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 Electronic Band Structure, Density of States and 

 Metallization of Alkali Iodides 

 

A. Jafrin Ashima, X. Malkija Romel, R. S. Nanthini and C. Nirmala Louis* 
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Affiliated to Manonmaniam Sundaranar University, Tirunelveli - 627012 

*Corresponding Author - Email: nirmalalouis@holycrossngl.edu.in 

 

ABSTRACT 

The pressure dependent band structures, density of states and total energies of alkali 

iodides are calculated and used the result to study the metallization under pressure. The 

metallization pressure for NaI, RbI, CsI were 13.37 Mbar, 12.62 Mbar, 8.5106 Mbar. The 

relation between lattice constant and pressure, pressure and band gap, reduced volume and 

lattice constant, reduced volume and pressure, band structure and density of states were 

drawn. 

 

Keywords: Alkali lodides, Band Structure, Metallization Pressure. 

 

1. Introduction 

 Currently there is a lot of interest in the high-pressure behaviour of materials. The 

physical properties of materials undergo a variety of changes when they are subjected to high 

pressure. The increase of pressure means significant decrease in volume, which results in the 

change of electronic states and crystal structure. With the development of high-pressure 

experimental techniques, investigations on pressure–induced structural phase transition, 

semiconductor- metal transition and super conducting transition are getting the attention of all 

[1,2]. For example, the ionic salt CsI is a metal under high pressure. [3,4,5] In the present 

paper, we give more extensive discussion about the band structure and density of states. The 

metallization is investigated and analyzed. 

2.Band Structure and Density of States  

2.1 At Normal Pressure 

            The normal pressure band structure of alkali iodides is given in Fig.1, 2, 3. The 

overall topology of the band structure at V/V0=1 is same for previous calculation. 

In NaI, the three bands appearing just below the Fermi energy EF are from Na-3s1 and I- 

5s2, 5p5 electrons of NaI (Fig. 1). The empty conduction bands above the Fermi level are due 

to 3p0, 3d0 states of Na and 5d0, 6s0, 6p0 states of I (Fig.1). At normal condition, the band gap 

Eg is found to be 0.2480Ry (3.373 eV) for NaI. The general features of band structures are 

mailto:nirmalalouis@holycrossngl.edu.in


ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2 
 

2 
 

similar to previous calculations. From our calculation, NaI is a direct band gap insulator at 

normal pressure.  

             The density of states histogram of NaI at normal pressure is given in Fig. 4. From the 

histogram, it is seen that at normal pressure the short spikes near EF are due to Na-3s1, I-5p5 

electrons (Fig. 4). The short spikes above the EF are due to the 3p0, 3d0 and 5d0, 6s0, 6p0 states 

of NaI. At normal density of states histogram, the band gap Eg is found to be 0.2480 Ry 

(3.373 eV) for NaI. This value is agreement with the experimental value of 3.36 eV. The 

general features of density of states are similar to previous calculations. 

The band structure and density of states for RbI, CsI occur in the same manner at normal 

pressure. 

 

 

 

 

 

 

 

 

Fig.1: Band Structure of NaI at V/V o=1     Fig.2: Band Structure of RbI at V/V o=1 

 

 

 

Fig.3: Band Structure of CsI at V/V o=1        Fig.4: DOS of NaI at V/V o=1 

 

 
 

 
 

     Fig.5: DOS of RbI at V/V o=1  Fig.6: DOS of CsI at V/V o=1 
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2.2 At High Pressure 

When pressure increases, the value of EF and density of states at EF increases. The band 

structure and density of states ofNaI (for CsCl structure) RbI (for CsCl structure), and CsI 

(for HCP structure) corresponds to metallization pressure =13.3726 Mbar, 12.62 Mbar, 

8.5106 Mbar respectively are given in Fig 7, 8, 9. Fermi level is indicted by dotted horizontal 

line. 

In case of NaI the triplet bands which are positioned at the bottom of valence band arise 

3s1 electrons of Na (Fig. 7). A single band nearer to the triplet bands is due to I-5s2 electrons.  

The three bands appearing just below the Fermi energy EF and touching Fermi energy 

EF are from Na-3s1 and I-5p5 electrons of NaI. The unfilled conduction bands above the 

Fermi level are due to 3p0, 3d0 states of Na and 5d0, 6s0, 6p0 states of I.Density of state 

calculations for all the reduced volumes have been carried out, but the histograms are given 

only for, V/V0 = 0.2282 in case of NaI (Fig.10), V/V0 = 0.2004 in the case of RbI (Figs.11), 

and V/V0 =0.247 in case of CsI (Fig.12). 

For NaI the levels arising from Na-3s1 (Fig. 10) electrons give a longest spike with fine 

width. The extended spike near the origin is due to I-5p5 electrons and the dumpy spikes near 

EF are due to Na-3s1, I-5p5 electrons. The petite spikes above the EF are due to the3p0, 3d0 

and 5d0, 6s0, 6p0 states of NaI. 

The band structure and density of states for RbI, CsI occur in the same manner at 

metallization pressure. 

 

   Fig.7: Band Structure Nal at Metallization   Fig.8: Band Structure of Rbl at Metallization 

 

Fig.9: Band Structure of CsI at Metallization         Fig.10: DOS of NaI at Metallization 
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              Fig.11: DOS of RbI at Metallization    Fig.12: DOS of CsI at Metallization          

3.Results and Discussion 

3.1 Ground State and its Properties  

The ground state properties of NaI, RbI and CsI are studied using the total energies 

obtained in our calculation. The total energy is calculated as a function of reduced volume. 

Here V0 is the experimental equilibrium volume corresponding to the experimental 

equilibrium lattice constant 12.212 a.u for NaI, a0 = 13.8790 a.u. for RbI and 8.6327 a.u for 

CsI [4]. The calculated total energies were fitted to Murnaghan’s equation of states, 

P= 1.5 B0 [ (V0 / V)7/3 - (V0 / V) 5/3] [1+0.75 (B0’ - 4) (V0 / V) 2/3 - 1)] (Mbar) 

The graph plotting pressure vs various reduced volumes are given in Fig.14 for CsI. 

The equilibrium lattice constant (a0), band gap (Eg), bulk modulus (B0) and its pressure 

derivative (B0’) values for NaI, RbI and CsI are tabulated in Table 2. The graph plotting 

lattice constant vs various reduced volumes are given in Fig.13 forCsI. The graph shows that 

increase in reduced volume also increases lattice constant. The Reduced volume, Lattice 

constant, Pressure and Energy gap values of NaI, RbI and CsI are tabulated in Table 1. In 

certain pressure band gap becomes zero. This denotes metallization inCsI (Fig.15). Lattice 

constant is calculated using formula, 

a = a0(V0/V)1/3 

The energy gap is calculated using the formula, 

Eg(P) = Eg (0) - (k*P) 

Similarly, these graphs can be plotted for RbI and NaI. 

V/V0 
Pressure 

(Mbar) 

Eg 

(eV) 

Lattice  

Constant 

(a.u) 

1 0 5.807 13.879 

0.9 0.0143 5.8004 13.4 
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Table.1. Reduced volume, Pressure, Band gap and Lattice constant 

values of NaI, RbI, CsI 

 

 

 

 

 

 

 

Table.2. Ground state properties 

3.2 Metallization  

 At normal pressure, alkali halides are wide gap insulators. As pressure is increased, 

there is a charge transfer from s, p to d state, this causes the increase in the width of the 

valence band and also the empty conduction bands. These changes lead to the narrowing of 

the band gap and at particular pressure, there is a closing of band gap [2].  

In NaI, metallization takes place by the indirect closure (Fig. 7) of band gap between 

valence band maximum at Ґ point and conduction band minimum at the H point. The 

metallization volume of NaI is V/V0=0.2282which corresponds to the pressure PM =13.3726 

Mbar. The metallization occurs because of the closure of band gap between I-5p- like valence 

band and Na-3s- like conduction band (Fig.7). 

In RbI, the direct closure of the band gap (Fig.8) takes place at the reduced volume of 

V/V0 = 0.2004, the corresponding metallization pressure is PM = 12.62 Mbar.The 

metallization occurs because of the closure of the band gap between the I-5p-like valence 

band and the Rb-4d-like conduction band (Fig.8).  

0.8 0.0417 5.7878 12.88 

0.7 0.0959 5.7613 12.32 

0.6 0.2084 5.7113 11.706 

0.5 0.457 5.5967 11.016 

0.4 1.103 5.2996 10.226 

0.3 3.148 4.3589 9.29 

0.2004 12.62 0.001 8.126 

Ground State 

Properties 

 

NaI 

 

RbI 

 

CsI 

a0, a.u. 12.212 13.879 8.6327 

B0 0.151 0.103 0.1140 

B0’ 5.59 5.334 5.85 

Eg 5.89 5.807 4.00 
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In CsI the metallization occurs because of the closure of the band gap between I-5p-like 

valence band and Cs-5d-like conduction band. In this case, metallization occurs via closing of 

the direct band gap at   - point. The metallization pressure of 8.5106 Mbar is obtained 

corresponding to a volume of (V/V0)M = 0.247.  

In all the cases above, there is a s, p to d transition of electrons leading to an increase in 

d-electron numbers. Thus, this increase in the d-electron number leads to a metallization in 

alkali iodides. The increase of pressure causes the broadening of bands which results in the 

decrease of density of states value in most of the energy regions of DOS histograms. Thus, 

the heights of the spikes are considerably reduced. In the DOS histograms, we can clearly see 

that there is appreciable value of N(EF) at (V/V0)M which indicates the metallization [5]. 

 

 

 

 

 

 

 

 

 

Table. 3: Metallization Pressure and the corresponding reduced volume 

Conclusion 

The electronic band structure, density of states and metallization of the alkali iodides 

NaI, RbI, CsI are investigated. This compound becomes metal under high pressure. When the 

pressure is increased there is enhanced overlapping between the wave functions of the 

neighbouring atoms. As a result, the widths of the valence and empty conduction bands 

increase. These changes lead to the narrowing and closing of band gaps (Metallization). The 

metallization pressures of NaI, RbI, CsI are13.3726 Mbar, 12.62 Mbar, 8.5106 Mbar and the 

corresponding metallization reduced volumes are 0.22, 0.2004, 0.247 respectively. 
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A. Remila, J. S. Finibhajebal, J. Selciya and V. Shally* 
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ABSTRACT 

The present study illustrates the characteristics and coprecipitation method for 

synthesis of Tin oxide nanoparticles. The tin oxide nanoparticles were produced by tin 

chloride and Cadmium as a dopant. Structure, size and surface morphology of the tin oxide 

was studied by X-ray diffraction (XRD), UV Spectroscopy, Morphological studies, EDAX. 

The crystalline size can be determined by Scherrer’s formula is about 41.26 nm. 

 

Keywords: Coprecipitation method, Morphological, FESEM.  

 

1. Introduction  

Nanostructured metal oxides and semiconductor materials have attracted much 

attention owing to their good mechanical magnetically, optical, electrical and physical 

properties. Among these Nanostructured metal oxides, stannous oxide (SnO2) is an important 

p-type semiconductor material, with wide a wide band gap of Eg=2.7&3.2eV. Tin belongs to 

Block P, Period 5 and oxygen belongs to the Block P, Period 2 in the periodic table [1]. Tin 

(IV) oxide, also known as stannic oxide, is the inorganic compound with the formula SnO2. 

The mineral form of SnO2 is called cassiterite, and this is the main ore of tin. Tin (IV) oxide 

crystallises with the rutile structure. As such the tin atoms are six coordinate and the oxygen 

atoms three coordinate [2]. Tin oxide is a versatile metal oxide because of its two 

characteristics; variable valence state and existence of oxygen vacancy defect. 

Therefore, tin oxide has potentially wide application in catalysis, electrocatalysis, 

solar energy conversion, antistatic coatings, transparent conductive electrodes, and 

electrochromic devices [3]. Hydrous forms of SnO2have been described as stannic acid. Such 

materials appear to be hydrated particles of SnO2 where the composition reflects the particle 

size. Tin (IV) oxide occurs naturally. Synthetictin (IV) oxide is produced by burning tin metal 

in air. Annual production is in the range of 10 kilotons [4]. Nanostructured materials have 

attracted great interest in both fundamental as well as applied research areas due to their 

outstanding physical and chemical properties and also promising applications in nanodevices 

[5]. 

 

mailto:shallyregin@gmail.com
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2. Experimental setup 

1M Tin chloride was dissolved in 50ml distilled water and stirred for half an hour 

thoroughly using stirrer. Similar way 0.01 CTAB was dissolved in 50ml of distilled water and 

stirrer half an hour. On the other hand, 2M NaOH was dissolved in 50ml distilled water 

stirrer half an hour and heat the solution up to 700C. Then add the CTAB solution dropwise in 

tin chloride solution. Now add the above solution drop wise in NaOH solution. Precipitate 

was washed 5 times to remove impurity and washed 1 time with ethanol to remove unwanted 

residues. The solution was heated for 1000C in hot air oven until the water evaporates. The 

dried sample calcinated at 6000C in muffle furnace. Then the dried sample is finely powdered 

using agate motor. 

3. Results and discussion: 

3.1. Powder X-Ray Diffraction (PXRD) 

Powder X-Ray Diffraction (PXRD) is usually performed for confirming the nature of 

the particles that are developed. The structural analysis was carried out by recording the 

powder X-ray diffraction (PXRD) spectrum at room temperature using X-ray diffractometer 

recorded in the 2θ range of 100 to 700 using Cu-Kα radiation (λ=1.54060 Å). The average 

grain size of SnO2 nanoparticles can be calculated using Debye Scherrer’s formula. 

 

Fig.1 XRD Pattern of Pure SnO2 Nanoparticles 

The XRD patterns of pure SnO2 nanoparticles. The Bragg reflections at scattering 

angles (2theta) of 26.330, 29.830, 33.270, 37.110, 51.780, 57.340, 62.460 and 69.920 

corresponds to (110), (101), (200), (211), (002), (221) and (311) crystal plane respectively. 

All the diffraction peaks of pure SnO2 match well with the tetragonal wurtzite structure of 

hexagonal phase with the JCPDS Card No:41-1445 and the lattice constants a=4.738 A0, 

c=3.187A0 and cell volume V=71.55(A0)3. The particle size for the pure SnO2 nanoparticleis 

approximatively 41.26 m. 
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3.2 UV Spectroscopy  

The excitation absorbance of pure SnO2 is about 270nm. The optical bandgap Eg of 

the nanocrystals is calculated from the Tauc plot. The bandgap value of SnO2 nanoparticles is 

found to be 2.8eV. The bandgap energy of the samples is measured by the extrapolation of 

the linear portion of the graph between the modified kubelka-Munk function [F(R) hv] ^2 

versus photon energy (hv). The bandgap estimated for this sample (2.8eV) is slightly lower 

than that of bulk SnO2. 

 

Fig.2 Absorption spectra of SnO2 nanoparticles       Fig.3 Tauc plot for SnO2 nanoparticles 

3.3. FESEM  

Morphology of pure SnO2 nanosheets 

Typical FESEM Images of the SnO2 nanostructures at four different magnifications 

are shown fig.  It is clear that for 2µm magnification, the synthesized SnO2 nanoparticles are 

sheet like clusters which are formed in a large-scale area, highly dispersed in the space 

without any aggregation and have approximately uniform morphologies.  

 

Fig.4 FESEM images of pure SnO2 nanoparticles with magnification 

 a) 2 µm  b) 1µm  c) 200 nm  d) 100 nm 
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3.4 EDAX spectra analysis of the SnO2 nanoparticles 

 

Fig.5 EDAX Spectra of Pure Sno2 nanopaarticles 

Figure shows energy - dispersive x-ray spectroscopy (EDAX) of SnO2 nanoparticles. 

The EDAX spectrum represents the chemical composition of elements present in prepared 

sample. The results demonstrates that Sn and O appear in SnO2 sample. It is evident that the 

sample contains Cd, Sn, and O which confirms the purity of the sample without impurity 

traces. 

Conclusion  

Tin oxide nanoparticles were prepared by Co- precipitation method. The structural 

studies based on the X-ray diffraction and revealed that the synthesized nanomaterials are 

pure SnO2 with a Tetragonal phase. The morphological properties of the SnO2 were 

investigated by FESEM. 

The PXRD suggested the crystalline sizes of SnO2 nanoparticles are in the nano scale 

range. PXRD spectrum shows tetragonal structure of SnO2 nanoparticles. The average grain 

size for heated pure SnO2 at 6000C was found to be around 51.34 nm. The optical band gap is 

determined from the Tauc plot for pure 2.8eV. The surface morphology of the SnO2 

nanoparticle is characterized by FESEM analysis and suggested different structures. EDAX 

spectrum confirms the presence of elements Sn and O in pure SnO2 nanoparticles. 
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ABSTRACT 

 CuO-Mn2O3 and CuO-Fe2O3 nanocomposites were prepared by hydrothermal method. 

The PXRD studies of CuO-Mn2O3 nanocomposites revealed that both CuO and Mn2O3 

possessed monoclinic structure. The CuO nanocomposites showed strong absorption peaks in 

the UV region. The PL spectra exhibited blue and green emission band. The PL emission 

peaks were due to transitions originating from the recombination of shallowly trapped 

electron-hole pairs and/or excitons. The UV-Vis spectra of CuO-Mn2O3 and CuO-Fe2O3 

nanocomposites showed absorption peaks at 290 nm and 285 nm which can be attributed to 

the LMCT (ligand-to-metal charge-transfer) transitions (direct transitions) with combined 

contributions from the Fe3+ ligand field transitions related to the morphology of the as-

synthesized nanocomposites. 

 

Keywords:  Hydrothermal, Monoclinic, Photoluminescence, UV-Vis absorbance 

 

1. Introduction 

The development of a specific class of nanomaterials is crucial for the advancement 

of various unique functional and smart materials. Nanocomposites are materials composed of 

a matrix and nanoscale filler materials. The addition of nanoscale fillers such as nanoparticles 

or nanotubes can enhance the mechanical, thermal and electrical properties of the composite 

material [1-3]. CuO based nanocomposites exhibit exceptional chemical and physical 

properties that are very different from those of their micro or bulk counterparts. The attractive 

physical and chemical properties in transition metal oxide (TMO) nanomaterials can be 

attributed to their high specific surface area, higher surface energy and quantum confinement. 

These nanostructures have found application in various industrial scenarios, showcasing their 

versatile capabilities [4-5]. They may also have size effects and a high surface-to-volume 

ratio [6]. CuO-Mn2O3 and CuO-Fe2O3 nanocomposites are the ideal building blocks for 

composite assemblies with a range of components to increase their various biological and 

photocatalytic uses due to their attractive structural properties. Consequently, the most 

popular technique for producing effective nanocomposites is the binary design, which 

involves combining inorganic nanostructures with CuO nanoparticles [7]. 

mailto:priyadharshini@holycrossngl.edu.in
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2. Experiments and Methods 

In this studyhydrothermal assisted co-precipitation method is used to prepare CuO 

nanoparticles and composites of copper oxide namely CuO-Mn2O3, CuO-Fe2O3 

nanocomposites. The high quality analytical graded material used for preparing the 

nanomaterials consist of copper sulphate, manganese oxide, ferric chloride, double distilled 

water and sodium hydroxide. 

2.1 Experimental method to synthesize CuO-Mn2O3 and CuO-Fe2O3 nanocomposites 

Initially, copper sulphate and manganese oxide precursors for preparing CuO-Mn2O3 

nanocomposites and copper sulphate with Ferric chloride for preparing CuO-Fe2O3 

nanocomposites were dissolved completely in double distilled water (100mL) at room 

temperature. Under continuous stirring, the as-prepared NaOH solution (1.6 M) was added 

drop by drop to the above solutions. Then, the mixture was transferred to a Teflon-lined 

stainless-steel autoclave and kept under hydrothermal conditions (150 °C, 16 hours). After 

the completion of the reaction time, the dark brown and black slurry was brought to ambient 

temperature. The precipitates were washed 5 times using double distilled water and finally 2 

times using ethanol and double distilled water and dried at 100 °C. The products were finally 

calcined at 5000C for 2 hours. The obtained CuO-Mn2O3 and CuO-Fe2O3 nanocomposites 

samples were black and brown in colours respectively.  

3. Results and Discussion 

3.1 PXRD Analysis 

The structural characterization of copper oxide-based nanocomposites was carried out 

by recording the powder X-ray diffraction (PXRD) spectrum using X-ray diffractometer with 

Cu-Kα as the radiation source (wavelength: 1.54056 Å) over the 2θ range of 10° to 80°. The 

average grain size is calculated using the Scherrer formula 

 D = 0.9 λ / βcosθ 

where λisthe wavelength of the Cu-Kα radiation [1.54060 Å], β is the full width half 

maximum of the diffraction line and θ is the angle of diffraction. Fig.1 shows the PXRD 

pattern of the synthesized CuO/ Mn2O3 nanocomposites. The peaks of Mn2O3 are observed at 

(310), (202), (112), (221) and (511) corresponding to 2θ = 31.70°, 2θ = 37.38° and 2θ = 

40.74°, 2θ = 57.36º  and 2θ = 59.53º respectively and the peaks of CuO are observed at  

(111), (020), (022) and (310) corresponding to  2θ = 35.61º, 2θ = 52.19º, 2θ = 56.14º, 2θ = 

64.80º and 2θ = 66.62º respectively. The Mn2O3 peak corresponding to (202) is of high 

relative intensity. The average grain size D is 42nm. The PXRD peaks of CuO-Mn2O3 

nanocomposites perfectly matched with that of the JCPDS File No. 89-7047 and JCPDS File 
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No.39-1218. From this data, the PXRD studies of CuO-Mn2O3 nanocomposites revealed that 

CuO and Mn2O3 possessed monoclinic structure. 

Fig.2 shows the PXRD pattern of the CuO-Fe2O3 nanocomposites. The peaks of Fe2O3 

are observed at (013), (131), (123), (114) and (234) corresponding to 2θ = 30.48º, 2θ = 

36.04º, 2θ = 39.26º, 2θ = 43.70º, 2θ =62.44º, respectively. The peaks of CuO are observed at 

(202), (202) and (311) corresponding to 2θ = 48.97º, 2θ = 58.07º, and 2θ = 66.57º 

respectively. The Fe2O3 peak corresponding to (131) is of high relative intensity. The average 

grain size D is 20 nm. The PXRD peaks of CuO-Fe2O3 nanocomposites perfectly matched 

with that of the JCPDS File No. 89 - 2530 and JCPDS File No. 89 - 7047. From this data, the 

PXRD studies of CuO-Fe2O3 nanocomposites revealed that CuO and Fe2O3 possessed 

monoclinic and orthorhombic structures respectively. 
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Fig.1 PXRD pattern of CuO - Mn2O3                       Fig.2 PXRD pattern of CuO - Fe2O3                                                                              

nanocomposites                                                nanocomposites 

3.2 Photoluminescence (PL) Spectroscopy 

Fig.3 shows the PL emission spectra of CuO-Mn2O3 with almost prominent peak at 

360 nm and smaller peaks at observed at 375 nm, 410 nm, 436 nm, 460 nm, 494 nm, 505 nm, 

521 nm, 536 nm, 546 nm, 573 nm and 584 nm. Fig.4 shows the PL emission spectra of 

CuO/Fe2O3 exhibiting the most prominent peak at 360 nm and smaller peaks are observed at 

377 nm, 410 nm, 438 nm, 461 nm, 494 nm, 505 nm, 522 nm, 537 nm, and 573 nmdue to the 

presence of singly ionized oxygen vacancies [8]. The photolumine scence spectrum revealed 

blue and green emission bands in both nanocomposites. 

3.3 UV-Vis Spectroscopy  

The optical absorbance spectra of CuO-Mn2O3 and CuO-Fe2O3 nanocomposites are 

shown in Fig.5 and Fig.6 respectively. The absorbance spectra of CuO-Mn2O3 

nanocomposites exhibited a maximum peak at 290 nm with absorbance 0.65 (arbitrary units). 

The absorbance spectra of CuO-Fe2O3 nanocomposites exhibited a maximum peak at 285 nm 

with absorbance 1.0 (arbitrary units) which can be attributed to the LMCT (ligand-to-metal 
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charge-transfer) transitions (direct transitions) with combined contributions from the Fe3+ 

ligand field transitions 6A1(
6S) to 4T1(

4P) at 290 nm - 310 nm. Such absorption is related to 

the morphology of the nanomaterials [9]. The UV peaks in the blue region in both the CuO-

Mn2O3 and CuO-Fe2O3 nanocomposites confirm the nanosize of the as-synthesized 

nanocomposites. 
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Fig.3 PL emission spectra of CuO-Mn2O3 nanocomposites  
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 Fig.4 PL emission spectra of CuO-Fe2O3 nanocomposites 
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Fig.5 Absorbance spectra of CuO-Mn2O3 nanocomposites 



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2 
 

17 
 

200 400 600 800 1000

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

A
b

s
o

rb
a

n
c

e
(a

rb
.u

n
it

)

Wavelength(nm)

(285 nm)

 

Fig.6 Absorbance spectra of CuO-Fe2O3 nanocomposites 

Conclusion 

In this present work, the CuO-Mn2O3 and CuO-Fe2O3 nanocomposites were prepared 

by hydrothermal method. The PXRD studies of CuO-Mn2O3 and CuO-Fe2O3 nanocomposites 

revealed that CuO possessed monoclinic structure and Mn2O3-Fe2O3 possessed monoclinic 

and orthorhombic structure respectively. The PL spectra exhibited blue and green emission 

band. The CuO nanocomposites have strong absorption peaks in the UV regionwhich can be 

attributed to the LMCT (ligand-to-metal charge-transfer) transitions (direct transitions) with 

combined contributions from the Fe3+ ligand field transitions. The CuO-Mn2O3 and CuO-

Fe2O3 nanocomposites have been successfully used to shift the material’s bandgap and can be 

used for optoelectronic applications.  
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ABSTRACT 

In the present work, co-precipitation method was used to generate the ZnO-Mn2O3 

and ZnO-MgO nanocomposites. The structure of the ZnO-Mn2O3 and ZnO-MgO 

nanocomposites was revealed by PXRD. It is confirmed that the synthesized pure ZnO and 

Mn2O3 exhibited cubic and hexagonal structure respectively in ZnO-Mn2O3 nanocomposites. 

The synthesized ZnO-MgO nanocomposites exhibited cubic structure. According to the PL 

technique, the visible region's blue and green shift emission was represented by the peaks 

that form between 360 and 573 nm. The optical characteristics of the composites were 

investigated using UV-Vis-Spectroscopy. The broad absorption band that ranges towards 

longer wavelength might be owing to the movement of the electronic cloud on the overall 

skeleton of the ZnO based nanocomposites. The produced ZnO-Mn2O3andZnO-MgO 

nanocomposites were appropriate materials for photocatalysis in environment remediation 

applications. 

 

Keywords: Nanocomposites, Metal oxide, PXRD, Absorption, Emission  

 

1. Introduction 

Nanocomposite is a multiphase solid material where one of the phases has one, two or 

three dimensions of less than 100 nanometers (nm).  They are materials that are heterogenous 

or hybrid synthesized by incorporating nanosized particles obtained from standard material 

with unique property combinations [1]. Zinc oxide (ZnO) based nanomaterials have been 

extensively applied in several areas, such as adsorption, photocatalysis, food 

preservation/antibacterial, photoluminescence, photoelectrocatalytic, and pollutant sensors. 

This is due to their prominent electronic, thermal, and optical properties along with their 

biocompatibility and reusability. ZnO catalyst is characterized by its high-binding exciting 

energy (60 mV) and large-scale band gap (3.00–3.37eV) [2 - 4]. ZnO nanoparticles are used 

as an active ingredient in paints, lotions, ointments, and mouthwashes. They are flexible 

semiconductor photoconductive substances [5, 6]. 

2. Materials and Methods 

Co-precipitation method is used to prepare ZnO-Mn2O3 and ZnO-MgO 
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nanocomposites. The materials used for preparing the nanomaterials consist of analytical 

graded zinc acetate, manganese acetate, magnesium acetate, double distilled water and 

sodium hydroxide. For the synthesis of ZnO-Mn2O3 nanocomposites, zinc acetate (2.195 g) is 

dissolved in 100 ml distilled water and manganese acetate (2.450 g) is dissolved in 100 ml 

distilled water using a magnetic stirrer for 30 minutes. The resulting solutions are mixed 

together with a magnetic stirrer for an additional 30 minutes. Subsequently, 6.4 g of sodium 

hydroxide dissolved in 50 ml distilled water is added drop by drop to the mixture to maintain 

a pH value of 10. The precipitate is washed five times with double-distilled water and finally 

twice with ethanol. The sample is then dried in an oven at 100˚C for 8 hours, powdered and 

subjected to a calcination process in a muffle furnace at 400˚C and 500˚C for 2 hours, 

resulting in the ZnO-Mn2O3 nanocomposite in black powdery form. Similar method is chosen 

for the synthesis of ZnO-MgO nanocomposites, 

3. Results and Discussion 

 3.1 PXRD analysis 

The structural characterization of the ZnO-Mn2O3 and ZnO-MgO nanocomposites 

was investigated by recording the powder X-ray diffraction (PXRD) spectra using X-ray 

diffractometer. The average grain size can be quantitatively found out using the Scherrer 

formula where �ã is the wavelength of the Cu- kα radiation [1.54060 Å], β is the full width 

half maximum of the diffraction line and θ is the angle of diffraction [6]. Fig.1 depicts the 

PXRD pattern of the produced ZnO-Mn2O3 nanocomposites. The peaks of Mn2O3 are 

observed at (122), (222), (433), (061) and (262) corresponding to 2θ=29.97°, 2θ=32.16°, 

2θ=57.13°, 2θ= 59.63°, 2θ = 65.17° respectively and the peaks of ZnO are observed at (100), 

(111) and (220) corresponding to 2θ =31.43°, 2θ = 36.62° and 2θ = 61.80° respectively 

[ZnO (JCPDS File No: 36 - 1451) and Mn2O3 (JCPDS File No: 89 - 4836)]. The Mn2O3 peak 

associated with (111) has a high relative intensity. Using the Scherrer equation, the average 

grain size D is estimated to be 23 nm. It is confirmed that the synthesized pure ZnO and 

Mn2O3 nanoparticles exhibit cubic and hexagonal structure respectively. The PXRD pattern 

of the produced ZnO-MgO nanocomposites is shown in Fig.2. MgO peaks are observed at 

(200), (111), (111), and (220), corresponding to2θ=19.03°, 2θ=32.08°, 2θ=34.74°, 

2θ=38.27°, 2θ=63.13°, and 2θ=58.77°, respectively and ZnO peaks are observed at (002), 

(222), (102), (112), and (110) corresponding to 2θ=36.56°, 2θ=47.54°, 2θ=56.60° and 2θ 

=58.74° respectively [ZnO (JCPDS FileNo: 89 - 0510) and MgO (JCPDS FileNo: 76 - 

1363)]. 
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Fig.1 PXRD pattern of ZnO-Mn2O3 nanocomposites 

 
 
 

 
 

 
 
 

 

 

 

Fig.2 PXRD pattern of ZnO-MgO nanocomposites 

The MgO peak associated with (111) has a high relative intensity. The synthesized 

ZnO-MgO nanocomposites exhibited cubic structure and the average grain size D is 

calculated as 29 nm. 

3.2 Photoluminescence (PL) analysis 

Photoluminescence (PL) studies for the synthesized ZnO-Mn2O3 and ZnO-MgO 

nanocomposites were carried out using a photoluminescence spectrophotometer and the 

emission spectra were recorded at a scan rate of 600 nm/min using the excitation wavelength 

of 320 nm. The PL emission spectra of ZnO-Mn2O3 nanocomposites are shown in Fig.3 

showing a maximum peak at 361nm, and other peaks at 377 nm, 409 nm, 437 nm, 460 nm, 

494 nm, 505 nm, 536 nm and 573 nm, each corresponding to a specific energy level occurring 

due to the presence of singly ionized oxygen vacancies [7]. Fig.4 depicts the 

photoluminescence (PL) emission spectra of ZnO-MgO nanocomposites, where distinct 

peaks emerged at 360 nm, 388 nm, 410 nm, 437 nm, 460 nm, 493 nm, 506 nm, 521 nm and 

572 nm, each corresponding to a specific energy level. The PL emission peaks in the blue and 

green region in both the ZnO-MgO and ZnO-Mn2O3 nanocomposites showed the nanosize of 

the as-synthesized nanocomposites [8, 9]. 

Mg
O - *ZnO 
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3.3 UV-Visible analysis 

The absorbance spectra of the produced ZnO-Mn2O3 nanocomposites are given in 

Fig.5 with a maximum peak at 236 nm. The absorbance spectra of the produced ZnO-MgO 

nanocomposites are depicted in Fig.6 with a maximum peak at 299 nm. The broad absorption 

band that ranges towards longer wavelength might be owing to the movement of the 

electronic cloud on the overall skeleton of the ZnO based nanocomposites [10]. 

 

 

 

 

 

 

Fig.3 PL emission spectra of ZnO-Mn2O3       Fig. 4 PL emission spectra of ZnO-MgO 

              nanocomposites     nanocomposites 

Conclusion 

The development of advanced materials with modified heterojunctions is the current 

necessity for environmental protection and nanomedicine applications. Co-precipitation 

method is used to create ZnO-Mn2O3 and ZnO-MgO nanocomposites. Using the PXRD 

pattern analysis, the average approximate grain sizes of ZnO-Mn2O3 and ZnO-MgO 

nanocompositesare found to be 23 and 29 nm respectively. In the PL emission spectra, peaks 

develop between 361 nm and 360 nm, representing blue and green shift emission in the 

visible region. The optical absorbance properties of ZnO-Mn2O3 and ZnO-MgO 

nanocomposites show high absorption peaks in the UV range for waste water treatment 

applications. 
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ABSTRACT 

Binary CdO-MgO and CdO-Fe2O3 nanocomposites were synthesized using a cost-

effective co-precipitation method. For CdO-MgO, cubic CdO and rhombohedral MgO 

structures were observed, while CdO-Fe2O3 exhibited cubic CdO and rhombohedral Fe2O3 

structures. The absence of impurity peaks confirmed the formation of pure CdO-based 

nanocomposites. Photoluminescence analysis revealed blue and green shift emissions (340–

560 nm), and UV-Visible spectroscopy showed strong absorption peaks in the UV region, 

effectively modifying bandgap values through electronic transitions. Thus, CdO based 

nanocomposites, recognized for their electronic and magnetic properties, hold promise for 

electrocatalysis and photocatalytic applications. 

 

Keywords: Nanocomposites, CdO-MgO, CdO-Fe2O3, Co-precipitation method, 

Nanoparticles 

 

1. Introduction 

In recent years, significant attention has been drawn to metal oxide nanocomposites 

due to their distinctive structural, electrical, mechanical, photocatalytic, adsorbent, thermal, 

and optical characteristics [1, 2]. Photovoltaic equipment, UV sensors, gas detectors, 

batteries and solar cells are just a few of the many fields where nanocomposites show great 

potential [3 - 6]. Cadmium oxide (CdO) is an n-type semiconductor with a band gap of 2.5 

eV. It has attracted a lot of attention due to its possible uses in solar cells and photodiodes, 

among other domains [7, 8]. The combination of different metal oxides to form 

nanocomposites has resulted in significant improvements in the properties of each individual 

oxide. This advancement has opened up new avenues for groundbreaking research in areas 

such as photocatalysis, optoelectronics, electrical applications, and biological applications 

[9].  

2. Experimental   Procedure 

The co-precipitation method is employed to synthesize CdO-MgO and CdO-Fe2O3 

nanocomposites. Analytical-grade chemicals, including Cadmium nitrate, Iron (III) nitrate, 

Magnesium nitrate, double distilled water and Sodium hydroxide are utilized. In a typical 



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2 
 

25 
 

20 30 40 50 60 70 80

0

200

400

600

800

(4
10

)

(4
43

)*

(3
12

)*

(2
20

)*

(0
23

)

(2
22

)

(3
11

)

(2
21

)

(2
20

)

(2
10

)

(1
11

)

(2
02

)*In
te

ns
ity

(C
ou

nt
s)

2(degree)

CdO-MgO
*

synthesis, 0.1 M of each precursor salt with a mole ratio of 1:1:1 (Mg: Cd: Fe) was dissolved 

in 100 ml of distilled water and magnetically stirred for 1 hour at room temperature.  1.6 M 

NaOH solution was added drop-wise to the precursor solution with vigorous stirring until 

reaching a pH of 10. The precipitates were formed instantaneously and subjected to 

ultrasonication for 30 minutes (Powersonic 405). Then, the obtained precipitate was 

thoroughly washed with double-distilled water followed by ethanol. The prepared sample was 

dried in a hot air oven at 100°C. The sample was then calcined at two different temperatures, 

400°C and 500°C, for 2 hours.  

Characterization: PXRD analysis utilized CuKα radiation (λ=1.5406 Å) within a 2θ range of 

10°–80°, operated at 40kV and 30mA. Photoluminescence studies employed a Cary Eclipse 

spectrophotometer, recording emission spectra were recorded at a scan rate of 600 nm/min 

with an excitation wavelength of 320 nm using He-Cd laser at room temperature. UV-Vis 

absorption spectra were obtained with a Hitachi U-2900 spectrophotometer in the 190 - 800 

nm range after dispersing samples in absolute ethanol through ultrasonication. 

3. Results and Discussion 

3.1 PXRD analysis 

The PXRD (Powder X-ray diffraction) patterns presented in Fig. 1 and Fig. 2 correspond to 

CdO-MgO and CdO-Fe2O3 nanocomposites, which underwent calcination at 400°C. The 

average grain size was calculated using Scherrer’s formula [7]. 

D = 
�4�ä�=����

�	�Ö�â�æ��
 

where, D is the average crystallite size, K=0.9 (is a constant), λ represents the 

wavelength of the CuKα radiation (1.54060 Å), β is the line broadening at full width half 

maximum of the diffraction line and θ is the angle of diffraction. In Fig.1, the PXRD pattern 

of CdO-MgO nanocomposites with an average grain size (D) of 36.13084 nm is illustrated, 

showing MgO peaks (JCPDS Card No.: 27-0759) at (202), (220), (312), (443) with 2θ values 

of 23.61°, 30.39°, 35.27°, 67.23º, and CdO peaks (JCPDS Card No.: 78-1125) at (111), (210), 

(220), (221), (311), (222), (023), (410) with 2θ values of 29.55º, 37.88º, 49.02º, 52.36º, 

56.14º, 61.29º, 64.69º, 74.56º. The MgO (312) peak exhibits high relative intensity. 

 

 

 

 

Fig.1 PXRD pattern of CdO-MgO nanocomposites 
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Fig.2 PXRD pattern of CdO-Fe2O3 nanocomposites 

 

 

 

 

 

 

 

 

Fig.1 PXRD pattern of CdO–MgO nanocomposites 

 

 

 

 

 

 

 

Fig.2 PXRD pattern of CdO-Fe2O3 nanocomposites 

In Fig.2, the PXRD pattern of CdO-Fe2O3 nanocomposites with an average grain size 

(D) of 20.554389 nm is displayed, revealing Fe2O3 peaks (JCPDS File No. 89-0597) at (012), 

(113), and (202) with 2θ values of 23.82º, 40.42º, and 44.10º. CdO peaks (JCPDS Card No.: 

78 - 1125) at (111), (210), (221), and (311) are observed at 2θ values of 30.75º, 36.55º, 

50.02º, and 58.31º, with the (111) peak exhibiting high relative intensity [8]. 

3.2 Photoluminescence (PL) Spectroscopy  

Fig.3 depicts PL emission spectra of CdO-Mg nanocomposites, revealing a prominent 

peak at 360 nm along with smaller peaks at 377 nm, 410 nm, 435 nm, 460 nm, 492 nm, 522 

nm, and 573 nm. In Fig. 4, CdO-Fe2O3 nanocompositesshow a maximum intensity peak at 
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360 nm accompanied by smaller peaks at 376 nm, 410 nm, 436 nm, 494 nm, 522 nm, and 573 

nm. Notably, blue emission peaks are observed at 460 nm, 492 nm and 494 nm while the 

green emission peaks are at 522 nm. The photoluminescence spectrum illustrates thepresence 

of blue and green emission bands in both nanocomposites. 

3.3 UV-Vis Spectroscopy 

Fig.5 displays the optical absorbance spectra of CdO-MgO nanocomposites, revealing 

an absorption peak at 230 nm with an absorbance of 0.55 (arbitrary units). In Fig. 6, the 

optical absorbance spectra of CdO-Fe2O3 nanocomposites show a maximum peak at 371 nm 

with an absorbance of 1.0 (arbitrary units). UV peaks in the blue region for both CdO-MgO 

and CdO-Fe2O3 nanocomposites confirm their nanosize [9]. 

 

 

 

 

 

Fig.3 PL emission spectra of CdO-MgO nanocomposites 

 

 

 

 

 

 

Fig.4 PL emission spectra of CdO-Fe2O3   nanocomposites 

 

Fig.5 Optical absorbance spectra of CdO-MgO nanocomposites 
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Fig.6 Optical absorbance spectra of CdO-Fe2O3 nanocomposites 

Conclusion 

CdO-MgO and CdO-Fe2O3 nanocomposites were synthesized using the co-

precipitation method. The structural analysis by PXRD confirmed that CdO possessed cubic 

structure and MgO-Fe2O3 exhibited rhombohedral structure, devoid of impurities. 

Photoluminescence analysis revealed blue and green shift emissions (340 - 560 nm), and UV-

Visible spectroscopy showed strong absorption peaks in the UV region, suitable for 

photocatalytic applications. 
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ABSTRACT 

Over the last century, polymers have emerged as one of the most indispensable 

components used in everyday life, epoxy or poly-epoxide being one such example. Recently, 

synthetic filler materials have been the preferred choice for reinforcement of epoxy to 

improve its mechanical and tribological properties. However, natural fibers are emerging as 

suitable alternatives to synthetic materials for obvious reasons. In this work, pure epoxy 

sheet was initially formed by solution casting method and the orange peel powder 

(5wt%,10wt%) imposed epoxy sheets were also developed. The FTIR of epoxy reveals the 

functional groups present in the sample. The dielectric constant increases with the increase 

in temperature for all the tested nanocomposites. The thermal stability of polymer composites 

was analyzed using the thermal analyzer and neat epoxy showed enhanced thermal 

properties when compared with orange peel powder-imposed epoxy composite. 

 

Keywords: Orange peel, Epoxy, Electrical analysis, Thermal analysis 

 

1. Polymers 

Polymeric materials have excellent thermal, chemical and dielectric properties. 

Polymers are key enablers in electronic packaging. There are two basic classes of polymers; 

thermoplastics and thermosets [1]. Polymers are long chains of repeating chemical units.  

Polymers can be linear (polystyrene, polypropylene), branched (polyethylene) or cross-linked 

(epoxy). Thermoplastics are very long polymer chains with a high molecular weight and can 

be either crystalline or amorphous [2].  The high molecular weight of polymers imparts their 

useful properties such as good mechanical property and the ability to be moulded into various 

types (injection moulded, extruded, etc [3].  The main drawbacks of using thermoplastic 

polymers in electronic packaging are, as the molecular weight increases, the viscosity 

increases very rapidly requiring processing at temperatures above the melting point and In 

use, if the Tg or Tm is exceeded [4], the dimensional stability  limits the use in electronic 

packaging, since most of the electronic packages experience multiple solder reflows where 

the temperature is likely to be in the range of 220°C - 260°C, well above the Tm or Tg of most 

thermoplastics [5]. Thermosets are a class of polymers that start out as small molecules 

(monomers and oligomers) and during a chemical reaction polymerize into a cross-linked 



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2 
 

31 
 

network structure [6]. In the final fully cured state, the crosslinks join the chains together 

providing good mechanical properties, but thermosets will not flow above the Tg [7].  The 

use of small molecules as starting materials allow for many types of processing such as 

adhesive dispense, moulding of epoxy mould compounds, application of protective coating 

layers, lamination of multilayer printed circuit substrates and more [8]. The cured epoxy resin 

system has good electric performance in wide frequency and temperature ranges. It is a good 

insulating material with high dielectric, surface leakage resistance and good arc resistance 

[9]. The combination of good processing characteristics and useful properties has led to the 

use of epoxy resins in many applications including adhesives, in electronics for 

encapsulation, potting and printed circuit boards, and in the aerospace industries as matrices 

for composites and tile material [10]. 

In this study, orange peel powder-imposed epoxy polymer nanocomposite was 

prepared to enhance their mechanical strength, thermal properties and dielectric properties. 

2. Materials and Methods 

2.1 Epoxy Resin 

Epoxy resin LY556 chemically belongs to epoxide family. Its common name is 

BisPhinol-A-Diglycide-Ether. It is commonly used in the production of adhesives coatings 

and in the production of composite materials. This resin is commonly employed because of 

its high strength, and resistance to chemicals and moisture. LY 556 typically involves the use 

of a hardener for the initiation of the curing process. The type of hardener used is HY951, 

which has low viscosity, curing at room temperature and excellent electrical properties. It 

also has good mechanical strength, good resistance to atmosphere and chemical degradation.  

2.2 Preparation of pure epoxy sheet 

Epoxy resin of 60gm and hardener of 12gm were poured in a beaker and stirred for 3 

minutes using a mechanical stirrer. Before the mixture was poured into the metal mould some 

Vaseline was applied for ease of removal of the sheet. Then the mixture was poured into the 

metal mould. The metal mould was left undisturbed for a day at room temperature. Finally, 

the sample was cured by keeping the mould in an oven at 100 degrees Celsius for 2 hours. 

After the curing process the mould was again kept at room temperature for cooling. When the 

mould attains the rooms temperature the synthesized sheet can be separated from the metal 

mould. Thus, neat epoxy sheet was obtained. 

2.3 Preparation of Epoxy/ Orange peel Composite 

The orange peel powder of 5wt% was dispersed into 60gm of epoxy resin and both 

were mixed by high speed in a mechanical stirrer for 3 hours, 12gm of hardener was slowly 
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into epoxy- composite and stirred using a mechanical stirrer for 3 mins. Before the mixture 

was poured into the metal mould some Vaseline for applied for easily removing the sheet. 

Then the mixture was poured into the metal mould. The metal mould was kept undisturbed 

for one day at room temperature. Then the sample was cured by the keeping in the hot air 

oven for 100degree Celsius for 2 hours. After curing process, the mould was kept at room 

temperature for cooling. When the mould attains the room temperature the developed sheet 

was removed from the metal mould.   

 

 

 

 

 

Fig.1: Photograph of the pure and orange peel-imposedepoxy composites 

3. Results and Discussion 

3.1 Fourier Transform Infrared Spectroscopy 

Fourier transform infra-red spectroscopy is used to characterize the functional groups 

of prepared pure epoxy and orange peel-imposed epoxy samples. The mode used in this FTIR 

characterization is transmission. FTIR measurements for the samples are performed in the 

range of 4000 – 400 cm-1. The FTIR spectrum for all prepared samples is shown in figure 2. 

 

 

Fig.2: FTIR spectra of pure and orange peel-imposedepoxy composites 
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The structure of LY 556 epoxy resin and HY 951 hardener were confirmed by FTIR 

spectral analysis. In the FTIR spectrum of pure epoxy, the band at 3400 cm-1 corresponds to 

bonded O-H stretching. The peak at 3058 cm-1 indicates the stretching of C-H in aromatics. 

The band at 2962 cm-1 and 2926 cm-1 corresponds to the asymmetric C-H stretching of CH2 

and CH3 groups. The band at 1608 cm-1 corresponds to the C=C stretching of aromatic rings. 

The band at 1509 cm-1 corresponds to the C-C stretching vibration in aromatic ring. The band 

at 1458 cm-1 corresponds to the C-C stretching vibration in aromatic ring. The band 1296 cm-

1 corresponds to the asymmetric CH2 deformation. The asymmetric aliphatic C-O stretching 

produces absorption bands at 1182 cm-1. The asymmetric stretching mode of C-O-C vibration 

appears at 1035 cm-1. The strong absorption peak at 828 cm-1 indicates C-H out of plane 

deformation in aromatic rings. The band at 767cm-1 corresponds to the C=C bending. The 

sharpness and intensity only vary for different weight percentage orange peel added epoxy 

composite. A slight shift in absorption bands is observed for orange peel added epoxy 

systems. 

3.2 Dielectric analysis 

3.2.1 Dielectric constant  

It is based on the phenomenon of electrical polarization and electrical conduction in 

materials. In the present work the relative permittivity and the loss tangents are determined. 

 

 

 

 

 

 

Fig.3: Dielectric constant Vs Temperature at 1KHz 

It can be seen that the dielectric constant increases with the increase in temperature 

for all the tested composites. This dependence is observed for pure and all the two filler 

concentrations. At low temperatures the orientational mode cannot contribute to polarization. 

This leads to a lower dielectric constant at low temperatures. The dielectric constant of 

unfilled epoxy and orange peel-imposedepoxy composites increases with decreasing 

frequency. 
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Epoxy+5wt% orange 

Peel powder 

 

Epoxy+10wt% orange 

peel powder 

1 

KHz 

10 

KHz 

100  

KHz 

1 

MHz 

1 

KHz 

10 

KHz 

100 

KHz 

1 

MHz 

1 

KHz 

10 

KHz 

100 

KHz 

1 

MHz 

100 13.689 12.586 11.627 12.848 9.489 9.284 8.324 7.983 8.743 7.987 8.643 7.645 

90 12.498 12.354 11.164 11.812 8.413 8.876 8.256 7.876 8.102 7.843 8.543 7.429 

80 11.328 11.970 10.930 11.282 7.110 8.110 8.145 7.546 7.843 7.664 8.430 7.368 

70 10.936 10.650 9.261 9.293 7.018 8.074 7.876 7.348 7.024 7.430 8.338 7.114 

60 9.239 9.537 9.647 9.211 6.987 7.998 7.546 7.119 7.000 6.998 8.214 6.878 

3.2.2 Dielectric Loss 

Dielectric loss depends on the electrical conductivity which in turns depends on the 

number of charge carriers in the bulk of the material, the relaxation time of the charge 

carriers and the frequency of the applied electric field. 

 

 

 

 

 

 

 

Fig.4: Dielectric loss Vs Temperature at 1KHz 

It can be seen that dielectric loss increases with increase in temperature for all the tested 

samples. This dependence observed for pure and all imposed orange peel concentrations. The 

dielectric loss values for orange peel-imposed epoxy composite are less than that of unfilled 

epoxy. Dielectric loss depends on the electrical conductivity in turn depend on the number of 

charge carriers in the bulk of the material, the relaxation time of the charge carrier and the 

frequency of the applied electric field. The dielectric loss values decrease with increase in 

frequency. 
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3.2.3 AC Conductivity 

AC conductivity increases with increase in temperature for all the tested composites. The 

dielectric results of pure epoxy and epoxy/orange peel powder show different dielectric 

behaviours, depending on the frequency and on the imposed concentration. The frequency 

dependence of the dielectric properties emphasized low frequency dispersion for both orange 

peel powder and filled epoxy samples.  

 

Fig.5: AC conductivity Vs Temperature at1KHz 

3.3 Thermal Analysis  

Thermo Gravimetric Analysis 

To study the thermal degradation characteristics of polymer composites thermo gravimetric 

analysis was employed using the thermal analyzer. TGA data of neat epoxy and orange peel 

powder-imposed epoxy composite (5 wt%, 10 wt %) were recorded and analyzed.  

 

 

Temperature 

(℃) 

 

Pure Epoxy 

 

Epoxy+5wt% orange 

Peel powder 

 

Epoxy+10wt% orange 

peel powder 
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KHz 
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KHz 

100 

KHz 

1 

MHz 

1 

KHz 

10 

KHz 

100 

KHz 

1 

MHz 

1 

KHz 

10 

KHz 

100 

KHz 

1 

MHz 

100 0.0939 0.0875 0.0938 0.0271 0.1839 0.0645 0.0438 0.0360 0.0139 0.0586 0.0448 0.0182 

90 0.0893 0.0679 0.0857 0.0283 0.1693 0.0539 0.0377 0.0354 0.0194 0.0546 0.0376 0.0153 

80 0.0635 0.0589 0.0426 0.0255 0.1562 0.0483 0.0351 0.0339 0.0098 0.0345 0.0287 0.0169 

70 0.0447 0.0497 0.0394 0.0213 0.0887 0.0329 0.0236 0.0328 0.0077 0.0285 0.0197 0.0136 

60 0.0344 0.0314 0.0280 0.0256 0.0663 0.0258 0.0189 0.0310 0.0058 0.0217 0.0135 0.0129 
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Fig.6: TG Graph of pure and orange peel-imposedepoxy 

Conclusion 

In this work, pure epoxy, epoxy + 5 wt% Orange peel powder and epoxy + 10 wt% orange 

peel powder was synthesized by solution casting method. The size of developed sheets is 

approximately 240×50×4 mm. FTIR study proved the occurrence of epoxy and amine hardener 

and interaction with imposed orange peel powder. The sharpness and intensity vary for 

different weight percentage orange peel added epoxy composites. A slight shift in absorption 

bands isobserved for orange peel added epoxy system. The dielectric constant increases with 

the increase in temperature for all the tested composites. Orange peel powder- imposedepoxy 

showed low dielectric loss when compared with pure epoxy. The AC conductivity get 

decreased by adding fillers into the epoxy. Thermo gravimetric analysis exhibited the double 

stage decomposition for pure and imposed orange peel epoxy which also showed that the 

amount of filler increases, the thermal stability also increases with filler loading. 
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ABSTRACT 

Recent years have seen an increase in the utilization of petroleum resources, while 

environmental rules have prompted research on composite materials that are renewable, 

recyclable, and biodegradable. From domestic to aerospace items, natural fibre reinforced 

with polymers is employed in a wide range of applications. Before being reinforced, plant 

fibres need to be studied thoroughly. In the present work, sodium acetate treated coir fibre is 

studied by exposing it to various physical, chemical and thermal characterization analysis. 

Physical characteristics such as diameter, density, linear density, aspect ratio, thermal 

conductivity and water absorption were found. The diameter of the treated coir fibre was 

533µm. Aspect ratio of the treated fibre was found out. Thermal conductivity of the treated 

fibre was 0.041132 W/mK. The density of the treated fibre was 1.16 g/cm3. The water 

absorption behaviour of treated fibres was very much reduced when compared to untreated 

coir fibres. The treated coir fibre has high cellulose content of about 60.39%. The activation 

energy of treated coir fibre was 56.3755 KJ/mol. The mass loss of treated fibre in all cases 

was below 352�( . Coir fibre has many properties and is eco-friendly and so it can be 

concluded that it can be used as reinforcement in bio composites for various applications. 

 

Keywords: Renewable, Sodium acetate, Coir, Cellulose, Bio composites 

 

1. Introduction 

Natural fibres have a number of advantages over conventional reinforcement 

materials, including adequate specific strength, low cost, low density, and improved thermal 

and acoustic insulating qualities [1]. Natural fibres are a form of substance that resembles 

hair and are either permanent fibres or only come in clearly lengthy pieces, like lengths of 

thread. The final part's properties like strength and stiffness are improved while the weight is 

reduced because of the high tensile strength of the fibres in a composite that are held together 

by the matrix resin. Natural fibre is created or produced using both plant and animal hair [2]. 

Due to its higher specific strength, biodegradability and lack of itching, less natural fibre 

issues during manufacturing as compared to synthetic fibre, is now used more frequently in 

polymer matrix composites. The benefits of using natural fibre-based composites in a variety 

of applications are increasing [3]. The two main factors that favour the use of natural fibres as 
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reinforcements are reduced mass fraction and density. The structural design of a product, 

which is predominately made of synthetic materials, is a significant component that affects its 

use and availability on the market. With their capacity to bend to a variety of designer 

configurations, natural fibre composites are now setting trends.  

2. Materials and Methods 

The Coconut fibres are extracted from the outer shell of coconut. The common name 

of the coconut fibre is coir. Scientific name is Cocos nucifera. The traditional method of 

retting is used to extract the coconut fibres. Fibre extraction or the separation of firmly linked 

fibres, can be accomplished manually or mechanically. The Cocos nucifera is collected from 

the village of Authivilai, Kanyakumari district of Tamil Nadu, South India. Fig. 1(a) shows 

the experimental fibres collected. The fibre is extracted from the husk and they are cleaned in 

distilled water and it is chemically treated. The treatment involves soaking the fibres in 0.1M 

of NaOH for10 minutes and the fibres are drained. The drained fibres are soaked in a solution 

of sodium acetate for 20 minutes. Fig.1(b) shows the experimental fibres under treatment. 

Then the fibres are dried in shade. Fig. 1(c) shows the experimental fibres are under drying 

process. After the fibres are dried, they are powdered for the purpose of characterization. This 

is done to determine how the treatment has altered their traits. 

 
Fig. 1. Sodium acetate treatment of Cocos nucifera fibres 

3. Results and Discussions 

3.1. Physical properties of Cocos nucifera fibres 

3.1.1. Length and Diameter analysis 

The length is a crucial term used to find the linear density of the treated coir fibres. In 

order to determine the length, fifteen treated coir fibres are chosen. Using the ruler, the length 

of the fibre samples are measured. Finally, the average value is found out [4]. Similarly, 

microscope is used to find the diameter of the sample fibres. Table 1 shows the length and 

diameter of the sample. 

Table 1. Physical properties of sodium acetate treated coir fibres 

Parameters Treated coir fibres 

Length 19.94 cm 

Diameter 533µm 

Aspect ratio 374.101 
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Linear Density 1917 tex 

Density 1.16 g/cc 

Thermal Conductivity 0.041132 W/mK 

3.1.2. Aspect Ratio 

A higher aspect ratio is required for more efficient energy transmission between the 

matrix and fibre filaments upon impact. Because of their higher tensile strength, natural fibres 

with a high aspect ratio are advised. Fifteen fibres from Cocos nucifera samples that are 

sodium acetate treated are measured for their average diameter and length. The aspect ratio is 

found and is tabulated in Table 1. The following formula is used to find the aspect ratio of the 

natural fibre. 

Aspect Ratio = L/D 

Where L is the average length of the fibre and D is the average diameter of the fibre. 

3.1.3. Linear Density 

The linear density of the fibre is defined as the mass per unit length of the fibre. The 

values are tabulated in Table 1. The linear density of the treated coir fibre is calculated using 

the formula, 

Linear Density = M/L g/km 

Where M is the average mass of the fibres; Lis the average length of the fibres [4]. 

3.1.4. Density using Pycnometer 

Density is the important parameter of natural fibres. When employing a fibre as 

reinforcement in a composite, the density of the fibre is an essential factor in determining the 

fibre's potential to be a lightweight material [5]. The density of the treated coir fibre is 

tabulated in Table 1. The density of the treated coir fibre is calculated using the formula, 

�ŒCnf  =
(m2 – m1) 

(m3 – m1)-(m4 – m2) 
�Œb 

Where m1 is the mass of dry empty pycnometer (g); m2 is mass of pycnometer + fibre (g); m3 

is mass of pycnometer + benzene (g); m4 is mass of pycnometer + benzene +fibre (g); ρb is 

density of benzene (0.876g/cm3); ρCnfis density of sodium acetate treated Cocos nucifera fibre 

in g/cm3. 

3.1.5. Thermal conductivity using Lee’s Disc 

Lee’s Disc instrument is used to find the thermal conductivity of the coir fibre. The 

ability ofa materialtotransfer orconductheatisknown asthemalconductivity. The thermal 

conductivity of the treated coir fibre is tabulated in Table 1. The following formula is used to 

find the thermal conductivity of the natural fibre: 
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K =  
mc(dT/dt) x

�’�‹R2 (T2 – T1)
  . 

R+2h

2(R+h)
W/mK 

K is the coefficient of the thermal conductivity of the sample; m is the mass of themetal disc; 

c is the heat capacity of the metal disc; dT/dt is the rate of cooling ofmetallic disc; X is the 

thickness of the sample; (T2-T1) is the temperature differenceover the thickness of the 

sample; R is the radius of the sample; h is the thickness ofthemetal disc. The graph is plotted 

time along the x axis and temperature along the y axis. 

 
Fig. 2. Thermal conductivity of sodium acetate treated coir fibres 

3.1.6. Water absorption behaviour 

Studying the moisture absorption behaviour of composites made of natural fibres is 

crucial to comprehend the durability of composites based on the application sector. Water 

absorption of treated and untreated coir fibres is calculated using the formula, 

Water Absorption % = 
�Ð�Ø�Ü�Ú�Û�ç���Ô�Ù�ç�Ø�å���Ü�à�à�Ø�å�æ�Ü�â�á�?�Ð�Ø�Ü�Ú�Û�ç���Õ�Ø�Ù�â�å�Ø���Ü�à�à�Ø�å�æ�Ü�â�á

�Ð�Ø�Ü�Ú�Û�ç���Õ�Ø�Ù�â�å�Ø���Ü�à�à�Ø�å�æ�Ü�â�á
 * 100 % 

The graph is plotted with time in x-axis and percentage of water absorption in y-axis. Fig. 3 

shows the graphical data of untreated and sodium acetate treated coir fibre. 
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Fig. 3. Water absorption vs time graph of sodium acetate treated coir fibres 

3.2. Chemical Analysis 

The weight percentages of the different parts of a natural fibre, such as cellulose, 

lignin, wax, ash, moisture, pectin, and hemicellulose are found and are tabulated in Table 2 

[6]. The physical and chemical treatments of plant fibers are known to change the cellulose 
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content as well as degree of crystallinity. The amorphous content gets washed away due to 

chemical treatment with increasing the ratio of crystalline to amorphous regions. Thus, 

cellulose content of coir fibre increases after treatment. To assess the chemical make-up of 

each fibre sample traditional analytical techniques are applied [4]. 

Table 2. Chemical composition of sodium acetate treated coir fibres 

 

Chemical Composition 

Untreated coir 

fibres 

[7] 

Sodium Acetate treatedCoir 

fibres (%) (present work) 

Cellulose 37 60.39 

Hemicellulose - 31.61 

Lignin 42 24.19 

Pectin - 3.98 

Moisture 11.36 11.37 

Wax - 0.88 

Ash - 2.77 

Density(g/cc) 1.2 [8] 1.16 

 

3.3. Thermal Analysis 

Thermal analysisisoneofthemostwell-knownandfrequently employed methods for 

analysing the decomposition of solid materials. Depending on the nature and chemical 

makeup of the naturalfibres, the heat degradation takes two tothreeprocesses. TG plot is 

generated with the temperature along the x-axis and the weight loss percentage along they-

axis. Table3 indicates the mass loss of treated fibre in al lcases below 352�( . Major mass loss 

(30 - 50 wt%) occurs above 243�(  and is caused by the breakdown of cry stalline cellulose.  

 

Table 3. Thermal study of sodium acetate treated coir fibre 

Fibre Type 

Temperature 

during mass loss 

(�( ) 

Mass Loss 

Residual

mass 

At 700 �(��
(%)  

Activation 

Energy 

(kJ/mol) 

Treated coir 

fibre 

0 - 154 4% 

22.42% 56.3755 154 - 243 2% 

243 - 352 49% 
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The highest peak of deterioration is identified using the DTG curve. The peak values 

on the TG curve are consistent with it. As a result, the thermal stability of the fibre has been 

perfectly evaluated. Table 4 examined the mass loss at Tmax of treated coir fibres. DSC 

profiles of treated coir fibres are indicated in Fig. 4 (c). The treated coir fibre's lignified 

compartment is released by an exothermic peak at 361 °C [9]. 

 

Fig. 4 (a) TG curve of sodium acetate treated coir fibres (b) DTG curve of sodium 

acetate treated coir fibres (c) DSC Curve of sodium acetate treated coir fibres (d) 

Activation energy curve of sodium acetate treated coir fibres 

TheActivation energy of treated coir fibreis calculated from Coasts - Redfern approximation. 

log�>
�?�j�m�e�:���5�?���� �;

�Í �. �? = log
�º�Ë

�	 �¾�Ì
[ 1 - 

�6�Ë�Í

�¾�Ì
] – 

�¾�Ì
�6�ä�7�4�7���Ë�Í

 

Table4. Mass loss at Tmax of treated coir fibres 

Sample 

Total mass loss (%) 

Max. Temperature 

Limit (�( ) 

T (50%) 

(�( ) First 

stage 

Second 

stage 

Third 

stage 

Treated coir 

fibre 
4% 6% 55% 352 342 

 

Conclusion 

Coir fibre has many beneficial properties and is eco-friendly and so it can be 

concluded that it can be used as reinforcement in bio composites for various applications. The 
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sodium acetate treatment on this fibre material enhances its qualities and so it can be use in a 

variety of matrixes for many applications. In order to take care of our mother nature such 

natural fibre reinforced composites must be used rather than man-made fibre composites, 

since these composites are biodegradable even after its use. 
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ABSTRACT 

In the present work copper oxide (CuO) nanoparticles were synthesized by means of 

simple chemical precipitation method.  Copper acetate and oxalic acid was used as 

precursors for this synthesis process. The prepared copper oxide nanoparticles were 

characterized by using X-Ray Diffraction (XRD) and Ultra Violet-Visible (UV-Vis) 

spectroscopic techniques.  The phase and crystalline structures were determined using the 

XRD analysis.  The optical band gap was analyzed by using UV-Vis Technique. The thermal 

properties of the nanoparticles were studied with the aid of Thermo Gravimetric Analysis 

(TGA). The antibacterial actions of copper oxide nanoparticles were studied and the 

inhibition zones were examined around the disc is measured with transparent ruler in 

millimeters. 

 

Keywords: Copper Oxide, UV Spectroscopy, XRD. 

 

1. Introduction 

The application of nanoparticles is rising due to their unique properties like small size, 

high surface to volume ratio, controlled release and higher bioavailability [1]. Metal oxide 

nanoparticles have been receiving considerable attention for their potential applications in 

optoelectronics, nanodevices, nanoelectronic, nanosensors, information storage and catalysis 

[2]. Copper oxide nanoparticles are relatively cheap, photo catalytic and stable regard to their 

chemical and physical properties. The potential application of CuO nanoparticles as anti-

infective agents lies in their extremely high surface area and desirable crystal morphologies 

[3, 4]. The highly ionic copper oxide nanoparticles effectively target a wide range of bacterial 

pathogens associated with nosocomial infections.  However, a significantly high dose of 

copper oxide is required to generate an antimicrobial effect [5, 6]. Copper oxide is a well-

knownsemiconductormaterials has been considered as a important one because of their 

practical importance in electronic and optoelectronic devices, such as electrochemical cells, 

gas sensors, magnetic storage devices and catalysts etc. [7-10]. Because of their simplicity of 

preparation, scalability, nontoxicity, abundance, low-cost, and environmental friendliness, 
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CuO is a semiconducting compound with a narrow band gap and is used for photoconductive 

and photo thermal applications [11, 12]. 

In the present work, our aim is to the synthesis copper oxide nanoparticles in a single 

step by the simple chemical precipitation method.  The novelty of the work is synthesis of 

copper oxide nanoparticles by one step reaction of copper acetate and oxalic acid, no catalyst 

is used in synthesis process. Further the structural, optical, thermal properties and 

antibacterial effectiveness wereanalyzed using the characterization techniques.    

2. Materials and Methods 

Nanostructure materials have attracted agreatdealof attentionbecause of thephysical, 

chemical, electronic and magnetic properties show dramatic change from higher dimensional 

counterparts and depends on their shape and size. Many techniques have been developed to 

synthesize and fabricate nanostructure materials with controlled shape, size, dimensionality 

and structure. The performance of materials depends on their properties. The properties in 

tern depend on the atomic structure, composition, microstructure, defects andinterfaceswhich 

are controlled by thermos dynamics and kinetics of the synthesis. 

Copper oxide nanoparticles were prepared by a simple chemical method. The 

precursor used in the synthesis process is copper acetate and oxalic acid. 0.4 mole of copper 

acetate was dissolved completely in 50 ml of water and stirred well using the magnetic stirrer. 

Similarly, 0.4 Mole of oxalic acid was dissolved in 50 ml of distilled water. The solution was 

stirred well using magnetic stirrer until it dissolves. 

The dissolved oxalic acid was added to the copper acetate little by little and stirred 

well for about 30 minutes. Then the solution was kept at room temperature for a day. The 

solution was washed using distilled water three times per day, washing process continues for 

five days. After washing, the solution was kept in hot air oven at 100℃ to get dried. Then the 

dried solution was powdered and kept in muffle furnace for heating at 500℃ and finally 

desired copper oxide nanoparticles was obtained. 

3. Results and Discussion 

The X-Ray diffraction pattern of copper oxide nanoparticles was recorded using X-

Ray Diffractometer with TOPS Software of wavelength 1.54060Å. The XRD pattern 

obtained for the as-prepared copper oxide was shown in fig.1. Various parameters such as 

angle 2θ, d-spacing, (h k l) and relative intensity data of copper oxide nanoparticles are 

tabulated in table 1. 
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Fig.1. XRD pattern of as-prepared copper oxide nanoparticles 

Table 1. Computed XRD parameters of copper oxide nanoparticles 

S.No. Angle 2θ 

(degree) 

d-

spacing 

(Å) 

Net 

Intensity 

(counts) 

Gross 

Intensity 

(counts) 

Relative 

Intensity 

(%) 

FWHM 

1. 46.857 1.93735 170.956 810.540 4.1 0.353 

2. 50.813 1.79541 225.635 860.781 5.4 0.100 

3. 42.190 2.14025 257.961 907.564 6.1 0.254 

4. 46.622 1.94659 265.577 908.028 6.3 0.350 

5. 38.748 2.32205 366.863 1090.72 8.7 0.296 

6. 36.097 2.48627 367.603 1139.87 8.8 0.100 

7. 51.611 1.76953 374.864 1012.56 8.9 0.100 

8. 51.407 1.77606 418.168 1056.23 10.0 0.100 

9. 22.812 3.89520 4200.26 4970.51 100 0.284 

 

 The formation of CuO nanoparticles was confirmed by XRD analysis. All the 

diffraction peaks can be indexed with lattice planes and compared to the international center 

for diffraction data (ICDD) Card No: 41 - 0254. The d-spacing values of the present study 

were well matched with the reported values in the card given in table 2. In XRD analysis, the 

planes (1 1 2), (1 5 1), (1 3 1), (1 1 3), (1 3 0), (0 4 2), (3 1 1), (-2 0 2) and (0 2 1) indicate the 
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formation of monoclinic crystallite without having any peak due to the possible Cu2O and Cu 

(OH)2 impurity. Therefore, from the XRD analysis it was further confirms that the prepared 

nanoparticles belong to CuO phase. The copper oxide nanoparticles retained its monoclinic 

structure with lattice parameters a = 4.685Å, b= 3.423 Å, c=5.132 Å, α=γ=90o, ꞵ =99.52o and 

V=81.17 Å3. 

Table 2. Generated miller indices from ICDD 

 

S.No. Angle 2θ 

(degree) 

d-spacing 

(Å) 

Miller Indices 

(h k l) 

1.  46.857 1.93735 (1 1 2) 

2. 50.813 1.79541 (1 5 1) 

3. 42.190 2.14025 (1 3 1) 

4. 46.622 1.94659 (1 1 3) 

5. 38.748 2.32205 (1 3 0) 

6. 36.097 2.48627 (0 4 2) 

7. 51.611 1.76953 (3 1 1) 

8. 51.407 1.77606 (-2 0 2) 

9. 22.812 3.89520 (0 2 1) 

 

 UV - VIS spectrums of the prepared copper oxide nanoparticles were taken in the 

wavelength range between 200 to 800 nm. The spectrometer is initialized with glass plate and 

the sample is mounted for recording the absorption spectrum. UV spectra of the as prepared 

nanoparticles are taken using UV spectrophotometer [13, 14]. The optical absorbance 

spectrum is shown in fig 2. 

 
Fig 2. Optical absorbance spectrum for copper oxide nanoparticles 

 The optical absorbance spectrum of the synthesized copper oxide nanoparticles 

revealed a peak at 235 nm. The coppers oxide absorbance peak shows maximum absorbance 
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of 1.95 % at 235nm.The energy band gap of copper oxide nanoparticle is obtained by the 

relation 

 Eg = hν=ℎ�?/�ã 

λ =235 nm; h = 6.62607×10−34 Joules sec; c = 3×108 meter/sec. 

 Eg=5.29 eV 

The energy band gap of copper oxide is found to be 5.29 eV. 

Thethermalanalysisofcopperoxidenanoparticlesisperformedatthetemperature range 

0 to 1000℃in the normal nitrogen atmosphere. The TG/DTA patternobtainedfor the as-

prepared copper oxide was shown in fig.3 and fig.4. 

 

 

Fig.3 TG graph of copper oxide nanoparticles 

 

Fig.4 DTA curve of copper oxide nanoparticles 
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TG determines mass loss over a temperature range and DTA determine endothermic 

and exothermic temperatures and show phase transitions. The TG/DTA data for copper 

oxide nanoparticles shows that the exothermic peak takes place around 300oC which 

confirms that the material has retained its texture till 300oC without any decomposition up to 

this temperature. From the TG curve it was known that the prepared material experiences 

100 percentage weight losses at 300oC due to the liberation of oxygen molecules this was 

confirmed by the DTA curve corresponding to the sharpen dothermic peakat 300℃. The 

final residue left behind is copper [15 - 17]. 

The application of nanoparticles as antimicrobial agents is gaining importance in the 

field of biology. The copper oxide nanoparticles have been synthesized and tested for various 

applications in medicine. Nanoparticles are increasingly used to target bacteria as an 

alternative to antibiotics. Nanotechnology may be particularly advantageous in treating 

bacterial infections. Examples include the utilization of nanoparticles in antibacterial coatings 

for implantable devices and medicinal materials to prevent infection and promote wound 

healing, in antibiotic delivery systems to treat disease, in bacterial detection systems to 

generate microbial diagnostics, and in antibacterial vaccines to control bacterial infections.  

The antibacterial activity was tested on Escherichia coli, Staphylococcus aureus and 

Pseudomonas aeruginosa bacterial strains. The qualitative assessment of the antibacterial 

effect was done using agar disc diffusion (Kirby Bauer) method. Bacterial strains were 

swabbed using sterile cotton swabs in Mueller Hinton agar plate. Up to 40 μl of each 

concentration of the extract were respectively introduced in the sterile discs using sterile 

pipettes. The disc was then placed on the surface of medium and the compound was allowed 

to diffuse for 5 minutes and the plates were kept for incubation at 37°C for 24 hours. The 

contact biocidal property can be determined by measuring the diameter of the zone of 

inhibition (ZOI) around the well. At the end of incubation, inhibition zones were examined 

around the disc and measured with transparent ruler in millimeters. The antibacterial effect of 

the copper oxide nanoparticles was qualitatively measured by performing agar diffusion test 

against all microorganisms. The diameters of the ZOI are determined and these are tabulated 

in Table 3. The absence of growth around the nanoparticles is an indirect measure of the 

ability of the material to inhibit the growth. The ZOI of the nanoparticles produced against 

the Escherichia coli, Staphylococcusaureus and Pseudomonas aeruginosa bacterial strains are 

shown in Figures 5 - 7. 
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Fig. 5. ZOI of the nanoparticles produced against E. coli 

 

Fig.6. ZOI of the nanoparticles produced against Staphylococcus aureus 

 

Fig.7 ZOI of the nanoparticles produced against Pseudomonas aeruginosa 
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Table. 3 Diameters of the ZOI produced by the samples against the microbes 

S.No.  

Microbes 

Positive control 

Levofloxacin 

Zone size in 

diameter(mm) 

1. Escherichia coli 27 10 

2. Staphylococcusaureus 22 12 

3.  Pseudomonas 

aeruginosa 

25 6 

The antibacterial action of copper oxide nanoparticles against the Escherichia coli, 

Staphylococcus aureus and Pseudomonas aeruginosa bacterial strains is studied. From the 

studies it was confirmed that the copper oxide nanoparticles are high antibacterial activity on 

Staphylococcus aureus bacteria. 

3.Conclusion 

In the present work, copper oxide nanoparticlesare synthesized by a simple chemical 

precipitation method. The precursors used in the synthesis process were Copper Acetate and 

Oxalic acid. The preparation process is faster, cheaper and cost effective. The following 

conclusions are made from the result of this work. From the XRD characterization, it is 

observed that the prepared copper oxide nanoparticles belong to monocliniccrystal system. 

From the XRD spectrum, the corresponding phases are identified a CuO. From the TG/DTA 

studies, the thermal stability of the prepared copper oxide nanoparticles is identified as 300 

oC. Furthermore, the chemical degradation of the material corresponding to the exothermic 

peaks is found out. The optical behavior of both copper oxide nanoparticles is studied by UV 

characterization. The band gap of the prepared nanoparticles is also found. The energy band 

gap of copper oxide nanoparticle is 5.29 eV. The antibacterial actions of copper oxide 

nanoparticles were studied and the inhibition zones were examined around the disc is 

measured with transparent ruler in millimeters. From the studies it was confirmed that the 

copper oxide nanoparticles are high antibacterial activity on Staphylococcus aureus bacteria. 

The future scope of the project is to analyze the particle size, SEM and TEM of the material. 
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ABSTRACT 

In this report the nanostructured thin film of nickel hydroxide was obtained 

successfully by the SILAR method. The prepared samples were successfully characterized by 

different techniques namely X-ray diffraction (XRD), Fourier Transform Infrared Spectrum 

(FTIR), Field Emission Scanning Electron Microscope (FESEM), Energy dispersive X-ray 

analysis (EDAX), and the UV-Visible spectroscopy. Using the result of XRD reveals the 

presence of nickel hydroxide using nickel sulphate and nickel chloride by obtaining the peak 

value of 38.665° and 38.370°. In FTIR the formation of Ni-OH bonds which his proven by the 

appearance of the absorption bands at 3408 cm-1 and 3371 cm-1. The FESEM images shows 

the floral structure for nickel hydroxide which is prepared from nickel chloride and nickel 

hydroxide and containing different sized particle as 1 �äm and 500 nm. The EDAX result 

shows that the sample is primarily composed ofnickel, oxygen and hydrogen with the 

presence of other impurities. From the UV-visible spectres copy, the bandgap values were 

calculated and the values are 3.37eV and 3.16eV. 

 

Keywords: Thinfilm, Nickel Hydroxide, SILAR 

 

1. Introduction 

Nickel hydroxide (Ni(OH)2) has been widely used in numerous applications due to its 

unique physico-chemical properties. Because of the potential application of Ni(OH)2 and the 

novel properties of nanoscale materials, considerable efforts have recently been focused on 

the preparation of nanostructured Ni(OH)2, such as nanotubes, nanorods, nanosheets, and 

nanoribbons[1]. They were always mixed into conventional spherical Ni(OH)2 to be used and 

could not independently used as the active materials in positive electrodes. Therefore, two- 

and three-dimensional Ni(OH)2 hierarchical structures obtained by the self-assembly of low-

dimensional building blocks have received increasing interest and can be independently used 

as the active materials in positive electrodes[2-4].  

As two-dimensional nanoscale materials, nanostructured Ni(OH)2 thin films are 

highly desired. Nickel oxide (NiO) thin films are very prosperous materials with excellent 

electrochromic properties. In this paper, nanostructured Ni(OH)2 thin films were prepared by 

a SILAR process and the growth process as well as the structural and optical properties were 

discussed in detail.  
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2. ExperimentalDetails 

 In this study, [Ni(OH)₂] nanostructures were grown by SILAR method on cotton cloth 

substrates at room temperature and ambient pressure. To synthesize the, [Ni(OH)₂] thin films, 

aqueous nickel-ammonia complexions ([Ni(NH3)4]
2+) were chosen for the cation precursor, in 

which using analytical reagents of NiCl2 (% 99) and concentrated ammonia (NH3) (25-28%) 

were used. The concentration values defined for the nickel (Ni) solution was 0.1 M and the 

molar ratio of Ni: NH3 is 1:10 obtained as are sult of several experiments. 

For the synthesis of the, [Ni(OH)₂] thin films, one SILAR growth cycle included the 

following four steps 

Step: (1) immersing the substrate in the complex ([Ni(NH3)4]
2+) solution for 40 s to create 

athin liquid film containing ([Ni(NH3)4]
2+) on the substrate; 

Step: (2) rinsing the withdrawn substrate immediately in doubled istilled water for 20s; 

Step: (3) immersing the withdrawn substrate immediately for 60s in hotwater at100°C to 

forma [Ni(OH)₂] layer and 

Step: (4) rinsing the substrate in a separate beaker for 20 s to remove large and loosely bound 

Ni(OH)2 particles. Thus one SILA Recycle of, [Ni(OH)₂] deposition was completed. By 

repeating such deposition cycles, 80 times we obtained, [Ni(OH)₂] films of the thickness 264 

nm, respectively. The average growth rate was found to be 3.16 nm/cycle. The films were 

deposited at room temperature. To investigate the effect of film thickness on the 

characteristic parameters of the, [Ni(OH)₂] films, XRD, SEM and optical absorption 

measurements were used. For structural studies, X-ray Diffractometer with (λ = 1.5405 

Angstrom (Å)) radiation with 2h of 20° - 80° wasused. The surface morphology was studied 

using a SEM. To study the optical properties of thefilms, absorption measurements were 

conducted using a Perkin–Elmer UV/ VIS Spectrometer with wave length solution better than 

±0.3 nm at roomtemperature. 

2. Results and Discussion 

2.1. XRD analysis 

In XRD the position and relative intensity of all diffraction peaks match with the 

JCPDS file no:14-0117 as shown in the Figure 1, Which indicate the presence of Ni(OH)2 

nanoparticle. The average crystallite size of the nanoparticle was estimated from the line 

broadening of the diffraction line susing Debye Scherrer’s formula 

D=Kλ/βcosθ 
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Where D is the average crystallite size (nm); K is the Scherrer’s constant (K=0.89), λ 

is the wavelength of light used for diffraction (λ=1.54056Ȧ); β is the broadening of the 

diffraction peak measured at half of its maximum intensity (in radians) and θ is the Bragg’s 

diffractionangle. The obtained peak value is (101) and the 2θ value is 38.370° using the 

solution Nickel Sulphate is shown in Fig. 1a and the peak value is (101) and the 2θ value is 

38.655° is obtained for the solution Nickel Chloride is shownin Fig.1b. 

 

 

Fig .1 XRD Pattern of �ü��(�ý�ö)
Û nano structured thin film prepared using  

a) Nickel Sulphate b) Nickel Chloride 

2.2. FTIR Spectra 

The FTIR spectrum of Ni(OH)2 shows a hydroxyl stretch from the Ni(OH)2 lattice is 

between and an -O-H stretch of the intercalated hydroxyl group from water between 3100 and 

3500 cm−1. Also, an H-O-H bend is observed at 1605 cm−1 from the vibration of free water 

molecules. The spectrum also shows a sharp O-H stretch at 608 cm−1 from the hydroxyl 

lattice vibration and a weak peak at 467 cm−1 indicating a Ni-O lattice vibration. 

 

Fig.2: FTIR spectra of �ü��(�ý�ö)
Û nanostructured thin films prepared using 

a) Nickel Chloride b) Nickel Sulphate 

3.3. UV-VIS Spectroscopy 

To characterize the absorption properties of the synthesized samples, UV-Vis 
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absorption spectrophotometer was used. UV-Vis spectrophotometers measure the absorption 

or transmission of light that passes through a medium. It offers a maximum absorbance peak. 

The optical bandgap energy can be determined by the following equation 

Eg= hc /λ 

where h is the Planck’s constant (6.626 x 10-34 J-s), c is the velocity flight (3x108m/s), λ is 

the corresponding absorption wavelength. The bandgap of Ni(OH)2 is 3–3.5ev. The 

absorbance spectra of the syn the sized Ni(OH)2 from nickel sulphate which exhibits a 

maximum peak at 368 nm with absorbance 0.567(arb. Units). The optical band gapis found to 

be 3.37eV. 

 

 

 

 

 

 

 

Fig.3: Absorbance spectra of �ü��(�ý�ö)
Û nanostructured thin films prepared using 

 a) Nickel Chloride b) Nickel Sulphate 

3.4. FESEM Analysis 

The FESEM images of Ni(OH)2 synthesized from nickel chloride, nickel sulphate annealed at 

100oC are shown in Fig.4 & 5. The floral morphology with different size was observed. 

Fig.4. Morphology of �ü��(�ý�ö)
Û nanostructured thin films prepared using Nickel Chloride 

 

Fig.5: Morphology of �ü��(�ý�ö)
Û nanostructured thin films prepared using Nickel 

Sulphate 
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4.5. EnergyDispersiveX-Ray Analysis (EDAX) 

The elemental analysis of nickel hydroxide was done by energy dispersive X-ray 

analysis (EDAX). The energy dispersive X-ray analysis was conducted by focusing an 

electron beam several different sectioned regions of Ni(OH)2. The composition of sample 

shows the presence of nickel, oxygen and carbon elements. The peaks observed in the 

spectrum reveals the presence of Ni and OH, which confirms the formation of Ni(OH)2 in the 

sample. 

 

Fig.6: EDS spectra of �ü��(�ý�ö)
Û nanostructured thin films prepared using 

a) Nickel Chloride b) Nickel Sulphate 

Conclusion 

The nanostructured thin film of nickel hydroxide was obtained successfully bythe 

SILAR method. XRD analysis confirms the crystal structure of Ni(OH)2 nanostructured thin 

films. The formation of Ni-OH bonds is proven by the appearance of the absorption bands at 

3408 cm-1 and 3371 cm-1 observed in the FTIR. The FESEM images shows the floral structure 

for nickel hydroxide which isprepared from nickel chloride and nickel hydroxide and 

containing differentsized particle as1�äm and 500 nm. The EDAX result shows that the 

sample is primarily composed of nickel, oxygen and hydrogen with the presence of other 

impurities. The band gap values were calculated from absorption spectra and the values are 

3.37 eV and 3.16 eV.  
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ABSTRACT 

NiO nanoparticles were synthesized by Sol-Gel method and the synthesized 

nanoparticles were calcined at different temperatures. The powders were investigated with X-

ray diffraction, Scanning Electron Microscopy with EDAX analysis, UV-visible spectroscopy 

and Fourier Transform Infrared Spectroscopy (FTIR). The structural characterization was 

carried out by x-ray diffraction which confirms the polycrystalline nature of the films with a 

cubic structure. SEM analysis of the films enabled the conclusion that the prepared films are 

uniform, rough, large crystals and agglomeration of particles were observed. The UV studies 

shows the absorption properties of the synthesized nanoparticles. The stretching vibration of 

bonds of synthesized NiO nanoparticles were foundfrom FTIR spectra. 

 

Keywords:  Nickel Oxide, XRD, UV-Visible spectroscopy, FTIR, SEM  

 

1. Introduction 

Nickel   oxide is a p type 3d transition   metal oxide and has received a great deal of 

attraction due to its applications in various fields such as electrochromic films, fuel cell 

electrodes and gas sensors, battery cathodes, PN hetero junctions, magnetic materials, 

photovoltaic devices, electrochemical supercapacitors, smart windows and dye-sensitized 

photocathodes [1-4]. With the volume effect, the quantum size effect and the surface effect, 

NiO nanoparticles are expected to possess many improved properties and even more 

attractive applications than those of bulk-sized NiO particles [5-7]. Preparation of Nickel 

involves the solution phase chemistry route, which in theory should provide multiple, simple 

ways to control the morphology, particle size and desirable crystalline phase [8-10]. The   

Nickel Oxide nanoparticleshave been prepared by sol gel method with different calcination 

temperature.  The synthesized Nickel Oxide nanoparticles synthesized were characterized 

through XRD, SEM, EDAX, UV-Vis spectroscopy and FTIR. 

2. Experimental Procedure 

0.2 M of Nickel Nitrate is dissolved in 50 ml of ethanol and isopropyl alcohol. The 

precursor solution is allowed to stir until clear solution is formed. Then the Sodium 

Hydroxide was added drop by drop to reach the pH value of 9. The sol is formed and the 
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temperature was set above 70°C in the magnetic stirrer. After 2 hours the green colour gel 

was formed and it is washed with ethanol for 3-5 times to remove by products and unreacted 

compounds. The gel is then placed in hot air oven at 100°C for 24 hours. The dried powder is 

then calcined in muffle furnace for different temperatures (300°, 500° and 700°C). After 

calcination process, the green coloured NiO nanoparticles changes into Black colour. 

3. Results and Discussion 

3.1 XRD analysis NiO nanoparticles 

The powder X-ray Diffraction pattern of Nickel Oxide (NiO) nanoparticles was recorded 

using XPERT-PRO Diffraction system with Cu�- �Ù radiation of wave length 1. 54056Å. The 

characteristic powder X-ray diffraction pattern of nickel oxide nanoparticle susing different 

temperatures are shown in the fig.1 

 

Fig.1 XRD analysis of NiO nanoparticles calcined at different temperatures 

(a) 300oC (b) 500oC and (c) 700�¹C 

Figure 1(a) shows the XRD pattern of NiO   nanoparticles   calcined at300°C. The 

predominant peaks lies in (220) and (113) plane. The average grainsizes of NiO nanoparticles 

obtained in this processis 107.85 nm. Figure 1 ( b )  shows that XRD pattern of NiO 

nanoparticles   calcined at 500°C. The predominant peaks lie in (220), (002) and (111) plane 

which indicates the good crysalinity of the sample. The average grainsizes of NiO 

nanoparticles obtained in this processis 40.26 nm. Figure1(c) shows that XRD pattern of NiO 

nanoparticles calcined at 700°C. The predominant peaks lie in (220), (012), (101), and (110) 

plane which indicates with high intensity. The average grain size of the particleis found to be 

33.52 nm. All the samples show the cubic structure which his in agreement with JCPDS file 

no. 89 - 7101. As the calcination temperature increases, there is a decrease in its grain size. 

Also. The calcination temperature makes the peak intense and clear. 
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3.2 UV-Visible analysis 

 

Fig.2 UV-Visible analysis of NiO nanoparticles calcined at (a) 300oC (b) 500oC (c) 700�¹C 

Figure 2 shows the optical absorption spectra of the NiO nanoparticles synthesized 

with different calcination temperature. A strong absorption peak is obtained in the UV region 

at 270 nm, 294 nm and 294 nm wavelength respectively, which may beassociated to the 

absorption band of NiO. The bandgap value is found to be 3eV, 3.2 eV and 3.2 eV 

respectively for the optimized synthesized NiO nanoparticles calcined at different 

temperatures. 

3.3 FTIR Analysis 

FTIR Analysis measures theinfrared region of the electromagnetic radiation spectrum, 

which has a longer wavelength anda lower frequency than visible light. This spectrum is 

measurable in a sample when submittedto infrared radiation (IR). The basic theory at work is 

that the bonds between different atoms absorb light at different frequencies. The FTIR 

analysis results for Nickel Oxide nanoparticles at various different temperatures at 300°C, 

500°C, 700°C. 

 

 

 

 

 

 

 

Fig 3. FTIR spectra for NiO nanoparticles synthesized at 300℃ 

 (b) 500℃ (c) 700℃ 

3.4 SEM Analysis 

Scanning electron microscopy-energy dispersive X-ray analysis (SEM-EDX) provides 

aquick nondestructive determination of the elemental composition of the sample readily 

identifying barium, potassium, strontium, and chlorine.  
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Fig 4. FESEM spectra for NiO nanoparticles synthesized at 

 (a) 300℃ (b) 500℃ (c) 700℃ 

The NiO nanoparticles synthesized with 300°C and 500°C of calcination temperature 

show nanospikes and as the temperature increased to 700°C nanopebbles were formed.    

3.5 EDX analysis 

EDX measurement evidences that NiO containonly Ni and Oelements and there is 

notrace of any other impurities with in the detection limit of the EDX. Inaddition, there was 

no evidence of impurities or residues observed in the EDX results, which also confirmed   the   

complete formation of NiO nanostructures. 

 
 

Fig 5. EDX spectra for NiO nanoparticles synthesized at 

a) 300℃ (b) 500℃ (c) 700℃ 

 

 

 

 

 

 

Element Weight % 

 300oC 500oC 700oC 

O K 41.87 31.06 54.60 

Ni K 58.13 68.94 45.40 
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Conclusion 

In this report, nickel oxide (NiO) nanoparticles are synthesized by sol-gel method. 

The procedure developed in th epresent study offers homogeneous particle distribution, good 

reactivity between components, nano-size particles and allow slower processing temperature. 

Using Debye Scherer’s formula, the average grain size of NiO was found to be107.84 nm, 

40.25 nm and 33.52 nm respectively for samples calcined at (a) 300℃ (b) 500℃ (c) 700℃. 

The UV studies show that there is a blue shift exhibited by NiO nano crystalline particles. 

The FTIR spectra of the synthesized nanoparticles reveal the stretching vibration of different 

bonds. The SEM analysis show the nanoparticles synthesized are of nanospike shaped and the 

EDS results are shown in the graph. The EDS results show the purity of the synthesized NiO 

nanospikes and confirm that no impurities are present. Hence the synthesized (NiO) Nickel 

oxide powders are used as an electrolyte in nickel platingsolutions, an oxygen donor in auto 

emission catalysts. Also, they can be used in anodizing aluminum, conductive nickel zinc 

ferrites, in glass frit for porcelain enamel, thermistors, cermet and resistance heating 

elements. 
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ABSTRACT 

Copper ferrite thin film has been prepared by using doctor blade method and it 

findsas application dye-sensitized solar cell, which is a third-generation photovoltaic device 

thatholds significant promise for the inexpensive conversion of solar energy. For the 

fabricationof the thin film, CuFe2O4 nanoparticles synthesized via green route using egg 

white is used. The Structural characteristics of synthesized thin film was studied by X-ray 

diffraction analysis, Fourier transform infrared spectrum was recorded to investigate the 

presence of the chemical substances in synthesized Copper ferrite thin film.  

 

Keywords:  Thin Film, Doctor Blade Technique, Ferrite, Nano, XRD, FTIR, Green. 

 

1.Introduction 

Due to their high electrical resistivity and excellent magnetic properties, spinel ferrites 

are excellent candidates for modern technological applications. Copper ferrite nanoparticles 

(NPs) are used in biomedicine (drug delivery [1], magnetic resonance imaging [2], magnetic 

cell separation, and DNA extraction [3]. They also have various technological applications 

such as energy storage devices [4], magnetic storage media [5], and spintronic and 

electromagnetic devices [6,7]. Furthermore, ferrites have been used as catalysts for the 

photocatalytic degradation of organic matter [8, 9, 10], oxidation of dimethyl ether [11] and 

mercury [12], and reduction of 4-nitrophenol [13]. The spinel structure of ferrites provides 

additional sites for the catalytic reaction, leading to an increase in the efficiency of 

photocatalytic decomposition [14,15]. 

Doctor blade coating is the most widely employed solution processing technique for 

large-area thin film fabrication at low cost. Doctor blade coating is a technique used to form 

films with well-defined thicknesses. The technique works by placing a sharp blade at 

fixed distance from the surface that needs to be covered. The coating solution is then placed 

in front of the blade and the blade is moved across in-line with the surface, creating a wet 

film. The technique should ideally have solution losses of about 5%; however, practically, it 

takes time for optimal conditions to be found [16]. 
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A dye-sensitized solar cell  is a low-cost solar cell belonging to the group of thin film 

solar cells [17]. The DSSC has a number of attractive features; it is simple to make using 

conventional roll-printing techniques, is semi-flexible and semi-transparent which offers a 

variety of uses not applicable to glass-based systems, and most of the materials used are low-

cost. Although its conversion efficiency is less than the best thin-film cells, in theory its 

price/performance ratio should be good enough to allow them to compete with fossil fuel 

electrical generation by achieving grid parity. Commercial applications, which were held up 

due to chemical stability problems, had been forecast in the European Union Photovoltaic 

Roadmap to significantly contribute to renewable electricity generation by 2020 [18, 19]. 

2. Experimental Details 

The doctor blade technique to adopted in the fabrication of CuFe2O4 thin film in the 

present work. The CuFe2O4 nanoparticles required for the fabrication is synthesized via green 

synthesis route adopting solution combustion methods using egg white as fuel [20 -23]. In 

order to prepare the thin film, 1.494g of CuFe2O4 nanoparticles were mixed with 8.3 ml of 

liquid ethanol and 15 ml f distilled water and the mixer was stirred for 20 minutes. Then the 

precursor has been sonicated for 30 minutes, The pH level was optimized to 3 by adding 

nitric acid drop by drop. Using the glass road, the sample in the paste form is spread 

uniformly throughout to the conducting side of the glass slide doesn’t leaving any spots of the 

slide uncovered. Now the same process is repeated for three times and the thin film was 

annealed at 500oC furnace for 1 hour. After the completion of the above procedure the 

prepared thin film were characterized using XRD and FTIR. 

3. Results and Discussion 

3.1. XRD Analysis 

The fabricated copper ferrite thin film was calcinated at 500º C for one hour and 

subjected to XRD analysis. The XRD pattern of the samples is shown in Fig. 1. They exhibit 

typical reflections planes (2 2 0), (3 1 1), (4 0 0), (4 0 0), (5 1 1) and (4 4 0) that are 

indications of the presence of the cubic spinel structure [24, 25]. These diffraction lines 

provide clear evidence on the formation of copper ferrite system. All the diffraction peaks 

match well with the reported values (JCPDS file No:25-0283). 
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Fig. 1. XRD pattern CuFe2O4 thin film 

Comparison of standard and observed 2θ values for CuFe2O4 nanoparticles 

JCPDS 

2θ (degree) 

h k l Experimental 

2θ (degree) 

30.168 220 30.408 

35.641 311 37.335 

43.038 400 43.340 

57.052 511 57.135 

62.775 440 62.704 

3.2. FTIR Analysis 

FTIR analysis of copper ferrite thin film 

  The FTIR spectra of copper ferrite thin film was analysed in two ranges of the 

absorption bands, 4000 - 1000 cm-1 and 1000 - 400 cm-1 and shown in Fig. 2. In the range of 

4000-1000 cm-1, vibrations of CO3
2-, NO3- and moisture were observed.  The intensive broad 

band at around 3400 cm-1 and the less intensive band at around 1630 cm-1 are due to O-H 

stretching vibration interacting through H bonds. Traces of adsorbed or atmospheric CO2 are 

evidenced by the very small absorption peak around 2340 cm-1. The ʋ (C=O) stretching 

vibration of the carboxylate group (CO2 
2-) is observed around 1390 cm-1 and the band at 

around 1100 cm-1 corresponds to nitrate ion traces. In the range of 1000 - 400 cm-1, two main 

metal - oxygen bands at around 560 and 450 cm-1 were observed in the spectra of copper and 

zinc substituted spinel ferrite nanoparticles. The band at around 560 cm-1 corresponds to 

intrinsic stretching vibrations of the metal at the tetrahedral site (Fe - O), whereas the band at 

around 420 cm-1 is assigned to octahedral - metal stretching (Zn/Cu - O) [26 -28]. 
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Fig. 2. FTIR pattern CuFe2O4 nanoparticles 

3. Conclusion 

Copper ferrite thin film has been prepared using doctor blade method. The 

synthesized thin film was characterized by powder XRD and FTIR techniques.  The 

synthesized CuFe2O4 thin film was confirmed as copper ferrite system from the XRD 

analysis. The crystal structure of the copper ferrite thin film is found to be face centred cubic 

structure, from comparing XRD data with standard JCPDS file no. 25-0283. From the FTIR 

data, the organic and inorganic compounds and bands of them are found. The fabricated 

CuFe2O4 thin film can be used as sensors and for energy storage purposes. 
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ABSTRACT 

Hydroxyapatite (HAp) is a substance that is most actively used in orthopaedic 

dentistry as a bio coating of implants to improve its osteointegration with bone tissue.  In this 

present study, the Pure and Extract added HAp was synthesized from Eggshell using the wet 

precipitation method.  The characterization of the sample was done by using Powder X-ray 

diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), and UV Spectroscopy.  

As a result, the study showed that by using the precipitation method, HAp was able to be 

synthesized from eggshell waste. 

 

Keywords: Hydroxyapatite, Eggshell, Calcination, XRD, FTIR. 

 

1. Introduction 

Hydroxyapatite is a ceramic material which forms the mineral phase of bone.  It is 

comprised primarily of calcium and phosphate at a respective ratio of 1.67.  HAp has been 

used extensively within the world of orthopaedics as a biomaterial to promote tissue 

regeneration.  Nanoscale Hydroxyapatite (HAp) is a ceramic material that forms the mineral 

phase of bone. It is comprised primarily of calcium and phosphate at a respective ratio of 

1.67. HAp has been used extensively within the world of orthopaedics as a biomaterial to 

promote tissue regeneration. 

Nanoscale formulations of HAp have been investigated for both orthopaedic and 

dental tissue regenerative applications. When in its nanoscale formulation, this material has 

proven advantageous due to its rapid rate of resorption, which has been to shown to result 

from its high solubility due to its nano crystallinity [1]. 

Nano hydroxyapatite (nHAp) has been studied extensively as a material coating for 

orthopaedic and dental implants, as well as for tissue-engineered scaffolds. Titanium implants 

have emerged as an important biomaterial for both orthopaedic and dental tissue engineering 

due to their bioinert properties. These implants have been coated with nHAp in an attempt to 

make them bioactive. nHAp coated on titanium implants can lead to improved mechanical 

strength at the tissue-implant interface [2]. 
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With the reported success of HAp as an implant coating, nHAp is being incorporated 

into tissue-engineered scaffolds with the ultimate goal of improving orthopaedic and 

craniofacial tissue regeneration. The incorporation of nHAp into polycaprolactone 

(PCL)/gelatin nanofibrous tissue-engineered scaffolds for dental tissue engineering led to the 

up-regulation of odontogenic markers when compared to nanofibrous scaffolds without 

nHAp [3]. 

2. Experimental Methods 

2.1 Egg Shell Pretreatment 

The membrane attached to the inside of the eggshell was removed. Subsequently, the shell 

was washed with distilled water and dried at room temperature, and finally crushed until 

obtaining a particle size of less than 5nm. 

2.2 Calcination Test 

A fixed amount of crushed eggshell (≈ 10 g) was placed in quartz crucibles and calcined for 2 

hours in a static air atmosphere at 700°C temperature. Since the main component present in 

the eggshell is calcium carbonate (CaCO3) the calcination reaction would proceed according 

to: 

                                      CaCO3 →CaO + CO2 

2.3 Synthesis of Hydroxyapatite 

 1) 2.8 g of CaO, obtained from the calcination of the eggshell, was dissolved in distilled 

water at 60 °C with constant stirring for 1 hour. 

CaO + H2O → Ca(OH)2  

2) 20 ml of nitric acid (HNO3) were added into calcium hydroxide solution, Ca(OH)2, until a 

clear liquid was obtained.  

Ca(OH)2 + 2HNO3→ Ca(NO3)2 + 2H2O 

 3) 4.0827 g of potassium dihydrogen phosphate, (KH2PO4), was prepared with 50 ml 

distilled water. This solution Ca(NO3)2 a precipitate is obtained with a molar ratio Ca/P = 

1.67.  

4) The Ca(NO3)2 solution was kept under constant stirring and the KH2PO4 solution was 

slowly added in the solution.  

A dilute NH3 solution was also slowly added at a rate sufficient to maintain a pHvalue ≈ 10.  

The resulting solution was kept under constant stirring for at least 1 h and was subsequently 

kept at rest until complete separation of the precipitate was obtained (24 h).  The precipitate 

was separated by filtration and washed with distilled water. The obtained precipitate was 

dried at 65°C for 24 h and heat treated for 30 min for 500°C.  The sameprocedure was added 
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for extract-added hydroxyapatite where carica papaya Leaf Extract is added instead of 

distilled water as solvent. The X-ray diffraction of the samples was recorded and analyzed 

using a XPERT-PRO powder diffractometer with monochromatic CuKα radiation (λ=1.5406 

Å) over the 2θ range of 20° to 80°. The FTIR spectra was recorded using FTIR 

spectrophotometer (Bruker IFS 48) The optical properties of the samples are studied using 

JASCO 650 UV Spectrophotometer. 

3. Results and Discussion 

3.1 Powder X-ray diffractionAnalysis 

 Powder XRD is used for crystal phase identification and estimation of the crystallite 

size for synthesized nanoparticles. The PXRD pattern of pure and extract-added 

hydroxyapatite is shown in figures 1 and 2. All the diffraction peaks of the pure and Extract 

added HAp can be indexed hexagonal HAp (Space group P63 /m) using JCPDS file no.09-

0432, (a=9.418Å, c=6.884Å).  All samples confined the presence of hexagonal structure and 

the Bragg peaks with miller indices (002), (210), (211), (300), (202), (310), (311), (113), 

(203), (222), (312), (213), (321), (004), (322), (313), (214), (304), (511), (215) and (513) 

were associated with the hexagonal lattice of HAp.The average crystallite size of the 

nanoparticle was estimatedfrom the line broadening of the diffraction lines using Debye 

Scherrer’s formula 

 

Where, D is the average crystallite size (nm), λ is the wavelength of light used for diffraction 

(λ=1.54056Å), β is the broadening of the diffraction peak measured at half of its maximum 

intensity and θ is the Bragg’s diffraction angle. The average crystallite size of the pure and 

extract added Hydroxyapatite particles were found to be 80 and 60 nm respectively. 

 

Fig.1 PXRD pattern of Pure HAp nanoparticle 
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Fig.2 PXRD pattern of Extract added HAp nanoparticles 

3.2 Fourier Transform Infrared Spectroscopy (FTIR) 

The FTIR analysis was carried out to identify unknown species, functional groups, 

and vibrational modes associated with each peak.  Fig 3 and 4 show the FTIR spectra of Pure 

and Extract added HAp nanoparticles. The bands observed at 573.56 cm-1 and 565.56 cm-1 

were assigned to the O-P-O bonding mode. The bands observed at 1086.24 cm -1 and 1121.43 

cm-1 were assigned to Asymmetric stretching of the mode of O-P-O and they appear large 

intensity.  The increase in intensity Whereas the bands assigned at 1638.12 cm-1 and 1645.32 

cm-1 are assigned to bending modes of H-O-H of lattice H2O. The FTIR spectra confirm the 

formation of Pure and Extract added HAp and results are supported with XRD analysis. The 

OH broad peak at 3400 cm-1 is decreased for extract added samples due to decrease in 

crystallite size. 

 

 

 

 

 

 

 

 

 

Fig.3 FTIR spectrum of Pure HAp nanoparticles 
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Fig.4 FTIR spectrum of Extract added HAp nanoparticles 

Table 1: FTIR band assignments of Pure and Extract added sample Hapnanoparticles 

S. No Pure HAp 

(Wave number 

cm-1) 

Extract added 

HAp 

(Wave number 

cm-1) 

 

Band Assignment 

1 3366.54 3424.12 O-H stretching mode 

2 1638.12 1645.32 Symmetric bonding mode of H2O 

3 1164.63 1164.63 Asymmetric stretching of PO4
3- 

4 1121.43 1086.24 Asymmetric stretching of PO4
3- 

5 573.56 565.56 Asymmetric bonding of PO4
3- 

3.3 UV-Vis Studies from HAp Nanoparticle 

UV absorption spectrum is analyzed for all samples from 200 nm to 800 nm. Peaks 

observed in the absorption spectra are due to transition of electrons between valance band, 

conduction band and intrinsic defect levels. This is the characteristic absorption peak of HAp 

which is ascribed to intrinsic band-gap absorption of HAp. When particle size increases 

visible absorption increases. This may be due to the increase in number of Oxygen vacancies. 

The spectrometer is initialized with glass and plate and the sample is mounted for recording 

transmittance and absorption. The optical band gap energy can be determined by the 

following equation, 

Eg = hc/λ 

Were, 

• h is the Planck’s constant (6.626 x 10-34 J-s). 

• c is the velocity of light (3 x 108 m/s). 

• λ is the corresponding absorption wavelength. 



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2 
 

77 
 

Fig 5 & 6 shows the band gap values of Pure and Extract added HAp nanoparticles 

and the same was given in table 2. The band gap values of Extract added HAp nanoparticles 

are found to be increased due to decrease in crystallite size. 

 

Fig.5 Optical absorbance spectra of Pure HAp nanoparticles 

 

Fig.6 Optical absorbance spectra of Extract added HAp nanoparticles 

 

Table 2: Optical band gap of Pure and Extract added HAp calcined at 500° C 

 

 

 

 

 

 

 

 

S.NO Nanopowder sample Optical band gap (eV) 

1 Pure HAp 3.6 

2 Extract added HAp 3.7 
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4. Conclusion 

In this present work, nano-sized pure and extract added Hydroxyapatite particles were 

successfully synthesized through wet precipitation method. The samples were characterized 

using PXRD, FTIR and UV Spectroscopy.  The XRD spectra shows hexagonal structured 

HAp nanoparticles. In the FTIR spectra of pure and extract added hydroxyapatite shows the 

characteristic vibrational bands related to phosphate, hydroxyl and absorbed water were 

present.  It can also be observed that adding of Extract with hydroxyapatite did not cause the 

appearance of any other additional vibrational bands associated with Extract or other 

impurities. From the UV spectra the band gap energy is increased for the Extract added HAp 

nanoparticles. 
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ABSTRACT 

In the present study, cobalt oxide (Co3O4) nanoparticles have been synthesized using 

cobalt nitrate as its source by precipitation approach. The structural properties of the 

synthesized Co3O4 nanoparticles were studied using X-ray diffraction (XRD). The XRD 

results confirm the crystalline nature of the nanoparticles. Further, scanning electron 

microscopy (SEM) was also performed to study the morphology of the synthesized 

Co3O4 nanoparticles. SEM micrograph shows that the Co3O4 nanoparticles are somewhat 

agglomerated sphere morphology. 

 

Keywords: Co-Precipitation process, Co3O4 nanoparticle, FESEM. 

 

1. Introduction 

Syntheses and applications of metal and metal oxide nanoparticles have found paramount 

interest because of their unique properties due to their structure, dimension, morphology and 

size. Generally, transition metal oxides Co3O4 have been getting greater attention for 

electrochemical capacitor and sensor applications. Cobalt oxide (Co3O4), one of the transition 

metal groups metal oxide nanomaterials, is a good significant substance due to its exceptional 

characteristics and thermal permanence [1]. Characteristics as semiconducting, magnetic, 

optical, electrochemical, and electro-catalytic, cobalt oxide nanoparticles are widely used in 

heterogeneous catalysts, chemical sensors, photocatalytic hydrogen production, 

electrochromic devices, and energy storage systems [2,3]. Their enormous surface area and 

strong conductivity due to their nanoparticle size make them appropriate for catalysis. The 

cobalt oxide nanoparticles' high reversibility and ease of charge transfer during charging and 

discharging improve the device's performance [4]. Co-precipitation is a simple procedure that 

increases the size of nanoparticles while also controlling their development. The co-

precipitation approach was used in this study to combine cobalt oxide nanoparticles for the 

purpose of electrochemicallydetecting blood cholesterol [5,6]. To the synthesis of cobalt 

oxide nanoparticles by simple chemical preparation method. The novelty of the work is the 

aqueous solution ammonium hydroxide is used for the synthesis process. Further the 
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structural, optical and morphological properties of the nanoparticles were analyzed using the 

characterization. 

2. Experimental method 

In the present work co-preparation process has been employed to synthesize cobalt 

oxide nanoparticles. 0.1M of cobalt chloride was added to 30ml of DI water. After that 30ml 

of ammonia hydroxide was mixed with 20ml of DI water. The ammonia solution was drop 

wise added to the transparent solution to rise the PH value 12. Then the solution was 30min 

of stirring and mixing. Then mixture was precipitate for 48hours. After that the precipitate 

was kept in oven at 90°C. The sample was finely ground into powder. Then, the sample was 

muffled at 500°C 2hr [7]. Finally, white powder is obtained. 

3. Results and Discussion 

3.1. XRD Analysis 

The powder X-ray diffraction of the pure cobalt oxide nanoparticles is depicted in 

Fig.1. The intensity peaks observed at (111), (220) and (222) corresponding to 2ө =16.1778°, 

2ө =31.8834° and 2ө =39.1018. The 2 values obtained from PXRD data of the as-prepared 

pure cobalt nanoparticles matched well with that of the JCPDS File No 42 - 1467. It is 

confirmed that the synthesized pure cobalt oxide nanoparticles exhibit a cubic structure. The 

sharp PXRD peaks clearly indicate the crystalline nature of the synthesized pure cobalt oxide 

Nano powder sample. The h k l and relative intensity values of pure cobalt oxide 

nanoparticles are presented. 

 

XRD pattern of pure Co3O4 

Position 

2�Â���:�Š�‹�•�˜�‹�‹�; 
FWHM 

(degree) 

d-spacing 

(Å) 

JCPDS file 

2�Â��(degree) 

(hkl) Relative 

Intersity(�¨ ) 

16.1778 0.3549 5.47892 5.47821 111 75.60 

31.8834 0.4723 2.80688 2.80731 220 45.79 

39.1018 0.4723 2.30375 2.31814 333 56.40 

Table 1.  Comparison of standard and observed d-spacing value 
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3.2. UV-Vis Absorbance Spectroscopy 

To characterize the absorption properties of the synthesized samples, UV-Vis 

absorption spectrophotometer was used at a scan speed of 400 nm/min in the range of 200 am 

to 1000 nm. The transition of electrons between the valance band, conduction band, and 

inherent defect levels is responsible for the peaks seen in the absorption spectra. This is 

Co3O4 distinctive absorption peak. This is explained by Co3O4 inherent band-gap absorption. 

When visible particle size increases Absorption rises. The rise in oxygen vacancies could be 

the cause of this. Thereafter initializing the spectrometer with a glass and plate, the sample is 

attached for recording. Both absorption and transmittance. The pure Co3O4 nanoparticles' 

manufactured absorbance spectra are displayed in which has a maximum peak located at 297 

nm. 

 

Fig.2 Optical absorbance spectra of pure �o�{
Ü�{ 
Ý nanoparticles 

3.3. Fourier Transform Infared Spectroscopy 

In practical applications, FTIR investigations aid in the analysis of potential bonding 

between adjacent structures. The spectroscopy that studies light with a longer wavelength and 

lower frequency than visible light, or the infrared section of the electromagnetic spectrum, is 

called Fourier transform infrared Spectroscopy. In comparison to their bulk counterpart, 

nanoparticles have a greater surface volume to ratio (also known as aspect ratio) as more 

molecules or atoms are placed on the nanoparticles surface.in order to rapidly determine 

whether the different modes included in CO3O4 nanoparticles are present or not. Using dry 

KBr as a standard reference, infrared spectra were acquired on an FTIR spectrometer within 

the 4000-500 cm-1 range. Below1500 cm-1, metal oxide typically produces absorption bands. 

FTIR analysis confirms the characteristics of nanoparticles. The observed peak wave 

number of the frequency group are shown in the following table. The band 

3316.60���?�I�?�5corresponds to the vibration of hydroxyl group. The band at 800���?�I�?�5 

corresponds to the presence of cobalt oxide nanoparticles [8]. 
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           Fig 3. FTIR spectrum for as prepared Co3O4 nanoparticle 

3.4. SEM Analysis 

 SEM Scanning electron microscopy (SEM) is widely used to study the size and 

morphology of the synthesized sample. SEM is based on a focused beam of electrons that 

scan the sample, which interacts with the atoms in the sample to provide three-dimensional 

surface topography. However, conventional SEM is performed under high vacuum and 

requires complex and extensive sample processing, including dehydration, fixation and 

metallization.  SEM images of co-precipitation prepared samples are shown in figure. 

Nanostructures with various size and shape are obtained under different reaction parameters. 

It is observed that reaction temperature and duration influence morphology very much and 

hence the structural properties of nanoparticles. From the SEM images for synthesized at 

0.1.���%�1�7�1�8��nanoparticles are mostly in sphere shape [9]. 

 

 

 

 

 

Fig.4 SEM images of ZnO particles synthesized using �%�1�7�1�8at concentrations of 0.1 M 

Conclusion 

 In the present work, nanoparticles of Cobalt oxide were synthesized by a simple Co- 

precipitation method. The precursors used in the synthesis process were Cobalt chloride and 

Ammonium hydroxide. The preparation process is faster, cheaper and cost effective. The 

following conclusions are made from the result of this work. From the XRD characterization, 

it is observed that the both cobalt oxide nanoparticles belong to cubic structure. Phase 

identification was carried out using XRD analysis. The average particles size was calculated 

from the W-H plot and the Scherer's formula. The peaks that were acquired line up with 

standard file JCPDS file number: 42-1467. The average particle grain size, D = 0.18888 X 
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�s�r�?�= nm, and the dislocation density, �Ü = 0.0002957 X �s�r�5�9 lines/m2, are determined. Along 

the (111) plane, every particle has a preferred orientation. The absorbance of the as-prepared 

sample was examined using UV characterization, and it was found that the optical band GAB 

had an absorbance of 0.92 (arbitrary unit) with a maximum peak at 356 nm. 

   The optical properties of the prepared nanoparticles were analyzedusing UV-Vis 

spectrophotometer. All the three prepared nanoparticle shows lower absorbance percentage 

which confirms that the nanoparticles have higher transmittance. The calculated band gap 

proves that cobalt oxide nanoparticles are semiconductor. The fact that the nanoparticlesare 

agglomerated to form spherical-shaped particles in the SEM analysis. 
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ABSTRACT 

Metal complexes of Zn (II) and Mn (II) ions with Schiff base ligand derived from the 

condensation of Glutaraldehyde with L-alanine were prepared. The ligand and complexes 

were isolated from the reaction in the solid form and characterized by elemental analyses, 

magnetic susceptibility measurements, molar conductance data, IR, UV-Vis, 1H-NMR 

spectral studies, X-ray diffraction study, SEM analysis and thermal studies. During 

complexation reaction with transition metal ions Schiff base act as a deprotonated bidentate 

ligand and IR spectra showed that N and O atoms are coordinated to the central metal atom. 

The observed values confirmed that the complexes have octahedral geometry. The Schiff base 

and its metal complexes have been found to have moderate to strong antimicrobial activity.

  

Keywords: Schiff base ligand, Metal complex, Spectral studies, Antimicrobial activity 

 

1. Introduction  

Schiff bases are referred to as compounds featuring an azomethine group (-HC=N-), 

resulting from the condensation reaction between a primary amine and an aldehyde or ketone 

under specific conditions [1]. These bases serve as nitrogen analogues of aldehydes or 

ketones, wherein the active carbonyl group (-C=O) is replaced by an imine or azomethine 

group. Functioning as crucial N, O donor chelating ligands [2], Schiff bases prove invaluable 

as chelating agents, with the potential for coordination with either the carbonyl compound, 

the amine, or both, especially when containing coordinating functional groups near the 

condensation site. Schiff bases find extensive utility across diverse domains, serving as 

pigments, dyes, catalysts, intermediates in organic synthesis, and even as polymer stabilizers 

[3]. The incorporation of metals in the form of complexes enhances their potential, 

contributing to antibacterial, antifungal, antitumor, anticancer, and anti-inflammatory 

activities [4]. In vivo investigations have revealed that certain biologically active compounds 

may exhibit increased carcinostatic and bacteriostatic properties through chelation [5,6]. 

Given the biological importance of metals, we hereby present the synthesis and 



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2 
 

85 
 

characterization of a novel Schiff base ligand derived from Glutaraldehyde and L-alanine, 

along with its complexes with Zn (II) and Mn (II). 

2. Experimental Methods 

2.1 Chemicals 

Reagents such as Glutaraldehyde, L-alanine, metal (II) chloride and nitrate were of 

Merck products. The solvents were purified by standard methods [7]. 

2.2 Synthesis of Schiff base ligands 

The synthesis of Schiff base ligands involved the reaction of Glutaraldehyde with L-

alanine in a 1:2 molar ratio, conducted through refluxing in distilled methanol. The refluxing 

process extended for one hour, and the reactions were monitored intermittently using TLC 

until completion. Following this, the solvent was partially evaporated, resulting in yellowish 

mass products. These products were precipitated by cooling, filtered, washed with distilled 

water, dried, subjected to recrystallization, and ultimately stored in desiccators. 

2.3 Synthesis of Schiff base transition metal complex 

Metal (II) chloride and nitrate were dissolved in 200 cm3 of methanol. The filtrated 

solutions were gradually introduced drop by drop into 20 cm3 methanol solutions containing 

the Schiff base ligands. The resulting mixtures underwent refluxing and stirring for a duration 

of 8 hours. Following the reflux process, the solution volumes were reduced to one third, and 

the concentrates were cooled at 0ºC. The formed complexes were precipitated, filtered, 

thoroughly washed with cold ethanol multiple times, and then dried under vacuum conditions 

using anhydrous CaCl2.  

3. Results and Discussion 

3.1. Physical Properties and Elemental Analyses: 

 The physical properties and results obtained from C.H.N. analyses and metal contents 

of the prepared compounds are presented in Table 1. The metal complexes were formed in 

1:1 stoichiometric ratio and were normally stable at room temperature and hygroscopic in 

nature. The Schiff base ligands formed were soluble in common organic solvents like ethanol 

and methanol. The corresponding complexeswere soluble in DMSO. The Zn (II) and Mn (II) 

complexes were non-electrolytic in nature. 
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Table 1 Analytical and physiochemical data of Schiff bases and its metal complex 

Ligand/ 

Metal 

Chelate 

Empirical 

Formula 

Colour M:L    

ratio 

Molar 

Cond. 

(Ohm-1 

cm2 mol-1) 

Elemental analysis %             

Found (calculated) 

C H N M 

HGlu(ala)2 C11H22N2O6 Yellow - - 67.89 

(65.78) 

9.6 

(8.8) 

8.6 

(9.3) 

- 

ZnGlu(ala)2

.2H2O 

C11H22N2O6Zn Pale 

Yellow 

1:1 0.062 51.89 

(52.68) 

6.29 

(6.49) 

7.98 

(8.19) 

17.98 

(18.58) 

MnGlu(ala)

2.2H2O 

C11H22N2O6Mn Brown 1:1 0.071 53.67 

(52.99) 

6.98 

(6.80) 

7.65 

(8.10) 

17.55 

(18.06) 

3.2 UV-Visible Spectra 

UV-Visible spectra are valuable for assessing structural information complementing 

other investigative methods [8]. In the electronic spectrum of Schiff base ligands', intense 

bands at 275 nm and 280 nm indicated the π - π* transition of the C=N chromophore. 

Complexation resulted in a shift to lower wavelengths at 235 nm and 250 nm, signifying the 

coordination of azomethine nitrogen with metal ions. Additional transitions at 337 nm and 

348 nm were attributed to n - π* transitions. Notably, weak bands at 400-500 nm in the UV-

Vis spectra represented charge transfer bands unique to the complex, absent in the ligands. 

Meanwhile, weak broad bands at 500-600 nm were indicative of d-d transitions specific to 

the Mn (II) ion. Electronic and magnetic moment values provided insights into the geometry 

of the newly synthesized metal complexes. 

Magnetic susceptibility measurements are instrumental in anticipating the metal 

complex's potential geometry [9]. For the Mn (II) complex, the octahedral geometry is 

characterized by a magnetic moment of 5.97 BM, configurations of d5 stereochemistry as 

octahedral, hybrid orbitals as sp3d2, 5 unpaired electrons, and an anticipated value of 6.00 

BM. The magnetic moment value offers crucial insights into the complex's composition and 

structure, falling within the anticipated range for octahedral complexes. Notably, Zn (II) 

complex lack d-d transitions in their electronic spectra and exhibit the expected diamagnetic 

behavior. 

3.3 Infrared spectra 

Infrared spectra (IR) play a crucial role in discerning coordination sites, especially in 

Schiff base complexes with multidentate ligands. These spectra offer valuable insights into 

the nature of functional groups attached to the metal ion [10]. By comparing the IR spectra of 
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the complexes with those of the free Schiff base ligand, we can identify the coordination sites 

involved in the chelation process. The ligands' IR spectra reveal a broad band in the 3200-

3500 cm-1range, indicative of intramolecular hydrogen-bonded -OH groups. The presence of 

this peak in the complex spectra suggests the involvement of -OH groups in the complexation 

process. The spectrum of the ligands showed –C=N band in the region of 1654 - 1660 cm-1 

which was shifted to lower frequency in the spectra of the corresponding metal complex 

indicating the involvement of –C=N nitrogen in coordination to the metal ions. Accordingly, 

the ligands act as a tetradentate chelating agent, bonded to the metal ion through the four 

nitrogen atoms of the Schiff base. Assignment of the proposed coordination sites were further 

supported by their appearance of medium bands at 550 - 450 cm-1 which could be attributed 

to M-N respectively. In addition, the metal complexes showedbands at 565 - 575 cm-1 that 

was attributed to M-O frequency. The IR spectra of the synthesized Schiff base complexes 

are given in Fig 1and 2. 

 

Fig 1and 2: IR Spectra of ZnGlu(ala)2. 2H2 and  MnGlu(ala)2. 2H2O Schiff base 

complexes 

3.41H NMR Spectra 

The 1H NMR spectrum of the ligand H Glu(ala)2recorded in DMSO solution shows a 

multiplet at 2.5, 2.3, 1.6 and 1.8 ppm due to the methyl protons. Further more, the 1H NMR 

Spectrum of the Schiff base complexes ZnGlu(ala)2.2H2O and MnGlu(ala)2.2H2O exhibited 

signals at 8.4 ,8.8, 8.1, 8.7 ppm and 7.8 , 7.9, 7.5, 7.4 ppm, that is  attributable to CH=N- and 

–NH protons respectively. The azomethine proton signal in the spectrum of the 

corresponding complexes are shifted downfield compared to the free ligands, suggesting the 

deshielding of the azomethine group due to the coordination with the metal ions. There are no 

appreciable change in all other signals of the complexes. 

3.5 Powder XRD Study  

The powder XRD shows that ZnGlu(ala)2.2H2O  and MnGlu(ala)2.2H2O complexes 

has the crystallite size of 41 nm and 46 nm suggesting the microcrystalline nature. The 

powder XRD pattern of the M(II) Schiff base complexesare given in  Fig 3 and 4. 
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Fig. 3 and 4: Powder XRD pattern of the ZnGlu(ala)2. 2H2O   

and MnGlu(ala)2. 2H2O complexes 

3.6 Scanning Electron Microscope 

Scanning electron micrographs provided insights into the morphology of Schiff base 

ligands and their respective metal complexes. Captured at 20 kV accelerating voltage, 

magnification ranged from 150x to 1000x. Notably, macroscopic phase separation in the 

dense layer was evident, featuring void spaces with a domain size of about 100µm across all 

systems, a consequence of macroscopic phase separation [11]. The ligands exhibited a 

spongy and soft surface with pronounced phase separation, which diminished upon complex 

formation. Introduction of metal ions further reduced sponginess and softness, aligning with 

previous observations on decreased phase separation and surface softness upon complexation 

[12]. SEM images underscored a notable change in the Schiff base's morphology upon 

complexation, as depicted in Fig.5 and 6. 

 

Fig.5 and 6: SEM images of  ZnGlu(ala)2. 2H2O  and MnGlu(ala)2. 2H2O complexes 

3.7 Thermal analysis 

In this study, thermogravimetric analysis (TG) and differential thermal analysis 

(DTA) were employed. TG analyses of Zn(II) and Mn(II) complexes were conducted from 

room temperature to 900°C, displaying a consistent pattern with comparable calculated and 

experimental mass losses. The weight loss between 117–207°C, representing the loss of two 

coordinated water molecules, showed an experimental mass loss of 2.35-2.55% across the 

complexes, aligning with the calculated value of 2.86%. This temperature range for water 
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loss indicates strong bonding between water molecules and the metal ion, a characteristic 

thermal behavior of coordinated water molecules [13]. From 197°C to 463°C, a significant 

weight decrease indicated the loss of fragments from two Schiff base molecules in the 

complexes, with experimental mass losses of 46.32-48.32%. In the final stage (453-605°C), 

both decomposition products and a black residue were eliminated, with experimental mass 

losses of 31.75–32.75% for the complexes. Chemical analysis of the black residue confirmed 

the presence of metallic oxide. In summary, TG experiments provided insights into the 

anhydrous nature of complex species, validating their compositions suggested by analytical 

data. 

3.8. Antimicrobial Study 

Qualitative assessment of susceptibility spectra for various microbial strains to newly 

synthesized compounds revealed significant antimicrobial effects, evidenced by the presence 

of a growth inhibition zone (Table 2). All tested compounds demonstrated superior 

antimicrobial activity, as indicated by larger inhibition zones compared to DMSO alone and 

the ligand. Notably, the MnGlu(ala)2.2H2O complex exhibited the lowest antimicrobial 

spectrum, while the ZnGlu(ala)2.2H2O complex displayed the largest inhibition zones, 

proving effective against all tested microbial strains. Tweedy’s chelation theory [14] provides 

insight into the enhanced antimicrobial activity of the metal complexes.  

Table 2 Antimicrobial activities of  Schiff base ligands and its complexes by disc 

diffusion method (Zone inhibition in mm) 

 

Compound 

Microbial Species 

E.coli S.aureus Kleb.sps A.niger A.fumigates Candi.sps 

Control 24 22 25 20 20 30 

HClu(ala)2 5 6 3.5 2.5 4.5 5 

ZnGlu(ala)2.2H2O 13.6 17.9 15.9 14 15.5 18 

MnGlu(ala)2.2H2O 10 9 8.5 9.5 10.5 9 

Based on the spectral and analytical data,the structure of the synthesized compounds Where 

M is Zn or Mn are given below. 

NN

CC

O OO
O

CH3
H3C

M

OH2

OH2  

Fig 8. Structure of HGlu(ala)2 complexes 
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4. Conclusion 

The metal (II) complexes synthesized from the Schiff base derived from the 

condensation of Glutaraldehyde with L-alanine were characterized by different physio-

chemical and spectral methods. IR spectra analysis revealed the ligand's bidentate 

coordination in the complexes. Electronic spectra and magnetic measurements suggested an 

octahedral geometry for Mn (II) and Zn (II) complexes. Biological activity results indicated 

that the newly synthesized complexes exhibited enhanced antimicrobial activity against 

bacteria and fungi compared to both the ligand and the included antibiotic. These findings 

suggest the potential use of these complexes in the development of novel antimicrobial 

materials. 
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ABSTRACT 

 Cobalt oxide Nanoparticles (NPs) find applications in the synthesis of lithium-ion 

batteries, pigments and dyes, electronic thin film, capacitors, gas sensors and heterogeneous 

catalysis. Hence, they are synthesised on a large scale. However, the synthesis using 

chemical methods pollute the environment and leads to environmental degradation. Green 

synthesis of cobalt oxide NPs using medicinal plant extracts are environmental friendly, 

cheaper and involves only less number of steps. Ethanolic extracts of Cassia occidentalis 

leaves are used as green reducing agents for synthesising cobalt oxide NPs from cobalt 

chloride salt.The FT-IR spectrum proved the formation of cobalt oxide NPs. XRD patterns 

showed that the NPs synthesised are crystalline and cubic in nature. Antibacterial activity 

was studied bydisc diffusion method using standard amikacin against S.aureus and 

P.aeruginosa. The results proved that the NPs produced possess good antibacterial activity. 

 

Keywords: Anti-inflammatory, Cassia occidentalis (C. occidentalis), detoxify, hepato-

protective, XRD. 

 

1. Introduction 

 NPs possess varied applications in human life. Hence, they are synthesised 

enormously. Different methods are available in the literature for the synthesis of NPs but, 

other than green methods, all are expensive and liberates large amount of toxic pollutants 

leading to environmental pollution. Diverse types of NPs can be synthesised using green 

technology. The reactions are carried out in one step. Similarly, chemical methods are used to 

synthesize NPs by electro deposition, sol–gel process, chemical solution deposition, chemical 

vapour deposition soft chemical method, Langmuir Blodgett method, catalytic route, 

hydrolysis co-precipitation method and wet chemical method. Chemical and physical 

methods use high radiation, highly concentrated reductants and stabilizing agents that are 

harmful for the environment and human health. Hence, biological synthesis of NPs is a single 

step bio-reduction method and less energy is used to synthesize in an eco-friendly way. In 

general, green nano-biotechnology means synthesizing NPs using biological routes such as 

those involving microorganisms, plants, and viruses or their byproducts, such as proteins and 

lipids, with the help of various biotechnological tools. For example, green techniques 
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eliminate the use of expensive chemicals, consume less energy, and generate environmentally 

benign products and by products [1]. 

C. occidentalis is a medicinal plant widely distributed in Kanyakumari district. It has 

antibacterial, antidiabetic, anti-inflammatory, anti-cancerous, anti-mutagenic, 

hepatoprotective activity. It also plays a major role as a green reducing agent. Henceit is 

selected as a source for green reducing agent. 

2. Materials and methods 

2.1 Materials 

C. occidentalis plant leaves were collected from Kurusady Village, Nagercoil, 

Kanyakumari District. Ethyl alcohol and analar Cobalt (II) chloride hexa hydrate were 

purchased from Merck, India. Deionised water was used in the entire study. 

 

Fig.1. C. occidentalis 

                          Table .1 Details of plants selected for the study 

Plant Cassia occidentalis 

Classification Kingdom: Plantae 

Order: Fabales 

Family: Fabaceae 

Origin Tropical and subtropical regions of America 

Cultivation Asia, Africa, North and Central America and Caribbean 

 

Phytochemicals 

Phlobatannins, anthroquinone, saponins, terpenes, resins, balsams, 

amino acids and cardiac glycosides [2] Achrosin, aloe-emodin, 

emodin, anthrones, apigenin, apigenin, quercetin, rhamnosides, rhein 

and rubrofusarin [3] 

Medicinal uses Leprosy & diabetes [4] laxative & purgative, inflammation and 

rheumatism, liver diseases [6] haematuria, rheumatism, typhoid, 

asthma and disorders of haemoglobin [7]. 
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2.2 Preparation of plant extract 

The leaves of C. occidentalis were collected in the month of November. Fresh and 

healthy plants free from contaminants were collected, washed thoroughly in water, allowed to 

drain and shade dried for15 days. Only the leaves of the plant were used for the study. The 

dried leaves were powdered and extracted using Soxhlet extractor using ethyl alcohol as the 

solvent. The chemical composition of the extracts was analysed using FT-IR spectroscopy. 

2.3 Synthesis of metal oxide NPs 

The cobalt oxide NPs required for the study was reduced to nanosized cobalt oxide 

particles from cobalt chloride salts by using the ethanolic extract of C. occidentalis as green 

reducing agent. 

20g of analar Cobalt (II) chloride hexa hydrate was mixed with 10 mL of C. 

occidentalis extract. The resulting solution was heated to 80oC with continuous stirring using 

a magnetic stirrer for one hour and thirty minutes [8]. The formation of cobalt oxide NPs was 

indicated by a grey colour. The cobalt oxide NPs formed were centrifuged and dried, calcined 

at 800oC in a muffle furnace and packed in an air tight container. 

2.4 Antibacterial assay 

In vitro antibacterial assay was carried out by standard disc diffusion technique [9]. 

Whatman No.1 filter paper discs (6 mm diameter) were impregnated separately with 

ethanolic extracts of plant leaves and metal oxide NPs.The impregnated discs were placed in 

Muller Hinton agar plates seeded with test bacterial cultures. A positive control of a standard 

antibiotic (Amikacin) disc and also sterile disc as a negative control were placed on the same 

plate. After incubation at 37oC for 24 hours, antibacterial activity was determined based on 

the diameter of the zone of inhibition. 

3. Results and discussion 

3.1 FT-IR spectrum of C. occidentalis 

The FT-IR spectrum of ethanolic extract of C. occidentalis (Fig.2) showed a strong 

broad stretching band at 3320 cm-1 which may be ascertained to the stretching of H-bonded -

OH of alcohol. The strong stretching bands observed at 2975 cm-1 and 2881cm-1 may be due 

to C-H stretching. Stretching observed at 1651 cm-1 may be due to C=C of alkene. The band 

at 1377 cm-1 may be due to -C-H bending of alkane. CN stretching of amine was observed at 

1326 cm-1 and 1081 cm-1. The strong band at 1045 cm-1 may be due to C-F stretching of alkyl 

halide. The strong band at 881 cm-1 may be due to C-Cl stretching. Strong C-H bending of 

alkene was observed at 621 cm-1. Similar results for FT-IR spectrum of C. occidentalisis 

reported in the literature [10]. 
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Fig. 2. FT-IR spectrum of C. occidentalis ethanolic extract 

The FT-IR absorption frequencies and the functional groups identified are given in Table 2. 

                       Table 2. FT-IR absorption frequencies of C. occidentalis ethanolic extract 

Plant extract Absorption range Functional groups 

 

 

 

C. 

occidentalis 

3320 Strong, broad – stretching of H- bonded O-H bond 

2975, 2881 Strong stretching of C-H bond 

1651 C=C stretching of alkene 

1377 -C-H bending of alkane 

1326, 1081 -CN stretching of amine 

1045 Strong, C-F stretching of alkyl halide 

881 Strong, C-Cl stretching 

621 Strong, =C-H bending of alkene 

3.2 FT-IR spectrum of cobalt oxide NPs C. occidentalis from extract 

Table 3. shows the absorption frequencies and the responsible functional groups identified in 

the ethanolic extract of C. occidentalis. 

Table 3. FT-IR absorption frequencies of cobalt oxide NPs from C. occidentalis 

ethanolic extract 

Wave number (cm-1) Responsible group 

3696, 3680, 3647, 3608, 

3589, 3556 

Sharp strong -OH stretching of free 

-OH of alcohol 

3354, 3230 Strong broad band stretching of H-

bonded alcoholic -OH or NH of amide or 

amine 
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2960, 2924 Strong stretching of -CH of alkane 

1793, 1767, 1738 Strong stretching of C=O group of 

carbony 

1705 Strong CO stretching of acid 

1533, 1510, 1464, 1421 Multiple bands aromatic C=C stretching 

1366 Bending of C-H of alkane 

1340, 1311, 1240, 1171 Medium -CN stretching 

944 Band =C-H bending of alkene 

754, 710 Strong band -CCl stretching of alkyl 

halide 

672, 577 Stretching vibrations in Co2+ 

3.3 XRD of cobalt oxide NPs from C. occidentalis 

The XRD pattern of cobalt oxide NPs synthesised using the ethanolic extract of C. 

occidentalis (Fig.3) does not show very sharp diffraction peaks. Few peaks corresponding to 

2ϴ values 16.040(101), 18.450 (110), 20.860 (110), 25.390 (111), 30.540 (111), 33.160 (101), 

35.070 (101), 37.980 (110), 41.050 (110) and 43.800 (101) were observed. The crystal 

possessed Co3O4 lattice with cubic structure according to JCPDS file no. 65-3103. Using 

debye-Scherrer equation, the crystalline size of the NPs was found to be 73.14 nm. XRD 

pattern suggested that the cobalt oxide NPs synthesised were not well crystalline. 
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Fig. 3. XRD of cobalt oxide NPs from C. occidentalis 

3.4 Antibacterial assay 

The zones of inhibition produced by C. occidentalis and cobalt oxide NPs are given 

below. 
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Fig.4. Zones of inhibition 11- C. occidentalis 36 - cobalt oxide NPs 

Table 4. Zone of inhibition 

Extract / metal 

oxide 

Zone of inhibition (mm) 

P. aeruginosa Control 

Amikacin 

S. aureus Control 

Amikacin 

C. occidentalis    9 20 15 13 

Nano cobalt 

oxide 

25 - 28 19 

P. aeruginosa was treated against C. occidentalis. The zone of inhibition observed was 9mm 

whereas the control showed 20 mm inhibition. The antibacterial activity against S. aureus 

was greater than the control. Hence it is very effective against S. aureus. Nano cobalt oxide 

NPs is found to have very good antibacterial activity against both P. aeruginosa and S. 

aureus. 

4. Conclusion 

C. occidentalis ethanolic extract act as a good green reducing agent in the synthesis of 

cobalt oxide NPs. The cobalt oxide NPs are found to be in cubic crystal system. Both C. 



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2 
 

98 
 

occidentalis and Nano cobalt oxide NPs show good antibacterial activity against both P. 

aeruginosa and S. aureus. 
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ABSTRACT 

Aldimines are compounds containing azomethine group (-HC=N) and it represents a 

category of molecules crucial in pharmaceuticals and medicine. Traditional approaches for 

the synthesis of aldimines require extended reaction durations and employment of organic 

solvents. The aim of the present studyis to analyse the antioxidant and antidiabetic potentials 

of aldiminesynthesised from vanillin and anilineusing Malpighia Emarginatafruit extract. 

The aldimine synthesised from Malpighia Emarginata fruit extractis characterized by UV-

Visible and FT-IR spectral techniques. The antioxidant activity of synthesised aldimines is 

determined using 2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay 

method and the IC50 value is found to be 769.23 μg/mL. The in vitro antidiabetic activity of 

the synthesised aldimine is determined by alpha glucosidase inhibition assay method and the 

IC50 value is found to be 205.36 μg/mL.Theobtained results revealed that the synthesised 

aldimine shows slight antioxidant and antidiabetic activity. Thus, the biological activities of 

the synthesised aldimines will trigger more interest in the synthesis of these types of 

compounds from the easily available starting materials. 

 

Keywords: Solvent-free synthesis, Malpighia emarginataextract, Aldimine, Antioxidant 

activity, Antidiabetic activity 

 

1. Introduction 

Green Chemistry also known as sustainable chemistry, is the branch of chemistry that 

deals with the design and optimization of processes and products in order to lower, or remove 

altogetherthe production and use of toxic substances. This technique involves as an 

alternative reaction media to replace hazardous and expensive solvents routinely used in 

organic synthesis [1]. Organic reactions under solvent-free conditions have gainedpopularity 

in recent years, since the majority of solvents are either toxic or flammable and add 

considerably to the cost of an overall synthesis. Solvent-free conditions can be applied to 

various organic reactions, including condensation, cyclization, oxidation, and reduction 

reactions, showcasing versatility across different chemical transformations. These solvent-

free reactions usually need shorter reaction time, simpler and more efficient work up 
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procedures, more improved selectivity’s and easier separations and purifications than 

conventional solvents [2].  

Aldimines are important intermediates for the synthesis of various bioactive products 

and they are used as fundamental materials for the synthesis of various Schiff base ligands 

which are used as chiral auxiliaries in asymmetric synthesis [3]. Aldimines have been 

reported to show a variety of biological actions by virtue of the azomethine linkage, which is 

responsible for various antibacterial, antifungal, herbicidal and clinical activities [4,5]. The 

conventional methods for the synthesis of aldimines produce hazardous waste, took long time 

and produce very low yield [6]. Therefore, modification of synthetic method using green 

techniques viz solvent-free approach and grindstone methods are used to maximize the yield 

production [7]. Recently fruit juice is known to be a potential organic solventfor the synthesis 

of compounds of pharmaceutical interest [8]. Fruit juice is being used on regular basis in 

various organic transformation reactions [9]. The widespread applications of different fruit 

juices are due to their non-toxic, safe, inexpensive and environmentally benign nature. 

Bioactive compounds like enzymes, polyphenols, vitamins, and carotenoids can be extracted 

from fruit and vegetables waste and are potentially utilized for the synthesis of organic 

compound [10]. 

Based on the literature survey, the present work focusses on the solvent free synthesis 

of aldimine from vanillin andaniline using Malpighiaemarginata fruit extract. The Malpighia 

emarginatafruits are rich in vitamin C, carotenes, thiamine, riboflavin, niacin, proteins and 

mineral salts, mainly iron, calcium and phosphorous [11]. The Malpighia emarginatafruit is 

one of the best natural sources of vitamin C than other fruits like guava, cashew, orange, and 

lemon [12]. The fruits are considered as beneficial against liver problems, diarrhoea, 

dysentery, cough and cold. The aldimine synthesised from Malpighia emarginatafruit extract 

is characterized by UV-Visible and FT-IR spectral techniques. The synthesised 

aldimineshows slight antioxidant and antidiabetic activities. 

2. Materials and Methods 

Fresh and ripened Malpighia emarginatafruit were collected from the college campus. 

Vanillin and anilineused for the synthesis of aldimine were procured from Merck. Double-

distilled deionized water was used for the preparation of the Malpighia emarginatafruit 

extract. Analytically graded ethanol was used for the recrystallisation of the synthesized 

product. 
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2.1. Preparation of Malpighia emarginata extract 

Fresh and ripened Malpighia emarginata fruit was used for the preparation of the 

extract. 25 g of fresh ripened fruit was taken and washed thoroughly with double-distilled 

deionized water. The fruit was grinded using pestle and mortar. The resulting extract was 

filtered using Whatman filter paper and the filtrate was collected and then centrifuged for 

about 8000 rpm for about 10 minutes. The supernatant extract was collected and used for the 

synthesis of aldimine.  

2.2 Synthesis of aldimine from Malpighia emarginata extract 

Equimolar amount of vanillin (0.1 mol) and aniline (0.1 mol) were taken in a clean 

beaker. About 2 mL of Malpighia emarginata extract was added to the mixture and stirred 

well at room temperature. The pale-yellow precipitate was formed immediately after the 

addition of the fruit extract. The corresponding aldimine obtained was washed well with 

distilled water and purified with minimum amount of ethanol (Scheme 1).  

 

Scheme 1 Synthesis of aldimine from vanillin and aniline 

2.3 Characterization Techniques 

The absorption spectral measurement of the synthesised aldimine was carried out 

using Shimadzu UV-1800 spectrophotometer. FT-IR analysis of the synthesised 

compoundwas carried out through the potassium bromide (KBr) pellet (FTIR grade) method 

in 1:100 ratio and the spectrum were recorded using Shimadzu IR Affinity. 

2.4 Antioxidant activity 

The antioxidant activity of the synthesised aldiminewas determined by 2,2-Diphenyl-

1-picrylhydrazyl (DPPH) free radical scavenging assay method. For DPPH assay the ascorbic 

acid was used as reference standard. The ascorbic acid stock solution was prepared in 

distilled water (1 mg/mL; w/v). 60 μM solution of DPPH in methanol was freshly prepared 

and200 µL of this solution was mixed with 50 μL of test sample at various concentrations 

(1.56, 3.12, 6.25, 12.5, 25, 50, 100, 200, 400, 800 and 1000 µg/mL). The plates were kept in 

the dark for 15 min at room temperature and the decrease in absorbance was measured at 515 

nm. Control was prepared with DPPH solution only, without any extract or ascorbic acid. 

95% methanol was used as blank. 

               % of Inhibition = [(Abs of control - Abs of test)/Abs of control] x 100          



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2 
 

102 
 

The IC50 valuewas determined from the plot of percentage inhibition versus log 

inhibitor concentration andcalculated by non-linear regression analysis from the mean 

inhibitory values. 

2.5 Antidiabetic Activity  

The antidiabetic activity of the synthesised aldiminewas determined using alpha 

glucosidase inhibition assay method. About 400 μL of α-glucosidase (0.067 U/mL) was 

preincubated with different concentrations of the aldimine for 30 min. Then 200 μL of 

3.0 mM p-nitrophenyl glucopyranoside (pNPG) used as substrate dissolved in 0.1 M sodium 

phosphate buffer (pH 6.9) was then added to start the reaction. The reaction mixture was 

incubated at 37°C for 30 min and stopped by adding 2 mL of 0.1 M Na2CO3. The alpha 

glucosidase activity was determined by measuring the yellow-colourdp-nitro phenol released 

from pNPG at 400 nm. The results were expressed as percentage of inhibition. Same 

procedure was done with acarbose (1 mg/mL stock) which was used as standard. 

                                  Inhibitory activity (%) = (B-T/B-C) × 100  

Where, B is the absorbance of blank. T is the absorbance in the presence of test 

substance. C is the absorbance of control. 

3. Results and Discussion 

The role of Malpighia emarginata extract in the synthesis of biologically active 

aldimine from vanillin andaniline is reported in this section. The synthesised aldimine is 

characterized by UV-Visible and FT-IR spectral analysis. This solvent-free approach is non-

polluting and does not employ any toxic materials, quantifying it as a green approach for the 

synthesis of aldimines. 

3.1 Absorption Spectral Analysis 

The formation of aldiminefrom vanillin andanilineusing Malpighia emarginata 

extract is preliminary confirmed by UV-Visible spectrophotometric analysis. The aldimine 

synthesised from vanillin andanilineshows absorption bands at 220, 232, 278 and 325 nm due 

to π-π* and n-π* transitions (Fig. 1). The higher energy bandappearing at 278 nm is attributed 

to π-π* transition of the azomethine group [13]. Thus, the absorption spectral data confirms 

the formation of aldimine from vanillin and aniline. 

3.2 FT-IR Spectral Analysis 

The FT-IR spectrum of aldimine synthesised from vanillin andaniline using 

Malpighia emarginataextract shows absorption bands 3526, 2924, 2853, 2742, 1674, 1587, 

1288, 970, 923, 872, 816, 769, 714, 614 and 520 cm-1 respectively (Fig. 2). The band at 3526 

cm-1 is due to O-H stretching of the hydroxyl group. The weak bands at 2924, 2853 and 2742 
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cm-1 are due to the C-H stretching of alkenes and aromatic system. The band at 1674 cm-1 is 

due to the presence of azomethine group, this indicates the formation of aldimine. The weak 

band at 1587 cm-1 is due to the stretching vibration of aromatic C=C bond. The band at 1288 

is due to C-O cm-1stretching vibration of methoxy group. Aromatic C=C and aliphatic C-H 

bending vibrations occur at 970, 923, 872, 816, 769, 714, 614 and 520 cm-1 respectively. The 

FT-IR spectral data thus confirms the formation of aldimine from vanillin and aniline. 

 

Fig.1 Absorption spectrum of aldimine from vanillin and aniline 

 

Fig. 2 FT-IR spectrum of aldimine synthesised from vanillin and aniline  

3.3 Antioxidant activity of Aldimine 

The antioxidant activity of the synthesised aldimine at different concentrations are 

determined and tabulated in Table 1. The synthesized aldimines produce lowfree radical 

scavenging at all concentration ranges compared to ascorbic acid. The IC50 value of aldimine 

synthesised from vanillin and aniline is 769.23 μg/mL. The antioxidant potential measured by 

DPPH free radical inhibition assay method reveals that the synthesised aldimine shows slight 

activity than that of ascorbic acid. The antioxidant activity is stoichiometric with respect to 

the number of hydrogen atoms absorbed. In the present investigation, the synthesised 

aldimine donate only one proton for the stabilization of the DPPH free radical, while ascorbic 
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acid has ability to donate its two protons to the DPPH radical to form a neutral compound, 

dehydroascorbate [14]. Thus, the aldimine synthesised from vanillin and aniline shows slight 

antioxidant activity and can be used as free radical scavenger. 

3.4 Antidiabetic activity of Aldimine 

The antidiabetic activity of the aldimine synthesised from vanillin and aniline at 

different concentrations are determined and tabulated in Table 2. The synthesised aldimine 

shows higher IC50 value, 205.36 μg/mL than that of the standard acarbose. Lower IC50 value 

reflects better antidiabetic activity. The synthesized aldimine produce lower antidiabetic 

activity as compared to that of acarbose. Thus, the obtained results revealed that the aldimine 

synthesised from vanillin and aniline show slight antidiabetic activity. 

Table 1 Antioxidant activity of aldimine synthesised from vanillin and aniline 

Concentration 

(μg/mL) 

Absorbance at  

515 nm 

 

% of Inhibition 

0 0.8726 0 

1.56 0.8467 2.97 

3.12 0.8023 8.06 

6.25 0.7525 13.77 

12.5 0.6936 20.51 

25 0.6475 25.80 

50 0.6205 28.89 

100 0.5695 34.74 

200 0.5406 38.04 

400 0.4905 43.79 

800 0.4325 50.43 

1000 0.4018 53.96 

IC50 769.23 μg/mL 

 

Table 2 Antidiabetic activity of aldimine synthesised from vanillin and aniline 

Concentration 

(μg/mL) 

Absorbance at 400 

nm 

% of Inhibition 

1.5 1.751 2.33 

3.125 1.652 7.96 

6.25 1.597 11.09 
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12.5 1.518 15.59 

25 1.362 24.46 

50 1.302 27.87 

100 1.202 33.56 

IC50 205.36 μg/mL 

 

Conclusion 

An eco-friendly route for the synthesis of aldimine form vanillin andaniline using 

Malpighia emarginata extracthas been investigated. The aldimine synthesised from the 

Malpighia emarginata extract is characterized by UV-Visible and FT-IR spectral analysis 

techniques. The aldimine shows an absorption maximum at 278 nm, due to π - π* transition 

of azomethine group. The FT-IR band at 1674cm-1 is due to the presence of azomethine 

group, this confirms the formation of aldimine. The antioxidant and antidiabetic activities of 

the synthesised aldimine show slight activity than that of the control. This solvent-free 

approach is non-polluting and does not employ any toxic materials, quantifying it as a green 

approach for the synthesis of aldimines. The biological activity of this compound will trigger 

more interest in thesynthesis of such compounds from the easilyavailable starting materials. 
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ABSTRACT 

Nanoparticles and nanomaterials can be prepared by bio-nanotechnology approaches 

because they are economical and ecologically benign. The potential of the plant extract from 

Cocos nucifera, to produce silver nanoparticles (Ag NPs) is confirmed by this work. The 

presence of surface plasmon resonance at 290 nm confirmed the formation of silver 

nanoparticles (Ag NPs). The crystalline nature of the nanoparticles was confirmed using 

XRD studies. Scanning electron microscopy (SEM) pictures showed that the particles has 

almost spherical form. Potential biomolecules accountable for the bio-reduction of silver ions 

are found by Fourier-transform infrared (FTIR) spectroscopy. The biosynthesized Ag NPs' 

microbial efficacy against Gram-positive, Gram-negative and fungal species is confirmed by 

an antimicrobial assay. 

 

Keywords: Green synthesis, Crystal violet, Organic dye, Antibacterial activity, Antifungal 

activity 

 

1. Introduction 

Green chemistry approach to nanomaterials and nanoparticles preparation is an eco-

friendly, cost effective, and inexpensive method which employs environmentally benign 

materials, biodegradable, non-toxic, and natural substances. Recently, studies on the 

application of metal nanoparticles (particles with <100 nm) to fabrics are emerging rapidly 

and gaining research interest [1-4] due to their high surface to volume ratio size dependent 

properties and excellent biological activities as compared to bulk scale. Silver nanoparticles 

have been recognized by several researchers due to their low toxicity to normal cells, broad 

range of antimicrobial properties, and breakdown of organic dyes [1, 5]. The antimicrobial 

properties of silver nanoparticles depend on their nanoscale dimension [6]. Silver 

nanoparticles can be synthesized using the green chemistry method employing plant extracts 

[7,8]. Furthermore, the study investigates the multifaceted applications of these green-

synthesized AgNPs using Cocos nuciferafiber extract. Their efficacy in dye degradation is 

explored, showcasing their potential as catalysts for the removal of organic dyes from 

aqueous solutions. The degradation process is monitored using various analytical techniques, 
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shedding light on the efficiency and kinetics of the AgNPs-mediated degradation. 

Additionally, the antimicrobial activity of the synthesized AgNPs is evaluated against a 

spectrum of pathogenic microorganisms. The antimicrobial potential is assessed through 

well-established methods, providing insights into the AgNPs' effectiveness in inhibiting the 

growth of bacteria and fungi. This comprehensive study aims to contribute valuable insights 

into the green synthesis of AgNPs, their thorough characterization, and their diverse 

applications in environmental remediation and healthcare. The results presented underscore 

the potential of these green-synthesized AgNPs as multifunctional nanomaterials with 

promising prospects for sustainable and effective applications in various fields. 

2. Materials and methods 

2.1Materials 

Analytical grade of Silver Nitrate and Crystal violetwere purchased from Merck. The 

solvents used were of analytical grade. 

2.2 Experimental method 

0.1M Silver nitrate solution was prepared by taking 3.39g of silver nitrate and making 

up to 200mLin a Standard Measuring Flask and was stored in the dark to prevent 

photodecomposition reaction. For further synthesis of silver oxide nanoparticle about 100mL 

of the above made-up solution is taken in a 250mLbeaker and add 20mLof Cocos nucifera 

extract to this in dropwise. The mixture is shaken in a magnetic stirrer for about 24 hours for 

the bio reduction process at room temperature. The Pale-yellow colour solution slowly 

becomes brown colour. After 24 hours black precipitate is observed at the bottom which 

indicates the formation of nanoparticles [9]. The precipitate obtained was dried at room 

temperature and used for characterization 

3. Results and Discussion 

3.1 X-ray diffraction analysis 

The Debye-Scherrer equation was utilized to computethe crystallite size using 

equation: 

D = Kλ / βcosθ 

Where D, K, λ, β and θ corresponds to size of the crystallite, constant, X-ray 

wavelength, FWHM value and diffraction angle, respectively [10]. This was shown in the 

table 4.1. Hence, the average crystallite size of synthesized AgNPs is 43.52 nm and suggested 

that the AgNPs is microcrystalline nature. 
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Fig.1. XRD Spectrum of AgNPs 

Table 1. XRD values of silver nanoparticles 

Peak position FWHM D-Value 

54.825 0.233 35.53 

49.890 0.100 86.62 

39.440 0.216 38.5 

76.571 0.208 39.6 

57.336 0.222 37.45 

18.812 0.213 38.5 

35.068 0.177 47.79 

34.411 0.181 46.2 

27.752 0.182 46.2 

37.987 0.324 25.2 

46.184 0.191 43.3 

32.181 0.219 37.45 

 

3.2 UV-Visible analysis of silver nanoparticles 

Absorption Spectrum of the synthesized AgNPs have absorbance at 290nm, 

broadening of peak indicated that the particles are poly dispersed. 

 

Fig. 2. UV-Vis spectrum of silver nanoparticles 
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3.3 FT-IR analysis of Silver nanoparticles 

The FT-IR spectrum of the synthesised AgNPs shows bands at 3392, 3230, 2920, 

2860, 2372, 1745 and 1575 cm-1 respectively (Fig. 3). It also confirms the bio reductionof 

silver ions in the presence of Cocos nucifera husk extract.  

 

Fig.3 FT-IR Spectrum of AgNPs 

3.4 Morphology studies (SEM)  

Morphological examinations for the silver nanoparticles were carried out by using 

Scanning Electron Microscopy. The images display that all the prepared nanoparticles exhibit 

almost spherical shape. Also, the obtained SEM image display the formation of nanoparticles 

and some fiber extract residues. 

 

Fig. 4 SEM image of synthesized Cocos nuciferabased silver nanoparticles 

3.3.1 EDX Studies 

The EDAX spectral image displayed the presence of metallic silver at 3KeV. The 

elemental dot mapping (Fig 4.5) of a selected area showed up 4%-N, 24.25%-O, 71.75%-Ag 

of the corresponding elements. 
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Fig.5 EDAX spectra showing elements present 

3.5 Antimicrobial Activity 

3.5.1 Zone of Inhibition of Silver nanoparticles from Cocos nucifera 

The zone of inhibition AgNPs produced using the Cocos nucifera extract against 

Gram positive B. subtilis and Gram-negative Proteus mirabilis were studied using 

Chloramphenicol (10µg) as the control. 

 

Fig. 6 Zone of Inhibition Bacillus subtilis, Proteus mirabilis 

The antibacterial activity of AgNPs (100mg) against Gram positive B. subtiliswas 

greater when compared with the Gram-negative Proteus mirabilis shown in table 2. 

Table 2. Zone of inhibition of bacteria with varied concentration 

Bacteria 20µl 40µl 60µl 80µl Standard 

Bacillus subtilis (Positive) 11 15 18 18 35 

Proteus mirabilis 

(Negative) 
7 9 10 12 25 

The zone of inhibition AgNPs produced using the Cocos nucifera extract against 

Rhizopus microsporus and penicillium were studied using Chloramphenicol (10µg) as the 

control. 
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Fig. 7 Zone of inhibition Rhizopus microsporus, Penicillium sp 

The antifungal activity of AgNPs (100 mg) against Penicillium sp was greater when 

compared with the Rhizopus microsporus shown in table 3. 

Table 3. Zone of inhibition of fungi with varied concentration 

Fungi 20µl 40µl 60µl 80µl Standard 

Rhizopus microsporus 12 14 16 18 20 

Penicillium sp 123 14 16 21 30 

4. Conclusion 

The present investigation deals with synthesis and characterization of silver 

nanoparticles using Cocos nucifera and its antimicrobial activity. The experiment which was 

conducted to examine the formation of AgNPsand it was characterized by UV, FT-IR, XRD 

and SEM. From the UV spectroscopy, the synthesised AgNPs has high absorbance at 290 nm 

(π-π* transition). It was mentioned that the methods of preparing AgNPs is simple and 

convenient. The FT-IR data for the AgNPs closely matched the suggested structure. From 

FT-IR, we can confirm that functional groups such as -NH, -CH, -CH3,-CO, -NH3
+were 

present in the synthesised AgNPs. From XRD we evaluated the average crystalline size using 

Scherer formula as 43.52 nm. The SEM images of AgNPs showed almost spherical shaped 

surface morphology. The Antimicrobial activity of bacteria Bacillus subtilis (Gram positive), 

Proteus mirabilis (Gram positive) and fungi Rhizopus microsporus, Penicillium sp were 

studied using bio synthesized AgNPs. The results showed that the AgNPs have higher 

inhibition against gram positive B. Subtilis than with the Gram-negative Proteus mirabilis. 

The antifungal activity of AgNPs against Penicillium sp was found to be greater when 

compared with the Rhizopus microsporus. 
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ABSTRACT 

Improving patient compliance with significant therapeutic value is highly important to 

be in concern while developing an oral dosage form. Undesirable taste of the drug can 

influence patient compliance and product quality. Health care providers are dealing with 

bitter drug issues while orally administering to each paediatric patients and elderly patients. 

Masking the unpleasant taste of bitter drugs is a potential tool for the enhancement of patient 

compliance and success of the product. Various approaches and methodologies of 

development for masking the undesirable taste of drugs with consideration of applications, 

evaluation, and technologies for taste masking. This investigation evaluates inclusion 

complexation by α-cyclodextrin as a masking agent for Chlorpheniramine Maleate. 

 

Keywords: Taste masking, Inclusion complex, Chlorpheniramine Maleate, α-Cyclodextrin 

 

Introduction 

Paediatrics and elderly patients specifically are difficult to control while administering 

the unpleasant taste of specific drug, leading to administer fewer doses, which cause less 

efficiency. Taste masking is the proper way to improve the quality of the treatment [1]. The 

taste masking defined as a perceived decrease of an unpleasant taste of active pharmaceutical 

ingredients [2]. There are various taste-masking techniques which may be used to inhibit 

bitter taste [3]. For solid oral dosage forms, polymer coating of capsules and tablets or 

monolithic systems such as polymer or lipid extrudates may be used; these approaches may 

be of less use for paediatric patients for whom swallowing solid dosage forms can be 

challenging. Among the various taste masking strategies inclusion complex formationis an 

efficient approach in dealing with patient’s compliance. These inclusion complexes can 

enhance drug solubility, mask bitter taste of the active pharmaceutical ingredient (API) and 

prevent degradation of drug molecules. Usually, the formation of inclusion complex method 

is used when low dose drug is required. This technique works by the host and guest link, 

where the host is the complexing agent; and the guest is the active moiety. The purpose of the 

complexing agent is to mask the unpleasant taste of specific drug either by reducing its oral 

solubility or reducing the amount of the drug particles to taste buds. The most commonly 
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used complexing agent is cyclodextrin, due to its sweet in taste, non-toxic, and cyclic 

oligosaccharide acquired from starch. In inclusion complexes, the Vander Waals forces are 

predominantly involved [4-6]. 

Chlorpheniramine Maleate is an antiallergic medication. It appears as Odor less white 

crystalline solid or white powder with a bitter taste and has poor patient compliance. 

Chlorpheniramine maleate (CPM) is a first-generation alkyl amine widely used as 

antihistamine drug patients to inhibit various histaminic actions [7]. Apart from the most 

common side effects possess by all the antihistamines, CPM has a major problem related to 

its oral bioavailability [8]. However, it is well absorbed from the gastrointestinal tract, its oral 

bioavailability is only 25-40% of the orally administered dose which is due to its high first 

pass metabolism [9]. Chlorpheniramine Maleate works by blocking the action of histamine, 

thereby relieving these symptoms. In this study, α-Cyclodextrin is used to mask the bitter 

taste of Chlorpheniramine Maleate and it is illustrated in Fig. 1. 

 

 

 

 

 

 

Fig.1 Structure of Chlorpheniramine Maleate and α-Cyclodextrin 

Materials and Methods 

ChlorpheniramineMaleate and α-Cyclodextrin purchased from Sigma Aldrich were 

used for the studies. The solvents used were of analytical grade. Triply distilled water was 

used for the preparation of stock solutions. 

Instruments 

1. Systronics Smart Double Beam Spectrophotometer-2203 

2. JASCO Spectrofluorometer FP-8200. 

Preparation of liquid inclusion complex of Chlorpheniramine maleate:-CD  

 About 0.0054g of Chlorpheniramine maleate   was accurately weighed and dissolved 

in 10mLethanol. About 0.2918g of -CD was dissolved in 30mL distilled water in a 250mL 

beaker. Inclusion complexes of Chlorpheniramine maleate:-CD were prepared by varying 

the concentration of -CD from 2x10-3M to 1x10-2M with Chlorpheniramine maleate. 
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Preparation of solid inclusion complex of Chlorpheniramine maleate: -CD 

About 0.02g of Chlorpheniraminemaleate was accurately weighed and dissolved in 

30mLof methanol and about 0.2918g of -CD was dissolved in 30mL distilled water in a 

250mL beaker. Both the solutions were mixed together in a beaker and put over 

electromagnetic stirrer to stir continuously for 48h at room temperature. The precipitate 

formed after evaporation was dried and used for characterization.  

Results and Discussion 

UV-VIS Spectral Analysis of Chlorpheniramine maleate:-CD 

Absorption spectra were used to confirm the formation of inclusion complex. The 

complexation causes a change in the absorption spectrum of a guest molecule. During the 

spectral changes, the chromophore of the guest is transferred from an aqueous medium to the 

non-polar cyclodextrin. These changes must be due to a perturbation of the electronic energy 

levels of the guest caused either by direct interaction with the cyclodextrin, by the exclusion 

of solvating water molecules or by a combination of these two effects [10,11]. Small shifts 

are observed on the UV spectra of the included guests, the method is often used to detect 

inclusion complexation. In this study, absorption spectra of -CD, chlorpheniramine maleate 

and inclusion complexes were taken into consideration. The absorption spectra of the 

inclusion complexes formed between chlorpheniramine maleate and -CD are shown in 

Fig.2.The spectral data are tabulated in Tab.1An absorption peak is obtained at abs 252 nm. 

After the addition of -CD, the absorption spectra are bathochromically shifted with increase 

in intensity. With the increase in concentration of -CD, the intensity of absorbance also 

increased. It is inferred that the solubility of chlorpheniramine maleate increases with 

increase in the concentration of -CD. Spectral shifts are indicative of the inclusion 

complexes formed between chlorpheniramine maleateand-CD. 

 

 

 

 

 

 

 

Fig.2. Absorption spectra of chlorpheniramine maleate with varying  

Concentrationsof α-CD 
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Table.1 Absorption spectral data of chlorpheniramine maleate with varying 

concentrations of α-CD 

Determination of binding constant 

The binding of Chlorpheniramine-CD inclusion complexes has been studied by 

absorption spectral technique using Benesi-Hildebrand equation [12]. 

�5

�º�?�º�,��
 = 

�5

�º�?�º�,

E��

�5

�Ä�³ �:�º�ò�?�º�, �;���>�� �?�¼�½�?
 

Where, 

A0- initial absorbance; A,  �#�ñ-observed absorbances; KB- binding constant  �> 
F���� �?- 

Concentration of α-CD. The binding constant calculated was found to be 96 M-1. 

Determination of the stoichiometry of the inclusion complex 

The stoichiometry of the inclusion complex, A plot of  
�5

�º�?�º�,
versus  

�5

�>-�G�H�?
 for 

absorption gives good linear correlation indicating the stoichiometry for the formation of 1:1 

guest host inclusion complex. The stoichiometry can be obtained by using the Benesi-

Hildebrand equation which was shown in Fig. 3. 

 

 

 

 

 

 

 

 

Fig.3. Benesi-Hildebrand plot of Chlorpheniramine maleate: -CD inclusion complexes 

 

S. 

No 

Concentration 

of α-CD 
λabs Absorbance A-A0 

1 

A-A0 
Log E 

1/ 

[α-CD] 

1 0 247 0.175   3.65  

2 0.002 247.4 0.200 0.025 40 3.71 500 

3 0.004 248 0.215 0.040 25 3.74 250 

4 0.006 248.7 0.240 0.065 15.3 3.79 166.6 

5 0.008 249 0.255 0.080 12.5 3.82 125 

6 0.010 250 0.300 0.125 8 3.89 100 
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FTIR Spectral Analysis of inclusion complexes of chlorpheniramine maleate: -CD.   

FTIR is a very useful tool to prove the existence of both guest and host molecules in 

their inclusion complexes Fig 4,5,6 shows the FTIR spectra for the α-CD, chlorpheniramine 

maleate, inclusion complex of chlorpheniramine maleate:-CD. The pure drug 

chlorpheniramine maleate exhibited the peaks at 2924.27 cm-1 for C-H aromatic stretching, 

650.34 cm-1, 944.87 cm-1 for C=C characteristic peaks, 3340.71 cm-1 for O-H stretching of 

Maleate salt, 1703.38 cm-1 for C=O and 769.6 cm-1 for C-Cl bending. The same peaks of the 

chlorpheniramine maleate were observed in the inclusion complex with slight shifts in 

wavelength. The inclusion complex shows a broadened O-H band with change in values from 

3400 cm-1 to 3394.72 cm-1 which indicates that there is intermolecular hydrogen bonding 

betweenchlorpheniramine maleate and -CD. 

 

 

 

 

 

 

 

Fig.4 FTIR Spectra of -CD 

 

 

 

 

 

 

 

 

 

Fig.5 FTIR Spectra of chlorpheniramine maleate 

Significant changes are observed in the area between 1600 and 1400 cm-1assigned to 

C=C aromatic stretching in free due to the interaction between this region of the drug and 

cyclodextrin cavity and an enlargement of the bands at 1030 cm-1 of the is observed due to the 
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establish of interaction during complexes formation [13]. No new peaks appeared which 

indicates that no bonds are formed or broken during inclusion complex formation. 

 

 

 

 

 

 

 

Fig.6 FTIR Spectra of inclusion complex of chlorpheniramine maleate: -CD 

Thin Layer Chromatographic Studies 

Thin layer Chromatography also serves as a tool for the inclusion complex formation. 

The Rf values are calculated for pure drug and the inclusion complexes. The thin layer 

chromatogram for pure drug and inclusion complex in the ratio of 1:1 diethyl ether: water, 

chloroform: water, ethyl acetate: water are shown in Fig.7,8 and 9. In all the cases, the Rf 

values of inclusion complexes are found to be less than that of pure Chlorpheniramine 

maleate [14]. This is a strong indication that inclusion complexes are formed between 

Chlorpheniramine maleate and α-CD. Further, the Rf values obtained for chlorpheniramine 

maleate and chlorpheniramine maleate: α-CD was tabulated in Table 2. 

 

 

 

 

Fig.7 Thin Layer Chromatography images of chlorpheniramine maleate and 

chlorpheniramine maleate: α-CD in the ratio of 1:1 diethyl ether: water 

 

 

 

Fig.8 Thin Layer Chromatography images of chlorpheniramine maleate and 

chlorpheniramine maleate: α-CD in the ratio of 1:1 chloroform: water, 

ethyl acetate: water 
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Fig.9 Thin Layer Chromatography images of chlorpheniramine maleate and 

chlorpheniramine maleate: α-CD in the ratio of 1: 1, ethyl acetate: water 

Table.2 Thin layer chromatographic data 

solvent α-CD      Rf CPM Rf 
CPM: α-CD   

Rf 

Diethyl ether 

Phosphate                                                            

water50:50v/v 

0.2345 0.2673 0.2009 

CD                      

Chloroform 

Phosphate                                                     

water50:50v/v 

0.2876 0.2939 0.1978 

Ethyl acetate 

Phosphate                                                        

water50:50v/v 

0.3045 0.3155 0.2987 

CPM-chlorpheniramine maleate 

The complexing agentα-Cyclodextrins a sweet, non-toxic, starch-derived cyclic 

oligosaccharide. Bitterness elimination is depended upon the extent of complexation of guest 

molecule with host, value of complex association constant temperature and the host/guest 

ratio. chlorpheniraminemaleate forms a 1:1 complex with cyclodextrins, more than 99 % of 

the bitter drug is complexed with cyclodextrins and as complexed moleculechlorpheniramine 

maleate cannot react with the taste bud in the buccal cavity, no bitter taste perceived [15,16] 

and therebysuppression of bitter taste by alpha-cyclodextrin [17]. The complexing agent α-

Cyclodextrin is capable of masking the bitter taste of the drug by either decreasing its oral 

solubility on ingestion or decreasing the amount of drug particles exposed to taste buds 

thereby reducing the perception of bitter taste. Vander Waals forces are mainly involved in 

inclusion complexes [18-20]. 

Conclusion    

The absorption spectra provide ample information regarding the formation of 

inclusion complexes of chlorpheniraminemaleate with α-CD. The binding constants were 
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calculated using the Benesi Hildebrand equation and it was found to be 96.5 M-1.The linear 

correlation of the Benesi-Hildebrand plot indicates that the inclusion complexes formed were 

in the stoichiometric ratio 1:1.Considerably higher binding constant values showed the 

formed inclusion complexes were quite stable.The stability of the inclusion complexes 

formed shows that the solubility of chlorpheniramine maleate is also further increased upon 

complexation with α-CD.The formation of inclusion complexes between chlorpheniramine 

Maleate and α-CD was further confirmed by FTIR studies and thin layer chromatographic 

studies.Thus it paves the way to remove undesirable  bitter effects the drug chlorpheniramine 

Maleate and enable us to have sustained controlled release of the drug and hence oral 

bioavailability of the drug. Bitterness elimination is depended upon the extent of 

complexation of guest molecule with host, value of complex association constant temperature 

and the host/guest ratio. chlorpheniramine maleate forms a 1:1 complex with α-cyclodextrin, 

more than 99 % of the bitter drug is complexed with α-cyclodextrin and asthe complexed 

molecule. chlorpheniramine maleate cannot react with the taste bud in the buccal cavity, no 

bitter taste is perceived and suppression of bitter taste was done by alpha-cyclodextrin. 
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ABSTRACT 

Seagrasses are marine flowering plants and are distributed all over the world. They 

are well documented for the presence of potent, diverse secondary metabolites that are 

biologically active and could be used as potential drugs.  The present study is about the 

investigation of the phytochemicals and antibacterial activity of the seagrass Syringodium 

isoetifolium. The dried seagrass powder was extracted with chloroform, acetone and ethanol 

separately in a ratio of 1:4 using a cold extraction method. The preliminary phytochemical 

analysis of the extracts showed the presence of alkaloids, steroids, saponins, flavonoids, 

terpenoids, glycosides and phenolic compounds. Antibacterial activity was done using a well 

diffusion method against one Gram-positive and one Gram-negative pathogens, such as 

Bacillus subtilis and Pseudomonas aeruginosa. Among the three solvent extracts, the ethanol 

extract showed the maximum activity of 19.66±0.57 mm against B. subtilis. This study 

revealed that the seagrass Syringodium isoetifolium has very good antimicrobial activity due 

to its secondary metabolites. 

 

Keywords: Seagrass, Antimicrobial activity, Syringodium isoetifolium 

 

1. Introduction  

Seagrass is one of the true marine flowering plants that belongs to the group angiosperms 

[1]. They are known to produce a wide variety of secondary metabolites that aid as defense 

mechanisms under stress conditions and these compounds are found to be anti-oxidative in 

nature [2]. These chemical compounds synthesized by secondary metabolic pathways are not 

involved in normal growth, development or reproduction but usually have roles in adaptation 

processes under stress conditions [3]. These biogenic compounds or active metabolites like 

polyphenols, terpenoids and halogenated compounds produced by several species of seagrass 

have anticancer (antitumor), antifungal or anti-inflammatory [4], antimicrobial [5], antiviral, 

antidiabetic activities [6], antimalarial, antioxidant [7], antiprotozoal and cytotoxic properties 

[8] which are effective in the prevention of different diseases and also other novel 

pharmacological activities. It has been realised that many of these metabolites, being 

biologically active, could be used as a potentialdrug. As antibiotic resistance has developed, 
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itdemands a continued search for antibacterial drugs that combat harmful microorganisms [9]. 

Thus, we continue to require more effective, affordable, and safe medications. Therefore, the 

purpose of this study was to assess the antibacterial activity of the seagrass 

Syringodiumisoetifolium (Asch.) Dandy against human infectious disease pathogens such as 

Pseudomonas aeruginosa and Bacillus subtilis, as well as examine its phytoconstituents. 

Materials and methods 

Sample collection and Extraction 

The fresh leaves of Syringodium isoetifolium (Asch.) Dandy were collected from 

Kooduthalai coast, Tirunelveli, India and identified as Syringodium isoetifolium (Asch.) 

Dandy by morphological features according to the standard seagrass manual [10]. The 

collected seagrass was cleaned with tap water and shade dried. The dried materials were 

powdered using a mixer grinder. The powdered sample was extracted with organic solvents 

of increasing polarity such as chloroform, acetone and ethanol, individually in a ratio of 1:4. 

The extracts were filtered using Whatman No.1 filter paper. The resultant filtrate was then 

concentrated and used for further analysis. 

 

Fig 1. Image of the seagrass Syringodium isoetifolium 

Phytochemical Analysis 

The qualitative test for the identification of phytochemical constituents was carried 

out according to standard procedure [11]. 

 Microorganisms used 

The antimicrobial activity of the seagrass extract was screened against one Gram-

positive bacteria, Bacillus subtilis and one Gram-negative bacteria Pseudomonas aeruginosa, 

which were obtained from Scudder Laboratory, Nagercoil. 

Antibacterial assay 

Antibacterial activity was assayed using the agar well diffusion technique using 

Nutrient Agar Medium. A sterile cotton swab was used for spreading the test microorganisms 

evenly from the 24-hour incubated broth on the NA plates. In each of these plates, wells of 
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6mm diameter were made using a sterilized cork borer and 50 µl of each extract was added 

tothose wells separately. 25 µl of streptomycin (10mg/ml) was used as a positive control and 

25 µl of the respective solvent used as a negative control. The extract-loaded plates were kept 

for incubation at 37oC for 24 hours. After incubation, a clear zone around the well was 

formed which was the diameter of the zone of inhibition measured in millimetres. 

Theexperiment was carried out in duplicate and the mean zone of inhibition ± standard error 

was calculated using excel. 

2. Results  

Table 1. Phytochemical analysis of Syringodium isoetifolium 

S. 

No 
Phytochemicals Acetone Chloroform Ethanol 

1 Alkaloids - + + 

2 Steroids + - - 

3 Tannins - - - 

4 Pholobatanins - - - 

5 Saponins + + + 

6 Flavonoids + - + 

7 Terpenoids + + - 

8 Glycosides + + + 

9 Phenolic compounds + + + 

10 Aromatic acids - - - 

11 Xanthoproteins - - - 

Phytochemical analysis was done separately for acetone, chloroform and ethanol 

extracts of S. isoetifolium. As Table 1. Shows, the acetone extract of the seagrass shows the 

presence of phytochemicals such as steroids, saponins, flavonoids, terpenoids, glycosides and 

phenolic contents. The chloroform extract shows the presence of alkaloids, saponins, 
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terpenoids, glycosides and phenolic compounds. The ethanol extract shows the presence of 

alkaloids, saponins, flavonoids, glycosides and phenolic compounds. 

Table 2. Zone of inhibition (mm±SE) of S. isoetifoliumon human pathogens 

Bacteria Control 
Standard 

(Streptomycin) 

Acetone 

(25µl) 

Chloroform 

(25µl) 

Ethanol 

(25µl) 

B. subtilis - 30 13±0.8 9±0.9 19.6±0.57 

P. aeruginosa - 17 9±1 8±0.6 14±1.2 

 

 

Fig. 2. Antibacterial activity of S. isoetifolium against B. subtilis 

 

(S-streptomycin, C-control, A- acetone, C-chloroform, E-ethanol) 

Fig. 3. Antibacterial activity of S. isoetifolium against P. aeruginosa 

From Table 2. and Figs. 2 and 3, among the three solvent extracts, the ethanol extract 

showed the highest activity against both the tested pathogens, with the maximum activity of 

19.66±0.57 mm against B. subtilis. 

3. Discussion 

Natural products are considered an important source of new antibacterial agents. 

Many chemically unique compounds of marine origin with different biological activities have 

been isolated and a number of them are under investigation and/or are being developed as 

new pharmaceuticals [12,13]. The present study revealed that the seagrass S. isoetifolium 

contains phytochemicals such as alkaloids, steroids, saponins, flavonoids, terpenoids, 
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glycosides and phenolic compounds. The qualitative phytochemical analysis showed that 

most of the phytoconstituentswere extracted with acetone extraction compared to the other 

two. 

Seagrasses have the highest value of soluble phenolic content which exhibit multiple 

bioactive roles against pathogenic microorganisms. In this study, the solvent extracts of 

seagrass S. isoetifolium displayed good antibacterial activity against Gram-positive as well as 

Gram-negative pathogens. Among the three solvents, the ethanol extract of S. isoetifolium 

effectively inhibited both B. subtilis (19.6 mm) and P. aeruginosa (14 mm). It is followed by 

acetone extract which inhibits B. subtilis (13 mm) effectively. The chloroform extract showed 

the lowest activity among the three extracts. Similar findings were also seen in some previous 

reports and also confirm that the polar solvents like methanol and ethanol extracts of 

seagrasses Halophila ovalisand Halodulepinafoliashowed better zones of inhibition against 

pathogens than any other tested extracts [14]. Likewise, Heracleum sphondylium's ethanol 

and aqueous extracts have shown antibacterial properties against both Gram-positive and 

Gram-negative bacteria [15]. The variation in antibacterial activity of the extracts might be 

due to the distribution of antimicrobial substances, which varied from species to species [16]. 

The present study reveals that the ethanol extract has effective inhibition of human pathogens 

and could be used to extract potent antimicrobial compounds. But previously, it was reported 

that the acetone and hexane leaf extracts were found to have the strong antimicrobial and 

anti-inflammatory activities [17]. The marine plant's antibacterial effect may be a result of 

phytochemicals present in plant extracts, which include alkaloids, tannins, flavonoids, and 

sugars [18]. 

4. Conclusion 

The prospectof developing antimicrobials from plant extracts emerges satisfying, as it 

will lead to the development of phytomedicines to act against microorganisms. The sea grass 

Syringodium isoetifolium has a variety of biologically active molecules that can be used as a 

source of antibiotics. Further purification of active compounds and structural elucidation can 

be used for drug discovery. 
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ABSTRACT 

The search for antimicrobial agents has taken a definite direction and marine crabs 

have been found to possess antimicrobial activity against pathogens like bacteria, fungi and 

viruses. The present investigation was taken up to study the antibacterial potential of 

different solvent extracts of haemolymph, gills, muscle, and hepatopancreas of Lauridromia 

dehanni. Five human pathogenic bacteria such as Escherichia coli, Pseudomonas 

aeruginosa, Staphylococcus aureus, Bacillus subtilis and Klebsiella pneumoniae were used 

for antibacterial studies.  Maximum zone of inhibition was observed with the acetone extracts 

of gills. Chloroform and aqueous extracts of the tissues also recorded moderate antibacterial 

activity. Thus, the results revealed that Lauridromiadehanni has potential antibacterial 

compounds. 

 

Keywords: Antimicrobial, L. dehanni. 

 

1. Introduction 

The emergence of new infectious diseases and resistance to antibiotics by the existing 

ones led to the development of new drug discovery [1]. Antimicrobial peptides are important 

in the first line of the host defense system of many animal species. Their value in innate 

immunity lies in their ability to function without either high specificity or memory. 

Moreover, their small size makes easy to synthesize without dedicated cells or tissues and 

they rapidly diffuse to point of infection [2]. Recent experimental data from invertebrates 

suggests the past exposure to pathogens in individual animals can lead to enhanced immunity 

and some are also known to have considerable specificity by recognizing non-selfpathogen 

associated receptors that are highly conserved in evolution [3]. Some of the known innate 

responses in invertebrates include phagocytosis, nodulation and encapsulation, synthesis of 

AMP and activation of proteolytic cascades that lead to melanisation, blood coagulation, 

release of stress responsive proteins and molecules believed to function in opsonization and 

iron sequestration [4].  

The crabs are in intimate contact with aquatic environment rich in pathogenic 

microbes and are prone to infection by those microbes at various stages of growth, and losses 
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due to disease can be enormous [5]. An over the past several years, many antimicrobial 

peptides have been found and characterized in crab species. The first antimicrobial peptide 

characterised was a proline peptide of 6.5 KDa from the haemocytes of the shore crab 

Carinus maenas. The antimicrobial peptide Callinecin is a cationic antimicrobial peptide of 

3.7 KDa isolated from the blue crab, Callinectus sapidus. Recently, scygonadin, an anionic 

antimicrobial peptide isolated from seminal plasma of the mud crab Scylla serrata [6]. 

Marine crabs are potential sources of new antibiotics. The search for antimicrobial agents has 

taken a definite direction in developed countries. The first line of defense of arthropods 

against pathogens and parasites is of physical nature via their hard cuticle. However, once 

this barrier is passed, a complex interaction of innate humoral and cellular immune reactions 

is induced in both tissues and haemocoel, which results in a fast elimination of micro-

organisms. Antimicrobial activity has been detected in several decapod crustaceans, including 

lobster, crabs, shrimps and freshwater cray fish [7, 8]. Marine crabs are rich sources of new 

antibiotics [9] but only few studies were carried out on the bioactivity of crustaceans [10, 11]. 

Recent research findings suggest that marine crabs are a potential source of new antibiotics 

for pharmaceutical development. However, the marine organisms recognized as a potential 

source of biologically active substances, is largely unexplored. Hence, a broad-based 

screening of marine crabs for bioactive compounds has become a necessity. Kanyakumari is a 

rich source of marine reserves since this study focused on the antimicrobial activity of the 

marine crab, Lauridromiadehanni commonly found in the coast of Kanyakumari District, 

Tamilnadu, India. 

2. Materials and Methods 

2.1 Experimental animal and sample collection 

Lauridromia dehanni were collected from Manakudi coastal area, Kanyakumari 

District, Tamil Nadu, Indiain the month of April 2022. Haemolymph was collected by cutting 

walking legs of the crab with a fine sterile scissor. The haemolymph collected was 

centrifuged at 2000 rpm for 15 minutes at 4ºC to remove haemocytes from the haemolymph. 

Supernatant was collected and stored at 4ºC until use.  Gills, muscle and hepatopancreas were 

carefully dissected and stored at 20ºC prior to extraction for antibacterial work. 

                                                         Lauridromia dehanni 
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2.2 Preparation of extracts for antimicrobial activity 

Tissue extracts of the crab were prepared following the method of Karthikeyan et al. 

(12) with slight modification. 1 g each of gills, muscle and hepatopancreas were 

homogenized and extracted with 10 volumes (v/w) of acetone, chloroform and aqueous and 

kept for three days at room temperature. The extracts were filtered through Whatman No 1 

filter paper, concentrated by evaporating in room temperature to give a dark gummy mass 

and used for the antibacterial assay.  Haemolymph was treated with all the above-mentioned 

solvents (1:1) and used for antimicrobial studies. 

2.4 Bacterial strains 

 Antibacterial activity of crab was determined against five bacterial strains viz., 

Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus subtilis and Klebsiella 

pneumoniae. These pathogens strains were obtained from the Scudder Laboratory, Nagercoil. 

 2.4 Assay of antibacterial activity  

Antibacterial activity was analysed by following the standard disc diffusion 

methodBauer et al., 1996, (13) 20 ml of sterilized Muller Hinton Agar was poured into sterile 

petri-plates.  After solidification 100 µl of fresh culture of pathogenic bacteria (E. coli, P. 

aeruginosa, S. aureus, B. subtilis, K. pneumoniae) were swabbed on the respective Muller 

Hinton Agar plates. The discs impregnated with 50 µl of samples were kept over the agar 

plates using sterile forceps.  Streptomycin was used as positive control. The plates were 

incubated for 24 hours at 37◦C.  After incubation the diameter of inhibitory zones formed 

around each disc were measured (mm) and recorded.   

Results 

3.1 Antibacterial activity of haemolymph  

The acetone haemolymph extract of Lauridromia dehaani showed high antibacterial 

activity on E. coli (9±0.25 mm) followed by S. aureus (7±0.5 mm). The acetone haemolymph 

extract did not inhibit the growth of P. aeruginosa K. pneumoniae and B. subtilis.  They did 

not show inhibitory activity against other extracts tested (Table 1).  

3.2 Antibacterial activity of gills 

The acetone extract of gills inhibited the growth of B. subtilis (11±0.25 mm), 

followed by K. pneumoniae (9±0 mm). However, it did not show inhibitory activity against 

E. coli, S. aureus and P. aeruginosa. Aqueous extract of gills inhibits the growth of K. 

pneumoniae (7±1 mm) only (Table 2). 
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3.3 Antibacterial activity of muscle 

The acetone extract of muscleinhibited the growth of S. aureus (5±0.25 mm), 

followed by P. aeruginosa (4±0 mm). However, it did not show inhibitory activity against E. 

coli, K. pneumonia and B. subtilis. The chloroform extract inhibited the growth of S. 

aureusP. Aeruginosaand only. Aqueous extract of muscle inhibited the growth of B. subtilis 

(6±1 mm) only (Table 3). 

Antibacterial activity of hepatopancreas 

Chloroform extract of hepatopancreas showed antibacterial activity against of S. 

aureus (7±0.25 mm), followed by P. aeruginosa (6±0.25 mm).  The aqueous extract inhibited 

the growth of S. aureus (5±0.25 mm) followed by P. aeruginosa. The acetone hepatopancreas 

extract did not inhibit the growth of tested microbes (Table 4). 

Table 1: Antimicrobial activity of haemolymph of Lauridromia dehaani 

against tested pathogens 
 

 

Pathogen 
 

Strain of pathogen 

Zone of inhibition (mm) 

Acetone Chloroform Aqueous Positive control 

 
 

Bacteria 

Escherichia coli 9±0.25 - - 6±0.5 
Pseudomonas aeruginosa - - - 5±0.5 

Staphylococcus aureus 7±0.5 - 1 1±0.25 
Bacillus - - - 14±0.25 

Klebsiella pneumoniae - - - 13±0.5 

 

Table2: Antimicrobial activity of gills of Lauridromia dehaani against 

Tested pathogens 

 

Pathogen 

 

Strain of pathogen 

Zone of inhibition (mm) 

Acetone Chloroform Aqueous Positive control 

 
 

Bacteria 

Escherichia coli - - - 1±1 

Pseudomonas aeruginosa - - - - 
Staphylococcus aureus - - - 110.25 

Bacillus 11±0.25 - - 90.25 

Klebsiella pneumoniae 9±0 - 7±1 9±1 

Table3: Antimicrobial activity of muscle of Lauridromia dehaani 

Against tested pathogens 

 

Pathogen 
 

Strain of pathogen 
Zone of inhibition (mm) 

Acetone Chloroform Aqueous Positive control 

 
 

Bacteria 

Escherichia coli - - - 11±0.25 
Pseudomonas aeruginosa 4±0 6±0.25 - 5±0.25 

Staphylococcus aureus 5±0.25 7±0.25 - 5±0.25 

Bacillus - - 6±1 9±1 
Klebsiella pneumoniae - - - 1±1 
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Table4: Antimicrobial activity of hepatopancreas of Lauridromia dehaani 

Against tested pathogens 

 

Pathogen 

 

Strain of pathogen 

Zone of inhibition (mm) 

Acetone Chloroform Aqueous Positive 

control 

 

 

Bacteria 

Escherichia coli - - - 85±0.25 

Pseudomonas aeruginosa - 6±0.25 4±0.25- 55±0.25 

Staphylococcus aureus - 7±0.25 5±0.25 75±0.1 

Bacillus - - - 125±0.25 

Klebsiella pneumoniae - - - 55±0.1 

Discussion 

In recent years, great attention has been paid to study the bioactivity of natural 

products dueto their potential pharmacological utilization. The present research investigation 

is made on thebasis of in search of antimicrobial peptides from the hemolymph and other 

tissues of a marine crab Lauridromia dehannicollected from theManakudy coastal area, 

Kanyakumari district. The results revealed that the hemolymph, hepatopancreas, gills and 

muscles of the crab had antibacterial activity against different range of bacterial strains. 

Previous work shows thatdecapod crustaceans contain factors with antibacterial activity in 

the hemolymph and differentbody parts [14]. The influence of crab hemolymph against wide 

range of clinical pathogens proves that crustaceans are very good source of antimicrobial 

potency [15]. Antibacterial peptides can also be induced inresponse to wounding or infection 

in the cuticles [16] and these are secreted intothe hemolymph of which some are lysozyme 

[17] and andropin [18]. These proteins show strong resistant to the microbial growth. 

From the present study it was observed that Lauridromia dehaani has potential 

antibacterial components which are evident from the high zone of inhibition recorded with 

the solvent extract sofhaemolymph, gills, muscle, and hepatopancreas against human 

pathogens. The acetone extracts showed better results when compared to chloroform, 

aqueous suggesting acetone solvent as efficient in eluting the bioactive compounds. Our 

results are in confirmation with [19 and 20] who studied the antibacterial and antifungal 

activity of bioactive compounds of A. integerrimus. 

Haemolymph of crustaceans has potential to act against wide range of clinical 

pathogens there by making them reliable candidate for very good source of antimicrobial 

potency. These results indicate that crabs have developed a variety of defense molecules in 

haemolymph against pathogenic microorganisms. From the pharmacological point of view, it 

is advantageous, antimicrobial drugs have no side effects. The present study indicates that 
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haemolymph and tissue extracts of Lauridromia dehannimay contain potential antibiotics. 

The antimicrobial assay doneso far will serve as a baseline data for further studies that may 

confirm the hypothesis that brachyuran crabs are indeed potential sources of novel 

compounds with biological potential. Further purification of the active compounds is 

necessary in order to identify their chemical nature and to evaluate their potency as novel 

drug. 

Conclusion  

The present study indicates that haemolymph and tissue extracts of Lauridromia 

dehannimay contain potential antibiotics. The antimicrobial assay done so far will serve as a 

baseline data for further studies that may confirm the hypothesis that brachyuran crabs are 

indeed potential sources of novel compounds with biological potential. Further purification of 

the active compounds is necessary in order to identify their chemical nature and to evaluate 

their potency as a novel drug. 
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ABSTRACT 

Recently, there has been an increased focus on developing logical communication 

between humans and computers. The vision-based interface technology extracts additiona 

linformation from an input image without the use of expensive hardware. As a result, avision-

based approach is considered an effective way to advance human computer interaction 

systems. This paper describes image processing using anisotropic diffusion and by applying 

partial differential equations the brain tumour and the type of tumour in the image is 

detected. By Using the MATLAB toolbox and functions correctly we can process and analyze 

images both quickly and accurately in real time. 

 

Keywords: Anisotropic diffusion, MATrix LABoratory, medical imaging techniques 

 

1. Introduction 

Software for high-performance numerical computing and visualization is available 

under the name MATLAB. With hundreds of built-in functions for technical computation, 

graphics, and animation, it offers an interactive environment. The best part is that it also 

offers simple extension using a high-level programming language of its own. MATrix 

LABoratory is the meaning behind the term MATLAB. 

The creators of MATLAB additionally offer a number of extra "toolboxes" that are 

optional. For specific applications including symbolic computation, image processing, 

statistics, control system design, and neural networks, these toolboxes are sets of functions. 

The number of toolboxes is continuously expanding. These toolboxes now number over 50. 

Partial Differential Equations (PDES) 

Anisotropic diffusion is often described using a partial differential equation that 

models the behavior of the image over time. The most commonly used PDE in anisotropic 

diffusion is the Perona-Malik equation [1] 

�Ô�©�Ô�š=�Ø.(c(||�Ø�Ç||)�Ø�Ç)  

Where 

�Ç - is the image intensity, 

 t - is time,  
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�Ø - is the gradient operator 

 C(||�Ø�Ç||) - is the diffusion coefficient that varies based on the gradient magnitude 

 ||�Ø�Ç|| . - represents the dot products and 

�Ø�Ç . - Represents the divergence 

2. Materials and Methods  

Brain Tumour 

A brain tumour is a mass or growth of abnormal cells in the brain, which are what 

make up a human body. For medical and scientific research, the interior of the human body is 

visualized using medical imaging techniques, and this technologycan also be used to identify 

non-invasive conditions. The numerous medical imaging technologies, such as MRI, 

Ultrasound, CT scan, SPECT, PET, and X-ray, are based on non-invasive methods. MRI 

pictures can be used to detect brain tumours. The detection of brain cancers using image 

processing methods is the main topic of this research. 

Image Processing 

Image processing is a method to convert an image into digital form and perform some 

operations on it, in order to get an enhanced image or to extract some useful information from 

it. Image processing is one form of signal processing in which the input is a photograph or 

video frame; the output may be either an image or a set of characteristics or parameters 

related to the image. An image contains sub-images sometimes referred as regions-of-

interest, or simply regions this implies that images contain collections of objects each of 

which canbethe basis for a region [2]. 

Pre-processing: 

Image pre-processing aims to improve the image data by suppressing the undesired 

distortions and enhances some of the image features that will be helpful in further processing. 

The goal of Pre-processing is to remove the noise and to provide Contrast Enhancement to 

improve the image quality. The functions performed by preprocessing process is Gray scale 

conversion, Noise removal and Contrast Enhancement [3]. 

Image Segmentation  

After pre-processing segmentation is applied to partition the image into multiple 

segments (sets of pixels, also known as super pixels) to simplify the representation of an 

image into something that is more meaningful and easier to analyse. Image segmentations 

typically used to locate objects and boundaries (lines, curves, etc.) in images. More precisely, 

image segmentation is the process of assigning a label to every pixel in an image such that 

pixels with the same label share certain visual characteristics [4]. 
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Anisotropic Diffusion 

Anisotropic diffusion involves mathematics from partia ldifferential equations (PDEs) 

and numerical methods. The primary mathematical concepts used in anisotropic diffusion are 

related to partial differential equations and gradient descent-based algorithms. 

2.1. Input For Matlab Anisotropic Diffusion 

Function diff_im=anisodiff (im, num_iter, delta_t, kappa, option)  

fprintf ('Removing noise\n'); 

fprintf ('Filtering Completed !!'); 

%Conver tinput image to double.  

im = double (im); 

%PDE (partial differential equation) initial condition.  

diff_im = im; 

%Center pixel distances.  

dx = 1; 

dy =1; 

dd =sqrt (2); 

%2 Dconvolutionmasks -finite difference 

hN=[0 10; 0-1 0; 0 0 0]; 

hS=[0 00; 0-1 0; 0 1 0]; 

hE=[0 00; 0 -1 1; 0 0 0]; 

hW=[0 00; 1 -1 0; 0 0 0]; 

hNE=[0 01; 0 -1 0; 0 00]; 

hSE=[0 00; 0-1 0; 0 0 1]; 

hSW=[0 00; 0-1 0; 1 0 0]; 

hNW=[1 00; 0 -1 0; 0 0 0]; 

% Anisotropic diffusion.  

for t = 1:num_iter 

% Finite differences. [imfilter(.,.,'conv')can be replaced by conv2(.,.,'same')]  

nablaN = imfilter(diff_im,hN,'conv'); 

nablaS = imfilter (diff_im, hS,'conv');  

nablaW = imfilter (diff_im, hW,'conv');  

nablaE = imfilter (diff_im, hE,'conv');  

nablaNE = imfilter (diff_im, hNE,'conv');  

nablaSE = imfilter (diff_im, hSE,'conv');  
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nablaSW = imfilter (diff_im, hSW,'conv');  

nablaNW = imfilter (diff_im, hNW,'conv'); 

%Diffusion function.  

if option == 1 

cN = exp (-(nablaN/kappa).^2); 

cS = exp(-(nablaS/kappa).^2); 

cW = exp(-(nablaW/kappa).^2);  

cE = exp(-(nablaE/kappa).^2);  

cNE=exp(-(nablaNE/kappa).^2);  

cSE = exp(-(nablaSE/kappa).^2); 

cSW = exp(-(nablaSW/kappa).^2);  

cNW=exp(-(nablaNW/kappa).^2); 

elseif option ==2 

cN = 1./(1 + (nablaN/kappa).^2); 

cS = 1./(1 + (nablaS/kappa).^2); 

cW = 1./(1 + (nablaW/kappa).^2);  

cE = 1./(1 + (nablaE/kappa).^2);  

cNE=1./(1+(nablaNE/kappa).^2);  

cSE = 1./(1 + (nablaSE/kappa).^2); 

cSW = 1./(1 + (nablaSW/kappa).^2); 

cNW=1./(1+(nablaNW/kappa).^2); 

end 

% Discrete PDE solution.  

diff_im=diff_im+... 

delta_t*(... 

(1/(dy^2))*cN.*nablaN + (1/(dy^2))*cS.*nablaS + ...  

(1/(dx^2))*cW.*nablaW + (1/(dx^2))*cE.*nablaE + ... 

(1/(dd^2))*cNE.*nablaNE + (1/(dd^2))*cSE.*nablaSE + ... 

(1/(dd^2))*cSW.*nablaSW + (1/(dd^2))*cNW.*nablaNW ); 

End 

ForBrainTumour 

Clc 

closeall  
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clearall 

%% Input 

[I, path] =uigetfile('*.jpg','select a input image');  

str=strcat(path,I); 

s=imread(str);  

figure;  

imshow(s); 

title('Input image','FontSize',20); 

%% Filter  

num_iter=10; 

delta_t=1/7;  

kappa = 15; 

option =2; 

disp('Preprocessing image please wait...'); 

inp=anisodiff(s,num_iter,delta_t,kappa,option);  

inp = uint8(inp); 

inp=imresize(inp,[256,256]);  

if size(inp,3)>1 

inp=rgb2gray(inp);  

end 

figure;  

imshow(inp); 

title('Filtered image','FontSize',20); 

%% thres holding  

sout=imresize(inp,[256,256]);  

t0=mean(s(:));  

th=t0+((max(inp(:))+min(inp(:)))./2);  

for i=1:1:size(inp,1) 

forj=1:1:size(inp,2)  

if inp(i,j)>th 

sout(i,j)=1;  

else 

sout(i,j)=0;  

end 
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end  

end 

%%Morphological Operation 

label=bwlabel(sout);  

stats=regionprops(logical(sout),'Solidity','Area','Bounding Box');  

density=[stats. Solidity]; 

area=[stats. Area];  

high_dense_area=density>0.7; 

max_area=max(area(high_dense_area));  

tumor_label=find(area==max_area); 

 tumor=ismember (label, tumor_label); 

if max_area>200  

figure; 

imshow(tumor) 

title('tumoralone','FontSize',20); 

else 

h=msgbox('NoTumor!!','status'); 

%disp('notumor'); 

return; 

end 

%%Bounding box 

box = stats(tumorlabel);  

wantedBox=box.Bounding Box; 

figure 

imshow(inp); 

title('BoundingBox','FontSize',20); 

 hold on; 

rectangle ('Position',wanted Box,'EdgeColor','y');  

hold off; 

%%Getting Tumor Outline-image filling, eroding, subtracting 

%erosion the walls by a few pixels  

Dilation Amount = 5; 

rad=floor(dilation Amount); 
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 [r,c] = size(tumor); 

filledImage=imfill(tumor,'holes'); 

for i=1:r 

for j=1:c  

x1=i-rad;  

x2=i+rad; 

y1=j-rad;  

y2=j+rad;  

if x1<1 

x1=1; 

end 

if x2>r 

x2=r;  

end 

if y1<1 

y1=1; 

end 

if y2>c 

y2=c;  

end 

eroded Image(i,j)=min(min(filled Image(x1:x2,y1:y2)));  

end 

end 

figure 

imshow(eroded Image);  

title('erodedimage','FontSize',20); 

%%subtracting eroded image from original BW image 

Tumor Outline=tumor; 

Tumor Outline(erodedImage)=0; 

 figure; 

Imshow(tumorOutline); 

title('Tumor Outline','FontSize',20); 

%%Inserting the outline infiltered image in red color 

rgb = inp(:,:,[1 1 1]); 
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