ionic conductivity. The 
alumina nanoparticles are clearly visible in these micrographs with data scale of 2 ̴ 4cm and polymer 
matrix with scale of   ̴ 0.25 μc. 

Key words: Ionic conductivity, nanofiller, polymer blend electrolyte 

Figure. 1. FTIR spectra of prepared polymer electrolyte samples Figure.2. Different temperature complex impedance plot of the 
highest conductivity samples 

 

Figure.3. The topography image of the sample having  maximum ionic conductivity in 3D image 
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1.11 Inhibitive effect of 1-(3-aminopropyl imidazole) on copper corrosion in 3.0% sodium 

chloride solution 

P. Durainatarajana, M. Prabakaranb, S. Ramesha* and V. Periasamya 

aDepartment of Chemistry, The Gandhigram Rural Institute – Deemed University, 

Gandhigram 624 302, Dindigul, Tamil Nadu, India 
bDepartment of Chemistry, Gnanamani College of Technology, 

Namakkal 637 018, Tamil Nadu, India 

Abstract 

This paper presents a study on 1-(3-aminopropyl) imidazole (API) on copper to investigate the 
inhibition effect of the API against copper corrosion in 3.0% NaCl solution. API films on copper were 
characterized by Fourier transform infrared spectroscopy (FT-IR), energy dispersive X-ray analysis 
(EDX). The presence of nitrogen in the FTIR analysis shows the formation of API film on the Cu 
surface. Corrosion resistance capability of the API on copper was assessed by the electrochemical 
impedance spectroscopy, potentiodynamic polarization studies, cyclic voltammetry and scanning 
electron microscopy. Results revealed that the API on copper showed good resistance against corrosion 
in 3.0% NaCl solution. 

Introduction 

Copper and alloys have been widely employed in various industrial and domestic applications 
due to its good mechanical, thermal and electrical properties. However, copper has poor corrosion 
resistance when exposed to chloride containing aqueous environments. Various techniques are widely 
utilized to protection of copper against corrosion in corrosive media. Corrosion inhibitor is a cost 
effective and practical choice to protect copper from corrosion. Many N-heterocyclic compounds and 
their derivatives are effective corrosion inhibitors for copper corrosion in corrosive media. Imidazole 
derivatives have exhibited excellent inhibitor properties against the corrosion of copper protection in 
neutral media and are also non-toxic inhibitors. 

Film characterization 

FT-IR spectroscopy studies were recorded to confirm the film formation on copper surface. In 
FT-IR spectrum of pure API (Fig 1a): the bands at 1568, 1391 and 3424 cm-1 are due to C=N,   C-N 
and N-H stretching, respectively. In contrast, the spectrum of API Cu (Fig. 2b) displays the shifting of 
main characteristic C=N stretching band from 1568 to 1541 cm-1, respectively which  inferred that the 
formation of the API film on the copper by the N atoms. 

Results and discussion 

As can be seen from Table 1, compared to bare electrode, the values of Rct, Rf  and n increase 
in presence of API and this behavior are further enhanced by increasing their concentration, 
demonstrating that protective films are formed by the adsorption of API on copper surface. With an 
increase in concentration from 0.1 to 1.0 mM, the Rct value increased from 6341 to 12060 cm2. It is also 
seen that inhibition efficiency increase from 84.30 to 92.08%. The capacitance value is decreased from 
35.03 to 44.25 µF cm-2 and the n value is increased from 0.57 to 0.63. The high Rct, n values and lower 
capacitance value at 1.0 mM concentration reveal the dense and protective surface film formation on 
electrode surface.  

Potentiodynamic polarization curves for API film copper electrode shifted to lower current 
densities compared to the bare electrode. In comparison with the bare copper, Ecorr values in the presence 
of the API move to the anodic direction and the displacements are more than 85 mV. This suggests that 
the API inhibitor plays the anodic type role. icorr value for bare copper is 7.515 µA cm-2. By increasing 
the concentration of API from 0.1 mM to 1.0 mM in 3.0% NaCl solution, icorr value is significantly 
shifted from 1.580 to 0. 967 µA cm-2 with maximum inhibition efficiency of 87.13%. Changes in ba and 
bc values indicate the inhibition of both cathodic and anodic corrosion. Therefore, the copper corrosion 
could be effectively protected by API inhibitor.  
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Figure. 1 FTIR spectra of (a) pure API and (b) presence of inhibitor. 

 
Table 1. Impedance parameters obtained in 3.0% NaCl in the absence and presence of API inhibitor at various concentrations. 

 
 

 

 

 
 
 

 

 

Figure 2. Nyquist plot recorded for Cu in 3.0% NaCl solution with and without API at different concentrations.(Inset Fig. a & b is circuits of 
bare and API film on Cu) 
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(mM) 

Rct 

(Ω cm2) 

Qdl 

(µF cm-2) 

n1 Rf 

(Ω cm2) 

Qf 

(µF cm-2) 

n2 IE 

(%) 

0 995 59.84 0.68 - - - - 

0.1 6341 35.03 0.57 1444 25.24 0.81 84.30 

0.5 9482 42.33 0.62 6665 11.39 0.85 89.50 

1.0 12060 44.25 0.63 8322 11.11 0.86 92.08 
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1.12 Electrochemical process for the Synthesis of Diacetone -2-keto-L-gulonic acid (Vitamin-C-

intermediate) from L-Sorbose.  

 S. Sangeetha, K. Kulangiappar and T. Vijayabarathi* 

Electro organic division, Central Electrochemical Research Institute,  

Karaikudi-630 006,India 

* Email: vijimathi@cecri.res.in 

Abstract:  

Diacetone-2-keto-L-gulonic acid is an important intermediate in the synthesis of vitamin C 
(Ascorbic acid). Reichstein process of chemical synthesis is the main industrial route for   producing  
ascorbic acid. The commercially available nickel hydroxide electrodes  developed for Ni-Cd battery 
were employed as anodes in the present study for the electro oxidation of diacetone-L-sorbose (DAS) 
into diacetone -2-keto-L-gulonic acid (DAG). Diacetone -L-sorbose  was prepared by the acetonation 
of the four hydroxyl groups of L-sorbose catalysed by sulphuric  acid. Reaction conditions such as 
temperature, acetone -to-sorbose ratio and solvent for the isolation of diacetone-L-sorbose were 
optimized and the material yield obtained was found to be 85%.  

The Electrochemical oxidation of diacetone - L-sorbose to diacetone-2-keto-L -gulonic acid 
was carried out gavanostatically in an undivided batch cell using porous nickel hydroxide electrode. 
The mediated or indirect electro oxidation of DAS was achieved by the Ni(OH) 2 / NiOOH redox couple 

bound on the electrode surface in aqueous alkaline electrolyte media. The electro chemical process 
parameters such as current density, temperature  and current required (F/mole ) were optimized.  Under 
optimum condition  material yield of DAG was found to be 88.2%  with a 44.1% faradaic yield.  The 
reactions involved in the electrochemical process are outlined in the following scheme .   

The isolated solid products of  DAS and DAG were analysed and confirmed by melting point, 
by 1H NMR, 13C NMR and FT-IR spectral data . 

The stability and reusability of nickel hydroxide anode materials in batch processes were 
evaluated using SEM and XRD. Nickel hydroxide electrode exhibit excellent stability and reusability 
for the oxidation of  DAS.  

 
Key words: Sorbose, Diacetone-L-Sorbose, Electro oxidation , Nickel hydroxide anode, Diacetone-2-keto-L-gulonic acid. 
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1.13 PERFORMANCE COMPARISON OF NAFION 117 AND SPEEK MEMBRANE IN 

MICROBIAL FUEL CELL SYSTEM FOR POWER GENERATION AND 

WASTEWATER TREATMENT 

Vidhyeswari.D and S.Bhuvaneshwari 

Chemical Engineering Department, National Institute of Technology Calicut, Kerala 

 

Energy is the basic need for the existence and development. As societies advance, they are in 
great demand of energy to power homes, businesses, industry, transportation and other vital services. 
The world relies heavily on coal, oil and natural gases, which constitute about 85% of total energy 
supply. Due to limited supply and environmental effects, fossil fuels are recognized as unsustainable. 
Petroleum fuels generate green house gases such as carbon di oxide to the atmosphere, causing various 
environmental issues. As developed and developing countries are facing energy crisis nowadays, there 
is a high demand for an alternative renewable energy sources. For sustainable development, renewable 
energy is the best option and hybrid renewable energy systems will be an effective solution for existing 
energy crisis, as it does not pollute the atmosphere. Current supply of renewable energy is about 15-
20% of overall demand. By 2050, it is estimated that fossil fuel will supply only 25% of the total energy 
demand and the rest 75% has to be supplied by renewable energy. The potential of renewable energy 
sources is enormous as they can in principle meet many times the world’s energy demand. Renewable 
energy sources such as biomass, wind, solar, hydropower and geothermal can provide sustainable 
energy services, based on the use of routinely available, indigenous resources. On the other hand, 
contamination of pollutants in water has been increased due to population growth, urbanization, 
globalization and industrialization. Microbial fuel cell would be a great solution for existing water 
pollution problem and sustainable energy generation. Microbial fuel cells are bioelectrochemical 
systems designed to convert the chemical energy contained in organic matter into electrical energy 
utilizing catalytic (metabolic) activity of microorganisms.The principal problem with MFC is that 
Power generated by the cell may not be enough. Carbon coated carbon cloth was used as anode and 
cathode material. Nafion 117 and SPEEK membrane were used as proton exchange membrane. Mixed 
culture of anaerobic bacteria were isolated from dairy wastewater (collected from MILMA 
kunnamangalam, Kozhikode) and used for this study. Bacterial strains were made to grown in anode 
material by inoculating organisms in the anode material. Anode compartment was maintained at 
anaerobic condition by purging with nitrogen gas twice a day. The entire setup was kept in stirrer at 
200rpm for maintaining mass transfer throughout the system and to prevent the formation of sludge at 
the bottom. Among the two membranes used, SPEEK membrane produced a maximum current density 
of 868mA/m2 and power density of 748mW/m2 compared to Nafion 117 which produced maximum 
current density of 537mA/m2 and power density of 489mW/m2. COD and BOD concentrations were 
reduced by 90.7% and 84.2% respectively for SPEEK membrane. Small portion of the biofilm was 
scratched from the electrode surface after emptying the MFC. SEM image revealed typical bacterial 
growth on the surface of anode electrode. A close examination revealed that there were different 
predominant bacterial morphologies on the electrode. 

 

Figure-1 : Dual Chamber MFC Setup 

 

  



- 16 - 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

1.14 Enhancement of Thermal Properties in Oleic acid Phase Change Material using Graphene 

Oxide Nanosheets for Thermal Energy Storage Applications 

S. Imran Hussain, S. Kalaiselvam* 

Department of Applied Science and Technology, AC Tech Campus, Anna University, Chennai, India. 

E-mail: imran.usan@gmail.com, nanokalai@gmail.com 

Abstract 

Generally, organic PCMs has an extensive attention because of their higher latent heat density, 
suitable phase-transition temperature and stable physical and chemical properties. But, the pure organic 
PCMs possess some shortcomings that hinder their application in practice, including low thermal 
conductivity, high volume change and liquid seepage during phase transition. By the addition of high 
thermal conductivity materials in PCM can increase their various properties significantly. This present 
work investigates the effect of adding graphene oxide (GO) to oleic acid (OA) phase change material 
(PCM) inorder to prepare nano enhanced PCM (NEPCM) with enhanced thermal conductivity and 
thermal stability. GO was synthesized via hummers method and characterization of structural, optical, 
morphological studies were taken. Structural studies analysed by x-ray diffraction (XRD) shows a 002 
and 001 plane, raman spectroscopy have a D band at 1365 and G band at 1600 cm-1, confirms the 
formation of GO. Sheet like morphology was confirmed by Field emission scanning electron 
microscopy (FESEM), which influence the shape stability of OA. The optical absorption peak at 230 
nm observed with uv visible absorption spectroscopy. Fourier transform infrared spectroscopy (FTIR) 
was used to confirm the chemical composition and structure of GO nanosheets. NEPCMs were prepared 
by sonication followed with magnetic stirring and the thermo-physical properties were studied from 
melting and solidification, differential scanning calorimetry (DSC) analysis. DSC results show that, for 
pure OA melting and solidification temperature was 5.40 and 4.41 °C, corresponding latent heat values 
were 130.8 and 126.6 J/g. It also reveals that there was a slight decrease in the latent heat values for 
NEPCMs which is quashed by its improved heat transfer rate. Enhancement in thermal conductivity 
was observed with the help of the laser flash analyser (LFA). Thermogravimetric analysis (TGA) was 
used to analysis the as prepared NEPCM thermal reliability and stability. Outcome of these results 
concluded that shape stabilized OA NEPCM has acceptable thermal properties which are suitable for 
thermal energy storage. 

Key words: Phase change materials, oleic acid, graphene oxide, thermal conductivity.  

 

1.15 Modified electrode surface as a sensitive sensors of heavy metals In Seaweed Of Gracilaria 

Corticata 
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Abstract 

The electrochemical methods for heavy metals detection have been attracted considerable 
attention due to their simplicity, rapidity and high sensitivity. In particular, voltammetric methods are 
valid and very effective alternative for the simultaneous determination of heavy metals analysis. The 
electrochemical behaviour of heavy metals on multiwalled carbon nanotubes modified glassy carbon 
electrode (MWCNTs/GCE) were studied by cyclic voltammetry (CV), linear sweep anodic 
voltammetry (LSAV), square wave anodic voltammetry (SWAV) and differential pulse anodic 
voltammetry (DPAV). Under the optimized experimental conditions the differential pulse 
voltammogram shows four anodic peaks at 0.2842, 0.073, 0.185 and 0.6928 V representing the metals 
of Pb, Cu, Cr and As respectively in the seaweed Gracilaria corticata. Higher peak current values were 
obtained for all the four aforementioned peaks. This may be due to fast electron transfer rate and the 
presence of specific adsorption on MWCNTs/GCE.  
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FT-IR spectrum of Gracilaria corticata exhibits fourteen major bands in the range from 4000 
- 400 cm-1 corresponding to secondary amines, ketones, alkanes, alcohols, halides, etc. Atomic 
absorption spectroscopic analysis concluded that although Cd, Zn, Ni, Pb and Cu concentrations in 
Gracilaria corticata were lower than those concentrations in the previous reports, Gracilaria corticata 
showed Fe concentration (315 ppm) higher than the permissible limit (15 ppm) set by World Health 
Organization (WHO). X-ray diffraction (XRD) pattern of Gracilaria corticata revealed the crystalline 
nature of the sample by the sharp peaks. The diffraction peaks at 31.2947°, 40.6137°, 45.9347° and 
73.8567° suggests presence of Pb [1], Zn [2], Ag [3] and Cu [4] respectively. AFM images of thin film 
of Gracilaria corticata in acid and water are shown in Fig. 1(a) and 1(b). It could be seen from the Fig. 
1(a) that the more uneven and rough surface with the frost structure exist in the 3-D image. Fig. 1(b) 

revealed the snow structure. More agglomeration is seen on the picture of seaweed films. 
Fig.1(a). Topographic image of thin film of Gracilaria 

corticata in acid 
Fig.1(b). Topographic image of thin film of Gracilaria 

corticata in water 

Difference in the structure of these adsorbents was mainly due to difference in their solvent 
medium. From the AFM analysis is observed that most of the pores in the seaweed were covered by 
heavy metals. 
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Investigate the effect of corrosion behaviour of mild steel specimens before and after addition 
of benzimidazole. All samples were prepared based on the testing specification requirement and the 
chemical compositions of the mild steel were obtained using spectrometer tester. Mild steel specimens 
of specified dimensions were immersed in aqueous solutions containing 2N H2SO4 with various 
concentrations of the studied inhibitors for a period of different time intervals. The mass of the 
specimens before and after immersion was determined using an analytical balance of 0.001 mg 
accuracy. To obtain corrosion rate, weight loss test was conducted and the samples were immersed in 
five different solutions which were distilled water, 2N H2SO4 acid.  



- 18 - 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

Mild steel specimens were used for weight loss measurement. Each mild steel coupon was 
degreased by washing with ethanol followed by rinsing in acetone, allowed to dry and kept in a 
desiccator prior to use. The precleaned and weighed coupons were dipped in beakers containing 2N 
H2SO4 acid by choosing the inhibition concentrations in the range of 50 - 350 ppm of inhibitors (Fig 1). 
Double layer capacitance values (Cdl) and charge-transfer resistance values (Rct) were obtained from 
impedance measurements. For Nyquist plots it is clear that the impedance diagrams contain semicircle 
(Fig 2) with centre under real axis. The size of the semicircle increases with the inhibitor concentration, 
indicating the charge transfer process as the main controlling factor of the corrosion of steel. It is 
apparent from the plot that the impedance of the inhibited solution has increased with the increase in 
the concentration of the inhibitors. The inhibition process is commonly related to adsorption of inhibitor 
molecules onto the metallic surface. In this study, the experimental data were tested with various 
isotherms including Langmuir, Temkin and Freundlich adsorption isotherms. The data best fit Langmuir 
adsorption isotherm. Langmuir theory allows the most basic presentation of adsorption on an ideal 
surface. The standard free energy of adsorption (ΔGads) and the equilibrium constant (K) are related by 
the following equation ∆Gads = RT ln (55.5K). 

Potentiodynamic studies of the anodic dissolution of mild steel in acid medium in presence and 
absence of nitrones. From the polarization curves, it is evident that the inhibitors block the active sites 
for cathodic reaction to occur and prevent the metal dissolution process. Furthermore, it is observed that 
cathodic curves are more affected than anodic curves, indicating that the nitrones act as anodic 
inhibitors. Moreover, the nitrones possess electro-active nitrogen, oxygen atoms and an aromatic ring 
which favour the adsorption phenomena. The nitrone molecules tend to be adsorbed on to the mild steel 
substrate as a negatively charged species which can form a complex with the positive metal cation Fe2+.  

  

Fig.1. Bar diagram of change in weight of mild steel immersed in 
different concentration and different time of benzimidazole 

Fig.2. Electrochemical impedance behavior of benzimidazole 

 

1.17 Trichromic behavior of co-polymer of substituted thiophenes 
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Abstract  

Copolymer based on 3,4-ethylenedioxythiophene and 3-hexylthiophene are successfully 
electrodeposited on ITO electrodes in tertiary butyl ammonium perchlorate/acetonitrile as supporting 
electrolyte. Spectroelectrochemical properties of the co-polymer were studied through cyclic 
voltammetry with UV- visible spectroscopy. Spectroelectrochemical study reveals that this co-polymer 
film exhibits a wonderful multichromic behavior (sky blue-cement grey-wine red) under different 
potentials. This electrochromic properties of this co-polymer motivate for the future application in 
optical devices. 

The in-situ UV-vis absorption spectra of Poly(2HT-co-EDOT) in pH 4.0 under various applied 
potentials ranging from -0.6 to 1.4V was shown in Fig 1. The maximum absorption band was obtained 
at 414nm due to the Π-Π* transition of the neutral state of the copolymer and it decreased with the 
increase of potential. Appearance of charge carrier bands at around 650nm >800nm confirmed the 
presence of polaron and bipolaron bands are confirmed by the appearance of charge carrier bands at 
around 650nm >800nm.  
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Coloration efficiency of the polymer film was calculated to be 720 (cm2/C), response time was 
6s and 15s for colouring and bleaching respectively and optical contrast (%T) was determined as 82 
Poly(2HT-co-EDOT) exhibited different colours by applying different potentials which were shown in 
Fig.1. At -600 mV to 200 mV the polymer film shows sky blue colour, applied potential changed from 
400 mV to 800 mV the film exhibits cement grey colour. The applied potential changed between 1000 
mV and 1200 mV polymer film appeared as wine red colour. Further increases the potential up to 1400 
mV the colour was dark red and the absorption band shows red shift. 

Key words: poly3-hexylthiophene, poly3, 4-ethylenedioxythiophene, cyclic voltammetry, electrochromic, Spectro electrochemistry.  

Fig.1 In-situ electronic absorption spectra of the conducting poly(2HT-co-EDOT) on ITO at different applied potentials -0.6 to 1.4V in pH 
4.0. 

 

1.18 In-situ spectroelectrochemical behavior of Reactive Blue 19 in sodium hydroxide solution 
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UV-VIS spectral studies were carried out for reactive blue 19 dye in water medium using UV-
VIS spectrophotometer JASCO model. The dye solution showed two absorption bands at 257 and 590 
nm. The first band attributed �-�* electronic transition of benzene ring. The second band associated 
with through conjugation of dye molecules. FTIR spectral studies were done by Perkin-Elmer 783 
spectrophotometer. The broad band around 3401 cm-1 is assigned to intramolecularly hydrogen bonded 
NH2 and NH groups in the molecule. The band at 1690 cm-1 is to the stretching vibration of C=O for 
quinone system. Occurrence of a broad band at 1576 cm-1 shows the stretching vibrations of C–O and 
C–S groups. The absorption band at 1344 cm-1 is characteristic of N–H bending. The stretching 
vibrations of S=O shows a peak at 1105 cm-1 and the small peak at 588 cm-1 is assigned to the C–S 
stretching vibrations [1].  

In-situ studies [2-4] were carried out by varying the applied potential at pH 13. The cell 
performance under purging and stirring required for exhaustive electrolysis was checked with the 
reactive blue 19 solutions in a 0.1 M NaOH (pH 13.0) used for the chronocoulometry experiment. The 
UV-VIS spectra at various applied potentials from 0.2 to 0.8 V were observed. Initially absorption 
bands were noticed at wavelengths 257 and 590 nm. These two bands may be due to the �-�* transition 
of the benzene ring and the chromophore group present in the dye molecule respectively. With increase 
in applied potential, the absorbance of absorption 590 nm was decreased. Above the potential 0.8V, no 
considerable change was noticed. This may be due to the electrooxidation of bulky dye molecule which 
may split into smaller molecules. The absorbance of absorption at 257 nm increased with increase in 
applied potential. This may be due to the presence of aromatic molecules that resulted by oxidation. 
Thus, it can be concluded that the anodic oxidation of the dye leads to disintegration of the dye molecule 
to smaller organic units containing benzene rings. In-situ UV-VIS spectrum of reactive blue 19 at 
various time intervals at a constant applied potential of 0.8V were observed.  
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Same trend as discussed above was noticed. During electrolysis the dark blue colour of the 
solution fades and after one hour time interval, the complete decolourisation of the dye solution was 
seen.  
 

 
 

Fig.1. UV-VIS spectrum reactive blue 19 

 

Fig.2. FTIR spectrum reactive blue 19 

 
 

Fig.3. UV-VIS spectrum of reactive blue 19 at various applied 
potentials in volt 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8 respectively at 

10 minutes. 

Fig.4. UV-VIS spectrum of reactive blue 19 at various time 
intervals in minutes at a constant applied potential of 0.8V (a) 0 

(b) 10 (c) 20(d) 30 (e) 40 (f) 50 (g) 60 
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Polymer solar cells (PSC) have been thought of as promising next-generation green technology 
with advantages such as light weight, mechanically flexibility, ease processing and low cost. PSC are 
based on composites of electron-donating conjugated polymers and electron-withdrawing fullerene [1-
2]. With the rapid progress over recent years, PCE values above 9% have been reported for cells based 
on conjugated polymer/fullerene blends [3-4] and over 10% for tandem architectures in small area 
devices [5] which are approaching the performance of amorphous inorganic semiconductors. This 
progress has been made by various groups working on materials development, physical understanding, 
device development and optimization. Currently, photoactive material innovation (materials 
development) especially for donors and device optimization are the two key points to obtain high 
performance for polymer and small molecules based organic photovoltaics.  For the design of materials, 
several issues should be considered: good solubility, wide and efficient absorption, suitable energy 
levels and high mobility. Among the device optimization conditions, morphology control to achieve a 
nanoscale interpenetrating network of donor and acceptor phases with proper domain sizes on the order 
of tens of nanometers is the necessary and determining factor.  Based on such parameters, numerous 
acceptors materials have been reported. Among these we are design and synthesized a new series of 
structurally modified isatin, rhodanine, thiazolindine-2, 4-dione and thienoacrylonitrile acceptor 
moieties for solar cell applications. Hopefully, these building blocks will give good performance when 
it will be polymerized with efficient BDT, substituted thiophene units.  

 

 

Scheme: Acceptor moieties 
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Abstract 

One-step synthesis of rGO/MnCO3 composite electrodes with ionic liquid assistance have 
approached for high-performance supercapacitors. This composite was prepared under sonochemical 
technique from graphene oxide and Mn(CH3COO)2.4H2O. The ionic liquid BMIMBF4 has employed 
dual role as reducing agent and as templating agent. The corresponding supercapacitor exhibits 352 Fg-

1 of specific capacitance and it shows very good life time from a long-term cyclic test. The proposed 
composite electrodes may suitable electrode for high performance long cyclic supercapacitors. 

Materials and Methods 

 Materials used: Ionic Liquid (BMIMBF4), graphene oxide, Mn(CH3COOH)2.4H2O), ethanol, 
polytetrafluoroethylene, SS plate. Synthesis of rGO/MnCO3 composite: Method: Graphene oxide 
dispersed solution (1mgL-1), 0.05% of BMIMBF4 and 0.5% of Mn(CH3COO)2.4H2O were mixed and 
this mixture was stirred under probe type sonicator for 30 min (35°C). The obtained product was filtered 
and washed several times, then dried at 90°C for 3h. The rGO/MnCO3 composited was collected after 
2 days freeze-dried. 

Results and Discussion 

The composite physicochemical properties were analyzed, the prepared composite material 
indexed the corresponding crystalline phase of rGO and MnCO3 in XRD investigation and the Mn3p, 
Mn2p, C 1s, and O 1s signals recognized from XPS analysis [1, 2]. The functional group modifications 
were analyzed using FTIR. The surface morphology studies evidenced the typical composition of 
materials with low agglomerations. The fabricated supercapacitors exhibit 352 Fg-1 of specific 
capacitance with long-term cyclic stability.  

 
Conclusion 

We have synthesized the rGO/MnCO3 composite successfully and we have used the maximum 
of eco-friendly materials for this work.  This type of may be suitable for the efficient electrode materials 
for energy storage devices. 

References 

[1] S. Selvam, B. Balamuralitharan, S.N. Karthick, K.V. Hemalatha, K. Prapakar, Hee Je Kim, Analytical 
Methods 8(2016)7937 

[2] S. Selvam, B. Balamuralitharan, S.N. Karthick, A. Dennyson Savariraj, K.V. Hemalatha, Soo Kyoung 
Kim, Hee Je Kim, Journal of Materials Chemistry A 3(2015) 10232. 

 

  



- 23 - 

 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

1.21 Physical and Electrochemical characterization of Direct current electrodeposited Ni-ZrO2 

nanocomposite coatings 

S. Kasturibai A and G. Paruthimal Kalaignanb* 
A Dept of Chemistry, Alagappa Government Arts College, Karaikudi-630 003, Tamilnadu, India  

b Dept of Industrial Chemistry, Alagappa University, Karaikudi-630 003, Tamilnadu, India 

E mail: pkalaignan@yahoo.com and kasturibai2007@gmail.com 

 

The expansion of current machinery requires metallic materials with better surface properties. 
In the present investigation, ZrO2-reinforced nickel composite coatings were deposited on a mild steel 
substrate using direct current electrodeposition process employing a nickel acetate bath. Acetate-based 
baths are environmental friendly compared to other baths [1, 2]. Zirconium oxide (ZrO2) is a very hard 
ceramic material and possesses excellent dimensional stability. Surface morphology, microstructure 
and crystal orientation of the Ni and Ni – ZrO2 nanocomposites were investigated by SEM and X-ray 
diffraction analysis respectively. The effect of incorporation of ZrO2 particles in the Ni nanocomposite 
coatings on the Microhardness and corrosion behaviour has also been evaluated. Smooth composite 
deposits containing uniformly distributed cerium oxide particles were obtained. The crystal grains on 
the surface of Ni– ZrO2 composite coating are compact. The preferred growth direction was also 
influenced by cerium oxide nano-particles. Therefore, the preferred growth process of the nickel matrix 
in crystallographic directions <111>, <200> and <220> is strongly influenced at a concentration of 9 
g/l. The structure of electrodeposited nickel and nickel nanocomposite coatings were face centered 
cubic (fcc). It was confirmed from ICDD- JCPDS standards [87-0712]. The effect of incorporation is 
maximum at a current density of 8 A/dm2. The microhardness values of the Ni- ZrO2 nanocomposite 
coatings (820HV) were higher than that of pure nickel (310HV) due to dispersion-strengthening; matrix 
grain refining and increased with the increase of incorporated ZrO2 particles content [3]. The corrosion 
potential (Ecorr) in the case of Ni- ZrO2 nanocomposite coatings had shown a negative shift, confirming 
the cathodic protective nature of the coatings [4]. The corrosion rates of Ni- ZrO2 nanocomposite 
coatings (1.65milliinch/yr) were lower than that of electrodeposited nickel coating (67.69milliinch/yr) 
in 3.5% NaCl solution. The impedance spectra have showed a depressed semicircle at the centre of real 
axis, which has been attributed to the roughness and inhomogenity of the solid surfaces. The charge 
transfer resistance (Rct) values for Ni- ZrO2 nanocomposite coatings were increased and the constant 
phase element (CPE) values decreased with increased ZrO2 content in the composite coatings due to the 
distribution of relaxation times because of inhomogenities present at a micro level or nano level such 
as the surface roughness and porosity. The enhancement in the corrosion resistance may be due to 
physical barriers produced by ZrO2 to the corrosion process by filling crevices, gaps, and micron holes 
on the surface of the composite coatings. 
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Abstract 

Nitrogen-doped CeO2 nanoparticles and reduced graphene oxide composite (N-CeO2-rGO) 
were produced by a facile hydrothermal method. The synthesized nanocomposite was characterized by 
UV-Vis, FT-IR, XRD, TGA and HR-TEM analysis. Further the synthesized N-CeO2-rGO has been 
investigated for the sensing of paracetamol (PM). The N-CeO2-rGO modified electrode shows an 
excellent electrocatalytic activity towards the ultra-sensitive and selective sensing of PM in the presence 
of 500-fold excess of various common interfering ions and physiological interference. The 
amperometric current response exhibits a wide linearity range from 40 – 480 nM for PM and the limit 
of detection and quantification are found to be 0.0062 and 0.020 μM (S/N = 3 & 10) respectively. In 
addition, the N-CeO2-rGO nanocomposite modified electrode exhibits an outstanding recovery results 
toward PM which can be applied for the real sample analysis in medical, pharmaceutical and 
biotechnological field.  

Keywords:  CeO2 nanoparticles, Reduced graphene oxide, Paracetamol, Sensing, Pharmaceutical analysis 

Scheme 1. Schematic representation of cyclic voltammetry sensing of paracetamol using N-CeO2@rGO modified GCE 
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Ground Water and Surface Water is an important and major source of drinking water in both 
urban and rural areas in India. Determination of water quality is one of the most important aspects in 
groundwater studies. People around the world have used groundwater as a source of drinking water, 
and even today more than half the world’s population depends on groundwater for survival. Heavy 
metals pollution represents a serious problem as these metals leach into ground water or soil, which is 
detrimental to human health. Ground water pollution is a consequence of several activities like chemical 
manufacturing, painting and coating and mining. Metals exert a deleterious effect on fauna and flora of 
lakes and streams.  In the present study direct determination of Zn, Cd, Pb, Co, Cr, Al, B, Bi, Ba,  Fe, 
Li, Ni, Ti and Cu metal was carried out from both well and bore well water of  Neyveli of Cuddalore 
district in Tamil Nadu (India) using ICP and differential pulse anodic stripping voltammeter (DPASV) 
at glassy carbon electrode (GCE) vs Ag/AgCl. Determination of metals was done using Ammonium 
acetate buffer. The samples were subjected to analysis for elements like Zn, Cd, Pb, Co, Cr, Al, B, Bi, 
Ba,  Fe, Li, Ni, Ti and Cu by using Inductively Coupled Plasma Mass Spectrometry (ICP-MS). ICP-
MS is most advanced technique for determination of trace metal concentration up to 1 part per billion 
(ppb). The arrived results from ICP-MS compared with DPASV studies. The concentrations of these 
metals in the study area were compared with drinking water quality limits given by the World Health 
Organization (WHO), 

The optimisation of the accumulation potential was done at first.  Maximum peak current was 
observed at 100 mV and it was fixed as the optimum accumulation potential. The maximum current 
response was observed at 120 s deposition time. The initial scanning potential is another important 
parameter as it confirms the non-faradaic nature of preconcentration. It also controls both the peak 
potential and peak current in the stripping voltammogram. A typical DPSV response obtained under the 
optimum experimental conditions for metals is given in figure 1. 

 
Fig 1. Differential pulse stripping voltammogram of water sample on graphene modified GCE 
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Abstract 

 The study of corrosion inhibition is significant in the field of research due to its 
usefulness in various industries. An increasing concern in human health and risks has drawn attention 
in the development of mild steel corrosion. Mild steel in acid medium is widely used in various 
industrial processes. Sea water finds extensive application as coolant in various exothermic reactions. 
Sea water constitutes a rich source of various commercially important chemical elements. Depending 
upon the metal /environment combinations different types of inhibitors are used in suitable 
concentrations. Zinc ions have long been considered as valuable corrosion inhibitors for protection 
afforded by a cathodic polarization mechanism. One of the effective methods to prevent corrosion is 
the addition of natural inhibitors. In the present investigation, seeds of Citrullus Lanatus extract (CLE) 
have been used as corrosion inhibitor for mild steel in sea water medium. The inhibition efficiency was 
found to increase with increase in concentration of the seed extract. The formulation consisting of 6 ml 
of CLE and 5 ppm of Zn2+ has  91 % inhibition efficiency (IE). A study on the effect of immersion 
period on the CLE- Zn2+ showed an IE that decreased from five days. UV-Visible spectra revealed the 
formation of a protective film on the metal surface. The same is confirmed through FT-IR spectrum. 
From the surface examination studies, it could be confirmed that the corrosion inhibition was due to the 
formation of a protective film consists of Fe2+- CLE complex. 

Key words: Corrosion inhibition, surface examination, eco-friendly, sea water. 

CONCLUSION 

The  present  study  leads  to  the  following  conclusion; 
• Weight  loss  study  reveals  that  the  formulation  of  6  ml  of  CLE  and  5 ppm  of  

Zn2+   has  91 %  inhibition  of  carbon  steel  immersed  in  an aqueous  solution  
containing  sea  water. 

• A study  on  the  effect  of  immersion  period  on  the  CLE -  Zn2+   system  show  an  
inhibition  efficiency  that decrease from  five  days. 

• UV – visible  spectra  reveal  that  protective  film  is  formed   on  the  metal  surface. 
• The  FT – IR  spectrum  also  reveals  the  formation of  a  protective  film  that  consists  

Fe2+ - CLE complex. 

 

CLE ( ml) Zn2+( ppm) CR(mdd) IE(%) 
0 5 37.8 - 
2 5 68.7 81 
4 5 60.5 60 
6 5 72.1 91 
8 5 48.1 27 
10 5 70.2 85 

CLE ( ml) Zn2+( ppm) CR(mdd) IE(%) 
0 10 28.6 - 
2 10 43.0 50 
4 10 46.0 61 
6 10 48.2 68 
8 10 51.0 78 
10 10 46.9 63 
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ABSTRACT 

A new generation of composite materials which have emerged in the frontiers of material 
science, life science, and nanotechnology is bio-nano composites. Most bio-nano composites are based 
on an ingredient fractionated from renewable resources, e.g., cellulose, starch and proteins [1]. 
However, may serve as an important source for production of chitin, its deacetylated derivative, 
chitosan [2]. Chitin is a linear polysaccharide composed of β-(1-4)-linked 2-acetamido-2-deoxy-d-
glucose units, and is insoluble in common solvents, which has limited the further utilization of this 
natural biopolymer to a small area. Since it is an environmental friendly material, it has versatile 
biological activities [3]. This biopolymer is synthesized by an enormous number of living organisms 
and considering the amount of chitin produced annually in the world, it is the most abundant polymer 
after cellulose [4]. A common method for the synthesis of chitosan is the deacetylation of chitin using 
sodium hydroxide in excess as a reagent and water as a solvent. The reaction occurs in two stages under 
first order kinetic control [5]. Chitosan (CS), due to its hydrophilicity, chemical reactivity, mold ability, 
mechanical properties, biocompatibility, and biodegradability, is a potential excellent material used in 
many areas such as food science, biochemistry, pharmaceuticals, medicine, and agriculture and so on 
[6]. Chitosan can accumulate metal ions through various mechanisms, such as chelation, electrostatic 
attraction, and ion exchange, depending on the nature of the metal ion and pH of the solution [7]. 

Graphite oxide (GO), one of the most important derivatives of graphene, is characterised by its 
special surface properties and layered structure [8]. It is documented that graphene is an excellent super 
capacitor electrode material; giving consistently good electrochemical performances over a wide range 
of voltage scan rates [9-10]. Cobalt oxide is an important electrochemically active material, [11]. 
Cobaltic oxide (Co3O4) is a transition metal oxide with intriguing electronic, optical, electrochemical, 
and electrocatalytic properties. Co3O4-based nanocomposites have demonstrated great potentials in the 
applications of supercapacitors, heterogeneous catalysts, electrochemical sensors,and Li-ion 
rechargeable batteries[12]. 
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ABSTRACT: 

Activated carbon is a microcrystalline, non-graphitic form of carbon.  The structure of activated 
carbon is well described as a twisted network of defective carbon layer plane, cross-linked by aliphatic 
bridging groups. The most commonly used activating agents are phosphoric acids, zinc chloride and 
salts of sodium and magnesium. These chemical agents may restrict the formation of tar during 
carbonization.  The activated carbon was prepared from peanut shell by using ZnCl2 as an activating 
agent via chemical activation method.[1,2]  Then the as-prepared carbon was characterized by XRD, 
FTIR, RAMAN and SEM analyses. In the XRD pattern, we observed that the structure was collapsed 
and amorphous carbon was identified.  FTIR analysis confirms the presence of functional groups 
present in the surface of activated carbon. There are two well resolved bands namely D and G were 
identified from the RAMAN spectrum. The SEM was used to investigate the structure and morphology 
of the sample, which shows the porous particles in various sizes.  The activated carbon behaves as a 
composite material that could be added into the positive electrode material in Li-sulfur batteries to 
adsorb lithium polysulfide. The as-prepared peanut shells of activated carbon were developed as a 
conducting framework for lithium-sulfur battery in future studies.  

Keywords: activated carbon; chemical activation method; Lithium sulfur battery; ZnCl2. 
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Abstract 

The tremendous increase in electronic gadgets like cell phones, laptop, ipod, notebook demands 
for lightweight, high energy density rechargeable batteries. Large research efforts have been devoted 
on development rechargeable batteries based on polymer- solid electrolytes, which fulfils such high-
energy density [1].  Poly (ethylene oxide) (PEO) - based polymer electrolytes are extensively studied, 
and the electrolytes exhibit poor conductivity (≈ 10-8 to 10-5 S/cm) at ambient temperature [2]. Apart 
from PEO, poly (methyl methacrylate) (PMMA) [3], poly (vinylidene fluoride) (PVdF) [4], poly 
(acrylonitrile) (PAN) have also been used as the polymer host material.  In this work, gel polymer 
electrolyte system based on the Poly(styrene –co-methyl methacrylate)/ PVC, Lithium bis (trifluoro  
methane sulfonyl) imide(LiTFSI) salt  and the plasticizer EC+PC  were prepared by solvent-casting 
technique.  Ionic conductivity of the electrolyte film has been investigated by varying the blend ratio in 
the polymer matrix.  The structural and the complex formation have been confirmed by X-ray 
diffraction spectroscopic analysis.  The ionic conductivity of the electrolyte was found to increase with 
the increase of PVC concentration and then decreased after an optimum value. The highest ionic 
conductivity achieved was 2.7 ×10-5 S cm−1 for 25-75 weight ratio of P(S-MMA)-PVC based 
LiTFSI+EC+PC   electrolyte system.  Finally, the microstructure of the maximum ionic conductivity 
sample has been depicted with the help of scanning electron microscope analysis. 
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Polymeric complexes with inorganic salts have widely been studied due to their potential 
importance of their application in solid state batteries, electrochromic devices and electrochemical 
sensors [1].  Most efforts were made to investigate lithium ion conducting polymer electrolytes based 
on a linear polyethylene oxide (PEO) because of its easy coordination with alkali metal ions. However, 
the room temperature conductivity is very low and exhibit insufficient mechanical property, which 
restricts the practical applications of PEO based polymer electrolytes. To overcome these problems, 
composite polymer electrolytes with inert ceramic fillers were explored by Weston and Steele initially 
[2].  The addition of inorganic fillers, such as alumina (Al2O3), silica (SiO2), titania (TiO2), to the 
polymer electrolyte the improves the ionic conductivity as well as EC and physical properties [3,4]. 
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In this work, we investigated the preparation of P(VDC-co-AN) based composite polymer 
electrolytes composed of LiBF4 as a salt EC as plasticizer and BaTiO3 as a ceramic filler. This study 
focuses on improvement of the ionic conductivities of polymer electrolytes by the addition of BaTiO3 
nano particles. The effect of concentration of BaTiO3 nano particles in to the polymer matrix has been 
studied in the view point of ionic conductivity and the results are discussed.  

The ionic conductivity of the electrolyte is found to increase with the increase of BaTiO3 
concentration and then decreased after an optimum concentration (6%). The highest conductivity 
achieved was 5.424×10-4 S cm−1 at 6 wt% of BaTiO3. The structural and the complex formation have 
been confirmed by X-ray diffraction and FTIR analyses. The above studies confirmed the fact that there 
exists a definite complex coordination between P(VdC-AN) and lithium salts and the filler BaTiO3 

particles. Finally, thermal stability of the maximum ionic conducting sample has been depicted with the 
help of DSC analysis. 
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Abstract 

Novel electrospun nanofiber poly (aryl sulfone ether benzimidazole) (SO2-OPBI) membrane 
was synthesized for improve the proton conductivity and chemical stability. Incorporation of the 
flexible aryl sulfone- and ether-linkages in the polymer backbone can be improved the physico-
chemical properties of membranes. We made different types of membranes, namely dense SO2-OPBI 
membrane, nanofiber SO2-OPBI and m-PBI membrane and evaluated their physico-chemical properties 
for suitability application of high temperature PEM fuel cells. Interestingly, the nanofiber membranes 
possessed a greatly increased proton conductivity (0.0667 S cm-1 at 160 oC and acid doped level of 
338%), which is comparable to that of the dense membrane (0.033 S cm-1 at 160 oC and 221% acid 
doping). The nanofiber and dense membrane shows good oxidative stability under Fentons reagent. 

Keywords: Fuel cells, High-Temperature, Poly(aryl-sulfone-ether benzimidazole), Proton Conductivity  
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ABSTRACT 

In the present study, the electrochemical corrosion behavior of zinc (Zn) and thin layer of 
graphene on Zn (ZnG)  in different salt electrolyte such as NaCl, KCl and Na2SO4 are report. The phase 
structure and Crystallinity is investigate using X-ray diffraction, Surface morphology and purity of the 
sample is investigate using Scanning Electron Microscopy and Energy dispersive X-ray analysis 
(SEM/EDAX) and Raman spectroscopy. The electrochemical corrosion behavior of the Zn and 
graphene coated on Zn are also investigated using Electrochemical Impedance Spectroscopy (EIS) 
analysis. The tafel slop and Nyquist plot confirms that ZnG shows better corrosion resistance and lower 
corrosion rate in KCl solution compare to all other electrolytes which is performed in Zn. 

Key words: Graphene, Electrochemical techniques, Composite materials, Corrosion Test, Surface properties, Electron microscopy 
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ABSTRACT 

In the present study, pristine �-MnO2 and graphene mixed with nanoparticles �-MnO2-based 
cathode were prepared and their electrochemical performances were studied in a magnesium/ 
manganese dioxide-graphene (Mg/�-MnO2-graphene) primary battery cell. The discharge 
measurements of the modified Mg/MnO2 cell were analyzed using galvanostatic constant current (1, 5 
and 10 mA) discharge with the cutoff voltage of 0.2 V. The discharge capacity of α-MnO2 based cathode 
was 20, 46 and 73 mAhg-1 respectively at 1, 5, 10 mA constant current, respectively. Similarly the 
discharge capacity of α-MnO2-graphene based cathode was 68, 308 and 271 mAhg-1, respectively. 
Moreover, the discharge capacity of cathode based on α-MnO2-graphene increased three times 
compared to α-MnO2 based electrode. The present work unveils that graphene-�-MnO2 based cathode 
is suitable for primary magnesium battery application. 

KEYWORDS: Nanoparticles, Graphene, Cathode Material, Discharge Capacity, Modified Mg/MnO2 Primary Cell. 
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Transition metal sulfides (e.g., CuS, NiS, CoS, and VS) have been considered as one of the 
most promising pseudocapacitor materials with respect to their specific capacitance and cost 
effectiveness [1-2]. In the recent past, CuS have been extensively investigated due to their good 
electronic conductivity and high energy capacitance [3-5]. In this work, we have prepared 
CuS@Cu(OH)2 by one pot hydrothermal method using a mixture of solvent in 1:3 ratio of water and 
ethylene glycol at 180°C for 24 hours. The bare CuS was prepared without addition of the Sodium 
hydroxide in hydrothermal method. The final product was filtered and washed several times in water 
and ethanol. The washed product was dried at 60°C temperature.  The phase purity of the synthesized 
samples was confirmed by XRD. The surface morphology of the samples was identified by SEM with 
EDAX and TEM.  Electrical conductivity of the samples at room temperature was determined by using 
a conventional four-probe method on pressed pellets, formed under a pressure of 20 MPa with a 
diameter of 10 mm. The electrochemical performances were measured in typical three-electrode cell 
system consist of 1M KOH electrolyte using the as-prepared electrodes as working electrode, Platinum 
and Hg/HgO as counter and reference electrodes respectively. Cyclic Voltammetry was examined in 
the potential window of -0.5 to 1.0V at 5 to 100 mVs-1, Galvanostatic Charge/Discharge tested different 
current rate and their cycle life, and Electrochemical Impedance Spectroscopy were carried out in 
10kHz ~ 0.1 Hz using a sinusoidal signal of 5 mV at open circuit potential.  
Key Words: CuS@Cu(OH)2 and Nanocomposite. 

 

 

Figure 1 shows the XRD results of the synthesized CuS and 
CuS@Cu(OH)2.  

Figure 2 shows the SEM images with EDAX Spectrum of A) CuS 
and B) CuS@Cu(OH)2. 
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Manganese oxide (Mn2O3) has emerged as a new and promising pseudocapacitive material due 
to its prominent valance states. In the present study, cubic Mn2O3 nanostructures have been 
prepared via hydrothermal method employing isopropanol and non ionic surfactant. Glycerol ensures a 
slow rate of hydrolysis to form small size Mn2O3 nanostructures. The crystal structure of the Mn2O3 
nanomaterials were conformed through X-ray diffraction and the fourier transform infrared 
spectroscopic (FT-IR) analysis confirmed the presence of (O-Mn-O-Mn-O) bond exhibiting functional 
groups. The surface of nanostructured materials and their structures were confirmed by using the 
scanning electron microscopy and transmission electron microscopy studies. Further, the 
electrochemical characteristics of the Mn2O3 were studied and it shows higher specific capacity with an 
excellent rate capability and cycleability. When the charge/discharge current density increased from 0.5 
to 5 A g−1 the reversible charge capacity was decreased from 540 F g−1 to 135 F g−1 while 100% capacity 
retention at a high current density of 5 A g−1 even after 1000 cycles could be achieved. Furthermore, 
the asymmetric supercapacitor based on Mn2O3 exhibited a significantly higher energy density of 45.6 
W h kg−1 at a power density of 187.5 W kg−1 with good cyclic stability. This electrochemical result 
highlighted the suitablility of the Mn2O3 nanostructure electrode material for supercapacitor 
applications.  

Keywords: Supercapacitor, Mn3O4 nanoparticles, specific capacity, power density, energy density,  
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Lithium-ion batteries are recognized as the most promising energy storage technology for 
electric vehicles (EVs) and hybrid electric vehicles (HEVs) in the next decades. To meet the 
requirements of EVs and HEVs, Li-ion batteries need to possess the following characteristics: low cost, 
large energy intensity, high rate capability, long cycle life, and nontoxic Rechargeable lithium-ion 
batteries are widely employed for electronic gadgetry with high capacity and long cycle life.  Zr 
substituted cathode materials were synthesized by sol–gel method. The physical and electrochemical 
properties of the synthesized materials were characterized by using TG/DTA, XRD, SEM, TEM, XPS, 
cyclic voltammetry, charge/discharge and electrochemical impedance spectroscopy techniques. The 
cycling behaviours of Zr substituted LiNi0.33Mn0.33Co0.33O2. Cathodes were evaluated with various 
discharge rates between 4.2and 2.8V. The effects of doping on the structural and electrochemical 
properties were investigated in detail. 

XRD analysis indicated that all the prepared samples were mainly belong to cubic crystal form 
with Fd3m space group.  
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SEM analysis shows that LiNi0.33Mn0.33Co0.33-xZrxO2 has smaller particle size and more regular 
morphological structure than those of LiNi0.33Mn0.33Co0.33O2. Zr substituted LiNi0.33Mn0.33Co0.33O2 

cathode has improved the structural stability, high-capacity retention, better elevated temperature 
performance and excellent electrochemical performances of the rechargeable lithium-ion batteries. 
Figure 1. Shows the cyclic performances of cells in the voltage range of 2.8-4.2 V at room temperature. 
At first cycle, cells were charged and discharged at C/10 (0.14 mA/cm2) and at the following cycles at 
1C (1.4 mA/cm2). The initial discharge capacities of 117, 110, 100 and 92mAh/g were obtained with 
increasing   0.5C, 1C, 5C,  and 10C in Zr Substitutes LiNi1/3Mn1/3Co1/3O2. small amount of Zr 
substitution in has developed the structural stability, rate capability and cycling performances of the 
cathode materials for the rechargeable lithium-ion batteries. 

Key word: Sol-gel method, XRD, SEM, Charge / discharge 

 

Figure1. Cyclic Performance of LiNi1/3Mn1/3CO1/3O2 cell cycled between 2.8 and 4.2 v at different discharge rates at elevated temperature 
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Abstract 

In this study, we deposited Bismuth Selenide (BSO) thin films on glass substrate using sol-gel 
spin coating technique at different coating cycles.  The structural, optical, luminescent properties and 
surface morphology of BSO thin films are examined using X-ray diffraction (XRD), UV-Visible 
spectroscopy (UV-Vis) and Photoluminescence spectroscopy (PL) and Scanning Electron Microscopy 
(SEM). From the X-ray diffraction analysis, the thin films are found to be a body center cubic structure 
with a preferential growth along the (310) and (321) plane. UV-Vis spectra revealed the decreasing 
percentage of transmittance from 82 to 70 while increasing the number of coating cycles.  The band gap 
values of the prepared thin films are also found to decrease from 3.8eV to 3.5eV. Photoluminescence 
spectra of BSO thin films showed strong yellow emission peak at 575nm under the excitation of 405 
nm due to electron-hole recombination. Surface texture of the prepared films was noticed by means of 
Scanning Electron Microscopy (SEM). In addition, we also described the correlation between crystallite 
size and optical band gap energy with different number of coating cycles of the prepared BSO thin 
films. 

Keywords: BSO thin films, Spin coating,  
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Graphical representation 

                                (1)                                             (2) 

Fig (1) indicates the XRD diffraction pattern and (2) indicates the PL spectra and band gap of the prepared BSO thin films at different 
number of coating cycles. 

References 

[1] Xiaoxing Zhu, Jianjun Xie, Debao Lin, Fang Lei, Yali Wang J.Alloys.Compd., 582 (2014) 33-36. 
[2] Gonggong Lu, KehuiQiu, YunleiBu ,XiluHou, XiqiangYuan, ICMMCCE, 308 (2015) 2830-2835. 
[3] Junfeng Li, Wentao Zhang, Xiiang Yuan,KehuiQiu, J.Bio.Chem., 32 (2016) 93-99. 

 

1.36 A case study on Sol-gel Spin coated Rare Earth Doped ZnO thin films  
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ABSTRACT 

In the present work, we report the pure and Dysprosium (Dy) doped Zinc oxide ZnO  thin films 
were grown on glass substrates using Sol-Gel spin coating at 3000rpm for 30s and annealed at 450ᵒC. 
The structural, optical, luminescent and morphological properties of the prepared films were 
characterized by X-ray diffraction (XRD), Ultra -Visible spectroscopy (UV-Vis), Photoluminescence 
spectroscopy (PL) and Scanning Electron Microscopy (SEM). XRD pattern revealed that prepared films 
are polycrystalline with hexagonal Wurzite structure and the film crystallites are preferentially oriented 
along (101), (002) and (100) plane. The PL spectra of ZnO and Dy doped films showed the peak at 
384nm (violet emission) is more intense than the peaks at 432nm, 413nm (violet emission) and 500nm 
(blue emission). All the prepared films exhibited good optical transparency at the wavelength of above 
450 nm in the visible region and the optical band gap decreasing from 3.22eV to 3.02eV with increasing 
doping concentration. Morphological properties of the films are also investigated using Scanning 
Electron Microscopy technique.  

Keywords: Sol-gel spin coating method, Zinc Oxide thin film , Dysprosium doped ZnO thin film  

                                           Fig.1.                                                            Fig.2 

Fig.1. XRD Pattern of ZnO and Dy doped Thin films;            Fig.2. Luminecent spectera of Pure and Dy doped Thin film 
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1.37 Synthesis of Nanostructured NiCo2O4 by Hydrothermal Route for Supercapacitor 

Applications 
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Abstract 

Supercapacitor is an energy storage device that has attracted a much attention due to its superior 
characteristics such as expanded life time, higher energy density and high power density. Conducting 
polymer is a promising electro-active material for supercapacitor applications. However, it has less 
stability and durability. Nanostructured metal oxides especially transition metal oxides are also 
attracting as a potential candidates for the supercapacitors due to their enhanced optical, mechanical, 
chemical stability and electrical properties. Among the nanostructured metal oxides, NiO and Co2O4 

reveal many polymorphs with unique properties and wide applications such as supercapacitors, 
photocatalysis and sensors. Recently, Scientists have developed bimetal oxides especially nickel cobalt 
oxide (NiCo2O4) for supercapacitor applications. This material has been showing excellent performance 
as an electro-active material for supercapacitor applications. In the present work, we synthesized 
nanostructured NiCo2O4 by hydrothermal route and subsequently physicochemical characterization was 
carried out. The XRD pattern revealed the formation of cubic phase NiCo2O4 powder. The prepared 
NiCo2O4 nanopowder was coated on nickel (Ni) foam to serve as a working electrode in electrochemical 
test. The electrochemical behavior of the NiCo2O4 powder coated electrodes was investigated using 
electrochemical impedance spectroscopy (EIS), cyclic voltammetry (CV) and galvanostatic charge-
discharge (GCD) techniques. The performance of supercapacitor results will be reported.  

Keywords: Hydrothermal, nickel cobalt oxide, nanopowder and supercapacitor.  
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Abstract 

The need for renewable energy is rising tremendously due to global warming issues. The energy 
demanding activities usually initiate the greenhouse effect and exhaust the conventional energy 
resources. Energy which arrives from natural resources for instance geothermal, wind, tides and sunlight 
are attracting due their renewable nature and eco-friendly. Today, renewable energy obtained 
particularly from sunlight is showing enormous interest due to its abundant availability. The different 
types of solar cells are available, but exclusively silicon solar cells are sold in the market. The crystalline 
silicon solar cell is often referred as the first generation photovoltaic technology; which produces the 
high efficiency approximately 24 %.  Second and third generation solar cells are not able to overcome 
the first generation solar cell.  It is necessary to produce low cost solar cells with high efficiency in 
order to use the rural and tribal people.  
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Recently, researchers are developing the perovskite solar cells due to its low cost and high 
efficiency. The perovskite solar cells are suffering from the stability issues.  Moreover, expensive 
organic hole conductors are used in perovskite solar cells which prevent the practical applications. For 
instance, the current marketable price of high purity spiro-OMeTAD is over ten times that of Pt and 
Au. Therefore, alternative low cost hole conductors are required to use in perovskite solar cells. The 
inorganic copper based p-type semiconductors are right choice for developing perovskite solar cells 
with low cost. In this study, we report the perovskite solar cell using copper thiocyanate (CuSCN) as 
the hole conductor. CuSCN was selected due to its suitable valance band position and good 
conductivity. The perovskite solar cell performance was carried out using solar simulator unit and the 
results will be discussed. 

 

1.39 ELECTROCHEMICAL DETERMINATION OF 3-NITRO – 1, 4-DIHYDRO-1,2,4-

TRIAZOL-5-ONE USING GLASSY CARBON ELECTRODE 
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ABSTRACT 

In recent years identification and quantification of traces of explosives has constituted an 
emerging and important topic. The interest due to their relevant role in many areas concerning the 
security and health of the population, including environmental and toxicological effects, land mine 
detection and prevention of terrorist attacks [1]. A nitro compound like 3-Nitro – 1, 4-dihydro-1,2,4-
triazol-5-one(NDTO) during explosion forms harmful products which are carcinogenic in nature.  

Explosive like NDTO was detected by various techniques like TGA, DSC [2] and 
chromatography. Voltammetry is the one of the powerful to detect explosive compounds. The 
voltammetric behaviour of NDTO was studied using glassy carbon in different pH media (1.7 and 13.0). 
Among the pH studies, pH 1.0 on glassy carbon electrode showed good peak response at a potential of 
-0.2 V (reduction peak). Based on cyclic voltammetric studies differential pulse voltammetry (DPSV) 
and square wave stripping voltammetry (SWSV) response were studied for analytical purpose. In DPSV 
techniques, different parameters like Accumulation Potential, Initial Scan Potential, Pulse Amplitude, 
Potential Increment, Pulse Period, Pulse Width and Accumulation Time were carried out. In SWSV 
techniques, different parameters like Accumulation Potential, Initial Scan Potential, Square Wave 
Amplitude, Potential Increment, Frequency and Accumulation Time were carried out. 

Optimized values obtained in DPSV and SWSV techniques of NDTO are given in Table 1 and 
the voltammograms obtained under optimized DPSV and SWSV of NDTO are given in Fig 1. 

Table 1: Optimum parameters obtained in stripping voltammetry 

Mode Parameter Range Examined Optimum Value 

DPSV 

Accumulation potential (Eacc). V 
Initial scan potential (Eis), V 
Pulse amplitude (PA), V 
Potential Increment (PI), V 
Pulse period (PP), s 
Pulse Width (PW), s 
Accumulation time (tacc), s 

-1.50 to +1.50 
0.50 to 0.1 
0.01 to 0.20 

0.001 to 0.005 
0.04 to 0.20 
0.02 to 0.10 

20 to 100 

1.0 
0.4 

0.05 
0.002 
0.08 
0.04 
20 

SWSV 

Accumulation potential (Eacc). V 
Initial scan potential (Eis), V 
Square wave amplitude (SWA), V 
Potential Increment (PI), V 
Frequency (FR). Hz 
Accumulation time (tacc), s 

-1.50 to +1.50 
0.50 to 0.1 
0.01 to 0.20 

0.001 to 0.005 
2 to 10 

20 to 100 

1.0 
0.4 

0.04 
0.005 

4 
20 
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Figure 1: (a) DPSV (b) SWSV Voltammogram of NTO under optimized condition. 
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Abstract: 

Conducting polymers have been employed significantly to synthesize the nanomaterial for the 
reason that of its low cost and easy process ability which boosted its utilization in the field of chemical 
or Electrocatalysis, drug delivery, sensor and so on. In addition incorporation of precious or non 
precious metal nanoparticles also enhances its electro-catalytic activity, sensing capability and electro 
transfer kinetics etc. Here in we report the in-situ generation of Pt based nanocatalysts on conducting 
polymer support namely polyaniline (PANI) by three step synthetic procedures. First, PANI has been 
synthesized by Chemical oxidative polymerization route. In the second step, PVP/CTAB capped Cu 
nanoparticles was achieved by mixing of metal precursor salt solutions with reducing agent like NaBH4. 
In the third step, in-situ generation of PVP or CTAB capped CuPt-PANI attained by adopting galvanic 
displacement reaction route. Similarly Ag-poly(2,5-dimethoxyaniline) (PDMA) nanocomposites was 
synthesised by Rapid mixing polymerization route. AgPt-PDMA nanocomposite was succeeded by 
adopting galvanic displacement reaction route. The resulting PVP/CTAB capped PANI nanocomposites 
were subjected to examine or tested for methanol oxidation reaction in aqueous acidic medium. Ag-
PDMA and AgPt-PDMA nanocomposites were examined for the chemo-selective reduction of 4-
nitrophenol. The structural and surface morphology of the synthesized nanocomposites were 
characterized by various tools like FT-IR, XRD, SEM and TEM. The electrochemical behaviour and 
electrocatalytic activity of PVP/CTAB capped CuPt-PANI modified glassy carbon electrode was 
characterized by cyclic voltammetry (CV) and chronoamperometry (CA) methods in an aqueous 0.5 M 
H2SO4. The PVP/CTAB capped CuPt-PANI electrode showed an improved electrocatalytic 
performance towards the methanol oxidation. The enhanced electrocatalytic activity might be due to 
the uniform distribution of CuPt nanocatalysts and the synergistic effect between CuPt nanocatalysts 
and PANI support. Further Ag-PDMA nanocomposite was tested towards the chemical reduction of 4-
nitrophenol to 4-aminophenol and the catalytic reduction process was monitored by UV-Visible 
spectroscopy. 

Key words: CuPt-PANI and Ag-PDMA nanocomposites, FE-SEM, XRD, FT-IR, CV and UV-Visible spectroscopy. 
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1.41 Nanostructural modified glassy carbon electrode utilized for voltammetric determination of 
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Abstract 

All the voltammetric measurements were carried out using polyaniline/Ag modified glassy 
carbon electrode as the working electrode, Ag/AgCl3 mol L-1 KCl as the reference electrode and 
platinum wire as an auxiliary electrode. Electroanalytical methods are simple, economical, rapid and 
sensitive to reach the lower limit of detection. Among the electro-analytical techniques, voltammetry 
coupled with pulse waveform is considered a highly sensitive technique with very low detection profiles 
attributed to zero background current. The effect of pH was studied at different medium such as pH 1.0 
to pH 13.0.  The cyclic voltammogram of 300 ppm ibuprofen in pH 1.0 on polymer film modified 
electrode exhibits a single well defined anodic peak in the potential range –0.5 to 1.8V. The 
electroanalytical parameters of the biosensors are highly dependent on their configuration and on the 
dimensions of the carbon electrode. The best limit of detection obtained for ibuprofen was 10 ppb and 
the linear range from 20 to 200 ppb on GCE configuration (Table 1). The biosensors were successfully 
applied for the detection of ibuprofen in several drug formulations. 

The polymer/Ag film is uniformly coated on the electrode surface and forms a nanorod -like 
porous reticulated morphology. The compound adsorbed surface exhibits granular adsorbed nanosize 
rod like photographs. This surface morphology accounts for the finding that the active surface area of 
the composite electrode is 5 times greater than the geometric area. The polymer film is uniformly coated 
on the electrode surface and forms a nanorod -like porous reticulated morphology. The compound 
adsorbed surface exhibits granular adsorbed nanosize rod like photographs (Fig 1). This surface 
morphology accounts for the finding that the active surface area of the composite electrode is 5 times 
greater than the geometric area. 

Table 1.Optimum experimental conditions in DPSV 

Variable Range studied Optimum value 

pH 1-13 1.0 
Accumulation potential (V) 0.1 to 0.6 0.6 
Accumulation time (Sec) 10-60 5 
Initial scan potential (V) -0.5 to 0.3 0.1 
Pulse Height (PH)  (mV) 25 to 150 50 
Pulse width (PW) mSec 25 to 150 50 
Scan Increment (SI) mV 2 to 20 4 
Scan rate (SR) mV/sec 10 to 100 50 
Stirring rate (rpm) 50 to 250 250 
Rest period (Sec) 2 to 10 5 

Fig. 1. AFM behavior of ibuprofen adsorption on PANI/Ag/GCE 
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1.42 MICROBIAL FUEL CELL ASSISTED DISPOSAL OF PHOSPHATE SORBED RICE 

HUSK BIOCHARD. 
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1. Introduction 

Biochar is a pyrolysis derived carbonaceous material from biomass in limited supply of oxygen. 
Biochar serves as an excellent sorbent material for removing environmental contaminants. The 
discharge of phosphate from various sources causes eutrophication and other related problems [1]. It is 
most essential to develop an effective technology for removing phosphate from aqueous solutions [2]. 
Biochar derived from rice hisk (RHB) can act as a promising candidate for phosphate removal. Hence 
a study was planned to investigate an adsorption process using phosphate as adsorbate and RHB as 
adsorbent. Phosphate adsorbed RHB may pose environmental concerns and subsequently the work was 
extended for disposing the RHB absorbed phosphate through microbes in microbial fuel cell (MFC). 

2. Experimental Techniques 

Rice husks were collected from in and around rice mills of Puduvayal block of Karaikudi town. 
The collected husks were dried in mild sunlight for 5 days and then massacred into powder for slow 
pyrolysis process whose yield was 47 %. Surface functional group of RHB was analysed by 
Fourier transform infrared (FT-IR) spectrometer of Bruker Optik GmbH make. Scanning electron 
microscopy (SEM) was done by using Hitachi, Japan instrument to investigate the surface morphology 
of RHB. The phosphate absorbing capacity of RHB was assessed by the ascorbic acid method [3]. The 
obtained results were fitted into standard isotherms. The phosphate adsorbed RHB  was disposed in soil 
microbial fuel cell constructed using 150 mL glass beaker.  Soil (100 g) was moisturised with 50 mL 
of distilled water. Mild steel anode was buried at the bottom of the beaker using moisturized soil and 
mild steel cathode was allowed to float in the distilled water over packed soil. Soil bacteria served as 
MFC mediators. Two similar MFC were constructed and one out of it was packed with 5 g of RHB 
used for phosphate adsorption from aqueous solution of 50 ppm concentration and another one served 
as control. The open circuit potential offered by the two MFC’s were measured using digital multimeter 
individually. 

3. Result and Discussion  

FTIR spectroscopy of RHB showed 3 important characteristics peak. A band at 3452 cm -1 

proves the existence of hydroxyl group. The band at 1629 cm -1 corresponds to amide and amine 
functional group. A well stretched band at 1098 cm -1 is attributed to C- O vibrational stretching 
frequency of aliphatic ethers. Thus hydroxyl, amide, amine and aliphatic ethers are present in the RHB.  
Surface morphology presented in Figure 1 depicts macro porosity of RHB which were resulted due to 
volatilization of organic compounds. The experimental values obeyed with Freundlich isotherm as 
evidenced from Fig.2 (R2=0.923). Hence RHB provides heterogeneous site for phosphate adsorption in 
non-uniform layer with reversibility [4]. The free energy of adsorption (∆Gads < -20 kJ) calculated from 
equilibrium constant (Kc) values showed physical mode of phosphate adsorption on RHB. Open circuit 
potential discharged by MFC containing RHB lasted steadily for 24 days and then falls steeply. Control 
MFC offered a low potential value (around 120 mv) and delivered potential up to 15 days. Higher 
potential offered by MFC with RHB was due to absorbed phosphate nutrient.  
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4. Conclusions 

The study concluded that RHB effectively adsorbs phosphate from synthetic aqueous solution 
obeying Freundlich adsorption isotherm. The calculated free energy of adsorption supported physical 
mode of binding between RHB and phosphate. The adsorbed phosphate was disposed in MFC with 
subsequent power generation.  
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1.43 Studies on Synthesis, Structure and Characterization of Nd2Mo2-x InxO9 Oxide ion 

Conductor for Solid Oxide Fuel Cell Application 
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Government Arts College, Dharmapuri-636 705, South India. 

Abstract 

  Nd2Mo2-xInxO9 (0 ≤ x ≤ 0.5) oxide ion conductor powders are synthesized with Nd(NO3)3, 

In(NO3)3, (NH4)6Mo7O24 , and aspartic acid (fuel) by assisted combustion method which heating at 550 
˚C for 6 hours. X-ray diffraction analysis indicates that the structure of Nd2Mo2-xInxO9. Scanning 
electron microscopy is used to identify the surface morphology. The particle size of the synthesized 
product is measured by Scherrer equation and by using a transmission electron microscope. The 
influence of the Indium substitution for Mo in Nd2Mo2O9 of the phase transition has been investigated 
by DTA. The formation of Nd2Mo2-xInxO9 is confirmed by FTIR studies.  The Arrhenius plot shows the 
ionic conductivity on the variation of temperature. These results indicates that assisted combustion 
method is a promising method to prepare nanocrystalline Nd2Mo2-xInxO9 oxide ion conductor for solid 
oxide fuel cell. 
KEYWORDS: Ionic conductivity, Scanning Electron Microscopy, Transmission Electron Microscope, Thermal Analysis, X-ray diffraction. 

 

  

Figure 1: SEM micrographs of 
Rice Husk Bbiochar 

Figure2: Freundlich adsorption 
isotherm for phosphate on RHB 
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1.44 Label Free Microfluidic Electrochemical Biosensor for Aflatoxin B1 in Rice 
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Due to the warm and favourably humid climate of southern India, the rice is one of the most 
important crops. The protection against crop damage caused by fusarium and Aspergillus species is 
essential. Aflatoxin B1 (AFB1) is considered the most toxic and is produced by both Aspergillus flavus 
and Aspergillus parasiticus. Aflatoxins have caused much harm to human and animal health due to their 
toxicity and carcinogenicity. It is estimated that about 4.5 billion people are chronically exposed to 
Aflatoxins. Since it is impossible to reverse its carcinogenic effects, the identification and prevention 
of human exposure to aflatoxins have become a major research topic in the area of food science. 
Therefore, effective detection of AFB1 in food products is indispensable for ensuring that the products 
offered meet regulatory and market requirements. We have therefore investigated to develop sensitive 
microfluidic electrochemical immunosensor for the detection of AFB1. In this work microfluidic 
channel was made from polydimethylsiloxane and this integrated with gold nanoelectrode ensembles. 
Aflatoxin B1−BSA conjugate immobilized onto gold electrode by self-assembled monolayer of 3-
mercaptopropionic acid. The biosensor integrates a microfluidic channel with gold nanoelectrode based 
indirect competitive immunoassay. The AFB1 concentration can be quantitatively determined in the 2 
ng/mL range. The developed sensor were found to be highly sensitive and exhibited a remarkably low 
limit of detection (LOD; 1 ng/mL). 

Figure 1. A. Scanning electron microscopic image of a GNEE 

Keywords: Microfluidic, Biosensor, Aflatoxin B, Rice, Electrochemical 
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Extracellular vesicles (EVs), including exosomes, are nanoscale vesicles that carry molecular 
information of parental cells. Since EVs can be detected in a variety of biofluids and contain a specific 
set of biomarkers which are reminiscent of their parental cells, they show great promise in clinical 
diagnostics as EV analysis can be performed in minimally-invasive liquid biopsies. Exosomes show 
potential for cancer diagnostics because they transport molecular contents of the cells from which they 
originate.1 Detection and molecular profiling of exosomes is technically challenging and often requires 
extensive sample purification and labeling. However, reliable, fast and cost-effective methods for their 
determination are still needed, especially if decentralized analysis is intended. Here we describe a label-
free,high-throughput approach for quantitative analysis of exosomes.  
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 We developed an electrochemical biosensor which works with ~10 μL sample volume, and 
can detect as low as 150 exosomes per microliter, with a linear range spanning almost four orders of 
magnitude. Gold nanoelectrode array is functionalized with antibodies to enable profiling of exosome 
surface proteins and proteins present in exosome lysates. This was achieved by immobilizing rabbit 
anti-human CD24 antibodies on gold nanoelectrodes array, and using monoclonal antibodies against 
CD24 for detection of captured exosomes. Capability of detecting exosomes in real samples (diluted 
serum) was shown. We report that this approach offers good sensitivity, enables portable operation 
when integrated with miniaturized chips and allows retrieval of exosomes for further study.  

Key words: Cancer, CD24, ovarian cancer, nanoelectrodes, immunosensor. 
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An electrochemical biosensor for the determination of pesticide chlorpyrifos, one of the 
common organophosphorous insecticide used in vegetable crops, is described. Thin film of polyaniline 
deposited on screen printed electrode was used for acetylcholinesterase (AChE) enzyme 
immobilization. The incorporation of PANI not only provided the conductive pathways to promote the 
electron transfer, but also increased the surface area of flexible three dimensional conductive supports 
for acetylcholinesterase enzyme. Thin PANI film on SPE –AChE acted as good sensor for enzyme by-
product acetic acid. The changes of local pH in the vicinity of an electrode surface by enzymatic reaction 
increases the redox activity of PANI thin film on SPE. The pesticides were determined with the 
proposed biosensor through the enzyme inhibition mechanism. The biosensor was successfully tested 
in the determination of chlorpyrifos. The dynamic range for the determination of methyl chlorpyrifos 
was found to be in between 1.0x10-11 M up to 1.0x10-6 M with correlation coefficient 0.994. The 
detection limit was found to be 1x10-12 M.  

 
Schematic illustration of the different steps for the biosensor construction and Calibration curve for chlorpyrifos determination. 

 

Keywords: Biosensor, Pesticide, Chlorpyrifos, Acetylcholinesterase 
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The environmental pollution is a matter of great concern worldwide. Consequently 

contamination of food chain is getting increasingly important in view of its role in human health and 
nutrition. There is large number of environmental pollutants that constitute a potential danger to 
humanity. Heavy or toxic metals are trace metals which are detrimental to human health and having a 
density at least five times that of water. Once liberated into the environment through the air, drinking 
water, food, or countless varieties of man-made chemicals and products, heavy metals are taken into 
the body via inhalation, ingestion and skin absorption. In this work, we developed Bismuth 
micro/nanoparticles deposited glassy carbon electrode for heavy metal analysis. The Bi ME has been 
developed to simultaneously and sensitively determine Cd2+ and Pb2+ using the SWASV method. The 
characteristic peaks of Cd2+ and Pb2+ were observed at –0.746 and –0.496 V respectively, metal ion 
stripping characteristics with a pre- -concentration deposition time of 120 s. Different concentrations of 
lead and Cadmium were prepared between 0.1ppb and 30 ppb. Heavy metal contamination in fish liver 
oil extracts sample is analyzed by modified electrode. Recovery studies shows that in fish liver oil 
spiked with (1ppm) Pb and (1ppm)Cd metal content present in 97% and 98%  is observed. This method 
is rapid, sensitive and economic as compared to other analytical methods. 

 
SEM picture of Bi deposited on glassy carbon electrode and Calibration plot of lead and cadmium under optimised conditions 

Keywords: Heavy metal, voltammetry, bismuth electrode, pollution 
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Cardiovascular diseases account for ca. 30% of adult deaths in the age group of 30-70 years, 
which is greater than the combined mortality rate from all types of cancer. The ability to foresee cardiac 
pathology is therefore of utmost concern to clinicians. Several potential cardiac biomarkers have 
attracted attention because of their ability to predict future cardiovascular events. Serum cardiac 
markers, particularly myoglobin (MB), play an important role in clinical diagnosis; an increased MB 
level indicates myocardial damage. Detection of elevated levels of MB has become a gold-standard for 
diagnosis in cases of acute myocardial infarction (AMI); MB is released in the blood within 4-5 h after 
an AMI episode with the expression level in plasma serum increasing up to 600 ng mL-1 after AMI, 
over 3 to 6 times above the normal level expressed in healthy patients. Direct determination of serum 
MB level is very important in the early detection of cardiac problems. A simple and label-free 
electrochemical immunosensor based on Au-SPE for MB determination has been developed. 
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The construction of the proposed biosensor consists of a cysteamine self-assembled monolayer 
forming an organized and packed layer on the surface of a gold electrode which enabled a fast and 
successful modification with antibody molecules. Anti-myoglobin antibodies molecules were 
immobilized by glutaraldehyde cross linker. Direct determination of serum MB level is very important 
in the early detection of cardiac problems. Human serum samples were spiked with known amount MB 
and analysed for method validation. The accuracy of the MB determination was examined by 
comparison of the results obtained by this method with those from the ELSIA myoglobin analysis kit. 
The LOD value thus obtained was 5 ng·mL-1. Serum testing using proposed biosensor is simple, making 
it an attractive, effective alternative to conventional ELISA testing, and the possibility of developing 
home testing kits would further facilitate it as a diagnostic aid, enabling patients to monitor their own 
health at home and is important for those who live far from their treatment centers. 

 
Schematic illustration of the different steps for the immunosensor construction and calibration plot 

Keywords: Biosensor, Myoglobin, Immunosensor, Cardiovascular, Biomarker 
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Analytical technology is an extremely broad field which impacts on many major industrial 

sectors such as the pharmaceutical, healthcare, food, and agriculture industries as well as environmental 
monitoring. Pesticides have the insecticidal property due to which they are in great use. But human 
health and the surroundings are affected by these pesticides as they contain the toxic compounds. These 
toxic compounds are hazardous as they can accumulate in grains, vegetables, fruits, and so forth, 
percolate in soil, and finally lead to water contamination. Single drop micro-extraction (SDME) is based 
on the principle that the equilibrium ratio of the concentration of solute between the organic phase and 
the aqueous phase. A solvent micro drop is exposed to an aqueous sample, where the analyte is extracted 
into the drop. In this way, high enrichment factors are obtained owing to the high ratio of sample volume 
to organic phase volume. After extraction, the micro drop is retracted back into the micro syringe and 
injected into instruments such as GC-MS, GC, and HPLC for further analysis. In this work we 
developed a simple SDME procedure coupled with electrochemical technique for the trace-level 
determination of Methyl Parathion in aqueous samples. Under optimal extraction conditions the 
maximum extraction of Methyl Parathion was achieved. Screen Printed Electrode (SPE) was utilized to 
enhance electrochemical performance. The combination of both SDME and SPE resulted the lower 
detection limit, good linearity and repeatability for the detection of Methyl Parathion in water. 
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In this work, the pristine LiMn2O4 and vanadium substituted LiVxMn2-xO4 (x = 0.05, 0.10, 0.15 
and 0.20) positive electrode material were prepared by using the tartaric acid assisted sol-gel method. 
The structure and electrochemical properties of the prepared materials were characterized by using 
XRD, SEM, TEM and charge/discharge studies. The mechanisms of improving the electrochemical 
performances of the pristine LiMn2O4 and vanadium substituted LiVxMn2-xO4 cathode materials are 
discussed. X-ray powder diffraction analysis was changed in lattice parameters with increasing 
vanadium content suggesting the occupation of substituent within LiMn2O4 interlayer spacing. TEM 
and SEM analyses show that LiV0.15-Mn1.85O4 has smaller particle size and more regular morphological 
structure with narrow size distribution than those of LiMn2O4. It is concluded that the structural stability 
and cycle life improvement were due to many factors like better crystallinity, smaller particle size and 
uniform distribution compared to LiMn2O4 cathode material. LiV0.15-Mn1.85O4 cathode material has 
improved the structural stability and excellent electrochemical performances of the rechargeable 
lithium-ion batteries.   

Key words: Positive electrode materials, XRD, TEM, Charge/discharge  
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ABSTRACT 

Polyaniline/ZnO Nanocomposites are synthesized by chemical oxidation polymerization 
method with varying amounts of Zinc Oxide (0.1g, 0.5g wt. %). The structure and properties of 
PANI/ZnO nanocomposites are assessed by X-Ray Diffraction (XRD), Scanning Electron Microscope 
(SEM) and FT-IR spectroscopy. The XRD analysis demonstrate the nanocrytalline nature of PANI and 
its composites. FT-IR results show broadening and shifts of peaks towards lower wave numbers in all 
composites suggesting better conjugation and some chemical interactions between PANI and Al 
particles. 
KEYWORDS: Polyaniline, Nanocomposites, FT-IR, SEM, XRD and Conductivity 
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2.1 Effect of metal incorporation in tungsten oxide / zinc sulphide nanostructures 
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Incorporation of metals in semiconductors can have profoundinfluence on their structural, 
morphological and optical properties. Au, Ag, Cu and Mn incorporated nanostructures of tungsten 
oxide and zinc sulfide nanostructured films are prepared using RF magnetron sputtering technique 
and effect of metal incorporation on their structural and  optical  properties are investigated in detail. It 
is observed that Ag and Au incorporation in tungsten oxide matrix promote the formation of W18O49 

crystalline phase. Silver incorporation on tungsten oxide matrix enhances crystalline quality, film 
thickness and grain size and at same decreases the transmittance and band gap energy.   The surface 
plasmon resonance of silver   and gold nanoparticles in tungsten oxide matrix is studied in detail. Cu 
doping in ZnS nanostructures results in phase modification and affects its luminescence behavior. PL 
analysis revealed that increase in Cu incorporation results in the enhancement of self activated PL 
emissions with the appearance of a new green emission peak due to the recombination of a shallowly 
trapped electron and Cu2+. Incorporation of Mn in ZnS lattice enhances the crystalline quality of ZnS 
films. Mn incorporated films show an intense orange emission due to the d-d transition of Mn2+ ions in 
the ZnS along with the blue and green emissions as observed in the pure ZnS film. Ag incorporated ZnS 
films reveal the presence of hexagonal wurtzite zinc sulfide phase. ZnS films with higher Ag 
incorporation exhibit surface plasmon resonance band in the 450-650 nm region. In the Au loaded ZnS 
films nanoflowers of triangular and leaf-like petal morphologies are achieved. A selective enhancement 
of Raman intensity is observed for the Au loaded nanoflowers due to the plasmon scattering at the 
ZnS/Au interface.  Nanoflowers with higher Au loading concentration exhibit surface plasmon 
resonance band of Au in the 550-650 nm.  The Au incorporation in ZnS lattice has changed the PL 
emission properties of the ZnS nanostructure drastically. 

 

2.2 Graphene based metal chalcogenide nanocomposite catalysts foreffective 
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 The activity of TiO2 nanotubes is largely restricted to the ultraviolet region owing to the large 
band gap (3.0 eV for rutile phase and 3.2 eV for anatase phase), and thus contributes only 3-5% of the 
conversion from solar energy [1]. On the basis of the drawbacks of TiO2 based materials, 
semiconducting metal sulfides have the ability to absorb light in the visible region due to their relatively 
narrow band gap [2]. They are considered as a promising class of materials and have been used as sun-
light activated photocatalysts and efficient separators of photogenerated charges in coupled hetero 
structures. Among them, CdS has been mostly studied. However, CdS is far from any realistic 
application due to its high toxicity. By contrast, SnS gained interest as being a n-type semiconductor, 
nontoxic, inexpensive and chemically stable IV−VI semiconductor, with a band gap within 2.08-2.44 
eV, a CdI2-type layered structure and it has good stability in visible light-sensitive photocatalyst. 
Targeting environmental and energy-related reactions, processes have been recently implemented for 
the synthesis of SnS of different morphologies as well as coupled with carbon-based materials namely, 
carbon nanotubes and graphene for elaborating hybrid nanocomposites.  

Graphene exhibits a unique structure of one-atom thick and two-dimensional layers of sp2-
bonded carbon, the surface properties of graphene can be adjusted via chemical modification, which 
offers tremendous opportunities for the development of functionalized graphene-based materials [3]. 
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 Such graphene-based materials show unique electronic and optical properties and good 
biocompatibility, which make these materials attractive for many potential applications including 
energy storage, catalysis, biosensors, molecular imaging and drug delivery. Recently, functionalized 
graphene-based semiconductor photocatalysts have attracted a lot of attention due to the ability to act 
as electron transfer medium, large specific surface area and high adsorption. These properties has 
stimulated an extensive research on the preparation, modification, and application of graphene-based 
semiconductor photocatalysts. Taking into consideration of all these points, in this work, graphene 
oxide-SnS (GO-SnS) nanocomposite catalysts were synthesized through hydrothermal method and 
characterized by X-ray diffraction, scanning electron microscopy, Raman spectroscopy, Fourier 
transform infrared spectroscopy, UV–vis spectroscopy.  The catalytic potential of these photocatalysts 
were demonstrated through photodegradation of malachite green in the water. The effects of GO/SnS 
ratio and initial solution pH on the photodegradation efficiency were studied extensively. The 
nanocomposite based catalyst has showed excellent sunlight-excited photocatalytic activity to toxicity 
malachite green in the water. The photodegradation rate has found to increase dramatically on 
increasing with the load ratio of GO/SnS. Similarly, the variation of pH has largely influenced in the 
catalytic activity due the large surface-to-volume ratio and lower band gap.  
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2.3 The Development of Silica Nanoparticle from Top Down & Bottom Up Approach for Using 
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The use of silica nanoparticle prepared by both bottom up (commercially available silica 
colloidal nanoparticle) and top down (bead milling) for the development of scratch resistant 
nanocomposites will be discussed.  The technique for the preparation of bead milled silica particle with 
the control target size, ranging from 200 nm to 800 nm in organic media, will be shown.  The preparation 
of silica-methyltriethoxy silane coating solution from silica nanoparticle will be used for the coating 
preparation on both transparent plastic and wood.  The nanocomposite films were evaluated for their 
optical and scratch resistant property.  The presentation will also cover the discussion on future prospect 
for the use of nanoparticle in the coating application. 
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Development of efficient organic aggregation-induced emission (AIE) luminescent materials is 
one of the hot current research topics, owing to their high demand in diverse high tech fields, such as 
sensing, optoelectronics and biotechnologies.1 The AIE phenomenon stands for a photophysical process 
that certain nonfluorescent or weakly fluorescent luminogens in solutions can turn on strong 
fluorescence in the aggregated state.2 Various AIE molecules were developed such as 
tetraphenylethene, hexaphenylsilole, distyryanthracene, tetraphenylpyrazine, etc.3 However ,most of the 
AIE molecules were synthesized by difficult synthetic routes, herein plan to synthesize a new AIE active 
molecule with concise synthetic route. From the literature, the Schiff base based molecules can be 
synthesized by simple method and cost effective method and has also applied to many emerging fields. 
However, these conventional fluorophore cannot produce satisfactory results in practical application. 
Therefore, we need the fluorophore must have with high molar extinction coefficients, high 
fluorescence quantum yields (QYs), good photostability, and longer absorption and emission, are 
needed. Recently, pyrene is a good fluorophore, due to it is good photostability, excellent 
photoluminescence properties for utilized in sensor and bio imaging applications. Therefore, we have 
synthesized pyrene based Schiff base (PS) which is well characterized by using 1H, 13C NMR, FT-IR 
and mass analysis. In solution state, the PS molecule fluorescence is completely quenched due to photo 
induced electron transfer (PET).  The PS molecule emission intensity is increases at THF: H2O (10:90) 
aggregate states for suppression of PET. The aggregation state of PS molecule is characterized by using 
HR-SEM, HR-TEM, AFM and DLS measurements. From the characterization, PS molecule could 
exhibit spherical shape with average size is ∼1 nm. Therefore the PS aggregates are expressed as AIE 
nanodots.  The AIE nanodots have high fluorescence lifetime (4 ns) and high quantum yield (54%) with 
compare to commercial fluorophore. The PS based AIE nanodots were successfully used to several 
applications such as in-vitro bioimaging, detection of picric acid and photoinduced electron transfer 
studies. 
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Abstract: 

 Currently, plant-mediated biological synthesis of nanoparticles is gaining importance due to 
its simplicity and eco-friendliness. In this work, the reaction mixture is prepared by adding   1mmol 
solution of zinc nitrate as a source of zinc to 30 mL of Acacia catechu (Karungali ) plant extract  at 
600c (fuel)  under constant stirring for ∼30 min. This reaction mixture is kept in a pre-heated muffle 
furnace maintained at 400 ± 10 °C. ZnO NPs are formed within 3–4 min. The particle size is calculated 
from X-ray diffraction images of ZnO powder using Scherrer formula D=K �/� COS�. The absorption 
spectrum of the sample is measured by a UV–vis-spectrophotometer. Morphological features are 
studied by using Hitachi-7000 Scanning Electron Microscopy (SEM), Transmission electron 
microscopy (TEM, TECNAI F-30).Encapsulation of inorganic nano metal oxides (as a core) by 
polymers (as a shell) is  also one of the most interesting research subjects, in the authors’ point of view, 
that leads to the synthesis of nanocomposites ,whose properties include properties of not only the 
organic polymer (e.g., optical properties, toughness, flexibility, etc.), but also the inorganic 
nanometaloxides (e.g., mechanical strength, thermal stability, etc.).  The applied preparative method 
involves Green synthesis of a terpolymer resin by ultrasonic irradiation technique using monomer 
resorcinol (0.1 mol) and guanidine hydrochloride (0.1mol) with formaldehyde (0.2mol) in the presence 
of 2M HCl medium at 800 C for 15 minutes. After the completion of  the reaction,  terpolymer 
incorporated with nanometaloxide is purified  by  dissolution in 8% NaOH  and re-precipitated  by  drop 
–wise addition of  1:1 2M HCl and then characterized by different spectral methods like FT-IR,UV-
visible,H1NMR and C13 NMR to elucidate the structure of the ZnO/RGF nanocomposite. 
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1,2,3-Triazoles have gained paramount importance for the past two decades owing to their 
versatile applications in various fields such as drug discovery, medicinal chemistry, supramolecules, 
functional coatings, material science and polymers.1 Particularly, 1,2,3-triazoles bearing NO2 group 
gain additional importance since they are the starting materials for nitrogen group substituted 1,2,3-
triazoles. Apart from acting as nitrogen source, NO2 group can be derivatized further to access diverse 
molecules.2 In spite of the conventional Huisgen cycloaddition, major breakthrough was achieved in 
this area only after the discovery of copper catalyzed azide–alkyne cycloaddition (CuAAC) which 
amassed numerous publications encapsulating a wide spectrum of applications in various fields.3 As an 
alternative approach to azide–alkyne cycloaddition olefins were envisaged in the place of alkynes since 
olefins are easily accessible and economically viable than alkynes. This type of azide–olefin 
cycloaddition was pioneered by Huisgen and Labbe with organic azides and electron deficient olefins.4  

To convert these unstable triazolines into stable aromatic triazoles, two ingenious approaches 
have been adopted. The first one is eliminative azide–olefin cycloaddition (EAOC) and the second 
approach is oxidative azide–olefin cycloaddition (OAOC). Above all, nitro-olefin is yet another 
potential candidate which has feebly come into limelight. When nitroalkene is subjected to 
cycloaddition with azides, HNO2 gets eliminated from the resulting triazoline furnishing the required 
triazole. A few research groups have made laudable contributions in the EAOC of nitro-olefins in the 
past decade.5 However 1,2,3-triazoles from nitroolefins without elimination of nitro group (OAOC) has 
been dormant for several years. Recently, Chen et al, have reported Cu(OTf)2 catalyzed regioselective 
OAOC of nitroalkenes with organic azides in DMF/AcOH in excellent yields of 78–96%.6 In 
continuation to that, we have developed an environmentally benign and economically viable tunable 
method to achieve oxidative and eliminative cycloaddition of nitro-olefins with organic azides simply 
by tweaking the reaction condition.7 Some of the noteworthy features of CuO nanoparticles are: The 
catalyst is comparatively cheaper and heterogeneous. CuO nanoparticles are less cytotoxic than the 
conventional Cu(I)-precursors.8 
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Abstract: 

Water is a driving force of nature. In fact 70% of earth is covered with water, but hardly 2.5 % 
of the total available water accounts for freshwater [1]. However, due to the rapid growth of world 
population and abuse of water resources, water pollution and water shortage problems are more and 
more serious. Around 780 million people in the world still lack access to improved drinking water 
sources [2]. Water is available to us from various resources, but unmindful use of these resources has 
led to a water crisis. Also with the growing industrialization and urbanization, pollution of water has 
become a major problem that needs to be tackled [2]. 

Dye pollutants are one of the most important pollutants, present in the untreated water and are 
creating several public health problems. These organic dyes present in water are from industrial 
applications such as in the manufacture of textile’s, paints, printing inks, food cosmetics, 
pharmaceutical or plastics, and are mostly toxic even at very low concentrations [3] . 

In recent years, application of photocatalysis to the environmental clean-up has been one of the 
most active research areas. Photocatalytic degradation is a part of advanced oxidation process (AOP) 
which has proven to be a promising technology for degrading organic compounds into non-toxic simple 
molecular compounds like CO2, H2O and other inorganic halides, hydrides etc. 

In this study cellulose acetate-polystyrene (CA-PS) and aluminium oxide (Al2O3) impregnated 
cellulose acetate-polystyrene (CA-PS/Al2O3) membranes were synthesized. The surface morphology 
and thermal stability of pure CA-PS and Al2O3 impregnated CA-PS membranes are compared using 
scanning electron microscopy (SEM) with energy dispersive analysis of X-rays (EDAX), atomic force 
microscopy (AFM), thermo gravimetric-differential thermal analysis (TG-DTA). The efficiency of 
photodegradation of reactive yellow (RY - 105) dye using the membrane was tested. The effect of 
different experimental parameters like irradiation time and pH on the extent of removal of dye by 
polymeric membrane was investigated. The kinetics and best fitting isotherm model for the prepared 
membrane are discussed.   

Figure:  

 

 

 

 

 

 

 

 
Figure 1. (A) SEM images of Al2O3 -CA-PS membrane & (B) SEM mapping of Al2O3-CA-PS membrane 
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Abstract: 

Quality of the water is just as important as the quantity. Waste water containing dyes are 
difficult to remove because of their stable nature. Various methods are currently used for the treatment 
of industrial waste water. Adsorption technique, which is simpler and cost effective, stands one among 
the alternatives introduced to remove dye. The use of montmorrilonite (a natural phylosilicate ) has 
gained much attention in composite preparation [1]. Layered structure of montmorillonite (MMT) 
having exchangeable hydrated cation is the main parameter responsible for the remarkable adsorptive 
properties. High specific surface area and resulting high reactivity of nano scale zero valent iron (n ZVI) 
makes it a promising one in the composite formation [2]. In this study, n ZVI/MMT was prepared. The 
prepared composite was characterized using SEM with EDAX, FTIR, XRD and TGA. 

The degradation efficiency of Indigo carmine dye from aqueous solution using the prepared 
composite has been found to be dependent on contact time and pH. Adsorption efficiency of n ZVI in 
MMT is 93%. Removal of dye followed pseudo second order kinetics and the analysis of adsorption of 
dye under different initial concentration followed Freundlich isotherm. The prepared composite using 
n ZVI with MMT was found to be an excellent material for the adsorption of Indigo carmine dye from 
aqueous solution. 
Figure: 

 

 

 

 

 

 

 Figure 1. SEM images of (A) n ZVI and (B) n ZVI/MMT  
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2.9 Silver nanoparticles mediated reduction of 2-nitro to 2-amino-5-(4-phenylquinolin-2-yl) 

phenols; molecular rationale of these small molecules as Topoisomerase-II inhibitors and 

anticancer therapeutics 
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Substituted 2-amino-5-(4-phenylquinolin-2-yl)phenols (5a-h), achieved by reducing 2-nitro-5-
(4-phenyl quinolin-2-yl)phenols (4a-h) mediated by algal route derived silver nanoparticles (AgNPs), 
were emerged as the inhibitors of Topoisomerase-II (Topo- II) and anti-cancer agents. Synthesized 
AgNPs was used as highly active catalysts for the reduction of nitroarene present in compounds (4a-h), 
giving the corresponding aryl amines (5a-h) with NaBH4 in moderate to high yields. In the physio-
chemical analysis/predictions and the biological activities, there was excellent superiority observed for 
compounds (5a-h) over (4a-h) due to excellent energy minimized in the reduction of nitroarene to aryl 
amines. Docking results suggested the hydrophobic interactions in Topoisomerase (PDB ID: 1A36 
(Topo-I) and 4FM9 (Topo-II)) binding pocket dominated affinity of most efficiently binding ligands 
(5a, 5c, 5f, and 5g: inhibitory constant (ki) = 46.45 nM, 124.12 pM, 62.74 nM, and 216.22 nM 
respectively for Topo-II). In Topo-II assay, compounds 5a, 5c, and 5f-h were highly active with a 
percentage inhibition range between 75±1.02 to 95±0.84. IC50 for these compounds were <0.05 µM. 
Among all tested cancer cell lines (colon (HCT 116),  skin (G-361), breast (MCF-7)), excellent 
therapeutic result were obtained for colon cancer (HCT116); 5a, 5c and 5f-h were showed excellent 
relative activities (82.54, 92.12, 84.24, 80.19 and 75.92% and IC50 0.25 µM (5a), 0.075 µM (5c), 0.085 
µM (5f), 0.125 µM (5g)  and 0.50 µM (4j) while the standard (Doxorubicin) found with IC50 1.25 µM 
(78 % relative activity). SAR studies demonstrated 2-amino-5-(4-phenylquinolin-2-yl)phenols as the 
Topo-I&II precise inhibitors with the imminent therapeutic potentials to treat a variety of cancers. 

 

Keywords: 2-amino-5-(4-phenylquinolin-2-yl)phenols, Topoisomerase I&II; anticancer; SAR; molecular docking; HCT-117 cell line 
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Abstract 

A simple and cost effective synthesis of nanomaterials with advanced physical and chemical 
properties have received much attention to the researchers, and is of interest to the researchers from 
different disciplines. In the present work, we report a simple and one pot electrochemical synthesis of 
poly(melamine) entrapped gold nanoparticles (PM-AuNPs) composite. The PM-AuNPs composite was 
prepared by a single step electrochemical method, wherein the AuNPs and PM were simultaneously 
fabricated on the electrode surface. The as prepared materials were characterized by various 
physicochemical methods. The PM-AuNPs composite modified electrode was used as an electrocatalyst 
for oxidation of catechol (CC) due to its well-defined redox behaviour and enhanced electro-oxidation 
ability towards CC than other modified electrodes. Under optimized conditions, the differential pulse 
voltammetry (DPV) was used for the determination of CC. The DPV response of CC was linear over 
the concentration ranging from 0.5 to 175.5 μM with a detection limit of 0.011 μM. The PM-AuNPs 
composite modified electrode exhibits the high selectivity in the presence of range of potentially 
interfering compounds including dihydroxybenzene isomers. The sensor shows excellent practicality in 
CC containing water samples, which reveals the potential ability of PM-AuNPs composite modified 
electrode towards the determination of CC in real samples. 

Keywords: Poly(melamine), gold nanoparticles, catechol, differential pulse voltammetry 
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Abstract  

In the present work, the MgO nanoparticles were synthesized via a sol-gel combustion method. 
The prepared sample were characterized by Powder X-ray diffraction (XRD), scanning electron 
microscopy (SEM) analysis and UV-Vis absorption spectroscopy. Powder X- Ray Diffraction (XRD) 
pattern confirmed the polycrystalline nature of MgO with cubic structure and there is no secondary 
phase is observed. The average crystallite size (D) was found to be 20 nm. Scanning electron 
microscopy (SEM) image revealed the fine particles are agglomerated and formed cluster like surface 
morphology. The photocatalytic degradation efficiency of the prepared MgO nanoparticle was 
investigated by photocatalytic degradation of Rose Bengal (RB) dye under the sunlight irradiation. The 
prepared MgO nanoparticle is used as a absorbent to remove Rose Bengal dye from aqueous solution. 
Fig. 1 (a) shows the typical time-dependent UV–Vis absorption spectra of Rose Bengal solution after 
UV irradiation with 10 mg of MgO nanoparticles as a photo catalyst. The characteristic absorption of 
Rose Bengal at 550 nm decreased rapidly with addition of photocatalyst and extension of the irradiation 
time. The absorption peak of dye solution disappeared completely after 150 min of irradiation. Similar 
trend is observed (Fig. 1 (b) & 1 (c)) when the concentration of MgO nanoparticles is increased to 30 
mg and 50mg. The degradation rate is found to be increased by increasing the concentration of MgO. 
The small crystallite size of the obtained MgO nanoparticles resulted in larger surface are with more 
number of reactive sites and surface hydroxyl which supported for higher degradation efficiency. 
Photocatalytic degradation efficiency of MgO nanoparticles for Rose Bengal dye is increased as a 
function of irradiation time as well as the concentration of photo-catalyst.  
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The 100% degradation of dye is achieved around 90 min of sunlight irradiation. The fast 
degradation also feasible by further increase of MgO concentration. The degradation kinetics was 
studied by plotting the natural logarithm of concentration ratio, ln(C/Co), versus the irradiation time, t. 
The degradation rate constant is increased from 0.03 to 0.08 min-1 as the concentration of the 
photocatalyst increases. The results confirmed that the MgO nanoparticles synthesized by a sol-gel 
combustion method can be applied as a potential candidate for the degradation of Rose Bengal dye 
under irradiation of sunlight.   

Key words: Mgo nanoparticles, Photocatalytic degradation, Rose Bengal dye, Sunlight. 

 

 

 

 

 
Figure 1. Time dependent UV-Vis absorption spectrum of (a) Mgo - 10 mg (b) MgO - 30 mg and (c) MgO - 50 mg 
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Abstract 

The CuO/PVA composite modified GCE prepared via simple drop casting method and the 

structural characterization of CuO/PVA nanocomposite was characterized by UV-vis-spectroscopy, 
X-ray diffraction (XRD), fourier transform infrared spectroscopy (FT-IR spectra), Scanning 
electron microscopy (SEM) and High resonance transmission electron microscopy (HR-TEM) 
technique. The CuO/PVA composite modified GCE showed excellent electrocatalytic activity 
towards the sensing of mercury in terms of decrease the potential and increase the cathodic peak current 
in comparison with different modified and unmodified electrodes. The electrocatalytic sensing of 
mercury based on the CuO/PVA nanocomposite modified GCE exhibited high selectivity, wide linear 
ranges, lower detection limit and good sensitivity. Besides, CuO/PVA/ GCE was used to analyze the 
mercury in real samples such as river water, tab water, laboratory water the satisfactory recovery results 
were obtained. On the other hand, the CuO/PVA composite played excellent catalyst towards the photo 
degradation of MB under visible light irradiation. The obtained results from the UV-Vis spectroscopy 
clearly suggested that CuO/PVA composite had high photocatalytic activity compared than CuO. 

 

(a) (b) (c) 
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The degradation efficiency of CuO/PVA toward MB is observed about 99% within 120 min 
under visible irradiation and it shows a good stability by observing the reusability of the catalyst. 
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D. Nathiya and J. Wilson* 

Polymer Electronics lab, Department of Bioelectronics and biosensors, Alagappa University, Karaikudi – 630004  

Email: nathiyad725@gmail.com 

 

Research on the development of high surface area materials for the sensing of biomolecules by 
electrochemical method is becoming a hot area of research. Among various abundant conducting 
polymers Polypyrrole (PPy) plays a vital role in electrochemical sensing due to its stability, 
conductivity, sensitivity and better biocompatibility [1]. Further enhanced conductivity also acheived 
by electron beam (EB) irradiation on polymer nanomaterial which results in increased conductivity, 
mobility, dielectric constant, solubility, percentage of crystallinity and also decrease in d-spacing, inter-
chain separation, thermal stability and Tg [2-3]. Tyr is the precursor of hormones and neurotransmitters 
which are responsible in causing Parkinson’s disease, atherosclerosis, viral infection, autoimmune 
disorders, depression and tumor [4]. The deficiency of Tyr in human body could cause albinism and 
alkaptonuria and the more concentration results in sister chromatid exchange [5]. It acts as an 
antioxidant and additives in dietary, food products and to the pharmaceutical formulations [6]. 

 In this work, we have synthesized PPy nanospheres (NSs) by oxidative polymerization method 
via FeCl3 and then tend to electron beam irradiation for further modification in structural and electronic 
properties. The EB irradiated PPy NSs based biosensor was employed in selective determination of L-
Tyrosine. The structure of the new material was characterized by Scanning Electron Microscopy 
(SEM), X-ray diffraction (XRD), Raman spectroscopy and the electrochemical behavior of L-Tyrosine 
was also studied by cyclic voltammetry (CV), Square wave voltammetry (SWV) and amperometry in 
phosphate buffer solution (PBS) at pH 7.0. The SWV current responses of L-Tyrosine were increased 
linearly in the range from 0.4 to 600 µM with a lower detection limit of 161 nM.  
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Fig. 1 SWV of L-tyrosine sensing for EB irradiated PPy modified GCE in 0.1 M PBS 

References 

[1] A. Ramanavicius, A. Ramanavicience, A. Malinauskas, Electrochim. Acta 51 (2006) 6025. 
[2] S. Bhadra, D. Khastgir, Polymer Degradation and Stability 92 (2007) 1824-1832. 
[3] [S. M. El-Sayed, H. M. Abdel Hamid, R. M. Radwan, Radiation Physics and Chemistry 69 (2004) 

339–345. 
[4] J. Li, D. Kuang, Y. Feng, F. Zhang, Z. Xu, M. Liu, D. Wang, Microchim Acta 180 (2013) 49–58. 
[5] Huang, K. J.; Luo, D. F.; Xie, W. Z.; Yu. Y. S. Colloids and Surfaces B: Biointerfaces 61 (2008) 176–

181. 
[6] Liu, X.; Luo, L.; Ding, Y.; Kang, Z.; Ye. D. Bioelectrochemistry 86 (2012) 38–45. 

 

  



- 59 - 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

2.14 SYNTHESIS, CHARACTERIZATION AND PHOTOCATALYTIC ACTIVITIES OF 

Co3O4 - MnO2 - ZnO TERNARY NANOPARTICLES 

S. Alwin David and Dr. C.Vedhi* 

Department of Chemistry, V.O Chidambaram College, Tuticorin 628008, Tamilnadu, India 

E-mail: cvedhi23@gmail.com 

ABSTRACT: 

Nano Co3O4 - MnO2 - ZnO mixed oxides were prepared by wet chemical method by mixing of 
equimolar solutions of cobalt chloride, manganese(II) sulfate and zinc sulfate in aqueous sodium 
hydroxide and refluxed at elevated temperature. The prepared mixed nano oxides were characterized 
by FT-IR, XRD, UV – Vis DRS, TEM, SAED, SEM, EDAX and AFM.  The FTIR spectra expose the 
presence of M-O bonds (M = Co, Mn, Zn). From XRD studies, the size of the Co3O4 - MnO2 - ZnO 
NPs are found to be 10.13 - 25.65nm through Scherrer's formula. The XRD patterns also reveal that the 
particle size is drastically increased with increasing concentration of the precursors. From UV-Vis 
diffuse reflectance spectra (DRS), band gap energies of the (0.1 – 0.5M) Co3O4 - MnO2 - ZnO NPs are 
found to be in the range of 3.04 - 3.1eV. The TEM, SEM and AFM micrographs of 0.1M Co3O4 - MnO2 
- ZnO NPs display roughly spherical shape with size ranging from 10 - 30nm. SAED pattern confirms 
the crystalline nature of these nanoparticles. EDAX analysis indicates the presence of Co, Mn, Zn and 
O. The average surface roughness (Sa) and the root mean square roughness (Sq) of the Co3O4 - MnO2 - 
ZnO NPs are 8.0082nm, 10.666nm respectively. From the TG analysis, a total mass loss of 12.92% can 
be observed in the temperature range from room temperature up to 1200°C. 

 

 The photocatalytic activity of Co3O4 - MnO2 - ZnO NPs was evaluated for degradation of 
methylene blue (MB) under sunlight. Among the samples, 0.1M Co3O4 - MnO2 - ZnO NPs with smaller 
particle size (10.13nm) exhibits stronger photocatalytic activity (91.98%) as compared to other NPs 
with larger particle size (10.65 – 25.65nmsize). This can be explained as smaller particle have large 
surface area than that of larger particle, hence adsorbs more dye and leads to stronger interaction 
between MB and photocatalyst. Furthermore, the photocatalytic activity is affected by photocatalyst 
particle size, photocatalyst dosage, dye concentration and pH of dye solution. 

KEYWORDS: Co3O4 - MnO2 - ZnO NPs, Methylene blue, Photocatalyst. Photodegradation. 
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2.15 Synthesis and Characterization of N-doped ZnO Nanoparticles for Glucose sensor 

Tamilselvan Ganesan, M. Chinnadurai and Gurunathan Karuppasamy* 

Department of Nnaoscience and Technology, Science Campus, Alagappa University,  

Karaikudi- 630003. Ph: 04565-225630; E-mail: kgnathan27@rediffmail.com 

Abstract 

N-doped zinc oxide powder (ZnO:N) have been realizedas potential matrix for the development 
of the biosensor applications. Herein, we have synthesized N-doped ZnO nanoparticles through simple 
co-precipitation, method and correlation between the changes in property of the ZnO nanoparticles with 
N doping concentration has been studied. The synthesized nanoparticles were characterized by various 
physicochemical techniques such as XRD, FTIR, UV and FESEM. The electrochemical catalytic 
activities of the nanoparticles were examined by the cyclic voltammetry, impedance spectroscopy and 
amperometry techniques. The nitrogen doping on the ZnO nanoparticles (N-ZnO) alters its defects 
profile, thus improving the charge transfer characteristics and resulting in an enhanced peak oxidation 
current in the cyclic volt meter in comparison to that of the pure ZnO nanoparticles. 

Key words: Nanoparticles, N-doped ZnO, Glucose sensor, Biosensor 

 

2.16 Synthesis and Characterization of RGO-ZnO Nanocomposite 

S. Muthumariappan and C.Vedhi* 

PG & Research Department of Chemistry, V.O Chidambaram College, Tuticorin –628008, Tamilnadu, India 

Abstract 

A simple one-pot hydrothermal synthesis strategy has been approached to prepare the 
composite viz. reduced graphene oxide-ZnO nanoparticles (~30 nm)(RGO–ZnO).The synthesized 
RGO–ZnO composite has been successfully applied for glassy carbon electrode (GCE) surface 
modification. The RGO–ZnO composite-modified GCE is applied for sensitive and selective 
determination of Methyl Parathion (MP).The as-prepared composite is characterized by using Fourier 
Transform Infra-Red Spectroscopy(FT-IR),Scanning Electron Microscopy (SEM) along with Energy 
Dispersive X-ray (EDX) and elemental mapping. The atomic force microscopy (AFM) and TEM with 
SAED analysis confirm the presence of ZnO nanoparticles embedded over the entire surface of reduced 
graphene oxide. 

The prepared RGO-ZnO nanocomposite was characterized using FT-IR spectroscopy and 
shown in Fig. 1.The reduction of oxygen containing functional groups in the GO after the thermal 
treatment was confirmed by FT-IR analysis. The spectrum of GO exhibits several distinct peaks related 
to oxygen functional groups at 3400 cm-1(OH stretching vibration),1726 cm-1(C=O stretching 
vibration), 1621 cm-1(O-H bending and aromatic C=C, skeletal ring vibrations from the graphitic 
domain), 1380 cm-1 (C-OH stretching vibrations), 1240 cm-1 (C-O stretching vibrations of epoxy gp), 
and 1108 cm-1(C–OH stretching vibrations, but after hydrothermal reduction the intensity of these peaks 
dramatically decreased in both the pure RGO and RGO-ZnO composite. The spectrum of pure ZnO 
shows a peak at 470 cm-1corresponding to the Zn-O stretching vibration. This peak was red-shifted to 
440 cm-1in the RGO-ZnO composite due to interactions between the ZnO and residual epoxy and 
hydroxyl functional groups of the RGO. 

The surface morphology was investigated by AFM studies. Higher roughness value of RGO-
ZnO as shown in Fig 2 than GOES again confirms the composite formation by its better adsorption 
nature.  
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Fig 1. FTIR behaviour of nanocomposite 

 

Fig 2. AFM studies of nanocomposite 
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2.17 A BIO-DERIVED CARBON QUANTUM DOTS FUNCTIONALIZED WITH 

CONDUCTING ORGANIC POLYMERS FOR ENERGY STORAGE APPLICATIONS 

A. Gowrisankar1 and T. Selvaraju2* 
1Department of Chemistry, Karunya University, Coimbatore-641114 

2Department of Chemistry, Bharathiar University, Coimbatore-641046  

Email: veluselvaraju@gmail.com,agk.gowrisankar@gmail.com 

Abstract 

Carbon Quantum Dot (CQDs) is one of the most intensive research topics in the field of material 
science due to their extremely small size (1-10 nm), excellent dispersibility, low toxicity, good 
conductivity, functionality, biocompatibility and ease of preparation from different carbon based 
resources. All such credits help CQD to find applications in the fields of optoelectronic, energy 
conversion, bio-imaging, drug delivery, sensors, catalysts, etc [1]. Nowadays, CQDs based sensor and 
energy storage application have attracted due to their novel properties such as high photostability, 
biocompatibility, low toxicity. Further, chemical doping is the introduction of heteroatom such as 
nitrogen, boron, sulphur, and phosphorus into the CQD which enhances the chemical and physical 
properties.  

 
More interestingly, the CQDs/doped CQDs exhibit significant electrical and luminescent 

properties. The CQDs/doped CQDs can be prepared by various methods such as hydrothermal, 
solvothermal and microwave irradiation.  

During the past few years, CQDs have been prepared by using various precursors such as citric 
acid, ascorbic acid, sucrose etc. Moreover, Sugarcane bagasse is one of the agricultural waste which is 
developed as a carbon based material. Sugarcane bagasse is fibrous form from rod like cane and it 
consists of cellulose 37.65 % with carbon upto 25 %. Thus, the high percentage of carbon in sugarcane 
bagasse made as the potential waste for carbon resource through combustion. Therefore converting 
bagasse to carbon material is one of the best eco-friendly approaches. To build up high performance 
capacitors, various conductive polymers can be adopted to enhance the electrochemical capacitance 
behaviour of the electrode materials. For example, Polyaniline (PANI), Polypyrrole (PPy), 
Polythiophenes (PT) are extensively used in the advanced energy storage applications. 

 In this respect, herein, the EDLCs based SC using bio-derived CQDs from the 
sugarcane bagasse where the conductive polymer (i.e. polyaniline and polypyrrole) was incorporated 
with CQDs via normal stirring for 2 h at room temperature was developed. Finally, the samples were 
filtered and dried in hot air oven at 90 0C. Further, the characterization of the samples was studied by 
UV-Vis spectroscopy, FTIR and SEM. The prepared carbon material composites were successfully 
applied for the supercapacitor application using cyclic voltammetry and galavaostatic techniques. 

Reference: 

[1] [1] S. Y. Lim, W. Shen, Z. Gao, Chemical Society Reviews., 44(1),(2015),362–81. 
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2.18 STUDIES ON NANOCOMPOSITES of RICE HUSK with PALMITIC ACID AND THEIR 

APPLICATION 

Dr. JESSICA FERNANDO* and V. RAJESHWARI 

Department of Chemistry, V.O Chidambaram College, Tuticorin –628008, Tamilnadu, INDIA 

*Corresponding Author’s e-mail: jessivoc@yahoo.com 

 

The investigation was an endeavor to study the technological application of Rice Husk 
composites for treatment of dyes (Alizarin red and Rosaniline) from industrial effluents. For this 
purpose rice husk was modified with saturated (palmitic) fatty acid and applied as adsorbent in batch 
mode. Adsorption mechanism was assessed on the basis of varying adsorbent dose and adsorbate 
concentration for optimization of working parameters. The synthesized composite was characterized 
using UV-Vis, FTIR, SEM, Spectro Fluorometry and AFM spectroscopy.  

The UV-Visible spectra of the composites are shown in Fig.1 and 2. Rice husk/Palmitic acid 
composite shows absorption band at 310nm to 315nm which  might be due to the n-π*transitions of the 
different groups. It is effectively red shifted compared to the wavelength of bulk Rice husk which 
appeared at 302 nm. The absorption wavelengths are seen to be slightly shifted towards higher 
wavelength. This red shift is attributed to the formation of nano composites. The Rice husk Ash shows 
a peak at 301nm which might be due to the π- π* transition of the chemical constituents present in the 
Rice husk ash. Absorption bands are observed at 298nm to 307nm which might be due to the π-
π*transition due to the presence of carbonyl group and unsaturated carbon-carbon bonds present in the 
synthesized nano composites. A weak band is seen at 370nm in all samples of the nano composite which 
may be due to n-π*transition in Si-O bonds.  

Figure 3 shows the SEM images of rice husk ash/palmitic acid. All the images shows a regular 
network like structure which is uniform. This is may be due to a regular arrangement of silica and 
palmitic acid in the presence of surfactant.  

 

Figure 1. UV-Vis spectra of Rice hush and Rice 
husk/Palmitic acid nano composites at varying Rice 

husk and Surfactant concentration. 

 Figure 2. UV-Vis spectra of Rice Husk Ash/Palmitic acid Nano 
composites at varying Rice Husk ash and Surfactant concentration. 
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Fig.3. SEM images of Rice husk ash/Palmitic acid nano composites. 

 

2.19 Non enzymatic based on β-NiS@rGO/Au nanocomposites for simultaneous determination 

of epinephrine and uric acid in presence of ascorbic acid 

P. Muthukumarana and J. Wilsona* 
aPolymer electronics lab, Department of Bioelectronics and Biosensors, Alagappa university, Karaikudi - 630003 

Abstract 

In present reliability performance, stacked β-NiS (nickel sulfide) nanosheets were grown on 
rGO (reduced graphene oxide) by a single-step hydrothermal process and then gold nanospheres 
(AuNS) were electrochemically deposited on the β-NiS@rGO nanostructures. The β-NiS@rGO/AuNS 
hierarchical hybrid demonstrates excellent electrochemical activities for clinically important analytes 
such as EP (epinephrine) and UA (uric acid) simultaneously in presence of ascorbic acid. Moreover, 
the β-NiS@rGO/AuNS/GCE exhibits significant detection of AA by one order and UA by two orders 
higher sensitivity when compared to a β-NiS@rGO modified electrode. We investigated using this 
electrocatalyst for individual detection, the linear responses of AA, EP and UA at concentrations in the 
ranges of 900 nM to 100 mM, 2 mM to 1mM and 100 nM to 1 mM with low detection limits of 331 
nM, 540 nM and 4.5 nM respectively; the resulting non-enzymatic biosensor also retained a good 
response to simultaneous detection with a wide linear range 1 mM to 1 mM, 2 mM to 1 mM and 100 
nM to 1 mM and significantly lower detection limits of 682 nM, 1.3 mM and 6 nM, respectively. 
Excellent stability, reproducibility, and selectivity were achieved. Biosensing of AA, EP and UA in 
human urine, blood, serum, fruits and pharmaceutical drugs was successfully demonstrated without any 
preliminary treatment. 

Keywords: Au NS’s, intertwinning nanosheets, practical utility test in human samples. 
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2.20 Optical and conductivity properties of 2, 5 dimethoxy polyaniline / tin oxide 

nanocomposites 

M. Senthil kumar1 and P. Manisankar*2 
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Abstract 

2, 5 - Dimethoxypolyaniline (DPMA) / Tin oxide nano composites, synthesized by 
incorporation of separately prepared Tin oxide nano particles in acid medium of 2, 5 – dimethoxyaniline 
(DMA) using potassium peroxodisulfate as an oxidant. The crystal structure of the Tin oxide nano 
particles and 2, 5 dimethoxy polyaniline / Tin oxide nano Composites at the annealed temperature of 
500oC and 800oC were characterized by X-ray powder diffraction (XRD). Images of Tin oxide nano 
particles, DPMA and DPMA-wt% Tin oxide nano composite was observed by Scanning Electron 
Microscope.UV-Visible spectroscopy and Impedance spectroscopy characteristic were performed the 
Optical and Electrical conductivity of DPMA and DPMA -wt% Tin oxide and Tin oxide nano 
composites. Optical and electrical characteristic indicated that the electrical properties of PMA/ SnO2 
composites are dominated by doping SnO2 nanocomposite. 

Keywords: SnO2 nanoparticles, DPMA-wt% SnO2 nano composites, UV, XRD , and Impedance spectroscopy. 

 

2.21 Development of TiO2 Nanofiber and nanoparticle composite photo-anode for planar 

structure formamidinium lead iodide perovskite solar cell 

K.SAKTHI VELU, B. SUGANYA BHARATHI, P.MANISANKAR and T.STALIN* 

Photo-electrochemistry lab, Department of Industrial Chemistry, Alagappa University, Karaikudi-03, Tamilnadu-India. 

E-mail address: drstalin76@gmail.com, tstalinphd@rediffmail.com 

Abstract: 

Electrospun TiO2 nanofiber & nanoparticle were prepared for formamidinium lead iodide 
perovskite solar cell. The prepared TiO2 nanofibers and nanoparticles were characterized that the FE-

SEM, XRD pattern, FT-IR, UV-Visible spectral analysis and electrochemical impedance studies (EIS). 
The FE-SEM images result was observed that the formation of TiO2 nanofiber and incorporated with 
the nanoparticles. The formation of composite photo-anode in anatase phase was confirmed that the 
XRD pattern analysis. FT-IR and UV-Visible spectra were determined the functional group of 
electrospun TiO2, nanoparticle and their absorption maximum. The highest ionic conductivity with the 
range of 3.01 X 10-5 Scm-1 at room temperature achieved by the AC impedance spectroscopy. 
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FE-SEM image of TiO2 nanofiber and Nanoparticle photo-anode. The TiO2 Nanofiber and nanoparticle composite photo-anode used in the 
fabrication of perovskite solar cell gave the sunlight-into-electrical energy conversion efficiency of 13.4%. 

Keywords: Electrospun TiO2 nanofibers, Nanoparticle, Photo-anode, Perovskite solar cell, Efficiency. 

 

2.22 Facile synthesis and physical analyses of Sulfur/Carbon nanofibre composite via Solid State 

Reaction 

P.Rajkumar, S.Sasikala, K.Diwakar, R.Subadevi *, M.Sivakumar 

#120, Energy Materials Lab, Department of Physics, Alagappa University,  

Karaikudi - 630 003, Tamil Nadu, India. 

(* Corresponding Author: susimsk@yahoo.co.in; susiva73@yahoo.co.in) 

Abstract 

The increasing demands for electric vehicles and portable electronic devices require 
rechargeable batteries that are low cost, light weight, and long life. Among the various rechargeable 
batteries, Lithium–sulfur (Li–S) batteries are one of the most promising contenders that could satisfy 
this developing market as they possess a high specific capacity (1672 mA h g-1) and energy density 
(2500 W h kg-1), which are 3–5 times higher than those of Li-ion battery cathodes [1,2]. In addition, the 
elemental sulfur has the advantage of being low-cost, naturally abundant, and eco-friendly. However, 
several issues associated with the sulfur cathodes, namely insulating nature of sulfur, volume expansion 
of sulfur during discharge and dissolution polysulfides in electrolyte. In order to resolve these problems, 
researchers focus on finding suitable carbon/sulfur composite materials in its place of elemental sulfur 
to improve the utilization of sulfur and the cycle durability of the cathode. Carbon is not only 
represented as electrical conductor but also supplied electrochemical reaction sites for sulfur [3-5]. 

In the present study, sulfur – carbon nanofibre composite material was prepared by solid state reaction. The carbon nanofibers (CNFs) are 
excellent carbon source material for the sulfur electrode. CNF is an attractive choice as the electronic conductor for the sulfur electrode 

because they can provide more effective electronically conductive network than the other conductive additives, such as carbon black (CB), 
acetylene black (AB) and graphite [6,7].  The prepared composite was characterized for structural and morphological information using X-

ray diffraction (XRD), Raman spectroscopy and Scanning electron microscopy (SEM) analyses. From the XRD analysis, the prepared 
S/CNF composite has been identified as orthorhombic structure (JCPDS  08-0247). Raman analysis confirms the presents of carbon phase in 
the S/CNF composite. SEM images describe that the sulfur particles well dispersed in the as-prepared composite. From these analyses, it is 

noted that the prepared composite can be a  suitable candidate for Li-S battery fabrication. 

 
Figure 1. Fig (a) XRD patterns of pure S and S/CNF composite, (b) SEM image of S/CNF composite 



- 67 - 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

References 

[1] W. Chen, T. Qian, J. Xiong, N. Xu, X. Liu, J. Liu, J. Zhou, X. Shen, T. Yang, Y. Chen, C. Yan, Adv. 

Mater. 2017, 1605160. 
[2] S. Rehman, T. Tang, Z. Ali, X. Huang, Y. Hou, small, 2017, 1700087. 
[3] L. Zhou, X. Lin, T. Huang, A. Yu, Electrochimica Acta, 116 (2014) 210-216. 
[4] X. Yang, Y. Yu, N. Yan, H. Zhang, X. Li, H. Zhang, Mater. Chem. A, 2016, 4, 5965-5972 . 
[5] M. Rao, X. Geng, X. Li, S. Hu, W. Li, Journal of Power Sources, 212 (2012) 179-185. 
[6] Q. Li, Z. Zhang, K. Zhang, J. Fang, Y. Lai, J. Li, Journal of Power Sources, 256 (2014) 137-144. 
[7] M. Rao, X. Song, H. Liao, E. J. Cairns, Electrochimica Acta, 65 (2012) 228-233. 

 

2.23 Anticancer potential of green synthesized Zinc oxide nanoparticle using Red seaweed 

Gracilaria edulis 

M. Kavitha a, N. Suganthya* 
aDepartment of Nanoscience and Technology, Alagappa University, Karaikudi, Tamil Nadu, India 

Email id: kavithanano24@gmail.com 

 
Cervical cancer is the third most malignancy affecting several million people, especially 

women worldwide. Cisplatin is the currently used drug, which causes side effects. In the current 
scenario, metal nanoparticles have gained more attention in cancer therapeutics due to their unique 
interaction with biomolecules, which might be useful in cancer diagnosis and therapy. In the present 
study zinc oxide nanoparticles (ZnO NPs) were synthesized using marine red algae Gracilaria edulis  
extract as novel natural source and  characterized  by using UV–visible Spectrophotometer, FTIR, XRD 
and Fe-SEM. Results revealed that the biosynthesized ZnO NPs showed a characteristic absorption peak  
at 375 nm. XRD and Fe-SEM analysis confirmed the crystalline structure of ZnO NPs with average 
size of 30 nm. Anticancer potential of synthesized ZnO NPs was assessed against cervical cancer cell 
line (HeLa).  MTT assay results illustrated that ZnO NPs exhibited apoptosis in dose dependant manner 
with IC50 value of 22 µg/ml. Acridine Orange / Ethidium Bromide and Hoechst 33258 staining of ZnO 
NPs treated cells revealed condensed chromatin and formation of apoptotic bodies. Results of comet 
assay illustrated DNA strand break(s), in treated cells, the characteristic feature of cell death. In 
addition, JC-1 staining revealed disruption of mitochondrial membrane potential in NPs treated cells, 
which triggers the apoptotic cascade leading to cell death. Over all the results revealed that the anti-
proliferative and apoptosis-inducing properties of ZnO NPs in cervical cancer cells, makes it a 
promising nanodrug for cervical cancer therapy. 

Keywords: ZnO nanoparticles; Graciliaria edulis, Anticancer activity, Mitochondrial membrane potential, Apoptosis, Reactive oxygen 
species. 

ANTICANCER POTENTIAL OF ZnONPS AGAINST CERVICAL CANCER CELL LINES 
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Abstract 

The bactericidal effect of Metal Oxide Nanoparticles has been attributed to their small size and 
high surface to volume ratio, which allows them to interact closely with microbial membranes and is 
not merely due to the release of metal ions in solution. MgO NPs were prepared by chemical 
synthesis method that was used as both reducing and stabilizing agent to control the 
nanoparticles size. The UV-Visible spectrum showed a peak between 300 nm corresponding 
to the Plasmon absorbance of the MgO NPs.  X-Ray Diffraction (XRD) and Scanning electron 
microscope (SEM) were used to analyze the crystalline structure of MgO NPs. Immobilization 
of MgO NPs is done by using Biopolymers that should not affect the property of the MgO NPs. 
Immobilized Nano metal oxides create opportunities in a wide range of sectors including 
environmental pollution control. Compared with suspended particles, immobilization shows 
many advantages, such as resistance to toxic chemicals, easy handling and reusability. The 
antibacterial activity of the immobilized MgO NPs was evaluated using column reactor against 
the textile effluent bacteria counts in wastewater. The ability of immobilized MgO Nps was 
tested against 6 bacterial species that are isolated and identified from the textile effluent. 
Initially the bacterial isolates are screened and cultivated in the nutrient media. The 
antibacterial activity of the MgO nanoparticles was determined using disc diffusion method in 
Muller Hinton agar plate in different concentrations. 

Key words:  Textile Effluent, Citrus medica, MgO NPs, Antibacterial, Immobilization, Column Reactor  
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Abstract: 

Iron oxide nanoparticles (NPs) synthesis were carried out by simple one step hydrothermal 
method. Synthesized NPs were characterized and average crystalline size was determined by X-ray 
diffraction (XRD). Morphology of the synthesized Fe3O4 NPs was identified using Scanning Electron 
Microscopy (SEM). Further Fe3O4 NPs was characterized by FTIR and TGA. 
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 In further investigation, synthesized metal oxide NPs used for photocatlaytic degradation of 
Methylene Blue under visible irradiation. The feasibility of utilizing this material for antibacterial 
application was also studied on both Gram Positive and Gram Negative bacteria as follows 
Staphylococcus aureus (S. aureus), Streptococcus pneumoniae (S. pneumoniae), Bacillus Subtilis (B. 
subtilis) and Escherichia coli (E. coli), Klebsiella pneumoniae (K. pneumoniae), Proteus vulgaris (P. 
vulgaris). Finally, the study alleviates the synthesis of Fe3O4 which attribute the greater affinity towards 
the antibacterial and phocatalytic activities for industrial effluent. 

Key Words: Hydrothermal method, Fe3O4 nanoparticles, antimicrobial activity, photocatalytic activity. 
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Abstract 

Past two decades, modern world consume the downstream process of nanoscience and 
technology for counterpart in day to day lifestyle. In this point of nanotechnology, 'high surface to 
volume ratio' plays a significant role of nanomaterials when compare to bulk materials. Because, it’s 
contains different physicochemical properties at nano scale level (1-100 nm). By this technology, 
predictable size and shape was key role for all other application. Intent of our research, synthesis of 
chitosan NPs derived from Penaeus semisulcatus shells. Synthesized nanomaterials were characterized 
by UV, FTIR, XRD and TEM analysis. In addition to that, chitosan NPs were investigated against gram 
positive and negative bacterial strains. In connection with different dosage of chitosan NPs (0.1, 0.3, 
0.5, 0.7, and 1.0%) were treated in to in vitro plant tissue culture technique by rooting gel method. In 
this treatments were evaluate improvement for vegetative growth of Sphaeranthus indicus an important 
medicinal plant. In this easiest protocol determined the large scale industrial production of chitosan NPs 
and it’s applied for scare medicinal plant conservation through plant tissue culture route. 

Key words: Penaeus semisulcatus Chitosan, Nanoparticles, Sphaeranthus indicus, Vegetative growth, TEM,  

 

2.27 Biotemplate-ZnO/graphene nanocomposite for better photocatalytic performance 
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Abstract 

Chitosan (biotemplate) is one of the promising natural biopolymer on earth used in wide range 
of applications with excellent film forming abilities, biocompatibility, non toxicity, good water 
permeability, metal ion adsorption, high mechanical strength, susceptible to chemical modification due 
to the presence of reactive hydroxyl and amino functional groups. Graphene (G) is a single layer with 
to dimensional structure of carbon atoms. It has extensively interesting research topic for the reason 
that distinctive property such as the mechanical, thermal and excellent electrical conductivity. It’s 
promising candidate in wide range of applications for storage devices, catalysts, optoelectronic, 
chemical sensors, ash memory storage devices, transparent conductors and super capacitors. Zinc oxide 
(ZnO) is used as wide range of applications such as energy storage, gas-sensing materials and 
antireflecting coatings in solar cells.   
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Biotemplate-ZnO-graphene nanocomposite synthesized by hydrothermal method using 
chitosan as a biosurfactant, graphene, zinc chloride as a source materials and sodium hydroxide as 
precipitating agent. The functional groups of resultant matrix from chitosan, ZnO and graphene were 
characterized and confirmed by FTIR and RAMAN Spectroscopy. The crystallite size of the 
nanocomposite was confirmed by XRD. Surface morphology of the synthesized nanocomposites was 
analyzed by HR-SEM with EDAX and TEM analysis. The chitosan-ZnO particle intercalated graphene 
layer, thermal stability was analyzed by TG-DTA; the results demonstrate that chitosan-ZnO 
intercalated graphene has reinforced effect compared to among the components. Therefore, Biotemplate 
connected on ZnO intercalated to graphene can be promising materials for photocatalytic applications. 

Key words: Chitosan-ZnO, graphene, thermal stability, Photocatalytic performance 
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ABSTRACT 

The development of semiconductor materials made a significant progress of catalytic 
technologies. In the present investigation, zinc oxide nanoparticles were incorporated onto chitosan- a 
natural polymer (CS-ZnO). The nanocomposites are prepared by a simple chemical precipitation 
method using chitosan and zinc oxide. The prepared nanocomposite was characterized various 
techniques such as XRD analysis revealed the wurtzite hexagonal structure of ZnO. The presence of 
functional groups and the chemical bonding are confirmed by FTIR spectra. The direct evidence of the 
incorporation of zinc oxide nanoparticles in the natural polymer was identified by HR-SEM and TEM 
analysis. The chitosan-ZnO nanocomposite thermal characteristics were analyzed by TG-DTA. The 
prepared nanocomposite was evaluated by antibacterial activity against gram positive as well as gram 
negative bacteria. The results of antibacterial activities revealed that maximum zone of inhibition was 
observed against gram (+ve) positive bacteria and followed by the gram (-ve) negative bacteria. Based 
on the data of present investigation, one could that the CS-ZnO nanocomposite being a biocompatible, 
eco-friendly and low cost composite powder could be applied for medical and tissue engineering 
applications.  
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Key words: Chitosan, Zinc oxide, Thermal stability, Antibacterial activity. 

 

Schematic preparation of the CS-ZnO nanocomposite. 
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Abstract 

One-step approach for the synthesis of palladium (Pd NPs) nanoparticles on reduced graphene 
oxide (rGO) nanocomposite was prepared by hydrothermal procedure. The reduction of graphene oxide 
was occurred at one pot method. The synthesized Pd nanoparticles were successfully decorated on 
graphene oxide (GO) nanosheets. The prepared nanocomposites were characterized by X-ray diffraction 
spectroscopy (XRD), Fourier transform spectroscopy (FT-IR), Scanning electron microscopy (SEM), 
and Transmission electron microscopy (TEM). Pd-rGO nanocomposite was experimentally analyzed 
for its antibacterial activity, results have revealed that the prepared nanocomposite exhibited 
significantly improved antibacterial activities against gram positive bacteria in contrast to rGO and pure 
Pd nanoparticles, Minimal inhibitory concentration (MIC) was determined. Pd-rGO exhibited 
significant antibacterial activity at minimum concentration levels. 

Keywords: Hydrothermal, Nanocomposite, Antibacterial activity.   
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Fig. 1. Schematic preparation of Pd-rGO nanocomposite. 
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Abstract 

Green synthesis of metal or metal oxide nanoparticles using plant extract is a promising 
alternative to traditional method of chemical synthesis. Cerium and zirconium metal oxide nanoparticles 
(CeO2-ZrO2 core metal oxide NPs) system has good oxygen storage capacity, high thermal stability, 
high surface area, and good redox properties. Herein, a facile and eco-friendly method for the synthesis 
of CeO2-ZrO2 core metal oxide NPs using ionic liquid (IL) mediated an ethanolic solution of Justicia 

adhatoda (JA) leaves extract. Nanoparticles (NPs) synthesized at room temperature using an ionic liquid 
(IL) as a mediator for the nucleation and growth process.  

Preparation of CeO2-ZrO2 core metal oxide NPs 

Cerium zirconium core metal oxide (CeO2-ZrO2) nanoparticles were prepared by greener 
method by cerium chloride and zirconium oxychloride used as a precursor with environment benign 
Justicia adhatoda leaves extract, and [BMIM] PF6 (IL) is a capping agent. [CeCl3.7H2O] solution 
(0.1N), [ZrOCl2. 8H2O] solution (0.1N) and 1mL of [BMIM] PF6 (IL) were added to the aqueous 
solution of J. adhatoda leaves extract under vigorous stirring for 6 hours continuously at room 
temperature. The resulting samples were filtered, washed with distilled water and dried at 100o C. 
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The powdered sample was finally grinded using mortar and pestle and calcinated in a muffle 
furnace for 4 hours at 700o C to get CeO2-ZrO2 core metal oxide NPs. Schematic representation of 
antioxidant activity DPPH radical scavenging activity of green synthesis of CeO2-ZrO2 core metal oxide 
NPs shown in figure (1). 

 
Fig.1: Antioxidant activity DPPH radical scavenging activity of CeO2-ZrO2 core metal oxide   NPs. Formation of CeO2-ZrO2 NPs and 

Characterization 

 The prepared CeO2-ZrO2 NPs were characterized by UV-Vis-diffuse reflectance (UV-DRS) 
spectroscopy, Powder X-ray diffraction (XRD), Transmission electron microscopy (TEM), Scanning 
Electron Microscopy (SEM) with Energy-dispersive X-ray spectroscopy (EDX), and Fourier transform-
infrared spectroscopy (FT-IR). CeO2-ZrO2 core metal oxide NPs system displaying nano stick like 
structure with 10-15 nm and high surface area that are confirmed by XRD, SEM and TEM studies. GC-
MS spectroscopy confirms the presence of vasicinone and N, N-Dimethylglycine present in the plant 
extract, which are capable of converting the corresponding metal ion precursor to CeO2-ZrO2 core metal 
oxide nanoparticles. In FTIR the Ce-O and Zr-O stretching bands were observed at 498 and 416 cm-1 
respectively [1]. The band gap energy of the CeO2-ZrO2 core metal oxide NPs was estimated as 3.37eV 
from the UV-DRS spectroscopy. A unique feature of the antioxidant behaviors CeO2-ZrO2 core metal 
oxides reduces the concentration of DPPH radical up to 89% [2].   
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Abstarct 

Hydroxyapatite is the main inorganic material of the bone and dental hard tissue implants with 
excellent properties.The ionic liquid is a well-known greener solvent and also played as soft 
template/structure directing agent for the synthesis of nanocrystalline hydroxyapatite with developed 
surface morphology. In this present research work, we have approached the green strategy of ionic 
liquid mediated yttrium-dopped hydroxyapatite  nanocrystals synthesized via hydrothermal method.  

Materials and Methods 

4 mL of IL was added to above solution with calcium precursor (1mol L-1, 10 mL) and 
phosphate precursor (NH4H2PO4) (0.66 mol L-1, 10 mL) solutions and then ammonia was added to the 
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reaction pH (10±0.5) and the mixture was stirred vigorously at room temperature for 2 h. After 
the stirring, the Yttrium source was added to the reaction mixture under stirring at 60 °C for 30 min.  

Results and Discussion 

The nanocrystalline composites were made effectively by an ionic gelation of ionic liquid of 
apatite phase were confirmed by FT-IR and XRD investigations. The morphology improved apatite 
crystal phase was uniformly incorporated by yttrium surface was displayed by SEM and TEM 
microscopic techniques, which was determined that the fine morphological HAp nanocrystals and 
Yttrium NPs have favorable interfacial attachment [1,2].  

 

Conclusion 

The Yttrium doped hydroxyapatite exhibit excellent crystallinity, antibacterial efficacy, 
cytocompatibility properties. It is concluded that these nanocomposites may be probable material 
for hard tissue regeneration applications. 
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Abstract 

This Research work addresses the various issues that occur when the environmental impact of 
natural fibers is critically evaluated. Nano Sisal fibers (NSF) were prepared from the Sisal fiber by 
chemical and physical method. They were characterized by the Fourier Transformed Infra-Red 
Spectroscopy (FTIR), Field Emission Spectroscope (FE-SEM) and High Resolution Transmission 
Electron Microscopy (HR-TEM). Epoxy polymer based composites reinforced with NSF at different 
loading of 1, 2, 3, 4, 5, 6, 7 and 8 wt. % were prepared by compression moulding. These NSF-composite 
samples were characterized by mechanical properties, thermal analysis, moisture uptake behaviour, 
scanning electron microscopy (SEM) and atomic force microscopy (AFM). The 7 wt. % NSF loaded 
composite sample revealed better properties than other wt. % of NSF. 

Key words: Nano Sisal fiber, fracture behaviour, mechanical properties, HDT 
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enhanced antibacterial activity 
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Abstract 

Nanoparticles of noble metals exhibited significantly distinct physical, chemical and biological 
properties from their bulk counterparts that are currently attracting increasing attention for the wide 
range of new applications in various fields of industry. Interaction of NPs with antibody and their 
function is a major area of research to control the bacterial disease. Antibody serves as drug, there are 
growing concerns about their side effect. By modifying the properties of antibody using NPs, they may 
alter the functions as well as may also be used to fully reduce the side effect level. In the present work, 
silver nanoparticles and silver nanoparticles conjugated with antibiotics (Ampicillin and Kanamycin) 
were synthesized by chemical method that were characterized by different instrumental techniques like 
UV-Vis, XRD and SEM. UV-Vis spectra showed the surface Plasmon resonance band of silver 
nanoparticles. Presence of silver metal and crystalline structure were confirmed by XRD spectrum. 
Different morphologies with nanoparticles sized were observed by SEM analysis. The synthesized 
colloidal solutions were evaluated for antibacterial activity against two different bacterial strains 
(Streptococcus mutans and Pseudomonas aeruginosa).  The results indicated that the silver 
nanoparticles conjugated with antibiotics have enhanced antibacterial activity.  

Keywords: Silver nanoparticles, antibiotics and antibacterial activity 

UV- Vis analysis 

Fig.1. UV-Vis absorption spectra of (A) Ag colloidal, (B) Ag colloidal conjugated with Ampicillin and (C) Ag colloidal conjugated with 
Kanamycin.  

Fig.1 (A-C) shows the UV-visible absorption spectra of the pure AgNPs, AgNPs conjugated 
with ampicillin and AgNPs conjugated with Kanamycin. The surface Plasmon resonance (SPR) peak is 
observed at 460 nm, which is corresponds to the surface Plasmon resonance. This may be due to the 
indicating the formation of AgNPs (Figure A) [1]. After conjugation with ampicillin, the broad with 
shoulder like peak of SPR is obtained (Fig. B), which is confirming to the well conjugated with 
ampicillin [2]. After conjugation with Kanamycin, did not show any characteristic absorption on the 
electronic spectra. Moreover, the peak intensity is suppressed. This may be due to the well conjugate 
with Kanamycin. The conjugate results are well supported by XRD and SEM results. 
  



- 76 - 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

Antibacterial activity result 

Fig.2 Antibacterial activity of AgNPs against both gram positive Streptococcus mutans and gram negative Pseudomonas aeruginosa 

bacteria 

The pure AgNPs and conjugated with antibiotics exhibited interesting antibacterial activity 
against both gram positive (Streptococcus mutans) and gram negative Pseudomonas aeruginosa 

bacteria using well diffusion method. Control is also maintained in which no zone of inhibition is 
obtained. The photographs in Fig. 2 A -D clearly show the zone of inhibition for pure AgNPs, AgNPs 
conjugated with ampicillin and AgNPs conjugated with kanamycin. The highest zone of inhibition is 
observed in AgNPs conjugated with both antibiotics against both gram positive and gram negative 
bacteria. The least zone of inhibition is observed in pure AgNPs. 
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3.1 Electrochemical Immunosensors –Universal Tools for Rapid Detection of Antigens and 

Antibodies  
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The naturally high selectivity and efficiency of pathogens - antibodies binding make 

immunosensors very promising analytical tools.  
Here, we report examples of successful developing of several type of immunosensors destined 

for the detection of Highly-Pathogenic Avian Influenza type H5N1 virus (HPAI), markres for 
neurdegenerative  dieses (protein S100β, amyloid – β peptide, glycated albumin)   The immunosensor 
were developed by the successive modification of gold1-2 as well as glassy carbon electrodes3. The 
whole antibody or their fragments have been applied as the sensing elements. The complex between 
antigens and specific antibody adsorbing on a surface of an electrode forms an insulating layer. This 
phenomenon, which is a base of  ion – channel mimetic type of immunosensors, can be monitored by 
the electrochemical impedance spectroscopy (EIS) in the presence of  

[Fe(CN)6]3-/4- as a redox marker. Another type of immunosensors is based on redox active layers 
incorporated di-pyrromethene -Cu(II)4-7.  The changes of electrochemical parameters of redox centers 
upon target analyte binging are the base of analytical signal generation.  

The both type of immunosensors displayed better sensitivity towards viruses as well as 
antibodies in the comparison to ELISA. They are also very selective. The matrixes from: culture media, 
serum (hen and human), as well as from plum leaves have no influence on the immunosensors 
performance.  In addition, very small analysed sample volume (10 µl) is needed. After miniaturisation, 
they keep excellent analytical parameters8. 

Therefore, immunosensors presented could be recommended for the direct electrochemical 
detection of viruses as well as antibodies in the natural physiological samples.  
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3.2 Electrochemical anions recognition in water using gold electrodes modified with dipodal or 

di -peptide anion receptor attached to dipyrromethene- Me(II) complex 
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In recent decade, the intermolecular recognition of anions in water has been attracted the 
attention of numerous scientific groups involved in supramolecular chemistry.1, 2 The most of literature 
reports the recognition of anions in one organic phase. Developing systems for the recognition of anions 
in water medium is still a challenging task. Here, we proposed the first anion recognition study of 
dipyrromethene modified dipodal anion receptor or dipeptide attached to electrochemically active 
dipyrromethene-Cu(II) complex or dipyrromethene-Co(II) complex in highly diluted water medium (in 
the picomolar range). The developed systems were characterized electrochemically using cyclic 
voltammetry (CV) and Osteryoung square wave voltammetry (OSWV).  Both of them were successfully 
applied for the electrochemical recognition of anions (Cl-, Br-, and SO42-) in highly diluted aqueous 
medium. The results obtained allowed establishing the mechanism of communication between the redox 
centre and receptor anion complex as well as analytical signal generation. 

This work was supported by National Science Centre, Poland, in frame of grant No 
2016/21/B/ST4/03834 “Redox active monolayers for exploring of anion recognitions processes in 
aqueous phase” 
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The pyrene moiety is one of the most useful fluorophores due to its striking efficiency for 

excimer formation and subsequent changes in its emission properties [1].On our interest in polyaminal 
network synthesis and their potential applications, promoted as to introduce the pyrene moiety into the 
polyaminal networks by a simple one-pot Schiff base condensation. The resultant pyrene based 
polyaminal networks (PBP), which are in nanometers regime, exhibit aggregation induced emission 
(AIE) behavior [2-4] in the presence of suitable polar solvents. PBP is characterized and measured by 
FT-IR, scanning electron microscopy, solid state 13C and 15N CP-TOSS NMR spectroscopy and UV-
Visible (UV-VIS), fluorescence spectrophotometries. It is poorly emittive in solution at an excitation 
wavelength of 360nm. In contrast, the polymer PBP becomes highly emittive at a wavelength of 466 
nm, upon addition of water molecules due to aggregation of the pyrene units. It is also found that the 
nanoaggregates of PBP selectively sense the tetracene over other polyaromatic hydrocarbons and this 
is attributed to the inclusion of tetracene between the ᴫ-ᴫ stacking [5] of pyrene moietie. 
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Nowadays, Liquid Petroleum Gas (LPG) is widely used as a fuel in both industries and domestic 

applications. In general, LPG is non-toxic and flammable in nature. Detection of LPG is very important 
to avoid accidents due to leakage. Up to now, semiconducting materials are used to detect LPG. Nano 
materials have high impact in research field due to its enhanced electrical and electronic properties. In 
the field of gas sensors, many researchers are focusing on the conducting polymer- metal oxide nano 
composites because of its high sensitivity, selectivity and stability towards hazardous gases at room 
temperature. In addition, it behaves like p-type semiconductor due the presence of delocalized π-
electrons and also changes its resistivity by means of doping/de-doping processes. It can also be 
operated at room temperature. The detection efficiency can be enhanced by using nano-structured 
polypyrrole since, it has large surface area. The selectivity of the polymer material can be improved by 
adding appropriate dopant. When LPG is allowed to flow on polypyrrole film/material, the resistivity 
of the material gets altered. The change in resistivity can be detected by an electronic circuit to activate 
the buzzer.  
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This presentation reveals that the synthesis of nano-structured polypyrrole composite by 
Interfacial polymerization technique and it has been characterized by UV-visible Absorption 
Spectroscopy, FTIR Spectroscopy, X-ray Diffraction, Scanning Electron Microscope and Transmission 
Electron Microscope. 

The polypyrrole was synthesized by Interfacial Polymerization by which the polymerization 
can be controlled in easy manner. The Cerium Oxide nano particles were added to the pyrrole during 
the polymerization process. The sensing Material was coated on a PCB substrate to fabricate the sensing 
electrode. The prepared sensing electrode can be tested by the home made gas sensor set up to sense 
the different levels of LPG in the atmosphere.  

 

Figure 1. LPG Sensing Mechanism 

The conductivity of the material depends on the conditions and reagents using during the 
oxidation process relating to the inter-chain with intra-chain conductivity which is ranging from 2 to 
100 S/cm. The conductivity, (б) is proportional to carrier concentration, (n) and the carrier mobility, μ, 
i.e. б = e n μ.  Adsorption of LPG on the electrode affects the carrier concentration of the electrode. 
This mechanism reveals the presence of LPG in the atmosphere. Response time and Recovery time of 
the sensing electrode was recorded by homemade gas sensor setup. Synthesized Nano composites 
exhibits improved Stability, Selectivity, Sensitivity, Response time and Recovery time towards Liquid 
Petroleum Gas. 
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Abstract 

A simple, economical, and green method for the preparation of water-soluble, highly 
fluorescent carbon quantum dots (CQDs) has been prepared via microwave assisted method using 
dextrose and sodium cholate as a carbon source. As synthesized CQDs were characterized by UV- 
visible, fluorescence, Fourier transform infrared (FT-IR), X - ray diffraction spectroscopy, and high 
resolution transmission electron microscopic (HRTEM) techniques. The prepared CQDs were spherical 
shape with an average diameter of 4 nm and shows bright blueish green emission properties. The 
synthesized CQDs were highly soluble in aqueous medium and showed high photo stability in the wide 
range of pH. Furthermore, the fluorescence intensity of CQDs were effectively quenched in presence 
of ammonia as compared with other gaseous molecules in aqueous media. Hence, the synthesized CQDs 
can be used as fluorescent sensor for detection of ammonia even at low concentration. 

Fig 1. (a) Absorbance and emission spectra of the CQDs. The insets display the images of  CQDs under daylight and UV irradiation), (b)  
FT-IR spectra, (c) emission spectra of  CQDs at different pH, (d) TEM image, (e) XRD pattern of CQDs and (f) sensing of  application of 

ammonia.  

The highly luminescent blueish green emitting CQDs were synthesized by demonstrating the 
reaction between dextrose and sodium cholate in aqueous medium in presence of ethylene diamine 
under microwave irradiation (700 W) for 5 min. The prepared CQDs were highly soluble in water and 
shows good stability in aqueous medium [1].  The UV- visible spectrum of the as prepared CQDs shows 
weak absorption band at 272 nm corresponding to the π–π* transition of the C=O band and n–π* 
transitions of the conjugated C=C bands (Fig.1a). The strong emission peak was observed at 485 nm 
with a full width at half maximum (FWHM) of 90 nm, upon excited at 395 nm confirming the existence 

of blueish green emission properties of CQDs (Fig. 1b). The synthesized CQDs show high stability in 
neutral pH as shown in (Fig 1c). FT-IR spectrum was recorded to determine the surface functional 
groups of CQDs (Fig.1d). The size and shape of the CQDs was confirmed by HRTEM measurements 
showing that the particles were nearly spherical in shape with an average size of 4 ± 0.56 nm (Fig.1e). 
The XRD pattern of CQDs shows a broad peak at 21.1o corresponding to the (002) peak. Where the 
interlayer spacing (d) of the CQDs (0.42 nm) is higher than that of the graphitic interlayer spacing (0.33 
nm) indicating that the poor crystalline nature of CQDs [2].  

(a) (b) (c) 

(d) (f) (e) 



- 82 - 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

Ammonia (NH3) is a toxic gas, which is most commonly used by a fertilizer industry. It is 
released to the environment as a byproduct of a fossil fuel [3]. Ammonia can cause severe effects on 
human body like irritation in eyes, throat, skin and respiratory systems when exposed to concentration 
greater than 35 ppm for even 15 minutes [4]. The synthesized CQDs shows selective and sensitive 
detection of ammonia in presence of other gaseous with the detection of limit of 250 µM in aqueous 
medium (Fig.1f).  
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3.6 Au-Pd bimetallic nanoparticles anchored on α-Fe2O3 nonenzymatic catalyst for 
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ABSTRACT 

We have found that magnetic α-Fe2O3 nanocubes exhibit an intrinsic catalytic activity toward 
the electrochemical sensing of dopamine (DA) and uric acid (UA). Au–Pd bimetallic nanoparticles, 
which act as efficient signal amplifiers, can be attached to the surface of α-Fe2O3 particles to further 
enhance the catalytic electrochemical signals. The one-step synthesized α-Fe2O3 @Au–Pd hybrid 
nanostructure shows significantly well-separated oxidation peaks with enhanced peak currents of DA 
and UA. We then demonstrated the use of this nonenzymatic nanoelectrocatalyst for individual 
detection, and the linear responses of DA and UA were in the concentration ranges of 100 nM -1mM 
and 1 µM -1 mM with detection limits of 1.34 X 10 -10 M   and 1.8 X 10 -6  M (S/N = 3σ/b), respectively. 
For simultaneous detection, the same detection ranges were retained with significantly lower detection 
limits of 1.38 X 10 -11 M and 597 nM, respectively. The fabricated sensor was finally applied in 
selectivity tests for the detection of DA and UA with satisfactory results. The practical analytical utility 
was illustrated by selective measurements of human urine, serum and pharmaceutical drugs without any 
preliminary treatment. 

 
A) CVs obtained for DA and UA (600 mM) at the (a) bare, (b) α-Fe2O3, (c) Au–Pd and (d) α-Fe2O3@Au–Pd hybrid nanostructures modified 

electrodes recorded in PBS (pH 7) at a scan rate of 50 mVs-1 from 0.2 to 0.6 V. (B) CVs obtained for α-Fe2O3@Au–Pd hybrid modified 
electrode at different scan rates (10–100 mV s1). 
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ABSTRACT: 

A facile electrochemical sensor for hydroquinone (HQ) and catechol (CC) determination was 
successfully fabricated by the modification of graphene oxide-polyaniline and Au nanoparticles 
composites on a glassy carbon electrode (GO-PANI-Au/GCE). A simple step synthetic procedure was 
adopted for the preparation of GO-PANI-Au nanocomposites. First GO-PANI nanocomposite was 
synthesized by chemical route. Decoration of Au nanoparticles on GO-PANI nanocomposite was done 
by electrochemical deposition of aqueous metal precursor salt solutions. The prepared sensor was 
characterized by FT-IR, Raman, XRD, scanning electron microscope (SEM), Energy dispersive X-ray 
analysis (EDAX) and TEM. Under optimal conditions, Cyclic voltammetry was employed to quantify 
individual HQ and CC within the concentration range of 10 µM-100 µM, respectively.  The GO-PANI-
Au nanocomposites modified GC electrode showed good electrocatalytic activity to hydroquinone and 
catechol, further the electrocatalytic response was measured using cyclic voltammetry and 
Amperometryi-t curve techniques. Under the optimized conditions, the GO-PANI-Au modified 
GC sensor platform showed a linear range of 10-100 µM for Hydroquinone (HQ) and catechol, 
with a detection limit of 1 µM (S/N=3). Good reproducibility, better stability and selectivity 
was achieved in GO-PANI-Au nanocomposites electrode. 

 
Key words: GO-PANI-Au nanocomposites, Raman, XRD, Sensor, Hydroquinone and Catechol 
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3.8 Electrochemical Sensing of Carbendazim Using Metal Organic Framework Modified 

Electrode 
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An electrochemical sensor was developed Metal Organic Framework Modified Electrode. The 

fabricated electrode was used to examine the redox behavior of carbendazim (CBZ) in different pH 
solutions (pH 1.0-10.0). Surface morphology of the modified film was studied by scanning electron 
microscopy (SEM). An electroanalytical procedure for the determination of CBZ was developed by 
adsorptive differential pulse stripping voltammetry (DPSV) over the range 10– 1000 µg L-1. The 
developed procedure was also validated in real samples water samples, and the applicability of the 
reported method is highly encouraging. 

Keywords: Carbendazim; Chemically coated electrode; Metal Organic Framework; Detection limit; Repeatability 

 

3.9 Preparation and characterization of polypyrrole decorated graphene/ β-cyclodextrin 

composite for electrochemical detection of mercury (II) in water 

Kasi Viswanathan, M. Velammal and R. Sayee Kannan * 

PG & Research Department of Chemistry, Thiagarajar College, Madurai-09.  

e-mail: sayeekannanramaraj@gmail.com 

Abstract 

Mercury (Hg(II)) is considered as one of the most toxic element that directly affects the human 
health and the environment. Therefore, in this study, we propose a sensitive and disposable 
electrochemical sensor for the detection of Hg(II) in various water samples using polypyrrole (PPy) 
decorated graphene/β-cyclodextrin (GR-CD) composite modified screen-printed carbon electrode 
(SPCE). The GRCD/ PPy composite was synthesized by chemical oxidation of PPy monomer in GR-
CD solution using FeCl3. Differential pulse voltammetry (DPV) is used for the detection of Hg(II) and 
the DPV results reveal that GR-CD/PPy composite modified SPCE has high sensitivity towards Hg(II) 
than bare, GR, GR-CD and PPy modified SPCEs. The optimization studies such as effect of pH, 
accumulating time and effect of scanning potential towards the detection of Hg(II) were investigated. 
The GR-CD/PPy composite modified SPCE could detect the Hg(II) up to 51.56 µM L−1 with the limit 
of detection (LOD) of 0.47 nM L−1.  
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The obtained LOD was well below the guideline level of Hg(II) set by the World’s Health 
Organization (WHO) and U.S. Environmental Protection Agency (EPA). In addition, the fabricated 
GR-CD/PPy composite modified SPCE selectively detected the Hg(II) in the presence of potentially 
interfering metal cations. 

Keywords: Graphene, β- cyclodextrin, Polypyrrole, Mercury (II), Differential pulse voltammetry 

 

3.10 Zinc oxide - multiwalled carbon nanotube-poly(vinyl chloride) film for Biocompatible 

glucose sensing  

Palinci Nagarajan Manikandan, Habibulla Imran, Venkataraman Dharuman* 

Molecular Electronics Laboratory 

Department of Bioelectronics and Biosensors, Alagappa University, Karaikudi -630 003, India 

 
Biocompatible film was fabricated using zinc oxide (ZnO), multi-walled carbon nano tubes 

(functionalized: fMWCNT and purified: pMWCNT), poly(vinyl chloride) (PVC) (PVC-ZnO-
MWCNT) for direct glucose sensing. Biocompatibilty of this composite is evaluated in presence blood 
proteins (bovine serum albumin and bilirubin) and bacteria Staphylococcus aureus and Keblisa 

pneumonia. Hemolysis and cell viability studies were made comparitively. It is observed that hemolysis 
occurs less than 1% on the PVC-ZnO-MWCNTs. Glucose sensing was made at PVC-ZnO-pMWCNT 
ternary composite in different solutions using cyclic voltammetry (CV), chrono amperommetry (CA), 
flow injection analysis (FIA). The prepared composite has been further characterized by quartz crystal 
micro balance (QCM), Scanning Electron Microscopy (SEM), Fourier Infrared Spectroscopy (FTIR), 
X-ray diffraction (XRD), Raman spectroscopic and Transmission Electron Microscopic (TEM) 
techniques. Excellent selectivity of the glucose in presence of potential interferencesThe PVC-ZnO-
pMWCNT composite shows the highest Micahelis-Menten kinetic constant kM of 21.9 mM compared 
to the ZnO-glucose oxidase and copper oxide-ZnO systems which exhibit 10 times lower KM values. 
Blood glucose in different diabetic persons is discriminated very well without affecting the sensor 
performance. 

Key words: Electrochemical techniques, hemolysis, antibacterial activity and biocompatibility. 

 

3.11 Stabilization of graphene oxide film on gold electrode with Influence of volatile solvents for 

electrochemical sensing of acetaminophen 

Habibulla Imran, Venkataraman Dharuman*  

Molecular Electronics Laboratory, 

 Department of Bioelectronics and Biosensors, Science Block,  
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E-mail: dharumanudhay@yahoo.com 

Abstract 

Graphene oxide (GO) was prepared following the modified Hummer’s method and confirmed 
by X-RD (X-ray Diffractor), FTIR (Fourier Transform Infra-Red spectroscopy) and UV-Vis (Ultra-
Violet Visible Spectroscopy). The GO was dispersed in various organic solvents such as N, N - 
dimethylformamide (DMF), N-methyl-2-pyrrolidone (NMP), tetrahydrofuran (THF),   water,   acetone, 
ethanol, formaldehyde, lactic acid, acetic acid, Dimethyl sulfoxide (DMSO) and glycerol by 
ultrasonication. It was noticed that GOs are not dispersed in benzene, chloroform and chloro benzene. 
The GOs in DMF, water, DMSO, NMP and formaldehyde exhibited long-term stability and used for 
modification of gold transducer by dropcating. Electrochemical stability was characterized by Cyclic 
Voltammetry (CV) and electrochemical impedance spectroscopy (EIS) in [Fe(CN)6]3-/4- prepared in 
phosphate buffer saline (PBS). These five different GO modified gold electrodes were applied for 
acetaminophen sensing.  
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Among these, GO/DMF on gold exhibits high sensitivity interms of increased peak currents 
and reversibility than the other GO/solvent modified gold electrodes. This surface is further for 
acetaminophen (paracetamol) sensing in PBS using cyclic voltammetry (CV). This is the first report on 
anchoring GO using different solvents on gold electrode and acetaminophen detection.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. Graphene oxide dispersed in different solvents (water, acetone, ethanol, lactic acid, acetic acid, glycerol, formaldehyde, 
dimethylsuphoxide, dimethylformamide, tetrahydrofuran, n-methylpyrrolidone, chloroform, chloro benzene and benzene) by 

ultrasonication. Top: at the time of dispersed, Bottom: At 15 days after the dispersion  

Key Words: Graphene, organic solvent, acetaminophen, electrochemical. 

 

3.12 Fabrication of Co-Ni alloy nanostructures on 3D Copper foam for highly sensitive 

amperometric sensing of acetaminophen 
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*CSIR-AcSIR Research Scholar, Electroplating and Metal Finishing Technology Division, 

CSIR- Central Electrochemical Research Institute, Karaikudi-630 003 (Tamilnadu) INDIA. 

Abstract 

In this work, electrodeposition of Co-Ni alloy nanostructures was performed on 3D copper 
foam and directly applied as an electrocatalyst for the electrooxidation of acetaminophen (Paracetamol) 
and its detection. The surface morphology and the elemental composition were investigated using SEM 
and EDX analysis respectively. The morphology was appeared as nano cones that are uniformly grown 
on the electrode surface. EDX analysis also confirmed the presence of both cobalt and nickel in the 
electrodeposit. The preferred orientation lies in (002) and (110) planes of cobalt and nickel respectively 
that confirmed the formation of alloy. Electrooxidation of acetaminophen was carried out using cyclic 
voltammetric method. On addition of acetaminophen, an apparent anodic oxidation current 
enhancement was observed with lesser overpotential than cobalt and nickel electrodes which revealed 
the excellent electrocatalytic activity of the material. Interference studies also revealed the good 
selectivity for acetaminophen even in the presence of some interfering species. The reproducibility and 
stability was checked for the proposed 3D Co-Ni alloy modified electrode. The analytical applicability 
was examined using the commercial paracetamol tablets and the recovery results were also good. The 
above results revealed that 3D Co-Ni modified electrode on copper foam is a suitable candidate for 
electrochemical detection of acetaminophen. 
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Schematic representation of Co-Ni nanostructures for acetaminophen sensor 

 

3.13 Fabrication of 2-Nitrophenol sensor based on green synthesized hydroxyapatite 

N. Sudhan, C.Sekar* 
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 Sekar2025@gmail.com 

 
2-Nitrophenol, one of the main compounds in phenol families, is broadly applied in the 

manufacturing of explosives, dyes, rubber, pharmaceutical, pesticides, and various industrial 
applications. They affect plants and animals, and  can readily accumulate in the human organs to cause 
carcinogenesis, mutagenesis by the nature of its toxicity [1]. Numerous diseases like 
methemoglobinemia, headaches, and nausea are caused by inhaling of the 2-Nitrophenol compound in 
even at very low concentration. 2-Np is cited in the list of pollutants  by U.S Environmental Protection 
Agency (EPA) due to its toxicity and persistence [2].   Therefore, it is necessary to develop an effective 
method for determination of 2-Nitrophenol in the environment.   

Hydroxyapatite is a predominant mineral for bone and teeth and it has extreme 
biocompatibility, ion exchangeability, and having a lot of attracting properties HA NPs have been 
synthesized by various methods such as solvated, hydrothermal, sol-gel, chemical precipitation and 
microwave methods [3]. Here we report  synthesis of  HA NP by using different plant extract like 
Eucalyptus, Ocimum basicilium, Plectranthus amboinicus, and Jusiticia Adathoda by microwave 
irradiation method and the detection of   2-Nitrophenol by voltammetric method.  The fabricated sensor 
shows high electrochemical activity towards the 2-Nitophenol in 0.1M PBS (pH 6.0).The sensor was 
successfully applied for in the real sample analysis. 
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3.14 Binary liposome (DOTAP-DOPE) vesicle-gold nanoparticle for enhanced label free DNA 

and protein sensing  
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Supported binary liposome mixture of cationic liposome N-[1-(2,3-Dioleoyloxy)propyl]-

N,N,N-trimethylammonium propane (DOTAP) and the zwitterionic liposome 1,2-Dioleoyl-sn-
Glycero-3-Phosphoethanolamine (DOPE) were tethered on thiol monolayers in the absence and 
presence of gold nanoparticle to enhance sensor stability and sensitivity for label free DNA and protein 
sensing for the first time. Cysteamine hydrochloride (Cyst), 3-Mercaptopropionic acid (MPA), 11-
Mercaptoundecanoic acid (MUDA) and 11-amino-1-undecane thiol (AUT) monolayers were used as 
tethers on gold surfaces. Electrochemical studies in the presence of [Fe(CN)6] 3-/4- indicate that the 
presence of both DOPE and AuNP decreases the electrostatic interaction between DOTAP and MPA 
layer during the formation of DOPE-DOTAP-AuNP (DDA) whereas they enhance the repulsive force 
on the Cyst and AUT monolayers. In the thiol monolayer supported DDA, the gelation of neutral lipid 
DOPE by the AuNP is disfavored which inturn promotes stability of vesicle structure. The membrane 
protein melittin's interaction with the DDA indicates the presence of intact vesicle by showing decreased 
charge transfer for the MUDA and AUT in the presence of [Fe(CN)6] 3-/4-. On the contrary, the presence 
of the bilayer and semi circled DDA on the MPA and cysteamine layers were confirmed by the increased 
redox reaction. Atomic Force Microscopic (AFM) and Transmission Electron Microscopic (TEM) 
images support the presence of an array like semi circled DDA on the MPA and well separated DDA 
vesicles on the MUDA with variable sizes. Dynamic Light Scattering (DLS) and Fourier Transform 
Infrared spectroscopy (FTIR) suggest effective coordination between DOPE, DOTAP and AuNP. Label 
free DNA hybridization sensing in presence of the negatively charged [Fe(CN)6]3-/4- indicates the lowest 
DNA detection limit of 1×10−14 M with linearity range 1×10–13 to 1×10−9 M. Similarly, streptavidin 
sensing shows the lowest detection of 1 ng ml−1 with a linear range 100 ng to 1 µg due to the increased 
reactive sites and distance 
 

Keywords: Binary liposome, Gold nanoparticle, Solid surface, DNA, Protein.  

 

3.15 Synthesis and Fabrication of Au-Nanoparticles decorated GO-PANI Nanocomposites and 

their Electrochemical Sensing of Phenols 
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ABSTRACT:  

A facile electrochemical sensor for hydroquinone (HQ) and catechol (CC) determination was 
successfully fabricated by the modification of graphene oxide-polyaniline and Au nanoparticles 
composites on a glassy carbon electrode (GO-PANI-Au/GCE). A simple step synthetic procedure was 
adopted for the preparation of GO-PANI-Au nanocomposites. First GO-PANI nanocomposite was 
synthesized by chemical route. Decoration of Au nanoparticles on GO-PANI nanocomposite was done 
by electrochemical deposition of aqueous metal precursor salt solutions. The prepared sensor was 
characterized by FT-IR, Raman, XRD, scanning electron microscope (SEM), Energy dispersive X-ray 
analysis (EDAX) and TEM. Under optimal conditions, Cyclic voltammetry was employed to quantify 
individual HQ and CC within the concentration range of 10 µM-100 µM, respectively.  The GO-PANI-
Au nanocomposites modified GC electrode showed good electrocatalytic activity to hydroquinone and 
catechol, further the electrocatalytic response was measured using cyclic voltammetry and 
Amperometry i-t curve techniques.  
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Under the optimized conditions, the GO-PANI-Au modified GC sensor platform showed a 
linear range of 10-100 µM for Hydroquinone (HQ) and catechol, with a detection limit of 1 µM (S/N=3). 
Good reproducibility, better stability and selectivity were achieved in GO-PANI-Au nanocomposites 
electrode. 

 
Key words: GO-PANI-Au nanocomposites, Raman, XRD, Sensor, Hydroquinone and Catechol 
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Automobiles have major contribution for the emissions of oxides of nitrogen and carbon along 
with unburnt hydrocarbons such as methane, propane and propene. So it is necessary to monitor 
automobile exhaust with high performance gas sensors. In the present 
work, The Nanostructured nickel oxide (NiO) was synthesized by urea-
based hydrothermal route followed by subsequent heat treatment. The 
influence of nickel precursors, nickel acetate, chloride, nitrate, and 
sulphate was investigated on the formation of morphology of NiO 
nanostructures. The synthesized samples were characterized by XRD, 
SEM, FT-IR and Raman spectroscopy. The XRD patterns confirmed 
the presence of cubic NiO phase in all the heat-treated samples. It was 
observed that the samples obtained from nickel acetate and sulphate 
resulted in agglomerated shapeless grains while those obtained from 
nickel chloride and nitrate resulted in nanospheres made up of 
nanoflakes. The difference in the nucleation process seemed to be responsible for formation of varying 
NiO morphology. Yttria-stabilized Zirconia-based sensor was fabricated using the NiO nanospheres 
(which consists of nanoflakes) obtained from nickel chloride precursor. The sensor attached with the 
hydrothermally synthesized NiO-SE showed high sensitivity and selectivity to C3H8 and C3H6 at 750, 
800 and 850°C in all oxygen concentrations. The sensor shown highest sensitivity and selectivity in 21 
vol % O2. The ΔV of the sensor varied linearly with C3H6 concentrations on the logarithmic scale. The 
sensor exhibited excellent sensing response to even very low concentration of C3H6 (10 ppm).  The 
sensor retained good stability even for about 40 days. Thus, the sensor attached with the hydrothermally 
derived NiO-SE can be a reliable hydrocarbon sensor (C3H8 and C3H6).  
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Abstract 

A novel biosensor for catechol was developed from amperometric copolymerization of aniline 
and 4-amino benzoate in presence of an ionic liquid 1-butyl-3-methylimidazolium tetrafluoroborate 
[(BMIM(BF4)], cross linking agent glutaraldehyde and laccase by one pot method. Cyclic voltammetric 
technique was used to study the modified electrodes. This general reaction of catechol formation from 
o-quinone was used to detect the amperometric current response by LAC enzyme, using as a redox 
enzyme catalyst. Initially, the background current (Io) of Poly(Ani-co-EB)-LAC biosensor in buffer 
without substrate was measured. Similar procedure was followed and the catechol response current (Is) 
was measured. The actual response of current was calculated by subtracting Io from Is (I = Is- Io) [1]. 
The experiments were repeated three times and the relative error was less than 3.2%. All the potentials 
were presented with reference to the Ag- AgCl reference electrode. The amperometric current generated 
on the biosensor was measured after reaching the steady state. The biosensor was kept at 4oC in a dark 
place when it was not in use. FE-SEM and FT-IR confirmed the incorporation of laccase in the 
copolymer system. The linear range for determination of catechol was obtained by amperometry using 
the developed biosensor was 1.2 ×10-6 to 1.52× 10-4 mol dm-3 [Fig.1]. Michealis - Menten constant Km 

was calculated as 129.08µmol dm-3 and the activation energy was 25.95 KJmol-1. The system retained 
67% of the original activity after 60 days which was much higher than that of other biosensors [2-3]. 
The developed biosensor was used to quantify catechol in green tea sample. This biosensor showed 
faster response, reproducibility, higher stability and shelf life with high accuracy. 
Keywords: Biosensor, Copolymerization, Amperometry, Incorporation, Catechol. 

Fig.1. The relationship between response current and catechol concentration potential at -100mV, pH 7.0, 25.0◦C of Poly(Ani-co-EB)-LAC 
modified electrodes. Inset in the fig.1 plots of inverse of current and catechol concentration according to the data in Fig.1. Fig 1(A) Effect of 

interfering study on catechol biosensor response. 
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Nanorods with shape anisotropy have received much attention due to their promising 

applications in chemical sensors, imaging, biomedicine, electronics and catalysis [1]. Reprecipitation 
was first introduced by Nakanishi and co-workers as a facile method to prepared organic nanomaterials, 
more and strategies have been developed for constructing organic nanomaterials with different 
morphologies. This organic nanomaterial better performances such as multicolour emission, 
chemiluminescence, chemical sensor, etc., 

The rhodamine moiety has been used extensively in the field of chemosensor, particularly as a 
fluorescence chemodosimeter, given its fluorescence OFF–ON behavior resulting from its unique 
structural design and properties [2]. Here, we report a novel rhodamine-based organic nanorods with 
controlled size using hydrothermal method. The ONRs can serve as a fluorescent probe for rapid, 
sensitive and selective detection of Al3+ ions in aqueous solution. 

Figure 1. Proposed sensing mechanism of Al3+ and S2- 

A novel highly selective rhodamine based organic nanorods (ONRs) was successfully designed 
and synthesized, which showed both absorption and fluorescence turn-on responses for Al3+ ions in 
aqueous solution. The ONRs possess strong fluorescence emission in aqueous solution. These spectral 
changes are sufficient to detection of Al3+ ions in the visible region of the spectrum and thus support 
naked eye detection. The aforesaid studies reveal that ONRs−Al3+ complex is highly selective and fully 
reversible in presence of sulphide anions. This ONRs could be used as a fast, fluorescence sensor for 
Al3+ and S2- ions in aqueous solution. The visible changes the FRET based fluorescence response makes 
it a dual probe for naked eye detection through change in colour and fluorescence spectroscopy. The 
complex formed between ONRs and Al3+ ions is dissociable only in presence of S2- ions, which makes 
the ONRs−Al3+ complex an efficient sensor for S2- ions. From the extensive spectroscopic studies, it is 
clear that the ONRs and ONRs−Al3+ complex could be used as a fluorescent sensor for the detection of 
Al3+ and S2- ions. This study raises the new possibility of a highly selective and sensitive ONRs having 
multifunctional detection, including cation and anions, using a successive fluorescence response 
strategy in biological systems. Besides, the fluorescence microscopic studies confirmed that the 
fluorescent probe ONRs could be used as an imaging probe for detection of uptake of Al3+ ions in HeLa 
cells. 
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4.1 Reversible 2D Supramolecular Organic Frameworks encompassing Viologen Cation 

Radicals and CB[8] 
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E-mail: kathiresan@cecri.res.in 

Abstract 

Two dimensional reversible supramolecular organic frame work was constructed using 
viologen architectures and cucurbit[8]uril[1] and their spectroscopic investigations were carried out via 
UV-Vis. UV-Vis study clearly indicated the intermolecular dimerization of viologen mono radical 
cation and their inclusion in to the hydrophobic CB[8] cavity. This argument was further confirmed by 
EPR spectroscopy (electron paramagnetic resonance) spectroscopy. Binding constants were measured 
from UV-Vis titrations using Job Plot. The binding tendency of viologen dimer and CB[8][2] were found 
to be in the range of 103-104/M. Particle size measurements of the self-assembled architectures by 
dynamic light scattering method showed particle size in the range of several µm demonstrating larger 
aggregates. Zeta potential measurements proposed the instability of these particles and their tendency 
to form aggregates. 
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4.2 Novel Pyrimidine Tagged Silver Nanoparticle Based Fluorescent Immunoassay for the 

Detection of Pseudomonas aeruginosa 
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Amidst the Pseudomonadacae family, Pseudomonas aeruginosa has been pointed out as an 
opportunistic Gram-negative human pathogen that causes acute diseases in humans as well as 
animals.[1-2] The Pseudomonas aeruginosa pathogen is the fourth most commonly isolated 
nosocomial pathogen accounting for 10.1% of all hospital-acquired diseases. Several serious 
health issues by this pathogen are sepsis, inflammatory, fester otitis, pneumonia, and cystic 
fibrosis. In concern with the sensitivity, usage, time, selectivity, etc., so many analytical 
protocols such as polymerase chain reaction (PCR), microarrays,[3] quartz crystal 
microbalance resonators (QCM),[4] carbohydrate- mediated cell recognition using gold 
glyconanoparticles,8 products,10 diffraction-based cell detection,[5] and nanowire-based 
detection [6] are continually being developed in the recent decades for various pathogens. 
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fluorimetric technique based immunoassay offers high accuracy, speed, simplicity, and cost 
effectiveness. In past years, the labeling of growing pathogens with fluorescent tags during 
bacterial culture had played a remarkable part in fluorescent microscope based bacterial 
detection [7].  

Scheme. 1 Simple Immunoassay assay for selective recognition of Pseudomonas Aeruginosa. 

Figure. 1 Transilluminator images: Synthesized fluorophore ANDPA (A), Glu-AgNPs/ANDPA (B) and  PA/Ab/ Glu-AgNPs/ANDPA(C). 

Table 1. Detection of Pseudomonas aeruginosa in soil sample using current developed fluorescence immunoassay protocol and comparison 
with the plate count method. [Concentration of ANDPA is 5 µM, Glu-AgNPs: 6 % (v/v), Ab: 0.36μg/mL (20μL), soil samples (40 μL) under 

different dilutions factor from 10-5 – 10-9]. 

In this current work A simple pyrimidine-based fluorescent probe (R)-4-(anthracen-9-yl)-6- 
(naphthalen-1-yl)-1,6-dihydropyrimidine- 2-amine (ANDPA) was synthesized through the greener one 
pot reaction and characterized by IR, NMR, and ESI-Mass. Glucose stabilized silver nanoparticles (Glu-
AgNPs) were also synthesized and characterized using UV, IR, XRD, SEM, and TEM. When ANDPA 
was tagged with Glu-AgNPs, the fluorescent intensity of ANDPA decreased drastically. When the 
monoclonal antibody (Ab) [immunoglobulin G (IgG)] of Pseudomonas aeruginosa (PA) was attached 
with ANDPA/Glu-AgNPs, the original intensity of the probe was recovered with minimal enhancement 
at 446 nm. On further attachment of PA with ANDPA/Glu-AgNPs/PA, the fluorescence intensity of the 
probe was enhanced obviously at 446 nm with red shift. This phenomenon was further supported by 
SEM and TEM. The linear range of detection is from 8 to 10−1 CFU/mL, and LOD is 1.5 CFU/mL. The 
immunosensor was successfully demonstrated to detect Pseudomonas aeruginosa in water, soil, and 
food products like milk, sugar cane, and orange juices. 

KEYWORDS: Pyrimidine, Fluorescence, Aggregation, Pseudomonas aeruginosa, Nanoparticles, Immunosensor. 
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Sl. 

No. 

Agricultural 

Soil 

This method (unknown) 

(CFU/mL) 

Plate count Method 

(unknown) (CFU/mL) 

1. Test 1 275 320 (TNTC) 
2. Test 2 135 180 
3. Test 3 50 70 
4. Test 4 26 45 
5. Test 5 10 17 
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4.3 Discovery of novel pyrazolo[3,4-h]quinolone-3-carbonitriles as efficient ‘turn-off’ 

fluorescence sensors for Fe3+ ions 
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Abstract 

Iron is one of the most abundant and multifaceted element on earth. It is involved in various 
biological processes such as electron transfer, oxygen uptake, oxygen metabolism, etc. Iron plays vital 
role in the living systems, wherein its deficiency results in anaemia and on the other hand accumulation 
of excess iron leads to diseases like hepatitis.1 Hence considerable attention has been put to detect and 
monitor iron and iron salts like Fe3+ ions with sufficient selectivity. Among the several methods 
chemosensors based on metal ions became a fascinating and interesting discipline due to its simplicity 
and selectivity. In order to explore the presence of metal ions both biologically and environmentally, 
metal sensitive fluorogenic chemosensors have been widely used.2   

In the present work, we report the synthesis of 2-amino-4-aryl-7-phenyl-6,7-dihydro-
5H-pyrazolo[3,4-h]quinolone-3-carbonitriles via the one-pot four-component reactions of 1-
phenyl-1,5,6,7-tetrahydro-4H-indazol-4-one, aromatic aldehydes, malononitrile and 
ammonium acetate under microwave conditions in an ecofriendly manner. Some of the 
synthesized compounds were fluorescent in nature and able to selectively detect ferrous ions 
(Fe3+) via fluorescent quenching. 
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4.4 ANTHRACENE BASED HIGHLY SENSITIVE FLUORESCENT SENSOR FOR Al(III) 

IONS 
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Abstract: 

A fluorescent probe/chemosensor is a molecular system for which the physicochemical 
properties change upon interaction with a chemical species in such as a way to produce  a detectable 
fluorescent signal [1]. Fluorimetric methods are more preferential compared to the other common 
techniques because of their simple way of analysis and high sensitivity [2-4]. An efficient chemosensor 
N-(anthracen-9-ylmethylene)-2-(1H-benzoimidazol-2-yl) aniline (ACBI) based on anthracene platform 
has been designed by a facile one step condensation reaction of anthracene-9-carboxaldehyde with 2-
(2-aminophenyl)-1H-benzimidazole. The probe was characterized by NMR spectroscopy, UV-Visible, 
Emission spectroscopy and Mass spectrometry. The probe was analysed for its sensing behavior 
towards various metal ions like Ca2+, Ba2+, Fe2+, Co2+, K+, Na+, Mn2+, Zn2+, Cd2+, Ni2+, Al3+, Fe3+, Hg2+ 
and Ag+ in the DMSO/water mixture buffered with HEPES (pH=7.4) by UV-visible and fluorescent 
techniques. The probe ACBI shows high selectivity towards sensing Al3+ metal ions (Fig.1).  

Figure 1: Visual fluorescence responses of sensor ACBI with Al3+ and other metal ions 

 

 

 

 

 

Figure 2: Fluorescence emission spectrum of ACBI(10µM) in the presence of various metal ions(50µM) in DMSO-H2O mixture buffered 
with HEPES(pH=7.4)solution. Exci. λ= 350nm. 

Significantly, fluorescent enhancement at 435nm was observed for probe upon complexation 
with Al3+ ions over other essential metal ions when excited at 350nm (Fig.2). The nature of fluorescence 
behavior of receptor upon addition of Al3+ has been obtained from Density Functional Theory 
Calculations. The probe ACBI serves for highly selective, sensitive and turn-on response towards Al3+ 
without the interference of biologically and environmentally relevant cations. The binding constant K 
was determined by using the Benesi-Hildebrand equation [5]. The detection limit was found to be 2.48 
x 10-7 M. 
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4.5 Synthesis and scavenging applications of polyurethane dendritic nitroxide radical 

dendrimers 
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Abstract 

Dendrimers are highly branched macromolecules with a carefully tailored architecture and the 
end groups1. They have attracted much attention due to their unique physical and chemical properties. 
The low polydispersity and nanoscopic dimensions of well defined functionalized dendrimers may give 
rise to new properties for example, in molecular recognition, catalysis, or molecule-based electronics 
and optics2.  An increasing number of dendrimers are being functionalized with stable organic radicals 
or redox active groups, aiming at molecules or materials with a wide variety of functional properties3. 
Dendrimers are characterized by special features that make them promising candidates for a lot of 
applications such as MRI contrast agents4, NMR imaging5, catalytic oxidation and clinical applications6. 

In the present work, a series of blocked isocyanate-terminated polyurethane dendrimers up to 
fourth generation were synthesized adopting a three step divergent method7. The synthesized 
polyurethane dendrimers were further functionalized with a stable 2, 2, 6, 6 – tetramethyl-piperidine-1- 
oxyl (TEMPO) free radicals. The structures of the dendrimers were confirmed by FT-IR, H1 NMR, UV, 
fluorescence spectroscopy. The absolute molecular weights of the dendrimers were determined by SEC-
MALLS technique. The presence of nitroxide radical units in the dendrimers was confirmed by using 
EPR spectroscopy at g = 2.01. All the EPR spectra showed similar three line spectral pattern and 
hyperfine coupling is not observed because of no spin interaction between nitroxide radical units. Nitric 
Oxide scavenging ability of synthesized dendrimers was determined via invitro experiments and found 
that the scavenging activity of dendrimers increased with increasing the number of radical units at the 
surface of the dendrimers. 
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4.6 Development of a Novel Bimetallic Au-FeNPS Decorated on g-C3N4 with Enhanced 

Photocatalytic Performance for the Degradation of Organic Dyes  
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Abstract 

In this study, we report a facile synthesis approach and photocatalytic performance of a novel 
magnetic Au-FeNPs/g-C3N4 nanocomposite for the efficient degradation of organic dyes under visible 
irradiation. The as prepared Au-FeNPs/g-C3N4 nanocomposite was characterized by X-ray diffraction 
(XRD), Fourier transform infrared (FT-IR), UV-visible diffuse reflectance spectroscopy (DRS), 
Scanning electron microscopy (SEM), Transmission electron microscopy (TEM) and energy-dispersive 
X-ray (EDX). The photocatalytic performance of the prepared nanocomposite was evaluated for the 
degradation of malachite green (MG) and rhodamine B (RhB) as an organic dyes under visible light 
irradiation. The obtained results of Au-FeNPs/g-C3N4 nanocomposite shows outstanding 
photodegradating behavior towards MG and RhB compared to pure g-C3N4 and AuNPs/g-C3N4. 
Maximum degradation efficiency of 99.1% and 97.3% were achieved for the MG and RhB dyes, 
respectively. Furthermore, Au-FeNPs/g-C3N4 nanocomposite was particularly durable after five 
consecutive photocatalytic activity. Therefore, the present investigation focuses the synthesis of highly 
efficient magnetic bimetallic based nanocomposite for effective degradation of various organic 
contaminants in aqueous solution . 

Key Words: Magnetic Au-FeNPs/g-C3N4, Photocatalytic degradation, malachite green and rhodamine B  

Photocatalytic degradation of MG and RhB over Au-FeNPs/g-C3N4 under visible light irradiation. 
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4.7 Novel NiO/Ag3VO4 composite for efficient degradation of organic pollutants under 

visible-light  
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Abstract: 

The NiO/Ag3VO4 hybrid photocatalysts were developed to study the photocatalytic activity 
under visible light irradiation. The samples were characterized by X-ray diffraction (XRD), Fourier 
Transformed Infrared (FT-IR) spectroscopy, Photoluminescence (PL) spectroscopy, Scanning Electron 
Microscopy (SEM), Transmission electron microscopy (TEM), Brunauer-Emmett-Teller surface area 
analysis (BET) and diffuse reflectance spectroscopy (DRS). The photocatalytic activity of 
NiO/Ag3VO4 composite for the photodegradation of 4-Nitro Phenol (4-NP) and Rose Bengal (RB) 
under visible light irradiation was studied and it is observed that the activity was much higher than that 
of the pure NiO and Ag3VO4. The kinetics of the NiO/Ag3VO4 composites were proposed to 
investigate the intervened effects of NiO to Ag3VO4 on the promotion of photocatalytic property. The 
effect of operational parameters such as pH, catalyst dosage and concentration variation on the 
photocatalytic activity was investigated. The stability of nanocomposite was examined by recycling 
experiments. A possible electron-hole transfer mechanism at the  NiO/Ag3VO4  interface is proposed. 

 Keywords: Visible Light, NiO/Ag3VO4 composite, Photocatalytic 

Graphical Abstract: 
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4.8 Visible light induced photocatalytic degradation of Celestine Blue using ZrO2/CeO2  
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Abstract: 

ZrO2/CeO2 catalyst was successfully synthesized using the co-precipitation Method. The 
physicochemical characteristics of the semiconductors were surveyed by UV-Vis, X-ray diffraction 
(XRD),Scanning electron microscopy(SEM), Energy dispersive X-ray spectrometry(EDX).The 
photocatalytic results have showed that the aqueous suspensions of the mixed  ZrO2 / CeO2 systems 
have significantly higher activity for  the photodegradation of Celestine Blue under visible light. The 
photochemical oxidation of dyes follows pseudo – first kinetics. The effect of pH, Catalyst dosage, 
Concentration of dyes were observed and discussed. The final products of degradation were 
characterized and a tentative mechanism was proposed for the photochemical oxidation of dyes. 

Key Words: ZrO2/CeO2 Catalyst, Celestin Blue, Visible light. 
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4.9 Novel magnetically separable visible-light-driven ThO2/Fe3O4 photocatalyst with 

enhanced activity in degradation of Malachite Green 
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Abstract 

Novel magnetically separable ThO2/Fe3O4 nanocomposite visible light driven photocatalysts 
was successfully synthesized. The synthesized nanocomposite was characterized by UV-Vis 
spectroscopy, XRD, HR-TEM, FT-IR, TGA, BET techniques. HR-TEM and XRD images confirmed 
the formation of crystalline ThO2/Fe3O4 nanocomposite. The photocatalytic efficiency of ThO2/Fe3O4 
was explored in the removal of malachite green (MG) from aqueous phase. High degradation efficiency 
(90 %) of MG was obtained and the reaction was maximal at pH 5. MG was completely decolorized 
within 40 min under visible light irradiation. The results reveal that the ThO2/Fe3O4 nanocomposite 
enhances the photocatalytic activity.  On the basis of obtained results, the plausible mechanism for 
removal of MG was proposed. The photocatalytic efficiency of ThO2/Fe3O4 nanocomposite remains a 
robust performer even after five cycles.  

Keywords: ThO2/Fe3O4 nanocomposite, Malachite Green, magnetically seperable, Photocatalytic degradation. 
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4.10 Host-guest chemistry of Coumarin-460 with p-Sulfonatocalix[4]arene 
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Abstract 

The host-guest interaction of Coumarin-460 with p-sulfonatocalix[4]arene is studied using 
spectral techniques. UV-Visible and fluorescence studies were emphasized the presence of efficient 
interactions between the host and guest. The 1:1 stoichiometry is also established using Job’s plot. Both 
the studies result 103 M-1 binding of Coumarin-460 with p-sulfonatocalix[4]arene. Quenching of 
Coumarin-460 also observed and the calculated quenching constant is 3.5 × 1011 M-1s-1. 

Introduction 

Supramolecular systems with cavities are prominent category of supramolecular chemistry. The 
facile rim modification and flexible cavity make calixarenes an important supramolecular templates.[1] 
The ipso sulfonation of p-tert-butylcalixarenes at upper rim leads to water soluble p-
sulfonatocalixarenes. The host-guest chemistry of p-sulfonatocalixarenes is a well-established field. [2] 
Coumarins are important dye available in natural resources. They are used in producing stains, medical 
field and dye lasers. The coumarin 460 (C460) has wide applications in dye lasers. [3] The reports 
shows that the change in optical properties open various aspects of handling dyes as molecular 
encapsulation and nano-confinement using core-shell nanoparticles.[4] Herein, we report the study of 
interactions between C460 and p-SC4. 

Experimental Section 

Binding constant calculations using absorption spectral technique 

For binding constant calculation, an absorption titration is carried out by fixing C460 as 1 × 10-

6 M and the p-SC4 is varied from 1 × 10-5 to 9 × 10-4 M. The binding constant value (Ka), of C460 with 
p-SC4 is evaluated with the help of the Benesi–Hildebrand equation.[5] (Eqn. (1)) 

1/ΔA = 1/Ka Δε [p-SC4] + 1/ Δε [C460]    (1) 
The binding stoichiometry is evaluated by Job’s plot method.  

Binding constant calculations using fluorescence spectral technique 

Similar procedure of absorption studies is repeated recording emission spectra. The binding 
constant was calculated by using the modified Stern-Volmer equation, Eqn. (2). [5] 

log[(I0-I)/I] = nlog[p-SC4] + log Ka     (2) 
The quenching constant (kq) also calculated by using the Stern–Volmer equation, Eqn. (3). 

I0/I = 1+ kq τ[p-SC4]     (3) 

Results and discussion 

Absorption spectral titration 

Fig. 1a shows absorption titration spectra. The peak at 380 nm is increased upon increasing the 
concentration of p-SC4. This observation emphasizes the efficient binding of p-SC4 with C460. The 
binding constant calculated using this method is 1.0 × 103 M-1 at 380 nm. The peak at 0.5 mole fraction 
is observed in the Job’s plot which confirms the 1:1 binding of p-SC4 with C460.  
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Fig. 1. The UV-Visible titration (a) and Emission titration (b) of C460 (1 × 10-6 M) in the absence and presence of p-SC4.( 1 × 10-5 to 9 × 

10-4 M) 

Fluorescence spectral titration  

Quenching is observed in the fluorescence intensity of C460 upon increasing the concentration 
of p-SC4 (Fig. 1b). The calculated binding constant (Eqn. 2) is 1.7 × 103 M-1, which shows an excellent 
binding of p-SC4 with C460. The quenching constant value for C460 with p-SC4 is 3.5 × 1011 M-1s-1. 
This higher value of quenching constant is due to static quenching.  

Conclusion 

An active binding of C460 with p-SC4 is observed in this study. The binding constant values 
from both absorption and emission studies is around 103 M-1 shows efficient binding. The Job’s plot 
emphasized the 1:1 binding of C460 with p-SC4. Static quenching is observed in fluorescence titration. 
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1. Introduction 

p-Sulfonatocalix[4]arene (p-SC4), is a widely studied water soluble, biocompatible promising  
host molecule, composed of para-hydroxybenzenesulfonate units linked by methylene groups, which 
offers flexibility, π-rich cavity and negative charge to bind with plenty of metal ions, organic cations, 
neutral organic molecules, dyes and bio-relevant molecules to form supramolecular complexes. 
Construction of supramolecular architectures involves different types of interactions like electrostatic, 
hydrophobic, Van der Walls, π-π, cation-π, hydrogen bonding, depends on the nature of the guest 
molecules [1-3]. 4-nitro-o-phenylenediamine (NOPD) is an aromatic amine is one of the widely-used 
constituent of many hair dye formulations and these have been shown to cause bacterial mutations 
without prior activation.   
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The NOPD has been widely used as a fine chemical in the determination of selenium and 
synthesis of 6-nitroquinoxaline compounds. Those having a –NO2 group of the ortho-phenylenediamine 
moiety, to enhance both hydrogen-bond donor tendency and acidity to build anion receptor for fluoride 
and acetate ions [4, 5]. Here we discuss about, the molecular recognition properties of p-SC4 in the 
presence of NOPD, through optical technique such as UV-Visible absorption titration. 

2. Experimental details 

The host-guest complex formation in solution state was analyzed by absorption technique. The 
NOPD concentration is fixed at 1 × 10-6 M and the p-SC4 concentration is varied from 1 × 10-5 M to 9 
× 10-5 M and the absorption changes are measured. The binding constant value from absorption 
technique is evaluated using Benesi-Hildebrand equation. (Eqn. 1) 

1/∆A=1/Ka∆ԑ [H] + 1/∆ԑ [G]    1 

Where, ∆A- the change in absorption intensity of NOPD on the addition of p-SC4. ∆ԑ is the 
difference in molar extension co-efficient of the free NOPD and p-SC4- NOPD complex. [H] is the 
total concentration of host molecule, p-SC4) and [G] is the total concentration of guest molecule, 
NOPD. The plot of 1/∆A versus 1/ [H] gives a straight line. The stoichiometry of binding is calculated 
from the Job’s plot method. The mixture of p-SC4 (varied from 1 × 10-6 M to 9 × 10-6 M) and NOPD 
(varied from 1 × 10-6 M to 9 × 10-6 M) is prepared and the absorption changes are measured. The plot 
of change in absorption versus mole fraction gives the stoichiometric ratio of p-SC4-NOPD complex. 
The thermodynamic parameter in the host-guest complex is the free energy change of a 
reaction. It can be calculated from the binding constant value using the following equation. 

∆G = -RT ln K    2 

Where, ∆G is the free energy change of the reaction, ‘R’ is gas constant, ‘T’ is temperature and 
‘K’ is binding constant. 

3. Results and discussion 

The absorption maximum of p-SC4 is around 210 nm, which corresponds to π-π* transition of 
benzene ring. The absorption maxima of NOPD is at 260 nm, corresponds to π-π* transition of benzene 
ring and 400 nm corresponds to n-π* transition of the molecule in aqueous medium. Since there is no 
peak around 400 nm for p-SC4 this peak is used to study the interaction of p-SC4 with NOPD. 

 Figure 1. (a) UV-Visible absorption spectrum of NOPD in the presence of p-SC4 (b) Job’s plot for the NOPD/p-SC4 complex. 

The absorption around 400 nm of NOPD increases with the increase in the concentration of p-
SC4. This observation is due to the cavity binding of the NOPD into the p-SC4. The Job’s plot gives 
0.5 mole fraction, which confirms the 1:1 ratio of binding between p-SC4 and NOPD. The free energy 
change of NOPD with addition of varying concentration of p-SC4 is -26.9 KJ mol-1, it indicates that the 
host-guest complex formation is a spontaneous process. 
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4. Conclusion 

The binding constant values obtained from absorption titration is 4.3 × 104 M-1. These value 
show that the considerable binding occurs between NOPD and p-SC4. From the above discussion, we 
concluded the NOPD molecule is inserted into the p-SC4 cavity in 1:1 molar ratio. Therefore, p-SC4 is 
a suitable host molecule for the molecular recognition of NOPD. 
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Introduction 

The para-sulfonatocalix[4]arene (p-SC4) is a water soluble macrocycle synthesized from the 
upper rim modification of tert-butylcalix[4]arene. The p-SC4 possess π- electron rich cavity (aromatic 
ring), negative charges (sulphanato group) and hydrophilic nature (-OH group), therefore it has the 
propensity to encapsulate neutral, cationic organic molecules and ions to form supramolecular 
complexes [1,2].Pyrylium salt is one of the cationic organic molecules having trivalent oxygen atom. 
Due to the electron accepting nature of the pyrylium cation, it can be used as electron transfer agent and 
in catalysis. Optical and electron transfer properties of pyrylium salt is used to design sensor for amino 
acids, and proteins [3].In this work, we have studiedhost-guest interaction of 2,4,6-triphenylpyrylium 
tetrafluoroborate (TPP) with p-SC4 using absorption and emission technique.   

Experimental 

For binding constant calculation from UV-visible titration using Benesi–Hildebrand equation 
[4] (Eqn. 1), 

1/ΔA = 1/KaΔε [p-SC4] + 1/ Δε [TPP] (1) 
Here, ΔA is the change in absorbance of the TPP on addition of p-SC4. Δε is the difference in 

the molar extinction coefficient between the free TPP and p-SC4–TPP complex. The plot of 1/ΔA vs. 
1/[p-SC4] gives straight line. The fee energy change, ΔG value is calculated from the binding constant 
value [5], Ka using the Eqn. 2, 

For binding constant calculation from emission titration using modified Benesi–Hildebrand 
(Eqn. 2), 

I0/(I-I0) = b/(a-b)× [1/Ka[H]+1]  (2) 

Where, I0 is the luminescence intensity of the guest in the absence of host, I is the luminescence 
intensity of the  complex in the presence of host, [H] is the concentration of the host, and Ka is the 
binding constant for the binding of the host with guest. 

Stoichiometricbinding ratio between TPP and p-SC4 is calculated by using job’s method. 
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Result and discussion  

The absorption maxima of p-SC4 are 210 nm and 280 nm. TPP absorption maxima are around 
270 nm, 350 nm and 415 nm. The concentration of TPP is fixed as 1 × 10-5 M, the concentration of p-
SC4 is varied from 1 × 10-5 to 9 × 10-5 M and the absorption measurements are recorded for each sample. 
Fig.1.a. shows the all absorption peak of TPP decreases by increasing concentration of p-SC4.Binding 
constant calculated from Benesi–Hildebrand method (Eqn. 1), binding constant value is 2.45 × 104 M-

1. This exhibits the strong binding between TPP and p-SC4.Stoichiometricbinding ratio of TPP and p-
SC4 is calculated from job’s method. From the job’s plot (Fig. 1.b.), stoichiometric binding ratio 
between  TPP and p-SC4 is 1:1. 
  

 

 

 

 

 

 

 

 

 

 
Fluorescence spectroscopy is performed by similar way of UV-visible absorption study. 

Thefluorescencemaxima of TPP is 470 nm (excited at 400 nm).The emission intensity of TPP increases 
with the increase in the concentration of p-SC4 (Fig. 2). It shows that there is a binding between p-SC4 
and TPP. Therefore, the emission intensities from the concentration variation are taken for binding 
constant calculation using Modified Benesi–Hildebrand method (Eqn. 2). The binding constant value 
is 1.16 × 105 M-1. This value indicates, the binding between TPP and p-SC4 is strong binding.  

Conclusion 

The binding constant calculated using absorption and emission spectral techniques are around 
104 and 105 M-1 respectively. These values indicates the strong binding between the TPP and p-SC4. 
The Job’s plot confirms the 1:1 ratio of the host-guest complex. 
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Fig. 2. Emission spectrum of TPP (1 × 10-5) in the presence of p-SC4 (1 × 10-5 to 9 × 10-5). 

 

Fig. 1.(a) UV-visible absorption spectrum of TPP in the presence of p-SC4(concentration 1 × 10-5 to 9 × 10-5). (b) job’s plot of TPP with p 
-SC4 
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Carbon Quantum Dots (CQDs) are a new class of carbon materials with sizes less than 10 nm 
and have optical properties as well as high thermal and chemical stabilities, good electron conductivity, 
and excellent water solubility. CQDs can serve as excellent electron acceptors or electron donors, 
permitting electron transfer between CQDs and semiconductors and hindering the recombination of 
photoelectrons and holes on the semiconductors, which therefore improve the photocatalytic activity. 

Cuprous oxide (Cu2O) is an attractive photocatalyst because of its visible-light-driven 
photocatalytic behavior, abundance, low toxicity, and environmental compatibility. However, its short 
electron diffusion length and low hole mobility result in low photocatalytic efficiency, which hinders 
its wider applications. Herein we synthesized the CQDs decorated cuprous oxide (CQD/Cu2O) nano 
composite for the enhanced photocatalytic activity. It is interestingly found that the introduction of 
CQDs control the morphology of Cu2O and the most encouraging result is that all of the obtained 
CQD/Cu2O composites exhibit better photocatalytic activities than pure Cu2O cubes. 

 It is demonstrated that the excellent photocatalytic performance of CQD/Cu2O composites can 
be attributed to the octahedral structure and the suppression of electron−hole recombination as a result 
of the introduction of CQDs. These findings demonstrate that the conjugation of CQDs is a promising 
method to improve the photocatalytic activities for traditional semiconductors. 

  

 

 

 

 

 

 

 

 

 

 

Comparison of Cr6+ ion reduction by pure Cu2O, CQD/ Cube-Cu2O and CQD/ Octahedral-Cu2O 

Pure Cu2O CQD/Cu2O composites at various morphologies at various 

concentration of CQDs 
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PVA/β-CD-AgNP 

nanofiber scaffold 
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Abstract  

The ultrafine nanofiber scaffolds of poly (vinyl alcohol) (PVA) and β-Cyclodextrin (β-CD) 
containing Silver nanoparticles were fabricated using the electrospinning technique. The intensified 
interest in polymer nanofibers embedded silver nanoparticles (Ag-NPs) is due to the high antimicrobial 
effect of nanosilver as well as the unique characteristics of polymers which include their excellent 
structural uniformity, multivalency, high degree of branching, miscellaneous morphologies and 
architectures, and highly variable chemical composition. The fiber morphology of the resultant 
nanofiber was analysed using scanning electron microscope (SEM) and the diameter were uniformly 
distributed throughout the nanofiber was observed. The effect of AgNP on the PVA/β-CD nanofiber 
scaffolds was studied by differential scanning calorimetry (DSC), and UV/Vis/NIR spectroscopy. 
Antibacterial test results revealed that PVA/β-CD/Ag-NPs nanofiber scaffolds exerted good 
antibacterial property. The in vitro cytotoxicity of the Ag-NPs contained PVA/β-CD nanofibers was 
evaluated via MTT assay and it was indicated that the as prepared nanofiber scaffolds was non-toxic 
and biocompatible.  

Keywords: Polyvinyl alcohol (PVA), β-Cyclodextrin (β-CD), Silver nanoparticles (Ag-NPs) Electrospinning, Nanofiber, antimicrobial 
activity, Cytotoxicity assay.  

 

 

 

 

 

 

References 

[1] Yang, T.; Yang, H.; Zhen, S. J.; Huang, C. Z, ACS Appl. Mater. Interfaces 7 (2015) 1586-1594. 
[2] Ma, L.; Wang, Y.; Wang, M.; Tian, Y.; Kang, W.; Liu, H.; Wang, H.; Dou, J.; Zhou, C, Biomaterials 

87 (2016) 32-45. 

 

  

Figure 1. Schematic diagram for the preparation of Ag-NPs embedded PVA/β-CD nanofiber scaffold 
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Abstract 

In our tentative work, reduced graphene oxide (rGO) was covalently functionalized by zinc 
selenite (ZnSe) and polythiophene (PTh). We report for the photocatalytic activity of the newly 
designed facile synthesized nanocomposite consisting of reduced graphene oxide, polythiophene and 
ZnSe via simple wet chemical method. In this paper, the metal oxide plays the major role of 
photocatalyst incorporated by reduced graphene oxide which is a good conductor. Graphene oxide (GO) 
sheets have highly tunable electronic properties because of their unique 2D carbon structure, which 
allows extensive modification with surface functionalities. Photo-driven water splitting uses 
semiconducting materials that have electronic structures suitable for electron and hole injection for H2 

and O2 evolution from water decomposition, GO is an ideal material to mediate photo-generated charges 
for water decomposition. These properties make it become an ideal support of the photocatalyst to 
enhance the transfer and separation of photo-generated electrons and holes. The potential application 
of graphene-based photocatalysts to boost the efficiency of solar energy conversion has been explored. 
The present Perspective is a short report of recent research activities related to graphene-based H2 
production photocatalysts and discussion of their emerging role in photocatalytic hydrogen evolution, 
enhances the prospects for using ZnSe as an effective catalyst for photocatalytic degradation of organic 
pollutants. ZnSe is an important material in shorter wavelength applications. Advantages of the 
hydrothermal method are generating highly crystalline and pure products with narrow size distribution 
and low aggregation of ZnSe. Moreover, the rate and uniformity of nucleation, growth and aging can 
be controlled by adjusting the hydrothermal reaction conditions which subsequently control the 
morphology and crystal form of the products. Depending on the characteristics of starting monomer, 
different preparative methodologies have been adopted to obtain the polymeric materials. They are 
classified into two major methods, such as electrochemical and chemical polymerization methods. The 
chemical oxidative polymerization is more applicable than electrochemical method for the preparation 
of bulk electrode materials with controllable sizes. The polythiophene having good hole conducting 
property. This sufficiently small band gap, it is possible to excite an electron from the VB to the CB 
using both UV and visible light. The Polythiophene has comparable visible and UV light transitions 
possibilities of PTh along with those of metal oxides. The obtained conjugated system of modified 
reduced graphene oxide composite was characterized by various techniques including X-Ray diffraction 
spectroscopy (XRD), ultra-violet spectroscopy (UV), photoluminescence (PL), scanning electron 
microscopy (SEM), Fourier transform infrared spectroscopy (FTIR).  

Graphene oxide  polythiophene  zinc selenide 
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5.1 Chitosan - A Natural Biopolymer: Applications in Biosorption and Pervaporation  
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Abstract 

Chtin is the most abundant naturally occurring polysaccharide that contains amino sugars. This 
abundance, combined with the specific Chemistry of chitin and its derivative chitosan, make for the 
array of potential applications. Its structure resembles that of cellulose, except that the hydroxyl groups 
in position 2 have been replaced by acetylamino groups. Chitosan, deacetylated product of chitin, 
primarily consists of repeating units of beta (1-4) 2-amino-2-deoxy-D-glucose (or D- glucosamine). 
Chitosan is being used extensively in agriculture, food processing, cosmetics, health and pharmaceutical 
industries. 

We have been working for the past fifteen years on development, characterization and 
evaluation of potential of chitosan based biosorbents for the removal of metals and phenols from 
aqueous media and pervaporation membranes for dehydration of industrial solvents as it is 
biodegradable, biocompatible and available in abundance in nature. 

Chitosan, in its natural form, is soft and has a tendency in aqueous solutions to agglomerate or 
to form a gel. In addition, the active binding sites are not readily available for sorption in their natural 
form. It is also necessary to provide physical support and increase the accessibility of the metal binding 
sites for process applications. A new composite chitosan biosorbents were prepared by coating chitosan, 
a glucosamine biopolymer, onto ceramic alumina and perlite. The composite biosorbents were 
characterized by high-temperature pyrolysis, porosimetry, scanning electron microscopy, and X-ray 
photoelectron spectroscopy. Batch isothermal equilibrium and continuous column adsorption 
experiments were conducted to evaluate the potential of chitosan coated alumina in removing 
chromium[1] and of chitosan coated perlite  in removing cadmium[2] and chromium[3] from synthetic 
as well as field samples. 

Pervaporation, in its simplest form, is an energy efficient combination of membrane permeation 
and evaporation.   It's considered an attractive alternative to other separation methods for a variety of 
processes. Calcium alginate-chitosan (CA/CS) blended membranes were prepared and cross linked with 
maleic anhydride (MA) for the pervaporative (PV) dehydration of ethylene glycol[4] and 1,4-
dioxane[5]. The structure and properties of blend membranes were studied using FTIR, XRD, TGA, 
and SEM. The effect of experimental parameters such as feed composition, membrane thickness, and 
permeate pressure on separation performance of the MA cross linked membranes were determined in 
terms of flux, selectivity, and pervaporation separation index. 

The experimental results suggest that the developed chitosan  based sorbents and membranes 
have potential respectively in removing metals from water and dehydration of industrial solvents. 
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5.2 Green Chemistry through Process Research & Development 
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The concepts of green chemistry have been promoted as an effective qualitative framework for 
developing more sustainable Organic syntheses. 

This has been demonstrated by many theoretical and practical cases. In addition, there are 
several approaches and frameworks focused on demonstrating that improvements were achieved 
through some of Green Chemistry technologies. However, the application of these principles is not 
always straightforward in the development of Pharmaceutical products. We propose using systematic 
frameworks and emerging technologies, tools that help practitioners when deciding which principles 
can be applied, the levels of implementation, prospective of obtaining simultaneous improvements in 
all Sustainability aspects, and ways to deal with multi-objective problems. 

Therefore, this contribution aims to provide a systematic combination of three different and 
complementary design tools for assisting designers in evaluating, developing, and improving Pharma 
manufacturing and Process mass index, under GC perspectives. The Quality by Design- Design of 
Experiments, Driving force analysis, PAT were employed for this synergistic approach. 

Incorporating sustainability at early stages of process research and development. In this 
demonstration, Process development for Pharmaceutical products is used as a case study to illustrate 
this advancement. Results show how to identify process design areas for improvements, key factors, 
multi-criteria decision-making solutions. 

 Finally, conclusions were presented regarding the tools’ use in more robust sustainable process 
in Pharmaceutical Industry. 

 

5.3 Antimicrobial silver nanoparticles green synthesized using aqueous extracts of red 

seaweeds against plant pathogens: A potential source for nanopesticide formulation 
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Abstract 

Nanoparticles (NPs) are clusters of atoms in the size range of 1–100 nm.The silver (Ag) is being 
used as antimicrobial agent since ancient civilizations in Ayurvedic therapeutics because of its broad-
spectrum and multiple modes of antimicrobial activity. The Ag ions exhibit higher toxicity to 
microorganism and lower toxicity to mammalian cells.Agriculture production in the world is decreasing 
because of emergence of plant diseases and every year millions of dollars are being spent for pest 
control. Pesticides of natural and artificial origin are being used in agriculture either ineffective or create 
environmental hazards and residual problems. But green synthesized AgNPs can be the effective 
alternate to chemical pesticides and usage of AgNPs as antimicrobial agents are not uncommon. 

In the present study, AgNPs were green synthesized using the aqueous extracts of two agar 
seaweeds (Gracilaria corticata and Gracilaria edulis) and two carrageenan seaweeds (Hypnea 

musciformis and Spyridia hypnoides) showing antibacterial activity against 
Xanthomonasaxonopodispv.citriand X. oryzaepv.oryzae and antifungal activity against 
Ustilaginoideavirens(cause diseases in plants) were tested under disc diffusion assay as well as broth 
assay under in vitro. The reduction of Ag+ to Ag0 in the medium was visually observed by the color 
change from pale yellow to brown and the silver ion reduction bonds corresponding to the surface 
plasma resonance were confirmed using UV-visible spectra between 410 nm and 430 nm. 
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 The antibacterial activity was higher than the antifungal activity and the bioactivity was 
increased with increasing concentration of AgNPs. 

The FTIR spectra show the presence of common functional groups such as aliphatic amine, 
alcohols, carboxylics, ether, carboxylic acids, anhydrides, cyclic peptides etc., in the sulphated 
polysaccharides (agar and carrageenan) and proteins in the aqueous extracts would presumably involve 
in the reduction of Ag+ to Ag0 and stability of nanoparticles synthesized by the four red seaweeds.The 
XRD, SEM and AFM studies showed that spherical shape with average size of 37, 54, 53 and 49 nm 
AgNPs synthesized by G.corticata, G.edulis, H. musciformis andS.hypnoides, respectively. The EDX 
results of AgNPs reveal the strong silver signal of 84 % in G.corticata, 80 % in G.edulis, 65 % in 
H.musciformis and 50 % in S.hypnoidesalong with weak oxygen,carbon and nitrogen. The DLS data 
indicates the average size of 168, 315, 255 and 938 nm with PDI values of 0.311, 0.250, 0.361 and 
0.151 for G.corticata, G.edulis, H. musciformis andS.hypnoides, respectively as PDI below 0.5 did not 
aggregate in liquid but exhibiting agglomeration. From this study, first time that the AgNPs green 
synthesized from four different red seaweeds showing good antimicrobial activity against plant 
pathogens under disc diffusion assay as well as broth assay not in aggregate but agglomerate form in 
the liquid. 

This study conclude that AgNPs green synthesized using four red seaweeds show strong 
antimicrobial properties against phytopathogens furthered the scope of nanopesticides formulation 
using seaweed based green synthesis of nanoparticles to control agricultural pathogens. 

Key words: Red seaweeds, Silver nanoparticles, Antimicrobial property, Plant pathogens, Green nanopesticides 

Fig. 1 Four red seaweed (two are agar yielding a-Gracilaria corticata and b-Gracilaria edulis) and two are carrageenan yielding (c-Hypnea 

musciformis and d-Spyridia hypnoides) collected along the coast of Puthumadam, Gulf of Mannar, India 

Fig. 2 SEM image of synthesized AgNPs using algal extracts: a)G. corticata, b) G. edulis, c)H. musciformis, d) S.hypnoides 
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X.axonopodies pv. Oryzae  X.axonopodies pv.citri 

Fig. 3 Antibacterial activity of Ag-NPs synthesized using four red seaweeds under disc diffusion assay against X.axonopodiespv.oryzae and 
X.axonopodiespv.citri (A-Gracilaria corticata,B-G.edulis,C-Hypnea musciformis and D-Spyridea hypnoides 

 

5.4 Facile and eco-friendly synthesis of rutin functionalized silver nanoparticles (rAg NPs) and 

their biocompatible interaction with Bovine Haemoglobin (BHb) 
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Abstract 

Monodispersed rutin functionalised silver nanoparticles (rAg NPs) are synthesized in an eco-
friendly manners, using rutin as the reducing and capping agent. The rAg NPs have been characterised 
by UV-vis absorption, X-Ray powder diffraction, scanning electron microscopy (SEM), transmission 
electron microscopy (TEM) and FT‒IR spectroscopy techniques. The binding of rAg NPs with bovine 
haemoglobin (BHb) has been studied through UV-vis absorption, fluorescence and Circular dichroism 
(CD) spectroscopic investigations. The results revealed that the rAg NPs induce strong quenching on 
the fluorescence of BHb via the static quenching mechanism. Thermodynamic parameters revealed that 
the hydrophobic forces play a major role during the interaction and that the quenching process is 
spontaneous. There are secondary structural changes in the BHb during the formation of rAg NPs‒BHb 
complex as observed in the CD spectral studies. The interaction of rAg NPs with red blood cell (RBC) 
in terms of haemolytic activity has been evaluated, which clearly show that rAg NPs has negligible 
haemolysis.  
Keywords: Silver nanoparticles, BHb, Rutin, haemolytic activity. 
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5.5 Dodonaea viscosa extract mediated synthesis of AuNPs and its anticancer potential against 
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Abstract 

Gold nanoparticles (AuNPs) were prepared from the precursor solution by the reduction of gold 
ions using the leaf extract of Dodonaea viscosa. Water was used as a solvent in the extraction process. 

The extract acts as both reducing (from Au3+ to Au0) as well as capping agent in the reduction 
process. The constituents present in the extract like carbohydrates and phenolic compounds were 
responsible for the formation of stable AuNPs. The synthesized nanoparticles were characterized by 
UV-Vis, FT-IR, X-Ray diffraction (XRD) methods, Scanning Electron microscopy (SEM) coupled with 
EDAX and Transmission electron microscopy (TEM) with SAED patterns. Surface plasmon resonance 
of gold nanoparticles results in a strong absorption peak at 534 nm in the UV-Vis spectroscopy. Peak 
shifts in FT-IR clearly indicate the presence of the residual plant extract in the sample as a capping 
agent to the AuNPs. The SEM and TEM results confirmed the spherical gold particles with the average 
particle size of 30 nm. The presence of gold particles was also confirmed by the XRD and EDX results. 
The MTT assay reveals that the synthesized AuNPs was able to inhibit the growth of the A549 NSCLC 
cells effectively and the IC50 value was obtained to be of 100 µg/ml. 

Keywords: Dodonaea viscosa, Gold nanoparticles, TEM, A549 NSCLC cells. 
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Abstract 

Deep eutectic solvents (DES) are emerging type of environmentally green solvents. As a new 
type of solvent, DES has an extremely large number of applications. Even though the problems 
associated with conventional volatile organic solvents are well studied, the usage of green and bio-
renewable solvents still remains a never ending challenge [1]. 
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 In this sense, the advantages of using Deep Eutectic Solvents (DES) as reaction medium is 
highlighted from the fact that they are bio-degradable, non-toxic, recyclable and could be easily 
prepared using inexpensive raw materials [2-6]. DES have been studied in a variety of applications 
including metal deposition, metal oxide dissolutions, purification of bio-diesel, bio-transformations, 
different synthetic processes and metal-catalyzed organic reactions.  In recent years, low melting 
mixtures consisting of carbohydrates, urea and inorganic salts have been introduced as new alternative 
sustainable solvents for organic transformations [7]. 

In this work we synthesized piperidin-4-one, 2,6-diphenylpiperidin-4-one and 3-methyl-2,6-
diphenylpiperidin-4-one using a deep eutectic solvent (DES) of glucose and urea with the percentage 
composition of 60:40. The yields of these products were 58, 65% and 62% respectively. The products 
obtained were characterized by FTIR, 13C and 1H NMR spectroscopic techniques. The spectral data 
were compared with the reports already available for these compounds [8, 9]. 

Figure 1. Reaction Scheme for the Preparation of Piperidin-4-ones 

The FTIR spectra of piperidin-4-one (A), 2,6-diphenylpiperidin-4-one (B) and 3-methyl-2,6-
diphenylpiperidin-4-one (C) in figure 2 revealed their formation from the following observations. In all 
the three spectra N-H stretching frequency of secondary amino group were noticed at 3300 cm-1 and the 
C=O stretching of carbonyl group were observed around 1700 cm-1.  
 

 
Figure 2. The FTIR spectra of piperidin-4-one (A), 2,6-diphenylpiperidin-4-one (B) and 3-methyl-2,6-diphenylpiperidin-4-one (C) 
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Abstract 

Making a cost effective and environmentally caring solvent is of gaining importance in organic 
synthesis [1]. Ionic liquids (ILs) and their equivalent known as deep eutectic solvents (DESs) with 
desired properties were recognized as potential substitutes to be used as “green” solvents for industries 
[2–7]. DESs include simple eutectic mixtures made from a combination of quaternary ammonium salts, 
like choline chloride (ChCl), with either hydrogen bond donors like urea and glycerol, or with metal 
halides (complexing agent) like zinc chloride. Such eutectic mixtures have emerged as biodegradable, 
economical alternatives and efficient replacement for conventional solvents and molten salts. Due to 
their high polarity, metal halide based DESs have outstanding salvation properties and can serve as high 
temperature electrolytes, reusable or homogeneous catalysts, and as solvent in biodiesel applications. 
This indicates the wide industrial horizon in which they can play essential roles [7–14]. 

In this work newer ethylene glycol (EG) based DESs made from two different metal halides 
such as MnCl2 and ZnCl2 salts were prepared and characterized by measuring some of their important 
physical properties. These DESs were introduced to replace conventional organic solvents for 
synthesizing two piperidin-4-ones namely N-Phenylpiperidin-4-one and N-(p-methylphenyl)piperidin-
4-one. The DESs and piperidin-4-ones were characterized by FTIR spectra. The density of EG MnCl2 
DES and EG ZnCl2 DES were found to be 1.39 and 1.61 g cm-3 respectively. The conductivities of 
both the DES were measured as 0.015 mS Cm-1. The melting point of N-Phenylpiperidin-4-one and N-
(p-methylphenyl)piperidin-4-one were observed to be 136 and 128 oC respectively.  

Figure 1. Reaction Scheme for Preparation of Piperidin-4-ones using the newly formed DES 
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Figure 2. FTIR Spectra of DES and Piperidin-4-one Derivatives 
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5.8 SYNTHESIS, CHARACTERIZATION, ANTI-MICROBIAL AND ANTI-OXIDANT 

SCREENING OF NOVEL SULFONAMIDE SCHIFF’S BASES 

Swathi.S, Umarani.G, Abdul hasan sathali.A 

Department of Pharmaceutical chemistry, College of Pharmacy, 

Madurai Medical College, Madurai-20. 

pharmswathi28@gmail.com 

INTRODUCTION: 

Sulfanilamide and its derivatives are responsible for a broad spectrum of biological activities. 
Already many of the scientists have done the anti-microbial studies for sulfanilamide derivatives, which 
are substituted by various molecules in the position of amino group of sulfanilamide and substitution 
of aryl ring. In this way we would like to substitute the various aromatic substituted aldehydes in the 
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position of sulfanilamide containing amino group by Schiff’s base reaction and also we tried with 
various compounds having two primary amino groups instead of sulfanilamide for the anti-microbial 
and anti-oxidant studies. 

OBJECTIVES: 

To synthesis sulfanilamide derivatives by Schiff’s base reaction by using microwave assisted 
method. It involves two steps, 

Sulfanilamide was synthesized from aniline and acetanilide in the presence of acetic anhydride 
and ammonia respectively. 

O-phenylene diamine was synthesized from nitrochlorobenzene and ammonia followed by 
hydrogenation in the presence of zinc dust powder. 

Sulfanilamide and O-phenylenediamine reacts with various aromatic substituted aldehydes like 
salicylaldehde, anisaldehyde, N-dimethylamino benzaldehyde and P-chlorobenzaldehyde by Schiff’s 
base reaction method. 

The synthesized novel series of sulfanilamide and O-phenylene diamine derivatives were 
characterized by TLC and IR spectroscopy and evaluated for anti-microbial and anti-oxidant activities. 

METHODOLOGY: 

SYNTHESIS OF SULFANILAMIDE DERIVATIVES: 

STEP 1: Preparation of sulfanilamide from aniline and acetanilide in the presence of acetic 
anhydride and ammonia respectively. 

STEP 2: Preparation of sulfanilamide Schiff’s bases (compound A-D) by Schiff’s base reaction. 

SYNTHESIS OF O-PHENYLENE DIAMINE DERIVATIVES: 

STEP 1: Preparation of O-phenylene diamine from nitrochlorobenzene and ammonia followed 
by hydrogenation in the presence of zinc dust powder. 

STEP 2: Preparation of O-phenylene diamine Schiff’s bases (compound E-H) by Schiff’s base 
reaction. 

DESIGN: Sulfanilamide and O-phenylene derivatives were designed by following software: 

• CHEMDOODLE 
• CHEMSKETCH 

CHARACTERISATION: 

The synthesized compounds were characterized by Infra-red spectroscopy by Pressed-pellet 
technique and also characterized by thin layer chromatography. 

BIOLOGICAL EVALUATION: 

Anti-microbial activities were evaluated by cup plate method. 
Anti-oxidant activities were evaluated by hydrogen peroxide method only for compound E. 
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RESULT AND DISCUSSION: 

ANTI-BACTERIAL AND ANTI-FUNGAL ACTIVITY 

COMPOUND 
CONCENTRATION 

(μg) 
E.coli* S.aureus* Candida albicans Aspergillus niger 

A 
10 3 8 R R 
30 9 16 4 3 

B 
10 3 2 R 5 
30 6 7 8 16 

C 
10 5 R 3 8 
30 11 6 10 18 

D 
10 4 7 R 5 
30 10 18 R 11 

E 
10 4 R 14 6 
30 10 4 25 8 

F 
10 4 R 2 R 
30 11 8 7 9 

G 
10 5 R R 5 
30 12 3 6 13 

H 
10 4 R R 4 
30 12 7 8 11 

CONTROL  R R R R 
STANDRAD  12 20 25 18 

*All measurements in MMS 

R=resistant; Control= DMSO; Standard: Ciprofloxacin, Ketoconazole 

ANTI-OXIDANT ACTIVITY 

S.NO CONCENTRATION(gm/ml) ASCORBIC ACID TEST SOLUTION 
1 10 36.4±1.45 33 
2 20 45.91±0.99 47 
3 30 52.17±0.87 49 
4 40 79.58±1.27 65 
5 50 91.23±0.97 88 
 IC 50 24.23μg/ml 27.22μg/ml 

CONCLUSION: 

All the compounds were synthesized by Schiff’s base reaction method using microwave 
irradiation method. 

The structure of the synthesized compounds was confirmed by FT-IR spectroscopy. 
The anti-microbial activity was performed and when compared to the standard, compound C, 

D, E, F&H produce the best anti-microbial activity against gram positive organisms. 
Synthesized compound E was tested for in-vitro anti-oxidant activity by hydrogen peroxide 

method and the result was compared with standard Ascorbic acid. 
Ultimately we would like to deliver the compound 2-(1H-benimidazol-2-yl) phenol having 

Anti-bacterial and Anti-oxidant activity, in future compound E can be modified by chemical reaction 
when it gives potent and effective molecule. 
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5.9 Subsurface Oxygen and its effect on catalytic process towards application in Environmental 

pollution.  
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The aim of this work is to study the role of oxygen in the subsurfaces of (a) Pd single crystals, 
(b) Pd nanoparticles supported on metal oxide films and (c) Pd nanoparticles deposited on porous metal 
oxides, utilizing these catalysts for environmentally and industrially important reactions like carbon 
monoxide (CO) oxidation, nitrogen oxides (NOx) reduction, methane (CH4) activation and Volatile 
Organic Compounds (VOC) oxidation. The study mainly focuses on spectroscopic techniques like in-
situ high pressure X-ray Photoelectron Spectroscopy (HPXPS) and nanoscale microscopies like 
Scanning Tunneling Microscopy (STM) for the characterization of the chemical reactions. Recent 
results [1] on subsurface modified Pd(111) single crystals, showing a fourfold enhanced rate of CO2 

production (when compared with the work of Ertl et al. on pristine subsurface oxygen poor samples [2]) 
upon CO+O2 reaction at a crystal temperature of 700 K, give hints to rethink the currently accepted 
mechanisms of catalytic activity of such surface. The subsurface modified Pd(111) has shown 
interesting results in ambient (room) temperature CO oxidation in a recent results [1e] in bibliography 
show that it can be extended to low temperature regime, and re-module the traditional surface 
contribution of catalyst to think beyond the surfaces (sub surfaces).  

  
Figure 1: Time delay in the CO adsorption as 
well as CO2 production plotted for different 

temperatures and CO:O2 ratio[1]. 

Figure 2: Steady-state rate of the CO+O2 reaction as a function of temperature for 
various beam compositions. The stoichiometric ratio (2:1 to 1:2) shows a 

maximum steady-state rate in all temperature ranges and the dotted line shows the 
CO2 production trend from 500 to 700 K for CO+O2 (0.75:1) reported by Ertl et 

al.[2]. A considerably higher rate is observed from the Pd(111) surfaces that 
contain subsurface oxygen compared to clean Pd(111) [1]. 
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5.10 Extraction and characterization of Carrageenan from some red algae (Fresh and Defatted 

algae) along the Pamban coast, Tamilnadu, India 
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Science College (Alagappa University), Karaikudi-630003, Tamil Nadu, India 
2Department of Botany, Government Arts College, Melur, Tamil Nadu, India. 

Abstract 

Increasing worldwide demand and development of new applications for carrageenan have 
added urgency to the search for new or additional raw material sources. Carrageenan is a biopolymer 
synthesized by several genera of marine red macroalgae (Rhodophyta). It is built on adisaccharide-
repeating unit of 3-linked D-galactose and 4-linked 3,6-anhydro-L-galactose (3,6-AG) residues, with 
possible occurrence of sulfate, methoxyl, and/or pyruvate substituents at various positions in the 
polysaccharide chain. Carrageenans represent one of the major texturising agents in the food industry. 
They are natural ingredients, which are used for decades in food applications. In general, carrageenan 
serves as a gelling, stabilising and viscosity-building agent. In order to define the seaweed carrageenan, 
vibrational spectroscopy can reveal detailed information concerning the properties and structure of 
materials at a molecular level. Techniques based on FTIR, allowed for the accurate identification of 
diverse phycocolloids. In the present study the carrageenan extraction characterization from fresh and 
defatted some red algae along the Pamban coast. 

Studies carried out to breakdown the yield and FTIR spectral properties of polysaccharide from 
Corallina elongata, Liagora mannarensis and Porteria hornemannii. Carrageenan yield ranges from 
16.4 to 24.2 % in fresh algae than 14.2 to 23.8% defatted algae recorded. 

Spent biomass between 62.0 to 72.0% in fresh algae than 61.2-70.4% defatted algae recorded. 
Total carbohydrate and Sulphate was abundant in Porteria hornemannii and least in Corallina elongata 
having fresh algae carrageenan compared to the defatted algae carrageenan. FTIR spectra in the ranges 
of 800 to 850 and 930 to 1260 cm−1 are useful to differentiate various types of carrageenan (iota, kappa, 
and lambda) because vibrational bands in these regions are due to stretching vibrations of the sulfate 
esters and the 3,6-anhydro ring (Pelegrín et al., 2011). The spectra wave number is slightly varied not 
highly varied from the fresh and defatted algae carrageenan compared to the standard carrageenan. 
FTIR spectroscopy study shows that Corallina elongata fresh and defatted carrageenan having both 
kappa and iota carrageenan and Liagora mannarensis and Porteria hornemannii fresh and defatted 
carrageenan having kappa, lamda and iota carrageenan. Fresh and defatted algal samples have involve 
the changes total sugar, reducing sugar, sulphate content,spent biomass and carrageenan yield but not 
change in the carrageenan types of the algal samples. 

Keywords: Red algae, Carrageenan, defatted algae, Kappa, lamda, iota, FTIR 

Fig.1 The carrageenan yield and spent biomass of fresh and defatted red algae collected along the coast of Pamban (Rameswaram), Gulf of 
mannar, India during March 2015 
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Fig.2 The total sugar and reducing sugar of fresh and defatted phycocolloids of red algae collected along the coast of Pamban 
(Rameswaram), Gulf of Mannar, India during March 2015 

 

Fig.3 Comparative FTIR spectra of standard carrageenan with that of fresh and defatted 
carrageenan of red algae Corallina elongate, Liagora mannarensis and Porteria 

hornemannii collected along the coast of Pamban, Gulf of Mannar, India 

 

5.11 Adsorptive removal of Orange G using activated carbon obtained from most abundant 

cashew nut shell and karuvelai leaves: Equilibrium, thermodynamics and kinetic studies 
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Abstract 

The adsorption mechanism of organic dye, Orange G (OG) to the activated carbon powder 
obtained from the most abundant and inexpensive cashew nut shell powder (CNP, Anacardium 

occidentale) and karuvelai leaf powder (KVP, Prosopis juliflora) as the adsorbents from aqueous 
solutions were investigated as a function of pH, temperature, initial dye concentration and contact time. 
The effect of initial concentration of OG on CNP and KVP and the effect of pH variation of OG on 
CNP and KVP are shown in Figure 1. This shows that the percentage of dye removal increased with the 
decreasing initial dye concentration and pH.  The increase of temperature decreases the percentage of 
dye removal. Experimental adsorption data were modeled by different equilibrium isotherms such as 
Langmuir and Freundlich adsorption isotherms. The adsorption process fitted well to pseudo-second-
order kinetics and the Langmuir model. The isotherm data are in accordance with the Langmuir 
isotherm with a monolayer adsorption capacity of about 31.6 and 36.9 (mg/g) at 300C for CNP and KVP 
adsorbents respectively. Thermodynamic parameters such as ∆H0, ∆S0 and ∆G0 have also been 
evaluated. The thermodynamic studies show that the OG dye adsorption onto KLP is a spontaneous, 
exothermic process. The surface of the CNP and KVP before and after adsorption of OG dye was 
analyzed by SEM images. The SEM images are shown in Figure 2 and 3. The obvious morphological 
difference is evident that there is a strong adsorption of OG dye on CNP and KVP.   
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Though the entire surface is not seen with pores, some pores seen on the surface of the 
adsorbents could contribute towards the OG adsorption.  
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Figure 1. Effect of initial concentration 
of OG on CNP and KVP (left) and the 
effect of pH variation of OG on CNP 

and KVP (right).   

 

Figure 2. SEM images of before 
(left) and after (right) adsorption of 

OG dye on CNP.  

Figure 3. SEM images of before 
(left) and after (right) adsorption of 

OG dye on KVP.  
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5.12 GREEN SYNTHESIS OF NOVEL BENZIMIDAZOLE DERIVATIVES, 

CHARACTERIZATION AND SCREENING OF ANTI-INFLAMMATORY ACTIVITY. 
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College of Pharmacy, Madurai Medical College, Madurai--625020 

ABSTRACT 

Green chemistry also called as sustainable chemistry and focused on the designing of products 
and it involves the utilization of a set of principles that reduces or eliminates the use or generation of 
hazardous substances in  the design, manufacture and applications of chemical products. The recent 
trend,  the synthesis of heterocyclic compounds under various conditions like solvent free, green catalyst 
and microwave irradiation conditions, etc., have appeared. Various benzimidazole derivatives are well 
known to possess pharmacological activities such as human and veterinary. The literature precedence 
revealed that the substitutions at the 1, 2 and 5 positions of the benzimidazole moiety are crucial for 
exhibiting wide range of pharmacological activities. The aim of present study is to obtain substituted 
benzimidazole from ortho-phenylene-diamine and different aldehydes by micro wave irradiation 

methods because other methods are lot of time consuming, hazardous and required high cost, more 
instrumental setups. I tried to overcome the above defects from  “Green synthesis of novel 

benzimidazole derivatives, characterization and screening of  anti-inflammatory activity by using 
microwave irradiation method. 

Figure: SYNTHESIS OF NOVEL BENZIMIDAZOLE DERIVATIVES BY MICROWAVE IRRADIATION METHOD 

Keywords: Green synthesis, Substituted benzimidazole derivatives, Micro-wave irradiation. 
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ABSTRACT 

The objective of this paper is to report a non-toxic, potential green synthetic method for 
preparing cadmium oxide nanoparticles from cadmium nitrate and ammonium ceric sulphate using 
Citrus sinensis peel extract as a stabilizing agent. The synthesised undoped and Ce doped CdO 
nanoparticles were characterized using UV-Visible Spectrophotometer. Photocatalytic degradation of 
Rhodamine B dye under UV-irradiation was also investigated.  

Green synthesized nanoparticles eliminate the formation of toxic byproducts. CdO 
nanoparticles have wide applications as gas sensors, fuel cells, solar cells and reactivity as a catalyst 
[1]. Citrus sinensis (Sweet orange) is a tree of family Rutaceae . Sweet orange has anti-
inflammatory, antiseptic, antidepressant and antimicrobial and antioxidant properties.   
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The UV-Vis spectrum of undoped and Ce ion doped CdO nanoparticles synthesized using 

Citrus sinensis is shown in Fig.1a and 1b. The absorption band for undoped and Ce ion doped CdO 

nanoparticles were observed at 274 nm and 253 nm [2]. These are effectively blue shifted when 
compared to the wavelength of bulk CdO which gets absorbed at 350 nm. This blue shift is attributed 
to the smaller size of nanoparticles and the quantum size effect. The absorption band below 400 nm is 
due to charge transfer transitions from O 2p to Cd 3d [3]. 

Fig 2a and 2b shows the decrease in absorbance values of the Rhodamine B dye under UV-Vis 
irradiation in the presence of undoped and doped cadmium oxide nanoparticles. From the absorbance 
spectra, it was observed that the maximum degradation efficiency of Rhodamine B dye within 60 min 
irradiation time was about 51% for undoped CdO nanoparticles and 62% for Ce ion doped CdO 
nanoparticles.  Thus, Ce ion doped CdO nanoparticles possess much higher photocatalytic activity than 
undoped CdO nanoparticles. 
Keywords: CdO nanoparticles, Green synthesis, Citrus sinensis, Photodegradation 

 
 

Fig.1a.UV-Vis spectra of CdO nano particles Fig.1b.UV-Vis spectra of Ce doped CdO nano particles 

  

Fig.2.UV-Vis spectra of Rhodamine B with (a) undoped CdO nano particles (b) Ce doped CdO nano particles 

REFERENCES 

[1] Z. Fan, J.G.Lu, Journal of Nanoscience and Nanotechnology, 5 (2005) 1561-1573  
[2] M.C. Sabu, R. Kuttan, J Ethnopharmacol 81(2002)155-160 

[3] D. Manoharan, K. Vishista, Asian Journal of Chemistry, 25 (2013)9045-9049 

 

  

0.4

1.4

0.6

0.8

1

1.2

200 900400 600 800

Abs

Wavelength [nm]

0.1

0.6

0.2

0.3

0.4

0.5

200 900400 600 800

Abs

Wavelength [nm]

0

4

1

2

3

200 900400 600 800

Abs

Wavelength [nm]

Initial 

10 min 

20 min 

30 min 

40 min     

50 min 
60 min 

 



- 125 - 

 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

5.14 GREEN SYNTHESIS OF NANO-SIZE GRAPHENE AND CHARACTERIZATION  

D.Carolin Jeniba Rachel and Dr. C.Vedhi*  

Department of Chemistry, V.O Chidambaram College, Tuticorin –628008, Tamilnadu, INDIA 

*Corresponding Author’s e-mail:cvedhi23@gmail.com 

 
Graphene is a crystalline allotrope of carbon with 2-dimensional properties. Graphene has many 

unusual properties. It efficiently conducts heat and electricity and is nearly transparent. graphene shows 
a large and nonlinear diamagnetism greater than graphite. Graphene is a zero-gap semiconductor. The 
synthesis of graphene is a growing area for research due to its potentiality in the application and 
development of advanced technologies. Green synthesized graphene eliminates the formation of the 
toxic byproducts. Also to compare the nature of graphene prepared using both chemical and green 
method by only varying the surfactant. The prepared four samples of graphene from graphite by 
exfoliation method using surfactants such as soap as well as aloe vera gel with the help of magnetic 
stirrer and sonicator. These are then characterized using UV-Visible spectroscopy, IR spectroscopy. 
The surface morphology can be studied using AFM technique. The electrochemical studies are carried 
out by chronopotentiometry, chronoampherometry, EIS and cyclic voltammogram. From FTIR studies 
graphene exhibits, band at 2922.25 cm-1 corresponds to C-H stretching present in graphene. Then bands 
at 1636.97 cm-1 and 1439.41 cm-1 assigned to C=C Stretching. The peaks could be ascribed to the C=C 
from unoxidized sp2 C=C bonds. And the band at 670.24 cm-1 is due to the presence of =CH stretching 
in alkene. The synthesized graphene samples as well as graphite powder were dispersed in distilled 
water as solvent using sonication and coated on glass substrate to form thin films. The thin films formed 
are used to measure surface morphology through AFM.  The surface morphology of graphene shown 
triangular shape of flake and roughness value also presented figure 1. The capacitance of the double 
layer was evaluated by cyclic voltammetry technique at different scan rates in a potential interval of ± 
50 mV from the potential of null current of each system, following the relationship given by the 
equation. 

Δi = Ia – Ic vs. (dE/dt) 

The measurements were performed at the scan rate of 50 mVs-1 in the potential range between 
–1.0V and 1.0 V given in figure 2. For samples obtained by reduction process was chosen, to avoid the 
risk of oxidation of the graphene samples. 

Keywords: Graphene, Green synthesis, Aloe Vera, chemical surfactant, exfoliation and electrode. 

 

Fig 1 AFM behavior of water dispersed graphene sample 
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Fig 2 Cyclic voltammetric behavior of synthesized graphene samples and graphite powder 

 

5.15 BIOSYNTHESIS OF COBALT NANOPARTICLES USING MORUS INDICA AND 

APPLICATION 

R. Kirupagaran1 and Dr. C. Vedhi2  
1PG & Research Department of Chemistry, Govt Arts College, Dharmapuri-636 705, Tamilnadu. 

2 Department of Chemistry, V.O.Chidambaram College, Thoothukudi-628008, Tamilnadu 

Email: kirupasivathmika@gmail.com 

ABSTRACT 

The present study an effort has been made to developed nanoparticles used to biological and 
industrial application. The green synthesis of cobalt nanoparticles using aqueous& methanol extract of 
morus indica leaves & stem has been demonstrated. The high biological activity of cobalt and its 
nanoparticles have an extensive range of applications. The healthy morus indica leaves and stem was 
collected from Echampatti village, Nallampalli in Dharmapuri district of Tamil Nadu in India. The 
phytochemically isolated components and the water soluble heterocyclic components such as alkaloid 
and flavones were principally responsible for the reduction of ions and the stabilization of the 
nanoparticles. The synthesized cobalt nanoparticles are characterized by UV-Visible spectroscopy, FT-
IR, SEM, AFM and antibacterial activity. The phytochemical screening test displayed the presence of 
dynamic phyto constituent of morus indica leaves and stem aqueous & methanol extracts. The 
synthesized cobalt nanoparticles exhibits spherical shape with in aqueous extracts average diameter 
range is 54-125 nm& methanol extracts average diameter range is 92-175 nm. Green synthesized cobalt 
nanoparticles could be a potential antibacterial agent. 

The major Absorption band appeared at 3851, 3430, 2920, 2850, 1717, 1628, 1463, 1384, 1272, 
1167, 1074, 880, 720 cm-1 . The strong band at 3430 cm-1 is due to O-H stretching H-bonded Alcohols 
and phenol .The band at 2920 cm -1 is due to C-H stretching H-bonded  Alkane. The band at 2850 cm-1 
due to C-H stretching H-bonded alkane. The band at 1717  cm-1 due to overtones. The band at 1628 cm-

1 due to overtones. The strong band at 1463 cm-1 is attributed to the C-H scissoring in methyl group. 
The band at 1384  cm-1 due to C-H  stretching  of  methyl rock group. The band at 1272 cm-1  C-O  
stretching. The band at 1167 cm-1  C-O stretching of ether group. The band at 1074  cm-1 is due to   in 
plane C-H  stretching bending . The weak band at 880 cm-1 is due to C-H bend out of     plane bending. 
The weak band at 720 cm-1 is due to C-H out plane bending in long chain methyl rock.  The chemical 
constituents present in Morus Indica leaves aqueous and methanol extract such as polyphenol 
components and the water soluble heterocylic components such as alkaloid, flavones imply that the Co-
NPs were successfully synthesized and capped with bio-compounds present in the Morus India leaves 
aqueous and methanol extract by using a green method. 

Atomic Force Microscope is employed to analyze the shape of the cobalt nanoparticles 
synthesized by green method using Morus Indica leaves aqueous extract and methanol extract fig 1 
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shows AMF image of cobalt nanoparticle. Majority of the particle were spherical in shape formed with 
diameter range 54-125 nm & 92-182 nm. These particle were well distributed with aggregation.  

 

 

 

5.16 ECO- FRIENDLY SYNTHESIS OF ZINC OXIDE NANOPARTICLES FOR 

BIOMEDICAL APPLICATIONS 

ArjunKumar Bojarajan, GurunathanKaruppasamy* 

Department of Nanoscience and Technology, Alagappa University, Karaikudi- 630 003. 

Ph :04565-225630; e-mail: kgnathan@rediffmail.com 

Abstract  

The present study reveals that the biosynthesis of zinc oxide nanoparticles (ZnO) was achieved 
by a novel, biodegradable and convenient procedure using Gymnemasylvestre was reducing and 
capping agent. ZnO nanoparticles were synthesized by using Gymnemasylvestre leaf extract. 
Synthesized ZnONPs were characterized by UV-DRS, X- ray diffraction, Transmission Electron 
microscopy. Furthermore,  the ZnO nanoparticles were  evaluated for antimicrobial activity. The UV- 
VIS absorbance peak was showed at 340 nm. XRD revealed the crystalline structure of the synthesized 
ZnO NPs with hexagonal. TEM studies of ZnO NPs were found to be spherical in shape with the average 
size of 20 – 50 nm. Then the applications of the synthesized ZnONps were investigated such as 
Antibacterial activity which shows a significant inhibition towards both gram positive and gram 
negative bacterial strains. 

Keywords: ZnO NPs, Gymnemasylvestre Leaf, Bio-medical applications, Antibacterial activity 

 

5.17 Green Synthesis of Silver Nanoparticles and their Antimicrobial Activity against Gram 

Positive and Negative Bacteria  

Prakashkumar Nallasamy, Gurunathan Karuppasamy* 

Department of Nanoscience& Technology, Science Campus, Alagappa University, 

Karaikudi-630003.Ph:04565-225630; e-mail: kgnathan27@rediffmail.com        

 

Abstract 

Our research focused on the production, characterization and application of silver nanoparticles 
(AgNPs), which can be utilized in biomedical research and environmental cleaning applications. We 
used an environmentally friendly extracellular biosynthetic technique for the production of the AgNPs. 
The reducing agents used to produce the nanoparticles were from aqueous extracts made from the leaves 
of various plants.Here the plant used for Synthesis of colloidal AgNPs was done by clitoria ternatea 
leaf extract. The reduced silver nanoparticle wasmonitored by UV-Visible spectroscopy.  
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The UV-Visible spectrum showed a peak between 420 nm corresponding to the Plasmon 
absorbance of the AgNPs. The characterization of the AgNPs such as their size and shape was 
performed by Atom Force Microscopy (AFM), and Scanning Electron Microscopy (SEM) techniques 
which indicate the morphology. The anti-bacterial activity of AgNPs was investigated at different 
concentrations for Gram-negative and Gram-positive bacteria. The zone of inhibition increased with 
the increase in the concentration of silver nanoparticles. These studies are quite useful as it shows the 
utility of green nanotechnology for the synthesis of silver nanoparticles without any toxic residuals and 
by-products. Further, efficient antimicrobial activity of the synthesized silver nanoparticles proves the 
application potential of green synthesis in the area of nano-medicine. 

Keywords:  Biosynthesis, silver nanoparticles, Clitoria ternatea, cytotoxicity bacteria, antibacterial activity 

 

5.18 A Green approach: Silver/manganese oxide nanocomposite supported on bentonite by 

thermal decomposition method and their biological activities 

K. Bama and M. Sundrarajan* 

Advanced Green Chemistry Lab, Department of Industrial Chemistry,  

School of Chemical Sciences, Alagappa University, Karaikudi -3, Tamil Nadu, India. 

Abstract 

Present study report, we have been developed and introduced the green synthesis of 
silver/manganese oxide/montmorillonite (Ag/Mn3O4/bent) nanocomposite by advanced method of 
thermal decomposition technique. The synthesized Ag/Mn3O4 nanocomposite supported on bent was 
characterized by XRD, FT-IR, BET, UV-DRS, and SEM techniques. Quasi-spherical sizes of Ag coated 
on rod shape of Mn3O4 nanoparticles intercalated into the bent layers were studied through SEM 
analysis. The major peak of XRD at 34.9o and 32.4o corresponds to the (105) and (103) lattice plane of 
tetragonal of Ag and BCC of Mn3O4 phase and average crystalline size of nanoparticles is 15 nm was 
calculated by Scherrer equation.  

 

In FT-IR analysis shows Ag/Mn3O4/bent nanocomposite were confirm the presence of Ag and 
Mn3O4 nanoparticles peaks at 1383 cm-1, 600 cm-1 and 528 cm-1 corresponds to the Ag/Mn3O4/bent 
nanocomposite. In SEM analysis result shows the clearly exposes the size of nanoparticles were around 
ca. 50 nm in excellent spherical shape. The diffuse reflectance spectra show that the value of band gap 
energy for Ag/Mn3O4/bent nanocomposite (3.2 eV) is smaller than Mn3O4 nanoparticles (5.3 eV). It 
was found that decrease in the particles size of Mn3O4 nanoparticles due to quantum size effect. 
Antibacterial activity was carried out using agar well diffusion method for human pathogenic bacteria 
like Gram positive Staphylococcus aureus and Gram negative Escherichia coli. These results showed 
that this nanocomposite has probable to be used as antibacterial materials.  
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5.19 GREEN SYNTHESIS AND CHARACTERISATION OF MnO2 NANOPARTICLES 

USING CROTON SPARSIFLORUS MORONG LEAVES EXTRACT AND THEIR 

ANTIBACTERIAL STUDY 
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Abstract 

Green synthesis of metal nanoparticles is an eco-friendly approach. At room temperature 
manganese dioxide (MnO2NPs) nanoparticles were prepared by using Crotons Sparaflorus Morong 

leaves extract which serves as stabilizing and capping agent. As synthesized MnO2NPs nanoparticles 
were analysed by using UV-Vis, FT-IR, SEM /EDAX and XRD techniques and antibacterial assay by 
disc diffusion method. UV- Vis spectroscopy showed that the peaks appeared at 235 nm - 405 nm. SEM 
analysis showed that synthesized MnO2NPs were homogeneous spongy surface besides smaller 
granules. Elemental analysis conformed that the presence of Mn and O. XRD results clearly indicated 
that the surface of the MnO2NPs were amorphous. Antibacterial study clearly revealed that as 
synthesized MnO2NPs via green approach are promising antibacterial agent against the Staphylococcus 

aureus and Psedumonous aeruginosa bacteria.   
Key Words: Green synthesis, MnO2NPs, Characterization, Antibacterial activity. 

MnO2NPs have been synthesized by various methods, such as microemulsion, precipitation, 
sonochemical and hydrothermal methods etc. MnO2NPs have attracted considerable interest as 
inexpensive, non-toxic and potential applications in catalysis, alternative materials as rechargeable 
batteries, molecular adsorption, biosensor, drug carriers for targeted delivery, cancer treatment, gene 
therapy and DNA analysis, antibacterial agents, and energy storage. Nanometer-sized manganese 
oxides are of great significance in that their large specific surface areas and small sizes may bring some 
novel electrical, magnetic, and catalytic properties different from that of bulky materials. One-
dimensional manganese dioxide (MnO2) nanostructures such as nanorods, nanowires, and nanofibers 
have generated intense research interests over the past recent years due to their superior optical, 
electrical, catalytic, magnetic and electrochemical properties [1-4].  

UV-Vis spectra of MnO2NPs formed from different volume of Crotons Sparaflorus Morong 

leaves extract separately mixed with different concerntration of KMnO4 solution. UV-Vis results 
showed the presence of MnO2NPs peak formed at 200- 410 nm. (Fig.1). The FT-IR spectrum of broad 
band at 3911cm-1, 3828 cm-1 and 3810 cm-1 corresponds to the hydroxyl group.  
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The peak at 3167 cm-1 corresponds to OH stretching frequency of phenol. Peak observed at 
2904 cm-1 denotes the –CH3 stretching vibrations. The absorption peak at 2356 cm-1   is due to N-H 
bond. The peak at 1631 cm-1 corresponds to the C=O group, which is attached to the -N=H bonded 
primary amines group and the peak observed at 1550 cm-1 corresponds–N-O stretching vibrations. The 
bands appear at 949 cm-1 corresponds to the stretching bonds O-Mn-O, which is confirmed in the 
presence of MnO2.nanoparticles. SEM image showed that surface of these nanoparticles were smooth, 
uniform and spherical shape. EDAX analysis showed the presence of Mn & O signals with at.% of Mn 
and O were found to be 29.03%, 49.55% respectively (Fig.2). From the XRD pattern, it was found that 
a peak width larger than 10o occurs as a result of the broadening of the peak appear in between 15° to 
35°, which corresponds to an amorphous material. The broad peak indicated that the synthesized 
MnO2NPs is lower degree of crystallization. From the antibacterial study, it was found that the zone of 
inhibition of bacterial growth gradually declined when the concentration of MnO2NPs increased from 
1 mg to 4 mg. 
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Fig .1 Picture of Crotons Sparaflorus Morong leaves & UV-Vis spectra of MnO2 NP’s. 

 
Fig.2 SEM/EDAX image of MnO2NP’s. 
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5.20 Validation of Anti-inflammatory Phytocompounds from Methanolic Leaf Extract of 

Crateva adansonii DC by Using Molecular Docking Study 
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Abstract: 

Crateva adansonii is a valuable anti-inflammatory plant that belongs to the family Capparacea 
was screened for its phytocompounds with anti-inflammatory activity. The methanol leaf extracts of the 
plant was prepared by soxhlet extraction method and screened for its anti-inflammatory 
phytocompounds by GCMS method. The phytocompounds with anti-inflmmatory activity identified in 
methanol leaf extracts were 3,7,11,15-Tetramethyl-2-Hexadecen-1-ol, Phytol, 1,2-
Benzenedicarboxylic acid Mono(2-ethylhexyl) ester and Cyclotrisiloxane Hexamethyl among eight 
identified major phytocompounds in methanolic leaf extract of the plant. The four anti-inflammatory 
phytocompounds were further evaluated its anti-inflammatory potential by docking study by FlexX 
software. Phytocompound 1,2-Benzenedicarboxylic acid Mono(2-ethylhexyl) ester shows maximal 
docking score with three enzyme (COX-1,COX-2 and 5-LOX) targets. 

Keywords: Crateva adansonii, Phytocompounds, GCMS and FlexX 

Introduction: 

Inflammation is the complex biological response of vascular tissues to harmful stimuli 
including pathogens, irritants or damaged cells [1]. It has been implicated in a broad range of diseases, 
including diabetes, cancer, hypertension and atherosclerosis [2-5]. Non-steroidal anti-inflammatory 
drugs (NSAIDs) are one of the best-selling groups of drugs globally but it has several side effects [6]. 
In order to overcome the side effects of non steroidal anti-inflammatory drugs, it is necessary to develop 
new agents with more powerful anti-inflammatory activities from plant with fewer side effects [7].  The 
research into plants with anti-inflammatory agents should therefore be viewed as a fruitful and logical 
research strategy in the search for new anti-inflammatory drugs.  

Materials and Methods  

Processing and Preparation of plant material:  

The leaves of Crateva adansonii were collected from Salem district and authenticated by 
Botanical Survey of India (BSI), Coimbatore.  The leaves were further processed and extract was 
prepared in methanol solvent in Soxhlet apparatus.  
 

GCMS Analysis  

The methanolic leaf extract of the plant was screened for anti-inflammatory phytochemicals 
using Perkin Elmer Clarus 680 gas chromatography mass spectrometer.  

Docking study 

The three dimensional structures of three receptors such as COX-1(PDBID: 4COX), COX-2 
(PDBID: 1CQE) and 5-LOX (PDBID: 3O8Y) [8] and the 2D structures of four anti-inflammatory 
phytocompounds were drawn in ACD-Chemsketch [9] and its SMILES notation was obtained. The 
SMILES notation was submitted to “Online SMILES convertor and Structure file generator” [10] and 
converted into 3D SDF format. The developed SDF structures were docked with the predicted binding 
site of all three receptor binding site by using FlexX [11]. The interactions of  phytocompounds with 
three receptors in the docked complex were analyzed by the pose-view of LeadIT [12]. 
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Result and Discussion 

GCMS Analysis 

The GC-MS analysis of methanol extract of Crateva adansonii leaves revealed the presence of 
eight phytocompounds by comparing their retention times and interpretation of their mass spectra. The 
major and minor compounds with their retention times (RT), molecular formula (MF), molecular 
weights (MW) and peak area percentage are presented in Table 1 and their GCMS chromatogram was 
shown in Figure 1.Among the eight identified phytocompounds of methanolic leaf extract for 
phytocompounds posses anti-inflammatory activity namely 3,7,11,15-Tetramethyl-2-Hexadecen-1-ol, 
Phytol, 1,2-Benzenedicarboxylic acid Mono(2-ethylhexyl) ester and Cyclotrisiloxane Hexamethyl. It is 
further evaluated their anti-inflammatory potential against three ant-inflammatory enzyme targets 
(COX-1, COX-2 & 5-LOX) by insilico docking study. 

 

Figure 1 - GCMS Chromatogram of methanolic extract of Crateva adansonii leaves 

Table.1: Identified of phytocompounds of methanolic leaf extracts of Crateva adansonii by GCMS. 

S. 

No 
RT Name of the Compound 

Peak 

Area % 
MW MF Biological Activity/Uses 

1.  16.999 
2 Pentadecanone, 6,10,14- 

Trimethyl 
4.406 268 C18H36O 

Allelopathic activity, Antimicrobial 
activity 

2.  17.344 
3,7,11,15-Tetramethyl-2-

Hexadecen-1-ol 
2.489 296 C20H40O 

Antimicrobial, Antinfammatory 
activity 

3.  17.825 
Tetradecanoic Acid, 10,13-

Dimethyl-, Methyl Ester 
3.751 270 C17H34O2 Not Reported 

4.  20.075 Phytol 7.245 296 C20H40O 
Antimicrobial, anticancer, anti-

inflammatory, anti-diuretic, immuno 
stimulatory and  anti-diabetic activity 

5.  23.137 
1,2-Benzenedicarboxylic 
acid, Mono(2-ethylhexyl) 

ester 
59.405 278 C16H22O4 

Antiviral, Antimicrobial antioxidant 
and anti-inflammatory properties 

6.  24.332 
Sulfurous acid, 2-Propyl 

Tridecyl ester 
3.622 306 

C16H34O3

S 
Antimicrobial, Antioxidant 

7.  26.553 
1,2-

Bis(trimethylsilyl)Benzene 
5.648 222 

C12H22Si
2 

Not Reported 

8.  27.243 
Cyclotrisiloxane, 

Hexamethyl 
8.469 222 

C6H18O3
Si3 

Antioxidant, Antimicrobial, 
Antiinflammatory activity 

Docking Study 

Docking score and molecular interaction results between ligand and anti-inflammatory enzyme 
targets were presented in Table 1. All three enzyme targets (COX-1, COX-2 & 5-LOX) shows maximal 
docking score (-9.2759, -8.9913 & -15.5975) respectively with phytocompound 1,2- 
Benzenedicarboxylic acid Mono(2-ethylhexyl) ester. Similar earlier work was reported by Atul 
Chopade et al., 2014 [13] on molecular docking studies of phytocompounds from the Phyllanthus 
species as potential chronic pain modulators targets such as IL1β, TNF, PGE synthase & COX.  
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Table.2: Docking score of anti-inflammatory phytocompound with enzyme targets 

 
S. No Compound COX-1 COX-2 5-LOX 

1 3,7,11,15-Tetramethyl-2-Hexadecen-1-ol -2.3163 2.8472 -3.0243 
2 Phytol -1.9061 3.5892 -2.4663 
3 1,2-Benzenedicarboxylic acid Mono(2-ethylhexyl) ester -9.2759 -8.9913 -15.5975 
4 Cyclotrisiloxane Hexamethyl -3.9546 -4.5422 -9.4312 

Conclusion  

The four anti-inflammatory phytocompounds were computationally tested for its binding 
efficiency with crucial targets of inflammation. The analysis of docking scores and molecular 
interactions of the phytocompounds with anti-inflammatory targets suggest that compounds have the 
ability to bind to multiple targets involved in inflammatory mechanism. It is concluded that 
phytocompounds from Crateva adansonii leaf extracts may act as a novel anti-inflammatory agent for 
treating various inflammatory disorders. Further research on the plant Crateva adansonii may be useful 
to isolate novel anti-inflammatory phytocompounds.  
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5.21 Synthesis and characterization of TiO2 Nanoparticles by Nigrospora oryzae for biomedical 

applications 

S. Gowri1 and A. Arumugam2 

1. Department of Nanoscience and Technology, Alagappa University, Karaikudi, 

Tamil Nadu. 
2. Department of Botany, Alagappa University, Karaikudi, Tamil Nadu. 

Corresponding Author E-Mail: sixmuga@yahoo.com 

 

TiO2 NPs were synthesized using Nigrospora oryzae from the family of fungus by varying the 
different pH parameters (5,6,7,8,9). Mycosynthesized TiO2 NPs were characterized by UV-visible 
spectroscopy, X-ray diffraction spectroscopy, FTIR spectroscopy, SEM and TEM analysis. UV-visible 
and XRD studies showed better results at pH 9 and was further characterized.SEM analysis revealed 
that the clustered spherical particles were formed and TEM results confined the particle size in the range 
of 10-20 nm. The SAED pattern indicated the high crystalline nature of TiO2 sample. Furthermore, anti-
microbial activity of Mycosynthesized TiO2 nanoparticles examined against four bacteria and one 
fungus at various concentrations. The better inhibition was observed in Staphylococcus aureus and 

Streptococcus pneumonia whereas modulated effect against Candida  albicans. 
Keywords: SEM, TEM, Candida albicans,  Antimicrobial activity, 

 

5.22 Biosynthesis of Cobalt Oxide Nanoparticles and their Evaluation of Antimicrobial, 

Hemolytic and cytotoxicity studies 

Viswanathan Karthika1, Ayyakannu Arumugam2* 
1Department of Nanoscience and Technology, Alagappa University, Karaikudi – 630 003. Tamil Nadu, India. 

2*Department of Botany, Alagappa University, Karaikudi – 630 003. Tamil Nadu, India. 

Corresponding Author E-Mail:  sixmuga@yahoo.com 

Abstract 

A simple one-step biological route was developed for the synthesis of magnetite (Co3O4) 
nanoparticles in Terminalia chebula (T. chebula) bark extract. The nanoparticles were characterized by 
XRD, FT-IR, UV-Vis, FE-SEM and HR-TEM. In the reaction system, the influence of organic anions 
on the morphologies of Co3O4 nanostructures was also investigated. The as-synthesized spherical sphere 
nanoparticles with a concentration of 5–100 μg/mL-1 exhibited nontoxicity towards hemocompatability 
in RBC cells, indicating their potential application in biology. In contrast, spheres cobalt oxide 
nanoparticles (diameters of 30-40 nm) produced using T. chebula extracts are highly stable. We suggest 
that the presence of organic acids (such oxalic or citric acids) plays an important role in the stabilization 
of cobalt nanoparticles. In the present study cobalt nanoparticles were synthesized by an ecofriendly 
and cost effective method using bark extract. Antibacterial activity of the synthesized nanoparticles was 
measured by disc diffusion method. The cobalt nanoparticles showed effective antibacterial activity 
against Gram positive and negative bacteria. The In-vitro cytotoxicity test revealed that the magnetite 
particles exhibited excellent biocompatibility, suggesting that they may be further explored for 
biomedical applications. 

Keywords: Cobalt nanoparticles, Terminalia chebula, Antimicrobial activity, Antibiofilm, Hemocompatability.. 
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5.23 A microwave mediated solvent-free Biginelli reaction towards the synthesis of highly 

functionalized novel tetrahydropyrimidines 

J. Shanmugapriyaa K.Rajagurub and S. Muthusubramanianb 
aDepartment of Chemistry, Thiagrajar College of Engineering, Madurai 

bSchool of Chemistry, Madurai Kamaraj university, Madurai 

 
Multi-component reactions (MCRs) establish a vastly valuable synthetic tool for the assembly 

of polyfunctionalized heterocyclic motifs required for drug discovery platforms.  They make available 
convergent, atom economic and eco-friendly synthesis of high level complex molecules and 
empowering the assembly of three or more simple and diversely flexible building blocks in practical 
one-pot synthetic operations.    

 
In the present work, three-component domino reaction of substituted-thiochroman-4-ones 1, 

aromatic aldehydes 2 and thiourea 3 has been investigated under solvent-free conditions as well as in 
solvents such as water, dioxane, glycol and ethanol. The thiochromeno-fused pyrimidine-2-thiones 4  
have been obtained in very good yield. To increase the product yield, the investigation was continued 
under solvent free condition with microwave programmed at 100 oC for about 5 min or the duration in 
which the reaction got completed and based on the optimized conditions, a library of 
dihydropyrimidines has been synthesized. Structural elucidation of the thiochromeno-fused pyrimidine-
2-thiones was accomplished from 1D and 2D NMR spectral data.  

 

5.24 Biofabrication of copper nanoparticle using Enicastema axillare extract and antibacterial 

and antimicrobial activity 

S. Saravanana*, S. Paria, D. Madankumara, K. Praveena, V. Balachandranb
, G. Govidarajana 

aPG and Research Department of Physics, National College, Tiruchirappalli – 620 001. 
bPG & Research Department of Physics, AA Government Arts College, Musiri, Tiruchirappalli. 

E-mail address: sarantry2009@gmail.com (S. SARAVANAN) 

ABSTRACT: 

Development of green nanotechnology is generating interest of researchers toward ecofriendly 
biosynthesis of nanoparticles. In this study, biosynthesis of stable copper nanoparticles were done using 
Enicastema axillare leaf extract. First we prepared leaf extract of Enicastema axillare in deionised 
water. This extract added to 5mMol of copper sulfate solution and we observed the change in color of 
the solution from colorless to colored solution, this indicates that there is a formation of Cu 
nanoparticles. These biosynthesized Cu nanoparticles were characterized with the help of UV-Vis 
analysis ,X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), Field effect 
scanning electron microscope (FESEM),and Energy dispersive X-ray analysis(EDAX), High 
resoluation transmission electron microscope (HRTEM). It was observed that the Enicastema axillare 
leaf extract can reduce copper ions into copper nanoparticles within 8 to 10 min of reaction time. Thus, 
this method can be used for rapid and ecofriendly biosynthesis of stable copper nanoparticles. Great 
antimicrobial activity against bacterial cultures was displayed by these formed copper nanoparticles. 

Keywords: Green synthesis, FESEM, HRTEM, Anticancer activity 
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5.25 Bio synthesis of copper silver nanoparticles using Scoparia dulcis extract and antibacterial 

activity  

S. Saravanana*, S. Paria, R. G. Kanagana, G. Sathiskumara,V. Balachandranb
, N.Kathirvela 

aPG and Research Department of Physics, National College, Tiruchirappalli – 620 001. 
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* Corresponding author. Tel.: +919994562858 
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ABSTRACT 

The present study reported green synthesis of bioactive silver nanoparticle (AgNo3) under 
different temperature using the aqueous extract of sea grass Scoparia dulcis as a potential bioreductant. 
At first the reduction of AgNo3 ions were confirmed through colour change which produces absorbance 
spectra UV-visible spectrophotometer. Additionally various exclusive instrumentation such as X-ray 
diffraction (XRD), Field effect scanning electron microscope (FESEM) analysis and Higher resolution 
transmission electron microscope (HRTEM) were authorized the biosynthesis and physio-chemical 
characterization of CuSo4.from Fourier transform infrared spectroscopy (FTIR) analysis and energy 
dispersive X-ray (EDAX). The overall results suggest that Scoparia dulcis is valuable bioresource to 
generate rapid and eco-friendly bioactive AgNPs towards cancer therapy. 

Keywords:Green synthesis, FESEM, HRTEM, Anticancer activity 
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6.1 The usefulness of d-d tanstions in designing new Inorganic Pigments 

Srinivasan Natarajan 

Framework Solids Laboratory, Solid State and Structural Chemistry Unit, Indian Institute of Science, Bangalore 560 012, 

India, snatarajan@sscu.iisc.ernet.in 

 
Crystalline inorganic oxides displaying bright colours attracted much attention from early days 

for application as gemstones and pigments. Ruby (Cr3+ doped Al2O3) and Emerald (Cr3+ doped 
Be3Al2(SiO3)6) and Azurite (Cu3(CO3)2(OH)2), Han blue (BaCuSi2O6) and Turquoise 
(CuAl6(PO4)4(OH)8·4H2O) for example found application as gemstones and pigments since ancient 
times.[1] In addition to the naturally occurring gemstones and pigments, several man-made (synthetic) 
coloured solids were also developed to meet the demand. Thus, hydrated chromium oxide (Viridian), 
cobalt aluminate (Thernard’s blue) and various cadmium sulphides (Cadmium Yellow, Cadmiun Red) 
as well as anhydrous Fe2O3 (Red ochre) are some of the early synthetic pigments for green, blue, yellow 
and red colours respectively.[1] Y2BaCuO5, copper substituted apatites, Mn(III) substituted YInO3 and 
CaTaO2N – LaTaON2 pervoskites are some of the more recent pigment materials for green, blue, red-
yellow colours.[2-5] A scientific inquiry into the origin of colours of inorganic solids is essential for a 
rational design and synthesis of coloured materials. While there are several causes for the colour of 
solids, the main factor that causes colour in an inorganic oxide containing transition metal ion is the 
electronic transitions within the partially filled d-states arising from the ligand field effects around the 
transition metal ion. Octahedral and tetrahedral are the most common geometries where the colour and 
optical absorption spectra of all the transition metal ions have been well-documented. Transition metal 
ions in less symmetric geometries such as distorted octahedral and five-fold coordinated (square 
pyramidal and trigonal bipyramidal) geometries produce colours different from those in regular 
octahedral and tetrahedral geometries in materials. The present talk would address some of these issues 
and our efforts towards employing the d-d transitions of the transition metals in designing new inorganic 
pigments.[6-11]  
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6.2 DNA binding studies of novel bioactive benzimidazole derived mixed ligand metal 

complexes  

Ganesan Kumaravel and Natarajan Raman* 

Department of Chemistry, VHNSN College (Autonomous), Virudhunagar-626 001 

E-mail: chemistrykumaravel@gmail.com 

Abstract 

In the present study, a few benzimidazole based Schiff base mixed ligand Cu(II) and Co(II) 
complexes have been synthesized and characterized by elemental analysis, magnetic susceptibility, UV-
vis., IR and EPR spectral techniques. The molar conductivities of the metal complexes dissolved in 
DMF (10-3 M) at room temperature revealed that all the complexes are electrolytic in nature. The 
synthesized complexes were found to adopt octahedral geometry as per the spectral and analytical data 
obtained from UV-Vis data. The EPR spectral data indicate that the exchange interaction is negligible 
as the observed G value of the Cu(II) complex was greater than 4. The in vitro binding propensity of 
the Cu(II) and Co(II) complexes with CT-DNA were explored by UV-Vis, Cyclic voltammetry and 
viscosity measurements. The compounds are subjected to these techniques to reveal the mode of binding 
of the compounds with CT-DNA.  

Generally, there are three types of binding modes viz., covalent, non-covalent and electrostatic 
binding, out of which non-covalent binding mode is prevalent and much favored.  Further, the non-
covalent binding mode is branched into intercalation and groove binding, which is distinguished by the 
area of the binding of the complexes into DNA structure. The intrusion of the metal complex between 
the bases of the DNA leads to intercalation whereas the inclusion of metal complex along the groove 
gives rise to groove binding. The electronic absorption spectroscopy determines the mode of binding 
and viscosity measurement confirms it by the change in the concentration of DNA after the addition of 
complex. The variation in the cyclic voltammetric parameters also confirms the intercalation through 
the positive shift of the electrochemical potential. All these investigations, when explored in detail on 
our synthesized Schiff base, mixed  ligand Cu(II) and Co(II) metal complexes containing 2-
(aminomethyl)benzimidazole strongly evidence intercalation (figure.1) as the binding mode. Thus the 
preliminary investigations suggest that the complexes possess greater binding efficacy and may be 
deemed as efficient metallointercalators than the synthesized ligand.  

Figure 1. Intercalative binding mode of the synthesized mixed ligand metal(II) complex 
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6.3 DNA interaction and enhanced DNA cleavage investigation of transition metal(II) mixed 

ligand complexes having 2-naphthylamine derived Schiff Base 
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Abstract 

 Two novel Cu(II) and Zn(II) complexes having 2-naphthylamine have been 
synthesized and characterized by using FTIR, NMR, UV–Vis., elemental analysis and EPR 
techniques. The molar conductance values indicate that these complexes were electrolytes. The UV-
Vis. data exhibit that the complexes adopt octahedral geometry. The X-band region EPR spectra of the 
Cu(II) complexes were recorded in DMSO at LNT. The quoted g factors were relative to the standard 
marker TCNE (g = 2.0027). Frozen solution EPR spectra reveal the axial features (g║> g┴> 2.0023) and 
suggest a dx

2
-y

2 ground state characteristic of octahedral geometry which was axially symmetric. The 
measure of exchange interaction between the copper centers in the polycrystalline compound can be 
given by the geometric parameter “G” using relation: G = (g║ - 2) / (g┴ - 2). The exchange interaction 
may be negligible if G is greater than 4. The observed G values of the Cu(II) complex is 4.2 thereby 
indicating the negligibility of exchange interaction (Table 1). The f values of the Cu(II) complex is 208, 
indicating significant distortion from planarity. The magnetic moment observed for Cu(II) complex is 
1.82 BM, which is consistent with value expected for copper(II) with the spin S = 1/2. The DNA binding 

studies have been performed using electronic absorption titrations and fluorescence experiments. The 
experimental evidence reveals that the synthesized complexes interact with calf thymus DNA through 
intercalation with intrinsic binding constants ranging from 1.8×105 to 3.2 ×105. Moreover, the 
synthesized complexes have the ability to cleave pBR322 DNA in dose dependent manner. 

Table 1: The spin Hamiltonian parameters of the Cu(II) complex  in DMSO solution at LNT 

 

6.4 SYNTHESIS, STRUCTURAL STUDIES, CHEMICAL NUCLEASE ACTIVITY AND 

ANTIMICROBIAL EVALUATION OF TRIDENTATE (NOS) SCHIFF BASE LIGAND: 

2-(4-(thiophen-2-yl)but-3-en-2-ylideneamino)phenol AND THEIR METAL-ORGANIC 

HYBRIDS 

G.R.Priya Dharsini, A.Neela, T.Clarina, V.Rama*  

Department of Chemistry, Sarah Tucker College, Manonmaniam Sundarnar University, Abishekapatti, Tirunelveli – 627 

012, Tamil Nadu, India 

E-mail : priyarengarajan.pr@gmail.com 

ABSTRACT  

Coordination chemistry has always been a challenge to the chemists as it has more branches 
now-a-days.  In coordination chemistry, Schiff base ligands, play an imperative task. They are also 
found at key points in the advance of inorganic biochemistry. Schiff base ligands containing N, O, S 
donor atoms show broad biological activity and are of particular interest because of the array of ways 
in which they are bonded to metal ions. Thus in recent decades hefty number of reports related to 
synthesis of N, O and S containing heterocycles has appeared owing to a wide array of their biological 
activity. Coordination chemistry of Our present work thus stems from our curiosity in the synthesis, 
characterization, antimicrobial evaluation and DNA cleavage studies of a tridentate (NOS) donor Schiff 
base ligand (TBAP): 2(-4-(thiophen-2-yl)but-3-en-2-ylideneamino)phenol and its Co(II), Ni(II), Zn(II) 
and Cu(II) hybrid derivatives. TBAP was prepared by the condensation of the ketone 4-(thiophen-2-
yl)but-3-en-2-one (TB) with 2-aminophenol (AP).  

Complexes 
g-tensor A×10-4 (cm-1) 

g||/ A|| G 
g|| g⊥ giso A|| A⊥ Aiso 

[CuL(bpy)2] 2.33 2.08 2.16 112 130 124 208 4.2 
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 Possible geometry of the hybrid derivatives and the chelating atoms were investigated on the 
source of elemental analysis, magnetic moment, molar conductivity, infrared, EPR, NMR, electronic 
and mass spectral studies. The results were consistent with a three coordination environment around the 
metal ion. Synthesized compounds were screened for in vitro antimicrobial activity against bacteria 
Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumonia, Staphylococcus aureus and 

Staphylococcus saprophytics, and fungi Candida albicans. Hybrid derivatives showed improved 
antibacterial and antifungal activity compared with the ligand 2(-4-(thiophen-2-yl)but-3-en-2-ylidene 
amino)phenol TBAP. DNA cleavage experiments done by means of gel electrophoresis with 
corresponding hybrid derivatives in the presence of H2O2 showed pronounced discernible DNA 
cleavage. 

Key words: Antimicrobial, DNA cleavage, elemental analysis, Schiff base, tridentate, thiophene.  

Figure 1: Reaction Scheme for the synthesis of the ligand 2(-4-(thiophen-2-yl)but-3-en-2-ylideneamino)phenol 

 

Table 1: Physical and elemental analysis data of the ligand (TBAP) and its complexes 
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Compounds/ Molecular 
formula 

Mol. 
Wt. 

Yield 
% 

Colour 
Elemental analysis calculated/found% 

C H N S Metal 
TBAP 

C14H13NOS 
243.32 89 Yellow 

69.11 
68.97 

5.39  
5.42 

5.76  
5.64 

13.18 
13.02 

- 

[Cu(TBAP)] 
C14H14CuNO2S 

323.88 87 Dark green 
51.92 
51.96 

 

4.36 
4.25 

4.32 
4.21 

 

9.90 
9.74 

19.62 
19.51 

[Co(TBAP)] 
C14H14Cl2CoNO2S 

390.17 84 
Reddish 
brown 

43.10 
43.15 

3.62 
3.58 

3.59 
3.63 

8.22 
8.17 

15.10 
14.98 

[Ni(TBAP)] 
C14H14Cl2NiNO2S 

389.93 86 
Grassy 
green 

43.12 
43.04 

3.62 
3.64 

3.59 
3.51 

8.22 
8.14 

15.05 
14.94 

[Zn(TBAP)] 
C14H14ZnNO2S 

325.72 84 Dirty white 
51.62 
51.53 

4.33 
4.26 

4.30 
4.27 

9.84 
9.80 

20.08 
19.93 
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6.5 Synthesis, Structural characterization, Electrochemical and biological behavior of Some 

transition metal complexes 

A.Kulandaisamy*, A.Palanimurugan and M.Kalaiselvi 

Department of Chemistry, Raja Doraisingam Government Arts College, Sivagangai – 630561. 

*kulandai.kvn@gmail.com 

 

New cationic mixed ligand Copper, Nickel, Cobalt, Manganese, Zinc and Vanadyl complexes 
have been synthesized from benzalidene-4-iminoantipyrinyl-2-iminophenol and dimethyl glyoxime. 
Scheme for the synthesis of complexes are given below: 
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Where, M = Cu(II), Co(II), Ni(II), Mn(II), Zn(II) and VO(II) 

The synthesized compounds were characterized by elemental analysis, molar conductance, 
magnetic susceptibility measurements, IR, UV- Vis., 1H- NMR and ESR spectral data. The IR spectral 
data of the ligands reveals that the ligands are coordinated to the metal ion in a bidentate manner with 
NO donor sites. Magnetic measurements and electronic spectral data of the chelates suggested that all 
the complexes are square planar geometry except manganese and vanadyl complex which shows square 
pyramidal and octahedral geometry respectively. The mono electrolytic nature of the chelates was 
confirmed by molar conductance data. The cyclic voltammogram of the copper complex in MeCN 
solution shows a reversible peak for the couple: Cu(II)/Cu(III) at Epa = 0.46 V with the direct cathodic 
peak at Epc = 0.40 V. Further, it exhibits two peaks in the cathodic region characteristic for Cu(II)/Cu(I) 
(Epc = - 0.44 V) and reduction. In the anodic side, the txidation peaks at Epa = - 0.56 V.  The cyclic 
voltammogram of the vanadyl complex in MeCN solution shows a well defined redox process 
corresponding to the formation of the VO(II)/VO(III) couple at Epa = 0.58 V and the associated cathodic 
peak at Epc = 0.48 V. This complex also shows another quasi reversible peak in the negative region 
characteristics for VO(II) → VO(I) reduction at Epc = - 0.82 V with the associated anodic peak at Epa 
= -0.62 V for VO(I) → VO(II) oxidation. ESR spectral values of copper complex reveals that [All (160 
x 10-4 cm-1) > A⊥ (72 x 10-4 cm-1), gll (2.36) > g⊥ (2.076) > 2] the complex coincide well with square 
planar geometry. The typical ESR spectrum of copper complex at 77 K in MeCN solution are shown 
below: 
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ESR spectral data of the vanadyl complex [All (175 x 10-4 cm-1) > A⊥ (71 x 10-4 cm-1),   g⊥ (1.97) 
> gll (1.93)] indicates that the complex is square pyramidal geometry characteristic for the oxovanadium 
(IV) chelates.  The in vitro biological screening effects of the investigated compounds were tested 
against bacteria: Escherichia coli Staphylococcus aureus Salmonella typhi, Bacillus subtilis and 
Klebsiella pneumonia. The minimum inhibitory concentration values against the growth organisms of 
the ligands and their complexes indicates that most of the metal chelates shows higher antibacterial 
activity than the free ligands. 

 

6.6 Synthesis, spectral, redox and antimicrobial activities of mixed ligand complexes derived 

from salicylidene-4-iminoantipyrinyl-2-iminophenol 

A.Kulandaisamy*, A.Palanimurugan and S.Valarmathi 

Department of Chemistry, Raja Doraisingam Government Arts College, Sivagangai – 630561. 

*kulandai.kvn@gmail.com 

 
Neutral complexes of Cu(II), Ni(II), Co(II), Mn(II) and Zn(II) have been prepared using a Schiff 

base derived from salicylidene-4-iminoantipyrinyl-2-iminophenol and dimethylglyoxime/imidazole. 
The structural feature of the chelates has been confirmed by micro analytical data, IR, UV-Vis., 1H 
NMR and ESR spectral techniques. Electronic absorption and IR spectra of the complexes indicate an 
octahedral geometry around the central metal ion. The monomeric nature of the complexes is confirmed 
from their magnetic susceptibility. Low conductance data of the chelates support their non-electrolytic 
nature. The structures of the complexes are given below: 
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Where, M = Cu(II), Co(II), Zn(II), Mn(II) and Ni(II) 
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Structure of [ML(IM)2] Complexes 

Where, M = Cu(II), Co(II), Zn(II), Mn(II) and Ni(II) 

The [CuL(DMG)] complex in MeCN solution shows a quasi reversible peak for the couple: 
copper(II) → copper(III) at Epa = +0.48 V with a direct cathodic peak for copper(III) → copper(II) at  
Epc = +0.26 V. Further, it exhibits two peaks characteristic for copper(II) 

→ copper(I)  (Epc = - 0.26 V) 
and copper(I) → copper(0)  (Epc = - 0.89 V) reduction in the cathodic region.   
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The corresponding oxidation peaks are observed in the anodic side, copper(0) 
→ copper(I) at -

0.64 V and  copper(I) 
→ copper(II) at -0.09 V. The cyclic voltammogram of the [CuL(IM)2] complex 

in MeCN solution shows two quasi reversible peak for the couple: Cu(II)/Cu(III) at Epa = +0.63 V with 
a direct cathodic peak at Epc = +0.58 V and Cu(II)/Cu(I) at Epa = -0.71V with a direct cathodic peak at 
Epc = -0.75 V.  The [CoL(IM)2] complex in MeCN solution exhibits a quasi reversible peak at Epa = 
0.43 V and Epc = 0.32 V are attributable to the Co(II)/Co(III) couple. In the negative region, it shows 
quasi reversible peaks at Epa = -0.39 V and Epc = -0.57 V for the couple Co(II)/Co(I).  The [NiL(DMG)] 
complex in DMSO solution exhibits a quasi reversible peak at Epa = 0.55 V and Epc = 0.41 V are 
attributable to the Ni(II)/Ni(III) couple. In the negative region, it shows quasi reversible peaks at Epa = 
-0.52 V and Epc = -0.68 V for the couple Ni(II)/Ni(I).  The ESR spectra of the copper complexes were 
recorded in DMSO solution and the spin Hamiltonian parameters for the copper complexes are 
calculated from the spectra. The observed order (All > A⊥ ;  gll  > g⊥ ) indicates that the complexes are 
akin to axially elongated octahedral geometry. 

ESR spectrum of [CuL(DMG)] complex in DMSO 
solution at 77K. 

ESR spectrum of [CuL(IM)2] complex in DMSO 
solution at 77K. 

The exchange parameters of copper complexes [G = 4.85 – 4.92], indicating that the exchange 
coupling effects are not operative in the copper complex, only the local tetragonal axes are aligned 
parallel or slightly misaligned and consistent with dx2

-y2 ground state and with elongated axial 
symmetry. The orbital reduction factors for the present copper complexes, Kll < K⊥, demonstrating that 
the complexes having considerable in-plane π-bonding while the out of plane π-bonding is absent. 
Antibacterial activities of the compounds were tested in vitro against two Gram-positive 
(Staphylococcus aureus and Bacillus subtilis) and three Gram-negative (Klebsiella pneumoniae, 

Escherichia coli and Salmonella typhi) bacteria by the disc diffusion method.  
The MIC values of Schiff base, DMG and their metal complexes (mg/l) are given in Table 1 

Compound 
Escherichia 

coli 

Salmonella 

typhi 

Klebsiella 

pneumonia 

Staphylococcus 

aureus 

Bacillus 

subtilis 

DMG 55 50 45 45 50 
L 48 43 59 34 36 

[Cu L (DMG)] 23 25 34 39 44 
[Ni L (DMG)] 26 29 29 29 44 
[Co L (DMG)] 23 25 34 34 39 
[Mn L (DMG)] 18 18 29 29 24 
[Zn L (DMG)] 13 13 19 14 19 
[Cu L (IM)2] 38 40 39 28 28 
[Ni L (IM)2] 33 35 32 36 36 
[Co L (IM)2] 32 34 26 31 38 
[Mn L (IM)2] 40 45 35 34 39 
[Zn L (IM)2] 24 23 29 24 29 

 The Lower MIC values of metal chelates suggested that metal chelates are higher antibacterial activities than free ligands. 
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6.7 Thin-Layer Chromatographic Separation and Identification of certain Inorganic toxic 

anions in soil, ground water and sewage sludge samples from Fireworks and Safety 

Matches manufacturing areas in Sivakasi, Virudhunagar District, Tamil Nadu, India 

S.Thangadurai and B.Karthik prabu  

Post Graduate Studies and Research Department of Chemistry 

Raja Doraisingam Government Arts College, Sivagangai – 630 561 

Tamil Nadu, India. 

E-mail: drstdurai@gmail.com 

 

Fireworks displays are an important source of pollution that generate substantial quantities of 
chemicals such as heavy metals, PAHs and oxyanions on a regional or national scale within a short and 
specific period of time. Examples of such events are New Year’s Eve and 4th of July celebrations in the 
US, and the Lantern Festival in Asian countries. During the burning or explosion process, fireworks 
generate large amounts of smoke, usually in plumes, that is dispersed into the atmosphere. Burning of 
crackers and sparkles during Diwali in India is a very strong source of pollution which contributes 
significantly to the environment. 

Sivakasi is a small town located in Tamil Nadu State with a population of about 235,000 in 
2011. Sivakasi is called “A town of three industries” because it is known for its production of fireworks, 
safety match sticks, and printing industry. There are around 450 factories with 40,000 direct and about 
1 lakh indirect labors, which include commuters and workers in affiliated business, scattered in and 
around Sivakasi. Fireworks in Sivakasi also produce Military Weapons training items. They are used 
for training in armed forces. Some airports are using Sivakasi rocket to scare away birds to avoid bird 
hits of aircrafts. It is known that this small town produces about 90 % of global demand of fireworks 
products. The prevailing dry and hot weather throughout the year favors the presence of these industries 
in the region. 

In this study, our aim was to assess the perchlorate and chlorate contamination in soil, ground 
water and sewage sludge samples from fireworks and safety matches manufacturing areas in Sivakasi. 
Thin-layer chromatographic (TLC) behaviour of ten anions on plain silica gel G UV254 and sprayed 
with citric acid reagent (CAR) solution has been investigated. The effect of CAR concentration on the 
mobility of anions has been examined. Methanol:n-butanol:methylamine (60:20:20) was the most 
effective solvent system for differential migration anions which is present in the collected samples. 
Better results in terms of clarity of detection and compactness of spots were found with acetone: DMSO 
(50:50), HCOOH: acetone (40:60), HCOOH: acetone:DMSO:H2SO4 (25:40:30:5), HCOOH:acetone 
(50:50) and HCOOH:acetone (30:70). The effect of anion loading on Rf values has been investigated.  

In order to separate the inorganic anions viz. perchlorate (ClO4
-), phosphate (PO4

3-), sulphate 
(SO4

2-), nitrate  (NO3
-), chloride  (Cl-), fluoride  (F-), nitrite (NO2

-), sulphite  (SO3
2-), thio sulphate 

(S2O3
2-) and cyanide  (CN-)  silica gel  G  UV254 was used as an adsorbent. Thirteen Solvent systems 

were proposed for the separation and identification of certain inorganic toxic anions and visualization 
of these anions were performed by both short long wavelength UV (254 nm & 356 nm) and also sprayed 
with saturated solutions of silver nitrate in methanol, 1% of aqueous solutions of potassium ferro 
cyanide and CAR.   

The samples collected from the industries were subjected to separate and to identify the possible 
toxic inorganic anions using solvent system methanol: n-butanol: methylamine (60:20:20), it  was 
sprayed with CAR  pink colour was appeared, in this system only eight anions could be separated and 
detected viz. ClO4

-, Rf =0.95; ClO3
-, Rf =0.86; PO4

3-, Rf =0.47; SO3
-, Rf =0.53; NO3

-, Rf =0.84; Cl-, Rf 

=0.55; F-, Rf =0.88 and NO2
-, Rf =0.40. The Rf values in various solvents and the colours developed at 

each stage for certain inorganic toxic anions were noted. There were no separations in the solvent 
systems ammonium hydroxide: acetone (30:70 & 50:50). Whereas, in the case of solvent system 
methanol: n-butanol: dichloromethane (60:25:15) SO4

2- and S2O3
2- were separated, in the solvent system 

acetonitrile: methylamine (90:10) the anion NO2
- alone separated.   

Preliminary evaluations of TLC of KClO3 and NaClO4 were done on Silica Gel G UV254 plates. 
Using isopropyl alcohol-1.5 N NH4OH (95:5) Rf values were 0.85 for ClO3

-
 and 0.90 for ClO4

-.Plates 
were over sprayed with methylene blue in ethanol for ClO4

- followed by diphenyl amine (DPA) in 
H2SO4 for ClO3

-. 
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 It has been noted that chlorates react with DPA in H2SO4, whereas perchlorates do not. In most 
of the work, perchlorates are best identified by IR spectroscopy using either a KBr micro pellet or a 
single crystal in the diamond cell. XRD may also be used for identification. Furtherly, an attempt will 
be made to study the above.  

The TLC systems developed provide numerous possibilities for rapid, reproducible and clean 
separations of certain Inorganic toxic anions from the aforementioned samples. Some separations and 
the limit of detection of various inorganic anions have been experimentally achieved. The proposed 
TLC method is reproducible and highly sensitive.  

 

6.8 Investigation on biomolecular interactions with nickel(II) complexes 

A. Jayamania, M. Sethupathib, N. Sengottuvelanb* 
aSchool of Chemistry and Physics, University of KwaZulu-Natal, Private Bag X01, Scottsville, Pietermaritzburg 

3209, South Africa 
bDepartment of Industrial Chemistry, Alagappa University, Karaikudi- 630 003, Tamil Nadu. 

*sethupathi3344@gmail.com  
The interaction of transition metal complexes with biomolecules has been of great scientific 

interest for many years, mainlydue to their versatile applications in biomedical research,molecular 
biology,anddrug discovery . The complexes act as small molecules and bind to DNA through four main 
modes: binding covalently to DNA bases; intercalate between DNA bases; bind in the minor or major 
groove and bind to the sugar–phosphate backbone by electrostatic interactions. Among transition 
metals, nickel is an essential trace mineral for human due toits biological role and its potential synergetic 
activity with drugs. Thus, the nickel complexes of hydroxy aldehyde based ligands are expected to have 
astronger interaction with biomolecules and show good antimicrobial properties. In this report, the four 
nickel(II) complexes (1-4) of the monoanionic bidentate ligands, 2-hydroxy-5-methylbenzadehyde (5-
msal), 2-hydroxy-5-bromobenzadehyde (5-brsal), 2-hydroxy-5-nitrobenzadehyde (5-nsal) and 2-
hydroxy-1-naphthaldehyde (2-hnap) were synthesized and characterized. Single crystal X-ray analyses 
of complexes 1 and 2 showed a square planar O˄O coordination with nickel atom. The complexes 1-4 

showed one quasi-reversible redox peak at cathodic region (-0.67 to -0.80 V) and one redox peak at 
anodic region (+1.08 to +1.44 V) assignable to the Ni(II)/Ni(I) and Ni(II)/Ni(III) redox couples, 
respectively. The complexes exhibited good BSA (bovine serum albumin) binding abilities with binding 
constant of 1.96 ×105 M-1. The binding of complexes with calf thymus DNA (ctDNA) investigated by 
absorption studies, fluorescence studies, circular dichroism spectral studies, and molecular docking 
showed the binding affinity is consistent with increase in steric bulk of the ligands. The binding of 
nickel(II) complexes with ct-DNA indicate efficient binding ability by groove and intercalation mode 
was observed inthe order of 4 > 3 > 2 > 1. The nuclease activity of complexes showed efficient oxidative 
cleavage in the presence of hydrogen peroxide as an oxidizing agent. The mechanism of cleavage 
process was found to be proceeded by hydroxy radical formation and singlet oxygen as reactive species. 
The square planar geometry and greater electronic propertiesof the nickel complexesestablished the 
greater binding propensity and nuclease activity. The complexes showed higher zone of inhibition when 
screened for antimicrobial activity against bacteria and human pathogenic fungi.  

Figure 1. DNA binding and cleavage studies of nickel(II) 1-4 
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Figure 2. Cyclic voltammograms of nickel(II) complexes 1-4 for (a) Reduction process & (b) Oxidation 
process 

 

6.9 Synthesis, spectral, electrochemical and DNA binding studies of symmetric oxamidato –

bridged binuclear cobalt(II) complexes  

C. Chitra, N. Kavitha and N. Sengottuvelan 

Department of Industrial Chemistry, Alagappa University, Karaikudi- 630 003, Tamil Nadu. 

*cchitra2302@gmail.com  

 

Oxamidate form Schiff base complexes which finds its application in bio inorganic chemistry 
[1]. Co(II) based complexes are water soluble and known for their potential applications as therapeutic 
agents [2]. For the present work, binuclear cobalt(II) complexes Co2(oxpn)(acac)2 and  Co2(oxpn)(pdc)2 

consisting of N,N’-bis(disubstituted) oxamidato-bridged complexes with acetyl acetone (acac) and 
pyridine-2-carbaldehyde (pdc) were synthesized and characterized by spectroscopic and 
electrochemical studies. From the spectral studies molecular structure of complexes Co2(oxpn)(acac)2 
and Co2(oxpn)(pdc)2 were afforded distorted square planar geometry with N2O2 coordination. The DNA 
binding capabilities of these complexes Co2(oxpn)(acac)2 and Co2(oxpn)(pdc)2 were investigated by 
absorption, spectral measurements. The Kb value calculated for complexes Co2(oxpn)(acac)2 and 
Co2(oxpn)(pdc)2 were calculated as 2.6x106, 1.75x107 respectively. Electrochemical studies showed that 
one quasireversible one-electron reduction waves are obtained in the cathodic region (Epc = −0.70 to 
−0.80 V). The antibacterial activity was confirmed for two Gram-positive bacteria Staphylococcus 

aureus (S.aureus), Staphylococcus mutans (S.mutans) and two Gram-negative bacteria Pseudomonas 

aeruginosa (P.aeruginosa), Escherichia coli (E.coli). Test concentration of complexes for screening 
was fixed to be 100 µl. Significant zone of inhibition was found in S.mutans for Co2(oxpn)(acac)2 and 

moderate zone of inhibition was found in E.coli for Co2(oxpn)(pdc)2 . The activity against human 
bacterial pathogens was tested by varying dosage of the complexes and compared with standard 
antibiotics streptomycin (10 µl). These studies form an important rationale for drug design and warrant 
further in vivo experiments and pharmacological assays.  
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Figure 1.  Absorption spectra of complexes Co2(oxpn)(acac)2 (a) and Co2(oxpn)(pdc)2 (b)  in 5 mM Tris–HCl/50 mM NaCl buffer 
upon addition of DNA. The arrow shows the absorbance changes upon increasing the DNA concentration. Antibacterial activity 

Co2(oxpn)(acac)2(c)  and Co2(oxpn)(pdc)2 (d) 

References: 
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7.1 PODOPHLLOTOXIN MIMICS: SYNTHESIS AND BIOLOGICAL ACTIVITY  

H. Surya Prakash Rao 

Department of Chemistry, Pondicherry University, Pondicherry – 605 014. India 

ABSTRACT 

In recent years synthesis and biological evaluation of diversity oriented scaffolds have been in 
practice in drug discovery regimen. Among the naturally occurring anticancer agents, podophyllotoxin 
(POD) 1 (Figure 1),1 a lignin isolated from rhizomes of Podophyllum peltatum, Podophyllum 

hexandrum and Sinopodophyllum hexandrum gained importance owing to its promising activity against 
human papilloma virus (HPV) and some types of cancer.2 POD and its sibling lignins destabilize the 
polymerization of tubulins and also suppress cellular nucleoside transport both of which lead to cellular 
necrosis.3 However, POD exhibits acute toxic side effects which prevent its generic use. Presently it is 
used for treatments of genital warts (Condylomata acuminate) as an ingredient in topical application.4 

It is difficult to isolate POD in pure form or synthesize in industrial scale. Therefore, the necessity exists 
for the development of an easy, reliable industrial-scale synthesis of its mimics which have equal to or 
better pharmacological properties. In recent years mimics of POD like 2 (Figure) which possess its 
pharmacophore features have appeared.5 Unlike POD its surrogate proved to be a better anti-cancer drug 
candidate.6 It has almost equal potency, lower toxicity and extremely easy to synthesize in large 
quantities. Moreover, it is possible to synthesize a combinatorial library of analogs of 2 to enable 
discovery of better drugs.7 We have been interested to synthesize mimics of POD 1 for over a decade.8 

We have introduced 4-aryl-4H-chromenes 3 as anti-cancer agents. It has several pharmacophore 
features of 1 as shown in Figure. In continuation of this work we have synthesized several 4H-
chromenes 4 and pyrazolopyridines 5 and got their biological activity evaluated. In the seminar we will 
give details of this study.9  
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7.2 Oxidative Cyclization of Carbanion: Cascade Synthesis of Biologically Relevant Molecules 

Sundarababu Baskaran  
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E-mail: sbhaskar@iitm.ac.in 

 

Stereoselective synthesis of complex organic molecules that are biologically active and 
clinically important is a very desired goal in present day chemistry - possibly because of their immediate 
application in pharmaceutical industry as drugs with high market potential. One way that molecular 
complexity can be expeditiously constructed is by combining two or more distinct reactions into a single 
transformation. One of the most effective ways of achieving the carbon-carbon bond formation is 
through radical cyclization. The one-electron oxidation of carbanion is one of the easiest ways of 
generating carbon-centered radicals, however the synthetic potential of the oxidative cyclization of 
carbanion strategy has not been fully explored in the stereoselective synthesis of biologically important 
molecules. In this presentation, our cascade-based strategies towards the synthesis of some of the 
molecules will be discussed. 
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7.3 METAL CATALYSED COUPLING REACTIONS IN MODIFYING HETEROCYCLES 
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Metal catalyzed carbon-carbon and carbon-heteroatom cross coupling reactions find 
applications in the field of drug discovery, agrochemicals, material science, supramolecular chemistry 
and also in natural product synthesis. In our laboratory, we have successfully employed such coupling 
reactions to construct or modify the heterocyclic skeletons. Some of the reactions that have been 
achieved in this directions are: (1) Copper catalyzed domino sp-sp2 decarboxylative cross coupling 
employing 2-iodotrifluoroacetanilide and aryl propiolic acid leading to 2-arylindoles  (2) Nickel 
catalyzed approach towards the synthesis of diversely substituted 6-aza-tetrahydroquinazolines from 
pyridopyrimidine-2-thione and organoboronic acids by non-basic desulfitative C-C cross coupling 
strategy and a similar Liebeskind-Srogl reaction to get substituted fused thiazoles (3) Copper (II) 
catalyzed C–S cross coupling of thiazolidine-2-thiones with organoboronic acids towards the synthesis 
of azole sulfides (4) Copper(I) catalyzed cascade intramolecular nucleophilic attack on  N-
sulfonylketenimine followed by rearrangement resulting in substituted 8,9-dihydro-5H-imidazo[1,2-a]-
[1,4]diazepin-7(6H)-ones (5) Palladium-catalyzed decarboxylative Suzuki coupling of azaindole-2-
carboxylic acid towards 2-aryl-1-(phenylsulfonyl)-1H-pyrrolo[2,3-b]pyridines (6) Palladium catalyzed 
C-H activation/ortho-arylation of heteroaryl-N-oxides through a decarboxylative coupling of heteroaryl 
carboxylic acids and (7) Silver catalyzed acylation of pyridine-N-oxides by α-oxocarboxylic acid.  

The mechanistic features and the main applications related to the above reactions will be 
discussed in this lecture. 

 

7.4 Efficient and safer synthesis of value-added organic molecules adopting continuous flow 

technologies  
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The interest in developing flow based technologies for organic synthesis has recently increased 
due to its several advantages such as low mass transfer limitations, efficient heat transfer, uniform 
reaction conditions throughout the reaction, fast optimization of reaction and catalyst parameters, easy 
scale-up, etc. Moreover, recently Food and Drug Administration (FDA) revised its manufacturing 
regulations for the first time in 25 years. The agency is now insisting the pharmaceutical industries to 
adopt the latest and precise manufacturing techniques for the preparation of drugs and active 
pharmaceutical ingredients (APIs). We are constantly developing new technologies for the synthesis of 
functional molecules by integrating green and sustainability principles.  

In the presentation, the execution of the synthesis of selected synthetically valuable organic 
transformations adopting flow methodologies will be discussed in detail. The case studies include 
modified asymmetric Strecker synthesis of amino acids1 using highly toxic cyanides, alkylation of 
amines2 and lithiation3 of pharmaceutically important amides.   
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7.5 Crystal Structure of Glutaminyl-tRNA synthetase from Thermus thermophilus HB8 and its 
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Aminoacyl-tRNA synthetase (aaRS) are a major ensemble in protein translation and are vital 
in interpretation of genetic code. aaRS catalyses the esterification of a specific amino acid to one of its 
attuned cognate tRNAs to form an aminoacyl tRNA. Several members of this family have been 
characterized over the past years. The gene for the Glutaminyl-tRNA synthetase (GlnRS), a class I 
enzyme from the extreme thermophile, Thermus thermophilus HB8 has been cloned and sequenced. As 
the enzyme is from a hyperthermophile, its known to be stable at very high temperatures and it can be 
used as a model to study the general characteristics of enzymes.  Sequence analysis revealed an open 
reading frame that codes for a protein of 548 amino acid residues (63469 Da). Codon usage in the 
Glutaminyl-tRNA synthetase (TtGlnRS) is similar to the characteristic usage in the genes for proteins 
from bacteria of the genus Thermus, and the G+C content is as 66%. The amino acid sequence of 
Glutaminyl-tRNA synthetase (TtGlnRS), from thermophilus shows high similarity with other bacterial 
Glutaminyl-tRNA synthetase sequences (25-50% identity). By expression of the thermophilus GlnRS 
gene in Escherichia coli, the thermostable enzyme was overproduced and purified to homogeneity by 
heat treatment followed by a single chromatography step. The protein obtained is remarkably 
thermostable and the crystals of the enzyme were obtained (from 0.2M Ammonium sulfate, 0.1M 
Sodium cacodylate trihydrate pH 6.5, 30% w/v Polyethylene glycol 8,000 solutions) by vapour 
diffusion techniques. Crystal structure has been solved by molecular replacement method and refined 
at 2.5 Å resolution. In addition, the structure complex of TtGlnRS with ATP shows that substrate 
binding is important for construction of catalytically important active site and showing that this is a 
general feature of class I synthetase. Biochemical assays such as Thermal shift assay, Aminoacylation 
assay and Isothermal Titration Calorimetry has proved that L-Gln and ATP mediates the formation of 
Gln-AMP product which has higher affinity and strong binding with TtGlnRS. 

Keywords: aminoacyl-tRNA synthetases; glutamine; ATP; X-ray crystallography; enzyme 
specificity.  
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7.6 Wastewater Treatment for Removal of Solvents - Degradation of Octanol using 

Hydrodynamic Cavitation 
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ABSTRACT 

Hydrodynamic cavitation for the degradation of organic solvents was investigated in detail 
using two different cavitating devices- orifice and a newer form of cavitating device that employs vortex 
flow-vortex diode, process developed by CSIR-National Chemical Laboratory, Pune. Process 
intensification in the form of aeration was also investigated apart from addition of external oxidising 
agent such as hydrogen peroxide. Degradation of an organic solvent, n- octanol in terms of reduction in 
total organic carbon (TOC) was studied on a pilot plant scale having capacity of 1m3/h .  Initial 
concentration of 50 ppm was employed for the wastewater treatment studies and effect of pressure was 
studied at two different pressure drops viz. 0.5 and 2 bar for vortex diode and at 2 and 5 bar for orifice. 
The results revealed that efficiency of solvent removal varies substantially with the change in physical 
operating conditions and nature of the cavitating device. It was found that up to only 15% degradation 
could be achieved for n-octanol using vortex diode which could be further enhanced to 35% using 
process intensification in the form of aeration. For orifice, the degradation was close to 35% and showed 
no effect of aeration. It was observed that lower pressure drop is more favourable for degradation (0.5 
bar for vortex diode and 2 bar for orifice). In both the cases, there was no enhancement in the 
degradation due to addition of oxidising agent- hydrogen peroxide (100 ppm). Vortex diode that works 
on the principle of vortex generation for cavitation, was found to be superior over conventional 
cavitaing device-orifice requiring significantly lower pressure drop than orifice for comparable extent 
of degradation.  The results of this study provide newer insights into solvent removal using 
hydrodynamic cavitation and would have bearing on the treatment of solvent containing wastewaters. 
 

Keywords: Vortex diode, Effluent treatment, Pollution, Wastewater, Industry 

 

7.7 Coagulation-Flocculation treatment of dyes removal through chemical and natural 

coagulants  
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Abstract 

Dye effluents contribute to high  chemical oxygen demand  (COD), suspended solids, 
conductivity, color, acidity, hazards to ecosystem [1]etc. Most of the dyes are persistent and non-
biodegradable[2] in nature and because of their stability, there is a great  hindrance in the removal 
process. Coagulation process can alone contribute to 80-90 % color removal[3] and suspended solids 
from textile effluents, and can  reduce the cost of treatment in tertiary process of effluent treatment[4]. 
The performance of  chemical coagulants, Polyaluminum Chloride (PAC), FeCl3, and three new natural 
plant based coagulants (Brassica nigra, Citrullus lanatus, and Ipomea batatus) were investigated on 
different dyes(Congo Red, Brilliant Green, Aniline Blue, Reactive Red 120) under the influence of 
parameters like coagulant dose(Fig. 1), pH range, dye concentration etc. The surface characteristic of 
the sludge has been analyzed through SEM (Scanning electron microscopy) and the biocoagulants were 
characterized using FTIR.   
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The best coagulant performance is obtained by comparing the optimum coagulant dosage, 
settling time, rate of settling, the removal efficiency of color and reduction in dye concentration. The 
chemical coagulants (PAC and FeCl3) could effectively remove up to 98-99% with a broad range of 
pH, while biocoagulants were effective in the range of 75-91 % for reduction in color and concentration. 
Ipomoea batatas (Fig. 2) was observed to be the best biocoagulant for congo red and aniline blue with 
86% and 91% reduction respectively. The use of biocoagulants provides a greener approach and scope 
for development of various formulations that may enhance the coagulation process.   
  

 

 

 

 

Fig. 1 Effect of Coagulant (Brassica nigra) dose on      Fig. 2 Coagulation of dyes with chemical   Reactive Red dye (50 ppm)
        coagulants and biocoagulants       

Keywords: Biocoagulants, Wastewater Treatment, Textile, Pollution control 
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7.8 Biologically important of curcumin derivatives: DFT calculations and molecular docking 
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Abstract 

Curcumin (diferuloylmethane) is an active ingredient of turmeric; isolated from the root of 
rhizome Curcuma longa Linn .Curcumin has extensive biological applications [1-3]. Especially, 
curcumin has significant cytotoxic activity and apoptosis induction upon a variety of cancer cell lines 
[4]. Not only curcumin, the synthesis of new curcuminoids is very interesting and important research. . 
The variation on curcumin has been done in the active methylene groups/replacing β- Di-ketone bridge 
to enhance the biological activity than the natural curcumin.  Based on the above ideas, the research is 
decided to develop the new pharmacophore that the introduction of sulfanilamide unit in active 
methylene of curcumin. Hence, curcumin- Sulfonamide hybrid has been synthesized, studied for their 
in vitro antioxidant, anti-inflammatory and cytotoxic activities. The compounds showed very good 
cytotoxic activities. Thus, the synthesized compounds were docked with EGFR TK. On Continuation, 
DFT calculations were studies and also analyzed for the synthesized curcumin derivatives. 
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Indole derivatives are versatile compounds well known for their broad range of biological 
activites.1 Pyridine derivatives constitute one of the most privileged scaffolds that exhibit antitumor, 
antibiotic, antiinflammatory, antidepressant, antimalarial, anti-HIV, antimicrobial, antibacterial and 
insecticidal activities.2–8 Further the cycloalkano fused pyridine derivatives such as the 4-
arylcycloocta[b]pyridine form the core of antipsychotic drug blonanserin, which has been approved for 
the treatment of schizophrenia in Japan and Korea.9 The biological significances of indoles and 
cycloalkano fused pyridine systems prompted us to investigate feasibility to comstruct hybrid 
heterocycles comprising these units. Accordingly the one-pot four-component reaction of 
cycloalkanones 1 or 2, 3-(1H-indol-3-yl)-3-oxopropanenitrile 3, aromatic aldehydes 4 and ammonium 
acetate 5 led to the formation of novel cycloalkano fused pyridine-3-carbonitrile indole hybrids 6 or 7 
in good yields. The reaction presumably occurred through a domino Knoevenagel–Michael–Cyclization 
sequence of reactions resulting in the formation of two new C–C and C–N bonds in a single 
transformation. 
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Abstract 

Materials displaying nonlinear optical (NLO) properties have potential applications in 
emerging optoelectronic and photonic technologies [1]. Molecular-based NLO materials such as 
organic compounds, polymers and coordination complexes [2] which possesses metal ion and organic 
ligand have drawn considerable focus compared to the atomic-based materials such as LiNbO3, KH2PO4 
(KDP), gallium arsenide (GaAs), α-quartz (SiO2) and β-barium borate (BBO) [3].  

 

Image copied form http://www.cristal-laser.com/en/nlo-applications.html 

In this regard, we have designed (Figure-1) several Cis and Trans conformation Wittig based 
Schiff-Base ligands form varies aldehydes and aromatic, non-romantic amines. These ligands were 
optimized and further studied their Non-Linear Optical property using GAUSSIAN 09 programme. For 
both Optimization & Frequency independent Hyperpolarizability calculations, we used DFT based 
B3LYP method and 6-31G* basis set. From the result we summarized that, i) Non-Linear Optical 
property of Schiff-Base ligands sensitive to the HOMO-LUMO gap (from Figure-2), ii) Trans isomer 
Wittig based Schiff-Based ligands exhibited higher β (First Hyperpolarizability) values compared to cis 
isomers, iii) For Ligand-13 & 14 from each category of  Schiff-Base ligands (N = 1-10) showed higher 
β value compared to others, iii)  both cis & trans conformation Wittig based Schiff-Base ligands which 
are derived from fused aromatic rings contained aldehydes and lone pair rich nitrogen atoms consisted 
aromatic amines showed higher β values compare to others, iv) N = 5 both cis & trans conformation 
Wittig based Schiff-Base ligands have shown higher β value compare to other (Figure-3).  
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Figure-1: Library of Wittig based Schiff-Base ligands 

 

Figure-2: HOMO-LUMO gap of N = 5 Cis & Trans conformation Wittig based Schiff-Base ligands 

 

Figure-3: First Hyperpolarizability of N = 5 Cis & Trans conformation Wittig based Schiff-Base ligands 
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Thiazoles are important class of heterocycles ubiquitous in biologically active natural products 
like epothilones, the potent antitumor agents. In addition several synthetic drugs such as fentiazac, 
fanetizole, nizatidine, etc. comprise thiazole core. On the other hand pyridines are one of the most 
important nitrogen heterocycles prevalent in numerous natural and synthetic pharmaceutical agents1 
Compounds with pyridine nucleus have been reported to exhibit antimalarial2, antidiabetic3, anti-prion4, 

anti-hepatitis B viral,5 anti-bacterial6 and anti-cancer activities.7 In the present work the four-component 
reaction of 2-acetylthiazole 1, aromatic aldehydes 2, malononitrile 3 and ammonium acetate 4 led to 
the formation of hybrid heterocycles 5 comprising thiazole and pyridine units. The reaction proceeds 
through domino Knoevenagel–Michael–cyclization sequence of reactions in a single transformation. 
These hybrid heterocycles 5 assumes importance in view of the individual biological significances of 
thiazoles and pyridines. 
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Pyridines are one of the most privileged nitrogen heterocycles omnipresent in numerous natural 
and synthetic compounds of bio-importance.1 Pyridine derivatives have been recognized as potential 
synthons for the development of new drugs for the treatment of Parkinson’s disease, hypoxia, asthma, 
kidney disease, epilepsy, cancer and Creutzfeldt–Jakob diseases.2 On the other hand, phenothiazines 
form the core of several antipsychotic drugs used to treat schizophrenia and other psychotic disorders. 
In addition, phenothiazine drugs like prochlorperazine and chlorpromazine have been used for treating 
nausea and vomiting. Apart from the biological activities, pyridines and phenothiazines find 
applications in material science as dyes and potential precursors for constructing OLED’s.   

In view of the myriad applications of pyridines and phenothiazines in diverse areas, we 
envisaged to construct hybrids including both the units. Consequently in the present work the syntheses 
of novel 2-amino-4-aryl-6-(10H-phenothiazin-3-yl)-pyridine-3-carbonitriles 1 have been achieved 
through a one-pot four-component domino strategy employing 1-(10H-phenothiazin-3-yl)ethan-1-one, 
aromatic aldehyde, malononitrile and ammonium acetate.  

 

[1] Roth, H. J.; Kleemann, A. Drug Synthesis, in Pharmaceutical Chemistry, John Wiley and Sons, New 
York, 1988, vol. 1;  (b) Michael, J. P. Nat. Prod. Rep. 2005, 22, 627. 

[2] Reddy, T. R. K.; Mutter, R.; Heal, W.; Guo, K.; Gillet, V. J.; Pratt, S.; Chen, B. J. Med. Chem. 2006, 
49, 607 
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Abstract 

In the present study, 4-(5-Chlorothiophen-2-yl)-1,2,3-selenadiazole (CTS) has been 
investigated both experimentally and theoretically. In experimental study, the compound was 
synthesized and characterized by FTIR, FT-Raman, 1H and 13C NMR spectral studies. In theoretical 
study, the geometric parameters of the title compound in the ground state have been calculated using 
the density functional method with 6-311G++ (d, p) as basis set.  

The atom numbering of the optimized structure is given in Fig.1. The calculated optimized 
geometrical parameters obtained in this study for the title compound are compared with the 
experimental values 
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Fig. 1. Optimized structure of CTS 

Calculated geometric parameters of CTS correspond with the XRD results reported.  Any 
differences observed between the experimental and computed values may be due to the fact that the 
experimental results belong to solid phase and theoretical calculations belong to gas phase. In the solid 
state, the intermolecular interaction has connected the molecules together, which result in the 
differences of bond parameters between the calculated and experimental values. 

After the geometry optimization, the vibrational spectra were obtained for CTS. The 
fundamental vibrations were assigned based on potential energy distribution (PED) of the vibrational 
modes by using VEDA program. The theoretical optimized geometric parameters and vibrational 
frequencies were in good agreement with the corresponding experimental data and with the results in 
the literature. 1H and 13C NMR chemical shifts were calculated using the Gauge-Invariant Atomic 
Orbital (GIAO) method. The experimental chemical shift values are in good agreement with the 
theoretical values. 

The NBO calculations were performed to predict the natural atomic charges at the different 
atomic sites and to study the different intramolecular charge transfer (ICT) interactions occurring in the 
studied system. Therefore, the results presented in this work indicate that DFT/B3LYP/6-311G++ (d,p) 
level of theory is reliable and complement the understanding of structural parameters,  vibrational 
spectra , UV and NMR spectral analysis of the investigated compound. As compounds containing 1,2,3-
selenadiazole moieties are well-known for their antifungal and antibacterial activities, CTS was tested 
for antimicrobial activity against Gram- positive bacteria (staphylococcus aureus), Gram negative 
bacteria (Echerichia coli) and fungus (candida albicans). Interestingly, CTS exhibited significant 
activity against gram positive bacteria than the gram negative bacteria. 
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Abstract  

 The synthesis and characterization of polymers with controlled architectures, composition, 
attractive topologies and functionalities continues to be the center of attraction in the current scenario 
of polymer science research1. The revolution of controlled/living radical polymerization leads to the 
synthesis of polymer with narrow molecular weight distribution enhancing the development of complex 
polymeric architectures including star-shaped or branched polymers. They find application in rheology 
modifier and cosmetics1, paper industry, petroleum industry, thermoplastic elastomers2, temperature 
and pH sensitive materials and polymer catalyst3. They also used in the emerging fields like nano-
patterning process and biomedical applications4,5. In this work, fluorescent 4 and 6 functional ATRP 
initiators were synthesized and their structures were confirmed using FT-IR,1H-NMR and HR-MS 
techniques. Methyl methacrylate was polymerized using the fluorescent ATRP initiators synthesized to 
obtain 4 and 6 arm fluorescent star poly(methyl methacrylate)s. Many ATRP experiments were 
conducted under different polymerization conditions. The kinetic plots were constructed using the SEC-
MALLs data. The absolute molecular weight and molecular weight distribution of the synthesized 
polymers were found to be in the order of 104 - 105 and 1.12 – 1.47 respectively. 
Figure 1. (a) Structure of 6-Arm star poly(methylmethacrylate)s. (b) SEC-MALLs chromatographs of 6 arm star poly(methylmethacrylate) 

obtained for different polymerization time. 

Reference 

[1] Moller M, Matyjaszewski K (2012) Polymer Science: A Comprehensive Reference, Macromolecular 
Architecture and Soft Nano-Objects, Ed. A. H. E. Muller,K. L. Wooly, Elsevier, Amsterdam. 6:1-350 

[2] Brigitte IV, Albena L (2009) Hyperbranched and Highly Branched Polymer Architectures-Synthetic 
Strategies and Major Characterization Aspects. Chem Rev 109:5924-5973 

[3] K. Knoll and N. Niessner, Macromol. Symp, 1998, 132, 231. 
[4] P.Shi, Q.Li, X.He, S.Li, P.Sun and W.Zhang, Macromolecules, 2014, 47, 7442. 
[5] T. Terashima, A. Nomura, M. Ito, M. Ouchi and M. Sawamoto, Angew. Chem. Int. E, 2011, 50, 7892 

 

  



- 161 - 

 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

7.15 Development of Simple Methodology for ipso-Hydroxylation of Aryl Boronic acids to 

Phenols using Graphene Oxide as Green Carbocatalyst 

Murugan Karthik, Palaniswamy Suresh* 

Supramolecular and Catalysis Laboratory, Department of Natural Products Chemistry, School of Chemistry, Madurai 

Kamaraj University, Madurai – 625021. India. 

E-mail:  ghemistry@gmail.com* 

Due to the paramount importance of phenols and its increasing demand as useful intermediates 
for many pharmaceutical molecules, natural products, and polymers, development of novel and simple 
methodologies for the hydroxylation of aromatic compounds found more challenging task in organic 
chemistry. Some homogeneous catalyst with classical synthetic techniques has found for the 
introduction of phenolic hydroxyl groups on functionalized arenes.1 However, the growing awareness 
of environmental protection and the expanding interest in the development of benign methodologies 
trigger towards exploring a patient and green catalytic system for routine organic transformations like 
ipso-hydroxylation. Arylboronic acids are an inevitable precursor in the fine chemical industry due to 
its broad substrate scope and easy commercial availability. Identifying a benign strategy using 
heterogeneous organocatalytic systems for ipso-substitution with mild reaction protocol and enhanced 
yield is still a major task. Graphene Oxide (GO), a readily available and inexpensive carbonaceous 
material, has generated tremendous excitement owing to their remarkable electronic, mechanical, and 
chemical properties. The relatively harsh conditions used in the typical GO synthetic protocols 
(Hummers method) have introduced a variety of oxygen-containing functionalities (e.g., hydroxyl, 
epoxide, carboxylic acids, ketones, phenols, and lactones which make GO slightly acidic (pH 4.5 at 0.1 
mgmL−1) and endow it with rather strong oxidizing properties.2 

In the present work, we have demonstrated a mild, efficient and sustainable methodology for 
the ipso-hydroxylation of aryl boronic acids to phenols using Graphene Oxide as a potential 
carbocatalyst in the presence of aqueous hydrogen peroxide as an oxidant. The present methodology 
avoids metals and metal supported heterogeneous catalyst and employees only honeycomb carbon 
surface as a platform for ipso-hydroxylation. This reusable mild reaction condition makes the present 
oxidation as greener one for phenol synthesis. Also, the existing protocol compatible with a broad range 
of boronic acids with various electronic substituents. In addition to this, metal and base-free conditions, 
as well as short reaction time, make this methodology as quite attractive with promising applications.  
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Abstract 

Ionic liquids (ILs) have gained increasing awareness in organic synthesis due to their distinctive 
physicochemical properties. ILs have several merits over the conventional solvents. ILs have 
untraceable vapor pressure, extensive range of liquid temperature, greater solubility for numerous 
organic or inorganic compounds, and fewer toxicity [1–3]. ILs have been used in CO2 capture, battery 
development, electrochemical and biological applications [4-7]. ILs can also be useful in variety of 
chemical and industrial processes [8]. 

Deep eutectic solvents (DESs) are an substitute class of ILs similar to room temperature ionic 
liquids (RTILs), they are renowned by the truth that they include an organic molecular component that 
play a vital role as the prime constituent [9]. DESs are having great attention as an substitute to RTILs 
because of their remarkable qualities such as tolerance to humidity, negligible vapour pressure thus 
non-flammable, high thermo stability, less expensive, non-toxic, reusable and biodegradable as 
compared with their RTIL derivatives [1,2,10–12].  

The main objective of this study is to attempt sugars such as glucose and fructose (hydrogen 
bond donors) based DESs with malonic acid and Zinc (II) Chloride. Subsequently the characterization 
of DESs obtained such as investigations on intermolecular H-bonding interaction via FTIR, viscosity, 
density and conductivity analyses were further carried out. The results obtained would make known the 
characteristics and nature of these DESs as potential greener solvents.   

The DESs were prepared by taking 1:1 mole ratios of hydrogen bond donors, glucose (Glu) and 
fructose (Fru) with both Malonic acid (MA) and ZnCl2 separately and subjected to evaporating method 
[13]. The eutectic mixtures prepared were kept for observation across a two weeks period at room 
temperature in a desiccator as their sensitivity to moisture might affect their physiochemical properties. 
The precipitation or turbidity is not observed in these eutectic mixtures during the observation period. 
Hence these DES successfully obtained were used without any further purification for characterization. 
The observed physical properties of these DES were mentioned in Table 1.    

S.No. DES Melting Point oC 
Conductivity 

(σσσσ) mS cm-1 
Density 

g cm-3 
Viscosity 

(ηηηη) cP 

1 MA & Glu 54 0.0016 1.6245 1234 
2 MA & Fru 56 0.0026 1.6912 968 
3 ZnCl2 & Glu 52 0.0024 1.9842 425 
4 ZnCl2 & Fru 58 0.0016 1.8532 542 

 
Table 1: The observed physical properties of the DES 

Figure 1. The FTIR spectra of Glucose and fructose with Malonic acid (A), with ZnCl2 (B) 
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The FTIR spectra of glucose and fructose with malonic acid were given in the above figure (A) 
revealed that OH groups of both hydrogen bond donors as well as the malonic acid were interacted by 
means of intermolecular hydrogen bonding. This is due to the broad band appeared around 3440 cm-1 
of O-H stretching vibrations. In addition to that the carbonyl group of both glucose and fructose were 
also involved in hydrogen bonding as the C=O stretching frequencies are noticed a broad band at 1717 
cm-1.  

Similarly the FTIR spectra of glucose and fructose with ZnCl2 were given in the above figure 
(B) showed that OH groups of both hydrogen bond donors were involved in intermolecular hydrogen 
bonding as the O-H stretching absorptions were observed as a broad band near 3430 cm-1. Further the 
carbonyl group of both glucose and fructose were also involved in hydrogen bonding as the C=O 
stretching frequencies are noticed a broad band at 1705 cm-1. 

To sum up, four sugars based deep eutectic solvents were successfully synthesized in this study 
and further their applications are to be studied. 
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The term “memory of chirality” (MOC) defines a fact that the chiral sp3 carbon center is 

sustained in the product, even when the reaction progresses through a carbenium ion, singlet mono- or 
biradical, or carbanion intermediates during the reaction [1]. This phenomenon is commonly used for 
the synthesis of enantiopure molecules [2]. MOC arises due to the generation of long lived conformers, 
which originate their chirality from the existence of a stereogenic component [1,3]. 

In this presentation, the synthesis 2,4,6-triaryl-tetrahydro-2H-pyrans by the cyclization of 1,3,5-
triarylpentane-1,5-diols has been described. The diols could be easily obtained from 1,3,5-triaryl-1,5-
diketones by reduction with sodium borohydride in methanol at room temperature [4]. The 
triaryldiketones have been prepared by a recently reported method [5]. The reduction normally led to a 
mixture of diastereomeric diols.  The crude mixture of the diastereomeric diols has been subjected to 
cyclisation employing p-toluenesulphonic acid in DMF. As the starting diols were employed as 
mixtures of isomers, a mixture of diasteromeric tetrahydro-2H-pyrans could be anticipated.  
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Still, as the reaction involves acid, initial carbocation formation at C-1 or C-5 may destroy the 
stereochemical identity of the different starting diols and hence the number of isomeric tetrahydro-2H-
pyran formed may be less than that of the initial diols.  

 
Figure 1. Major products in the cylisation of 1,3,5-triaryl-1,5-diols 

Nevertheless, the cyclisation has yielded a mixture of products in many cases and it is again 
very difficult to separate them in each case. However, with great effort, the major isomer has been 
separated in all the cases. Interestingly, it is not the same pyran with a given stereochemistry has been 
obtained as the major isomer in all the cases. The major isomer isolated in each case has been 
characterized unambiguously, which is not the most stable all equatorial isomer. This clearly shows that 
an initial pure carbocation formation may not be case in the mechanism and the memory of chirality 
effect may have a dominant say during the cyclisation step. The cyclodehydration process may involve 
two consecutive steps; initial protonation of one of the hydroxy groups in the 1,5-diol  leading to the 
carbocation intermediate followed by the cyclization resulting in 2,4,6-triaryl-tetrahydro-2H-pyran. It 
is not clear why a particular diastereomer is preferred in one case and a different one in the other.  
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1,2,3-Triazole is an important motif present in a large number of functionalized molecules 

endowed with versatile applications in various fields such as medicinal chemistry, biology, material 
science and polymers.1 In spite of the conventional Huisgen cycloaddition, CuAAC is prominent owing 
to its remarkable selectivity and functional-group tolerance. Given that it is selective to 1,4-disubstituted 
triazoles, CuAAC is restricted to terminal alkynes only. In continuation, ruthenium-catalyzed azide–
alkyne cycloaddition (RuAAC) was developed, and it promotes the complementary 1,5-disubstitution 
on the triazole and is also compatible with internal alkynes.2  

To convert these unstable triazolines into stable aromatic triazoles, two ingenious approaches 
have been adopted. The first one is eliminative azide–olefin cycloaddition (EAOC) in which an olefin 
bearing a leaving group such as a nitro, alkoxy, sulfone, acetate group, undergoes cycloaddition with 
various azides, and the resulting triazolines undergo concomitant elimination to furnish the required 
1,2,3-triazoles.3   
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The second approach is oxidative azide–olefin cycloaddition (OAOC) in which the triazoline 
formed by azide–olefin cycloaddition is subsequently oxidized to the corresponding triazole.4 Besides 
that, our research group also reported the construction of 1,2,3-triazoles by CuO nanoparticle-catalyzed 
[3+2] cycloaddition of organic azides and electron-deficient olefins.5 However, the major drawback of 
metal catalysts, particularly copper, is their cytotoxicity, and hence, they are undesirable for the labeling 
of biomolecules in live cells.6 Moreover, problems such as Alzheimer's disease, hepatitis, and 
neurological disorders can also be caused by excessive intake. Hence, it is imperative to develop 

metal-free protocols to prepare 1,2,3-triazoles. In addition, “organo-click” reactions were 
developed in which organocatalysts were employed instead of metal catalysts to prepare triazoles.7 
“Organo-click” reactions encapsulate the EAOC of enamines (electron-rich olefins) prepared in situ 
from various carbonyl compounds with aryl azides catalyzed by amines.  

Herein, we have developed a protocol to synthesize 1,4,5-trisubstituted-1,2,3-triazoles via 
water-mediated, metal-free, 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) promoted oxidative [3+2] 
cycloaddition of organic azides with electron-deficient terminal and internal olefins. A library of 1,4-
disubstituted and 1,4,5-trisubstituted-1,2,3-triazoles were synthesized in moderate to excellent yields. 
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Metal–organic frameworks (MOFs), are porous coordination polymers, consisting of metal 
ions/clusters and organic linkers. They have found plenty of application in various fields due to their 
unique tunable nature.[1]Among, basic isoreticularmetal-organic frameworks (IRMOF-3) has employed 
as abifunctional heterogeneous catalyst for simple organic transformation. The presence of thefree 
amino group in IRMOF-3 play as an efficient and immobilized basic catalytic active site[2]which act as 
a substitute for their homogeneous counterparts.Derivatives of 3-cyanoacetyl indole acrylonitriles are 
versatile precursors for the synthesis of several biologically important polycyclic compounds and have 
wide application for pharmaceutical applications.[3]Similarly, indole derivatives are also having 
interesting biological properties both in nature as well as for commercial applications and serve as 
important synthetic building blocks in drug discovery. [4] However, most of the heterocycles has 
achieved through non-benign homogenous catalysts. The development of a greener protocol using is 
usable solid catalyst for heterocycles synthesis is an important contemporary interest.  

In the present work, we have demonstrated a sustainable methodology for the synthesis of 3-
cyanoacetyl-indole-acrylonitriles and its corresponding derivatives. We have successfully employed 
IRMOF-3 as an efficient heterogeneous solid base catalyst for synthesis of cyanoacetyl-indole-
acrylonitriles at milder reaction condition in environmentally safe ethanol medium. The presence of the 
free amino group in the organic linker of IRMOF-3 efficiently catalyzes the condensation between aryl 
aldehydes and 3-cyanoacetyl indole under mild reaction condition results the formation of 3-
cyanoacetyl-indole-acrylonitrile in short reaction time. The IRMOF-3 catalyst is stable and recovered 
and reused for several cycles without losing in crystallinity and catalytic efficiency. The observed 
results have rationalized by proposing a suitable mechanism. 
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Graphical abstract 

Abstract 

 Blocked polyisocyanates are technically advantageous over free isocyanates. They are used to 
make heat-curable polyurethane products like powder coatings. Blocked isocyanate based single-
package coating formulations are highly stable, possess longer pot-life, thus can be stored for extended 
time and can be used when the requirement arises. On application of heat, the blocking agent will be 
cleaved off and cure reaction will takes place between the regenerated isocyanate and co-reactant 
present in the formulation.  

In this paper, we report catalysis of cure reaction of ɛ-caprolactam-blocked polyisocyanate with 
1,4-butane diol in the presence of DABCO - a tertiary amine and non-tin organometallics like bismuth 
neodecanoate, calcium(II) 2-ethylhexanoate and zinc(II) 2-ethylhexanoate. The activity of these 
catalysts was studied by the determination of gel-time (cure-time) and analysis of absolute molecular 
weight of cured polymers. Gel-time results indicated that all the non-tin organometallics act as catalysts 
and they were more active than DABCO. Within the three organometallics studied, zinc (II) 2-
ethylhexanoate showed highest catalytic activity, it reduced the cure-time more than 50% compared to 
the uncatalysed reaction. In the case of bismuth neodecanoate catalysed reaction, it was found that the 
viscosity was build-up to a certain limit and then decreased; this catalyst assisted chain degradation was 
confirmed by the analysis of molecular weight of polymers as a function of time. Catalytically active 
new species was formed when mixing the solution of DABCO to the solution of zinc (II) 2-
ethylhexanoate and this formation was confirmed using FT-IR and UV-visible spectroscopy, but this 
species not showed synergism. 
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Metal Organic Frameworks (MOFs) explored as a versatile and sustainable catalyst for 
numerous organic transformations. Transition Metals based MOFs has employed for various 
applications such as imaging, controlled drug delivery, artificial kidney application, gas sorption, and 
biosensing, etc. Iron MOFs are getting more attraction and used in various applications such as 
isomerization, condensation reactions, asymmetric oxidations and aerobic oxidation reactions. MIL-
53(Fe) is an iron(III) containing MOF built from chains of Fe (III) octahedra and  
1,4-benzenedicarboxylic acid, has been chosen as the target catalyst due to its stability, low cost and 
non-toxic nature. Recently, MOFs are found to be a potential alternative catalyst in multicomponent 
reactions. Xanthene derivatives are important classes of heterocyclic compounds used as leucodyes in 
laser technology and pH sensitive fluorescent materials for the visualization of biomolecules. Similarly, 
pyran derivatives occupied an important area in natural chemistry, especially in plant life and shown 
significant pharmacological and ecological activity. 

In the present work, MIL-53(Fe) MOF is used as a solid Lewis acidic catalyst for the synthesis 
of substituted xanthenes and pyrans under mild conditions. The coordinatively unsaturated metal sites 
present in MIL-53(Fe) MOF catalyze this reaction with catalytic amount of the catalyst. A series of 
substituted xanthene and pyran products are synthesized with good to excellent yield. The major 
advantage of the present catalyst is eliminating the stoichiometric amount of metal salts and avoids 
homogeneous catalysts. The catalyst is reused for several cycles without losing in catalytic activity. The 
observed results are rationalized by proposing a suitable mechanism. 
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Abstract 

Emulsion liquid membrane (ELM) is an alternate to the existing separation processes, showing 
many advantages in terms of efficiency, energy consumption and operational costs. The choice of the 
diluent is shown to affect the rate of metal extraction. In this research the possibility of replacing the 
synthetic diluent kerosene was investigated.   
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Amphiphilic Silica Nanowires Surfactant were used to prepare the Pickering emulsion liquid 
membrane (PELM) system, in which the internal water and oil emulsion can simply demulsified by 
centrifugation. The percentage removal of chromium (VI) from aqueous solution by Pickering emulsion 
liquid membrane was investigated experimentally for various diluents (oils) such as coconut, sunflower, 
neem, pungai and mahua oils respectively. It was found that the percentage removal of chromium (VI) 
using mahua oil was high as 99.74%. 

Keywords: Pickering emulsion liquid membrane, Amphiphilic Silica Nanowires Surfactant, Diluent, Chromium (VI) extraction. 

 

 

Figure 1. SEM Image of the prepared Amphiphilic silica nanowires surfactant with 35% precursor (ethanol) 
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Microporous organic polymers (MOPs) are an important class of porous materials, which are 
constructed from monomers as organic building blocks and have shown great potential in a variety of 
applications such as gas storage and separation, catalysis, and chemical sensing[1]. Over the past decade 
the organic sol-gel processes have a great attention towards synthesis of microporous organic 
networks[2-4] and dynamic covalent imine gels[5,6]. The synthesis of porous polyaminal networks 
derived from melamine via Schiff base condensation of melamine and aldehydes has grown 
tremendously due to their broad applications in gas storage & separation, catalysis and sensors etc. 
Initially tetraphenyladmantane based polyaminals[7] have been synthesised via condensation of 2,4,6-
triaminopyrimidine (TAP) and bulky tetraaldehydes but no other reports have been developed so far 
using TAP for synthesis of polyaminal networks. Hence we carried out the Schiff base condensation of 
TAP and mono- and di-aldehydes in aprotic polar solvents like DMF and DMSO, which leads to porous 
polyaminal network gels. The gelation conditions are studied using various parameters such as solvent, 
concentration of the sols, temperature and molar ratio of the reactants. We observed that the molar ratio 
of the reactants highly influence the gelation and also controls the opaque to transparent gel 
transformation. Our careful experiments clearly revealed that the molar ratio of the reactants only 
strongly influences the transparency of the gel rather than solvents, concentration of the reactants and 
temperature. The polyaminal network gels are well characterised using FT-IR, Powder XRD, 
thermogravimetric analysis, solid state 13C & 15N CP-TOSS NMR spectra, pore and surface area 
analysis, and electron microscopic studies. In addition, the polyaminal networks (PT-1.5 xerogel) acts 
as heterogeneous catalyst for Knoevenagel condensation of arylaldehydes and ethylcyanoacetate. The 
catalyst can be easily recovered and reused for three times without much loss in catalytic activity.  
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Scheme. Organic sol-gel synthesis of 2,4,6-triaminopyrimidine-based polymeric networks 

Figure. a) Inversion test of polymer gel derived from TAP and TPA in 1:1 and 1:1.5 molar ratio (from left to right) respectively; b) 
Transparency of PT- gel (upper) and PPF-gel (lower); c) inverstion test of PPF-3-gel derived from TAP and Paraformaldehyde. 
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Multicomponent reactions play a significant role in the field of organic synthesis in recent years 
due to their simple procedure, shorter reaction times, minimum waste production, one-pot technique 
and high degree of atom economy[1]. The skeleton of enamino diketone is a basic structural feature 
found in a numerous essential pharmaceutical and agro-chemical molecules, having antimicrobial, 
antibacterial, anti-inflammatory, antiaggregant, antiischemic, antileukemia[2] and other types of 
physiological activities. β-Enaminones are also known as effective and ecologically relevant herbicides 
and safe plant protection agents[3]. Additionally, some compounds with the enamino diketone skeleton 
have great potential for complexation with different metals such as Pd, Ni, and Cu, and the products 
have different biological activities[4]. In recent times porous organic polymers (POPs) have attracted 
increasing research interest because of their extensive potential to accommodate various reactive 
functional groups in the framework and these materials are explored in several frontline areas of  energy 
and environmental research, including gas storage and their selective separation from the mixture of 
gases, heterogeneous catalysis, sensors, optoelectronic devices etc[5]. These materials have advantages, 
such as low density, cheap and easy synthesis, tenability, high stability to thermal treatment with water 
and most of the organic solvents, high thermal stability and permanent porosity[6].  
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In the present work, synthesis of β-enaminones from trans-β-nitrostyrenes, β-dicarbonyl 
compounds and amines is described via one-pot reaction using polyaminal networks as heterogeneous 
catalysts at 60 oC in EtOH as solvent. The reaction conditions are well optimized and the resulting 
products are confirmed by ESI-Mass and NMR techniques. The proposed system has the advantages of 
simple procedure, milder reaction conditions, shorter reaction times, cost effectiveness, good yields and 
reusability. The heterogeneous catalyst is prepared from simple starting materials, 2,4,6-
triaminopyrimidine and terephthalaldehyde using DMF as solvent at 150 oC in the autoclave for three 
days. Then it is washed thoroughly with various solvents and dried well. The dried material is well 
characterized by FT-IR, solid state 15N & 13C CP-TOSS NMR, Powder XRD, TGA, BET, SEM and 
TEM analysis.  

 

Scheme: One-pot synthesis of β-enaminones using OPN as heterogeneous catalyst. 
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Imidazopyridine, an important class of nitrogen containing heterocycles, shows a wide range 
of biological activities such as antitumor, antiparasitic, antiviral, antimicrobial, fungicidal, anti-
inflammatory, hypnotic, etc.1 These derivatives are also GABA and benzodiazepine receptor agonists, 
β-amyloid formation inhibitors, and cardiotonic agents.2 In addition, this motif is the core structure of 
some marketed drugs such as necopidem, saripidem, zolimidine, olprinone, zolpidem, and alpidem.3 
Furthermore, a few of them exhibit excited-state intramolecular proton transfer.4 Different strategies 
have been reported to synthesize imidazo[1,2 a]pyridine scaffolds which include condensation 
reactions,5 oxidative coupling reactions and three-component coupling,5 intramolecular amino 
oxygenation/ C–H amination6 and coupling between 2-aminopyridine and nitroalkenes. However, 
looking inside the synthetic strategies, it was observed that most of the methods have used 
binucleophilic 2-aminopyridine as starting material and the initial nucleophilic addition mostly 
proceeds by exocyclic amino group resulting 3-nitro/carboxylic ester/keto/ amino/sulfenyl 
functionalized imidazopyridine moieties. The pharmacological activity of imidazopyridine derivatives 
is shown to be dependent on the nature of substituents at different positions.  
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 There is continuous effort toward the development of new methods for the synthesis of this 
class of compounds with a variety of substituents at the 2 and 3 positions. Nitroimidazopyridines are 
important derivatives and are generally used as a key intermediate to synthesize polyfused 
imidazopyridine derivatives. Recently nitroalkenes have been used as a coupling partner with 2-
aminopyridines for the synthesis of 3-nitroimidazopyridines.7 However, there is no such method for the 
synthesis of the 2-nitroimidazopyridines. Therefore, we became interested in whether we can change 
the substituent selectivity on the imidazo[1,2-a]pyridine moiety by the reaction between 2-
aminopyridine and nitroalkene under suitable reaction conditions. Here, we have demonstrated an 
efficient and regioselective protocol for the synthesis of novel 2-nitro-3- arylimidazo [1,2-a]pyridines 
via TEMPO catalyst under mild and solvent free conditions.  

 

Figure: 1 Synthesis of 2-nitro-3- arylimidazo [1,2-a]pyridines 
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Cd(II) from wastewater: Parameter optimization, Equilibrium, Kinetics and 
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Abstract 

New polyurethane synthesized using two-stage polycondensation technique with 
dihydroxyphenylthiourea monomer and methylenediisocyanate in DMF medium. The synthesized 1H-
NMR of N-(4-hydroxybenzal)N’(4-hydroxyphenyl)thiourea monomer and Polyurethane polymer were 
characterized using nuclear magnetic resonance (NMR).  

1H-NMR spectrum of Monomer and polymer PU 

The –NH proton is observed at δ=9.78 ppm, while that of –OH proton appeared at δ=9.40 ppm. 
The –N=CH- proton is shown at δ=7.76 ppm and signals at δ=7.45-6.96 ppm are accounted for eight 
aromatic protons. The –OH proton of monomer appeared at δ=9.40 ppm, is not seen in the 1H-NMR of 
polymer PU indicating the formation of urethane link. The signal at δ=9.8 ppm is due to the –NH 
protons. The –N=CH– proton is accounted for the signal at δ=8.5 ppm. Signals at δ=7.7-7.2 ppm are 
due to the aromatic hydrogen of the diol and diisocyanate monomers. Hydrogen of the urethane links 
appears at δ=7.11 ppm. The -CH2- protons present between the phenyl rings appeared at δ=1.23 ppm.  

   From the FTIR spectrum of polymer PU, the –NH stretching frequency of the urethane 
link is observed at 3306 cm-1. Since the –CH=N– stretching frequency and the C=O non bonded 
urethane stretching frequencies falls in the same region a peak with a shoulder at 1644 cm-1 is accounted 
for both. The H–N–C=O amide II band is observed at 1510 cm-1.  From the TGA thermogram of PU, 
Due to the hydrogen bonding of the urethanes, the polymer has good thermal stability. PU is stable upto 
330ºC and beyond this the polymers undergoes single stage decomposition. From the TGA analysis it 
can conclude that PU is thermally stable and could be used above 300 º C. The surface of the polymer 
was found to be porous and non-homogeneous in nature. The synthesized polymer was subjected as 
adsorbent for the removal of Ni(II) and Cd(II) ions using batch mode adsorption studies. The process 
parameters such as solution pH, initial metal ion concentration, contact time and adsorbent dose were 
optimized. Using optimized parameters, adsorption isotherm studies and kinetic studies were carried 
out. These results indicated that the reaction is spontaneous, feasible in nature following redlich 
isotherm model with pseudo-second order kinetic model (Table 1).  
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Kinetic models Parameter Ni(II) Cd(II) 

Pseudo-first-order 
equation 

kad (min-1) 0.0474 0.0568 
qe, cal (mg/g) 84.33 104.15 

R2 0.9943 0.9916 

Pseudo-second-order 
equation 

k (g mg-1 min-1) 6.14×10-4 5.85×10-4 
qe ,cal (mg/g)  105.26 104.16 

h(mg.g-1 min-1)  6.81 6.35 
qe ,expt. (mg/g) 98.56 96 

 R2 0.9966 0.9947 

Intra-particle 
diffusion 

Kp (mg/g. min1/2) 6.9921 7.0958 
C 27.034 24.407 
R2 0.9027 0.8961 

 
Elovich kinetic 

equation 

α (mg/g.min) 48.59 67.73 
β (g/mg) 0.0452 0.0445 

R2 0.9652 0.9596 
Table -1 kinetic parameters and constants of Ni(II) and Cd(II) removal with PU polymer 

The obtained experimental results were plotted using MATLAB 7.0 software to find out the 
adsorption capacity (qe) and isotherm constants. The stability of the polymer in the metal ion solution 
were tested with different elutants and found out that the polymer was stable upto five cycles. The 
thermodynamic studies show that the reaction is exothermic. The adsorption capacity (qe) were found 
to be 480 mg/g for Ni(II) and 458 mg/g for Cd(II) ions under solution pH 6, with 50 mL of metal ion 
solution (20 mg/L) in 60 minutes.  
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Abstract 

Developing a cheaper and eco friendly solvent is of gaining importance in organic synthesis 
[1]. Ionic liquids (ILs) and their equivalent known as deep eutectic solvents (DESs) with desired 
properties were recognized as potential substitutes to be used as “green” solvents for industries [2–7]. 
DESs include simple eutectic mixtures made from a combination of quaternary ammonium salts, like 
choline chloride (ChCl), with either hydrogen bond donors like urea and glycerol, or with metal halides 
(complexing agent) like zinc chloride. Such eutectic mixtures have emerged as biodegradable, 
economical alternatives and efficient replacement for conventional solvents and molten salts. Due to 
their high polarity, metal halide based DESs have outstanding salvation properties and can serve as high 
temperature electrolytes, reusable or homogeneous catalysts, and as solvent in biodiesel applications. 
This indicates the wide industrial horizon in which they can play essential roles [7–14]. 

In this work newer glycerol (G) based DESs made from two different metal halides such as 
MnCl2 and ZnCl2 salts were prepared and characterized by measuring some of their important physical 
properties. The DESs obtained from MnCl2 and ZnCl2 with glycerol were introduced to replace 
conventional organic solvents for synthesizing two piperidin-4-ones namely 1-Phenylpiperidin-4-one 
and 1,2,6-triphenylpiperidin-4-one. The DESs and piperidin-4-ones were characterized by FTIR 
spectra. The density of G - MnCl2 DES and G - ZnCl2 DES were found to be 1.30 and 1.62 g cm-3 
respectively. The conductivities of these DES were measured as 0.047 and 0.009 mS cm-1 respectively. 
The melting point of 1-Phenylpiperidin-4-one and 1,2,6-triphenylpiperidin-4-one were observed to be 
90 and 118 oC respectively.  
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Figure 1. Reaction Scheme for Preparation of Piperidin-4-ones using the newly formed DES 

 

Figure 2. FTIR Spectra of DES and Piperidin-4-one Derivatives 
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Abstract  

This research article is to assess the irrigation water quality of major rice growing area of 
Kilvelur Taluk of Nagapattinam District in Tamil Nadu and the influence of basic physico-chemical 
parameters on soil fertility. The water quality index SAR, RSC, Geo-chemical types, classification, 
suitability of water for irrigation purpose.  

Introduction 

A total Number of 30 Bore Well irrigation water samples were collected, which covers 10 
revenue villages in Kilvelur Taluk by collecting 3 samples from each Revenue village. Most of the 
farmers utilize ground water for irrigation. All the physico - chemical parameters like pH, EC, Ca, Na, 
K, SO4, Cl, Mg, CO3, and HCO3 are determined by standard methods and by using standard instruments. 
Then the irrigation water quality results are compared with standard values Recommended by World 
Health Organization (WHO), Bureau of Indian Standards (BIS) and Indian Council of Medical Research 
(ICMR). The proposed work is very essential not only for crop production but also to maintain soil 
fertility, to maintain hazardous free environment and to enhance the living standard and in turn to uplift 
our Agriculturist. Cultivation of alternate crop systems are suggested to those farmers lands which are 
affected by saline water in the coastal area. The concentration and composition of dissolved salts in 
water decides its suitability for irrigation, degradation of ground water quality of the aquifers causing 
sea water interference into the coastal aquifers [1].  

Study Area 

The study area is Kilvelur Taluk of Nagapattinam district coastal region in the southern 
Tamilnadu State located in the coastal region of Bay of Bengal 10.6664667 Latitude and 79.79605229 
Longitude.This taluk is spread over in 27,445 hectares of Agriculture land. 

Materials and Methods 

Irrigation water samples were collected randomly in a systematic manner covering Kilvelur 
Taluk of Nagapattinam district. A total 30 samples were collected from bore wells in clean plastic cans 
of 1 liter capacity. The bottles are tagged individually for sufficient information similar to date, location, 
deepness of well. The results of the average mean value of irrigation water quality parameters are shown 
in Table 1.The percentage of irrigation water quality parameters are shown in Table 2. Irrigation water 
status of kilvelur taluk are shown in Fig 1 to 4.Water samples analyzed by standard methods [2-6].  

Table 1: Average mean value of irrigation water quality parameters of kilvelur taluk in Nagapattinam district. 

  

Sl

. 

N

o 

NAME 

OF 

THE 

TALU

K 

p
H

 

E
C

(d
s 

m
-

1
) 

 

ANIONS 

(meq/lit) 

 

CATIONS 

(meq/lit) 

R
S

C
 

S
A

R
 

Type Class 

C O
 

H C C
l 

S O
4
 

T o
t C a
 

M g
 

N a
 

K
 

T o
t

1 
KILVE
LUR 
TALUK 

7.

56 

1.

46 

0.

7 

6.

26 

7.

50 

0.

38 

14

.4 

3.

58 

4.

5 

5.

8 

0.

24 

14

.3 

1.

26 

2.

96 

C1S1

R1 

NaH

CO3 



- 178 - 

 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

Table 2: Percentage of irrigation water quality parameters of kilvelur taluk in Nagapattinam district. 

IRRIGATION WATER STATUS OF KILVELUR TALUK 

Figure.1 Electrical Conductivity Rating              Figure.2     Residual Sodium Carbonate Rating 

Figure.3 Sodium Absorption Ratio Rating Figure .4   Geo Chemical Type Rating 

Result and Discussion 

Assess the 30 irrigation water samples collected from 10 revenue villages in Kilvelur taluk by 
collecting 3 water samples per village revealed that water analysis parameter in Kilvelur taluk, water 
samples with mean status of the C1 S1 R1 classification (table.1 and fig.1 to 4). 

   The irrigation water status of Kilvelur taluk is given in Table 1 and 2, fig.1 to 4. Based on the 
electrical conductivity classification, 43.3% of villages covers under C1 classification, 33.3 % of 
villages covers under C2 classification, and C3 classification is 23.3 %. In Kilvelur taluk, 43.3 % of 
villages cover under C1 classification due to basin area. Based on Sodium Absorption Ratio 
classification, 100 % of villages cover under S1 classification. S2 and S3 classifications are not found. 
In 100 % villages covers S1 classification due to non-saline water.Based on Residual Sodium Carbonate 
classification, 80 % villages cover under R1 classification, 20.0 % for R2 and R3 classification are not 

found. 
  

Sl.N

o 

NAME OF 

THE         

TALUK N
a
H

C
O

3
 

M
g
H

C
O

3
 

C
a
H

C
O

3
 

N
a
C

l 

M
g
C

l 2
 

C
a
C

l 2
 

C
1

 

C
2

 

C
3

 

S
1

 

S
2

 

S
3

 

R
1

 

R
2

 

R
3

 

1 

KILVELU
R 

TALUK 

43.

3 

6.

6 

 

6.

6 

 

30.

0 

 

13.

3 

 

- 

 

43.

3 

 

33.

3 

 

23.

3 

 

10

0 

 

- 

 

- 

 

80.

0 

 

20.

0 

 

- 

0

20

40

60

80

100

120

S1 S2 S3

P
E

R
C

E
N

T
A

G
E

  O
F

 O
C

C
U

R
R

E
N

C
E

SODIUM ABSORPTION RATIO(Meq/lit)

0

10

20

30

40

50

60

70

80

90

R1 R2 R3

P
E

R
C

E
N

T
A

G
E

 O
F

 O
C

C
U

R
R

E
N

C
E

RESIDUAL SODIUM CARBONATE(Meq/lit)

0

5

10

15

20

25

30

35

40

45

50

C1 C2 C3

ELECTRICAL CONDUCTIVITY(dsm-1)

0

5

10

15

20

25

30

35

40

45

50

NaCl CaHCO3 NaHCO3 CaCl2 MgCl2 MgHCO3

P
E

R
C

E
N

T
A

G
E

 O
F

 O
C

C
U

R
R

E
N

C
E

 

GEO CHEMICAL TYPE 



- 179 - 

 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

Conclusion 

The present study assess the water quality status of Kilvelur taluk exposed that they have 
become an significant trouble (Yield limiting factor) in Kilvelur taluk.Hence the suggestion for different 
type of water for better yield. Sodium and chloride such water could be improved by gypsum 
application. Chemical amendments are aimed at to introduce favorable cationic ratios. If water contains 
high sodium and magnesium bicarbonates, gypsum can be added to irrigation water. Soils irrigated with 
poor quality water are low in fertility particularly nitrogen. Nitrogen response in good when is applied 
along with manure, under saline and alkaline soils, should be avoided due to nitrogen loss. 
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Heterogeneous chemical reactions between two reacting species located in immiscible phases 

are often inhibited due to the encounter problem. Conventional techniques to avoid this mutual 
insolubility problem rely on the use of the rapid agitation and the use of cosolvent.The rapid agitation 
may have an accelerating effect by increasing the interfacial contact.The cosolvent might resolve the 
mutual insolubility problem. They are certain disadvantages such as the problem of promoting 
competing hydrolysis pathways and the difficulties in their purification and removal. A plausible 
technique now widely known as “phase transfer catalysis” (PTC) developed for overcoming the 
encounter problem due to the mutual insolubility of solvent. PTC deal with the transfer of reactant 
anions from an aqueous into an organic phase, where the reaction take place to obtained acceleration of 
the rate high under mild reaction conditions (1-2). The rate of polymerization (Rp) of alkyl methacrylate 
under different phase transfer catalyst (PTC) can be influenced by the nature of active site of the catalyst 
(3-4). Three PTC (Single-site PTC, Di-site PTC and Tri-site PTC) were used for the polymerizations 
of alkyl methacrylate in two phase system at 60± 1ºC under inert condition. An increasing trend on the 
Rp of catalyst and alkylmethacrylate is TPTC>DPTC>SPTC and GMA>BMA>EMA>MMA. The role 
of polymerization reactions parameters such as monomer, catalyst, initiator and temperature, solvent 
polarity on the rate of polymerization of alkyl methacrylate was investigated using different PTCs. 
Based on the kinetic studies, a plausible mechanism has been proposed and its significance was 
discussed. The obtained polymer was confirmed by spectral analysis. 
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Benzo[b]pyran is a polycyclic organic compound that results from the fusion of a benzene ring 
to a heterocyclic pyran ring. It is one of the privileged scaffolds with a medicinal pharmacophore such 
as antivascular, antimicrobial, antioxidant, anticoagulant, estrogenic, anti-helminthic, anticancer[1], 
anti-HIV, anti-inflammatory[2], analgesic, herbicidal[3]and anticonvulsant. Tetrahydrobenzo[b]pyran 
derivatives were synthesized by simple condensation of three components such as aldehyde (1 mmol), 
malononitrile (1 mmol) and cyclic dimedone (1 mmol) in ethanol (5 mL) at room temperature in the 
presence of Limestone as base heterogeneous catalyst. Limestone is an organic sedimentary rock 
composed primarily of calcium carbonate and mainly found in clear, warm and shallow marine water. 
It is formed due to the accumulation of shell, coral, algal and fecal debris. Limestone from Sayamalai 
village of Tirunelveli district was formed by direct precipitation of calcium carbonate from marine water 
and it is utilized as a source of heterogeneous base catalyst for the synthesis of Tetrahydrobenzo[b]pyran 
derivatives. It is a simple and easy work-up, low cost, green process, inexpensive catalyst, short reaction 
times and excellent yields of the products are the advantages of this procedure. 

To find the optimized conditions, the reaction of benzaldehyde (1.0 mmol), dimedone (1.0 
mmol), malanonitrile (1.0 mmol) in ethanolic medium as a model reaction in the presence of different 
amount of limestone is examined and variables affecting the reaction yields are studied (Table:1). We 
found limestone to give the excellent yield at room temperature compared to reflux conditions. Among 
the various solvents such as DMF, DMSO, ACN, Ethanol and Water, we found in presence of ethanol 
it gives good yield under ambient conditions. The necessity to use the catalyst was realized by the 
observation that no product was detected when the reaction was carried out in the absence of any solvent 
either at room temperature or at 80oc 
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Table 1: Catalytic Performance of Limestone under various conditions: 

Entry Catalyst Solvent Yield (%)b 

1. Limestone Water 62 
2. Limestone DMSO 54 
3. Limestone Ethanol 98 
4. Limestone Acetonitrile 28 
5. Limestone DMF 51 
6. Limestone - 16 
c7. Limestone Ethanol 71,98 
d8. Limestone Ethanol 69,98 
e9. Limestone Ethanol 71,98 

aldehyde (1.0 mmol), Dimedone (1.0 mmol), malononitrile (1.0 mmol), catalyst (10 mg), Ethanol (5 mL), RT. b Isolated yield. c 

Yield when the reaction carried at room temperature and 60oC respectively. d Yield of the reaction carried with 5 mg and 10 mg 

of catalyst respectively. e Yield when the reaction carried with solvent 2.5 mL and 5 mL respectively. 

We have also investigated the effect of different amount of catalyst upon the reaction. By 
increasing of the catalyst loading to 20 mg the reaction has no significant effect on reaction rate and 
isolated yield of product. After optimizing the reaction conditions, we next examined the nature of 
substituents on the aromatic ring. 

Table 2: Synthesis of substituted Tetrahydrobenzo[b]pyrans using Limestone catalyst: 

Entry RCHO Time (min) Yield (%) Melting Point 

1  C6H5  12 98 228 – 230   ̊c 
2  4-Cl –C6H4 15 89 216  ̊c 
3  4-OH –C6H4 15 90 214  ̊c 
4  4-NO2–C6H4 20 92 172- 174  ̊c 
5  3,4-OCH3-C6H4 20 92 158 – 160  ̊c 

A aldehyde (1.0 mmol), dimedone(1.0 mmol), malanonitrile (1.0 mmol), catalyst (10 mg),Ethanol (5 mL), Room temperature. 
bIsolated yield. 

This cyclocondensation reaction was then investigated with different aldehydes. Replacement 
of benzaldehyde by using electron withdrawing and electron donating group containing aldehyde also 
gives an excellent yield.  

We also examined the reusability of Limestone by studying the catalytic activity of the recycled 
Limestone for the synthesis of tetrahydrobenzo[b]pyrans.  After separation of the product by filtration, 
the filtrate containing the Limestone was rinsed with ether and further vacuumed to dryness at 90 °C 
for 2 h to remove any moisture. The recovered Limestone was reused directly for the next run. It was 
found that the Limestone can be used for the reactions for up to five runs without any appreciable loss 
of efficiency. 

 

Figure: 1. Reusability of catalyst 

This catalyst has a good catalytic effect for the preparation of tetrahydrobenzo[b] pyrans 
derivatives in an excellent yield compared to the previous reported works. In summary, our workup is 
a simple work-up procedure in a very short time and produces good yields. This make our methodology 
a valid contribution to the synthesis of tetrahydrobenzo[b] pyrans. 
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Abstract 

Cellulose is one of promising material for the development of many organic materials in a 
sustainable manner as the biomass required for it is available in plenty and also renewable [1]. The 
scientific reasons for limited utility of cellulose can be easily traced to its highly crystalline and 
intractable nature of its structure. Cellulose molecules are linear and aggregated through van der Wall’s 
forces and strong intra and intermolecular hydrogen bonding [2]. The hydrophilic behaviour of cellulose 
is due to the location of hydroxyl groups in the glucopyranose rings. Most organic solvents do not 
dissolve cellulose due to its highly crystalline nature because of hydrogen bonding. Solid state 
chemical modifications on cellulose could be considered as a viable means of modifying 
its chemical and surface features thereby breaking the hydroxyl group between the hydrogen 
bonds and enabling dissolution in cellulose without degrading its basic structure [3].  

 In our study, mechanochemical treatment was performed on cellulose with the 
objective of modifying its morphology, reducing crystallinity and enabling better dissolution.  
Cellulose, treated with N, N'-dimethylacetamide/lithium chloride (DMAc/LiCl), was subjected to shear 
using rubber as a carrier and shear transfer medium. When cellulose is subjected to mechanochemical 
treatment, significant changes were observed in decrease in crystallinity and surface morphology of 
cellulose. When mechanical shear was used in the absence of DMAc/LiCl treatment, changes in 
crystalline index, morphology and dissolution has not shown any major change compared to that of 
original untreated cellulose. The morphology of regenerated cellulose has shown in Figure 1.   

 
Figure 1: SEM micrographs of (a) mechanical treatment of Cellulose and (b) mechanochemical treatment of cellulose 
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Abstract 

Currently, Deep Eutectic Solvents (DESs) frequently used for the designing of biomedical 
application. Attributable to DES is a good biocompatibility, biodegradability and non-toxic nature. In 
the present study, we demonstrated that a development toward destination of innovative properties of 
DES were designed and used for polycondensation process for drug delivery application. The 
polycondensation optimized in the excess of hydroxyl group of DES. In the resulting Polycondensation, 
the presence of these salts Choline chloride and Citric acid in the ratio of 1:2. Herein, we have 
successfully synthesised Poly (ε-caprolactone-co-citrate). Camptothecin (CPT) encapsulated Poly (ε-
caprolactone-co-citrate) were prepared by nano precipitation technique. Optimization of DES and after 
polycondensation of DES was characterized by UV, FT-IR spectroscopy. Then FT-IR, XRD, Raman 
spectra, TGA, and SEM were considered as the confirmation of carrier and CPT loaded carrier. In- vitro 

and in-vivo studied CPT loaded Poly (ε-caprolactone-co-citrate) potency of the drug delivery system. 
The Poly (ε-caprolactone-co-citrate) in DES carrier for the sustainable delivery of anti-cancer drug.  

Keywords: Biocompatibility, Camptothecin (CPT), ε-caprolactone, Drug delivery, Deep Eutectic Solvent.  

1. Introduction 

The frequently solvents has been used for variety of application by Deep eutectic solvents 
(DESs). Even though, the developments observed with ionic liquids (ILs) in before 21st century [1]. 
The lot of application are using DESs. However, the limited applicability of ILs. DESs are composed 
of two or more compounds that are capable of self-association, often through hydrogen bond interaction 
to form DESs. This DESs strong interaction is responsible for the decrease of the melting point lower 
than individual compounds.  

2. Experimental section 

2.1. Synthesis of DESs 

DESs was synthesised according to the methods described previously literature [2]. Briefly, a 
synthesis of choline chloride and citric acid salts mixture were synthesized. At different molar ratios of 
choline chloride and citric acid from (1:1, 1:2 and 1:3) at 280C for 1 hr until clear, transparent 
homogeneous liquids obtained. 

3. Characterization of DESs 

3.1. FT-IR analysis  

FT-IR spectra of samples was observed from KBr samples pellets within the range of 400-4000 
cm-1 on a FT-IR spectroscopy (Spectrum GX-I, Perkin Elmer, Waltham, MA, USA).   

4. Result and discussion 

4.1. FT-IR 

FT-IR spectra bands corresponding to the Choline chloride, citric acid, DES-I (1:1), DES-II 
(1:2) were presented in (Fig. 1). The DESs system between pure Choline chloride, citric acid can be 
consider based on the FT-IR spectrum of DES-I (1:1), DES-II (1:2) represented in (Fig. 1C, D). 
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Pure choline chloride showed various peaks characteristic of the (O-H) stretching, (-CH3) 
bending, (-CH2) stretching, (N-C) stretching, (Cl-) stretching vibrations at 3422, 1482, 1082, 869, 667 
cm-1, respectively in (Fig. 1A). The citric acid shows characteristic peak at broad bond around 3613 cm-

1 is assigned to (O-H) stretching vibration. The peak at 1712 cm-1 corresponded to the (C=O) stretching 
vibration. Other peak at indicated a (O-H) stretching vibration at 1186 cm-1 (Fig. 1B). On the other 
characteristic spectrum, the formation of DES was confirmed by the FT-IR spectrum of DES-I (1:1), 
DES-II (1:2) as shown (Fig. 1C, D). The representative peak of carboxylic acid group (1712 cm-1 for 
the C=O) and the peak of hydroxyl group (1186 cm-1 for the OH) can be also observed in the citric acid. 
In the DES-I, DES-II only representative peak of carboxylic acid group (1745 cm-1 for the C=O) can be 
observed while hydroxyl group is not present. In the DES-I, DES-II no evidence hydroxyl group 
presence can be found. The peak involved in the H-bonding responsible for choline chloride is shifted 
and broader in the DES-I, DES-II (3089, 3220 cm-1 respectively) for the O-H groups for carboxylic acid 
and hydroxyl. At molar ratio of DES-II (1:2), the hydroxyl group peak became stronger and wider due 
to the increasing number of hydrogen bonds compare with DES-I (1:1).  

 

 Fig. 1. FT-IR results characterization for A) Choline chloride B) Citric acid C) DES-I (1:1) D) DES-II (1:2). 
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7.33 Summer affects calcification to organic matter production in coralline red alga Amphiroa 

fragilissima occurring along the Thondi coast (Palk Bay, Indian) 
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Abstract 

Marine calcareous algae (CA) are unique subset of seaweeds (marine macroalgae) which 
incorporate calcium carbonate into their thalli. As a quite diverse group, calcification has evolved 
independently in the three major classes of seaweeds: Rhodophyceae, Chlorophyceae and 
Phaeophyceae commonly called as red, green and brown, respectively.CA dominate biotic communities 
in many subtidal, intertidal and tide pool environments worldwide. This marine algae deposit crystals 
of calcium carbonate (CaCO3) in the cytozol or cell walls and significant contributors to the coastal 
calcium carbonate (CaCO3) deposition. In marine ecosystems, rising atmospheric CO2 results increase 
in the dissolved inorganic carbons (CO3, HCO3 and H2CO3) cause ocean acidification (OA) which affect 
the primary production as well as carbon mineralization of CA. Thus CA is most sensitive calcifiers to 
OA.  Studies on the effect of OA on calcification process in calcareous macroalgae are recently 
increased because of the extended contribution of CA on reef building.  

In this study, carbon mineralization by marine calcareous alga commonly called coralline red 
alga Amphiroa fragilissima(Fig. 1 )in varying seawater and soil chemistry occurring along the Coast of 
Thondi(Palk Bay, Indian) was made. Calcium and magnesium content of seawater and soil were 
analyzed on monthly basis. The pH, CO2, alkalinity and salinity of seawater and calcium carbonate 
content of soil were recorded(Fig. 2). The monthly variations in the pH, calcium and magnesium were 
not significant whereas high significant (P > 0.01) in the CO2, total alkalinity and salinity of seawater 
was observed. High significant difference in soil calcium carbonate and calcium (P > 0.01) was 
observed but magnesium show insignificant difference. 

Carbon sequestration parameters such as biomass (dry weight), morphological volume, ash, 
total mineral, calcium and magnesium showed high significant (P > 0.01) difference among various 
seasons. The alga accumulated maximum biomass, ash content, calcium, magnesium and total 
biomineral during monsoon season whereas maximum morphological volume recorded in summer 
season and minimum morphological volume recorded in the monsoon season. Maximum organic matter 
and organic carbon was recorded in summer season and minimum in monsoon season whereas inorganic 
carbon was maximum in monsoon season and minimum in summer season(Fig. 3). These results show 
the diversion of carbon towards organic carbon accumulation in summer which affects calcification by 
inorganic carbon accumulation favoured in monsoon. Carbonate crystals such as calcite, aragonite and 
dolomite recorded by FTIR and XRD indicate the presence of high Mg-calcite, magnesium calcite, 
calcite and hydrocerussite correlated with high magnesium in the seawater of Thondi coast during 
monsoon favour calcification reflected by high magnesium calcite(Fig. 4). Significant correlation 
between calcium and magnesium on total mineral and ash content recorded in Amphiroa fragilissima 
further supported the calcification by seawater of monsoon season. This study concludes that soil 
carbonate and seawater chemistry during monsoon season support inorganic carbon sequestration 
whereas summer favoured organic matter accumulation hence the extended summer affect the 
calcification of calcareous alga Amphiroa fragilissima occurring along the Thondi coast.  

Key words:  Calcareous algae, calcification, carbonate crystal, carbon accumulation, Magnesium calcite 

Fig.1 Amphiroa fragilissima collected along the Thondi (Palk bay) coast  
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Fig.4 XRD characterization of Amphiroa fragilissima collected at various seasons along the Thondi (Palk bay) coast in the month January 
2014 to December 2014 
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It becomes essential to study the thermal stability, heat resistance, life time of polymeric 
materials for their direct practical applications and also its degradation kinetics and degradation 
mechanism for recycling processes such as cracking of huge quantity of plastic wastes which creates 
various environmental safety issues. From thermogravimetric analysis (TGA) data, the kinetic triplets, 
activation energy for degradation (E), pre-exponential factor (A) and reaction model ���	
� can be 
estimated. There are two approaches in estimating the E, model fitting and model free methods. Model 
fitting methods are based on compensation effect which can produce absurd results when compared to 
model free methods. The model free kinetics follows the isoconversional principle[1] which assumes E 
is only a function of temperature for a specific conversion (α).  

Friedman (FRD) method is the most common method used to estimate E. The method follows 
the procedure of taking natural logarithm on either side of the general non-isothermal solid state 
transformation. 

	
��	
 = �

� ���
��  � 

Flynn-Wall-Ozawa (FWO) proposed an integral approach which used the temperature integral 
proposed by Doyle and using a linear approach estimated E from the following relation. 

ln �� = ln � ��
����
� − 1.0518 �

���
− 5.330 
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Another method that has been commonly used was proposed by Kissinger-Akahira-Sunose 
(KAS) which used the temperature integral developed by Coats-Redfern. However, both these methods 
are slightly unreliable due to the systematic errors. In order to rectify that problem, Farjas[2] has 
proposed an iterative approach to estimate E. A term X' = E/RT' has been introduced, where, T' is the 
average temperature over the conversion. The following are the new Corrected FWO (C-FWO) and 
Corrected KAS (C-KAS) relations.  

ln �� � ln ξ*+, � ln � ��
����
� � 1.0518	 ���� � 5.330 

ln ��
��- � ln ξ./0 � ln ��

��	
� �	 ����  

whereξ*+, and ξ./0 are the iterating terms which are the parameters of  X'.  
The results were validated for the thermal degradation of polypropylene under four different 

heating rates viz. 10, 15, 20 and 25 ºC/min. From the results it is evident that the E estimated using 
FRD, FWO and KAS methods shows abnormality at higher values of conversion whereas C-FWO and 
C-KAS shows very smooth pattern which is shown in Figure1. From this it can be concluded that the E 
estimated using C-KAS and C-FWO methods are better than other methods.  
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7.35 Aza-Baylis–Hillman Reaction of salicyl N-tosylimines with N-substituted maleimides under 

solvent free condition. 
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Heterocycles are of great value in the design and discovery of new biologically active 
compounds. The development of efficient processes to construct heterocycles, using metal-free catalysts 
has been drawing much attention over the past decades.1 Spirocyclic systems containing one carbon 
atom common to two rings are structurally interesting. Especially among them, the spirocyclic 
benzofurans have attracted considerable attention due to their useful pharmaceutical activities.2 Baylis-
Hillman reaction is one of the most atom economical and important carbon-carbon bond forming 
reactions. It has made great progress recently due to the considerable reduction of reaction time, wide 
range of the substrates employed and its asymmetric version as compared to the classical reaction. 3,4 
Recently, the Baylis-Hillman reaction of salicylaldehydes or salicyl N-tosylimines with various α,β-
unsaturated compounds has been well studied and formation of different kinds of heterocycles were 
reported. In the continuation of our works in Baylis-Hillman reactions using maleimides.5,6 We planned 
to study the Aza-Baylis-Hillman reactions of salicyl N-tosylimines with maleimide in the presence of 
DABCO as catalyst under solvent free condition. 
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Figure 1: Synthesis of spirobenzofurans 

The use of maleimide as activated olefin in aza-Baylis-Hillman reaction was limited.  
The noteworthy advantages of our protocol are tolerates structurally diverse substrates, reaction 

proceeds under solvent free green condition, provides diastereoselectivity upto 80-90%.  
Keywords: Aza-Baylis-Hillman reaction, Salicyl N-tosylimines, Maleimide, DABCO, Spirobenzofuran 
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CO2 in polymers using High Pressure NMR Technique  
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Super critical carbon-dioxide, sc -CO2 is one of the most attractive media from not only 

scientific but also industrial view points because CO2 is environmentally acceptable, non-flammable, 
relatively non toxic and in expensive, and the solvents properties of sc-CO2 can be tuned widely by 
adjusting pressure and temperature [1-2]. In our ongoing studies figure 1, polymer and monomer 
interaction in sc-CO2 haves been investigated. High Pressure NMR experiments to determine the 
solubility of Poly ethylene glycol and carbon dioxide have been performed in the temperature range 40 
– 80 °C and the pressure range 45 – 85 bar of carbon dioxide. In general, the results agree fairly well 
with previous experiments for similar polymers, as well as showing the correct trends in terms of 
temperature and pressure [3]. The precise measurements of NMR chemical shifts can provide promising 
results for understanding the surrounding of solute molecules in supercritical fluids.  

 
Figure 1. High Pressure NMR studies on solubility of polyol and its monomer in sc-CO2 for the insight into the mechanism of polyurethane 

production.  
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7.37 BIOSORPTION OF ARSENIC (V) FROM AQUEOUS SOLUTIONS ONTO CHITIN OF 
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Abstract  

Arsenic is a ubiquitous element, occurs naturally in both organic and inorganic forms. Under 
aerobic condition it becomes poisonous in drinking water. Removal of arsenate (As(v)) by biosorption 
with prepared shrimp shell chitin is sensitive to solution pH. Batch experiments were performed to 
investigate effects of various parameters such as contact time, pH, initial concentration, temperature 
and adsorbents dosage. Kinetic data reveal that adsorption was rapid at the beginning and equilibrium 
was achieved within 3 hrs. The adsorption data fitted Langmuir isotherm at low temperatures, freundlich 
isotherm at high temperatures. The maximum adsorption capacity calculated from Langmuir model was 
up to 28mg/g. The adsorption process was well described by pseudo-second-order kinetics, and 
controlled by chemical process. FT-IR analysis reveal the possible interaction between adsorbent and 
metal ions. 
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SEM images confirmed the adsorption of As(v) onto prepared chitin through morphological 
observation. The adsorption capacity is comparable to results published by other authors, suggesting 
that the prepared modified biosorbent has potential in remediation of contaminated waters. 

Keywords: As(v) removal, Adsorption, Bisorption, Chitin, Kinetics, Water/Waste water 

Figure  
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7.38 REMOVAL OF BASIC DYE FROM AQUEOUS SOLUTION USING ACID ACTIVATED 

CARBONS DEVELOPED FROM THE VARIOUS TREE BARK: ADSORPTION 
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Abstract 

Removal of Rhodamine B in aqueous solution on the various tree bark carbons such as 
Eucalyptus Globules Bark Carbon (EGBC) Emblica officinalis bark carbon (EOBC) have been studied. 
The effect of various experimental parameters has been investigated using a Batch Adsorption 
technique (BAT) to obtain information on treating effluents from the dye industry. The extent of dye 
removal increased with decrease in the initial concentration of the dye and increased with increase in 
contact time, amount of adsorbent used and the initial pH of the dye solution. Adsorption data were 
modeled using the Freundlich and Langmuir adsorption isotherms and first order kinetic equations. The 
kinetics of adsorption was found to be first order with regard to intra-particle diffusion as the rate 
determining step. The adsorption capacity of dye has been compared with Commercial activated carbon 
(CAC). The results indicate that EOBC is one of the best adsorbent that can be used in wastewater 
treatment for the removal of colors and dyes. It is also reported to have been confirmed by SEM photos 
and FT-IR spectra, before and after adsorption.   

Keywords: Adsorption of Rhodamine B, Batch Adsorption technique, Eucalyptus Globules Bark Carbon, Emblica officinalis bark carbon 
adsorption isotherms, Kinetics of adsorption.  
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7.39 REMOVAL OF RHODAMINE B FROM AQUEOUS SOLUTION BY ADSORPTION 

USING ACID ACTIVATED ADSORBENTS. 
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Abstract 

Adsorption behavior of Rhodamine B dye by the activated Azadiracbta Indica Bark Carbon 
(AIBC) prepared from  Acacia Arabic tree bark by nitric acid treatment method and Commercial 
activated carbon (CAC) have been carried out with an aim to obtain data for treating industrial effluents 
from textile, leather and dye manufacturing industries. The effect of various process parameters like 
initial concentration, contact time, dosage, initial pH and particle size are investigated by the following 
batch adsorption technique at 30 ± 1ºC. Adsorption data are modeled with adsorption isotherms, the fist 
order kinetics equations proposed by Natarajan-Khalaf, Lagerghan, Bhattacharya-Venkobachar and 
intra-particle diffusion an one of the rate determining steps. The adsorption capacity of AABC is 
compared with CAC. The result of the study revealed that AABC is a suitable adsorbent for the removal 
of dye and the color from aqueous solution.  It is also reported to have been confirmed by SEM photos 
and FT-IR spectra, before and after adsorption.   

Keywords: Adsorption, Rhodamine B dye, low cost adsorbents, adsorptions isotherms, Azadiracbta Indica Bark Carbon, water and land 
pollution, kinetics of adsorptions. 
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Abstract 

Removal of Malachite Green (MG) in aqueous solution on activated Acacia Arabic Bark 

Carbon (AABC) prepared from Acacia Arabic tree bark by nitric acid treatment method and 
Commercial activated carbon (CAC) has been studied. The effect of various experimental parameters 
has been investigated using a Batch Adsorption technique (BAT) to obtain information on treating 
effluents from the dye industry. The extent of dye removal increased with decrease in the initial 
concentration of the dye and increased with increase in contact time, amount of adsorbent used and the 
initial pH of the dye solution. Adsorption data were modeled using the Freundlich and Langmuir 
adsorption isotherms and first order kinetic equations. The kinetics of adsorption was found to be first 
order with regard to intra-particle diffusion as the rate determining step. The adsorption capacity of dye 
has been compared with CAC. The results indicate that AABC is one of the best adsorbent that can be 
used in wastewater treatment for the removal of colors and dyes. 

Keywords: Adsorption of Malachite Green, Batch Adsorption technique, Acacia Arabic Bark Carbon, adsorption isotherms, Kinetics of 
adsorption.  
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7.41 ADSORPTION OF ACIDIC DYE FROM AQUEOUS SOLUTION USING LOW COST 

ADSORBENTS - A COMPARATIVE STUDY 
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Abstract 

Studies on the removal of Acid Violet (AV) dye by adsorption on acid activated carbon like 
Acacia Arabic Bark Carbon (AABC) has been made and the results have been compared with that of 
commercial activated Carbon (CAC). Effect of various experimental parameters has been investigated 
using batch adsorption technique at room temperature (30±1 0C). The percentage removal of AV 
increases with decrease in the initial concentration of AV, initial pH and particle size of adsorbent and 
increases with increase in the contact time and dose of adsorbent. Adsorption data were modeled with 
the Freundlich and Langmuir adsorption isotherms and various first order kinetic equations at 30±1 0C. 
The kinetic of adsorption is found to be first order with intra particle diffusion as one of the rate 
determining steps. The mechanism of adsorption for AV on to various carbons were investigated by 
using the experimental results and confirmed by FT-IR and SEM images. The adsorbent material AABC 
is employed as low cost adsorbent as an alternative material to CAC for the removal of AV. 

Key words :Acid Violet Bark Carbons, Freundlich and Langmuir isotherms, Kinetics of adsorption, Intra particle diffusion, Wastewater 
treatment. 
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Abstract 

Removal of Crystal Violet (CV) in aqueous solution on Acacia Arabic Bark Carbon (AABC) 
prepared from Acacia Arabic tree bark by nitric acid treatment method has been studied. The effect of 
various experimental parameters has been investigated using a Batch Adsorption technique (BAT) to 
obtain information on treating effluents from the dye industry. The extent of dye removal increased 
with decrease in the initial concentration and initial pH of the dye solution and increased with increase 
in contact time, amount of adsorbent used and the particle size of the adsorbents. Adsorption data were 
modeled using the Freundlich and Langmuir adsorption isotherms and first order kinetic equations. The 
kinetics of adsorption was found to be first order with regard to intra-particle diffusion as the rate 
determining step. The adsorption capacity of dye has been compared with that of commercial activated 
Carbon (CAC). The results indicate that AABC is one of the best adsorbent that can be used in 
wastewater treatment for the removal of colors and dyes. 

Keywords: Adsorption of Crystal Violet, Batch Adsorption technique, Acacia Arabic Bark Carbon, adsorption isotherms, Kinetics of 
adsorption.  
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USING LOW COST ACID ACTIVATED ADSORBENTS 
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Abstract 

Adsorption behavior of Aniline Blue dye (Acidic dye) on to various low cost activated carbons 
like, Cassia Arabic Bark Carbon (CABC), Azadiracbta Indica Bark Carbon (AIBC) and Commercial 
Activated Carbon (CAC) have been carried out with an aim to obtain data for treating industrial 
effluents from textile, leather and dye manufacturing industries. The effect of various process 
parameters has been investigated by the following batch adsorption technique at 30 ± 1ºC.Adsorption 
data are modeled with adsorption isotherms, the fist order kinetics equations proposed by Natarajan-
Khalaf, Lagerghan, Bhattacharya-Venkobachar and intra-particle diffusion an one of the rate 
determining steps. It is also reported to have been confirmed by SEM photos and FT-IR spectra, before 
and after adsorption.   

Keywords: Adsorption, Aniline Blue dye, low cost adsorbents, adsorptions isotherms, water and land pollution, kinetics of adsorptions. 
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Abstract 

 Adsorption behaviour of Chromotrope (CH) onto various low cost activated carbons 
like, Eucalyptus Globules Bark Carbon (EGBC), Azadiracbta Indica Bark Carbon (AIBC) and 
Commercial Activated Carbon (CAC) have been carried out with an aim to obtain data for treating 
industrial effluents from textile, leather and dye manufacturing industries. The effect of various process 
parameters has been investigated by the following batch adsorption technique at 30± 1°C. Adsorption 
data are modeled with adsorption isotherms, the first order kinetics equations proposed by Natarajan-
Khalaf, Lagerghan, Bhattacharya-Venkobachar and intra-particle diffusion an one of the rate 
determining steps. It is also reported to have been confirmed by SEM photos and FT-IR spectra, before 
and after adsorption. 

Key words: Adsorption, Chromotrope, low cost activated carbons and commercial activated carbon – adsorption isotherms - first order 
kinetic equations. 
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7.45 Convenient ytterbium triflate catalyzed one-pot multicomponent synthesis of 

spiro[indoline-3,4’-pyrano[2,3-c]pyrazole] 
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1 Department of Industrial Chemistry, Alagappa University, Karaikudi-630006, India. 

*Email: manisankarp@alagappauniversity.ac.in 

Abstract 

We have synthesized a set of multi-substituted spiro[indoline-3,4’-pyrano[2,3-c]pyrazole] from 
of 5-chloroisatin, substituted phenyl hydrazines, 2-chloroacetonitrile/2-bromoacetonitrile/2-hydroxy-
1,4-naphthaquionone and ethyl acetoacetate in the presence of ytterbium triflate as catalyst in one-pot 
four component method at room temperature. Green synthetic methodology was adopted for the using 
green solvent ethanol, low temperature and easy work up which resulted in higher atom economy. The 
synthesized compounds were confirmed by FT-IR, 1D and 2D NMR spectroscopic techniques.     

Key words; Multicomponent synthesis, Spiro-Indole, Lewis acid catalyst, atom-economy, Green synthesis 

 

7.46 Environmentally Benign Copper Triflate Mediated One Pot Multicomponent Synthesis of 

Benzo[g]chromenes Possessing Potent Anticancer Activity  
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Graphical abstract 

 

 

 

 

 

 

Abstract 

An efficient one pot multi component synthesis of highly functionalized 5,10-dihydro-4H-
benzo[g]chromenes-3-caronitrile derivatives from 2-hydroxy-1,4-naphthoquinone, aromatic aldehyde 
and malonitrile in the presence of Cu(OTf)2 catalyst and eco friendly PEG solvent was carried out under 
ultrasonication. The reaction was completed within 10 minutes and resulted in good yield. The 
synthesized compounds were tested for their in-vitro anticancer activity against cervical cancer cell line 
(HeLa). Nine out of ten compounds showed potent antitumor activity better than that of doxorubicin. 
The compound 4h displayed highest activity among the test compounds and doxorubicin with IC50 equal 
to 1.27 µM.  

Keywords: benzo[g]chromene, anticancer activity, ultrasonication, multicomponent one pot synthesis 
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7.47 Bi-polymer based ZnO hybrid composite for better optical and thermal properties 

S.Rajaboopathi, S.Thambidurai* 

Department of industrial chemistry, school of chemical sciences, 

Alagappa university, Karaikudi - 630003, Tamil nadu, India. 

Email:siva.raja2389@gmail.com 

Abstract 

In the present study, bi-polymer based ZnO composite can be synthesized by simple chemical 
precipitation method, chitosan was taken as a biosurfactant and polyethylene glycol was as a stabilizer. 
The functional groups of resultant component from chitosan, PEG and metal oxide were characterized 
and confirmed by FTIR and UV-Visible spectroscopy. The crystallite size was confirmed by X-ray 
diffraction analysis (XRD). The optical activity of the composites was tested by using absorbance and 
transmittance spectra. The ZnO particle intercalated on chitosan-PEG composite thermal characteristics 
was analyzed by TG-DTA, the enhanced thermal stability of ZnO based intercalated CS-PEG has higher 
stability than chitosan. The results demonstrate that ZnO intercalated chitosan-PEG matrix has 
reinforced effect compared to among the other three components. Therefore, ZnO intercalated bi-
polymer based matrix may be promising materials for optically active sensors applications. 

Key words: Chitosan, Zinc oxide, PEG, thermal stability, optical property 

Schematic formation of ZnO intercalated CS-PEG hybrid composite. 
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7.48 Synthesis and characterization of new ionic liquid crystals exhibiting chiral mesophases 
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Ionic liquid crystal (ILCs) are fascinating candidates for a wide variety of applications in areas 

such as sensors, energy storage devices, luminescent material for displays, anisotropic hole transport 
layer, optoelectronic devices and so forth because of their unique features such as high solubility in 
polar solvents, strong interfacial dipoles from the ionic moieties, possibility of ionic and electronic 
migration under an applied electric field, and strong molecular aggregation behaviour due to the 
electrostatic interactions[1]. ILCs form mesophases through various non-covalent interactions and may 
exhibit properties such as macroscopic orientation, ionic conductivity, and the transportation of charges 
in liquid crystalline phases [2].  
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Up to date several ILCs exhibiting different mesophase structures namely, hexagonal, cubic, 
SmA (lamellar) phases have been reported and their ionic conductivity properties have been 
investigated in detail.[3,4,5] However, ILCs which exhibit chiral mesophases are limited in number. 

Herein, we describe the synthesis and characterization of two new calamitic (rod-like) ILCs 
consists of a chiral cholesterol moiety and a terminal imidazolium cation and a triethylammonium 
cation. These compounds were synthesized following a pathway shown in scheme 1 
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Reagents and conditions: a) 11-bromoundeconic acid, 4-dimethylaminopyridine, N,N'-disopropylcarbodiimide, 
dichloromethane , room temperature; (b) 1-methylimidazole, toluene, 80 °C; (c) triethylamine, toluene, 80 °C.  

Scheme 1: Synthetic path way for the calamitic ionic liquid crystal 1 and 2 

These new ILCs are chemically characterized through infrared (IR), nuclear magnetic 
resonance spectroscopy (NMR) techniques and mesophase behaviour was studied using polarizing 
optical micrioscopy (POM), differential scanning calorimetry (DSC) and X-ray diffraction studies 
(XRD). Compound 1 diplayed a high temperature chiral nematic phase (N∗) and a low temperature 
chiral smectic A (SmA∗) phase where as compound 2 exhibited a chiral smectic A phase.  
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7.49 Synthesis, NMR spectral and DFT studies of styryl imidazole derivatives-Nano Sio2 as 

efficient catalyst. 
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Abstract 

A series of novel 2-aryl imidazole derivatives have been designed and synthesized using nano 
SiO2 as an efficient catalyst. Synthesized compounds have been characterized by 1H and 13C-NMR 
spectral studies. The significant features of this nanocatalyst are high product yield, short reaction times 
and vast range of substrates usage. Proton and 13C chemical shift of the synthesized compounds were 
calculated. Single crystal XRD analysis has been carried out to confirm the structure of MDPI (1-(3-
Methoxyphenyl)-4, 5-dimethyl-2-phenyl-1H-imidazole) and it shows the imidazole ring is essentially 
planar and triclinic crystal. Optimization of compound MDPI has been performed by DFT at B3LYP/6-
31G (d, p) using Gaussian-03. Imidazole derivatives have been used to construct highly sensitive 
fluorescent chemosensors for sensing of metal ions. 

    Imidazole ring is one of the important moieties which have been found in a large number of 
natural products and pharmacologically active compounds. Different imidazole derivatives show many 
biological activities such as fungicidal, anti-bacterial, anti-tumoral, anti-inflammatory, anti-oxidant, 
fungicides, herbicides and therapeutic agents. Imidazoles are also having significant analytical 
applications utilizing their fluorescence and chemiluminescence properties. Imidazole based 
chromophores have received increasing attention because of their excellent linear and non-linear 
properties.  Because of their wide range of pharmacological, biological and optical properties, the 
synthesis of imidazole has become an important target in current years. A number of methods have been 
developed for the synthesis of imidazoles. Nano-sized particles increase the exposed surface area of 
active catalyst components, thereby dramatically enhancing the contact between reactants and the 
catalyst. During the past decade, SiO2 has been widely used in sensors, biomedical application and drug 
delivery. Nuclear magnetic resonance (NMR) spectroscopy is a  well established technique for 
providing information about structural diagnosis of organic molecule. The NMR techniques are also 
useful for the conformational analysis. 1H and 13C NMR techniques have been massively applied in 
collecting stereo dynamical information about a broad variety of systems. It provides information about 
the impact of electronic and conformational effects on chemical shifts and coupling constants. In 
continuation of our interest in synthesis of imidazole derivatives and its applications, in this article we 
have narrated the synthesis of some novel 2-aryl imidazoles by using nano SiO2 as a catalyst. The 
synthesized imidazoles were confirmed by NMR spectral techniques and the structure have been 
discussed elaborately. 

NMR spectral studies 

The 1H chemical shifts are quoted after rounding off two decimal points. For compound 1, there 
are two sharp singlets at 2.79 & 2.16 ppm, corresponding to six protons. This should be due to the 
methyl protons at C-4 and C-5. There is a sharp singlet at 2.21 ppm, corresponding to three protons. 
This should be due to methyl protons. There is a doublet at 6.35 ppm, corresponding to two protons. 
This should be due to the o’-H. There is a doublet at         6.75 ppm, corresponding to two protons. This 
should be due to m’-H. There is a triplet at 7.31 ppm, corresponding to two protons. Actually this is 
overlap of two doublets. This should be due to ortho protons. There are two signals at 6.88 and 6.97 
ppm, corresponding to two protons. This should be due to H-7 and H-8. There is a signal at 7.36 ppm, 
corresponding to two protons. This should be due to m-H. There is a signal at 7.14 ppm, corresponding 
to one proton. This should be due to p-H. 
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7.50 SYNTHESIS, CHARACTERIZATION OF BENZIMIDAZOLE (WITH ISOINDOLINE) 

DERIVATIVES BY LEUCKART REACTION AND THEIR ANTIMICROBIAL 

ACTIVITY 

Ashokkumar.N, Umarani.G, Abdul Hassan sathali.A, 
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INTRODUCTION: 

A series of benzimidazole (with isoindoline) derivatives were synthesized and evaluated for 
their antimicrobial activities. The structures of synthesized compounds were confirmed on the basis of 
their spectral data. Many of benzimidazole derivatives were found variety of pharmacological activities 
especially compounds bearing isoindoline derivatives showed better antimicrobial activity than those 
bearing the oxygen atom. Therefore in the present review the chemistry of different derivatives of 
substituted benzimidazole and some of the important methodology (leuckart reaction) used for the 
synthesis has been reported. 

OBJECTIVES: 

To synthesis benzimidazole (with isoindoline) derivatives by leuckart reaction with microwave 
irradiation.  It involves three steps, 

Synthesis of (1, 3-dioxo-1, 3-dihydro-2 H-isoindol-2-yl) alkyl acid. 
synthesis of 2-(1H-benzimidazol-2-yl alkyl)-1H-isoindole-1,3(2H)-dione 
Synthesis of 2-{(1-(4-diaryl)-1H benzimidazol-2yl}-1H isoindole-1, 3(2H) Dione. 

METHODOLOGY: 

STEP 1: SYNTHESIS OF 2-GLYCYL ISOINDOLE-1,3 DIONE: 

Preparation of 2-glycyl isoindole-1, 3 Dione from phthalic anhydride and glycine. 
Synthesis of (1, 3-dioxo-1, 3-dihydro-2H-isoindol-2-yl) acetic acid from 2-benzofuran-1, 3-

dione react with amino acetic acid. 

STEP 2: Synthesis of 2-methyl benzimidazolyl-isoindole-1,3-dione 

Orthophenylene diamine react with (1, 3-dioxo-1, 3-dihydro-2H isoindole-2-yl) acetic acid. 
Synthesis of2-(1-H-benzimidazol-2yl methyl)-1H-isoindole-1, 3(2H)-Dione 
(1, 3-dioxo-1, 3-dihydro-2H isoindole-2-yl) acetic acid react with benzene 1, 3-diamine reflux 

for 2hours with removal of water molecule. 

STEP 3: Synthesis of 2-{(1-benzhdryl-1H-benzo(d)imidazol-2-yl)methyl}isoindoline 1,3-dione. 

Benzophenone react with 2-(1H-BENZIMIDAZOL-2YL METHYL))-1H-isoindole-1, 3(2H)-
Dione and formic acid by leuckart reaction with help of microwave irradiation and removal of water 
and carbon dioxide. 

COMPOUND-2: 

Synthesis of 2-{(1phenylethyl-1H-benzo(d)imidazol-2-yl)methyl}isoindoline 1,3-dione 
Acetophenone react with 2-(1H-BENZIMIDAZOL-2YL METHYL))-1H-isoindole-1,3(2H)-dione and 
formic acid by leuckart reaction with help of microwave irradiation and removal of water and carbon 
dioxide.  
  



- 199 - 

 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

CONCLUSION: 

The synthesis benzimidazole with isoindoline derivatives leuckart reaction is done by micro 
wave irradiation. 

The antimicrobial activity was performed against klebsiella pneumonia, staphylococcus 
epidermis, and candida albicans. The zone of inhibition was performed by cup-plate method. 

 

7.51 SILVER MICROPARTICLES STABILIZED IN A LYOTROPIC LIQUID CRYSTAL 

MEDIUM 

K. Mohana, PR. Meyyathal and S. Umadevi∗ 
 Department of Industrial Chemistry, Alagappa University, Karaikudi, Tamilnadu, India. 

 E-mail: umadevilc@gmail.com and mohanakaruppiah16@gmail.com 

 

Herein, we describe a simple facile method for the synthesis of silver microparticles in a 
hexagonal mesosphase of a lyotropic liquid crystal (LLC) medium at room temperature. LLC are 
interesting class of LC compounds which are formed by mixing an amphiphilic compound, generally a 
surfactant and water at a particular concentration.  These phases display remarkable properties such as 
long range order and mobility at the nanoscale level which offer potential platform for the controlled 
syntheses and organization of nano materials. A binary mixture of water (58 wt%)  and non-ionic 
surfactant triton X-100 (42 wt%) exhibits a hexagonal phase at room temperature. Silver particles were 
prepared in this medium by reducing different concentration of silver nitrate (10mM, 50mM, 100mM) 
using a mild reducing agent ascorbic acid (20mM) without the aid of any external stabilizing agents.  

 

The LC template acted as a directing agent for the growth of microparticles. In addition, the 
template also provided necessary stabilization for the formed particles by preventing them from 
aggregation. The silver particles were characterized using UV-Vis spectroscopy, transmission electron 
microscopy and scanning electron microscopy. The above described method of micro particle synthesis 
is simple, one pot preparation and more importantly a green approach since it does not involve any 
organic solvents or hazardous chemicals. 
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SEM images of silver nano particles in hexagonal phase a) 10mM of AgNO3 b) 50mM of AgNO3 c) 100mM of AgNO3 
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7.52 Fabrication of Graphene Oxide/β-Cyclodextrin Composite and their application in the 

removal of Direct Red 7 dye  
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Abstract 

The aromatic structure of the dyes makes them highly toxic, non-biodegradable. It is essential 
to remove dyes to permissible levels before being discharged to water bodies. Among different 
technologies, adsorption is considered as globally accepted method due to its wide range of applicability 
and economically feasibility. Recently, Graphene Oxide has been used as an adsorbent for water 
treatment. Cyclodextrin, the cyclic fermentation product of starch, capable of specific interactions with 
several molecules, play an important role in wastewater treatment. In this study, Grapheneoxide/β-
Cyclodextrin composite was prepared by hydrothermal method and used as an adsorbent for the removal 
of Direct Red 7 dye. Fabrication was achieved through two steps. (1 )synthesis of graphene oxide by 
hummer’s method (2) loading of β-Cyclodextrin. Characterization was performed by Fourier 
transmission infrared spectroscopy, X-ray diffraction, Scanning and transmission electron microscopy. 
FTIR studies showed the O-H stretching vibration adsorption band at 3450 cm-1, C=C stretching mode 
at 1600cm-1, bands at 1735 cm-1 and 1379 cm-1as stretching vibrations peaks of carboxyl and carbonyl 
groups. The bands of epoxy groups were obtained at  1065 cm-1.  Equilibrium experiments were also 
performed, studying the effect of contact time and temperature. The results showed that the kinetic data 
followed a pseudo-second order model and equilibrium data were well fitted by Langmuir model. 

 Figure 1. SEM IMAGE -GO   Figure 2. SEM IMAGE -GO/CD Composite 
Key words: Graphene Oxide, Cyclodextrin, Direct red 7, waste water, Adsorption. 
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7.53 SYNTHESIS OF CARBONATE DOPED TiO2 SUBMICROSPHERES FOR 

FABRICATION OF PHOTOVOLTAIC SOLAR CELL. 
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ABSTRACT 

The present investigation reports a simple and effective strategy to synthesize TiO2 

micorspheres via solvothermal method. Further, the prepared TiO2 microspheres were doped with 
carbonate and studied for fabricationof dye sensitized solar cells (DSSC). The structural properties of 
TiO2 and carbonate doped TiO2 were studied using XRD. The XRD data suggest that doping of 
carbonate results in the reduction of particle size and also leads to phase transformation from anatase to 
the more stable rutile. Also, the purity of the samples in addition to the phase transformation due to the 
incorporation of carbonate was confirmed with Raman spectroscopy. The optical properties were 
determined using DRS-UV-Vis spectroscopy. Further, the morphological studies performed using 
SEM/EDAX and FESEM shows the TiO2 microspheres are mesoporous in nature and carbonate doped 
TiO2 sub microspheres are observed to have reduced size with uniform distribution of particles. Hence, 
the fabrication of carbonate doped TiO2 sub microspheres has wide scope for conversion of light energy 
to electrical energy and employed for real time applications in environment and industry. 

 

7.54 PHOTOCATALYTIC DEGRADATION OF METHYLENE BLUE DYE USING TiO2 

NANOMATERIALS 
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Abstract 

TiO2 nanomaterial was prepared by solution growth technique and subsequently 
characterization was carried out using advanced techniques. The photocatalytic activity of TiO2 
nanomaterial was studied by degrading methylene blue dye.  

Introduction 

Photocatalytic degradation processes using nanomaterials have been attracted as an alternative 
method for degradation of organic pollutants in wastewater. Among the nanophotocatalyst, TiO2 is one 
of the most attractive and promising candidates for several industrial applications due to its several 
intriguing properties. The present work deals with the preparation and characterization of TiO2 
nanomaterials using simple solution growth technique and photocatalytic activity of the TiO2 
nanomaterial was also studied.  

Experimental setup 

1 g of titanium isopropoxide was dissolved in a mixture of 50 ml ethanol and 50 ml distilled 
water and stirred for 1 hour using magnetic stirrer to get clear solution. Then 0.1 g PEG was added into 
the above precursor solution and then stirred for 1 hour to get white colour precipitate. It was then 
washed with distilled water for 5 to 6 times to remove impurities. The precipitate was dried in hot air 
oven to get white colour precipitate. The dried precipitate was calcined at 300oC and 400oC for 2 hours. 
The photocatalytic activity of TiO2 nanomaterial was studied. Photocatalytic degradation experiment 
was carried out in the 200 ml capacity photo-reactor (UV Photo Reactor System HEBER model: HP-
SL254) and decomposition of methylene blue dye was recorded using UV-vis spectrophotometer. 
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Results and Discussion 

Fig. 1 shows the X-ray diffraction pattern of the prepared samples and it shows the formation 
of anatase TiO2 nanomaterial. The average crystallite size of TiO2 sample (heat-treated at 400oC) is 
17.19 nm. The photocatalytic activity of TiO2 nanomaterial (0.1 g) was studied using decomposition of 
methylene blue dye (10 mg/l). The higher colour removal efficiency (75.5 %) was achieved using 400oC 
calcined photocatalyst within 180 min. Fig. 2 shows the UV-Vis spectra of methylene blue dye (665 
nm) in the presence of 400oC calcined sample under UV light.  

Conclusions 

Photocatalytic activity of synthesized TiO2 nanomaterials was studied by decomposition of  the 
methylene blue dye under UV light irradiation. The maximum colour removal efficiency of 75.5 % was 
achieved within 180 minutes with the addition of 0.1g sample calcined at 400oC photocatalyst. 
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Abstract 

Multifunctional biologically active materials have approached for antibiofilm, anticancer and 
osteoblast adhesion activities with significant biomedical applications, owing to this MWCNT modified 
with polypyrrole (PPy) matrix with the incorporation of palladium nanoparticles (NPs). The synthesized 
composite displays a tube-shaped morphology with highly dispersed crystalline Pd NPs, which are 
established through XRD, SEM, TEM and SAED studies. An amine linkage at 400.3 eV and an imine 
linkage at 398.8 eV in XPS spectra evidenced the interaction of PPy with Pd and MWCNT. Polymer 
stretching frequencies in FTIR and Raman spectroscopy proves successful formation of PPy and the 
Pd-N (1609 cm-1) interaction. In the stability aspect, it is up to 58.73 % mass withstood at 800 oC in 
TGA analysis. The composite exhibits an efficient Anti-biofilm against a set of bacterial stain with 
planktonic cell growth. In vitro cytotoxicity of Vero line assesses the composites toxicity up to 100μg. 
The outcome of cell adhesions showed that human osteosarcoma cells (HOS) can adhere and to develop 
on the MWCNT/PPy/Pd composites. Furthermore, the proliferation of cells on MWCNT/PPy/Pd 
composites was also proved the biocompatibility of the composites against HOS cells. These results 
suggest that Pd-doped MWCNT/PPy composites are promising materials for biomedical applications. 
  

Fig. 1. XRD patterns of TiO2 samples as-prepared 
and calcined at 300oC and 400oC for 2 h 

Fig. 2. UV-visible spectra of methylene blue in 
presence of 400oC calcined sample TiO2 under 
UV light irradiation 
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Conformation Analysis 

 

Figure 1. (a) Raman Spectral of PPy(i), MWCNT/PPy (ii), MWCNT/PPy/Pd (iii); (b) XPS spectra of MWCNT/PPy/Pd; (c) XPS of Pd scan 
in MWCNT/PPy/Pd composite; (d) XRD pattern; (d) FTIR spectra of PPy(i), MWCNT/PPy(ii), and MWCNT/PPy/Pd(iii);  TEM images of 

MWNCT/PPy/Pd at 50nm (b) and 5nm 
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Abstract  

An efficient synthesis of silica coated magnetite nanoparticles (Fe3O4 @ SiO2) supported 
phosphomolybdic acid (Fe3O4 @ SiO2-NH2-PMA MNPs) was prepared by hydrothermal method. The 
preparation of Fe3O4 @ SiO2-NH2-PMA MNPs with aminopropyltrimethoxysilane (APTS) linker 
supported surface modified onto the heteropoly acid of PMA. The synthesized magnetic 
nanocomposites was fully characterized by X-ray diffraction (XRD), Fourier transform infrared 
spectroscopy (FT-IR), Scanning electron microscopy with Energy-dispersive X-ray spectroscopy (SEM 
with EDX), and Ultra-violet diffuse reflectance mode spectroscopy (UV-DRS) 
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Figure 1. Scheme, synthesis of Fe3O4 @ SiO2-NH2-PMA MNPs and application 

All elements and functional groups were presented in the FT-IR and element analysis. The 
spherical shape and size between around 250 to 280 nm of synthesized magnetic nanocomposite were 
confirmed by SEM analysis, and which indicates the successful immobilization of Fe3O4 @ SiO2-NH2-
PMA MNPs were confirmed by UV-Vis spectroscopy.  

Fe3O4 @ SiO2-NH2-PMA MNPs catalysts have been applied for an efficient and selective 
conversion one-pot synthesis of nitrile directly from aldehyde compounds. The present investigation 
describes the synthesis of nitriles from aldehyde and hydroxylamine hydrochloride in the presence of 
magnetic nanocomposite catalyst in DMF under reflux condition. The catalyst could be reused by 
recycling, which avoids the necessity for a traditional filtration process. 
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Liquid Crystals (LCs) are self-assembled soft material with a huge potential for application in 
a wide variety of field such as sensing, biomedical, photonics, optoelectronics, electronic conductors, 
photovoltaics etc. apart from their significant use in display technology. [1,2] For majority of these LC 
applications, a pre-oriented well aligned sample of LC on a suitable substrate is highly crucial. The 
conventional methods existing so far for the alignment of LCs are effective in orienting the mesophase 
such as nematic, smectic only and are not efficient over a long period of time. Therefore, there is a 
significant need for formulating simple strategies for effective alignment of these materials on different 
substrates. An alignment layer made of molecules with a similar shape, i.e., LC molecules itself will 
provide necessary shape and symmetry compatibility for the bulk LC sample to be aligned. In view of 
this, we are forming the self-assembled monolayers (SAMs) of tailor-made LC molecules on various 
substrates and investigating the alignment abilities of these films to orient the bulk LC sample. 

Herein, we present the preparation of SAM of a rod-like thermotropic LC compound on a 
flexible, transparent over head projector (OHP) substrate and characterization of the modified substrate 
through Infrared (IR), Contact Angle (CA) and Atomic Force Microscopy (AFM) studies. Further, our 
preliminary results on versatility of these LC crystal modified substrates for the alignment of bulk LC 
sample are also presented 
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Scheme: Graphical representation of methodology followed for the surface functionalization of OHP 
sheet with a LC molecule and polarizing optical microscopy images depicting alignment of a room 
temperature LC, 5CB on a bare (left) and modified (right) OHP 

Keywords: self-assemble monolayer, liquid crystals, polymer substrate 
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benzylpiperidin-4-ylidene)-2-cyanoacetohydrazide 
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Abstract 

In this study, to predict the activity of our synthesized compounds N’-(1-benzylpiperidin-4-
ylidene)-2-cyanoacetohydrazide using in silico approaches by molecular docking. Molecular docking 
was utilized to prove that similar compounds can bind to receptor protein treatment of breast cancer 
using in silico approach. In our present study, in silico molecular docking studies were carried out using 
BIOVIA Discovery Studio (DS) 2017 software. The standard drug N’-(1-benzylpiperidin-4-ylidene)-
2-cyanoacetohydrazide Tamoxifen, Glibenclamide and N’-(1-benzylpiperidin-4-ylidene)-2-
cyanoacetohydrazide were drawn in chemdraw software, subsequently energy minimized and saved in 
SDF file format for docking studies.  

Computational ligand-target docking approach was used to analyze structural complexes of th
e 2YAT and 1IR3 with Tamoxifen, Glibenclamide and N’-(1-benzylpiperidin-4-ylidene)-2-
cyanoacetohydrazide (ligands) in order to understand the structural basis of this target proteins. Possible 
binding modes between the ligands and this target proteins were studied by CDOCKER (CHARMm-
based DOCKER) protocol incorporated within DS. The algorithm offers full ligand flexibly and 
employs CHARMm force fields. Ligand binding affinity was calculated using CDOCKER energy, 
CDOCKER Interaction energy, Hydrogen bonds, binding energies, protein energy and ligand protein 
complex energy. The CDOCKER energy mentioned in negative values. More negative value energy 
indicated as higher binding affinity of the ligands with target protein. 

In this study, the N’-(1-benzylpiperidin-4-ylidene)-2-cyanoacetohydrazide forms non-bonding 
interaction with active site of human estrogen receptor protein. This N’-(1-benzylpiperidin-4-ylidene)-
2-cyanoacetohydrazide forms van der Waals interactions with amino acids Leu (346, 428, 384, 387, 
525, 391), Met (388, 528), Phe 404, Ala 350, Gly 521 and Ile 424 in active site. The residue Glu 423 
forms electrostatic interaction with synthesis N’-(1-benzylpiperidin-4-ylidene)-2-cyanoacetohydrazide 
(Figure2A and B) The CDOCKER energy of N’-(1-benzylpiperidin-4-ylidene)-2-cyanoacetohydrazide 
in this protein is -27.8982 Kcal/Mole-1. CDOCKER energy is a total calculation of electrostatic and van 
der Waals interaction of the   N’-(1-benzylpiperidin-4-ylidene)-2-cyanoacetohydrazide in 2YAT. 

The two aromatic ring in the N’-(1-benzylpiperidin-4-ylidene)-2-cyanoacetohydrazide forms 
more van der Waals interactions with hydrophobic residues.  
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The docking study was performed between insulin receptor (1IR3) and N’-(1-benzylpiperidin-
4-ylidene)-2-cyanoacetohydrazide as well as standard anti-diabetic drug Glibenclamide. The 
CDOCKER energy value is 35.5075 and 32.4341 Kcal/mol-1 for N’-(1-benzylpiperidin-4-ylidene)-2-
cyanoacetohydrazide and Glibenclamide respectively. The 3D and 2d interactions of the both ligands 
are depicted in Figure 4A, 4B and 5A, 5B. Interestingly, the CDOCKER value of the N’-(1-
benzylpiperidin-4-ylidene)-2-cyanoacetohydrazide is higher than the standard anti-diabetic drug.  

The aim of the present study was to identify the anti-diabetic and breast cancer activity of the 
N'-(1-benzylpiperidin-4-ylidene)-2-cyanoacetohydrazide molecule. We have successfully achieved the 
docking of N'-(1-benzylpiperidin-4-ylidene)-2-cyanoacetohydrazide in the target protein of anti-
diabetic and breast cancer.  This molecule has superior and strong binding affinity in the both proteins 
(2YAT and 1IR3) compare with standard drug. Finally, we concluded that the molecule N'-(1-
benzylpiperidin-4-ylidene)-2-cyanoacetohydrazide has potent anti-diabetic and breast cancer effect 
which could be used as for the management of cancer and diabetes effectively. 
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Cancer is one of the leading causes of death worldwide and is characterized by proliferation of 

abnormal cells. Surgery, chemotherapy, and radiotherapy methods are used in cancer treatment. 
However, these standard methods are expensive and have side effects with limitations of their use, so 
there is an urgent need for effective, inexpensive and non-toxic, treatments with minimal side effects 
that are acceptable by people. 

In recent years, heterocyclic compounds containing nitrogen plays important role in 
agrochemical and pharmaceuticals. In the family ofNitrogen and Sulphur heterocycles4-thiazolidinone 
ring system is a core structure in various synthetic compounds displaying broad spectrum of biological 
activities, including an anticancer effect. Mechanisms of 4-thiazolidinones and related heterocycles 
antitumor activity may be associated with the affinity to anticancer bio-targets, such as phosphatase of 
a reg phosphatase-1 (JSP-1), tumor necrosis factor TNFα, antiapoptotic biocomplex Bcl-XL-BH3, 
integrin avb3, etc. Necroptosis inhibitors have been recently identified among 4-thiazolidinones 
enerating liver (PRL-3), nonmembrane protein tyrosine phosphatase (SHP-2), JNK-stimulating. 

As a part of our research to synthesis of novel 5-substituted-thiazolidin-4-ones with piperidine 
moiety and evaluate its anticancer activity in human cervical cancer (HeLa) cells. All the compounds 
were characterized by FT-IR, 1H and 13C NMR and elemental analysis. 
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Abstract 

Alpha amylase (α-amylase), is an enzyme which catalyses the hydrolysis of starch to maltose 
and plays a pivotal role in Diabetes mellitus (DM). The inhibition of α-amylase may control the post-
prandial hyperglycemia via retarding the digestion of starch in type-2 DM. The phytoconstituents 
present in the traditionally used therapeutic plants were screened for α-amylase through insilico docking 
analysis. Out of 11 compounds, nine were chosen as ligands based on the Lipinski rule of five. The 
selected ligands were docked with α-amylase complexed with acarbose (PDB ID: 3BC9) using Argus 
lab and One-click docking software. The docking scores obtained for protein-ligand interaction were 
compared with the standard drug (Metformin). The best docking pose energy results reveals that the 
compounds viz. Ellagic acid, Girinimbine, Koenidine, Magnoflorine and Vicine show better docking 
score than Metformin. 

Key words: Diabetes mellitus; alpha amylase; receptor; ligand 

Introduction 

Diabetes mellitus (DM) is a metabolic disorder, characterized by persist hyperglycemic 
conditions with disturbance of carbohydrate, fat and protein metabolism due to inadequacy in insulin 
secretion by the beta cells of pancreas or insulin action. There are three types of diabetes mellitus viz. 
Type-1(Insulin dependent DM), Type-2 (Insulin independent DM) and gestational DM (seen in 
pregnant women). According to the Indian Diabetic Federation, more than 100 million are likely to be 
victims of DM by 2030 [1,2]. In the present work, in silico docking studies for the phytoconstituents 
present in antidiabetic plants with the receptor (α-amylase) was carried out by Argus lab and one click 
docking software’s. The binding energy of the docked structures was compared to that of the standard 
drugs (Metformin). 

Materials and Methods 

The crystal structure of protein receptor 3BC9 used in this study was retrieved from RCSB 
Protein Data Bank (http://www.rcsb.org/pdb). The PDB files were energy minimized using Argus Lab. 
Hydrogen was added and the protein was prepared as PDBQT in Argus Lab and was used further for 
docking studies. Ligands are selected compounds from traditional plants were: s-methyl cysteine 
sulfoxide, Diphenyl amine, Allin, 4-Hydroxyisoleucine, Vicine, Mahanine, Mahanimbicine, 
Girinimbine, Koenidine, Magnoflorine, Betalamic acid, Rutin, Ellagic acid and Mahanimbine. The ID 
of the ligands was obtained from PubChem database. The docking was done with One-click docking 
software, which is online docking software. Optimization of the ligands was carried out in Argus Lab 
4.0. 

Results and Discussion 

The docking scores of the selected ligands and standard drug, metformin with the receptor, 
alpha amylase were given in table 1. After obtaining the results of docking scores for the ligands, the 
score is compared with the docking score of Metformin, to check for better results of the compound for 
its anti-diabetic activity. The docking poses were obtained according to their docking parameters and 
corresponding binding pockets. The best docking pose energy results reveals that the compounds viz. 
Ellagic acid, Girinimbine, koenidine, Magnoflorine and vicine show better docking score than 
metformin (figure 1). The binding energy for the remaining compounds, alliin, betalamic acid, S-methyl 
cysteine sulfoxide and Diphenyl amine were similar to that of metformin (Table 1). The significant 
constituents in curry leaves, Heart leaf moonseed and bitter guard exhibit good docking score compared 
to all the other compounds. 

The good docking score is from, the better docked poses of the ligand with the alpha amylase 
receptor.  
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The modes of interactions of ligands with the receptors vary depending on the functional groups 
present [3]. The docking results of metformin and vicine using One-click docking software showed an 
increase in the energy values (-4.5) which means metformin was more compatible with the receptor 
than all ligands. However, the binding site of these ligands were similar to that of metformin which 
means that functional groups involved were the same and only the steric compatibility leads to the 
decreased energy values for few compounds. 

Traditionally used plants may provide lead compounds that can be exploited in drug discovery 
[4]. Hence the use of docking software may cut down million and millions of rupees involved in the 
preliminary wet lab studies. In silico studies of eleven ligands revealed that the selected compounds 
possess good docking score against the receptor alpha amylase comparable with that of standard drug, 
metformin for the treatment of Type-2 Diabetes mellitus. 

Figure 1. Docking poses of  vicine                 Table 1. Docking score of the ligands with the  

and Metformin with α- amylase                      receptor                                

Conclusion  

Nine compounds selected for the study showed good interaction with the 3BC9 protein. A few 
compounds were not able to interact with the target protein. Thus the bioactive compounds that are 
interacting with the target can be used as a potent inhibitor to block the action of alpha amylase protein. 
Structural modifications and in vitro study on inhibitory activity of alpha amylase may be the extended 
study of this project. 
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Abstract 

In this study, geometrical structure, electronic properties, electronic absorption spectra, 
vibrational frequencies, thermodynamic properties, natural charge distribution and MEP analysis of 
trans and cis structure of 2-(1-(coumarin-3-yl)ethylidene)hydrazinecarbothioamide (CTC) have been 

S.No Ligand Best Docking Pose 

Energy (Kcal/mol) 

   1 Alliin -3.7 
   2 Betalamic acid -4.8 
   3 S-methyl cysteine sulfoxide -3.7 

   4 Diphenyl amine -5.0 
   5 Ellagic acid -7.3 
   6 Girinimbine -6.5 
   7 Koenidine -6.8 
   8 Magnoflorine -6.3 
   9 Vicine -6.0 
   10 Metformin -4.5 



- 209 - 

 

Frontier Areas in Chemical Technologies – 2017 

⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭⸭ 

studied by quantum chemical calculations using density functional theory (DFT) method with the 
B3LYP hybrid functional and 6-311+G(d,p) basis set. The energy value of the both structure reveals 

the trans structure of the molecule is the convenient structure than cis structure. The calculated NLO 
properties confirm that the NLO properties of trans structure of CTC is higher than the cis structure, 
and the chemical hardness of the trans structure is lower than the cis structure that shows that the 
reactivity and charge transfer of trans-CTC is higher than cis-CTC. The MEP maps of trans and cis 
structures of CTC illustrate that there are some possible region for electrophilic and nucleophilic 
reactivity. The calculated thermodynamic parameters are increasing with enhancing temperature. The 
vibrational frequencies of the two configurations of CTC demonstrate that both structures of CTC have 
practically comparable modes of vibrations, but the trans conformation of CTC is better in agreement 
with the experiment. 
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for rechargeable lithium ion batteries 

P. Mohana and G. Paruthimal Kalaignanb  
 aDepartment of Chemistry, Sree Sevugan Annamalai College, Devakottai-630 303. 
bAdvanced Lithium-ion Battery Research Lab, Department of Industrial Chemistry,  

Alagappa University, Karaikudi – 630 003, India 

Email:pmohanic@gmail.com  

 

In this work, the pristine LiMn2O4 and vanadium substituted LiVxMn2-xO4 (x = 0.05, 0.10, 0.15 
and 0.20) positive electrode material were prepared by using the tartaric acid assisted sol-gel method. 
The structure and electrochemical properties of the prepared materials were characterized by using 
XRD, SEM, TEM and charge/discharge studies. The mechanisms of improving the electrochemical 
performances of the pristine LiMn2O4 and vanadium substituted LiVxMn2-xO4 cathode materials are 
discussed. X-ray powder diffraction analysis was changed in lattice parameters with increasing 
vanadium content suggesting the occupation of substituent within LiMn2O4 interlayer spacing. TEM 
and SEM analyses show that LiV0.15-Mn1.85O4 has smaller particle size and more regular morphological 
structure with narrow size distribution than those of LiMn2O4. It is concluded that the structural stability 
and cycle life improvement were due to many factors like better crystallinity, smaller particle size and 
uniform distribution compared to LiMn2O4 cathode material. LiV0.15-Mn1.85O4 cathode material has 
improved the structural stability and excellent electrochemical performances of the rechargeable 
lithium-ion batteries.   

Key words: Positive electrode materials, XRD, TEM, Charge/discharge  

 

  

Fig 2: Electronic absorption spectra of cis and 
trans-CTC in gas and water phase 

Fig 1: Molecular electrostatic potential 
surfaces of trans structure of CTC 
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7.63 Synthesis of highly solar active Fe2(MO4)3 nanocatalyst for the degradation of Rhodamine B 

S.Tamilarasia ,K.Balakrishnana, I.Muthuvelb , B.Muralidharanc 
aDepartment of Chemistry, A.V.V.M. Sri Pushpam College, Poondi, Thanjavur, Tamilnadu-613503, India. 

bDepartment of Chemistry, M.R.G College Mannarkudi. 
cBirla Institute of Technology & Science , Pilani , Dubai. 

Corresponding author email:balki63@gmail.com and profmuthuvelchem@yahoo.com 

ABSTRACT 

The hetero-Fenton catalyst Fe2(MO4)3 was prepared by simple co-precipitation method and it 
was characterized using X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), UV-
Vis diffuse reflectance spectroscopy(UV-Vis-DRS) Scanning electron microscopy (SEM) Energy 
dispersive X-ray spectroscopy (EDS), techniques. Fe2(MO4)3   was used for Hetero-Fenton photocatalyst 
for the degradation of Rhodamine B under solar light. The effect various operational parameters like 
catalyst concentration, H2O2 dosage, initial pH initial solution concentration, reusability on 
photodegradation were investigated and the optimum conditions are reported. 
Keywords: Heterogenious photo – Fenton, co- precipitation, Rhodamine B, solar light 

 

7.64 Multistep synthesis of Newer 3'-(2-methoxyphenyl)-1'H-spiro[piperidine-4,2'-quinazolin]-

4'(3'H)-one derivatives and their biological evaluation 

V.Veeramania, P. Sathyaseelanb,  P.Muthurajac, P.Manisankarc* 
aSynthetic Organic Chemistry, Syngene international private limited, Biocon, Bangalore, 

bDepartment of  Chemistry, Bishop Heber College, Trichy 
cDepartment of Industrial Chemistry, Alagappa University, Karaikudi – 630 003 Tamilnadu India. 

Phone: +91 4565 228836; Fax: +91 4565 225202 

*Corresponding Author E-mail: pms11@rediffmail.com, pmuthuraja.chem@gmail.com 

Abstract 

In present study, ten new scaffolds of 3'-(2-methoxyphenyl)-1'H-spiro [piperidine-4, 2’-
quinazolin]-4'(3'H)-one functionalized with different aryl/alkyl halides were synthesized and 
computationally evaluated using cheminformatics tools. Newer Spiro piperidine derivatives obeyed 
Lipinski’s rule of five with good biological activity.  Three targets among ten showed lesser drug 
likeness and drug score values compared to other Spiro piperidine derivatives using OSIRIS property 
explorer. Except these three derivatives, all other synthesized targets act as drugs. 
Keywords: Spiro piperidine derivatives, cheminformatics tools, OSIRIS Property Explorer 
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 Understanding the fundamental concepts on Electrochemiluminescence (ECL) and its 

significance in applied aspects 

S. SenthilKumar 

Electrodics and Electrocatalysis Division, CSIR-Central Electrochemical Research Institute, Karaikudi-630006, TamilNadu 

E-mail: ssenthilmugam@gmail.com 

 

Electrochemiluminescence (ECL) also called as Electrogenerated chemiluminescence, is a 

highly sensitive process in which electrochemically generated reactive intermediates combines to 

undergo high-energetic electron-transfer reactions to form excited states, which emit light without 

applying any external source of light. Although this phenomenon of light emission was observed during 

electrolysis in late 1920, the first detailed ECL studies were reported by Hercules and Bard et al. in the 

mid-1960. Generally, Generation of ECL emission always follows primarily via two reaction 

mechanisms such as (1) annihilation and (2) co-reactants. Each of these mechanisms offers different 

advantages and relies on different pathways to generate the excited state at electrode interface that 

ultimately emits light. In annihilation mechanism, the reduced and oxidized species are both generated 

in the vicinity of the electrode surface by wide range potential sweep. The co-reactant ECL is usually 

generated by the reaction between the luminophore species and an additionally added assistant reagent 

(co-reactant) by one directional potential scanning (either anode or cathode direction). The use of co-

reactant can produce more intense ECL emission than annihilation reaction. ECL with co-reactant 

produces highly intense signals in both aqueous and non-aqueous solutions because it needs a narrow 

potential window to generate stable reactive intermediates for annihilation between oxidized and 

reduced species. All commercially available ECL analytical instruments are based on this pathway. 

According to the generated intermediates and the polarity of the applied potential, the corresponding 

‘‘co-reactant ECL’’ can be classified as ‘‘oxidative-reduction’’ and ‘‘reductive-oxidation’’ –ECL. The 

energy required to generate an excited molecule can be calculated using enthalpy factor (ΔH). The 

required energy to obtain an excited state molecule should be equal or greater than 2.1 eV. 

ΔH = ΔG + TΔS = (��
�∙��

� -��
�∙��

�  ) – 0.1 eV 

Using this kind of unique ECL technique offers a grand avenue to understanding the 

fundamental properties like physicochemical and electrical properties of organic molecules, 

semiconducting nanostructured materials, quantum dots, metal clusters etc. Also, this ECL emission 

could be used in the estimation of biologically important molecles especially at the single molecular 

level by either selective quenching or enhancing ECL signal. 

 

 Probing the significance of cooperative and fluxional effects in clusters and phospholipids 

through Ab-inito molecular dynamical simulations 

Sailaja Krishnamurty 

CSIR-Central Electrochemical Research Institute, Karaikudi - 630 006 

Abstract 

Finite temperature behavior or response of material and biological systems has been 

successfully explored by classical molecular dynamics methodology in the past as well as present. On 

the other hand, application of ab initio molecular dynamics methodology to catalytically relevant 

systems is computationally expensive and to biological systems is unthinkable. The present talk 

discusses application of ab initio based molecular dynamical simulations to some of the practically 

relevant materials such as nano sized catalysts and bio molecules. The ensuing surprises; contradictions 

and limitations are discussed in bearing with the experimental information available/experimental 

results. The talk ends with the scope of application of ab initio molecular dynamical simulations towards 

futuristic materials. 
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