




1st International   Conference 

on 

Evolving Materials and Nanotechnology for Sustainable 

Development (EMNSD-2020) 

(Online Mode) 

 

 

15-16   December 2020 

 

 

 
 

 

 

 

 

Organised by 

Department of Physics, 

Central Institute of Technology Kokrajhar, 
Deemed to be University (Under MHRD, Govt. of India) 

Kokrajhar, BTR, Assam-783370, India. 

 



   

A TRIBUTE TO 

PROFESSOR INDRANI BANERJEE 

 

Professor Indrani Banerjee, Dean of School of Nanosciences at the Gujarat 

Central University, Gandhinagar, Gujarat, India, passed away on 11 April 

2021 because of COVID-19 at the age of 48 years. The scientific fraternity 

including our institute Central Institute of Technology Kokrajhar along 

with the parent institute deeply mourn this sudden death. We pay our 

tribute to the great soul. 

We were so fortunate to have Prof. Indrani Banerjee madam as one of the 

resource persons of the International Conference “Evolving Materials and 

Nanotechnology for Sustainable Development” (EMNSD, 15-16 

December 2020). 

Prof. Banerjee graced our event with spectacular lecture on Structure 

Function Relation of Microwave Synthesized Muga Silk Nanoparticles, 

where all the participants as well as speakers and all the members of the 

program greatly benefited. We glad to interact with Prof. Banerjee madam 

on screen and enthuses about madam’s outstanding work.  

A recipient of ‘Better Opportunities for Young Scientists in Chosen Areas 

of Science and Technology’ (Boyscast) fellowship and Commonwealth 

Academic Fellowship, UK, Prof Banerjee was a visiting scientist and 

postdoctoral research associate at Mechanical and Aerospace Engineering 

Department, University of California, Los Angeles, USA. She was also a 
visiting academician at Brunel University, London and a postdoctoral 

fellow at Bhabha Atomic Research Centre, Mumbai. 

With a PhD (2007) from Bhabha Atomic Research Center, Pune 

University, Prof. Banerjee joined Birla Institute of Technology, Mesra as 

Assistant Professor in Physics, continued as Associate Professor in the 

same institute till 2017. Prof. Banerjee joined School of Nanoscience at 

Central University of Gujarat, Gandhinagar and continued there till her last 

day. 

Prof. Banerjee was a great teacher and admirable researcher of the highest 

moral values, will be respectfully remembered by all who came in contact 
with madam as a person of highest integrity, honesty and sincerity.  
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It gives me immense pleasure to share with you that the Department of Physics, Central 

Institute of Technology Kokrajhar (Deemed to be University, MHRD, Govt. of India), Assam is 

organizing International Conference on “Evolving Materials and Nanotechnology for 

Sustainable Development (EMNSD)” 15- 16 December, 2020 in on line mode. The topic is quite 

relevant and significant which includes most prominent dimensions of the study in the field of 

materials and nanotechnologies. Taking this fact into consideration, the CITK is going to adopt 

a step to create a healthy academic horizon which is urgently needed for all-round development 

of the nation with global standard. I welcome all esteemed speakers and participants to deliver 

their interesting & valuable talks in the conference EMNSD 2020. 

 I acknowledge efforts put by all organizing members. I wish a grand success.  

With Best Wishes  

 

Prof. Debkumar Chakrabarti 

Director (Officiating) CIT Kokraj 
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Greetings from CITK…  

I am happy to say that the Department of Physics of Central Institute of Technology Kokrajhar 

(Deemed to be University, MHRD, Govt of India) is going to organize the International 

Conference on “Evolving Materials and Nanotechnology for Sustainable Development 

(EMNSD)" 15- 16 December, 2020 in on line mode. This conference will bring the wave of 

knowledge from different fields across the world along with the platform to interact, discuss the 

challenges and exchange the expertise towards building a possible collaboration. With this 

message, I am honoured and delighted to welcome you to attend this conference. I welcome each 

and every participants of the conference to feel the learning environment of CIT Kokrajhar and 

to make the event grant success.  

I appreciate the hard work of the entire team, as well bringing out a Book of Abstracts 

highlighting the recent research outcomes in the related field.  I wish great success for the 

successful conduct of the delightful event EMNSD 2020 and hope this mission will be carried 

out with even more dynamism in the years ahead. 

 

 

Ms. Chaitali Brahma 

Registrar, CIT Kokrajhar, Assam
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It involves extraordinary delight to take note of that the Physics 

Department CITK will put together the first International conference 

Evolving Materials and Nanotechnology for Sustainable Development 

(EMNSD-2020). It involves incredible pride that the coordinator of the 

conference has been effective in making a gigantic effect on the target 

participant within short span of time. The conference has got a staggering 

response across the globe which is essentially stunning. It is an incredible 

accomplishment for the organiser to arrange the publication of Abstracts in 

the form of a book having ISBN status.  

On behalf of the Department and also on my personal behalf I would like to 

thank the organisers of EEMNSD-2020 for their untiring efforts and 

constant endeavour to make the conference new heights. 

I wish EMNSD-2020 a grand success!! 

  

Dr. B N Parida 

Assoc.  Prof. & Head, 

Department of Physics, 
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with nanotechnology. 
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         EMNSD 2020/OP/01 

Challenge and Success in Synthesis of Quadruple Perovskite AA3B4O12 at 

Ambient Pressure  

 

Ariful Haque*, Sudipa Bhattacharya and Md. Motin Seikh* 

Department of Chemistry, Visva-Bharati University, Santiniketan-731235, West Bengal, India 

Email: haqueariful.chem@gmail.com (A. Haque) 

 

ABSTRACT 

Here we have described the genesis of real challenge in synthesizing AA3B4O12 quadruple 

perovskite at ambient pressure that largely hampers the exploration of this family of oxides. In 

this proceeding, we have reported two new compositions namely BiCu3Ti3CrO12 and 

LaCu2.5Mn0.5Ti2.5Fe1.5O12 synthesized at ambient pressure and compared their magnetic 

properties with our earlier reported results with the congener oxides. We observed highly 

contrasting magnetic feature by changing chemical compositions either in B-site BiCu3Ti3MO12 

(M=Cr, Mn & Fe) or in A-site ACu2.5Mn0.5Ti2.5Fe1.5O12 (A=La and Bi). The ambient pressure 

synthesized compounds highlight the opportunity to explore the chemical effect on physical 

properties in this family of quadruple perovskite. 

 

Keywords: Quadruple perovskite, Ambient pressure, Antiferromagnetic, Ferrimagnetic. 

_________________________________________________________________________ 

 

INTRODUCTION:  

The quadruple perovskites of general formula AA3B4O12, where both the A and B-sites 

can be occupied by transition metal ions, provide excellent opportunities to discover exotic 

functionality due to widening the landscape of electronic and magnetic interactions between the 

metal ions [1]. Unlike the simple ABO3 type perovskite oxides having only B-B interaction, 

AA3B4O12 exhibits all A-A, B-B, and A-B types of interactions inducing complexity and the 

possibility of a new phenomenon. Interestingly, the A-site cations in AA3B4O12 practically avail 

four coordinated square planar geometry. The remaining eight oxide ligands are at significantly 

larger distance, as the A-site cations in perovskite structure usually have twelve coordination 

numbers. This structural constraint restricts the metal ions to occupy the A-site only by the 

strongly Jahn-Teller active cations, such as Cu2+ or Mn3+. Such fixation of metal ions in square 

http://www.emnsdconference.in/
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planar coordination usually requires high pressure for synthesis, and hampers exploring this 

series of oxides. Consequently, unlike simple perovskites, quadruple perovskites are much less 

studied. Developing a strategy for ambient pressure synthesis of quadruple perovskites will 

allow the investigation of such oxides overcoming the difficulty of high-pressure synthesis.  

In this regard, the first ambient pressure synthesis of CaCu3Ti4O12 about five decades ago 

provides a clue to progress in this direction [2]. Accordingly, several compositions of 

(Ln/Ca)Cu3-xTi4-yMnx+yO12 was successfully synthesized at ambient pressure via solid state 

route under sealed tube [3,4]. CaCu3Ti4O12 exhibits antiferromagnetic ordering below 25 K 

where A-site Cu2+ ions are coupled antiferromagnetically through Cu2+—O—Ti—O—Cu2+ 

exchange pathway. The substitution of nonmagnetic Ti by a magnetic ion like Mn in the B-site 

gives rise to the dramatic evolution of electrical and magnetic properties. Here, Cu2+—O—

Ti—O—Cu2+ exchange path gets transformed to Cu2+—O—Mn—O—Cu2+ with two 

magnetic sublattice of parallel spins which are coupled antiferromagnetically eventually 

resulting in ferrimagnetic ground state [3]. However, the magnetic behavior of Fe doped 

Bi2/3Cu3Ti4O12 is rather complex [5]. Unlike the Mn substituted samples, upon 10% Fe doping 

in Bi2/3Cu3Ti4O12, the AFM interaction becomes weaker, and a further increase in Fe does not 

show any clear magnetic transition. Instead, a strong competition between ferromagnetic and 

antiferromagnetic interaction has been suggested to prevail [5]. The compound BiCu3Ti3FeO12 

shows spin glass behavior, whereas BiCu3Fe4O12 is probably an antiferromagnet [6]. However, 

BiCu2.5Mn0.5Ti2.5Fe1.5O12 has been realized to show strong competition between ferromagnetic 

and antiferromagnetic interactions leading to phase segregation [5]. This contrasting behavior 

of Mn and Fe doped samples must be related to the chemical nature of these two elements. To 

further substantiate such chemical effect on the magnetic property, we have performed ambient 

pressure synthesis of BiCu3Ti3CrO12 and LaCu2.5Mn0.5Ti2.5Fe1.5O12 and compared with 

BiCu3Ti3(Mn/Fe)O12 and BiCu2.5Mn0.5Ti2.5Fe1.5O12, respectively, to highlight the effect on both 

the A- and B-sites. 

  

EXPERIMENTAL DETAILS:  

BiCu3Ti3CrO12 and LaCu2.5Mn0.5Ti2.5Fe1.5O12 have been synthesized at ambient pressure by 

conventional citrate-gel method [7]. Stoichiometric amounts of required metal salts were 

dissolved in 80 mL of distilled water. Then 5 mL of concentrate nitric acid was poured into the 

reaction mixtures to prevent the hydrolysis of aquated metal ions. After that, the reaction mixture 

http://www.emnsdconference.in/
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was rotated by a magnetic stirrer to obtain a clear solution. Then citric acid was added to this 

solution in about four times the mole ratio of the metal ions. The resulting solution was rotated 

at 60 °C for 6 h by a magnetic stirrer and then evaporated at 100 °C to form the gel. Then the gel 

was dried into crude powder at 250 °C. The obtained crude was then treated in the air at 750 °C 

at a heating rate 5°C/minute for 16 h followed by 800 °C for 24 h with intermediate grindings to 

obtain the final products. The powder X-ray diffraction (PXRD) data were measured with a 

Bruker D8 Advance X-ray diffractometer using Cu Kα radiation (λ=1.5418 Å) working at 40 kV 

and 40 mA. The XRD patterns were collected in the 2θ range of 10°–80° using Lynxeye detector 

(1D mode) with a step size of 0.02° and a dwell time of 1 s per step. The d. c. magnetization 

measurements were carried using a superconducting quantum interference device (SQUID) 

magnetometer with a changeable temperature cryostat (Quantum Design, San Diego, USA). FE-

SEM and EDX analyses were performed using a Zeiss GeminiSEM 450 field emission scanning 

electron microscope at an accelerating voltage of 20 kV. 

 

RESULTS AND DISCUSSION:  

The PXRD patterns of BiCu3Ti3CrO12 and LaCu2.5Mn0.5Ti2.5Fe1.5O12, without any detectable 

impurity peak, have been shown in Figure 1, confirming the phase purity of the samples. Both 

the patterns refined using the Rietveld method can be properly indexed with cubic I-m3 space 

group. The refinement parameters, cell constants, bond lengths, and bond angles are summarized 

in Table -1. The FE-SEM images of BiCu3Ti3CrO12 and LaCu2.5Mn0.5Ti2.5Fe1.5O12 (Figure 2(a)-

(b)) reveal the larger agglomerated grains with irregular shape and size. The representative EDX 

spectra of the samples are shown in Figure 2(c)-(d). The average cationic ratio appended on the 

spectrum obtained from the EDX spectra was recorded at different regions of the samples 

confirming the nominal composition of the compounds. 

 The temperature dependent magnetization of BiCu3Ti3CrO12 measured under an applied 

field of 1000 Oe between 5-300 K in zero-field cooled (ZFC) and field cooled (FC) protocols are 

shown in Figure 3(a). Unlike the parent Bi2/3Cu3Ti4O12, which shows a single magnetic 

transition around 25 K, BiCu3Ti3CrO12 exhibits two anomalies around 22 K and 75 K, 

respectively. The first one corresponds to the parent phase. The second anomaly can be attributed 

to the local magnetic ordering around the dopant Cr center. These transitions are 

antiferromagnetic in nature, as suggested from the isothermal magnetization measured at 5 and 

50 K (see inset in Figure 3(a)). There is a small jump in the magnetization near H=0 followed 

http://www.emnsdconference.in/
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by the gradual increase in moments with the applied field. The jump in magnetization can be 

related to the small ferromagnetic components arising out of spin canting. The canted 

antiferromagnetic state has also been reported in CaMn6.5Cr0.5O12 [8]. The evolution of a new 

magnetic transition (75 K) in BiCu3Ti3CrO12 with the retention of low temperature ordering (22 

K) is remarkably different from the BiCu3Ti3FeO12 and BiCu3Ti3MnO12 [5]. For these latter two 

compounds, the low temperature ordering at 25 K corresponding to the parent BiCu3Ti4O12 phase 

has completely been suppressed. BiCu3Ti3FeO12 enters into spin glass state, whereas 

BiCu3Ti3MnO12 becomes ferrimagnetic below 120 K with the several fold increase in 

magnetization (Figure 3(c)). To better visualize this remarkable change in magnetic properties 

in BiCu3Ti3MO12 with M = Cr, Fe and Mn, we have plotted the data of Fe and Mn congeners in 

Figures 3(b) & (c). In BiCu3Ti3MnO12, the Mn is able to flip the antiparallel spins of the A-site 

Cu2+ like domino effect and eventually results in ferrimagnetic states by aligning its spin opposite 

to Cu2+ spins [3,4]. In this regard, the influence of Cr is likely to be localized. This result 

highlights the prominent chemical effect of B-site of substitution in AA3B4O12 quadruple 

perovskites. 

 To investigate the possibility of such a chemical effect for A-site substitution, we have 

synthesized LaCu2.5Mn0.5Ti2.5Fe1.5O12 at ambient pressure and compared its magnetic property 

with our previously reported data on BiCu2.5Mn0.5Ti2.5Fe1.5O12 in Ref. 5. Accordingly, the 

magnetic data of ACu2.5Mn0.5Ti2.5Fe1.5O12 (A = La and Bi) are plotted in Figure 4. The 

isothermal magnetization measured at 5 K (see insets in Figure 4) revealed the comparable 

moments and similar features of M(H) curves for both the samples. The moments increase with 

the applied field without any signs of saturation even at 5 T, which indicates the possible 

antiferromagnetic background. But the noticeable contrast is clear from the M(T)-curves. For the 

BiCu2.5Mn0.5Ti2.5Fe1.5O12 sample, the transition is practically smeared up over a broad range of 

temperature, and only ZFC branch data shows humpy nature (Figure 4(a)). In contrast, 

LaCu2.5Mn0.5Ti2.5Fe1.5O12 shows a clear transition below 50 K with a peak around 20 K in both 

the ZFC and FC data (Figure 4(b)). This differential behavior can be attributed to the local lattice 

distortion in the case of BiCu2.5Mn0.5Ti2.5Fe1.5O12 which is instigated by the stereoactive 6s2-lone 

pair electrons of Bi3+ ions. We believe that LaCu2.5Mn0.5Ti2.5Fe1.5O12 is also susceptible to 

electronic phase separation like BiCu2.5Mn0.5Ti2.5Fe1.5O12 where the ferromagnetic and 

antiferromagnetic clusters coexist [5].  

 

http://www.emnsdconference.in/
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CONCLUSION:  

We have synthesized two new members of the quadruple perovskites family, namely 

BiCu3Ti3CrO12 and LaCu2.5Mn0.5Ti2.5Fe1.5O12 at ambient pressure. Both the samples are 

crystallized in cubic I-m3 space group. The samples are characterized by PXRD, FE-SEM and 

magnetization measurements. We have made a comprehensive analysis of magnetic data for two 

series BiCu3Ti3MO12 (M = Cr, Fe and Mn) and ACu2.5Mn0.5Ti2.5Fe1.5O12 (A = La and Bi). We 

observed strong chemical effect on magnetic properties for substitution on either A- or B-sites. 

We believe our findings will motivate the researchers to explore the possibility of ambient 

pressure synthesis of AA3B4O12 quadruple perovskites and to examine their novel properties.   
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Table-1: The refinement parameters, cell constant, bond length and bond angles of 
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Figure 1: PXRD pattern of (a) BiCu3Ti3CrO12 

and (b) LaCu2.5Mn0.5Ti2.5Fe1.5O12. The open red 

circles, black lines, the bottom blue lines and 

green vertical bars represent the experimental 

data, calculated pattern, difference curve and 

Bragg position, respectively.  
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Figure 2: The FE-SEM 

images for (a) 

BiCu3Ti3CrO12 and (b) 

LaCu2.5Mn0.5Ti2.5Fe1.5O12. 

The representative EDX spectra 

and elemental ratio of (c) 

BiCu3Ti3CrO12 and (d) 

LaCu2.5Mn0.5Ti2.5Fe1.5O12. 

 

 

 

  

 

Figure 3: Temperature 

dependent magnetization of (a) 

BiCu3Ti3CrO12, (b) 

BiCu3Ti3FeO12 and (c) 

BiCu3Ti3MnO12. The open and 

filled symbols correspond to 

ZFC and FC data set, 

respectively. Inset shows the 

corresponding isothermal 

magnetization plots. Magnetic 

data of (b) BiCu3Ti3FeO12 and 

(c) BiCu3Ti3MnO12 are adapted 

from Ref. [5]. 
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Figure 4: Temperature 

dependent magnetization of (a) 

BiCu2.5Mn0.5Ti2.5Fe1.5O12 and (b) 

LaCu2.5Mn0.5Ti2.5Fe1.5O12.  The 

open and filled symbols 

correspond to ZFC and FC data 

set, respectively.  Inset shows 

the corresponding isothermal 

magnetization plot. Magnetic 

data of (a) 

BiCu2.5Mn0.5Ti2.5Fe1.5O12 is 

taken from reference [5].  
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ABSTRACT 

In this paper, we have designed a quaternary logic-based all-optical “binary to quaternary” radix 

converter. The semiconductor optical amplifier-based polarization rotation switches (SOA-PRS) 

have been used as the basic switching element in the design. The design is very simple, needs 

only two SOA. The circuit performance has been analyzed and some performance-related 

matrices like the Quality factor (QF) and Extinction Ratio (ER) have been calculated. The circuit 

can operate at an ultra-high speed (100 Gb/s). The SOA-based designs are always simple, 

compact, and less power-consuming than other switches and structures. The SOA-PRS works in 

the principle of non-linear polarization rotation (NPR) or cross-polarization modulation (XpolM) 

effect in SOA.  

Keywords: Semiconductor Optical Amplifier, Cross-polarization Modulation, Radix Converter     

INTRODUCTION: 

The optical circuits already established their superiority over the electrical and electronic information 

processing circuits after the invention of optical fibers and optical amplifiers. In the last decade, 

multivalued circuits are becoming one of the interesting fields of research [1, 2]. Multivalued circuits are 

always better than binary circuits for dealing with a wide range of data using minimum hardware 

complexity. Some works based on the multivalued ternary and quaternary optical circuits have been 

designed and analyzed by few research groups [3, 4]. Most of these works are based on interferometric 

switches where the signal interferes in external optical couplers and the mode of interference depends on 

the optical path traversed by the signals. So the signal handling is difficult. On the other hand, the SOA-

PRS switches or NPR switches works based on XpolM and all the interaction between the signal happens 

within the cavity of the switches internally [5-7].  So the signal handling is easy and the switch is less 

power consuming (optical power <1mW, injection current <200mA)[8, 9]. In this communication, we 

have designed a quaternary logic-based all-optical “binary to quaternary” radix converter [4] using SOA-

PRS. The SOA’s are very famous for operational speed, wide gain bandwidth, moderate noise, and fast 

gain recovery [10-12]. The design of the radix converter is simple and compact made of only two SOA’s. 
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The circuit can operate at an ultra-high speed (~100 Gb/s). The circuit operation is expressed with a 

quaternary polarization encoding scheme (where 0, 1, 2 & 3 represents no light, horizontally polarized 

light, vertically polarized light, and mixed polarized light respectively) [9].  

THEORY 

 The switching operation of the SOA-PRS is based on the intensity-dependent birefringence and gain 

saturation effect in SOA. The phenomenon is known as XpolM and is also known as NPR [8, 9]. In this 

effect, the intensity and state of polarization of the weak probe signal are affected by the higher intensity 

control signal. The mathematical model is described in the papers of H.J.S. Dorren et al [5] and S. Zhang 

et al [6]. We have already implemented SOA-PRS switches to designed some binary [8] and multivalued 

[9] circuits in our previous communications. The numerical values of the parameters used for the best 

performance of the switch are also described there. The simulation works have been done, solving the 

“rate equations” of the SOA using the MATLAB computational program. Non-inverting ports are used to 

show the polarization rotation effects of the circuit. The output signal coming out from the non-inverting 

port (Y1, Y2) will be high when the input control signal is present (high) and vice versa.  

 The output signal intensity (IY) of the circuit can be expressed as the sum of the output signal intensity 

of SOA-PRS1 (IY1), SOA-PRS 2 (IY2) and is given by, 

   IY = IY1 + IY2 

= a(I1 + I2 + 2√I1I2 cos ϕ)
SOA−PRS1

+ b(I1 + I2 + 2√I1I2 cos ϕ)
SOA−PRS2

         (1) 

 Where, a, b represents the coefficients corresponding to the binary numbers A and B respectively.  I1, I2 

are the intensity corresponding to the transverse electric and magnetic components of the output probe 

signal. ϕ is the phase difference between the TE and TM components imposed by the control signal.  

 Circuit operation: The circuit of our all-optical binary to quaternary radix converter is shown in Fig.1. 

A and B inputs represent the Most Significant Bit (MSB) and Least Significant Bit (LSB) of the binary 

number. Y is the output representing the quaternary number.  

Figure 1. Design of the Radix Converter 

Pump (A) 

Pump (B) 

Probe (3)  

             SOA-

PRS1 

                  

SOA-PRS2 

Y 

1 

2 

Y1 

Y2 
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 Case 1: When binary number 0 enters the circuit, we have A=B=0. In this case, both the pump signal of 

SOA-PRS 1 and SOA-PRS 2 is absent. So the non-inverting output ports emit no signal (Y1=Y2=0). Then 

the final output is Y=0+0=0 (no light). Then we have quaternary number 0 for the binary input 0. 

 Case 2: When binary number 1 enters the circuit, we have A=0, B=1. In this case, the pump signal for 

the SOA-PRS 1 is absent, and that for the SOA-PRS 2 is present. The non-inverting output of SOA-PRS 

1 will emit no signal. The vertically polarized probe signal of SOA-PRS 2 will be rotated to a horizontally 

polarized signal. So Y1=0 and Y2=1. Then the final output will be Y=0+1=1 (horizontally polarized light). 

So we get quaternary number 1 for the binary input 1. 

 Case 3: When binary number 10 enters the circuit, we have A=1, B=0. In this case, the pump signal for 

the SOA-PRS 1 is present, and that for the SOA-PRS 2 is absent. The horizontally polarized probe signal 

of SOA-PRS 1 will be rotated to a vertically polarized signal. The non-inverting output of SOA-PRS 2 

will emit no signal. So Y1=2 and Y2=0. Then the final output will be Y=2+0=2 (vertically polarized 

light). Then we have quaternary number 2 for the binary input 10. 

 Case 4: When binary number 11 enters the circuit, we have A=B=1. In this case pump signals for both 

the SOA-PRS 1 and SOA-PRS 2 are present. The horizontally polarized probe signal of SOA-PRS 1 will 

be rotated to a vertically polarized signal. The vertically polarized probe signal of SOA-PRS 2 will be 

rotated to a horizontally polarized signal. So Y1=2 and Y2=1. Then the final output will be Y=2+1=3 

(mixed polarized light). So we have quaternary number 3 for the binary input 11.  

The truth table for the operation of the circuit is shown in table 1. 

Table 1. The truth table of the Radix Converter 

 

 

 

 

 

  

Binary                Input  

 

Y1 

 

 

Y2 

Quaternary Output 

Pump(A) 

 

Pump(B) Y=Y1+Y2 

MSB LSB 

0 0 0 0 0 

0 1 0 1 1 

1 0 2 0 2 

1 1 2 1 3 
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RESULTS & DISCUSSION 

 The QF [8] of the proposed radix converter can be calculated using Eq. (2).  

 

                                                 𝑄𝐹 = [(𝑃𝑚
1 − 𝑃𝑚

0 ) (𝜎1 + 𝜎0)⁄ ]                       (2) 

 

 Where, 𝑃𝑚
1 : average power of the high state, 𝑃𝑚

0 : average power of the low state, 𝜎1:
 
standard deviation 

of high state, 𝜎0: standard deviation of low state. 

The variation of the QF of the circuit with the change in control power is shown in Fig.2. 

 

 

Figure 2. The QF versus control power graph 

 

 

 The ER [8] can be calculated using Eq. (3)  

 

         𝐸𝑅 = 10log (𝑃𝑚𝑖𝑛
1 𝑃𝑚𝑎𝑥

0⁄ )                 (3)  

 Where,  𝑃𝑚𝑖𝑛
1  and 𝑃𝑚𝑎𝑥

0   are the maximum and minimum levels of output power respectively. 

The variation of the ER of the circuit with the change in control power is shown in Fig.3. 

 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
0 

5 

10 

15 

20 

25 

30 

35 

40 

Control or pump power (mW) 

QF 

(dB) 

  

  

Quaternary output=0 

Quaternary output =1,2 

Quaternary output=3 

Control power = 0-- 0.5 m W, Probe power = 0.024 m W, Injection current  = 160 mA 

http://www.emnsdconference.in/


 

EMNSD 2020              www.emnsdconference.in            15-16 December 2020                       Page 13  

 
 

 

Figure 3. The ER versus control power graph 

 

 The QF and ER of the radix converter both increase with the increase in control power. In absence of the 

control signal, we get nothing but a small amount of power due to the amplified spontaneous emission 

(ASE) noise effect [8, 9]. Then we have a very small amount of QF and ER and are shown in Fig.2 and 

Fig.3 using the red line.  

 The pseudo-eye diagram of the binary to quaternary radix converter circuit is shown in Fig.4. 

 

Figure 4. Pseudo Eye Diagram for the Radix converter 

 The Relative Eye Opening (REO) [8] of the circuit can be measured using Eq.(4)  

                                                      𝑅𝐸𝑂 = (
𝑃𝑚𝑖𝑛

1 −𝑃𝑚𝑎𝑥
0
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 In this paper, all-optical polarization encoded binary to quaternary radix converter is designed to exploit 

the XpolM effect of SOA. Some performance-related matrices like QF and ER have also been calculated. 

The main advantage of this scheme is having a good QF (>10dB) and less bit error rate (<10-20). The NPR 

switches work efficiently in the low input (pump) power region (≤ 0.5mW). High power levels reduce the 

conversion efficiency in the SOA because of the gain saturation effect. Any change in polarization of 

input signals can be controlled using some additional polarization controllers (PC). This technique can 

also be used to design some higher-order multi-valued all-optical circuits [9]. For better speed, Quantum 

Dot SOA can be used in the designs [13].  
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ABSTRACT 

The recent nanotechnological impact has been observed greatly in society as well as in environment.  

Magnetic Nanomaterials showing unique novel magnetic behaviour show great potential applications. 

Iron oxide nanomaterials have drawn considerable attention and interest have been developed for  unique 

properties they show at extremely small size like high surface to volume ratio, surface modification 

property, excellent magnetic property with better biocompatibility. Therefore more efforts have been 

devoted for the synthesis of ecofriendly, biocompatible Iron Oxide NPs. Magnetite (Fe3O4) and 

Maghemite (γ- Fe2O3) and Hematite (α-Fe2O3) are promising member of Iron oxide family. Promising 

qualities of these nanoparticles can be applicable in the field of specific technical and biomedical 

applications. Nanostructuring can result a new magnetic state called superparamagnetism.  In this study 

an experimental setup is designed to observe the size effect in magnetic properties of the material with 

the preparation of Magnetite (Fe3O4) and Maghemite (γ- Fe2O3) as magnetic sample and observed that 

ensemble of particles together show superparamagnetism at elevated temperatures. The morphology of 

the particles has also been studied. Theoretical analysis on superparamagnetism where there is an unusual 

change in shape of hysteresis loop showing state of zero magnetization has also been discussed. 

Keywords: Nanomagnetism, Superparamagnetic, Nanoparticle, Ferromagnetism. 

INTRODUCTION: 

Various studies have been done on different metal oxide particles. Among the different metal oxide 

studies, iron oxides (FexOy) NPs can offer unique advantages over others.  The  promising contributions 

towards many technological applications like targeted drug delivery, magnetic resonance imaging (MRI), 

bio sensing, bio separation etc increases the attention of researchers towards this engineered material. The 

inexpensive production, biocompatibility and safety to environment and other living being, made great 

contribution to develop interest to investigate this noble material [1-5]. Among the other properties Iron 

oxide NPs are physically and chemically stable that can be manipulated under the influence of an external 

magnetic field. Due to the reduction in size, magnetic ordering inside the particle changes, at the same 

http://www.emnsdconference.in/
mailto:bandana.gogoi12@gmail.com


 

EMNSD 2020              www.emnsdconference.in            15-16 December 2020                       Page 16  

 
 

time surface property also changes remarkably [6].  Magnetic behaviour shown by many NPs can be 

attributed to many factors like chemical composition, structural distribution, amount of defectiveness and 

type of defectiveness present in crystal lattice. The size, shape and morphology of the particle and its 

interaction with the surrounding matrix and neighbouring particles provide major contribution in deciding 

magnetic nature of the particles.  Among various magnetic metal oxides iron oxides (FexOy) NPs are 

considered to be technologically more important, eco-friendly and comparatively less hazardous.   

        Iron oxides are found to be exists in nature in many forms. Magnetite (Fe3O4) and Maghemite (γ- 

Fe2O3) and Hematite (𝛼-Fe2O3) are most commonly found iron oxide forms in nature [11]. Among these 

commonly available iron oxides Magnetite and Maghemite has got more attention and investigation on 

its application in the field of biomedical. Both Magnetite (Fe3O4) and Maghemite( γ- Fe2O3)  shows their 

biocompatibility and low toxic nature towards human health and other living world. 

     Magnetite (Fe3O4) and Maghemite (γ- Fe2O3) generally found to contain single domain of about 5–20 

nm in diameter and therefore possess large surface area as compared to volume. The quantum size effects 

at nanodimension also lead to some dramatic change in magnetic behaviour of the iron oxide material 

resulting in superparamagnetic behaviour and quantum tunnelling of magnetisation as well. The Fe3O4 

nanocrystal shows spinal structure where Fe3+ ions are distributed randomly between octahedral and 

tetrahedral sites. Fe2+ ion occupies solely the octahedral sites having six oxide ions as the nearest 

neighbours [7]. Basically they are ferromagnetic and show the properties of spontaneous magnetisation 

in bulk state.  

    Synthetic route is one of the various factors that can affect the magnetic properties of a material. A 

synthetic route can affect strongly in determining the magnetic properties of Iron Oxide NPs also. Further 

it is reported by Margulies et al. that magnetic behaviour of magnetite nanoparticle changes with crystal 

morphology. The coercivity of the magnetite NPs are observed to be changed as sphere < cubes < 

octahedral [8,9]. The routes followed during preparation and the coating medium used may play key role 

in determining the size distribution, morphology, magnetic behaviour and surface chemistry of the 

magnetic nanoparticles. Hence the preparation method is one of the responsible factors for determining 

the intrinsic properties as well as the applications of iron oxide nanomaterials. A large variety of synthetic 

routes have been reported in the literature for the preparation of iron oxides (FexOy) NPs which includes 

chemical co-precipitation method, hydrolysis, thermal decomposition, sol-gel method, microemulsion, 

sonochemical etc. [3,4,10].These routes may be distinguished as aqueous routes and non -aqueous routes. 

Aqueous routes could draw more attention in the sense of their low cost high productivity side and are 

highly sustainable. Chemical co-precipitation method is the most commonly used versatile method for the 

production of Fe3O4 or γ-Fe2O3 NPs. This method critically affects the physical and chemical behaviour 

of nanoscopic iron oxide particles and generates wide variety of particles with wide size distributions. 
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Moreover it is observed that Fe 3O4/γ-Fe2O3 NPs without coating or naked are highly reactive and shows 

high tendency of aggregation. This high tendency towards aggregation can result poor magnetism, 

reactivity and mobility of NPs produced. Hence to avoid aggregation, chemical stability of the NPs is 

highly desirable and surface modification is very much necessary.  To achieve chemically stable and less 

aggressive NPs the following methods may be adopted to stabilize nanoparticles as desired (a) Surface 

coating of NPs by using appropriate polymer stabilizers/surfactants (eg; carboxylates, phospates) (b) By 

deposition of a layer of inorganic metals (e.g., gold) or nonmetals (e.g., graphite), or oxides (e.g. SiO2)        

(c) By the generation polymeric shells that avoid cluster growth after nucleation (composite particles, 

nanocapsule). (d)  Forming lipid-like coatings (e.g., liposomes/ lipid NPs) around the magnetic core.  

Surface coating can result with improved quality of the nanoparticles in terms of chemical stability in the 

solvent. Particles with Surface coating reduce the particles aggregation remarkably hence this approach 

is very much popular in the field of biotechnology and medical science applications. [11, 12]. In the 

present work, our basic objective is to design ecofriendly co-precipitation method to synthesize magnetic 

iron oxide NPs with low cost additives and to analyse the results by studying morphological as well as 

enhanced magnetic properties due to size effect. 

 

1. MATERIALS AND METHODS 

1.1 Synthesis method 

wet chemical method has been designed to synthesize the magnetic iron oxide NPs, as template based wet 

chemistry methods is reported to be the most appropriate, efficient and low cost method for the preparation 

of metal oxide NPs.  The conventionally used co-precipitation method comprises the mixing of ferric and 

ferrous ions in 1: 2 molar ratios in high concentration of basic solutions at room temperature or at high 

temperature. The size and shape of the iron oxide NPs  produced depends on the type of salt used,  ion 

ratio of ferric and ferrous salt , temperature of the reaction, value of pH, stirring rate and speed of dropping 

of basic solution to the mixture  of salts [13,14,15]. The reaction mechanism may be represented as 

Fe2+ + 2Fe3+ + 8OH-   = Fe (OH) 2 + 2Fe (OH) 3 = Fe3O4 + 4H2O 

 

        A schematic synthesis procedure opted in this present study is presented by Scheme 1. 
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Scheme 1.  Schematic representation of co-precipitation synthetic route 

1.2 Sample preparation 

 Fe3O4 nanoparticles were prepared in the lab using the conventional co-precipitation method. Sample 

preparation has been done using anhydrous iron chloride (FeCl3, 98% purity) and Iron Sulphate 

heptahydrate (FeSO4 7H2O, 98.5% purity) from Merck and. NaOH as the basic solution. Methyl 

cellulose is used to give polymer coating to stabilize the nanoparticles and to avoid aggregation.  Ferric 

and ferrous ions were mixed in the ratio1:2 molar units in basic solution at different elevated 

temperatures. The reaction took place under the constant stirring of three hours duration using 

magnetic stirrer.  A wide variety of factors has been adjusted to tune the size and morphology as well 

as to set the magnetic behaviour and surface properties of the produced iron oxide NPs. The 

temperatures were set at 500 C, 600C,700 C etc; The size and shape of nanoparticles were monitored 

controlling the pH value, adjusting the strength and nature of ion and salt and ion ratio of Fe (II) /Fe 

(III). The black precipitations produced after reaction were collected and were isolated to do the 

further treatment. The produced products were washed and centrifuged at 10000- 15000 rpm for three 

times and were dried.  This conventional procedure is cheap and suitable for large scale production.  

1.3 Characterisation of samples  

1.3.1 TEM image study 
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The products obtained were prepared for analytical treatment. The TEM images of the samples have 

been taken to study the morphology and the size distribution of nanoparticles. TEM image shows that 

the particles are almost uniform and cubical in shape and are poorly mono-disperse. 

  

 

 

Figure 1.  TEM  image of IONP at 500 C. 

 

 

                                    

                                               Figure 2.   TEM image of IONP at 600 C. 
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Figure 3.   TEM image of IONP at 700 C 

 

 Figure 1, figure 2 and figure 3 show the TEM images at temperatures 500 C, 600 C and 700 C respectively. 

The ensemble shows well separated particle variation and cubical shape structure. 

 

1.3.2 VSM study 

 In order to study the magnetic behaviour of Fe3O4 NPs, the magnetization measurement of NPs were 

done with VSM. VSM is being the commonly used versatile method of measuring magnetic properties 

which determines the magnetic moment by vibrating the sample perpendicular to the uniform magnetic 

field in between a set of coils. The results have been analysed to study the Hysteresis loop of the sample.  
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Figure 4.  Hysteresis Curve of IONP at 600 C 
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Figure 5.  Hysteresis Curve of IONP at 700 C 

Figure 4 and figure 5 show the Hysteresis curves of Fe3O4 NPs at 600 C and  700 C. A plot has been drawn 

with Magnetic field Vs Magnetic moment and the Hysteresis curves of Fe3O4 NPs were prepared. The 

resulted hysteresis loops are seen to be appeared like   S shape or sigmoid shape. The thin curve shows 

no remanence and negligible coercivity.  

2. RESULTS & DISCUSSION 

TEM analysis shows that sizes of the particles are uneven and indicates agglomeration. Agglomeration is 

observed in all the prepared samples, but with rise in temperature magnetite particles becomes more 

uniform in size distribution. Although alglomeration is very difficult to avoid in magnetite nanoparticle, 

high centrifuge rate and surface coating by polymer can help to some extent.  

VSM analysis results show that hysteresis loops obtained possess no particular area but they shows a 

curve passing through origin. This is a kind of typical paramagnetic behavior. This particular behaviour 

of hysteresis curve indicates the superparamagnetic properties of cubical shape Fe3O4 NPs. It shows a 

very sharp and steep rise in magnetisation in the initial state following a gradual and smooth change of 

magnetisation with increasing magnetic field and finally reaching the saturation. 

 The term superparamagnetism refers to the physical description of non- interacting magnetic particle 

ensemble when particle size is reduced below a critical dimension in ferromagnetic or ferrimagnetic 

materials. Below critical size nanoparticles show unstable magnetization.  This particular behaviour is 

due to quantum size effects and increased surface area of nano sized particles.  At nano size, spin wave 

energy becomes comparable to thermal energy, hence spin-spin interaction becomes more prominent over 
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thermal energy hence energy barrier potential becomes in sufficient to control spin exchange. The  

exchange coupling that exist between the magnetic dipoles at room temperature or elevated temperature 

can result in random orientations of magnetic spins inside the particles which can  result in zero remnant 

magnetisation and zero coercivity. This particular phenomenon is observed in magnetic nanoparticles if 

the thermal energy kBT is of the same order of magnitude of anisotropy energy of the particles. This 

condition effectively leads to zero measured magnetic moment of the sample. The magnetization inverts 

spontaneously, as thermal enegy kBT is comparable to the anisotropy energy. Nanoscopic magnetic 

particles showing the phenomenon of superparamagnetism, thermal fluctuations play an important role in 

the magnetization process. This behaviour seems to be similar to paramagnetic behaviour but with a much 

steeper increase of susceptibility (higher susceptibility). The saturation magnetization which represents 

the spin alignments of the magnetic sample decreases with particle size [16-20].  

  The prepared sample of Fe3O4 NPs shows superparamagnetism by flipping the magnetic moments 

resulting paramagnetic behavior. This is one of the important aspects of magnetic properties of Fe3O4 

NPs, at nanodimension.The saturation magnetisation Ms value for magnetic iron oxide NPs prepared have 

been observed to be around 20-30 emu/g which is smaller than the bulk saturation magnetisation value 

i.e. around 100 emu/g. 

 

3. CONCLUSION 

Transition metals are the most abundantly studied magnetic material because they are more relevant to 

the application in various fields. Scientific interest has been developed to study the basic and fundamental 

properties of Magnetic iron oxides in a more profound way.  In the present work cubical shape Fe3O4 / γ-

Fe2O3 NPs were prepared using precipitation method. Particle system displays superparamagnetic 

behaviour at elevated temperature with the reduction of particle size at nanolevel.  Saturation 

Magnetization value observed to be decreases compared to bulk value. Magnetite or Maghemite particles 

truly show the size effect when dimension is reduced to nearly atomic scale. Near future it is going to 

prove its great potentiality in the field of medical science. 
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ABSTRACT 

The optical absorption (OA) properties of interacting Ni nanoparticles (NPs) of radius 10 nm 

embedded in dielectric have been studied theoretically, using modified Maxwell-Garnett (MG) 

model. The OA spectra for non-interacting NPs exhibit two broad absorption bands 

corresponding to 3.69 eV and 6.06 eV in lower and higher energy region. These absorption bands 

come from surface plasmon resonance (SPR) in Ni NPs.  Here, we have considered interacting 

Ni NPs and the interaction is represented by a parameter K. For our calculation we have varied 

the value of K from 0 to 50. Interestingly, the plasmon resonance peak shift towards lower energy 

with increase of K. This can be explained on the basis of driven damped harmonic oscillator 

model. It is well known that Ni is a strong ferromagnetic material. Therefore, the simultaneous 

existence of ferromagnetic and plasmonic properties make the Ni NPs more superior and can be 

used as optical nano-antennas for magnetic manipulation and also in different optoelectronic and 

photonic devices. 

 

Keywords: Ni nanoparticles, surface plasmon resonance, interparticle interaction, redshift 

INTRODUCTION: 

The studies of optical absorption (OA) properties of interacting metal nanoparticles (NPs) and 

their assemblies attracted a lot of attention due to their transport and guiding ability to the 

electromagnetic wave in nano-optics [1]. The most of the research work have been focused on 

the surface plasmon resonance (SPR) in noble metal NPs and their assemblies. For interacting 

noble metal NPs, the plasmon mode has been demonstrated for interparticle separation much less 

than the wavelength of exciting electromagnetic radiation [2-4]. Although, several works have 

been done in this direction, but the less attention has been paid to transition metal like Ni, Co and 

Fe. Due to much higher SPR energies, the Ni NPs could also be of technological interest for UV 

photonic applications than those of noble metals. However, the application of SPR in Ni NPs is 
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not limited to UV regime rather; it finds applications in photonics, non-linear optics, 

optoelectronics [5], biosensors [6] and others. The SPR is very important phenomenon of the 

optical properties of metal. The theory of SPR depends on the Drude free electron model of metal. 

For free electron like metals this model is highly applicable, although, some departures from the 

model can be found in case of few metals for their SPR energies lying very close to the d-band 

and hence the interaction between them cannot be neglected [7].  

Recently, multiple SPR absorption bands corresponding to non-interacting Zn [8, 9] and Ni NPs 

[10, 11] embedded in dielectric (silica) has been reported [12].  In both the cases the OA bands 

were recognized as SPR [8, 10, 11, 12]. A considerable peak shift with interaction in case of 

noble metals has also been observed [13].  

In this article, the interparticle interaction is taken into account to calculate the OA spectra of Ni 

NPs using the modified MG model [14]. Here, we have varied the parameter K from 0 to 50 for 

a particle of radius 10 nm. Interestingly the both SPR peaks show redshift with increase of the 

parameter K and arise due to the SPR of the surface electrons in Ni NPs. This property of 

interacting transition metal NPs can be used to tune the plasmon resonance from UV to visible 

region of electromagnetic spectrum. 

 

CALCULATION METHOD 

 

 The SPR properties of the small spherical metal particles have been generally studied using Mie 

theory in the “quasi-static limit”. In this limit, extinction can be regarded as absorption. But in a 

relatively denser medium one uses the MG type effective medium theory [14]. The details of the 

theory can be found in the reference [15].  In the calculation the concept of effective dielectric 

function has been used and we have considered the interacting Ni NPs. The interaction is 

regarded as a parameter designated by K whose values were taken from 0 to 50 with a fixed 

particle size (R = 10 nm). The volume fraction (f = 0.1) and dielectric function (DF) of the 

surrounding medium were kept fixed. 
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RESULTS & DISCUSSION 

 

In Fig. 1(a) we have shown the calculated OA spectra of spherical non-interacting Ni NPs, of 

radius 10 nm embedded in silica glass. The spectra show two broad absorption bands at around 

3.69 and 6.06 eV which are believed to be appeared due to surface plasmon resonance [1]. The 

OA spectra corresponding to interacting Ni NPs also exhibit the two SPR absorption peaks as 

shown in the Fig. 1(b). The SPR peaks are found to become prominent and shift towards lower 

energy side with increase in the values of the parameter K. The observation of the shift of plasmon 

absorption peak clearly indicates that there is a substantial redshift in both the bands with increase 

of K.  

 

                 

      Fig. 1: The OA spectra as function of energy for (a) non- interacting and (b) interacting Ni 

NPs of radius 10 nm embedded in silica. Inset shows the spectra for some other particle size. 

 

Further, the intensity of the absorption peaks has been found to increase with increase in the 

interaction with corresponding reduction in its full width at half maximum (FWHM). The 

existence of such SPR bands has also been observed experimentally in Ni NPs embedded in silica 

matrix with peak positions around 3.3 eV and 6.0 eV respectively [10]. Although, there are some 

differences between the experimental and theoretical results due to inconsistency in the available 

literature data for the dielectric constants of Ni. The effect of this interaction on the SPR 

absorption for Ni is as strong as that of SPR absorption in noble metal NPs [14]. For transition 

metal NPs the size dependent SPR energy is determined using the following condition [5, 10, 16] 

given by the equation 
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where Ɛ1 and Ɛ2  are the real and imaginary parts of the DF of the metal NPs, and Ɛm  is the 

dielectric constant of the medium. All the parameters are frequency dependent. In most of the 

cases, for simplicity the following condition is used to find the SPR criterion [12], 

            )}(2)({ 1  m+  = 0                                                                                                     (2) 

instead of Eq.(1). Although, it is derived and found by neglecting Ɛ2 (ω) from Eq.(1). We can 

make such assumption for small values of Ɛ2 (ω) but for larger values Eq. (2) cannot be used. 

The actual mechanism of SPR absorption of Ni has been explained clearly in the ref.[13] and one 

can confirm that both the bands appeared due to SPR [12]. For interacting Ni NPs the SPR 

frequency can be estimated by considering the point dipole approximation. However, the SPR 

energy may be changed with the size but such change for interacting NPs is weaker in comparison 

to the change due to dipole-dipole interaction. When the particles come close to each other, the 

electromagnetic interaction comes into play and the electric field get distorted [17]. The amount 

of distortion depends on the separation between the particles and hence the interaction. Such 

changes lead to splitting of the SPR energy due to two types of polarization modes namely 

transverse and longitudinal [18]. The higher energy peak is associated with the transverse 

polarization while the lower energy peak is with the longitudinal polarization mode [19]. The 

SPR peak energy decreases linearly with the increase of K as shown in Fig. 2(a)-(b). 

 

      

Fig. 2 The variation of the (a) lower and (b) higher energy SPR Peak with the parameter K 
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Thus the range of tunability of the SPR absorption is greatly enhanced by considering interaction 

between the particles. Although, in case of the lower energy peak, the variation is nonlinear but 

more or less the trend of the shift is the same i.e. both the peak show redshift. It is also seen that 

the shift of both the SPR peak for interacting particles is more pronounced than the corresponding 

shift of SPR peak for non-interacting nanoparticles (i.e. K=0),that means the effect of 

interparticle interaction on the SPR absorption is more than that of the effect of particle size on 

the SPR in case of Ni NPs. Actually the plasmon peak shift is associated with the materials 

intrinsic plasmon damping which can be explained on the basis of driven damped harmonic 

oscillator model in which the oscillator amplitude is associated with near field amplitude and the 

energy dissipation is associated with far field extinction [19].  Although, the damping is not only 

the reason of the spectral shift, rather in nanostructure the size effect and larger value of the 

imaginary part of the dielectric function also play an important role [19]. 

 

CONCLUSION 

The OA spectra of interacting Ni NPs of radius 10 nm embedded in silica have been calculated 

theoretically using modified MG model. The calculated spectra exhibit two absorption bands, 

one in the higher energy side and other in the lower energy region. The positions of both the 

absorption band have been found to shift towards lower energy side with increase in the value of 

K. Such observation is mainly due to the dipole-dipole interaction. The higher energy peak is 

stronger than that of the lower energy peak. In addition due to the large spectral shift between 

the lower and higher energy peaks, and simultaneous ferromagnetic and plasmonic properties, 

the Ni NPs is suitable material for use of plasmonic antenna and in nanophotonic devices etc. 
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ABSTRACT 

TOAD is an important all-optical switch having various applications in all-optical logic gates 

and processors. It also finds applications in designing different types of processors for optical 

networking like code converters, parity checkers, generators etc. Most of the TOAD based 

designed so far reported used Semiconductor Optical Amplifier (SOA) for designing the TOAD, 

but in this communication, conventional SOA is replaced by quantum dot SOA or QDSOA. This 

enables the device to operate with a high speed as demanded by modern-day optoelectronic 

communication systems. QDSOA has a higher operating speed due to its lower gain recovery 

time compared to conventional SOA. This paper investigates TOAD based on QDSOA as an 

optical switch..  

Keywords: TOAD; Quantum dot SOA; Optical Switch; Extinction ratio 

INTRODUCTION: 

Tera-Hertz Optical Asymmetric Demultiplexer (TOAD) is an important device for all-optical 

signal processing [1-5]. These TOADs use single Semiconductor Optical Amplifier (SOA) for 

its operation. Another variant of TOAD is found in the works [6-10] is called dual control dual 

SOA TOAD or DCTOAD.  The application of DCDSTOAD makes the system hardware less 

complex. However, most of these TOADs use conventional SOAs with bulk semiconductor 

materials. Semiconductor optical amplifiers also use quantum dots in place of bulk materials to 

show improvements in the performance of the devices [11]. Quantum dot SOA (QDSOA) has 

advantages over its bulk counterparts as they show higher saturation power, larger gain 

bandwidth, pattern effect free nonlinearities like cross gain modulation (XGM), cross-phase 

modulation (XPM), and four-wave mixing. Moreover, QDSOAs have a slower population and 

polarization relaxations are the reason for these improved nonlinearities. Therefore, QDSOA 
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based devices will show improved performance [12]. The work [12] describes a 4bit digital to 

analog converter (DAC) using quantum dot SOA based TOAD (QDSTOAD). This motivates to 

use QDSOA in TOAD and see the effects as optical switch. In Figure 1, self-assembled InGaAs 

quantum dots on GaAs substrate is used to design the QDSOA, in which the wetting layer is 

grown with Stranski- Kranstanow mode[11].  

 

Figure 1. Quantum dot SOA 

TOAD based on QDSOA is shown in figure 2. It consists of a fiber loop with a QDSOA 

placed asymmetrically acts as a nonlinear element. The control power changes the gain and phase 

of the data signal which after circulating the loop from opposite direction interfere and gives two 

outputs at destructive and constructive ports.  
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The outputs of constructive port and destructive ports are given by  

𝑃𝑇,𝑅 = 0.25𝑃𝑖𝑛[𝐺0 + 𝐺(𝑡) ± 2√𝐺0G(t) cos(∆𝜃)                                (1),  

where G0 is the unsaturated gain and G(t) is the time-dependent gain and Δθ is the phase 

difference between interfering co and counter-propagating data signals Dcw and Dccw as shown 

in figure 2.  

MATHEMATICAL MODELING:   

To investigate dynamics of the QDSOA, rate equation model described in [12, 13] is considered. 

The following equations (2) to (5) are numerically solved to calculate extinction ratio(ER): 

𝜕𝑁

𝜕𝑡 
=

𝐽
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−  

𝑁(1 − ℎ)
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−
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                                                                (2) 
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= −

ℎ

𝜏2𝑤
− 

𝑁(1 − ℎ)𝐿𝑤

𝜏𝑤2𝑁𝑄
+

(1 − 𝑓)ℎ

𝜏21
−

𝑓(1 − ℎ)

𝜏12
                                             (3) 

𝜕𝑓

𝜕𝑡 
=

(1 − 𝑓)ℎ

𝜏21
−  

𝑓(1 − ℎ)

𝜏12
+

𝑓2

𝜏1𝑅
−

𝐿𝑤𝑔𝑚𝑎𝑥(2𝑓 − 1)𝑃

𝑁𝑄𝐴𝑒𝑓𝑓ℎ𝜈
                                      (4)   

Here N,h, and f are the occupation probabilities of wetting layer, excited state, and ground-state 

respectively. Signal propagation along the length (z-direction) of the QSDSOA is given by[13], 

𝜕𝑃

𝜕𝑧
=

[𝑔𝑚𝑎𝑥(2𝑓 − 1) − 𝛼𝑖𝑛𝑡 ]𝑃

𝐴𝑒𝑓𝑓ℎ𝜈
                                                                        (5)    

Where P is the total input power injected into the QDSOA.  

SIMULATION RESULTS AND OPERATION:  

Table 1 shows the parameters for the simulation used in this paper. These parameters (except the 

universal constants) are optimized for the performance of the device TOAD. The extinction ratio 

is defined as ER= 10log10(P1
min/P0

max), where P1
min, and P0

max
 are minimum power of output '1' 

and a maximum power of output bit '0' respectively.  
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Table 2. Parameters used for simulations[12] 

Spontaneous lifetime(radiative) in the WL(τwR) = 0.2 ns 

Relaxation time of electron from the WL to ES(τw2) = 3 

ps 

Relaxation time of electron from ES to GS(τ21) = 0.16 ps 

Group velocity(Vg) = 8.3 x107m/s 

Escape  time of electron from ES to WL(τ2w) = 1 ns, 

Escape time of electron from GS to ES(τ12) = 1.2 ps 

Radiative lifetime(spontaneous) in Quantum Dot(τ1R) = 

0.4 ns 

Material gain coefficient, gmax = 14 cm-1 

internal loss αint = 2 cm-1 

Injection current density, J = 1kA/cm2 

Lw = 250nm 

Transparent current density, NQ = 5.0 x 1010 

Effective area, Aeff = 0.75 μm2. 

 

We have first optimized the QDSTOAD for the control power. It is found that an ER value of 

3.86dB, and 28.5dB are calculated for 1.5mW of control power for transmitted port and reflected 

port respectively (Figures 3 and 4). This shows that the reflected port has better ER than the 

transmitted port and has better switching operation.  
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Figure 3. Variation of ER of transmitted port with control power 

0 1 2 3 4 5

28.1

28.2

28.3

28.4

28.5

E
R

 (
d
B

)

Control Power (mW)

 Reflected

 

Figure 4. Variation of ER of reflected port with control power 

Figure 5 optimizes ER for line-width enhancement factor (LEF) and it is found that a maximum 

ER of 3.86dB is for LEF equals to 5 for the transmitted port. However, ER values decrease with 

LEF for the reflected port as clear from figure 5.  
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Figure 5. Variation of ER with LEF 

CONCLUSIONS: In this paper, QDSOA based TOAD is designed and investigated 

theoretically using numerical modeling and ER is calculated for both the ports. The reflected port 

shows ER value as high as 28.5dB. In the future, the TOAD needs further investigation in terms 

of different parameters like amplitude modulation(AM), contrast ratio(CR), Quality factor(Q), 

etc.  
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ABSTRACT 
 

Herein, the monodisperse Co3O4 with various morphology is reported. Within this demonstration, a series 

of Co3O4 with different morphology was synthesized using cobalt ammonium carbonate as precursor by 

hydrothermal method. In the present work we successfully synthesize pure phase of Co3O4 microcube by 

direct (one step) hydrothermal process by carbonate-based precursor. The materials were characterized 

by XRD, SEM, TEM, EDX, TGA analysis. The kinetics have been studied for the formation mechanism 

of the materials. The materials were used for the post synthesis of core-shell type materials for different 

task specific applications. 

Keywords: Co3O4, Nanostructure, Cube, Hydrothermal 

INTRODUCTION: 

Co3O4 has been widely considered as an efficient electrocatalyst [1-4]. Co3O4 with spinel crystal 

structure is beneficial for the electron transport between Co2+ and Co3+ ions and considered an 

effective catalyst for OER processes [5-8]. But due to its low electrical conductivity and 

dissolution, short active site density and agglomeration nature during electrocatalytic processes, 

the electrocatalytic activity is not superior [8]. To overcome this problem research on faceted 

Co3O4 nanostructure materials has been explored extensively [9-13]. Among the various faceted 

Co3O4, cubelike structure is one of the major morphology due its exposed {100} facet [14-17]. 

There are few reports for the synthesis of cubes like template assisted synthesis [14, 15], solution 

based hydrothermal process [16-17]. In some cases, the reaction time is longer by using urea as 

a reagent [16]. In these literatures strong base like NaOH was used [17]. For the synthesis of 

metal oxides using carbonates yields metal carbonate as an intermediate which upon heating 

produce the metal oxide. So, an additional step is required to synthesize the metal oxides. Direct 

synthesis of Co3O4 nanoparticles without calcination process is a promising technique for the 
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development of Co3O4-based functional nanomaterials [17]. So, direct synthesis of faceted Co3O4 

nanostructures is the main focus of the present work. 

In the present work, we report the direct hydrothermal synthesis of pure phase of Co3O4 

nanomaterials by carbonates. Elimination of strong hydroxide base or any organic or inorganic 

template for the synthesis of Co3O4 cubes. Co3O4 is used as a template for core shell void 

Co3O4@ CoS2. The OER performances of the synthesized materials are quite good and expected 

to be a good energy material. 

MATERIALS & METHODS 

Chemicals. 

Cobalt (II) Chloride, Hexahydrate was procured from Oriental Chemical Industry, South Korea; 

ammonium carbonate was purchased from Samchun Chemicals, South Korea. Potassium ethyl 

xanthogenate was purchased from Sigma Aldrich. All the chemicals were used as-obtained 

without any further purification. Water with a resistivity of 18 MΩ cm-1, obtained from a 

Millipore water purifier, was used for all the performed experiment. 

Synthesis of Cube like Co3O4 

11 g of Cobalt (II) Chloride, Hexahydrate dissolved in 500 mL of water. 40 ml of the solution 

was taken and 1.8 g of solid ammonium carbonate was added with continuous stirring (500 rpm). 

Within 2–3 min the solution became clear. Then, 160 ml of water was added to the clear solution 

and stirred (500 rpm) for 5 min. 50 ml of the resultant solution was diluted to 200 ml and then 

50 ml transferred to Teflon lined stainless steel autoclave and kept in a pre-heated oven at 200°C 

for 2h. The resultant black materials were collected through centrifugation and washed with 

water for several times. The materials were dried at 70–80 °C for 6 h. 

Synthesis of Cube like Co3O4@CoS2 

In typical procedure, 0.5 gm Co3O4 was dispersed in 40 ml water. Then 1 gm of Potassium ethyl 

xanthogenate was added to the solution and stirred for 5 min and transferred to Teflon lined 

stainless steel autoclave and kept in a pre-heated oven at 200°C for 4h. The resultant black 

materials were collected through centrifugation and washed with water for several times. The 

materials were dried at 70–80 °C for 6 h. This synthesized Co3O4@CoS2 treated with different 

temperatures in N2, N2/H2 atmosphere. 

http://www.emnsdconference.in/


 

EMNSD 2020              www.emnsdconference.in            15-16 December 2020                       Page 40  

 
 

RESULTS & DISCUSSION 

Synthesis and characterization 

From the XRD data it is confirmed that the pure Co3O4 phase is obtained after hydrothermal 

treatment (Fig. 1a). JCPDS card No. 43-1003) and confirmed the formation of phase pure 

Co3O4. Fig. 1b represents the phase of Co3O4 and CoS2. The XRD pattern of the Co3O4 

nanoparticles present diffraction peaks at 19° (111), 31° (220), 37° (311), 39° (222), 45° 

(400), 55° (422), 60° (511) and 65° (440), which are indexed to the cubic phase of Co3O4 

spinel structure. The XRD pattern (Fig. 1b) of the CoS2 at 27° (111), 32° (200), 39° (211), 

46° (220), which are index to CoS2 phase [18]. 

 

Fig. 1 (a) XRD pattern of Co3O4 and (b) Co3O4@CoS2  

 

In the TG analysis (Fig. 2), a very little weight loss (~1%) is observed. No distinct weight loss 

indicates the pure Co3O4 phase in asynthesize product.  

 

 

 

Fig. 2 TGA analysis of asynthesized 

Co3O4. 

 

 

 

 

Low-magnified SEM image (Fig. 3a) of Co3O4 shows a cube like structure. From the SEM 

analysis it is also confirmed that the synthesized materials are monodisperse (~ 95%). The 
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individual cubes are around 200-300 nm. TEM images of the hydrozincite also confirmed the 

cube like structure of Co3O4 nanoparticles (Fig. 3b). All the TEM observations also support 

the SEM observations. The EDX mapping shows the Co and O (Red and Blue colour) in 

cubes and indicates the pure phase of Co3O4 (Fig. 4). 

 

Fig. 3 (a) SEM images and (b) TEM images of asynthesized Cube like Co3O4. 

 

 

 

Fig. 4 (a), (b) & (c) EDX mapping of Cube like Co3O4 structure. 

 

Formation mechanism: 

The formation mechanism of Co3O4 is interesting and still a scope of research. Major focus was 

given to understand the core-shell formation mechanism. But the formation mechanism of 

Co3O4@CoS2 is well understood by the controlled experiments (Table 1). From the TEM 

analysis it is observed that when the Co3O4:Xanthate ratio is increased then the coating occurs 

effctively (Fig. 5). Fig. 6 represents the mechanism of Void core-shell formation [19, 20]. In 

our case kirkendall difussion is the most probable mechanism as per the experimental 

observation. 
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Fig. 5 Controlled experiments (a) No coating, (b) partial coating and (c) full coating of 

CoS2 on Co3O4. 

 

Fig. 6 (a) & (b) Schematic representation of Void core-shell mechanism 

From the controlled experiments the following equation can be predicted. The previous 

literatures also support the following reaction [20, 21]. Initially, xanthate decompsed to carbon 

disulphide (Eq. 1), CS2 in presence of wáter and CS2 reacts with Co3O4 to form core-shell 

structure (Eq. 2). 

𝐶2𝐻5𝑂𝐶𝑆𝑆−𝐾+  + 𝐻2𝑂 = 𝐶2𝐻5𝑂𝐻 + 𝐶𝑆2 + 𝐾𝑂𝐻    ( Eq. 1) 

𝐶𝑜3𝑂4 + 𝐶𝑆2 = 𝐶𝑜3𝑂4@ 𝐶𝑜𝑆2      (Eq. 2) 
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Table 1 Phase and morphology controlled by Potassium ethyl xanthate 

Co3O4 :X 

X= Potassium ethyl 

xanthate (mol ratio) 

Phase Morphology 

1:0.5 Co3O4@CoS2 No coating 

1:1 Co3O4@CoS2 Partial coating 

1:1.5 Co3O4@CoS2 Full coating 

 

OER Performances: 

The OER performaces of Co3O4 and Co3O4@CoS2 was performed. The Co3O4@CoS2 -H-

500 C showed best perfomances amoung other synthesized catalyst. (Fig. 7) 

Co3O4@CoS2 -H-500 C shoed the OER perfomances at 1.75 V (Vs. RHE) at O.1 M KOH. 

This catalyst showed the lower overvoltage among the synthesized catalysts. The effect 

of calcinature temperature with different gaseous environment on OER performances can 

be explained by increased crystallinity for better electron transport. But from the data it is 

shown that the OER performances of Co3O4@CoS2 is better than Co3O4. This is due to 

the fast electron transfer between heterojunction of core-shell structure.  

 

 

Fig. 7 OER performaces of Co3O4 and Co3O4@CoS2. 
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CONCLUSION 

Monodisperse nanostructured Co3O4 with different morphology was synthesized using cobalt 

ammonium carbonate as precursor by hydrothermal method. In the present work we successfully 

synthesize pure phase of Co3O4 microcube by direct (one step) hydrothermal process by 

carbonate-based precursor. The materials were used for the post synthesis of core-shell type 

materials for different task specific applications. The kinetics have been studied for the formation 

mechanism of the materials and xanthate concentration play an important role for formation of 

void in core shell structure. The synthesis of this material requires simple laboratory instruments. 

The Co3O4@CoS2. core-shell material showed quite good OER performances and expected to 

be a useful energy material. 
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ABSTRACT: 

The increasing demand and depletion of fossil fuels in India lead us to shift our focus to 

renewable sources which are not only the future unlimited source of energy but also ecofriendly 

and viable for environment. Solar energy is a form of renewable energy and is a very efficient 

method of saving electricity which does the same functioning as the electricity but the main 

difference is that the major source is solar energy. This paper focuses on the design of solar 

modules serve as a source of charger through solar charge controller to the battery and inverter 

for converting the direct current into an alternating current for house hold application. It has 

more advantages because it needs less maintenance, no use of fuel, light in weight, rugged, 

noiseless and does not require an alternating current for charging.  

Keywords: Solar cell, Inverter Circuit, MOSFET 

INTRODUCTION: 

It is evident that solar energy is renewable source of all. It is a process in which solar energy is 

converted into electrical energy using solar panel. Solar energy is the radiant energy. The earth 

receives 174 watts of solar radiation at the upper atmosphere 30% reflected back to space and 

rest is observed by clouds, ocean, and mass. Human harness solar energy in many different ways 

space heating and cooling, lighting, hot water, cooking etc. the solar energy are only limited by 

human ingenuity. 

Solar technologies are characterized as either passive or active depending on the way the energy 

captured converts and distributed [1]. Active solar techniques use photovoltaic panel which we 

are going to use this type of solar panel in circuit, as we all know that solar energy is a renewable 

source of energy and is inexhaustible. Using sun’s energy we can charge a 12V battery through 
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charger circuit, we can even charge our cell phones with the help of mobile charger circuit and a 

CFL bulb can be glown with the designed inverter circuit. 

1. EXPERIMENTAL WORK 

           The block diagram demonstrates about solar inverter which converts the solar energy in 

to electrical energy for house hold application. Hence it is renewable source of energy and more 

efficient. Through this process we can consume solar energy for our daily life requirement. As 

its energy in the form of electrical energy is used to charge the mobiles and batteries too.          

 

 

 

 

 

 

 

                           

      Figure 1. Block diagram of inverter circuit 

i. SOLAR PANEL  

           Collection of solar cells is known as solar panel. Combinations of small solar cells 

together can be used for generating power that can be used over a large area. The electricity 

produced by a solar cell depends upon the mount of light that hits a cell. The principle on which 

solar panel works is photo voltaic effect is a physical and chemical phenomenon in which voltage 

or current created in a material when sunlight falls on it [2, 3].  

ii. SOLAR CHARGER CIRCUIT  

          When solar radiation falls on solar plate then it absorbs sun rays as a source for generating 

electricity. These sun rays are the light energy (photon) directly coming from the sun. In this 
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circuit a diode of series In 4001 is placed which is used to give a unidirectional flow of current 

in the circuit i.e., current could only flow from solar panel to battery and not from battery to solar 

panel. After the battery an IC of series LM317 is used as voltage controlling device [4].  

iii. BATTERY 

          A battery is a device that stores the charge for further application. In this circuit the main 

function is to store power and during storage of AC power supplied it acts as a beneficial source 

of power via inverter to AC load. Lead acid battery or Ni – Cd battery banks can be charged with 

the help of solar charger circuit. For this at stationary locations series of solar Cells are installed. 

These solar cells can be directly connected to battery banks to store energy for off peak hours.  

They can also be used in peak hours for saving energy during day time. The range of charging 

voltage produced from solar panel depends upon the intensity of the Sun. Thus to protect the 

solar charger circuit [5] from over charging or over voltages a voltage regulator must be used 

along with the solar charger circuit. 

iv. AC LOAD  

         It is the output of the inverter circuit. The inverter circuit converts the DC source into 220V 

AC which is consumable for appliances.   

v. DC LOAD 

         It is the output power which we can directly obtain from the battery. It is efficient in 

supplying the power to gadgets operating on low DC voltage.  

4.   Inverter  

        Inverter is a device that converts Direct current (or DC) to Alternating Current (or AC) using 

transformers, switching circuits and control circuits. Home inverters or home UPS takes the DC 

power from the batteries and converts it into AC power used by the load connected at home. 

Similarly, an off grid solar inverter operates. In case of grid connected, solar inverter the DC 

power is generated from the solar panels and AC power is given to the grid. In case of “grid 

connected ”  solar inverter when the power is coming from the grid , the UPS and Inverter system 

charges the batteries using the power coming from the grid . When the power coming from the 

grid is off, then the inverter takes the DC power from the batteries and converts it into AC to 
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appliances. An automatic switch is used to sense whether the power is coming from the grid and 

if not then it switches the UPS into battery mode. 

i. IC CD4047 

        It is a CMOS low power mono stable / a stable multivibrator with logic techniques 

incorporated to permit positive or negative – edge triggered 14 - lead hermetic dual – in-line 

ceramic packages. It can operate in only one mode at a time. It requires an external capacitor 

(between pin 1 & 3) and an external resistor (between pin 2&3) to determine the output pulse 

width in the mono stable mode, and the output frequency in the a stable mode. Its various features 

are wide supply voltage range: 3V to 15 V, high noise immunity, true and complemented buffered 

out puts, low power compatibility, low power consumption and only one external R and C is 

required. 

ii. MOSFET IRFZ44 

        MOSFET IRFZ44 [6] is an N-channel enhancement mode standard level field –effect power 

transistor in a plastic envelope using trench technology which is used for both amplifying and 

switching purpose. MOSFETS are the most common transistors used because of its main 

advantage that it requires lesser amount of current to turn on while it delivers much higher amount 

of current to load. The device features very low on-state resistance and has integral zener diodes 

giving ESD protection up to 2KV, maximum VDS (Drain source voltage) as 55 V and can handle 

continuous drain current up to 49A. 

iii. TRANSFORMER (12-0-12)  

        A transformer is a static device that transfers electrical energy from one circuit to another 

through electromagnetic induction at constant frequency. Transformers are used in circuits to 

increase or decrease the voltages value. In this paper the transformer used is of 12-0-12 Volt and 

5A. It has 230V primary windings and centre tapped secondary winding.  

iv. RESISTORS   

        In this circuit the resistors of different ratings are used. Those are resistors of 100ohm, 1 K 

ohm and 100 K ohm variable resistor.  
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v.   CAPACITOR (0.22uf) 

        In this circuit the capacitor used is of 0.22µF. 

5.   WORKING OF INVERTER CIRCUIT  

         DC supply to the inverter circuit is provided by 12V battery. In this a combination of ‘R’ 

& ‘C’ is used which works as an oscillating circuit. This circuit endows the frequency of 

oscillation. Through this oscillation circuit capacitor gets fully charged and thus triggers the IC 

when it reaches at threshold voltage. Once the capacitor is completely charged, it starts 

discharging through the resistor and the common line. At pin 4, 5, 6 & 14 of IC positive supply 

comes and at pin 7,8,9 & 12 of IC negative supply comes . IC used in the circuit is such that one 

time we get out put at IC pin number 10 and second time we get out put at IC pin number 11. 

Thus due to the output of IC, MOSFET get triggered.   

         When we get output at IC pin number 10 at that time MOSFET 1 gets triggered. It act as a 

closed switch. Thus the primary circuit of transformer will get completed due to which voltages 

would be induced in the secondary of the transformer. When MOSFET 1 acts as closed switch 

at that time the direction of flow of current in the primary winding would be clockwise and at the 

same time the direction of flow of current in the primary winding would be clockwise and at the 

same time the direction of flow of current in the secondary would be anti-clockwise. The output 

obtained from secondary winding of transformer would be square wave. This wave would be 

positive in nature. 

          When we get out put at IC pin number 11 at that time MOSFET 2 gets triggered [7]. It will 

now act as a closed switch. Thus the primary circuit of transformer will get completed due to 

which voltages would be induced in the secondary of the transformer. When MOSFET 2 acts as 

closed switch at that time the direction of flow current in the primary winding would be 

anticlockwise and at same time the direction of flow of current in the secondary would be 

clockwise. The output obtained from secondary winding of transformer would be square wave. 

This wave would be negative in nature.  Thus the net output obtained would be complete square 

wave.  
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                                         Figure 2. Circuit diagram of inverter 

6. PROTECTIVE FUNCTIONS OF THE SOLAR INVERTER   

i. OVERLOAD PROTECTION  

When the power consumption of the appliance /appliances exceeds the total power of the solar 

inverter, it will then revert to the protection state within 20 seconds until you reduce the load.    

ii. SHORT CIRCUIT PROTECTION 

If an appliance short circuits, the solar inverter will revert to the protection state until the 

appliance is removed. 

iii. THERMAL PROTECTION 

As inverter is semiconductor-based equipment, sensitive to overheating and operate best at cooler 

temperatures. If the temperature of the solar inverter gets too hot it will protect with automatic 

temperature controlled section developed by front end electronics. 

 

iv.  REVERSE POLARITY PROTECTION 

         If connected incorrectly no current will pass through the solar inverter. For that purpose a 

diode (IN5408) is connected to the positive terminal of the inverter. 
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7.    CONCLUSION 

         A solar panel using inverter with charger and charge controller had successfully been 

designed and developed. Solar charger was used to store DC power which was generated by 

photovoltaic effect of solar panel.  To protect from over charging of the battery simple auto cut 

off circuit is designed and tested. The output of charger circuit is fed to auto cut off circuit using 

relay which is completely automatic which protects the battery from over charging. Inverter 

circuit is used to convert DC power into AC power which is used to drive the loads. Level 

indicator circuit helps to determine the amount of charge left in the circuit which can easily be 

implemented in real life to increase the efficiency of solar inverter. Using microcontroller instead 

of relay the system of solar inverter circuit will be made more attractive and reliable. 
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ABSTRACT 

Discarded fruit peels create various environmental pollutions, the reuse of such waste peels reduces 

pollution, waste as and it also sustains environmental balance. In this communication, we have reported 

the synthesis of copper oxide nanoparticles using aqueous extract of citrus maxima peel and copper nitrate 

as precursor. The prepared CuO NPs were characterized by XRD, SEM, EDS, FTIR, PL and UV-visible 

spectroscopy.  The obtained result revealed that the synthesized CuO nanoparticles were spherical in 

shape with monoclinic crystal structure. UV-visible diffuse reflectance spectroscopy was used to estimate 

the direct and indirect band gap energy of CuO nanoparticles. Photoluminescence (PL) was carried out to 

investigate materials imperfection and recombination mechanism.  

 

INTRODUCTION:  

In recent year, the green synthesis becomes an alternative method for material fabrications because of 

various environmental issues. The method utilizes green chemistry for the synthesis of nanoscale 

materials for various potential applications and attracted the attention of researcher in contrast to the 

traditional method which produces harmful waste product for the environment. In general, the traditional 

method employed organic solvent, harsh reducing agent, flammable, toxic and corrosive chemical 

compounds and required sophisticated instruments and time consuming. However, green technology 

utilizes the only environmentally available natural product and reduces the usages of chemical reagents 

with improvement in crystal quality along with the efficiency of method. 

Nanomaterials have various applications in the field of science and technology and biomedical 

applications because of its unique and remarkable properties as compare to the bulk counterparts [1]. Due 

to the large surface area and high surface energy of nanoparticles, metal oxide nanoparticles are used 

broadly in the form of nanoscale [2-4]. Electronic, magnetic, antibacterial, catalysis, sensing and optical 

properties made the nanomaterials superior in nanoscale. Among various type of nanomaterials, Copper 

Oxide (CuO) is another p-type semiconductor with narrow indirect band gap energy ~1.2 eV [5,82] with 
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excellent superconducting properties and widely used in the field of catalysis [7], gas sensor [8], dye-

sensitized solar cell [4] etc. due to its low cost, non-toxicity and thermal stability.  

The various method has been employed for the synthesis of CuO nanoparticles (NPs) such as microwave- 

assisted [9], Hydrothermal [10], sol-gel [11], thermal decomposition [12], and chemical precipitation [13]. 

Recently, different kind of plant, peel and root extract has been used for the synthesis of NPs as a 

stabilizing or capping agent [14,15].  Plant extract contains various biological compounds such as 

flavonoids, alkaloids, phenolic compounds, quinol, amino acid, and chlorophyll pigments which acts as a 

reducing agent and itself act as a stabilizing agent to reduce metal ions to nanoparticles and eliminates the 

use of any other stabilizing agent [14]. Different kind of plants and peels extract like Calotropis gigantean 

[4], Punica granatum [16], Thymus vulgaris [17], Cassia auriculata [18] has been used for the synthesis 

of CuO NPs. Along with plant extract, fruit peels extract was also useable for green synthesis of NPs. 

Citrus maxima is a fruit of citrus family, its peel contains polysaccharide, essential oil, pectin, and 

flavonoids, and so on [19,20]. Iron NPs were synthesized using an aqueous solution of citrus maxima peel 

as a reducing agent [21]. A thorough literature review suggested that none have reported aqueous solution 

of citrus maxima peel for the synthesis of CuO NPs using copper nitrate precursors. However, these peels 

are discarded in an environment which causes environmental issues. Re-use of such waste products avoids 

pollutions in an environment. Concerning all these, current work reports the use of citrus maxima peel 

extract as a reducing and stabilizing agent for the production of CuO NPs using copper nitrate precursor 

and structural, morphological and optical properties were carried out.       

MATERIALS AND METHODS:  

Synthesis of CuO nanoparticles 

Fresh Citrus maxima fruit was peeled and washed several times with distilled water and then cut into 

pieces and air-dried. 50 gm of said peel pieces were then boiled in 150 ml distilled water at 70-80oC for 

1 hour. A light yellow solution was formed which was cooled at room temperature and filtered several 

times using Whatmann No. 1 filter paper. 30 ml extract was taken from the stock solution and stirred. 

Afterward, 1 gm of copper nitrate trihydrate [Cu(NO3)2.3H2O)] was added into the extract and then the 

solution was heated slowly until the temperatures reaches to  80oC. The solution was heated until it 

changed to brown colored paste and then cooled. The paste was transferred to the ceramic crucible and 

sintered at 400oC for 1 hour. Black powder was collected and ground in mortar pestles and stored in 

vacuum desiccators for further characterizations.   

Characterization of CuO NPs  

Different techniques were used for the characterization of the materials. The phase purity of the material 

was characterized by powder X-Ray diffraction (PANAlytical E’XPERT, Netherlands) with CuKα as a 

incident beam (λ=1.54 Å) in the range of 30-800 at scanning rate of 10/min. The morphology, particle size 

and elemental composition were analyzed using Scanning Electron Microscopy (SEM) and Energy 

Dispersive X-Ray Spectroscopy (EDS). Optical properties and band energy were evaluated using UV-Vis 
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NIR spectroscopy with diffuse reflectance. Function group of the material was studied by Fourier 

Transform Infrared (FTIR) Spectrometer, Shimadzu FTIR 8201. The room temperature 

photoluminescence (PL) was carried out using spectrophotometer, RF 6000 for the identification of defect 

state. 

RESULTS AND DISCUSSION 

The crystal structure, crystallite size was examined using powder X-Ray diffraction spectroscopy. Figure 

1. shows the powder XRD diffraction pattern of the synthesized sample. All the diffraction peaks of XRD 

patterns are well matched with JCPDS Card No. : 45-0937 of CuO with a monoclinic crystal structure. 

The sharp and intense peaks indicate the high crystallanity of CuO NPs. No other diffraction peaks from 

Cu2O, Cu(OH)2 and impurity were observed which confirms the pure monoclinic phase formation of 

grown product. From the figure-1 it is clear that (-111) and (111) have a stronger intense peak than others, 

indicates that the strong preferential orientation in the (-111) and (111) direction. The average crystallite 

size (D) of the CuO NPs was determined using Debye-Scherrer’s formula - 

 𝐷 =
𝑘𝜆

𝛽ℎ𝑘𝑙𝑐𝑜𝑠𝜃
       (1) 

where k  and λ represents shape factor (0.9) and wavelength of incident radiation (1.5406Ǻ). 𝛽ℎ𝑘𝑙 and θ 

are full width half maxima (FWHM) and scattering angle. The average crystallite size was 18.32 nm.  

 

 

 

 

 

 

 

Figure 1. (a) XRD pattern of sample of 

CuO NPs 

 

 

Fourier transform- infrared (FTIR) spectroscopy was used to analyze the functional group present in the 

material and the spectrum is shown in Figure 2. The presence of broad band in the region of 3540-2800 

cm-1 may be due to the stretching vibration of O-H and C-H [21,23]. The peak positioned at 2358.07 cm-

1 indicates the presence of CO2 molecules. The band at 1639 cm-1 indicates the stretching vibration of 

C=O in aldehydes and ketones which confirms the presence of phenolic acid and terpenoid on the surface 

of NPs. In addition to it, the stretching vibration of C-N at 1206 cm-1 indicates the presence of aliphatic 

amines [21]. The absorption band at around 1389.79 cm-1 can be attributed to the C-C stretching of the 

aromatic ring. The sharp and intense peak at around 531.39 cm-1 is due to the characteristic stretching 

(a) 
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vibration of Cu-O along the [101] direction on the monoclinic crystal structure of CuO, which confirms 

the formation of CuO. Moreover, the absence of band at 610 cm-1 indicates that there is no phase formation 

of Cu2O and confirms the phase purity of CuO [24]. FTIR spectroscopy suggested the presence of 

phenolic acid, terpenoid, aliphatic amines, and aromatic ring on the surface of CuO NPs which were 

thought to act as capping or stabilizing agents for the formation of CuO NPs. 

 The Scanning electron microscopy (SEM) and energy dispersive x-ray spectroscopy (EDS) of 

CuO NPs were carried out to evaluate morphology and elemental composition and it is shown in Figure 

3 (a-b). The SEM image reveals the distinguishable spherical morphology of CuO NPs with an average 

size of about 33.44 nm and it is in good agreement with the size computed from XRD patterns. It is clear 

from the SEM image that CuO NPs synthesized using citrus maxima peel aqueous extract produce 

uniform spherical morphology. The peaks of Cu and O in EDX spectrum display that NPs are composed 

of Cu and O only and the absence of extra peak indicates the purity of synthesized CuO NPs and this 

result supports the XRD spectra of CuO NPs. However, an extra peak is observed from the substrate used. 

CuO NPs are constituted with 75.04 and 24.96 wt% of Cu and O respectively. The overall result suggested 

the pure phase formation of CuO NPs using aqueous citrus maxima peel extract.  

 

 

 

 

 

 

 

Figure 2. FTIR spectra of 

CuO NPs synthesized using 

aqueous peel extract. 

 

 

UV-Vis NIR spectroscopy in diffuse reflectance mode was carried to analyze the spectral response of the 

sample as shown in Figure 4(a). Kubelka-Munk formula [22] was employed to estimate the band gap 

energy of the material. F(R) was derived from 𝐹(𝑅) =
(1−𝑅)2

2𝑅
 , here F(R) is equivalent to the absorbance 

coefficient, and R is the absolute reflectance. From the spectrum, it was clear that sample exhibit 

absorption peak at 256 nm associated with Cu2+ ion in the zeolite structure. Also, the absorption band at 

427 nm attributed to the Cu2+ was also observed which is related to the electron transmission of d orbitals 

[25,26]. This confirms the presence of copper (II) ion in the material. Moreover, peak around 550 nm 

belongs to Cu2O resulting from the decomposition of CuO [27]. The optical band-gap of indirect and 

direct band-gap was calculated using Tauc’s plot by plotting [F(R)×hʋ]^0.5 and [F(R)×hʋ]^2 versus 

photon energy (Figure 4(b)&4(c)) and the energy was observed by extrapolating liner portion to the 

energy axis and the observed value was 1.4 eV and 3.17 eV respectively and the result is in accordance 
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to other reported literature [5].The higher direct band gap energy to that of indirect indicates the 

crystallanity of the materials [28]. However, the observed indirect band gap energy is greater than the 

bulk counterparts of CuO (~1.2 eV) which could be attributed to the quantum confinement effect for the 

small individual crystal size observed in SEM analyses. When the size of the materials decreases to the 

nanoscale, the wavelength of light becomes large with respect to the size of the materials and the low 

coordination atoms with lower atomic interaction increases on the surface of the materials. As the size of 

the particle becomes smaller than Bohr radius the electrons are become more confined in the particle. Due 

to this confinement effect the band gap energy increases [29].  

 

 

Figure 3 (a) SEM micrograph of CuO  and (b) Elemental composition spectra of the sample 

Figure 5. corresponds to room temperature photoluminescence (PL) spectra of CuO NPs. The spectra 

consist of four peaks located at 380, 402, 426, and 524 nm. A strong UV emission band known as near 

band edge (NBE) emission is observed at 380 nm attributed to the recombination of electron-hole pair in 

free excitons [30]. Violet and blue emission at 402 and 426 nm was also observed in the visible region 

attributed to the oxygen vacancy and interstitial oxygen [22] and this result is consistent with the 

luminescence band of CuO reported by other literature [31,32]. In addition to it, the broad small hump 

which is known to be green emission band around 528 nm could be associated with singly ionized oxygen 

vacancy originated from the recombination of electrons with holes [33,34]. However, the origin of 

luminescence in CuO is still in contradiction and only few reports are available. S. Dagher et al. reported 

different NBE emission peak depending upon the size of colloidal CuO nanoparticles [35]. The different 

PL emission peaks suggests that depending upon the morphology, particle size, CuO exhibit different 

emission peaks. 
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Figure 4. Optical spectra of CuO NPs (a) . Tauc’s 

plot of CuO NPs (b) Indirect transition and (c) direct transition. 

 

 

 

 

 

 

 

Figure 5. Photoluminescence spectra of 

CuO NPs. 
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CONCLUSIONS: 

In this work, we have reported the synthesis of CuO through environmentally friendly method 

using aqueous extract of citrus maxima. XRD result showed the pure monoclinic phase of the 

materials supported by FTIR and EDS analysis. FTIR result indicated the presence of phenolic 

acid, terpenoid, aliphatic amines and aromatic ring which acts as reducing or capping agent.SEM 

result showed spherical morphology of particles with an average particle size of 33.44 nm. The 

indirect optical band gap energy was evaluated from Tauc’s plot and found to be 1.4 eV which 

suggested that the materials will be useful for photocatalytic applications. PL spectra showed 

both UV and Visible emission peaks with   dominant NBE emission peak at about 380 nm. The 

green synthesis method using aqueous peel extract will contribute to environmental issues and 

create economic benefits. Finally, while recognizing our limitation of analysis, the work 

presented in this paper leave avenues for further study of present materials. In view of 

application, we propose further study may be carried out in future for application of the 

synthesized materials. 
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Abstract: 

The frequency encoded all-optical single bit memory unit operation is described using Tera Hartz 

Optical Asymmetric Demultiplexer (TOAD) based interferometric switch. Terahertz Optical 

Asymmetric Demultiplexer (TOAD) is a fundamental optical switch in an optical communication 

system. In the frequency encoding scheme, the states of information '0' and '1' are denoted by 

signals of frequency υ1 and υ2, respectively. This single-bit memory unit's output shows in the 

form of a truth table in terms of wavelengths. 

 

Keywords: TOAD; Frequency encoding; SOA; Memory unit. 

 

1. Introduction:  

All-optical signal processing has emerged as an alternative to an electronic system[1]. The 

demand of high-speed logic gates and processing units boosted the research in semiconductor 

optical amplifier based devices to implement different types of all-optical processors [2-7]. This 

includes all-optical logic gates, two's complement generator, comparator, and many others. Tera 

hertz optical asymmetric demultiplexer or TOAD is an all-optical switch uses SOA in such a way 

that the speed is increased considerably compared to simple SOA and many proposals for all-

optical logic gates and processors have been designed using TOAD and its variant dual control 

TOAD(DCTOAD)[7-13]. Frequency encoding for states of information has many advantages[1-

4,7,10], and hence TOAD based designs with frequency encoding are very much attractive for 

future optical technologies. In this communication, a frequency encoded single bit memory unit 

using TOAD is designed and analyzed and shows improved performance compared to our earlier 

work described in[1]. In this communication, frequency encoded memory using TOAD is 

developed and interpreted for the first time as far as the author's knowledge goes.    
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2. TOAD based optical switch: 

Tera Hartz Optical Asymmetric Demultiplexer (TOAD) is an interferometric switch. It is consists 

of a loop mirror with one Semiconductor Optical Amplifier (SOA), circulator, 2×2 coupler, and 

filters. It has one control input, one data signal input, and two outputs one is called output port 1, 

and the other is output port 2. When there is no control signal present only data signal enter into 

the TOAD, data signal break into two components one is the clockwise component, and the other 

is the counterclockwise component, which propagates around the loop and reaches the SOA at a 

different time. These components experience the same unsaturated SOA gain and recombine at 

the coupler. As no phase difference is introduced between them, and data signal comes from the 

output port 2. If the control signal is present, due to the gain saturation of the SOA and refractive 

index change, the two components will experience a different phase shift. If the phase difference 

is π, they recombine in the coupler, and the data signal will exit through output port 1. TOAD-

based optical switch as shown in figure 1.  

 

3. Frequency encoded single bit memory unit: 

Frequency encoded TOAD-based single bit memory unit as shown in figure2. It is consists of 

four TOAD-based switches, filters (υ1 pass and υ2 pass), beam splitters (BS), and mirrors. It has 

one input A and two outputs Y1 and Y2. 

 

3.1 Working Principle of single bit memory unit: 

We have used the data signal, and the control signal has different frequencies. 

Case 1: When the input A is a signal of frequency υ1, i.e.'0', it passes through the υ1 pass filter. 

So the TOAD T1 output generates a signal of frequency υ2, i.e., '1'. So the output of Y1 is υ2, i.e., 

'1'. A part of this output frequency υ2, i.e., '1', is applied in the input of TOAD T4 through the υ2 

pass filter and generates a signal of frequency υ1, i.e.'0'.So the output of Y2 is υ1, i.e.,'0'. Now let 

td 

SOA 

∆X 

 

Filter 

 
Filter 

 

Output port 1 

Control Signal 

 Data Signal 

        

Figure1. TOAD based optical switch 

Output port 2 
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us explain what happens when the input is made off. In this condition, TOAD T1 still receives a 

signal of frequency υ1 from the output Y2 and generates an output signal of frequency υ2, i.e., '1'. 

So the output of Y1 is υ2, i.e., '1'. A part of this output of frequency υ2, i.e., '1' is applied in the 

input of TOAD T4 through the υ2 pass filter and generates a signal of frequency υ1, i.e.'0' as Y2 

as output. So the previous condition is verified when the input is made off. Thus the device has 

a memory. So the memory unit is stored a high state signal even if the input signal made off 

because of feedback. When storing the new information into the memory, first erase the 

previously stored memory. This is called clearing memory. To clear the memory data signal 

frequency remains made off. There are no output exits from any TOAD T1 and TOAD T4, i.e., 

there is nothing at the outputs Y1 and Y2. This is the memory unit' clear state, and now the 

memory unit is ready to store new information. 

                                           

Figure2. Frequency encoded single bit memory unit circuit using TOAD 
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Case2: When the input A is a signal of frequency υ2, i.e., '1', it passes through the υ2 pass filter. 

So the TOAD T2 output generates a signal of frequency υ1, i.e. '0'. So the output of Y1 is υ1, i.e., 

'0'. A part of this output frequency υ1, i.e. '0', is applied in the input of TOAD T3 through the υ1 

pass filter and generates a signal of frequency υ2, i.e., '1'.So the output of Y2 is υ2, i.e., '1'. Now 

let us explain what happens when the input is made off. In this condition, TOAD T2 still receives 

a signal of frequency υ2 from the output Y2 and generates an output signal of frequency υ1, i.e., 

'0'. So the output of Y1 is υ1, i.e., '0'. A part of this output of frequency υ1, i.e. '0', is applied in the 

input of TOAD T3 through the υ1 pass filter and generates a signal of frequency υ2, i.e., '1' as 

output Y2. So the previous condition is verified when the input is made off. Thus the device has 

a memory. So the memory unit is stored low state signal even if the input signal is made off 

because of feedback. When storing the new information into the memory, first erase the 

previously stored memory again. To clear the memory data signal frequency is made off again. 

So the figure 2 can store single bit optical information in terms of frequency. This single-bit 

memory unit's output is shown in the truth table1. 

                  Table1. Truth table of single bit memory unit  

Input Output 

A Y1 Y2 

υ1(0) 

λ1=1550 nm 

υ2(1) 

λ2=1560 nm 

υ1(0) 

λ1=1550 nm 

υ2(1) 

λ2=1560 nm 

υ1(0) 

λ1=1550 nm 

υ2(1) 

λ2=1560 nm 

 

4. Simulation and Result: 

Simulated input and output of the TOAD based single bit memory unit are shown in figure 3 and 

figure 4. Figure 3 shows the optical power spectrum when the input A is a signal frequency υ1 

and outputs Y1= υ2 and Y2= υ1. Figure 4 shows the optical power spectrum when the input A is 

a signal frequency υ2 and outputs Y1= υ1 and Y2= υ2. We have used control signal and data signal 

pulse as gaussian pulse[3], and we choose the two wavelengths λ1=1550 nm for the frequency υ1 

and λ2=1560 nm for the frequency υ2. In [4], SOA parameters are use for this simulation.        
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Figure3. Simulated optical power spectrum of the TOAD based single bit memory unit when 

input A is a signal frequency υ1(λ1=1550 nm) and outputs Y1= υ2(λ2=1560 nm)and Y2= 

υ1(λ1=1550 nm). 

 

Figure4. Simulated optical power spectrum of the TOAD based single bit memory unit when 

input A is a signal frequency υ2(λ2=1560 nm) and outputs Y1= υ1(λ1=1550 nm) and Y2= 

υ2(λ2=1560 nm). 

 

Conclusion:  

Frequency encoded all-optical single bit memory unit using TOAD is successfully analyzed and 

characterized. This single-bit memory unit's operation is based on frequency conversion and 

simulated by MATLAB. We have shown the output optical spectrums of the single-bit memory 

unit. The output of a single-bit memory unit shows the possibility of various applications in 

optical and electrical communication systems.  
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ABSTRACT 
 

Single phase samples of Mn(Co1-xFex)2O4 (x = 0 – 0.5) were synthesized by using sol-gel route. 

Rietveld refinement of the room temperature X-ray diffraction patterns reveal cubic spinel 

structure of the samples with Fd 3m  space group. The lattice parameter is found to increase 

systematically with increase in the Fe concentration. Magnetization measurements show 

ferrimagnetic transition in all the samples and the transition temperature is found to increase with 

increase in Fe concentration, i.e. from 176 K for x = 0 to 446 K for x = 0.5. From the Curie-Weiss 

fit of the susceptibility data in the paramagnetic region, the possible cationic distribution in this 

compound is found to be of the type Co2+[Co1−2𝑥
3+ Fe2𝑥

3+Mn3+]O4 with Co3+ in low spin state. The 

saturation magnetization and the theoretical as well as the experimental effective magnetic 

moment are found to increase with increasing Fe concentration. Both parent and Fe doped 

samples show an unusual hysteresis behavior below a certain temperature. This unusual 

hysteresis behavior is attributed to the domain wall pinning effect which is found to decrease 

with increasing Fe concentration. 

Keywords: Spinel Cobaltite; MCo2O4; Ferrimagnetic 

INTRODUCTION: 

Spinel compounds with general chemical formula AB2O4, containing two or more types of 

cations in tetrahedral A and octahedral B sites, have been studied for decades owing to their 

interesting electric, magnetic, optical and catalytic properties [1-10]. Out of several spinel 

compounds, transition metal cobaltite MCo2O4 (M = Mn, Ni, Zn, Cu, Mg etc.) have attracted 

significant interest for fundamental research and also for technological applications in many 

areas such as colossal magnetoresistance (CMR), magnetic sensors, fuel cell electrodes, electrical 
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catalysts, microwave absorption, etc. [3-10]. Among these cobaltite, spinel MnCo2O4 has been 

studied widely due to its promising applications as a magnetic material and its unusual hysteresis 

behavior [9-12]. MnCo2O4 is in general described as an inverse spinel oxide with Fd 3m  space 

group in which the manganese cations show preference for octahedral sites [3]. However, the 

cationic distribution of MnCo2O4 is still not well established. Several cationic distribution have 

been proposed for stoichiometric MnCo2O4 and non-stoichiometric MnxCo3-xO4+δ on the basis of 

(i) electrical conductivity: Co2+[Co2+Mn4+]O4 or Co3+[Co3+Mn2+]O4 [3, 13], and (ii) neutron 

diffraction and magnetic measurements: Co2+[Co2−𝑥
3+ Mn𝑥

3+]O4 [3, 13,14] and Co2+[Co2+Mn4+]O4 

[3, 13].  Bulk MnCo2O4 is a long range ferrimagnetic (FIM) oxide with the transition temperature, 

TC ≈ 185 K [9-11]. Also a peak at TP ≈ 177 K is observed in the temperature dependent zero field 

cooled magnetization curve due to Hopkinson effect [10]. An unusual magnetic hysteresis 

behavior at temperatures below 130 K is observed by Joy and Date [9, 10]. In this temperature 

range, the initial magnetization curve lies outside the main loop while for T > 130 K, normal 

hysteresis loops are observed. This unusual behavior of magnetic hysteresis loop is explained in 

terms of irreversible domain wall movements. An evolution of such unusual magnetic properties 

is studied by Borges et al. [11] for different crystallite size of MnCo2O4. Philip and Kutty have 

reported a change in the temperature coefficient of resistivity of MnCo2O4 from negative to 

positive value below 100 K and this temperature is compared to the TC of the material [7]. 

According to them the conduction in MnCo2O4 is mainly due to hole hopping between Mn3+ and 

Mn4+. In this present work, we have substituted Fe3+ ions with relatively larger magnetic moment, 

in place of Co3+ ions and carried out the study of structural and their interesting magnetic 

properties. 

 

MATERIALS & METHODS 

Mn(Co1-xFex)2O4 (x = 0 – 0.5) samples were synthesized by using sol–gel method. Stoichiometric 

ratio of C4H6MnO4.4H2O, Co(NO3)2.6H2O and Fe(NO3)3.9H2O of 99 % were weighed, dissolved 

in distilled water and mixed in a beaker. Citric acid and ethylene glycol were added to the solution 

and then the solution was heated slowly to evaporate the solvent, leaving a precipitate.  The 

precipitate was grinded and calcined at 600 °C and 800 °C for 12 hours followed by final sintering 

in pellet form at 1000 °C for 24 hours. Powder X-ray diffraction pattern at room temperature was 

recorded by using Rigaku make X-ray diffractometer of model TTRAX III with Cu-Kα radiation. 
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Magnetization measurement both as a function of temperature and magnetic field were 

performed by using Lakeshore make Vibrating Sample Magnetometer (VSM) of model no. 7410. 

 

RESULTS & DISCUSSION  

The X-ray diffraction (XRD) patterns obtained for all the samples at room temperature are found 

to be in single phase form. The XRD patterns were analyzed by Rietveld refinement technique 

by using Fullprof program. Refinement shows that all the samples crystallize in cubic spinel 

structure with Fd 3m  space group. Figure1 shows the XRD pattern of x = 0 and 0.5 samples 

along with the Rietveld refinement data. For x = 0 sample the lattice parameter is found to be a 

= 8.2753 Å which is comparable to those reported in literatures [11, 12]. The lattice parameter is 

found to increase systematically with increase in Fe concentration. It can be easily explained in 

terms of Fe3+ ions having larger ionic radius (0.645 Å) replacing the Co3+ ions (0.61 Å) in the 

octahedral site. Thus the doped Fe3+ ions indeed get substituted in Co site. The lattice parameters 

and the reliability factors related to Rietveld refinement of the samples are listed in table I. The 

occupancy value of Fe is found to be comparable to the nominal starting composition.  

 

Figure 1. XRD patterns along with Rietveld refinement data for (a) x = 0 and (b) x = 0.5. Y-

Obs and Y-Cal represent the experimental and refined data respectively. 

Magnetization as a function of temperature is measured for all the samples under zero field 

cooled (ZFC) and field cooled (FC) conditions for the applied field H = 500 Oe. ZFC and FC 

curves for x = 0, 0.2, 0.3 and 0.5 samples are shown in Figure. 2. Sharp magnetic transitions at 

the Curie temperature highlights the FIM behavior of the samples. The transition temperature 

determined from dM/dT versus T plot is found to be TC = 175 K for x = 0 sample and is 

comparable to that reported in literatures [11, 12]. The FIM TC is found to increase with increase 
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in Fe concentration.  This increase in TC is due to the substitution of Fe3+ ions with higher 

magnetic moment (5 µB) in place of the Co3+ ions in low spin state as such substitution 

strengthens the superexchange interactions between A and B site ions [14]. The overall shape of 

the ZFC curve is almost similar for all the samples. Strong irreversibility of magnetization is 

observed between ZFC and the FC curve at T < TC due to the presence of large 

magnetocrystalline anisotropy. Such irreversibility is similar to the earlier reports for MnCo2O4 

[10] and also to some ferromagnetic (FM) and FIM oxides [15, 16]. Moreover, for each samples 

a maximum magnetization (TP) is observed just below the transition temperature in the M-T plot 

under ZFC condition and then it drops off to a very low value. This peak is observed due to 

Hopkinson effect. It is a competition effect between the applied magnetic field and the 

magnetocrystalline anisotropy which changes with temperature. The domain wall pinning effect 

is also responsible for the shape of the ZFC curve. When the sample is heated in a small applied 

magnetic field the mobility of the domain walls may be increased i.e. the pinning of the domain 

wall is reduced as the temperature increases and the walls may be displaced easily along the 

direction of the applied field and this leads to a slight increase in the magnetization. When the 

sample is heated further, the magnetocrystalline anisotropy is reduced and this reduction may 

make the magnetization of the grains to orient easily in the direction of the magnetic field leading 

to an increase in magnetization. On the other hand, with increasing temperature the thermal 

agitation increases which leads to a decrease in magnetization. However, in the temperature range 

just below TC, the easy magnetization rotation may dominant over the thermal agitation which 

leads to overall increase in magnetization. After this temperature the sample become 

demagnetized and the magnetization falls off to zero at TC. Therefore, a peak is observed in the 

ZFC curve just below the TC [17]. With increase in Fe concentration, along with TC, the TP value 

also increases and become enlarged. However, the TP value decreases with increase in the applied 

magnetic field as shown in Figure 3 for x = 0 and x = 0.1. Since the magnetocrystalline anisotropy 

decreases with increase in temperature and applied field, in case of high applied field it may be 

much easier to rotate the spins in the field direction relatively at low temperature. This is the 

reason of shifting of TP towards low temperature with increase in the applied field. 

In order to determine the valence state of Co, Mn and Fe and their distribution in tetrahedral and 

the octahedral sites, we have compared the experimental effective magnetic moment, µeff with 

the theoretical effective magnetic moment, µth. For this purpose, the susceptibility data in the 

paramagnetic region were fitted to the Curie-Weiss (CW) law χ = C/ (T –ΘC). The values of 
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effective magnetic moment, µeff   determined from the above fit are found to be 6.29 µB for x = 0 

sample and this value increases with increase in Fe3+ (3d5) concentration as expected. The Curie-

Weiss fit for four of the samples are shown in the inset of Figure 2. The estimated theoretical 

values of magnetic moment µth are determined by considering spin only contribution of Mn3+ 

and Co2+ and considering Co3+ in low spin state (S = 0) and also considering the cationic 

distribution of the type Co2+[Co1−2𝑥
3+ Fe2𝑥

3+Mn3+]O4 . The values of µth are found to be comparable 

to the experimental values. Thus the cationic distribution obtained here is in accordance with that 

given by Wickham and Croft [14]. However, a slightly smaller value of µeff than µth for x = 0.4 

and 0.5 samples are due to the possibility that some of the Mn3+ ions in the samples may be in 

higher valence state, say Mn4+. However, we have not determined the actual valence state of the 

ions. Also the µeff increases with increasing Fe concentration as expected. 

 

Figure 2. Temperature dependence of ZFC and FC magnetization for (a) x = 0 and (b) x = 0.2 

and that of (c) x = 0.3 and (d) x = 0.5 samples at high temperatures. Insets show the Curie-

Weiss fit for the respective samples. 
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Figure 3. Temperature dependence of ZFC magnetization at different fields for (a) x = 0 and 

(b) x = 0.1 samples. 

Table 1. The lattice parameter a, goodness of fit χ2, RP, RBrag, RF, TC, μeff, μth and Ms of  

Mn(Co1-xFex)2O4. 

x a (Å) χ2 RP 

(%) 

RBrag(%) RF(%) TC 

(K) 

μeff 

(µB) 

μth 

(µB) 

Ms 

(µB/f.u) 0 

 

8.2753 3.84 9.68 3.63 3.32 175 6.29 6.25 

 

0.34 

0.1 8.3110 3.88 10.80 2.54 2.36 226 6.79 6.78 1.24 

0.2 8.3450 4.82 8.99 3.66 3.81 277 7.18 7.28 1.93 

0.3 8.3737 3.74 8.06 2.95 3.02 329 7.67 7.74 2.33 

0.4 8.3927 4.35 7.41 2.67 2.75 388 7.87 8.18 2.73 

0.5 8.4125 3.72 7.50 3.07 2.90 446 8.02 8.60 3.45 

  

Typical M-H loops recorded at 25 K for all the samples are shown in Figure 4(a). The Fe doped 

sample shows enhanced saturation magnetization, Ms compared to the parent compound and it 

gradually increases with increasing Fe concentration as expected. The values of Ms obtained after 

subtracting the linear contribution are listed in table I. The coercivity, HC decreases first with Fe 

concentration up to x = 0.2 but starts increasing again as shown in Figure 4(b).  
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Figure 4. (a) M-H loops of Mn(Co1-xFex)2O4 at 25 K and (b) variation of HC with Fe 

concentration at 25 K and 50 K. 

The M-H loops recorded for both parent and Fe doped samples show unusual hysteresis behavior 

below a certain temperature. The initial magnetization curve lies outside the main hysteresis loop. 

In order to clearly display this phenomenon, the M-H loops for x = 0, 0.2 and 0.5 at some certain 

temperatures are shown in expanded scale in Figure 5. It is found that for x = 0 and x = 0.2 

samples up to 125 K such unusual behavior is observed but at 150 K the initial curve lies 

completely inside the loop. However, for x = 0.5 sample the unusual hysteresis behavior is 

observed only at 25 K and after that normal hysteresis behavior is observed. For x = 0.1, 0.3 and 

0.4 this unusual hysteresis behavior is observed up to 125 K, 100 K and 75 K respectively (not 

shown). Thus with increase in Fe concentration this behavior is gradually shifted towards lower 

temperatures and may be disappeared if the Fe concentration is increased above 50 %. Such 

unusual hysteresis behavior is earlier observed for MnCo2O4 [9, 10] and for some other 

compounds also [18-21]. Since the shape of the initial curve at low applied field is controlled by 

the domain wall motion, such unusual behavior is associated with irreversible domain wall 

motion which indicates the presence of domain wall pinning effect. In this case may be the 

domains are in minimum energy states by increasing the number of domains and thus bringing 

the domain walls to interact with pinning sites. Therefore, to move or to unpin the domain walls 

a higher magnetic field is required and because of this at small applied fields the domain walls 

move slowly and the initial magnetization curve lies outside the hysteresis loop. As the field is 

increased sufficiently, the pinning of the domain wall is overcome by the applied field and a 

normal initial curve is observed at higher field. 
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Figure 5. Initial magnetization (red line) and part of the hysteresis loop (black line) of (a) x = 0, 

(b) x = 0.2 and (c) x = 0.5. 

However, the initial curve lies outside the loop only up to a certain temperature as mentioned 

above. Since the samples are cooled through the TC for both the ZFC curve and the hysteresis 

loop measurements, the ZFC curve and the initial magnetization curve can be compared to 

understand this behavior. Figure 6 shows the ZFC magnetization curves (solid lines) recorded at 

500 Oe and the initial magnetization values (open circles) at the corresponding field strength at 

different temperatures for x = 0, 0.1, 0.2 and 0.5 samples. Both are found to be identical as 

expected. Upon ZFC, the domain walls are pinned into random orientations and thus when a low 

field is applied, there is a competition between the random local magnetization orientation of the 

individual domain and the applied magnetic field, and the former one dominates at low 

temperature resulting in a magnetization lower than the expected. As discussed earlier, when the 

temperature increases the pinned domain walls become activated and slow motion of the domain 
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walls takes place resulting in a slow increase in magnetization. When temperature is further 

increased this pinning effect is completely overcome by the magnetic field energy and the 

increasing thermal activation energy, and the magnetization value reaches a maximum in the 

ZFC curve. This temperature is found to be about 150 K for x = 0, 0.1 and 0.2 samples which 

corresponds to the temperature at which the initial curve lies completely inside the hysteresis 

loop and below this temperature it lies outside. For x = 0.5 sample, though the complete peak in 

the ZFC curve is not observed but the increase in the magnetization occurs from about 30 K 

which means that the domain wall pinning effect become weaker at lower temperatures compared 

to the others and this is the reason for the initial curve to lie inside the hysteresis loop even at 50 

K for this sample. Similar behavior is observed for the x = 0.3 and 0.4 samples which are not 

shown here. Similar unusual hysteresis behavior at low applied field and temperature is also 

likely to occur if competing antiferromagnetic interactions are present in the samples. Although 

the presence of such antiferromagnetic interactions at low temperature was not reported yet on 

MnCo2O4 based samples, further investigation is required to eliminate it in the present samples. 

 

Figure 6. ZFC magnetization curve (Solid lines) for x = 0, 0.1, 0.2 and 0.5 at H = 500 Oe. The 

open circles correspond to magnetization values at 500 Oe taken from M-H loop at different 

temperatures. 
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CONCLUSION 

Mn(Co1-xFex)2O4 (x = 0 – 0.5) samples were prepared by sol-gel route and all the samples were 

found to be crystallized in cubic spinel structure with Fd 3m  space group. The lattice parameter 

is found to increase systematically with increase in the Fe concentration. All the samples show 

FIM behavior and the TC is found to increase with increase in Fe concentration.  From the Curie-

Weiss fit of the susceptibility data in paramagnetic region, the possible cationic distribution in 

this compound is found to be of the type Co2+[Co1−2𝑥
3+ Fe2𝑥

3+Mn3+]O4 with Co3+ in low spin state. 

The M-H loops recorded for both parent and Fe doped samples show unusual hysteresis behavior 

below a certain temperature which can be compared with the ZFC curve of each sample. Both 

the shape of ZFC curve and the unusual hysteresis behavior is attributed to the domain wall 

pinning effect which is found to decrease with increasing Fe concentration. However, further 

investigation is needed to confirm the absence of any competing antiferromagnetic interaction at 

low temperature. 
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ABSTRACT 

Study of transition metal dichalcogenides (TDMCs) has become very crucial due to their wide 

range of applications in various fields such as sensors, supercapacitors, biological imaging, etc. 

Molybdenum Disulfide (MoS2) nanosheet is a 2D TMDCs semiconductor, which is considered 

to be an ideal substrate as it gets easily hybridized in presence of functional group and results in 

formation of MoS2-based nanocomposites. Amongst the different types of MoS2-based 

nanocomposites, Metal-MoS2 nanocomposite are unique due to their unusual and extraordinary 

properties. In this review, we will be focussing on the various techniques of synthesis and 

properties displayed by Ag-MoS2, Au-MoS2, Pd-MoS2 and Pt-MoS2 nanocomposites. 

Keywords: Molybdenum Disulfide, Metal-Molybdenum Disulfide, Surface plasmon resonance 

(SPR). 

1. INTRODUCTION: 

The study of Molybdenum Disulfide (MoS2) plays an important role due to their wide range of 

applications in lubricants, catalysis, sensors, supercapacitors, etc, [1-8]. MoS2 nanosheets are 2D 

semiconductor which possess great chemical and thermal stability, large active surface area, high 

reactivity, and exhibit increased adsorption capacity [9-11]. Multi-layered MoS2 nanosheets have 

indirect bandgap whereas monolayered MoS2 nanosheets possess direct bandgap structure due to 

hybridization between the d orbitals of Mo atoms and pz orbitals of S [12]. Various methods such 

as spin coating, metal organic chemical vapour deposition, sputtering technique, etc. are used for 

the synthesis of the MoS2 nanosheets [13-20]. Deposition of metal nanoparticles such as silver 

NPs, gold NPs, palladium NPs and platinum NPs on the surface of the MoS2 nanosheets enhances 

its properties due to the surface plasmon resonance (SPR) effect displayed by these NPs [21,22].  

2. SYNTHESIS OF METAL-MOLYBDENUM DISULFIDE NANOCOMPOSITE  

http://www.emnsdconference.in/
mailto:upama.das96@gmail.com


 

EMNSD 2020              www.emnsdconference.in            15-16 December 2020                       Page 81  

 
 

Embedding metal nanoparticles on the surface of MoS2 nanosheets results in enhancement of 

properties displayed by the nanocomposite along with it the intrinsic properties of the nanosheet 

are also maintained [1].  

Here, we have reviewed some of the popularly used techniques by the researchers present in 

literature for the synthesis of the Metal-MoS2 nanocomposite. 

2.1. Self-Assembly / Hierarchical Assembly method 

For the preparation of Gold-Molybdenum Disulfide (Au-MoS2) nanocomposite, Onur Parlak et 

al. dispersed MoS2 nanosheets in phosphate buffer solution (PBS) and added AuNPs solution to 

it [20,23,24]. For synthesis of Silver-Molybdenum Disulfide (Ag-MoS2) nanocomposite, Xiao-

Dong Zhu et al. dissolved silver nitrate (AgNO3), mercaptosuccinic acid (MSA) and sodium 

borohydride (NaBH4) solution together and to it MoS2 powder, Ag–MSA NPs and dehydrated 

copper dichloride (CuCl2) was added [25-27].  

2.2. Chemical synthesis method 

Shao Su et al. prepared Au-MoS2 nanocomposite, for which MoS2 powder was dissolved in n-

butyllithium solution in presence of argon (Ar), to it carboxymethyl cellulose (CMC) and 

HAuCl4·3H2O was added and the solution was heated in a microwave reactor [28]. A. J. Cheah 

et al. prepared Ag-MoS2 nanocomposite, for which 2.0 mmol Na2MoO5 and 10.0 mmol L-

cysteine (HO2CCHCH2SH) were mixed together and kept in an autoclave, and then to it 

hydrazine and the AgNO3 solution were added dropwise [29].  

2.3. Hydrothermal Method  

M. Sookhakian et al. prepared Ag-MoS2 nanocomposite for which ammonium heptamolybdate 

((NH4)6Mo7O24) and thioacetamide (C2H5NS) were dissolved together and transferred to an 

autoclave. And then finally, silver-ammonia (Ag(NH3)2OH) solution was added to it [30].  

2.4. Laser beam and Microwave assisted method  

Chorng Haur Sow et al. prepared Au-MoS2 nanocomposite by the laser assisted method for which 

initially a beam of laser was focused on the MoS2 nanosheets which converted it into 

micropatterns containing active nucleation sites and then the nanosheets were dipped into auric 

chloride (AuCl3) solution [31]. Lihui Yuwen et al. also prepared Au–MoS2 nanocomposite by 

microwave assisted method for which MoS2 nanosheet solution was dissolved in a mixture of 
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ascorbic acid (AA) aqueous solution, CMC aqueous solution and HAuCl4 aqueous solution under 

microwave irradiation [32,33]. 

3. PROPERTIES OF METAL-MOLYBDENUM DISULFIDE NANOCOMPOSITES 

3.1. Structural studies by X-Ray Diffraction method (XRD) 

Structural properties of Ag-MoS2 were determined by X. Wu et al. by using powder XRD method 

as shown in figure.3.1.(I). From the XRD data they have obtained it can be observed that the 

diffraction peaks at (002), (100), (103), and (110) refers to the MoS2 nanosheets and additional 

diffraction peaks obtained at (111), (200), (220) and (311) are for the nanocomposite due to the 

contribution of the characteristic peaks of the AgNPs [34]. The XRD patterns of Au-MoS2 

nanocomposite obtained by Prianka Sharma et al. shown in figure 3.1.(II), displays diffraction 

peaks at (111), (200) and (220), which suggests that AuNPs on the surface of MoS2 nanosheets 

are face centred cubic. Further, it can also be found that the intensity of the diffraction peaks 

obtained due to AuNPs increases with increase in concentration of AuNPs but it also decreases 

the diffraction peaks which are obtained due to MoS2 as the AuNPs creates an obstruction for 

MoS2 nanosheets and as a result it hinders its exposure area [35-37]. Eunjik Lee et al. 

characterised Pd-MoS2 nanocomposite with XRD as shown in figure 3.1.(III). The peak of PdNPs 

at (111) indicates expansion of the lattice due to uptake of hydrogen and epitaxial relationship 

between Pd on MoS2 which provides extra stability to the structure [38-44]. Lihui Yuwen et al. 

studied the XRD plots for Au-MoS2, Ag-MoS2, Pd-MoS2 and Pt-MoS2 nanocomposite. The XRD 

pattern obtained by them as shown in figure 3.1.(IV), reveals emergence of strong diffraction 

peaks at 38.5, 38.1, 40.3, and 40.0 upon deposition of AuNPs, AgNPs, PdNPs and Pt NPs, 

respectively on the surface nanosheets for the (111) cubic lattice planes of the NPs. The 

diffraction peak for MoS2 becomes weaker as a result of surface modification of the nanosheets 

by metal NPs as they decrease the ordered restacking process of the MoS2 nanosheets [33]. 
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3.2.  Morphological Properties 

3.2.1. Morphological studies by using Transmission Electron Microscopy (TEM) 

The TEM images for Ag-MoS2 nanocomposite obtained by A. J. Cheah et al. shown in figure 

3.2.1.(I) displays slight structural change in the MoS2 nanosheets upon deposition of AgNPs as 

a result of partial removal of the S2- ions by the use of the reducing agent, further the AgNPs also 

did not diffuse into the lattice of MoS2 hence, no alloy was formed [29,45,46]. The TEM analysis 

for Au-MoS2 nanocomposite was performed by Shao Su et al. as shown in figure 3.2.1.(II) depicts 

slight amount of change in the structure of nanosheets upon deposition of the AuNPs as the 

presence of NPs results in high density of energetic defects near the edges of MoS2 nanosheets 

[47-49]. The TEM images for Pd-MoS2 studied by Eunjik Lee et al. as shown in figure 3.2.1.(III) 

displays only horizontal interconnection between the PdNPs on the surface of nanosheet for low 

concentration of PdNPs, but when there is increase in concentration of PdNPs, one PdNPs gets 
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stacked over another, due to increase in electron density caused by thickening of the PdNPs layers 

on surface of MoS2 nanosheets [38]. The TEM images obtained by Sagar H. Patil et al. as shown 

in figure 3.2.1.(IV), depicts that the spacing between lattice fringes of PtNPs was 0.22 nm which 

corresponds to the face centred cubic (111) planes of Pt NPs [50,51]. 

 

 

3.2.2. Morphological studies by Scanning Electron Microscopy (SEM) 

 

Ameena Nazneen et al. used the SEM analysis to study the morphology of Ag-MoS2 

nanocomposite as shown in figure 3.2.2.(I), the images depict that on depositing AgNPs on the 

surface of MoS2 nanosheet the sheet-like MoS2 nanostructures change to particle like form, it 

occurred due to the presence of the AgNPs which increases the number of active sites and 

structural defects on the surface of MoS2 nanosheet [52]. According to the SEM data of Au-MoS2 
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obtained by Haofan Sun et al. as shown in figure 3.2.2.(II), the MoS2 nanosheets were very thin 

and were highly exfoliated and the AuNPs were homogeneously dispersed on the surface the 

nanosheets [53]. Cihan Kuru et al. studied the morphological properties of Pd-MoS2 as shown in 

figure 3.2.2.(III) it reveals that Pd-MoS2 nanocomposite forms a continuous film in a self-

assembled manner and the MoS2 nanosheets were highly exfoliated as they appeared to be 

transparent [54]. From SEM images obtained by Sha Li et al. for Pt-MoS2 nanocomposite shown 

in figure 3.2.2.(IV) reveals that PtNPs helps in maintaining the high edge defects in MoS2 

nanosheet and it also benefits by providing a real surface area to the active edges to the 

nanosheets [55]. 

 

3.3. Optical Properties 

 

3.3.1. Optical studies by UV-Vis Spectroscopy  

A.J. Cheah et al. used the UV-Vis spectroscopy to study the optical characteristics of the Ag-

MoS2 nanocomposite. The spectral data obtained by them is shown in figure 3.3.1.(I) which 

displays a broad absorption spectrum with peak centred at about 635 nm for MoS2 nanosheets as 
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a result of excitation from the occupied to unoccupied 4d orbital of Mo, the absorption peak of 

Ag-MoS2 nanocomposites also shows slight amount of blue shift and the presence of AgNPs on 

the surface of the nanosheet enhances the absorbance peak of the nanocomposites. At 400 nm 

and 438 nm, two small bumps or peaks were formed due to the localized surface plasmon 

resonance (SPR) of the AgNPs which occurs as a result of collective oscillation of the electrons 

in the conduction band, when the AgNPs interact with the incoming visible-light [29,56-60]. 

Shao Su et al. obtained two absorption peaks as shown in figure 3.3.1.(II), one intense peak was 

observed at around 260 nm and another at 320 nm for MoS2, on addition of AuNPs the absorption 

peak which was earlier at 260 nm got blue shifted to 210 nm and another new peak was formed 

at around 550nm, which corresponds to the characteristic SPR peak for AuNPs. As the 

concentration of HAuCl4 was increased, initially the absorption peak got red shifted but later on 

further increase in concentration of HAuCl4 a blue shift of the absorption peak was observed 

which is due to plasmon coupling and refractive index effects displayed by the AuNPs [28,61-

64]. Lihui Yuwen et al. studied the optical properties of Ag-MoS2, Au-MoS2, Pd-MoS2 and Pt-

MoS2 as shown in figure 3.3.1.(III). In case of Au–MoS2 nanocomposite, along with slight shift 

in position of absorption peak significant enhancement of the absorbance peak at 500 nm to 1200 

nm can also be observed, which is due to the of coupling of the SPR of the AuNPs. For Ag-MoS2 

a wide absorption peak was formed beyond 400 nm which corresponds to the SPR peak of the 

AgNPs. For both Pd-MoS2 and Pt-MoS2 no new peaks were observed but the absorbance peak 

starting from 300 nm to 1200 nm increased to a great extent, which is due to a wide absorption 

range but no distinct absorption peaks in the UV-Vis or in the near infrared region for the case 

of PdNPs and PtNPs [33,65-67]. 
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3.3.2. Optical studies by Raman Analysis 

X. Wu et al. used the Raman analysis to study the optical properties of Ag-MoS2 nanocomposite 

as shown in figure 3.3.2.(I). From the figure, it can be observed that the characteristic peak of the 

20wt.% Ag-MoS2 nanocomposites was stronger compared to the low concentrations of the NPs 

on the nanocomposite samples, as higher concentration of AgNPs is responsible for large local 

intense electromagnetic fields due to surface plasmon resonance effect which is significantly 

localized at the nanoscale junctions [34,68]. Ameena Nazneen et al. investigated the molecular 

vibrations in Ag-MoS2 nanocomposite. They observed that the active modes of the Raman bands 

of MoS2 nanosheet are located at the peaks of 280 cm-1 (E1g) and 381 cm-1 (E2g). The band formed 

at 381cm-1 was formed as a result of antipodal vibration of two S atoms with a Mo atom. For low 

concentration of AgNPs, a low frequency vibrational mode (A1g) was observed at 366 cm-1, 

which occurs due to the distortion in structure due to the addition of AgNPs into the MoS2 lattice. 

On further increasing the concentration of AgNPs, the low-frequency vibrational mode (A1g) got 

shifted to 315 cm-1. For higher concentration of AgNPs, many low-frequency vibrational modes 

appeared at 354 cm-1 (A1g), 364 cm-1 (A1g), 343 cm-1 (A1g), 333 cm-1 (A1g), and 323 cm-1 (A1g). 
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Upon comparing these peaks with that of the MoS2 nanosheets it can be justified that on 

increasing the concentration of AgNPs, slight shifts and variation in the peaks at 280 cm-1 and 

380 cm-1 were observed, which depict increase in structural defects [52,69-77]. Prianka Sharma 

et al. investigated the vibrational modes of Au-MoS2 nanocomposite as shown in figure 3.3.2.(II). 

When AuNPs was added to the nanocomposite to form Au-MoS2, a red shift of the E1
2g and A1g 

modes can be observed and the new frequency difference between E1
2g and A1g modes came out 

to be about 25 cm-1. This shifting of the peak occurs as the lattice sites gets strained due to 

presence of AuNPs on the MoS2 nanosheets. Increasing the concentration of AuNPs enhances 

the intensity peaks of the Raman spectra due to localized surface plasmon resonance (LSPR) 

displayed by AuNPs. Presence of AuNPs increases the electric field near the surface of AuNPs 

and thus, a peak of sharp intensity was obtained. This phenomenon is termed as Surface 

Enhanced Raman Scattering (SERS) [35,78,79]. L. Z. Hao et al. studied the properties of Pd-

MoS2 nanocomposite as shown in figure 3.3.2.(III). It was observed that the MoS2 film exhibits 

two characteristic Raman peaks one of E1
2g mode at 376 cm-1 due to the S and Mo atoms as they 

were oscillating in the antiphase parallel to the crystal plane and another of the A1g mode at 410 

cm-1 due to the S atoms oscillating in the antiphase out-of-plane. When the PdNPs were decorated 

on the surface of the MoS2 nanosheet, red shift of about 6.0 cm-1 of the A1g peak was observed 

whereas, there was no change in position of the E1
2g peak, due to which the separation between 

the E1
2g and A1g peaks decreases, which is due to the fact that for Pd-MoS2 the A1g phonons 

couple more tightly with electrons than E1
2g phonons, which causes a significant change in the 

electronic structure and semiconductor characteristics of the nanocomposite [41,80].                      
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CONCLUSION 

Among the different types of Metal-MoS2 nanocomposites, the Ag-MoS2 nanocomposites are 

most useful due to their tuneable optical (PL) properties, excellent electrical conductivity and 

extraordinary magnetic properties. The type of the band gap displayed by the MoS2 nanosheets 

depends on the number of layers of the nanosheet. Occurrence of blue or red shift in the 

absorption peak of MoS2 depends upon the size of metal NPs deposited on the surface of MoS2 

nanosheets. In case of Au-MoS2, the peak obtained at 210 nm got blue shifted due to the small 

size of the nanoparticles embedded on the nanosheets. For both Ag-MoS2 and Au-MoS2 

nanocomposite another characteristic peak at 430nm and 550 nm, respectively was observed due 
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to the SPR phenomenon displayed by these noble metals NPs, but for Pd-MoS2 and Pt-MoS2 no 

new peaks were formed but a huge increase in the existing absorbance peak was observed, as 

both PdNPs and PtNPs do not display any distinct absorption peaks due to SPR phenomenon in 

the UV-Vis or in the near infrared region. The XRD diffraction peaks suggest that the Metal-

Molybdenum Disulphide nanocomposites are hetero crystalline in structure. The intensity of the 

peaks for Raman spectra has also been enhanced by embedding the NPs on the surface of the 

nanosheets due to the increase in structural defects which resulted in formation of new peaks. In 

case of Pd-MoS2 the A1g phonons couple more tightly with electrons than E2g
1 phonons which 

results in significant change in the electronic structure and semiconductor characteristics of the 

nanocomposite. Analysing the morphological properties, it was found that certain nanocomposite 

which were prepared by using the chemical reduction process displayed structural defect due to 

the partial removal of the S2- ions by the use of reducing agent. 
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ABSTRACT 

This paper presents a high power analysis of Junctionless field effect transistor (JLFET) with High 

K Spacer and Low Work Function Gate Material. The structure consists of Hafnium Oxide (HfO2) 

as spacer. The work function of the gate material is selected in such a way that the device is Normally 

off in the absence of externally applied gate field. The high K spacer helps in reducing off-state 

leakage while low work function gate material results reduction of on-state loss making the device 

suitable for high power applications. Various performance parameters such as off current, on-state 

resistance etc of the proposed structure are compared with conventional JLFET and Power Metal 

oxide semiconductor field effect transistor (MOSFET) on Cogenda VisualTCAD 1.8.2 simulation 

platform. The simulation results shown that the device exhibits lower off current, lower on-state 

resistance and lower subthreshold swing compared to that of conventional JLFET and Power 

MOSFET. 

  

Keywords: High power, JLFET; Low work function; High K Spacer` 

    INTRODUCTION: 

 

Power semiconductor devices are unavoidable part of almost all modern industries. Power MOSFET 

is one of the most widely used power devices as it possesses very low switching loss and handle very 

high power. However the on-state resistance of Power MOSFET is comparatively higher which 

causes a significant increase in on-state loss in small dimensions. A Junctionless Field Effect 

Transistor (JLFET) exhibits much lower on-state resistance compared to Power MOSFET. But it 

posses higher off state loss. Therefore a novel technique to reduce the off-state loss while keeping 
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the on-state loss to a minimum is proposed in the paper. The structure uses a high K spacer and low 

work function gate material which improves the performance of the device by a fringing field. 

DEVICE STRUCTURE AND SIMULATION: 

 

 

 

 

 

 

 

 

 

Figure 1. Symmetric Double gate JLFET with high K spacer 

 

The simulation work is performed in COGENDA VisualTCAD platform. Carrier statistics used for 

the study is Fermi-Dirac statistics without impact ionization.  

RESULTS AND DISSCUSSIONS 

Variations of on current and off current for different values of drain voltages, gate oxide thicknesses, 

channel thicknesses, doping concentration and gate dielectric materials are  shown in table 1 to table 

5.  

Higher drain voltage results in higher current (both on and off) as it is the biasing voltage and Drain 

induced barrier lowering effect is more for higher drain voltage.  

Thinner gate oxide implies higher gate capacitance and higher gate controllability. Therefore off 

current is lower while on current is higher for thinner gate oxide. 

Thicker channel results in lower channel resistance causing both on and off current to rise. Higher 

doping concentration results in higher current due to increase in total charge in the channel.  

Gate dielectric material with higher dielectric constant results in higher gate capacitance. Therefore 

off current is lower while on current is higher for a high K dielectric such as HfO2.  

 

From all the tables it can be seen that proposed structure exhibits better characteristics with reduced 

off current and larger on current because fringing field resulting from the spacer. 
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Table1. On-current and Off-current for various drain voltages 

 

 

 

 

 

 

 

 

Table2. On-current and Off-current for various gate oxide thicknesses 

 

 

 

 

 

 

 

 

 

 

 

 

Drain Voltage(V) Off-current (A) On Current (A) 

Proposed 

Structure 

Conventional 

Structure 

Proposed 

Structure 

Conventional 

Structure 

100 0.57x10-6 0.835 x10-6 11.2 8.35 

140 1.04 x10-6 1.38 x10-6 15.4 10.8 

180 1.17 x10-6 1.52 x10-6 16.64 11.3 

Gate oxide 

thickness (nm) 

Off-current (A) On Current (A) 

  

Proposed 

Structure 

Conventional 

Structure 

Proposed 

Structure 

Conventional 

Structure 

2 0.57x10-6 0.835 x10-6 11.2 8.35 

4 6.15 x10-6 3.28 x10-6 7.41 6.62 

6 10.72 x10-6 8.23 x10-6 4.64 3.31 
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Table3. On-current and Off-current for various channel thicknesses 

 

 

 

 

 

 

 

 

 

Table4. On-current and Off-current for various doping concentration 

 

 

 

 

 

 

  

Channel 

thickness (nm) 

Off-current (A) On Current (A) 

  

Proposed 

Structure 

Conventional 

Structure 

Proposed 

Structure 

Conventional 

Structure 

10 0.57x10-6 0.835 x10-6 11.2 8.35 

20 9.3 x10-6 12.38 x10-6 25.4 15.8 

30 16.7 x10-6 18.2 x10-6 44.64 21.2 

Doping 

Concentration 

(/cm3) 

Off-current (A) On Current (A) 

Proposed 

Structure 

Conventional 

Structure 

Proposed 

Structure 

Conventional 

Structure 

1019 0.57x10-6 0.835 x10-6 11.2 8.35 

1018 0.18 x10-6 0.27 x10-6 9.52 7.6 

1017 0.023 x10-6 0.036 x10-6 7.61 5.3 
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Table5. On-current and Off-current for various gate dielectric 

 

 

 

 

 

 

 

  

CONCLUSIONS 

 High power analysis has been done for a JLFET with high K spacer with low work function gate. 

Off current and on current of the proposed structure of the proposed structure has been compared 

with conventional structure. The simulation study shows that the proposed structure exhibits 

higher on current and lower off current compared to that of conventional structure. 
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ABSTRACT 

 

Two-dimensional (2D) layered materials such as graphene oxide (GO) and transition metal 

dichalcogenides (TMDs) have drawn growing attention due to their excellent physical and structural 

properties and have been considered as a promising candidate in photonics, electronic, energy storage, 

sensing, optoelectronic devices. Here, different synthesis processes of layered materials have been 

reviewed. Recent progresses of non-volatile memory devices based on these materials with and without 

polymer have been discussed and trying to focus on memory characteristics such as Ion/Ioff ratio, switching 

voltages, endurance, retention which are very important parameter for designing next generation 

electronic devices. 

 

Keywords: Graphene oxide, transition metal dichalcogenide, layered, endurance, retention                                

 

INTRODUCTION: 

During the past few years, a wide research is going on in the field of 2D layered materials such 

as graphene, TMDs etc. Graphene was first introduced as a wonder material with 2D sheet of 

carbon atoms [1]. Prof A. K. Geim and K.S. Novoselov was awarded Nobel prize for their 

groundbreaking discovery of graphene [2]. The schematic diagram of graphene has been 

presented in Fig.1.  

 

 

 

 
Figure 1. Schematic diagram of graphene. 
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The term graphene emanates from the prefix graph from graphite and the suffix ene from 

polycyclic aromatic hydrocarbons as for e.g., naphthalene, anthracene etc. It is a two-

dimensional layer of sp2 hybridized carbon atoms with π electrons. Graphene have grabbed 

increasing attention because of their outstanding physical, chemical and structural characteristics 

which include high intrinsic strength of 136 GPa, specific area of 2620 m2/g, Young’s modulus 

of 1 TPa, high electrical and thermal conductivity [3] and have perceived promising applications 

in various modern technologies such as electronic devices, sensors, energy storage devices etc. 

[4,5]. Despite of all these properties it has major drawback of low dispersibility in water which 

limits its applications. Moreover, due to zero band gap in graphene causes major limitations in 

data storage applications. On the other hand, GO shows increased band gap, improved solubility, 

and also displays considerable mechanical and electrical properties. To overcome this drawback, 

oxygen functional groups are introduced on the graphene sheets by chemical oxidation. 

Oxidation of graphite-to-graphite oxide was discovered by Schafhaeutl and Brodie in 1840 and 

1855, respectively [6-8]. The method of synthesizing graphene oxide (GO) had already been 

developed by Brodie in 1859 where he accomplished a reaction between graphite and KClO3 [9]. 

After that Staudenmaier increased the acidity of the mixture by adding H2SO4 and chlorate during 

the whole process in 1898.  Later Hummer and Offeman enhanced the procedure by oxidation 

using NaNO3, KMnO4 and Concentrated H2SO4 [10]. Hummers’ formulated the experimental 

method where graphite was oxidized by taking KMnO4, NaNO3 in concentrated H2SO4 in 1958 

[11]. It is schematically presented in Fig.2. 

 

 

 

 

 

 

 

 Figure 2. Schematic diagram of synthesis of GO by conventional Hummers’ method. 
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GO can be synthesized by ultrasound assisted modified Hummer’s method from expanded 

graphite [12]. This method is highly productive, less energy consuming and time saving. Use of 

NaNO3 emit toxic gases therefore, in improved Hummers’ method NaNO3 is replaced by H2SO4 

and H3PO4 which gives the advantages such as equivalent conductivity, emission of no toxic gas, 

hydrophilic carbon nanomaterials as shown in Fig 3.  

 

 

 

GO is a single thick layer of 

graphite oxide which 

contains oxygen functional 

groups such as carboxylic (-

COOH), carbonyl (-C=O), 

hydroxyl (-OH), epoxy (-O-) 

at the edges and the basal 

planes respectively [13, 14]. 

A diagram of graphene oxide 

is schematically presented in 

Fig. 4. 

 

 

 

 

 

Figure 4. Schematic diagram of graphene oxide 

(GO). 

  

Figure 3. Schematic diagram of synthesis of GO by improved Hummers’ method. 
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It can be exploited for memory application because of their outstanding electrical and structural 

properties [15]. Due to the existence of energy gap and defect states in graphene oxide, it 

becomes an outstanding charge trapping layers in resistive memory devices [16]. Classification 

of memory is schematically shown in Fig. 5. 

Figure 5. Schematic diagram of classification of memory 

Alongside, 2D layered transition metal dichalcogenides (TMDs) (MX2 where M corresponds to 

Sn, Mo, W etc. and X corresponds to S, Se etc.) have drawn immense attention due to their 

distinctive electronic and optical properties [17,18]. Diagram of TMDs is schematically 

presented in Fig. 6. 

. 

Among different TMDs, MoS2 is one of the promising 2D layered material after graphene and 

having direct band gap of about 1.9 eV [19]. In MoS2, Mo layer has been sandwiched between 

two sulfur layers via van der Walls forces similar to graphite [20] and have potential application 

 

Figure 6. Schematic diagram of MX2 (Metal dichalcogenide). 

 

Figure 5. Schematic diagram of classification of memory. 
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in electronics after conventional silicon. MoS2 nanostructure can be synthesized through simple 

hydrothermal method [21] schematically shown in Fig.7. 

 

 

 

 

 

 

 

Resistive switching in organic/ inorganic nanofillers have drawn promising attention because of 

their considerable physical and structural characteristics. Recently, carbon-based material 

particularly GO and TMDs have been under comprehensive investigation due to their broad 

exploitation in resistive memory devices because of their outstanding charge transport properties. 

Recently, Jeong et al. fabricated the device Al/GOs/Al which showed bipolar resistive switching 

with retention time more than 105 sec and Ion/Ioff 102 [22]. Wu et al. fabricated the multistacking 

layered device PS/SLG/PMMA/SLG/PMMA and observed the tristable resistive memory 

characteristics with current on/ off (Ion/Ioff) ratio of about 104 [23]. He et al. fabricated the 

Cu/GO/Pt device and observed that the device showed bipolar resistive switching nature with a 

retention time longer than 104 s and Ion/Ioff about 20 [24]. Liu et al. fabricated the device Al/GO-

PVK/ITO and the device showed bistable electrical conductivity switching with endurance up to 

108 [25].  Rehman et al. fabricated the device Ag/WS2/Ag and observed the bipolar resistive 

switching behavior with retention 105 s and Ion/Ioff 103 [26]. Lee et al. fabricated the Al/ WS2 

NSs: PMMA/ITO/PEN device, which exhibited bipolar switching nature and Ion/Ioff ratio up to 

104 [27]. Deepak et al. fabricated the Al/MoS2(PVDF-HFP)/ITO device and the device showed 

the bipolar resistive switching with Ion/Ioff 104 [28]. Memory device structure is schematically 

presented in Fig.8.  

 

 

Figure 7. Schematic diagram of synthesis of MoS2. 
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Figure 8. Schematic diagram of memory device structure. 

 

DIFFERENT SYNTHESIS PROCESSES OF 2D LAYERED MATERIALS 

Various approaches have been followed over the years for the production of low cost, high 

quality and highly efficient 2D layered materials. The methods include hydrothermal 

method, sol gel technique, top-down approach, bottom-up approach etc.  

Hydrothermal Method: It is one of the very well-known and suitable methods for the synthesis 

of nanomaterial. In this process the production of nanomaterial can occur in a temperature that 

ranges from room temperature to very high temperatures. The desirability of the method is its 

capability to produce crystalline phases that are not steady at the melting point.  

It is an efficient method for the synthesis of GO based material which is carried out in high 

vapour pressure and temperature. Moreover, this method is very environmentally friendly, cost 

effective. Hydrothermal method can also be regarded as solvothermal method which is 

performed in a teflon lined stainless steel autoclave and where the temperature ranges from 160 ͦ 

C to180 ͦ C [29-31].  

Sol gel technique: Sol gel process is a very known method. It is a wet chemical process use for 

the synthesis of solid materials from small molecules. The sol gel derived inorganic compounds 

need very low temperature for the synthesis [32]. 

Top-down approach: It involves the breakdown of bulk materials into small nanomaterials 

schematically shown in Fig. 9 (a). This method implies that the nanostructured materials are 

synthesized after removing the crystal planes which are present in the substrate. It has the 

V 
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advantage of large-scale production, moreover, chemical purification is not required in this 

method. This approach includes liquid phase exfoliation method, micromechanical exfoliation. 

Liquid phase exfoliation method is widely used for synthesizing cost effective two-dimensional 

nanosheet. It is one of the largely acceptable procedure for the large-scale production of few 

layered 2D nanomaterial which is cost effective [33]. 

Micromechanical exfoliation is a method for producing low defects, high quality, and thin 

materials. It is a widely used method that offers high quality 2D nanostructured materials, 

allowing to study the properties, and outstanding device performances [34].  

Bottom-up approach:  It involves physical or chemical process for constructing larger 

compounds from basic units’ atom by atom, molecule by molecule, schematically shown in Fig. 

9(b). It has many advantages such as high accuracy, less wastages etc. Ultra-fine nanoparticles 

can be produced, but in this method large-scale production is very difficult, and chemical 

purification is needed. This method includes physical vapour deposition, chemical vapour 

deposition etc. [35].  

  

 

 

 

 

 

 

 

Figure 9. Schematic diagram of (a) Top-down approach (b) Bottom-up approach. 

 

(a) (b) 
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 2D LAYERED MATERIAL BASED NON-VOLATILE MEMORY DEVICES  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.10 shows the publications of layered material-based memory devices over the past few years. 

Functionalized layered nanohybrid materials have been exploited in various applications such as 

sensor, supercapacitor, and resistive random access memory devices. Recently, researcher have 

been focussing on the fabrication of memory devices with simple structure and easy fabrication 

technique. The important parameters for designing high performance memory devices are high 

density, high Ion/Ioff ratio, long retention time, good endurance property, reproducibility, and high 

switching speed. To achieve such memory properties various semiconducting and insulating 

materials are explored to exhibit the resistive memory properties. Among the different known 

organic-inorganic layered nanohybrid materials two-dimensional layered carbon-based materials 

and transition metal dichalcogenides with or without polymeric materials have drawn immense 

attention because of their outstanding performances in modern electronic devices. Various 2D 

layered material-based memory devices and their memory characteristics is shown in Table 1. 

(c) 

(b) 

 

Figure 10. Publication vs Year graph of (a) Graphene oxide (GO) nanomaterials (b) GO 

based non-volatile memory devices (c)Transition metal dichalcogenides (TMDs) (d) TMDs 

based non-volatile memory devices (Data obtained from Google Scholar). 

(a) 

(d) 
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                    Table 1. Two-dimensional layered material-based memory device 

DEVICE 

STRUCTUR

E 

 

V SET 

(VOLT

) 

V RESET 

(VOLT

) 

 

ION/

I OFF 

 

END

URA

NCE 

CYC

LES 

 

RET

ENTI

ON 

TIM

E 

(SEC) 

 

MEMORY 

EFFECT 

 

PUB

LICA

TION 

YEA

R 

 

RE

FE

RE

NC

ES 

RGO/MOS2 -

PVP/AL 

- - 102 

 

- - THE DEVICE 

EXHIBITED 

THE 

ELECTRICALL

Y BISTABLE 

BEHAVIOR. 

2012 36 

AG/MOS2 + 

PVA/AG 

- - 102 

 

103 

 

105 

 

BISTABLE, 

NON-

VOLATILE 

AND 

REWRITABLE 

RESISTIVE 

SWITCHING 

BEHAVIOR. 

2016 37 

RGO/ MOS2- 

P123/ 

RGO/PET 

-  

- 

102 

 

- 103 

 

IT SHOWED 

THE NON-

VOLATILE 

FLASH 

2015 38 
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MEMORY 

DIODE 

BEHAVIOR. 

RGO/ MOS2- 

ZIF8/ 

RGO/PET 

- - 104 

 

- 103 IT SHOWED 

THE WRITE- 

ONCE-READ-

MANY-TIMES 

(WORM) 

MEMORY 

CHARACTERI

STICS. 

2014 39 

AL/GOS+P

MMA/ITO 

-1.87 - 104 

 

- 104 

 

THE DEVICE 

EXHIBITED 

THE WORM 

CHARACTERI

STICS. 

2019 40 

ITO/PMMA/

RGO-

CDS/PMMA/

AL 

-0.48 2.88 106 

 

103 

 

104 

 

THE DEVICE 

EXHIBITED 

BIPOLAR 

RESISTIVE 

SWITCHING 

CHARACTERI

STICS. 

2020 41 

ITO/ 

GRAPHENE

-MOS2 + 

PMMA/CU 

-1.0 1.0 >104 

 

104 

 

10 

DAY

S 

THE DEVICE 

EXHIBITED 

NON-

VOLATILE 

RRAM. 

2018 42 
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RRAM: Resistive Random-Access Memory; PS: Polystyrene; PVA: Polyvinyl Alcohol; PVP: 

Polyvinyl pyrrolidone; P123: Poly (ethylene glycol)- poly (propylene glycol)-poly (ethylene 

glycol); ZIF8: Zeolitic imidazolate framework; PMMA: Poly (methyl methacrylate). 

CONCLUSION 

In summary, different methods have been investigated for the synthesis of low cost, 

environmentally friendly, high quality and highly efficient two-dimensional layered materials in 

this review article. Micromechanical exfoliation and liquid phase exfoliation provide the highest 

material quality and compatible for modern research and large-scale industrial production. 

Recent progresses of non-volatile resistive memory devices based on various organic/inorganic 

layered material such as GO, TMDs e.g., MoS2 are discussed thoroughly. From the review it can 

be summarized that layered materials hold promising attention as active layers in next generation 

electronic devices. Different electrical switching behaviors such as current on/off (ION/IOFF) ratio, 

retention time, switching voltages are investigated here to compare the reliability of the memory 

devices. Current research on 2D layered materials and their nanocomposites are highly 

appreciated because of their outstanding physical and electronic properties in non-volatile 

memory devices. 
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ABSTRACT 
 

Radon activities and radon exhalation rates have been measured in soil samples collected from different 

locations of oil field area of Tinsukia District (Digboi) of Assam, India.  ‘Can Technique’ using LR115 

(type II) detectors, has been used for the estimation of radium concentration & radon exhalation rate. 

Radium concentration observed for soil samples has been found to be varying from 1.33 Bq/Kg to 1.6 

Bq/Kg .The Radon exhalation rate in these samples has been found to be varying from 0.834 to 0.998 

mBqm-2 h-1.A positive correlations with (R2 =0.99) have been found between radon exhalation rate and 

radium concentration in the samples for the investigated area. The obtained results indicate normal levels 

of indoor radon concentration and effective radium content in all locations of the studied area. Life threats 

to the dwellings in the particular area.In the importance of a study of radon has been recognized globally. 

So we have taken up a study to compare the radon datas with respect to our present study. Institutions 

like EPA, WHO, ICRP and many more world recognized organizations have taken up the study of radon 

and its importance.  So,a qualitative analysis and comparison is highly essential in context to world 

concern. 

. 

Keywords: Can technique, radon exhalation, emanation, effective radium content 

INTRODUCTION: 

Radon is produced in the soil due to the presence of 238U and is transported to atmosphere by 

turbulent diffusion (J.E.Tanner). Once formed by the decay of the parent 226Ra, the 222Rn atoms 

are free to diffuse through the interstices between mineral or soil particles where they become a 

minor constituent of soil. The processes effective in transporting 222Rn from soil to the surface 

are related directly to the size and configuration of the space occupied by the soil gas. Radon 
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concentrations in soil pores (J.Porstendorfer) at depth are dependent directly upon the radium 

content of the soil, emanating power for radium and soil moisture content. Exhalation of 222 Rn, 

a radioactive inert gas, is associated with the presence of 226 Ra and its ultimate precursor uranium 

in the earth crust. Although these elements occur in virtually all types of rocks and soils, their 

concentration varies with specific sites and geological formation of materials. 

The rate at which radon escapes or emanates from solid into the surrounding air is known as radon 

exhalation rate of the solid. This may be measured by either per unit mass or per unit surface area 

of the solid. Measurement of radon exhalation rate of soils and rocks are helpful to study radon 

health hazards. Radon exhalation is the amount of radon (radon activity) as obtained from a given 

layer (geological material on the surface/surface exposure) mainly the outer thinner part of  the 

crust. On the other hand, emanation dependents on the nature of uranium and/or thorium. Radon 

enters into buildings through the soil or building materials. So radon exhalation rate from the soil 

or building material is an important parameter for estimating local environmental radon level. On 

the basis of epidemiological studies it has been established that the enhanced levels of indoor 

radon in dwellings can cause health hazards and may cause serious deceases like lung cancer in 

human beings ( F.Bichichi, R.W.Field). A number of studies of exhalation rates of radon/thoron 

from soil and building materials are available which are same as observed by 

(F.W.Wilkening,M.Folkerts,Singh, R.Prasad). Threfore, it is also necessary to check the 

correlation between the radium concentration and radon exhalation rate of the source material. In 

the present study we have applied solid state nuclear track detectors (LR-115,TYPE II) for the 

analysis of radium and radon exhalation rate measurements in the soil samples taken from wide 

range of areas of oil field areas of Assam, India. 

 

MATERIALS & METHODS 

 

The ‘Can technique’ is used for the measurement of radium and radon exhalation rates in some 

soil samples collected from different study areas. The dried samples collected from different 

places are finely powdered and sieved through a 200 mesh sieve. The fine powder (250g) of 

samples from each site is placed in different glass bottles and scaled with thin polyethylene sheets 

for 30 days so as to attain the equilibrium. After one month, LR-115 (type II) plastic track 

detectors are fixed on the lower side of cork lids, which are then gently pressed against the 

polyethylene sheets on the glass bottles (acting as emanation chambers) as shown in Fig1. so that 
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the equilibrium is not disturbed or there is minimum possible disturbance, if any. The bottles are 

then sealed and left as such for 90 days so that the detectors can record tracks produced by the 

decay of radon. The exposed detectors are etched in 2.5N, NaOH solution at (60 ±1)0C for 90 

minutes . The tracks are counted using an (Olympus) optical microscope at 400X magnification. 

                                                         

 Fig 1: The Can technique used for the study of radium content and radon exhalation rate of soil 

samples 

The track density ρ (tracks.cm-2) so obtained was converted into the units of (Bq m−3) of radon 

concentration CRn using the following equation (F.Saad, H.A.Hend, &N.A. Hussein;M.A. 

Ayman & A.Ali; I.Tayseer & M.A.Ayman): 

                  C Rn  = ρ / kt         …………………..(1)  

where t is the exposure time of distributed LR-115 detector in (days) and k is the calibration 

factor tracks of CR-39 in (tracks.cm-2. day-1/Bqm-3) (F.Saad; M.A.Ayman &A. Ali; I.Tayseer & 

M.A.Ayman) The effective radium content CRa (Bq/Kg) can be calculated from the relation 

                   C Ra = ρhA /kT M       ………………….. (2)  

                            where ρ.is the counted track density (tracks.cm−2 ), h is the distance between 

the detector and the top of the sample (m), A is the area of cross section of the can (m2 ), K is the 

calibration factor of the  detector, M is the mass of the sample (Kg) and Te is The effective 

exposure time (in hour) which can be determined using the following equation. 

                           Te = T – (1-𝑒−𝜆Rn𝑇)/ λ………………………………..              (3)  
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where T is the exposure time, and λRn  the decay constant for radon. The radon exhalation rate in 

terms of area, EA (mBqm−2 h−1 ) can be calculated from the (F.Saad, M.A. Ayman &A. Ali; 

I.Tayseer & M.A.Ayman): 

                          EA =   C Rn Vλ /A[T +1/ λ (𝑒−𝜆𝑇 − 1) ……………………….(4) 

 Where A, V, λ and T are the area of the can in (m2 ), the effective volume of the can in (m3 ), 

decay constant for radon in (h−1 ), and the exposure time in hours, respectively. The radon 

exhalation rates in terms of mass, EM (mBqm−2 h−1) can be calculated by the following formula   

                          EM =   C Rn Vλ /M[T +1/ λ (𝑒−𝜆𝑇 − 1) ……………………………(5) 

    Where M is the mass of the sample (250 gm) 

 The risk of lung cancer from domestic exposure due to radon and its daughters can be computed 

directly from the equivalent effective dose. The annual effective dose, D (mSvy−1 ) was 

computed from the integrated radon concentration using the following formula (Gupta, Mahur, 

Sonkawade, & Verma, 2010): 

                               D = C Rn  0.4 x 3.88 x 7000 /170 3700    …………………… (6) 

 Where D and CRn are the annual effective dose in (mSvy−1) and the integrated radon 

concentration in (Bq.m−3 ) respectively. The equilibrium factor and the ICRP conversion factor 

(ICRP, 1993) are 0.4 and 3.88 mSv.WLM, respectively. 7000 is the number of hours per year, 

and 170 is the number of hours per working month 

RESULTS & DISCUSSION  

 

Table 1 represents the activity concentrations of indoor Radon-222, effective Radium content 

(Bq/kg) and radon exhalation rate (mBqm−2 h−1 ) were measured at different locations  in oil field 

areas of Digboi, Assam.The soil samples are collected from different locations near oil industry 

within the range 2 – 4 Kms. The values of radium content at Digboi varies from 1.33 Bq/Kg to 

1.6 Bq/Kg and radon exhalation rate varies from 29.37 mBqm−2h−1 to 31.18 mBqm−2h−1.From 

these data, a good positive correlation have been observed between radium content and radon 

exhalation rate in soil samples. The results show that there is a variation in radon exhalation rate 

from one location to other which depends on the geological formation. The variation in values 
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of radon exhalation rate may be due to the differences in radium content (T.V.Ramachandran 

and M.C.Subba Ramu) and porosity (M.Folkerts) of the soil. The values of effective radium 

content are less than the permissible value of 370 Bq kg−1 as recommended by Organization for 

Economic Cooperation and Development (OECD 1979). Hence, the result shows that these study 

areas are safe as far as the health hazards of radium are concerned.  

Table1: Values of Radon Exhalation Rates and Radium Content in Soil Samples Collected From 

Different areas of Digboi 
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Fig2: Co-relation co-efficient between radium content and rad. Exhalation rate in area at Digbo 

 

http://www.emnsdconference.in/


 

 

EMNSD 2020              www.emnsdconference.in            15-16 December 2020                       Page 122  

 

       

CONCLUDING OBSERVATIONS: 

Based on the results obtained in this study the following concluding observations may be drawn 

as follows: 

 1. With increase of radium content of soil samples the radon exhalation rate also increases in 

the studied locations. 

 2. The average values of effective radium content at the locations of the studied area are lower 

than the OECD recommended value.  

3. A good positive correlation have been observed between effective radium content with radon 

exhalation rate of soil samples. 

 

ACKNOWLEDGEMENT 

     I  express my sincere gratefulness and profound sense of gratitude to Dr. Hiranya Kr. Sarma, 

Principal, Hajo Suren Das College, Hajo, Kamrup(M) for their inspiring guidance throughout 

the course of the present work.I express my heartfelt thanks to my co-guide Dr. Ranjan Kr. Kakati 

Sir  for his  encouraging attitudes and best wishes during the course of this work.I extend my 

thanks to department of Physics, Assam Down Town University for providing necessary 

laboratory facilities during the course of my research work.I express my heartfelt thanks to my 

colleagues for their encouraging attitudes and best wishes during the course of this work.I offer 

my sincere thanks to Dr. Subir Sarkar Sir, for extending his help in the computational work.I am 

R² = 0.9958

0

0.5

1

1.5

2

2.5

3

3.5

0 50 100 150

R
ad

o
n

 c
o

n
ce

n
tr

at
io

n
 

B
q

/m
3

Effective radium content Bq/kg

http://www.emnsdconference.in/


 

 

EMNSD 2020              www.emnsdconference.in            15-16 December 2020                       Page 123  

 

highly indebted to my all the family members and specially thanks to my husband Mr. Diganta 

Baruah for supporting and encouraging me during the course of the work. 

 

REFERENCES 

[1] Ali, A. 2001.Macroeconomic variables as common pervasive risk factors and the empirical 

content of the Arbitrage Pricing Theory. Journal of Empirical finance, 5(3): 221–240. 

[2] Basu, S. 1997. The Investment Performance of Common Stocks in Relation to their Price to 

Earnings Ratio: A Test of the Efficient Markets Hypothesis. Journal of Finance, 33(3): 663-

682. 

[3] Bhatti, U. and Hanif. M. 2010. Validity of Capital Assets Pricing Model.Evidence from KSE-

Pakistan.European Journal of Economics, Finance and Administrative Science, 3 (20). 

[4]Subha Ramu M.C, Shaikh A.N., Muraleedharan T.S. and Ramachandran T.V. (1993). 

Measurement of indoor radon levels in India using SSNTD; Need for standardization. 

Proceeding of the 7th NCPT conference, Jodhpur, 181-190. 

[5]Jha G, (1987), Development of a passive  222Rn dosimeter for application in radiation 

protection and uranium exploration, Ph D. thesis, University of Mumbai. 

[6] Durrani S. A. and Bull R.K.(1998), Solid State Nuclear Track Detection, Principles, Methods 

and Application, International Series in Natural Philosophy, III, 169, Pergamon press, Oxford. 

[7] Jojo P.J. (1993), study of radon and its progeny using etched track detectors and micro 

analysis of uranium, Ph D. thesis, Aligarh Muslim University, Aligarh 123.   

[8] Maya Y.S., Eappen K.P., Nambi  K.S.V.(1998), Parametric Methodology for inhalation 

dosimetry due to a mixed field of Radon and Thoron using passive detectors, in 12th National 

Symposium on Radiation Physics, Jodhpur, January 28-30. 

[9] Homer J.B and Miles J.C.H (1986), The effects of heat and humidity before, during and after 

exposure on the response of PADC (CR-39)  

[10] Dwivedi K.K, Mishra R, Tripathy S.P., Kulshreshtha A, Singh D, Srivastava A, Deka P, 

Bhattacharjee B, Ramachandran T.V, Nambi K.S.V.(2001), Simultaneous determination of 

radon, thoron and their progeny in dwellings. Radiation Measurements, 33, 7-11. 

[11] ICRP (1993), Protection against Radon-222 at home and at work. ICRP publication 65, 

Annals of the ICRP, 23(2). 

[12] Alter M.W. and Price P.B.(1972). Radon detection using track registration material,     U.S. 

Patent 3, 665, 194. 

[13] Abu-Jarad, F (1988). Application of nuclear track detectors for radon related measurements. 

Nuclear Tracks and Radiation Measurement, 15 (1-4), 525. 

http://www.emnsdconference.in/


 

 

EMNSD 2020              www.emnsdconference.in            15-16 December 2020                       Page 124  

 

[14] Somogyi, G (1990). The environmental behaviour of radium, Technical reports series no. 

310, vol.1, IAEA, Vienna, 229-256. 

[15] Khan, A.J., Prasad, R., & Tyagi, R.K. (1992). Measurement of radon exhalation rate from 

some building materials. Nuclear Tracks and Radiation Measurements, 20, 609-10. 

[16] Singh S., Sharma D.K, Dhar S, Kumar A., (2007), Uranium, Radium and Radon 

Measurements in the Environs of Nurpur Area, Himachal Himalayas, India, Environ, Monit. 

Assess 128,301. 

[17] Azam A., Naqvi A.H. & Srivastava D.S. (1995). Radium concentration and radon exhalation 

measurement using LR-115 type-II plastic track detectors.   Nuclear Geophysics 9 (6), 653-657. 

[18] Abu-Jarad, F (1988). Application of nuclear track detectors for radon related measurements. 

Nuclear Tracks and Radiation Measurement, 15 (1-4), 525. 

[19] Khan, A.J., Prasad, R., & Tyagi, R.K. (1992). Measurement of radon exhalation rate from 

some building materials. Nuclear Tracks and Radiation Measurements, 20, 609. 

[20] United Nations Scientific Committee on the Effect of Atomic Radiation. Report to the 

General Assembly, Annex B: Exposures from Natural Radiation Sources, United Nations, New 

York; 2000.    

     

[21] International Commission on Radiological Protection. Protection Against Radon-222 at 

home and at Work. ICRP Publication 65. Annals of the ICRP 23(2). Oxford: Pergamon Press; 

1993.   

    

[22] ICRP. Recommendations of the International Commission for Radiological Protection. Vol. 

37. New York: ICRP Publication; 2007. p. 103.   

[23].Abu-Jarad F, Fremlin JH, Bull R. A study of radon emitted from building materials using 

plastic alpha-track detectors. Phys Med Biol 1980;25:683-94 

 

[24] United Nations. Sources, Effects and Risks of Ionizing Radiation. United Nations Scientific 

Committee on the Effects of Atomic Radiation, 1988 Report to the General Assembly, with 

annexes. United Nations, New York: United Nations Sales Publication E.88.IX.7; 1988.       

[25] Henshaw DL, Eatough JP, Richardson RB. Radon as a causative factor in induction of 

myeloid leukaemia and other cancers. Lancet 1990;335:1008-12 

[26] Abdelzaher M. Seasonal variation of radon level and radon effective doses in the Catacomb 

of Kom EI-Shuqafa Alexandria, Egypt. Pramana J Phys 2011;77:749-57.  

  

http://www.emnsdconference.in/
http://www.rpe.org.in/article.asp?issn=0972-0464;year=2014;volume=37;issue=3;spage=161;epage=164;aulast=Choudhary#ft15


 

 

EMNSD 2020              www.emnsdconference.in            15-16 December 2020                       Page 125  

 

EMNSD-2021/PP/34 

Effect of Endophytic Fungus Fusarium oxysporum on Crystallographic 

Properties of PdO: Nanoparticles Synthesis, Characterization and 

Evaluation of Anti-oxidant Activity 

 

Sk Najrul Islam, Syed Mohd Adnan Naqvi, Sadia Parveen and Absar Ahmad* 
 

Interdisciplinary Nanotechnology Centre (INC), Faculty of Engineering and Technology, 

Aligarh Muslim University, AMU, Aligarh 202002, India 

*Email: aahmad786in@gmail.com 

ABSTRACT 

 

In recent times, semiconductor transition metal-oxide nanoparticles have gained a lot of attention because 

of their unique physio-chemical properties which mainly depend on size, shape, crystallographic phase 

and routes of synthesis. Palladium Oxide Nanoparticles (PdO NPs) belonging to the platinum group metal 

oxide possesses potential application in catalytic conversion of organic molecules and gas sensing 

application. Different methods have been reported for the synthesis and low-pressure phase transition of 

PdO NPs. Herein we report a simple endophytic fungus Fusarium oxysporum assisted novel approach for 

the biofabrication of face-centered cubic PdO NPs (f-PdO NPs) from tetragonal PdO (t-PdO) powder. 

The change in crystallographic properties under fungal stress was confirmed by XRD analysis while TEM 

images show biotransformed PdO NPs of average particles of size 6-8 nm. FTIR spectrum confirmed the 

presence of capping protein which made PdO NPs water dispersible with very high shelf-life. Anti-

oxidant activity and optical band gap energy (1.9 eV) have also been estimated using UV-VIS-NIR 

spectrophotometry.  

 

Keywords: Anti-oxidant activity, crystallographic phase transition, Endophytic, Fusarium oxysporum, 

PdO NPs. 

INTRODUCTION: 

The increased multidisciplinary applications of nano-size materials and their unique properties 

have drawn researchers toward the field of nanotechnology research. Although different methods 

have been employed for the fabrication of nanomaterials, biological routes of nanoparticle 

synthesis using plants and micro-organisms have gained much more attention as they provide 

highly stable, naturally protein-capped nanoparticles with very high shelf-life. A range of 

nanoparticles like metal, metal oxide, metal chalcogenide, quantum dots and biomineral 
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nanoparticles have been successfully synthesized using biological routes and some of them are 

in use in commercial and industrial products. Various types of biofabricated nanoparticles with 

different physiochemical properties have also been reported by our group [1-5]. These novel 

physicochemical properties mainly depend on particle size, chemical composition, surface-to-

volume ratio, morphology and crystalline structure of NPs. It was also known that the 

thermodynamic stability of NPs is highly dependent on their crystallographic phase. High-

temperature annealing methods for the phase transition of barium titanate NPs, Fe2O3 NPs and 

TiO2 NPs have been reported previously [5-8]. Fungus base phase, size and shape transformation 

of TiO2 were also reported by our group [9]. Arora K., Sandil D. et al studied the effect of a low-

pressure hydrogen environment on crystallographic properties of PdO nanoparticles [10]. 

Antioxidants are substances that inhibit the production of reactive oxygen species or reduce 

oxidative stress by scavenging free radicals. Reactive oxygen species which are the byproduct 

of metabolic processes cause serious diseases including Alzheimer’s disease, Parkinson’s 

disease, Cancer, etc [11]. As many antioxidant exhibits anticancer activity, the antioxidant 

activity of different metal and metal oxides nanoparticles were evaluated [12-14]. It was also 

established that ultra-sonication enhances the antioxidant activity of metal oxide nanoparticles 

by increasing reaction feasibility [15].   

Palladium oxide nanoparticles, a transition metal oxide, belong to the platinum oxide group has 

been widely used in organic reaction catalysis [16-18], formic acid oxidation [19] and gas 

sensing applications [20]. DNA binding properties of PdO NPs and anticancer activity of many 

palladium complexes have also been studied as palladium complexes show structural similarity 

with platinum-based drugs [21]. As PdO NPs become an important candidate for selective 

catalysis of various organic reactions, various methods have been reported for the synthesis of 

PdO NPs from the precursor salt of palladium [22-26]. Herein we have investigated the effect of 

fungal stress on t- PdO powder and evaluated the antioxidant activity of biotransformed f-PdO 

nanoparticles. 

MATERIALS & METHODS 

Isolation, purification and maintenance of endophytic fungus Fusarium oxysporum 
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The endophytic fungus Fusarium oxysporum was isolated from the plant parts such as leaves. 

Then isolated and purified strains of Fusarium oxysporum were transferred on potato dextrose 

agar (PDA) slants and these slants were incubated in B.O.D incubator at 25℃. After 96 h 

incubation of the freshly prepared slant, fungal mycelia were inoculated from stock PDA slant 

to 500 ml Erlenmeyer flask containing 100 ml of MGYP medium which is composed of 0.3% 

Malt extract, 1% Glucose, 0.3% Yeast extract and 0.1% Peptone. The mycelia-containing MGYP 

medium was then placed on a rotary shaker (200 rpm) at 25℃ and it was kept under systematic 

review. After 96 h of fermentation at pH 7, the fungal biomass was separated from the culture 

broth by centrifugation (7000 rpm) which was performed at 15℃ for 20 min. The obtained 

biomass was then washed thrice with sterile distilled water. All the processes were performed 

under sterile conditions. 

Investigation of fungal stress on t-PdO powder and f-PdO NPs formation 

The investigation of the stress of fungus Fusarium oxysporum on t-PdO powder was 

accomplished by adding 20 gram of fungal biomass in a 500 ml Erlenmeyer flask having 100 ml 

aqueous suspension of 0.1% t-PdO powder. The reaction mixture was then kept on a rotary 

shaker (200 rpm) at 25℃ and was monitored for 96 h. After 96 h, the reaction product was 

filtered out by using a simple filtration method. The filtrate solution containing f-PdO NPs was 

then lyophilized to powder for further characterization and investigation. 

CHARACTERIZATION 

UV-Vis- NIR Spectroscopy 

After completion of reaction, the aliquots of biotransformed f-PdO NPs (3.5 ml) was subjected 

to double beam Cary 5000 UV-Vis-NIR spectrophotometer (Agilent, USA) for the measurement 

of optical absorption and band gap. The spectrum was recorded at a resolution of 1 nm and 

wavelength range of 350-500 nm. 

Transmission electron microscopy (TEM) 

TEM images of biotransformed f-PdO NPs were captured by transmission electron microscopy 

(JEM-JEOL, JAPAN) operated at the magnification of 100,000X to explore the shape, size and 

particle size distribution of nanoparticles.  For TEM analysis, the biotransformed f-PdO NPs 
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were loaded onto the carbon coated copper grids by drop casting. These grid was also used for 

the recording of Selected Area Electron Diffraction (SAED) pattern at an angular magnification 

of 0.001 nm per degree. 

X-ray diffraction (XRD)  

XRD (Rigaku, Tokyo, Japan) measurement was carried out to investigate the effect of fungal 

stress on crystallographic properties of PdO powders and establish the crystallographic structure 

of f-PdO NPs. XRD patterns of both t-PdO powder and lyophilized f-PdO NPs were recorded in 

the 2θ range of 20–80° with a step size of 0.04° and a time of 5 seconds per step at 40 kV voltage 

and a current of 30 mA. 

Fourier transform infrared spectroscopy (FTIR) 

The FTIR spectrum of t-PdO powder and f-PdO NPs were recorded using Perkin Elmer (USA) 

Fourier transform infrared spectrophotometer to examine the characteristic metal-oxide bond 

vibration and confirm the presence of capping biomolecules (proteins) onto the surface of 

nanoparticles. For FTIR study, thin pellets of KBr containing nanoparticles were analyzed while 

a pure KBr pellet was used for background scan. 

Antioxidant activity evaluation 

Antioxidant activity of biofabricated f-PdO NPs was evaluated using 2,2-Diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging assay [27]. To execute the experiment, 50 ml 

methanolic solution (0.01 mM) of DPPH and different concentration (0.05 mg/ml, 0.1 mg/ml, 

0.15 mg/ml, 0.2 mg/ml, 0.25mg/ml) of aqueous test solution of f-PdO NPs were prepared while 

aqueous solution of ascorbic acid with 0.05 mg/ml concentration was used as control. 1 ml of 

each NPs solution and standard solution were added with 3 ml of DPPH solution separately. The 

obtained mixtures were then incubated for 10 min at room temperature. The antioxidant activity 

of f-PdO NPs was evaluated by measuring the absorbance of all mixtures at 513 nm against 

methanol as blank. 
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RESULTS & DISCUSSION  

UV-Vis-NIR spectrum of biotransformed f-PdO NPs was recorded in the wavelength range 350-

500 nm (Fig. 1a.) and the appeared absorption band at 407 nm confirms the existence of PdO 

NPs [23]. Using UV-Vis-NIR data direct bandgap energy was estimated from tauc plot (Fig. 1b.) 

as 1.9 eV which is approximately the same as the reported band gap energy 1.8 eV for PdO NPs 

[10]. 

Figure 1. (a) UV-Visible spectrum of an aqueous solution of f-PdO NPs. (b) Optical band gap 

estimation using Tauc plot.  

Figure 2. (a,b) TEM images and (c) SAED pattern of biofabricated f-PdO NPs. 

Fig. 2a. and Fig. 2b. shows the TEM images of biotransformed f-PdO NPs. These TEM images 

indicate the formation of f-PdO NPs having an average particle size of 6-8 nm. Selected Area 

(a) (b) 

 
 

(a) 
 

(b) 

 

(c) 
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Electron Diffraction (SAED) pattern (Fig. 2c) was also captured during TEM analysis which 

confirmed the crystalline nature of biotransformed f-PdO NPs. 

XRD diffraction pattern of PdO, before (Fig. 3a.) and after (Fig. 3b.) treatment with fungus 

Fusarium oxysporum, was recorded to investigate the effect of fungus stress on the 

crystallography phase.  Diffraction peak appeared (Fig. 3a.) at 2θ angle of 33.82°, 40.47°, 54.7°, 

59.16° and 73.12° correspond to the planes (002), (110), (112), (103) and (202) ensure the 

tetragonal phase of precursor PdO powder (JCPDS file No. 043- 1024) [10],[28]. After 

biotransformation of t-PdO powder, the relative intensity of the peak at 40.47° (110) get 

increased and four new diffraction peaks were indexed (Fig. 3b.) at 28.03° (111), 31.25° (200), 

44.78° (220) and 66.17° (400) which confirm the PdO nanoparticles with a face-centered cubic 

structure having lattice parameters 5.642A˚ (JCPDS file No. 046-1211) [22].The increased 

intensity of the diffraction peak and newly appeared peaks established the biotransformation of 

the crystallographic phase during nanoparticles formation. 

Figure 3. XRD pattern of (a) t-PdO powder and (b) biotransformed f-PdO NPs. 

The FTIR spectrum of t-PdO powder and biotransformed f-PdO NPs was recorded in the 

wavenumber range of 400-2000 cm-1 at room temperature (Fig. 4.). The recorded spectrum of 

control t-PdO powder shows two characteristic absorption peak at 590 and 650 cm-1 corrospond 

to stretching vibration of  Pd-O bond [21]. In case of f-PdO NPs, these absorption bands were 

shifted towards lower wavenuber (545 and 614 cm-1) along with two new additional peaks were 

appeared at 1554 cm-1 (N‒H bending, amide II ), and 1645 cm-1 (N‒C=O stretching, amide I). 

The change in peak positions and newly appeared amide bands demonstrated that the 

biofabricated f-PdO NPs were capped by protein molecules [24, 29]. 

(a) (b) 
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Figure 4. FTIR spectra of t-PdO powder and f-PdO nanoparticles 

Antioxidant activity of biotransformed, protein-capped f-PdO NPs was performed where 

ascorbic acid was used as a positive control. The UV-VIS absorption study (Fig. 5.) shows the 

DPPH radical scavenging activity of biotransformed f-PdO NPs. The absorption peak appeared 

at 514 nm correspond to DPPH decreases with increasing concentration of f-PdO NPs while the 

absorption at 407 nm associated with f-PdO NPs increases. The change in color and the gradual 

decrease in absorption maxima at 514 nm with increasing concentration of f-PdO NPs indicates 

its good potential to act as an antioxidant agent. 

 

Figure 5. UV-VIS absorption spectra of (A) Pure DPPH, (B-F) DPPH 

with increasing concentration of t-PdO NPs, (G) DPPH with ascorbic 

acid. 

Conclusion 

At the flourishing time of green nanoscience and nanotechnology, crystallographic phase 

transitions of different materials are being carried out using harsh chemicals and extreme heating 

conditions. However, we have developed a simple fungus-based green approach to obtain f-PdO 

NPs with an average particle size of 6-8 nm from t-PdO powder. The biosynthesized NPs were 

characterized by well-recognized techniques and antioxidant activity has been investigated using 
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DPPH radical scavenging assay. The experimental result demonstrated significant antioxidant 

activity of biotransformed f-PdO NPs. 
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COSOD, Department of Physics, Kazi Nazrul University, Asansol-713340, West 

Bengal, India 

                                                                                            

OP5 
12.40-

12.50PM 
 

A study on Iron Oxide (γ- Fe2O3) Nanoparticles synthesised using precipitation method 

and its possible applications 

Bandana Gogoi 

Department of Physics, D.N.Govt College, Itanagar-791113, Arunachal Pradesh, India 

 

OP6 
12.50-

1.00PM 

Plasmon Resonances in Interacting Ni Nanoparticles Embedded in Dielectric 

Jayanta Kumar Majhi 

Post Graduate Department of Physics, Banowarilal Bhalotia College, Asansol – 

713303, West Bengal 

1.00-2.00 
PM 

LUNCH BREAK: 

 

 

 



 

 

 POSTER SESSION: 2.00-3.30PM 

Group 1: PP1-PP16: Google Meet Link: https://meet.google.com/giw-ncsv-okg 

 

Group 2: PP17-33: Google Meet Link: https://meet.google.com/cpb-trxe-cft 

 

  
(Day1, Session 2, 3.30-6.00 PM) 

 
Co-ordinator: Dr. Sahalad Borgoyary & Mr. Bikramjit Choudhury 

 
 

3.30-
4.00PM 

INVITED SPEAKER  
         Dr. Chris Holland 

       Senior Lecturer 
Department of Material Science & Engineering 

The University of Sheffield, S. Yorks, UK 
 

Title: Sustainable Polymer Processing Inspired by Silk 
  

ORAL PRESENTATION  
 

Chairman: Dr. Chris Holland 
Senior Lecturer 

Department of Material Science & Engineering,  
The University of Sheffield, S. Yorks, UK 

 
OP7 
4.00-

4.10PM 
 

Biocompatible Nanocarrier For Effective Delivery Of Antimicrobial To Agricultural 

Crop 

Gunjan Harshadkumar Vyas 

School of Nano Sciences, Central University of Gujarat, Gandhinagar, India. 

OP8 
4.10-

4.20PM 
 

Preparation of carotenoid Loaded BSA Nanoparticle Stabilized by Biosurfactant 

Jyoti Jaiswal 

School of Nano Sciences, Central University of Gujarat, Gandhinagar 382030, India. 
 

OP9 
4.200-

4.30PM 
 

Microstructure and Abnormal Coalescence Behavior of Ion Beam Sputter Deposited 

Silver and Gold Thin Films 

Rajeeb Brahma  

Department of Physics, Bodoland University, Kokrajhar, BTAD, Assam – 783370, 
India. 
 

 
 
 
 

 

 

 



 

 

OP12 
4.30-

4.40PM 
 

Study on Electrical Characteristics of Normally On Junctionless Field Effect Transistor 

Angshumala Talukdar 

Department of Instrumentation Engineering 

Central Institute of Technology Kokrajhar, Kokrajhar, India. 

OP16 
4.40-

4.50PM 

Investigation of the Spin Speed Variation on the Performance of PEDOT:PSS/Si Hybrid 

Solar Cells 

Avritti Srivastava 

CSIR-National Physical Laboratory, New Delhi-110012, India 

OP25 
4.50-

5.00PM 

Application of Musa paradisiaca derived ashes as heterogeneous base catalyst for 

Cross-Aldol reactions at room temperature 

Dulu Brahma 

Department of Chemistry, Central Institute of Technology Kokrajhar (Deemed to be 

University, MHRD, Govt. of India), Kokrajhar-783370, Assam, India. 

 
 
 

5.00-
5.30PM 

INVITED SPEAKER 
 

          Dr. Bharat Baruah 
Department of Chemistry and Biochemistry, Kennesaw State University, GA, 30144, 

USA 
Title: Fabrication of Flexible Transparent Wood Infiltrating Natural Polymer  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

DAY 2, 16 December 2020, WEDNESDAY 
 

10:00-1.00PM (Day 2, 1st Session) 
 

Co-ordinators: Mr. Mahananda Brahma & Mr. Sanjib Narzary; 
Mr. Bipin Brahma 

 
10:00-

10:45AM 
KEYNOTE SPEAKER 

 
Prof. Absar Ahmed  

 
 Director, Interdisciplinary Nanotechnology Centre (INC), Aligarh Muslim University, 

Aligargh, Uttar Pradesh, India. 
 

Title: Green Fabrication of Nanomaterials, and their applications in healthcare, 
agriculture, environment, energy and life sciences 

 
10:45-

11:15AM 
INVITED SPEAKER 

 
Dr. Pranjal Kalita  

 
Associate professor, Department of Chemistry, CIT Kokrajhar, Assam, India 

 
Title: Recovery of Waste into Value-Added Compounds 

 
 ORAL PRESENTATION (Day2, Session 1, 11.15AM-1.00PM) 

 
Chairman: Dr. Pranjal Kalita  

Associate Professor, Department of Chemistry, CIT Kokrajhar, Assam, India 
 

OP10 
11:15-

11:25AM 
 

Synthesis and Ultrasound-assisted Extraction of Polyhydroxybutyrate (PHB) from 

Invasive Weeds 

Sushobhan Pradhan 

School of Chemical Engineering, Oklahoma State University, Stillwater, Oklahoma, USA. 

OP11 
11:25-

11:35AM 
 

Biodiesel production from waste cooking oil using a novel heterogeneous catalyst based 

on calcium oxide nanoparticles 

Gaurav Singh 

St. Peter's Engineering College, Hyderabad, India. 

OP13 
11:35-

11:45AM 
 

Depletion Width Determination of Double gate Junctionless Field Effect Transistor With 

Triangle Shaped Spacer 

Anjanmani Baro 

Department of Instrumentation Engineering,  

Central Institute of Technology Kokrajhar, Kokrajhar, India 



 

 

OP14 
11:45-

11:55AM 
 

Tera-Hertz Optical Asymmetric Demultiplexer(TOAD) using quantum dot 

Semiconductor Optical Amplifier 

Kousik Mukherjee 

Physics Department, B B College, Asansol, West Bengal, India 

OP15 
11:55-

12:05PM 
 

Effect of Annealing Temperature on the Structural and Optical Properties of ZnO 

Nanoparticles Synthesised by Colloidal Route 

Premshila Kumari  

CSIR-National Physical Laboratory (NPL), New Delhi-12, India 

OP22 
12:05-

12:15PM 

Design of a Power Inverter Using Solar Cell As A Source Of Charger  

HEMEN CH MEDHI 

Department of Electronics, St. Edmund’s College, Shillong-793003, India 

OP17 
12:15-

12:25PM 
 

Hydrogen Adsorption on TMMg3(TM=Ni, Pd, Pt) Clusters: First Principles Study 

Bishwajit Boruah 

Department of Physics, Dibrugarh University, Dibrugarh, Assam, India-786004 

OP18 
12:25-

12:35PM 
 

Effect of the Ligands PPIA and TOPO on the spectroscopic behaviour of Sm3+ ions in sol-

gel silica matrix 

Navaneeta Rajkonwar 

Department of Physics, Dibrugarh University, Assam, India 

OP19 
12:35-

12:45PM 
 

Mg-doped ZnO Nanomaterial: An efficient sunlight driven photocatalyst 

Riu Riu Wary 

Department of Physics, Central Institute of Technology Kokrajhar (Deemed to be 

University, MHRD, Govt. of India), Assam. 

OP20 
12:45-

12:55PM 

Direct Synthesis of Co3O4 Nanomaterials by Carbonate Precursor 

Arnab Kanti Giri 

Department of Chemistry, Karim City College, Jamshedpur, Jharkhand, India. 
   

1.00-
2.00PM 

LUNCH BREAK 

  
 
 
 
 
 



 

 

 
(Day2, Session 2, 2.30-5.00PM) 

 
Coordinators: Dr. Kaushik Chandra Dev Sarma & Bikramjeet Choudhury;  

Biswajit Paul and Nayanmani Barman 
 

2.00-
2.30PM 

INVITED SPEAKER 
Dr. Logudurai Radhakrsihnan  

Associate Professor & Head, Department of Chemistry, Madanapalle Institute of 
Technology & Science, Madanapalle, Andrapradesh, India 

 
Title: Electrochemical Investigation of Nano-porous Gold Electrodes in presence of 

Biofouling Solutions 
 

 ORAL PRESENTATION  
 

Chairman: Dr. Logudurai Radhakrsihnan  
Associate Professor,& Head, Department of Chemistry, Madanapalle Institute of 

Technology & Science, Madanapalle, Andrapradesh, India 
 

OP21 
2.30P-

2.40PM 

Orientational Order, Optical and Dielectric Properties of Liquid Crystals containing 

Bicyclohexane Rigid Core 

S. Mondal 

Department of Physics, Siliguri Institute of Technology, Siliguri, West Bengal-734009, 

India. 

OP23 
2.40P-

2.50PM 

Comparision of Polyvinyl Alcohol Capped Chemically Synthesized 

CdS and CdZnS Nanostructured Films 

Prince Kumar Mochahari 

Department of Physics, Bodoland University, Kokrajhar, India 

OP24 
2.50P-

3.00PM  
 

Application of Nanofluids for heat transfer processes  

Monisha Mridha Mandal 

University School of Chemical Technology, Guru Gobind Singh Indraprastha University, 

New Delhi 

OP26 
3.00P-

3.10PM 

Structural Evaluation of Muga silk protein by experimental and computational approach 

Prithvi Asapur 

Central University of Gujarat, Ahmedabad, Gujarat, India 

 

 

 



 

 

OP2 
3.10P-

3.20PM 

Chromeno[2,3-b] indoles as ultra-high Stokes shift luminescent materials  

Basanta Kumar Rajbongshi 

Department of Chemistry, Cotton University, Panbazar, Guwahati – 781001, Assam, 
India. 
 

OP28 
3.20P-

3.30PM 

Nanoparticle analysis using Digital Image Processing  

Minakshi Gogoi 

Dept. Of CSE, Girijananda Chowdhury Institute of Management and Technology, 

Guwahati-17, Assam, India 

OP29 
3.30P-

3.40PM 

TL Dating of Potsherds from Tumu Ching, Manipur, India 

Sheikh, M.R 

Lilong Haoreibi College, Manipur, India. 

OP30 
3.40P-

3.50PM 
 

Design And Simulation Of Non-metallic And Flexible Broadband Metamaterial Absorber 

For X-band Applications 

Dipangkar Borah 

Department of Physics, B. N. College, Dhubri, Assam, India. 

4.00-
Onwards 

Valedictory 

Vote of Thanks 

 

 
Cisco Webex Software for EMNSD-2020 Conference Links: 

 
EMNSD 2020, Day 1 Hosted by Webmaster CIT Kokrajhar 
   
https://citkokrajhar.webex.com/citkokrajhar/j.php?MTID=m5f00f3e0f5307148dd2d43326e677722  
Tuesday, Dec 15, 2020 8:00 am | 12 hours | (UTC+05:30) Chennai, Kolkata, Mumbai, New Delhi  
Meeting number: 176 678 6589  
Password: EMNSD2020D1  
 
EMNSD 2020, Day 2, Hosted by Webmaster CIT Kokrajhar 
 
https://citkokrajhar.webex.com/citkokrajhar/j.php?MTID=mf0d9afd623058ac3f73c35a4e4556b87 
Wednesday, Dec 16, 2020 8:00 am | 12 hours | (UTC+05:30) Chennai, Kolkata, Mumbai, New Delhi 
Meeting number: 176 003 8282 
Password: EMNSD2020D2 
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