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Number of workshops/seminars conducted on Research Methodology,
Intellectual Property Rights (IPR) and entrepreneurship during the
year-2021-22

This year nine international/national conferences were organized by the different
departments and one IPR workshop is also organised.

Year Name of the workshop/ seminar Number | Date From -
of To
Particip
ants
2021-22 | International e-Conference on Proteomics 147 10/04/2022
Application To Biomedical Rsearch-2022 (PABR- To
2022) 11/04/2022
2021-22 | International e-Conference on Recent Trend in 167 22/04/2022
Nano-Materials and Its Applications-2023 To
(RTNA- 23/04/2023
2022)
2021-22 | International conference on Nurture the Nature | 87
To Strengthen the Future
2021-22 | Food processing and fruit preservation 49 17/02/2022
2021-22 | Workshop on stress management and stress 136 22/02/2022
removal
2021-22 | Workshop on STSSP teaching and learning 72 20/01/2022
application
2021-22 | Workshop on IPR 156 30/05/2022
Ur. S.S. Dh Acting Principal
Coordinator, IQ Vidnyan Mahavidyalaya, Sangola
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Department of Chemistry in Collaboration with Internal Quality Assurance Cell

(IQAC)
organizes

International e-Conference on Proteomics Application to Biomedical
Research-2022(PABR-2022)
(dated April 10-11, 2022)
Resource Persons
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Khatkale Deshmukh Deshmukh Shinde

President, STSSPM

Director, STSSPM

Director, STSSPM Secretary, STSSPM

Organizing Committee

Dr. R. A. Fule Mr. R. S. Gaikwad Dr. S. S. Dhasade Dr. S. N. Kadam
Acting Principal Convener Coordinator IQAC Organizing Secretary
Mr. N. P. Adlinge Dr. S. R. Shinde Dr. R. B. Bhosale Dr. J. V. Thombare
Treasurer Member Member Member

Mr. A. R. Ingawale

Member

Dr. B. S. Dawane

Member
(S.R.T. M. University Nanded)

(PAH University Solpur )

Dr. V. P. Ubale

Member

Dr. S. B. Patwari

Member
(S.R.T. M. University Nanded)

About Registration & Conference proceeding

E-Certificate to be provided to those who will
register, attend and fill the feedback form.
Last date of registration: 09 April,2022.
Registration Link:
https://forms.gle/aUghRAaZMgnfrY7i6
Email:pabr2o22@gmail.com

Conference Date: April 10-11, 2022

Paper Publication

Research papers will be published in

+UGC Approved Journal Number 64011
«International Peer reviewed Thomson
Reuters, Open access Scientific Journal
+Online ISSN: 2395-602X

+Print ISSN:2395-6011

«DOI: 10.32628, Index Copernicus :49.58
«Individual certificate to soft copy to all
authors

Soft copy of CD cover and proceeding of the
conference if needed.

Contact No.: 9028548942,9766234273,
9970448413

Registration Fees submission details: The registration fees along
with paper publication charges may be paid online/ Paytm/ Phone
pay / Internet Banking to

Account Name: Vidnyan Mahavidyalaya, Sangola

Bank Name: Bank of Maharashtra

Branch: Sangola, Account Number: 60101820852

IFSC: MAHB0001467; MICR Code: 413014079

Fees details:

Category Registration fee Paper Publication charges
Students Rs. 100/- Rs. 700/-
Academics Rs. 200/- Rs. 700/-
Industry Rs. 1000/- Rs. 700/-
Foreign USD 20 USD 50
Delegates

Submission of Papers: Interested authors are requested to submit
full-length manuscript of research paper in MS-Word 2007 or MS-
Word 2010 including Paper Title, Names of all the authors and e-
mail address of corresponding authors. The font should be Times
New Roman, Size-12. The maximum length of manuscripts is limited
to four pages. Paper sent by e-mail to conference E-mail
address:pabr2o22@gmail.com.
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Vidnyan Mahavidyalaya, Sangola

Tal-Sangola, Dist-Solapur, MH- 413307, India.
(Affiliated to Punyashlok Ahilyadevi Holkar Solapur
University, Solapur)
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Department of Chemistry in collaboration with Internal Quality Assurance Cell (IQAC) organizes an
International e-Conference on Proteomics Application to
Biomedical Research-2022 (PABR-2022) Dated on April 10-11, 2022
Conference E-mail: pabr2022@gmail.com
-:Program Schedule: -

Day 1¢: Sunday Date: April 10, 2022
Session-I: Inauguration of Conference; Ses. Coordinator: Dr. J. V. Thombare
Sr. Time Description/Name of Name
No. in IST* Program
01 | 12:50 pm to Introduction and Welcome Mr. R S Gaikwad
12:55 pm Convener
02 | 12:55 pm to Introduction to chief Guest Dr. S. S. Dhasade
01.00 pm Coordinator IQAC
03 | 01:00 pm to Keynote Address Resource Person:
01:40 pm Prof. 6. B. Zore

School of chemical science,
Swami Ramanand Teerth
Marathwada University, Nanded

04 | 01:40 pm to Presidential Address Dr. R. A. Fule
01:45 pm Acting Principal, V. M. Sangola
05 | 01:45 pm to Vote of thanks Mr. A. R. Ingawale,
01:50 pm
Session-II: Invited Talk: Session Coordinator: Dr. S. N. Kadam
06 | 02:00 pm to Resource Person: Chairperson:
02:50 pm Prof. D K Sonwane Prof. S. B. Patwari
Head, Dept. Of Chemistry Head, Dept. Of Chemistry
Shivaji University, LBS college, Dhramabad
Kolhapur
07 | 02:50 pm to Discussion and vote of Thanks
02:55 pm
08 | 02:55am to Short break
03:00 pm

*|ST-Indian Standard Time (Time is mentioned in IST)



Session-III: Invited Talk; Session Coordinator: Mr. R. S. Gaikwad

Day 2m: Monday

09 | 03:00 pm Resource Person: Chairperson:
t03.45pm Dr. Balaji Rokade Prof. S. H. Gaikwad
Researcher Eli Lillya Kinsale, Ireland] BOS, Chairman
Punyashlok Ahilyadevi Holkar
University, Solapur
10 | 3.45pmto Discussion
3.50pm
3.50 pm to Short break
4.00 pm
Session-IV: Oral Presentations; Session Coordinator: Mr. A. R. Ingawale
11 | 4.00 pm to OP-01 Chairperson:
4.10 pm Dr. Lalasaheb Kashid
4.10 pm to OP-02 Vidyaprathisthan Arts, Science and
4.20pm commerce college, Baramati

Date: April 11, 2022

Session-V: Invited Talk;

session coordinator: Dr. J. V.
Thombare

12 | 01:30 pm to Resource Person: Chairperson:
02:15 pm Dr. Atul Deshmukh Dr. Deokar S. S.
Scientist, University of Head, Department of chemistry
Copenhagen, Shankarrao Mohite
Denmark Mahavidyalay
Akluj
02:15 pm to Discussion and vote of thanks
02:30 pm
Session-VI: Invited Talk; Session Coordinator: Dr. Shital R. shinde
13 | 2.30pm to Resource Person: Chairperson:
3.00pm Dr. Diana Samodova Dr. Bachute Madhusudan
Scientist, University of Principal
Copenhagen, Sangola College Sangola
Denmark

*|ST-Indian Standard Time (Time is mentioned in IST)




14

3.00pm to
3.15 pm

Discussion and vote of thanks

Session-VII: Valedictory Function Session Coordinator: Mr. N P Adlinge

15 | 03:20 pm to Conference Overview Mr. R S Gaikwad
03:25 pm Convener
16 | 03:25 pm to | Feedback from Participants e
03:35 pm
17 | 03:35 pm to Valedictory address Dr. Bachute Madhusudan
03:55 pm Principal
Sangola College Sangola
18 | 03:55 pm to Presidential remark Prof. V. P. Ubale
4:00 pm Principal
DBF Dayanand college,Solapur
19 04:00 pm Vote of Thanks Dr Shankar S Dhasade
to 04:05 Coordinator IQAC
noon

*|ST-Indian Standard Time (Time is mentioned in IST)




Tal-Sangola. Dist-Solapur. MH-413307 Indza.
Aflliated to Punyashlok Ahilvadevi Holkar Solapur
University, Solapur.

Thisis to certify that Prof./Dr./Mr./Ms.: KARANDE SHIVAJI SAMRATA (Paper presenta
of Vidnyan mahavidyalaya sangola

has participated at International e-Conference on Proteomies Applicationto

Biomedical Research-2022 (PABR-2022), organized by Department of Chemistry in
collaboration with Internal Quality Assurance Cell (IQAC), Vidnyan Mahavidyalaya, Sangola.

Date: April 10-11, 2022.

(it i

M R. S. Gaikwad Dr. 8. S. Dhasade

Convener, Coordinator,
PABR-2022 1QAC
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University of Copenhagen, University of Copenhagen, Researcher Eli Lillya Kinsale Shivaji University,
Denmark Denmark Lid. Ireland Kolhapur
Chief Patron
Mr. Ramchandra Mr. Chandrakant Dr. Aniket Mpr. Vitthalrao
Khatkale Deshmukh Deshmukh Shinde
President, SISSPM Mrector, STSSPM Director, STSSI' Secretary, STSSP'M
Organizing Committee
Mr. Ramchandra Mr. Chandrakant Dr. Aniket Mr. Vitthalrao
Khatkale Deshmukh Deshmukh Shinde
President, STSSPM Director, STSSPM Director, STSSPM Secretary, STSSPM
Organizing Committee
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Acting Principal Canvener Coordinator 1QAC Ovganising Secretary
Mr. N. P. Adlinge Dr. S. R. Shinde Mr. S. S. Karande Dr. J. V. Thombare
Treasurer Member Member Member
Mr. A. R. Ingawale Dr. B. S. Dawane Dr. S. B. Patwari Dr. V. P. Ubale
Member Member Member Member

About US

The Institution,Sangola Taluka Shetkari Shikshan Prasarak Mandal Sangola,was established in 23-
Sep-1991,with the aim of giving availibility and facility of education to socially backward society,
to Bahujan society including Harijan,Girijan,farmers,labours and socially deprived from progress
in the region of sangola taluka since it's establishment, the sansthas has started highschool
department,professional cources of +2 section and vidnyan mahavidyalay,etc . vidnyan
mahavidyalay was established 23rd septmber 1991. There is the facility of B .C .S,B.C.A (degree
cources), Bsc(comp) & Msc education in the college. The college has started M.A (english)cource
from the year 2004 & Msc (comp science) from 2009 from 2012 since its establishment the college
has been progressing ahead and has now become an importent academic center in the region of
sangola taluka the college is accredited by NAAC with Grade "B" in the year 2004 Along with an
intellectual & all round development of students, to develop their academic carrier , there are
various departments under Arts & Science College faculities During the last year the no. of
students in this college were 1600 . The big building of the college , with its large play ground , is
near by S.T stand.
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Synthesis, Characterization of Cr+3, Mn+2 Metal Ion Chelates with Newly

Synthesized Benzothiazolyl Hydrazone Derivatives
Bhagat S.M!
'Department of Chemistry, I.C.S. College of Art’'s, Comm. And Science, Khed, Dist.- Ratnagiri, Maharashtra,
India

ABSTRACT

The transition Metal ion chelates of Cr+3, Mn+2 is synthesized by using 2-(4 -dimethylamion phenyl)-4-
bromo-6-ethoxy benzothiazolyl hydrazones and characterized by different analytical procedure and spectral
study. These metal ion chelates are insoluble in common organic solvents. Infrared spectrum showed the

bonding through azomethizine N and ring N.
Keywords: - benzothiazolyl hydrazones, Metal ion chelates.
I. INTRODUCTION

Chemistry of ligand:- The coordination chemistry of hydrazones is an intensive area of study and numerous
metal complexes of these ligand have been investigated'. The development of the field of bioinorganic
chemistry has increased the interest in Schiff base complexes, since it has been recognized that many of
these complexes may serve as models for biologically important species 24. The hydrazones metal complexes
have found application in various process like sensor, medicine, nonlinear optics etc. they are well known for
their metal binding ability and exhibit interesting coordinating behavior with transition metal ion .
Coordination compound derived from aryl hydrazones have been reported because of their anti-tuberculosis,
antimicrobial and corrosion inhibitor’®. Hydrazones have been drawing much attention from coordination
chemistry to transition metal'’. In the context of the above application we have tried to the synthesis and
characterization of transition metal complexes of 2-(4'-dimethyl amino phenyl)-4-bromo-6-ethoxy
benzothiazolyl hydrazones. Prepared complexes were dried and the physical and chemical properties were
recorded. analysis of the complexes and different spectral studies like I.R. , Electronic spectra of the complex

were used for find out the donor site of the ligand.

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited
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II. SYNTHESIS OF LIGAND

Preparation of 2-(4"-dimethylamion phenyl)-4-bromo-6-ethoxy benzothiazolyl hydrazones from 4-bromo-6-
ethoxy benzothiazolyl hydrazones. To the ethanolic solution of 4-bromo-6-ethoxy benzothiazol was added in
ethanolic solution of 4-dimethylaminobenzaldehyde. The mixture was refluxed on water bath for two hours.
Obtained solid is cooled filtered, washed with ethanol and recrystallized from hot benzene

Structure of ligand.

—— CH,
H5C,0 S NH—N:CH—D‘N"/
N
Br

2-(4'-dimethylamion phenyl)-4-bromo-6-ethoxy benzothiazolyl hydrazones

Physical parameter-
III. SYNTHESIS OF COMPLEXES.

i) Synthesis of Bis 2-(4'-dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones Cr
chloride complex
100 ml 0.1 M CrCls.6H20 were prepared in alcohol and 2-(4"-dimethylamion phenyl)-4-bromo-6-ethoxy
bemzothiazolyl hydrazones, 0.2 M solution were prepared in ethyl alcohol. These two solutions were mixed
and transfer into 500 ml round bottom flask attached water condenser, 6.5 pH is of the reaction mixture were
adjusted by adding basic buffer solution pH-10. Reaction mixture were fefluxed for one hour in water bath.
The precipitate was obtained . it is digested, after cooling it is filtered through buckner funnel , the
precipitate of complex were furified by washing with ethyl alcohol, the complex were dried by keeping it in

oven. The product was packed into sample bottle.

ii) Synthesis of Bis 2-(4’-dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones Mn II
chloride complex

100 ml 0.1M alcoholic solution of MnCl2.4H:0 were treated with 100 ml of alcoholic ,0.2 M 2-(4'-

dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones in 500 ml flask. The Ph of reaction

mixture were kept 6-8 by adding alcoholic solution of basic buffer solution drop by drop. The precipitate was

further digested and cooled and the precipitate was filtered through Buckner funnel, the precipitate was

washed with alcohol and dried it by keeping in oven.
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IV. PHYSICAL PARAMETER AND ELEMENTAL ANALYSIS

Decomposition point was determined with the help of melting point apparatus by open capillary methos. M:L
ratio was determined by heating known weight of complex in platinum crucible .Metal ion percentage in a
complex is determined by E.D.T.A. titration method. Chloride is estimated by Mohr’s method.

Physical parameter and analytical data of the Cr(III), Mn(II), complexes and ligand 2-(4"-dimethylamion
phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones (MAPBEBTH). Are given in table no. 5.1. metal
ligand ratio and empirical formula were assigned on the basis of T.G.A. measurement and elemental analysis

is given in table no.5.2.
V. CHARACTERIZATION OF COMPLEXES

U.V. and visible spectra of complexes and ligand recorded on U.V. SHIMADZU UV3600 spectrophotometer
at range 200-800 nm by using D.M.S.O. solvent at P.G. department of chemistry Shivaji University Kolhapur.
LR. spectra of ligand were recorded at Yeshwant Mahavidyala Nanded and L.R. spectra of complexes are
recorded at PERKIN ELMER spectrum-100/79720 by KBr platelate method at Shivaji University Kolhapur.
Thermo gravimetric analysis (T.G./D.T.A.) measurement are recorded on thermo gravimetric analyzer on
TA model S.T.D-2960 at Shivaji University Kolhapur in Nitrogen atmosphere .XRD pattern of the complexes
recorded on PW-3719/1710 Philips —Holland spectrometer at Shivaji University Kolhapur and E.S.R. is

recorded at IIT, pawai, Mumbai.
VI. RESULT AND DISCUSSION

The complexes of Cr(IlI), Mn(II). are prepared with the ligand 2-(4’-dimethylamion phenyl)-4-bromo-6-
ethoxy bemzothiazolyl hydrazones (MAPBEBTH). This complexes are coloured. These complexes are soluble
in D.M.S.O. but insoluble in water, alcohol, chloroform, and D.M.F. Decomposition point of complexes are in
the range of 240-300°C . It suggest that they have good thermal stability at room temperature

Table.5.1: physical property of (MAPBEBTH) metal complexes.

Complex color D.B. Yield% %Cl
[Cr (MAPBEBTH):Cl 2]H20 Cl Light blue 272-276 70 10.492
[Mn (MAPBEBTH): (H20)2] CL. Creamy 270-278 63 7.097

Table.2.2: Percent C,H,N and metal ion in HMPBMBTH metal complex

compond M.wt Empirical formula %C %H %N %M
MAPBEBTH 419.20 | CisH1sN«BrSO 51.576 | 4.532 | 13.365 | -

[Cr (MAPBEBTH):Cl :]H:20 Cl 1015 C3sHs0ClsCrNsS:Br20s | 42.602 | 3.940 | 11.034 | 5.124
[Mn (MAPBEBTH)2 (H20)2] Cl. | 1000.3 | CssH4+2Cl-.MnNsS:Br20s | 43.228 | 4.198 | 11.196 | 5.488
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U.v.

U.V. and visible spectra of complexes and ligand recorded on U.V. SHIMADZU UV3600 spectrophotometer
at range 200-800 nm by using D.M.S.O. solvent at P.G. department of chemistry Shivaji University Kolhapur.
Theligand 2-(4'-dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones has exhibited one
characteristic maxima in U.V. region at 246 nm where in [Cr (MAPBEBTH):Cl2]H2O Cl complex it is

shifted at 258 nm and in complex [Mn (MAPBEBTH):2 (H20)2] Cl.. Band is observed at 266 nm this
shifteing of band is due the complex formation.
L.R. spectra-

A sharp strong band is observed in I.R. spectra of ligand at 1665 in ligand it is due to the C=N of thiazole ring
nitrogen. This band is shifted in Cr'* complex as well as in Mn'? complex. In Cr'® complex it is observed at
1645 and in Mn'? complex it is observed at 1606 this shifting of band in both complexes it indicate that the
Nitrogen of thiazole ring is involve in the complex formation. Another band is observed at 1602 in ligand.
This band is support to the presence of C=N (azomethazine) group in ligand. This band is shifted in Cr** and
Mn*2 complexes. The band is observed in Cr*? complex at 1590 where in Mn*2 complex it is observed at 1510.
This shifting of band indicate that the azomethazine nitrogen involve in the complex formation. One band is
observed at 3302 in ligand it may be due to the presence of N-H group. This band is not observed in Cr* and
Mn*? complexes it is evidence that the N-H group is involve in the complex formation. One more band is
observed at 481 where as in Mn*? complex it is observed at 468 but not in ligand it indicate that there is a
formation of M-L bond.Thus the ligand act as a bidentate. It coordinate through azomethazine, Nitrogen of

thiazole ring .

25 e s

I R.of (MAPBEBTH
T em-1 T em-1
LR. of [Cr (MAPBEBTH).CL]H:O Cl LR. of [Mn (MAPBEBTH): (H:0)2] Cl.
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Thermal analysis.:-

Results of TG analysis were used to determine the nature of water molecules present and decomposition
pattern of the complexes. Lattice water molecules were lost in the 70-110 °C temperature range while
coordinate water molecules were eliminated at relatively high temperature range of 150-240 °C. complet
decomposition of ligand occur at about 800 °C and observed residue corresponds to respective metaloxide.
Present losses of material as obtained from TGA curve are good agreement with calculated percent loss in

mass. Thermo gravimetric results coincide well with DTA peaks. TGA/DTA scans are depicted in fig.

TGA/DTA of [Cr (MAPBEBTH):Cl 2] H:0 Cl

TGA/DTA plot of [Cr (MAPBEBTH):Cl 2] H20 Cl shows five peak of decomposition. The first peak is
observed at the temperature range 50-130°C and 9.023% loss of mass is observed . This loss of mass is due to
the elimination of lattice chloride and water molecule from the compound. In second peak 18.047% loss is
observed in the temperature range 130-280°C. The loss of mass is due to the elimination of two molecule of
N(CHs3) and ethoxy group form the complex. Third peak is observed in the temperature range 280-430°C and
15.411% mass is lost . This loss in mass is due to the elimination of two benzene ring from the molecule. In
the fourth peak 31.228% mass is lost in the temperature range 430-570°C.The loss of mass is due to the
elimination of two bromobenzene rings from the complex. Last peak is observed in the temperature range
570-760°C . In this peak 20.277% mass is lost. This loss in weight is due to the elimination of thiazole ring
part and its substituent chain NH-N=CH. From the temperature 760°C curve of graph show constant value. It
indicate that remaining mass is of metal oxide. Calculated value are coincide with observed value.

TGA/DTA [Mn (MAPBEBTH)z (H20) 2] Clz. complex

TGA/DTA plot of [Mn (MAPBEBTH): (H20):] Cl. Complex Shows five peaks of decomposition. First peak is
observed at temperature range 50-110°C and 6.208% mass is lost. This loss in mass is due to the elimination of
lattice chloride from the complex. In second peak 9.356% mass is lost in the temperature range110-260°C.
This loss in weight is due to the burning of coordinate chloride and water molecule. Observed values are in
good agreement with calculated values. Third peak is observed at the temperature range 260-490°C . In this
temperature range 15.564% weight is lost form the complex compound . this loss of mass is due to the
elimination of N(CHs)2 and OC:Hs group from complex. Fourth peak is observed at temperature range 490-
620°C and 40.622% weight is lost. This loss in weight is due to the elimination of bromobenzen ring. In last
fifth peak 17.488% mass is lost in the temperature range 620-770°C this loss in mass is due to the elimination
of thiazole ring part and its substituent chain NH-N=CH. Form the temperature range 770°C curve of the
graph show constant value of weight of complex it indicate that remaining mass is of metal oxide. Observed

figures and calculated figures are approximately equal.

Temp. range °C % loss Nature of decomposition
50-130 9.023(9.087) Lattice chloride &water molecule
130-280 18.047(18.022) N(CHs)2 & OC:Hs
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280-430 15.411(15.241) Two benzene ring
430-570 31.228(31.385) Two bromo Benzene ring
5570-760 20.277 (20.262) Thiazole ring part and substituted chain.

Thermal decomposition value of

[Cr (MAPBEBTH):Cl 2]H20 Cl complex

Temp. range °C % loss Nature of decomposition

50-130 9.023(9.087) Lattice chloride &water molecule
130-280 18.047(18.022) N(CHs): & OC:Hs

280-430 15.411(15.241) Two benzene ring

430-570 31.228(31.385) Two bromo Benzene ring

5570-760 20.277 (20.262) Thiazole ring part and substituted chain.

Thermal decomposition value of [Mn (MAPBEBTH): (H:20):] Clzmetal

Proposed structure of complexes

[ H.C,0 s

Br
HC._
Hc”

Ig

N\ ‘ Cl Br
" c:<

g S N

Proposed structure of [Cr (MAPBEBTH):Cl2] C1 H20

lmc@(

H
ScH,

ICIH,O
OCH: K

Ci

Proposed structure of [ Mn(MAPBEBTH): (H20) 2] Cl2H20
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Proposed 3D structure metal complexes

[ Mn(MAPBEBTH)2 (H20) 2] Cl.H20
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An Efficient One Pot Synthesis of Polyhydroquinolines Using TS1 Catalyst

Under Solvent Free Conditions
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ABSTRACT

The synthesis of polyhydroquinoline derivatives via Hantzsch condensation is excellent route by using four
component coupling reaction of aldehydes, dimedone, ethyl acetoacetate and ammonium acetate in the

presence of heterogeneous catalyst TS1 under solvent free condition.

Keywords: Aldehyde; Dimedone; TS1 catalyst; Hantzsch reaction.

I. INTRODUCTION

4 Substituted 1,4 dihydropyridine (1,4-DHP) nucleus is a fertile source of biologically important molecules
possessing various important pharmacological properties such as vasodilator, antihypertensive, bronchodilator
antitherosclerotic, hepto-protective, antitumor, antimutagenic , geroprotective and antidiabetic agents'*.
From recent studies 1-4 DHP shows several medicinal applications which include neuroprotectant and
platelet anti-aggregatory activity, in addition cerebral antiischemic activity in the treatment in the of
Alzheimer's disease >7. An efficient Hantzsch condensation polyhydroquinoline derivatives via a four
component coupling reaction of aldehydes, dimedone, ethyl acetoacetate and ammonium acetate in the
presence of HCIOs-SiO: under solvent free conditions at 90°C temperature®. Yb(OTf)s promoted one pot
synthesis of polyhydroquinoline derivatives via Hantzsch reaction of aldehydes, dimedone, ethyl acetoacetate
and ammonium acetate at ambient temperature in excellent yield®. Photocatalytic oxidation of 1,4
dihydropyridine to pyridine has been extensively investigated'?. Here in the present work, developed new

efficient method for synthesis of polyhydroquinoline using TS1 catalyst under solvent free conditions.

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited
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II. MATERTIAL AND METHODS:

A mixture of aldehyde (Immol), dimedone (1mmol), ethyl acetoacetate (lmmol), ammonium acetate
(1.5mmol),TS1 (50mg) were refluxed under solvent free conditions. The reaction was confirmed by thin layer
chromatography, the resulting solid product was treated with EtOAc followed by water and a brine solution
and dried with anhydrous Na2SO4. The solution was concentrated in vaccum to afford the crude product. The

pure product was obtained by further recrystallization using absolute alcohol.
0

0 R
+ NH.OAC 2 «f’l l"“« = |““-/ "R
R H e 0 i R. e | [

Ha_C_ S
/TTNTTR,

= ch H

Table: TS1 catalyzed Hantzsch condensation for synthesis of polyhydroquinolines derivatives under solvent

free conditions.

Tirie Melting Melting
Entry | R R1 R2 . Product | Yield point (°C) point (°C)

) Observed Reported
1 CeHs CHs | OEt 20 2a 85 203-204 202-204°
2 4-F-CsHa CHs | OEt 22 2b 82 185-186 184-186°
3 4-OCHs-CéHs | CHs | OEt 24 2c 84 256-257 257-259°
4 4-CH3-CeH4 CHs | OEt 21 2d 80 261-262 260-261°
5 3-NO2-CsHa CHs | OEt 22 2e 82 178-179 177-1781

The structure of the product were determined from their spectroscopic (UV, IR, NMR, Mass) data.
III. SPECTROSCOPIC DATA

Ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-(4-fluorophenyl)-5(6 H)-oxoquinolin-3-carboxylate

(2b). Yellow solid, mp 185-186 °C. IR (KBr): 3292, 2959, 1696, 1649, 1608, 1487, 1380, 1219, 1025, 764 cm-1.
'H NMR (400 MHz, CDCL): 8 = 0.92 (s, 3H, CHs), 1.07 (s, 3H, CHs), 1.18 (t, /= 7.3 Hz, 3H, CH3), 2.13-2.25 (m,
4H, 2 xCH>), 2.38 (s, 3H, CH3), 4.05 (q, /= 7.33 Hz, 2H, CH2), 5.02 (s, 1H, CH), 5.8 (s, 1H, NH), 6.85-6.89 (m,
2H, ArH), 7.23-7.27 (m, 2H, ArH). 13C NMR (75 MHz, CDCl) § 14.1, 18.2, 26.4, 29.0, 32.1, 35.2, 50.1, 50.3,
59.0, 103.4, 110.0, 114.2, 114.3, 114.4, 129.0, 129.1, 144.1, 145.1, 149.4, 169.8, 194.2. LCMS: m/z = 356 (M-H)-.
Anal. Calcd for C21H24NOsF: C, 70.58; H, 6.72; N, 3.92; F, 5.32. Found: C, 70.52; H, 6.79; N, 3.87; F, 5.28.
Ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-(4-methoxylphenyl)-5(6 H)-oxoquinolin-3-carboxylate

(2c). Yellow solid, mp 256-257 °C. IR (KBr): 3276, 2956, 1703, 1648, 1606, 1496, 1381, 1215, 1031, 765 cm-1.
1H NMR (200 MHz, CDCls + DMSO-ds ): 8 = 0.95 (s, 3H, CHs), 1.09 (s, 3H, CHs), 1.21 (t, /= 7.2 Hz, 3H, CH3),
2.01-2.10 (m, 4H, 2 xCHz), 2.30 (s, 3H, CHs), 3.70 (s, 3H OCHs), 4.00 (q, /= 7.2 Hz, 2H, CH2), 4.80 (s, 1H, CH),
6.65 (d, /= 7.3 Hz, 2H, ArH), 7.10 (d, /= 7.3 Hz, 2H, ArH ), 8.65 (s, 1H, NH). 13C NMR (75 MHz, DMSO-d6)
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6 14.1, 18.2, 26.4, 29.1, 32.1, 34.7, 50.2, 50.5, 54.8, 58.9, 103.2, 110.1, 113.0, 113.1, 128.2, 128.3, 139.8, 144.6,
149.1, 157.2, 166.9, 194.2. LCMS: m/z = 368 (M-H)-. Anal. Caled for C2H»NO«C, 71.54; H, 7.31; N, 3.79;
Found: C, 71.59; H, 7.35; N, 3.84.

IV. RESULT AND DISCUSSION

The classical method for the preparation of polyhydroquinoline derivatives involves the reaction of aldehyde
with ethyl acetoacetate and ammonia, in acetic acid or in refluxing in alcohol. However, this method suffers
from several drawbacks such as long reaction time, excess of organic solvent and lower product yield". All
the starting materials in the ratio of 1:1:1:1 mixture of aldehyde, dimedone, ethyl acetoacetate and

ammonium acetate catalyzed by TS1 catalyst is a green reaction in solvent free condition.
V. CONCLUSION

In conclusion, we reported TSI recyclable and reused green catalyst for Hantzsch reaction. Some of the
efficient feature for this method such as simplicity of the experiment, mild reaction condition, high yield,
short reaction time and easy work up. Hence such simple and lucidness makes this method attractive for the
synthesis of polyhydroquinoline derivatives.
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ABSTRACT

New derivatives of quinoline-3-carbonitrile have synthesized with a direct one pot three component eco-
friendly protocol. The present protocol displays a mild and easy access for the Knovenagle condensation
utilizing heterocyclic aldehyde, 2-cyanoacetohydrazide, and substituted anilines. The method includes use of
recyclable catalyst Bleaching earth clay (PH12.5) incorporated with the PEG-400 as a green solvent. All the
synthesized compounds were characterized for their spectral analysis.

Keyword: Bleaching earth clay (BEC), PEG-400, Heterocyclic aldehyde, recyclability.

I. INTRODUCTION

The predominant occurrence of the quinoline-3-carbonitrile derivative in various natural products and
established medicinal compounds'® had proven to be a versatile scaffold in organic and medicinal chemistry.
quinoline-3-carbonitrile have recognized to acquire varied biological activities such as antibacterial®,
antiviral’, anticancer®, antifungal’, antimalarial®, anti H.L.V?, anti-inflammatory'®. Quinoline-3-carbonitrile
derivative are acknowledged medicinal compounds known to be present in the bioactive natural products''.
Heterocyclic aldehydes are proven to contain varied biological activities'?. By interpretating these points we
combine the heterocyclic aldehydes with anilines and 2-cyanoacetohydrazide assuming that the present
combination may lead to formation of improved biological hybrid.

There is always been quest for advancement of the synthetic rout for the conversion of readily available
reagent in to widely used organic compounds. For accomplishing this multicomponent reaction (MCR) are
recognized as an important tool from economic as well as environmental point of view!s. Along with the
MCR method, use of green solvent is also considered to be an environmental benign access. Amongst the
green solvents used for MCR strategy PEG-400 is considered to be well known green solvent!,

In the previous literature there are abundant synthetic strategies for the synthesis of quinoline-3-carbonitrile

derivatives”. Development of an heterogenous catalyst for the synthesis of numerous important organic

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited
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motifs was always been a center of interest for organic chemistry students's'7. Ease of handling, reusability,
easy extraction are some peculiar advantages of heterogenous catalysts. Amongst those heterogeneous
catalysts Bleaching earth clay (BEC) is considered as a remarkable heterogenous catalyst for various organic
transformations'®. Taking in account these facts we represent an MCR protocol for synthesis of by
Consolidation of heterocyclic aldehydes with anilines and 2-cyanoacetohydrazide Manipulating Bleaching
earth clay as catalyst and PEG-400 as green solvent.

II. RESULT AND DISCUSSION

A facile one pot three component protocol for the synthesis of new quinoline-3-carbonitrile derivative 4a-j is
reported by utilizing equimolar heterocyclic aldehydes 2a-j, anilines 3a-c and 2-cyanoacetohydrazide 1
Scheme 1. The synthetic protocol commences with sequential addition of 2-cyanoacetohydrazide and
heterocyclic aldehydes in round bottom flask previously filled with catalytic amount of BEC and PEG-400 as
green solvent, after completion of reaction as indicated by TLC the anilines was added in the same pot and
the reaction mixture was further stirred at 80°C for the formation of product. the first attempt was made
using the Triethylamine as a catalyst which results in formation of the product with 50% yield and time
required for completion of reaction was 65 minutes Entryl Tablel. Observing these results, we moved for
other catalysts piperidine and morpholine Entry 2and 3 Table 1 respectively which the outcomes of 40 and 30%
yield with the time of 70 and 60 minutes. When we moved for using BEC as a catalyst 1 Wt% resulting in
production of improved 60% yield Entry 4 tablel. Enthused with these results we further investigate
different wt% compositions of BEC (pH 12.5). We came to investigation that satisfactory yield was obtained
when we utilized 15wt% of BEC. The yield was found to hampered when 10 wt% and 20wt% BEC were used
Entry 5 and 7 Table 1. However, there was no formation of product when reaction was carried out in absence
of catalyst when stirred at RT Entry 8. Even though when reaction mixture was stirred at 80°C without
catalyst the formation of product was not observed Entry 9 Table 1. The optimized reaction conditions were
found when 15wt% of BEC was used.

Tablel: Optimized reaction conditions

Entry Catalyst (Mol/wt%) Temp (°C) Time (Min) Yield of 4a (%)
1 Triethylamine (Mol%) 70 65 50
2 Piperidine (Mol%) 80 70 40
3 Morpholine (Mol%) 80 60 30
4 Bleaching earth Clay 1 wt% 80 50 60
5 Bleaching earth Clay 10 wt% 80 40 70
6 Bleaching earth Clay 15 wt% 80 35 90
¥ Bleaching earth Clay 20 wt% 80 20 70
8 No catalyst RT 70 0
9 No catalyst 80 80 0
* Reaction progress was monitored by thin layer chromatography (TLC)
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"Yield refers to isolated yield
With these optimized conditions we initiated to find the substrate scope the reaction condition was found to

operate for varied substrate scope Table 2.

Scheme 1
X
1 un-NH2
o 5
CN /—\' a=-c
PEG-400, BEC
stirring at 80°C
X=ClI, F,OMe

X=Cl, F,OMe

The finding of the substrate scope indicates that the MCR strategy allows variety of substrate to undergo
smoothly with formation of product with satisfactory yield. Interpretation of the yield of the substrate scope
indicate that the reactant with electron donating group either on aldehyde 2a-j or on the anilines 3a-c
renders the product yield. The substrates with electron withdrawing groups on the aldehydes or on the
anilines are providing the products with good yield.

Table 2 Substrate Scope

OHC
=8 2a-j
\Y
b NfN©
_NH, +
T HN e PEG-400, BEC
o e -
| stirring at 80°C
CN ,\-R 3a-c

X=Cl, F,OMe

X=ClI, F,OMe
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49 65%  OCH,

4h 80% CHs 4j 80% o] 4k 80%

*Yield refers to the isolated product after column chromatography

The plausible mechanistic path was proposed in Scheme 2. The mechanism indicate reaction was proceed
through abstraction of proton from 2-cyanoacetohydrazide by BEC then the anion attack on the carbonyl of
heterocyclic aldehyde. Furthermore addition of substituted anilines leads to formation of final product.

Scheme 2 Plausible mechanism
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III. CONCLUSION

The proposed protocol provides an easy access for the synthesis of quinoline-3-carbonitrile derivatives. the
MCR strategy for the synthesis is woven with the environmental benign approach through the use of BEC as
a catalyst and PEG-400 as a solvent. The protocol delivers an efficient access for the formation of new hybrid

product with coupling of easily available reactants which may lead to improved biological activities.
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ABSTRACT

The extraction behaviour studies of neodymium(IIl) from sodium succinate medium at pH 7.5 with 2-
octylaminopyridine in xylene. The extracted neodymium(III) was stripped with 0.1 M HCI from the organic
phase and determined by arsenazo. Physicochemical parameters like diluents study, phase ratio, and loading
capacity to name a few were optimized for the quantitative extraction of neodymium(III). Neodymium(III)

was selectively extracted and separated from binary and ternary mixtures.
Keywords: - Extraction, Neodymium (III), 2-octylaminopyridine, Succinate media.
I. INTRODUCTION

Neodymium is one most abundant element in earth crust but never occur in nature as a native element, its
main source is ores of Monazite, Xenotime and Bastnaesite [1]. Neodymium is used as a permanent magnet,
neodymium, boron, and iron tetragonal alloy (Nd:FeisB) have been used in a wide range of applications
requiring high coercive force and high energy product (e.g. Hybrid electric vehicles and miniature high
capacity hard disk drives) [2,3]. Neodymium is rare and valuable therefore their recycling and extraction are
mandatory for technical, environmental, economic, and resource conservation reasons.

Separation of neodymium from natural resources by environmentally friendly approaches is most significant.
Therefore, man strategies for the isolation of neodymium have been developed. Among which solvent
extraction is the most often used technique. Different extractants have been used for the extraction of
neodymium such as 8-hydroxyquinoline [4], Cyanex 921 [5], trioctylphosphine oxide (TOPO) and
trialkylphosphine oxide [6], 2-ethylhexylphosphoric acid [7]. Tributylposphate in supercritical carbon dioxide
solvent has been successfully used for the quantitative recovery of neodymium [8]. Mono-2-ethylhexyl ester

[9]. The extractantdialkylphospate in the ionic liquid has been studied for the extraction of neodymium [10].
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Long-chain crown ethers such as poly[dibenzo-18-crown-6] [11], dicycloheano-18-crown-6 [12], and
TODGA [13] were used.

As per as the robustness of the work is concerned. In earlier work, Nd(III) was extracted with different
extractants. However those required either mineral acid media, the high time of extraction, high
concentration of extractant, etc. Whereas in the present method, the extraction was carried out in 0.005 M
sodium succinate at pH — 7.5, and extractant concentration was 0.05 M indicating the method is relatively
eco-friendly and a step ahead towards green Chemistry.

The proposed study aimed to develop a more greener and precise method for the extraction of Nd(I1I). Efforts
have been made to optimize the extraction system. The novelty of the system lies in the minimum use of
concentration of extractant and use of greener weak acid media. The method has a good recovery of solvent

and does not require too much of instrumentation.
II. EXPERIMENTAL

Apparatus

Digital spectrophotometer optimized o was used for the absorption measurement using 1 cm quartz cells. An
Elico digital pH meter model LI-127 was used to measure the pH. METLER TOLEDO was used for weighing
operations model ML-204/-01 having accuracy 1 x104g.

Reagents

Standard Neodymium(III) 500 pg/ml stock solution
The stock solution of neodymium (III) was prepared to dissolve 1.165 g. of neodymium oxide in 40 ml of

perchloric acid and the final volume was brought to 1000 ml with double distilled water.

2-Octylaminopyridine (2-OAP)
2-OAP was synthesized by Borsch and Petrukhin [14] and the working extractant solution having molarity
(0.05M) was prepared in xylene.

Arsenazo-I

Arsenazo-I (0.05% w/v) was prepared by dissolving 0.05 g. of arsenazo-I (s. d. Fine-chem limited) in water.

Triethanolamine buffer

Added 200 ml 15% triethanolamine in 160 ml of 1M HNOsand 40 ml of water. Adjust the pH of the solution
to 7.2 with dilute NHs or HNOs.

All reagents and metal salts used are of analytical grade and their solutions were prepared in water and

mineral acid.
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Recommended Procedure

A solution containing 75 pg neodymium(III), was made to 0.005 M w/v with sodium succinate, and pH was
brought to 7.5 with dilute mineral acid and base by maintaining total dilution volume to 25 ml and then
transferred to 125 ml separatory funnel to this added 10 ml 0.05 M 2-OAP in xylene as an extractant and
shaken for 5 min, two phases were allowed to disengage. The neodymium(III) extracted in the organic phase
was stripped with 0.1 M HCI (3 x 10) ml as a strippant solution.

The stripped solution containing neodymium(III) was evaporated to moist dryness. To this added 5%
sulphosalicyclic acid. After two minutes added 5 ml of the Arsenazo-I [15] (0.05% w/v) solution, 10 ml of
triehanolamine buffer, water to 40 ml, and ammonia till the pH was 7.2. Transfer the solution to a 50 ml
volumetric flask, diluted up to the mark with water, and measured the absorbance at 580 nm using reagent

solution as a reference.
III. RESULTS AND DISCUSSION

Effect of pH

The formation of a complex of metal with a particular extractant and the subsequent extraction was greatly
influenced by the pH of the solution. The influence of the pH on the extraction of neodymium(III), was
studied in the range from 1-10 (Fig. 1). The required H* ion concentration at various pH was reached by
adding dil. HCI or NaOH. The extraction of ion-pair complex of neodymium(III) was increased with pH and
became quantitative in the pH range 7.0 - 8.2, above this optimum pH range neodymium(III) extraction

decreases. Therefore 7.5pH was selected throughout the experiment.

100 -~

(=]

0 2 + pH o 8 10

Fig. 1 Effect of pH on extraction of Nd(III) - 2-OAP complex.

Influence of 2-OAP concentration on extraction of neodymium(III)

The concentration of extractant is one of the most important factors for the extraction of any metal. Hence
extraction performance of neodymium(III) greatly depended on the concentration of 2-OAP. To elucidate the
effect of 2-OAP concentration on the neodymium(III) extraction, the experiment was carried out at a various
concentration of 2-OAP from 0.001- 0.10 M (Fig. 2), and other parameters such as pH 7.5, 0.005 M sodium
succinate, phase ratio 2.5:1 were kept constant and extraction was carried out. The results illustrate that the

extraction commences at 0.001 M 2-OAP concentration and becomes quantitative in the range of 0.04-0.06 M,
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further increase in concentration beyond 0.06 M there was a decrease in the extraction of neodymium(III).
For the further study, 10 ml of 0.05 M 2-OAP was adopted as an optimum concentration of extractant for the
quantitative extraction of neodymium(III). The recycling capacity of the reagent for quantitative extraction of

neodymium(III) was observed to be three times.

100

8

% Extraction
8

0 0.05 0.1

Conc. of 2-OAP M
Fig. 2 Impact of conc. of 2- OAP on extraction of Nd(III)

Impact of weak organic acid concentration
The extraction of neodymium(III) was investigated at pH 7.5 with 10 ml of 0.05 M 2-OAP in xylene in the

presence of a varying concentration of different weak organic anions like acetate, succinate, malonate and
citrate. Quantitative extraction of neodymium(III) was found from succinate media. The weak acid curve of
sodium succinate indicates that quantitative extraction was taking place in the concentration range of 0.003
to 0.010 M. In general procedure 0.005 M sodium succinate was recommended throughout the experiment
(Fig. 3). The salicylate, malonate, citrate, and ascorbate do not give quantitative extraction of neodymium(III)

as there was no formation of stable ion-pair complexes.

100 —— sodium
succinate
—— Sodimm
S0 salicylate
2 60
£
A 40
-
20
0 & - . : . .
o 0.01 0.02 0.03 0.04 0.05
Weak acid concentraion (A
Fig. 3 Impact of weak organic acid concentration
Metal Loading Capacity

The extraction behaviour of neodymium(Ill) was studied concerning the metal loading capacity was
demonstrated at a varying concentration of neodymium(IIl) in the range 25 pg to 900 pg. The analysis
elucidates that the nearly hundred percent extractions take place in the range of 25 to 700 pg. It means up to
700 pg of neodymium(IIT) 10 ml of 0.05 M 2-OAP is sufficient and after 700 pg neodymium(III) decrease in
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extraction demonstrates that there might be a deficiency of 2-OAP. Thus this study indicates that 700 ug of
neodymium(III) is a maximum capacity for 10 m1 0.05 M 2-OAP.

Impact of stripping reagents on the extraction of neodymium(III)

Stripping is a back extraction and is reverse to that of extraction. If the extraction took place in a basic
medium, usually the acidic strippants become more efficient and vice versa. The loaded organic phase of 2-
OAP, was back-extracted with various stripping reagents as shown in Fig. 4. The results demonstrate that, the
extraction efficiency of the different stripping reagents like ammonia buffer, water, ammonia, HCI, H2504
and HNOs. The study illustrates that neodymium(III) was extracted with 2-OAP in xylene and stripped out
completely with HCI, while other reagents showed incomplete stripping of neodymium(III) from the loaded
organic phase. Therefore, the stripping of neodymium(III) from the loaded organic phase was carried out
with 0.1 M HCI (3 x 10 ml) solution. The stripping mechanism-

[2-OAPH+Nd (succinate)2 +3 HCl= 2-OAP +NdCls +2 succinic acid

100 = —#—CH3COOH
| ¥ ——HCL

I - a2 ——HNO3
80 4 f — —He—HZ504

P
A EQ:_!;L*B

%E

0 0.2 0.4 0.6 0.8 1 1.2
Conc. of acids , M

Fig. 4 Impact of strippants on extraction of Nd(III)

Solvent Study

The use of suitable solvents is very important in solvent extraction. The different solvents were studied such
as amyl alcohol, 1,2-dichloroethane, xylene, n-butanol, kerosene, methyl isobutylketone, chloroform, toluene,
benzene, carbon tetrachloride (Fig. 5). The extraction of neodymium(III) was found to be quantitative in
xylene and toluene with 0.05 M 2-OAP. It was found that there was no significant relationship between
dielectric constant and percentage extraction. Hence xylene was selected as a solvent for extraction of

neodymium(III) which has low cost and showed clear phase separation.
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Fig. 5 Effect of solvents

Effect of organic to aqueous volume ratio

The different volume of aqueous phase to non-aqueous phase was examined by keeping organic phase volume
fixed. The analysis was carried out in the range of 1:1 to 1:30. The study reveals that 1:1 to 1:6 ratios give
quantitative extraction of neodymium(III). Beyond 1:6 ratio the distribution ratio decreases because of lack of
2-OAP extractant due to an increase in volume (Fig. 6). Therefore 1:2.5 ratio of organic to aqueous was
recommended for the proposed method for practical suitability and to avoid the losses of chemicals.

100 H

80 -~

2

% Extraction

0 100 200 300

Volume of agqous phase
Fig. 6 Effect of organic to aqueous volume ratio
Stoichiometry of extracted species
The mechanism of extraction of neodymium(III) was proposed by evaluating the experimental information
and based on slope ratio study. The plot of log D aum) Vs log Cisuccinae) at fixed pH 5.5 and 9.5 was linear with
slopes 2.02 and 2.03 respectively. This illustrates that two succinate ions react with one Nd(III) species (Fig. 7).
The plot of log Dinaaiy Vs log Cr2-0ap) at fixed pH 5.5 and 9.5 showed a slope of 1.18 and 1.09 respectively. This
illustrates that one mole of 2-OAP takes part in reaction with one mole of neodymium(III) (Fig. 8). Therefore
the slope ratio method proposes the possible combination of species as 1:2:1 (Metal: succinate: 2-OAP). The
probable mechanism of extraction based on the slope ratio analysis method was as follows

NA(III) + 2 succinate? = [Nd(succinate)2]aq (1)
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H* + 2-OAPoyg = 2- OAPH'org, (2)
2- OAPH o + [Nd(succinate)2] sg= [2-OAPH+Nd(succinate) 2 ] (3)
[2-OAPH+Nd (succinate)2] - 3HCI & 2-OAP +NdCls + 2 succinic acid (4)

1.2

pH=5.5
Slope = 2.02

log D,y

pH=95
Slope = 2.03

: ———— y i
3.4 3.2 -3.0 2.8 2.6
logC

[redium meein ]

Fig.7 Plot logDvaum; Vs log Cisuccinate]

0.8+
0.6+
0.4+

0.2 -

[Nd (I

2 0.04

= 0.24

Fig. 8 Plot of log D vaam; Vs log C2-oar
IV. APPLICATIONS

Separation of neodymium(IIT) from associated metal ions

The influence of commonly associating ions in the ore samples on the extraction recovery of neodymium(I1I)
was studied. Various salts and metal ions were added individually to a solution containing 75 pg of
neodymium(III) in 25 ml aqueous volume and an extraction procedure was employed. The tolerance limit of
the associating ions, defined as the largest amount making the recovery of neodymium(III) less than 95 %.
Most of the metal ions and anions do not interfere in the extraction of the neodymium(III) even at the
milligram level. The versatility of the proposed method was checked by carrying out extraction of
neodymium(III) with various associated metal ions such as Zr(IV), Ce(IV), Y(III), Th(IV), La(III),Gd(III),
Sm(III), Cd(II), Pb(II), Ba(Il), Ru(IIl), Se(IV), Mg(Il), Sr(II), Mo(VI), U(VI), V(V), Zn(II), Ca(Il), Cr(VI),
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W(VI), Ti(IV), Nb(V), Co(II), Mn(II), Fe(II), Ta(V), Ni(II), Eu(III), Pd(II), As(III), Cu(II), Bi(III), Te(IV) and
Sb(III) with 10 ml of 0.05 M 2-OAP in xylene from 0.005 M succinate medium (Table 1). Added metal ion

was estimated by a classical method using a selective reagent spectrophotometrically whereas neodymium (I1II)

was determined spectrophotometrically by the Aresnazo-I method.

Table 1 The influence of foreign ions on extraction of neodymium(III)

Tolerance Foreign ions added

limit in mg

0.5 Gd(III) f

1 U(VI)2, V(V) 2, Fe(Il), Ta(v)?, Ce (IV) 3, Pb(II) b, AI(III) 4, Ni(II) ¢

2 La(III), Y(III), Mo(II), Zr(IV)* , Zn (II), Ba(II), Mn(II), Sb(IT), Ru(III), Th(IV):
3 Se(IV), Bi(III), Te(IV), Co(II), Eu(III)

4 Mg(II)

5 Cd(II), Ti(IV), Nb(V), Cu(II)

7 Pd(II)

10 Sr(IT), Cr(VI), Sm(ITI) ¢, W(VI), Fluoride, Nitrite, phosphate, EDTA

15 Ascorbate, Tartarate, Iodide, Thiourea, Chloride, Salicylate, Thiocyanate
25 Acetate, Nitrate, Thiosulphate, Citrate, Ca(Il), Sulphate, Succinate

50 Bromide , Oxalate ,

a = Fluoride, b = thiosulphate, ¢ = thiocyanate, d = oxalate, e = ascorbate ,

f = thiourea

Separation of neodymium(III)from ternary mixture
A ternary mixture of neodymium (III) with Th(IV) Zr(IV):La(Ill) Ce(IV): Cd(II), Fe(Il): Th(IV), Fe(Il):
Th(IV), Y(III) : Y(III), La(IIT) : Sm(III), U (VI): Zr(IV), Mo(VI): Eu(III), U(VI):BI(III), La(III):U(VT), Ce(IV) and
U(VI) Th(IV) were prepared and analyzed by general procedure (Table 2).
Table 2 Separation of neodymium(III) from synthetic mixtures.

Metal ions Amount taken in pg % Recovery of Nd(III)* RSD, %
Nd(IIT) 75

Th(IV) 40 99.75 0.07
Zx(IV) 400

Nd(II1) 75

La(II) 250 99.72 0.15
Ce(IV) 300

Nd(III) 75

Bi(I1I) 300 99.68 0.07
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La(II0) 250

NdA(I11) 75

Th(IV) 40 99.75 0.17
Ce(IV) 300

Nd(III) 75

Y(IID) 75 99.78 0.10
La(III) 250

Nd(II) 75

Eu(III) 150 99.62 0.19
U(VI) 200

Nd(III) 75

Sm(TTT) 200 99.78 0.16
UV 200

Nd(III) 75

Zr(IV) 400 99.48 0.13
Mo(VT) 150

Nd(III) 75

Fe(I1I) 400 99.58 0.09
Cd(IT) 40

Nd(I1I) 75

Y(I1I) 75 99.62 0.11
Th(IV) 40

Nd(III) 75

U(VI) 200 99.72 0.15
Ce(IV) 300

Nd(IID) 75

UvI) 200 99.70 0.17
Th(IV) 40

* Average five determinations

Added metal ions remained in a non-organic phase whereas from loaded non-aqueous phase containing
neodymium(III) was back-extracted with 0.1 M HCI (3 x 10) ml and determined spectrophotometrically by
arsenazo-I. To check and confirm the accuracy of the method average three determinations were carried out.

V. CONCLUSION

I]. The ion-pair complex of neodymium(III) succinate with the 2-OAP in xylene was good enough for

separating the various binary, ternary mixtures which are commonly associated with it.
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ITI]. During extraction of neodymium(III) there was no need for the addition of any surfactant or modifier for
quantitative extraction in a single step from weak acid media at 7.5 pH and at room temperature.

I1I]. The neodymium(III) from the loaded organic phase of 2-OAP was back-extracted by stripping the non-
aqueous phase with 0.1 M HCI (3 x 10 ml) solution.

IV]. The extractant 2-OAP was extended for separating the neodymium(III) from binary and ternary
mixtures.

V]. The strippants used for the separation are simple.

V1]. The probable composition of the proposed method was 1:2:1 (metal: succinate: 2-OAP extractant).
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ABSTRACT

The present paper reports a green, efficient, and rapid method for the synthesis of 2-amino-5-oxo-4-phenyl-4,
5-dihydropyrano[3,2-c]Jchromene-3-carbonitrile derivatives by one-pot condensation of 4-hydroxy-2H-
chromen-2-one, aldehyde, and malononitrile in the presence of ammonium chloride in PEG-400. The
method has the advantages of operational simplicity, mild reaction conditions, short reaction time, and no
environmental impact.

Keywords: Ammonium chloride, Green chemistry, PEG-400.

I. INTRODUCTION

Advances in organic synthesis enable chemists to prepare most natural product targets. Even with state of the
art methods, however, syntheses often require many synthetic manipulations and purifications, resulting in
low overall yields and generation of large amounts of chemical waste. To address these issues, increasing
synthetic efficiency and reducing E-factors (defined as the ratio of the mass of waste produced to the mass of
product) are becoming more important in designing synthetic routes [1]. One approach to streamline organic
synthesis is through tandem and sequential reactions that accomplish multiple steps in a single flask and
minimize isolations, purifications, and solvent use. Recently, we have reported several MCRs on the synthesis
of Pyrano-[2,3- ¢ |-pyrazoles [2-4].It is well known that pyrans are important core units in a number of
natural products [4] and photochromic materials [5]. Compounds with pyran ring system have many
pharmacological properties and play important roles in biochemical process [5]. Moreover, 4H-pyrans are
useful intermediates for the synthesis of various compounds, such as pyranopyridine derivatives [6],
polyazanaphthalenes [7], pyrano[2]pyrimidines [8], and pyridin-2-ones [9]. Therefore, preparation of this
heterocyclic nucleus has gained great importance in organic synthesis. There are many sound reports
expressing that pyrano[3,2- cJchromene is a class of vital heterocycles with a wide range of biological effects
[10] such as spasmolytic, diuretic, anticoagulant, anti-cancer and anti-anaphylactic activity [11]. Moreover
fused chromene derivatives have a relatively broad spectrum with high activity profile against various

bacteria and fungi [12]% along with antiproliferative [13], sexpheromonal [14], mutagenicitical [15],
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antitumor [16], anti-viral [17,18] and central nervous system activities [19]. Recently, several methods have
been reported for the synthesis of pyran derivatives via a three-component condensation of b-dicarbonyl
compounds with aldehydes and malononitrile [20].

As there is increasing environmental consciousness in chemical research and industry, the challenge for a
sustainable environment calls for clean procedures that can avoid using volatile organic solvents and heavy
metal ions as catalysts. Together with the volatile character and very poor environmental and toxicological
profiles of the most commonly used compounds, there is a need for alternative solvents that may replace the
present ones [1, 21, 22] Several approaches within the green chemistry framework have been proposed in the
last few years; supercritical fluids and ionic liquids being the most promising and extended ones among
academia. In spite of the promising characteristics of these alternative fluids, their extension to large scale
industrial applications is very scarce nowadays, especially for ionic liquids. Among these alternative organic

solvents with adequate properties, polyethylene glycol-400 (PEG-400) [22] is one of the most promising ones.
II. RESULT AND DISCUSSION

As part of a continuing effort in our laboratory toward the development of new multi-component
condensation reactions, we became interested in the possibility of developing environmental friendly
methodologies for the preparation of 2-amino-5-oxo-4-phenyl-4, 5-dihydropyrano[3,2-c]chromene-3-
carbonitrile derivatives through a three-component condensation reaction of 4-hydroxyquinolin-2(1H)-one,
aldehydes, and malononitrile. By a preliminary experiment, we found that this three-component
condensation reaction in PEG-400 using ammonium chloride as a promoter worked very well. Therefore, we
herein report a green, efficient, and rapid procedure for the one-pot synthesis of 2-amino-5-oxo-4-phenyl-4,
5-dihydropyrano[3,2-c]Jchromene-3-carbonitrile derivatives by using ammonium chloride as the catalyst in

excellent yields (Scheme 1).

OH CHO
+ | ]+ %
0" X0 ’\R CN PEG-400

1 2a-i 3

Y

4a-i

Schemel. Synthetic route of 2-amino-5-oxo-4-phenyl-4, 5-dihydropyrano[3,2-c]chromene-3-carbonitrile
derivatives

Initially, we investigated the three-component condensation reaction of 4-hydroxy-2H-chromen-2-one 1,
benzaldehyde 2a, and malononitrile 3 in PEG-400 as green solvent in the presence of different catalysts and

the results are summarized in Table 1.
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Table 1. Comparison of Catalytic Activity of Various Catalysts for synthesis of pyrano[3,2-c]chromene-3-

carbonitrile derivatives

Entry Catalyst (mol/wt %) Time (min) Yield of 4a2 (%)
1 PTSA (20) >60 70
2 NH:SO0s3H (20) >60 58
3 Si02-NaHSOsH (10) >60 60
4 ZnCl2 (20) >60 52
5 MgCl2 (20) >60 62
6 TEA (20) 30 70
7 Piperidine (20) 20 78
8 MgO (20) 20 60
9 Ammonium chloride (1) 25 75
10 Ammonium chloride (5) 22 89
11 Ammonium chloride (10) 20 94
12 Ammonium chloride (20) 25 91
13 KF-ALO3(0.3 g) 120 78
“Isolated yields.

In this three-component reaction, we found that catalysts had significant effects on the reaction time and
yields (Table 1). The results indicated that in the presence of proton acids and classical Lewis acids as catalysts
the yields at lower side in EtOH under reflux conditions for 60 min, such as TsOH, NH2SOsH, SiO>-NaHSOs,
ZnClz, and MgCl: (Table 1, entries 1-5). The model reaction was carried out using ammonium chloride in
PEG, to our delight, the desired condensation product 4a was obtained in moderate to excellent yields (50—
94%), which meant that this three-component condensation reaction of 4-hydroxy-2H-chromen-2-one 1,
benzaldehyde 2a, and malononitrile 3 could proceed smoothly catalyzed by mild acidic condition. As shown
in Table 1, ammonium chloride was found to be the most effective catalyst in terms of reaction time and
yields (Table 1, entries 9-12). Further-more, we found that the yields of 4a were improved as the amount of
ammonium chloride increased from 5% to 10%, and the yields plateaued when the amount of ammonium
chloride was further in-creased from 20% to 50% (Table 1, entries 11-14). However, only 78% yield of the
desired product was obtained in the presence of KF-Al2Os as catalyst for 5 h (Table 1, entry 13). Therefore, 10
wt % of ammonium chloride was considered to be the most suitable.

As shown in Table 2, only a trace amount of the target product 4a was observed when the mixture was heated
for 60 min in the presence of 10 wt % of ammonium chloride in ethanol, methanol, DMF as well as under a
solvent-free condition (Table 2, entries 1-4). The increasing interest of organic chemists in the use of PEG
(Table 2, entries 5-8) as a solvent of choice and its unique properties [2-4] attracted our attention to its use as
a green solvent in the present study. The reaction using PEG-400 (94%) as the solvents gave the
corresponding product 4a in high yields and in short reaction time (Table 2, entries 7 and 12). From the

economic and environmental point of view, PEG-400 was chosen as the reaction medium for all further
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reactions. Therefore, the best reaction conditions were obtained by using 10 wt % of ammonium chloride as
the catalyst in PEG-400.

Table 2. Study of effect of solvent on synthesis of pyrano[3,2-c]chromene-3-carbonitrile derivatives.

Entry Solvent Temp -C Time (Min) Yield® (%)
1 None 100 120 Traces

2 Ethanol 60 60 50

3 Methanol 60 60 46

4 DMF 100 30 80

5 PEG-200 60 30 82

6 PEG-400 Rt 25 89

7 PEG-400 60 20 94

8 PEG-600 60 30 88

a Isolated Yields.

Having established the optimized reaction conditions, we then successfully synthesized a variety of 2-amino-
5-oxo-4-phenyl-4, 5-dihydropyrano[3,2-cJchromene-3-carbonitrile derivatives 4 and the results were
summarized in Table 3.

Table 3. Physical data of ammonium chloride catalyzed synthesis of pyrano[3,2-c]chromene-3-carbonitrile

derivatives.
Product Ar Yield® (%) MP-C Found(Reported)
2a CeHs 2a 94 255-257 (256-258)[23]
2b 4-CHsCsH42b 92 252-254 (250-252)[23]
2c 4-CH30-CeHa 2c 90 241-244 (240-242)[23]
2d 4-F-CsH4+2d 89 210-212
2e 4-Cl-CsH42e 92 264-267 (263-265)[23]
2f 4-Br-CeHa 2f 91 247-250 (249-251)[23]
2g 3-CHs0-4-HOCesH: 2g 94 228-230
2h 4-OH-CsHs2h 87 258-260
2i 3-OH-CsH4 21 89 263-265
2j 4-NO2-CsH42j 90 259-261 (258-260)[23]
2k 3-NO:-CsH4 2k 87 261-263 (262-264) [23]
21 2-Cl-CsHs21 93 275-277
2m 2,4-C.CeH3 2m 90 256-258 (257-259)[23]
2n 2-OH-CsHs2i 88 280-282

*Isolated yields.

A series of aromatic, heterocyclic, and aliphatic aldehydes were selected to undergo the condensation in the
presence of ammonium chloride. As shown in Table 3, aromatic aldehydes 2 carrying either electron-
donating or electron-withdrawing substituent reacted efficiently giving excellent yields (Table 3, entries 1-

14). Hence, the effect of the nature of the substituent on the aromatic ring showed no obvious effect on this
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conversion. The experimental procedure is an efficient, green, convenient, rapid and has the ability to
tolerate a variety of other functional groups, such as methoxyl, nitro, hydroxyl, and halides under these

reaction conditions.

ITI. CONCLUSIONS

In summary, the present method discloses a new and simple modification of the condensation of 4-
hydroxyquinolin-2(1H)-one 1, aldehyde 2, malononitrile 3 to the synthesis of 2-amino-5-oxo-4-phenyl-4, 5-
dihydropyrano[3,2-c|chromene-3-carbonitrile derivatives 4 by using ammonium chloride as a catalyst in
PEG-400. The present method has the advantages of operational simplicity, mild reaction conditions, short
reaction time, improved yields of the products and characteristic recyclable ability of catalyst, thus making it
a useful and important addition to the existing methods. Undoubtedly, this reaction should be useful to design
a simple work up procedure for the synthesis of 2-amino-5-oxo-4-phenyl-4, 5-dihydropyrano[3,2-

c]chromene-3-carbonitrile derivatives 4.
IV. EXPERIMENTAL

All the melting points were uncorrected and determined in an open capillary tube. The chemicals and
solvents used were of laboratory grade and were purified. Completion of the reaction was monitored by thin
layer chromatography on precoated sheets of silica gel-G (Merck, Germany) using iodine vapour for detection.
IR spectra were recorded in KBr pellets on a FTIR Schimadzu spectrophotometer. 'H NMR (300MHz) and *C
NMR (75 MHz) spectra were recorded in DMSO-d6 with an Avance spectrometer (Bruker, Germany) at a
300-MHz frequency using TMS as an internal standard. Mass spectra were recorded on an EI-Shimadzu QP
2010 PLUS GC-MS system (Shimadzu, Japan). Elemental analyses were performed on a Carlo Erba 106
Perkin-Elmer model 240 analyzer (Perkin-Elmer, USA).

4.1. General procedure for the synthesis of 2-amino-5-oxo-4-phenyl-4, 5-dihydropyrano[3,2-c]chromene-3-
carbonitrile derivatives 4: A mixture of 4-hydroxy-2H-chromen-2-one 1 (1 mol), aldehyde (2a-21) (1.1 mol),
malononitrile 3 (1.1 mmol), and ammonium chloride (10 wt %) in PEG-400 (10 mL) was heated to 60°C
under stirring for the given time (Table 3). After completion (by TLC), the reaction mixture was filtered to
separate catalyst then cooled to room temperature, then ice cold water (50 mL) was added to the mixture and
stirred magnetically for 5-10 min. The solid was filtered and recrystallized from EtOH to afford the pure
products 4 a-i.

4.1.1.Product 4a: Pale yellow powder; Yield: 294 mg, 93 %; m.p. 255-257 °C (recrystallized from EtOH); IR
(KBr) em™: 3323, 3204, 2195, 1720, 1668, 1601, 1519, 1381, 1264, 1143, 1048, 761, 481; 'H NMR (300 MHz,
DMSO-d6 TMS) & ppm; 4.41 (1H, s, CH), 7.21-7.30 (5H, m, arom.), 7.36 (2H, s, NH2), 7.40-7.48 (2H, m,
arom.), 7.69 (1H, t, ] = 7.2 Hz, arom.), 7.86 (1H, d, J = 7.2 Hz, arom); 3C NMR(75 MHz, DMSO-d6, TMS) &
ppm; 37.1, 58.1, 104.1, 113.0, 116.6, 119.3, 122.6, 124.7, 127.2, 127.7, 128.6, 133.0, 143.4, 152.2, 153.5, 158.1,
159.6; Anal. Calcd for CioH12N20s: C, 72.15; H, 3.82; N, 8.86 %. Found: C, 72.11; H, 3.81; N, 8.84 %.
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4.1.2. Product 4b: Grayish solid; Yield: 304 mg, 92 %; m.p. 252-254 °C (recrystallized from EtOH); IR (KBr)
cm!: 3319, 3310, 3195, 2196, 1718, 1676, 1608, 1377, 1057, 954, 757, 506; 'H NMR (300 MHz, DMSO-d6
TMS) 8 ppm; 2.21 (3H, s, CHs), 4.36 (1H, s, CH), 7.05-7.11 (4H, m, arom.), 7.34 (2H, s, NH>), 7.39-7.47 (2H,
m, arom.), 7.66 (1H, t, ] =9.0 Hz, arom.), 7.86 (1H, d, ] = 9.0 Hz, arom.); *C NMR(75 MHz, DMSO-d6, TMS)
& ppm; 20.7, 36.7, 58.2, 104.2, 113.1, 116.6, 117.8, 119.3, 122.5, 124.7, 127.6, 129.1, 132.9, 136.3, 140.5, 152.2,
153.3, 158.0, 159.6. Anal. Calcd for C20H1sN20s: C, 72.72; H, 4.27; N, 8.48 %. Found: C, 72.74; H, 4.27; N, 8.47
%.

4.1.3. Product 4c: White solid; Yield: 304 mg, 88 %; m.p. 221-223 °C (recrystallized from EtOH); IR (KBr) cm’
1: 3370, 3290, 3182, 2191, 1709, 1671, 1605, 1571, 1507, 1459, 1379, 1319, 1251, 1178, 1111, 1052, 1026, 951,
834, 756, 564, 529; ; '"H NMR (300 MHz, DMSO-d6 TMS) é ppm; 3.68 (3H, s, OCHs), 4.35 (1H, s, CH), 6.82
(2H, d, J =8.4 Hz, arom.), 7.13 (2H, d, ] = 8.4 Hz, arom.), 7.33 (2H, s, NHz), 7.38-7.47 (1H, m, arom.),7.63-
7.69 (1H, m, arom.), 7.84 (1H, dd, J=7.5 Hz, ] = 1.2 Hz, arom.), 7.93 (1H, d, ] =9.0 Hz, arom.); '*C NMR(75
MHz, DMSO-d6, TMS) 6 ppm; 36.2, 55.1, 58.4, 104.3, 114.0, 115.3, 116.6, 119.4, 122.5, 124.8, 128.8, 132.9,
133.5, 135.5, 152.2, 153.1, 158.0, 159.6, 160.5; Anal. Caled for C20H14aN204: C, 69.36; H, 4.07; N, 8.09 %. Found:
C, 69.38; H, 4.06; N, 8.10 %.

4.1.4. Product 4e: Light yellow colored solid; Yield: 315 mg, 90 %; m.p. 265-267 °C (recrystallized from
EtOH); IR (KBr) cm: 3402, 3323, 3204, 2197, 1714, 1670, 1604, 1509, 1379, 1264, 1143, 1047, 761, 481; ; 'H
NMR (300 MHz, DMSO-d6 TMS) & ppm ; 4.46 (1H, s, CH), 7.23 (2H, d, ] = 8.4 Hz, arom.), 7.43-7.50 (6H, m,
NHz+arom.), 7.68-7.72 (1H, m, arom.), 7.88 (1H, d, ] = 7.2 Hz, arom.); 3C NMR(75 MHz, DMSO-d6, TMS) &
ppm; 36.4, 57.7, 103.6, 113.1, 116.6, 119.1, 122.6, 124.8,128.6, 129.6, 131.7, 133.1, 142.4, 152.3, 153.6, 158.1,
159.7; Anal. Caled for CioHuCIN20s: C, 65.06; H, 3.16; N, 7.99 %. Found: C, 65.11; H, 3.19; N, 8.02 %.

4.1.5. Product 4f: Yellow colored solid; Yield: 367 mg, 93 %; m.p. 220-222 °C (recrystallized from EtOH); IR
(KBr) cm': 3385, 3305, 3188, 2191, 1712, 1674, 1606, 1375, 1060, 759, 510; ; '"H NMR (300 MHz, DMSO-d6
TMS) 6§ ppm; 5.12 (1H, s, CH), 7.17-7.23 (3H, m, NH2+arom.), 7.34 3H, t, ] = 8.7 Hz, arom.), 7.46 (4H, t, ] =
10.1 Hz, arom); *C NMR(75 MHz, DMSO-d6, TMS) 6 ppm; 37.0, 56.6, 116.5, 116.9, 119.5, 120.7, 124.8, 125.1,
125.8,129.8, 130.4, 131.9, 134.5, 142.5, 150.3, 154.1, 159.0; Anal. Calcd for CioHuBrN20s: C, 57.74; H, 2.81; N,
7.09 %. Found: C, 57.77; H, 2.82; N, 7.08 %.

4.1.6. Product 4j: Yellow colored solid; Yield: 336 mg, 93 %; m.p. 251-253 °C (recrystallized from EtOH); IR
(KBr) em': 3390, 3212, 3179, 2197, 1662, 1575, 1465, 1409, 1260, 1227, 746, 548; '"H NMR (300 MHz, DMSO-
d6 TMS) & ppm: 4.64 (1H, s, CH), 7.44 (2H, t, ] =7.5 Hz, arom.), 7.49-7.54 (2H, m, arom.), 7.57 (2H, s, NH2),
7.69 (1H,t, ] = 7.5 Hz, arom.), 7.87 (1H, d, ] = 7.5 Hz, arom.), 8.14 (2H, d, ] = 8.4 Hz, arom.); *C NMR(75
MHz, DMSO-d6, TMS) 8 ppm; 22.3, 36.9, 43.9, 56.9, 102.9, 113.0, 116.7, 118.9, 122.7, 123.8, 124.8, 129.2,
133.2, 146.7, 150.8, 152.4, 154.0, 158.1, 159.6. Anal. Calcd for CisHuNsOs: C, 63.16; H, 3.07; N, 11.63 %.
Found: C, 63.17; H, 3.08; N, 11.65 %.

4.1.7. Product 4k: Yellow colored solid; Yield: 332 mg, 92 %; m.p. 257-258 °C (recrystallized from EtOH); IR
(KBr) em’'; 3382, 3235,3179, 2193, 1728, 1663, 1600, 1416, 1298, 1173, 1119, 1010, 753, 472; 'H NMR (300
MHz, DMSO-d6 TMS) § ppm: 4.69 (1H, s, CH), 7.42 (1H, d, ] = 8.7 Hz, arom.), 7.48 (1H, d, ] =7.8 Hz, arom.),
7.52 (2H, s, NH2), 7.59 (1H, t, ] =7.8 Hz, arom.), 7.68 (1H, dt, ] =8.0 Hz, ] =8.0 Hz, ] = 1.4 Hz, arom.), 7.76
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(1H, t, J = 7.8 Hz, arom.), 7.87 (1H, d, ] =7.2 Hz, arom.), 8.08 (2H, d, ] = 7.8 Hz, arom.),; '*C NMR(75 MHz,
DMSO-d6, TMS) & ppm; 22.3, 36.8, 43.9, 57.1, 103.0, 113.0, 116.7, 119.0, 122.5, 124.8, 130.2, 133.2, 134.8,
145.6, 148.0, 152.4, 154.0, 158.3, 159.7. Anal. Caled for CisHuNsOs: C, 63.16; H, 3.07; N, 11.63 %. Found: C,
63.19; H, 3.06; N, 11.66 %.
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ABSTRACT

Spiro-fused heterocycles were synthesized in good to excellent yields by a pseudo three-component reaction

of an aldehyde, urea and Meldrum’s acid or barbituric acid at ambient temperature.
Keyword: Aldehydes, Gel Entrapped-ZnCl2, modified Biginelli reaction, recyclability.
I. INTRODUCTION

Multi-component reactions (MCRs) have recently emerged as valuable tools in the preparation of structurally
diverse chemical libraries of drug-like heterocyclic compounds [1]. The Biginelli reaction is a well-known
multi-component reaction involving a one-pot cyclocondensation of an aldehyde, active methylene
compounds like Meldrum’s acid or barbituric acid and urea [2-4]. Multi-component reactions (MCRs) have
recently gained tremendous importance in organic and medicinal chemistry. The main contributing factors
are the high atom economy, wide application in combinatorial chemistry and diversity-oriented synthesis [5-
11]. Typical examples of the various homogeneous catalysts employed are polyphosphate ester [12],
LaCls-7H20 [13] and LiClOs [14]. Recently Lewis acid catalyzed Biginelli reactions have been extensively
reported in the literature.

The use of Lewis acids in organic synthesis, especially in catalysis is one of most rapidly developing fields in
synthetic organic chemistry [15]. While various kinds of Lewis acids catalyzed reactions have been developed
and many of them applied in industries, these reactions must be carried out strictly under moisture-free
conditions [16, 17]. After the completion of reaction, the only viable alternative for separating them is by a
destructive water quench. This fact makes the use of Lewis acids as a prime source of the huge quantities of
inorganic waste produced within chemical industries. An intriguing line of development in this regard is to
replace stoichiometries technologies involving hazardous reagents like Lewis acids with cleaner alternatives.
In this regard, we envisioned that the entrapment of Lewis acids in matrix of agar-agar, the concept
acronymed as gel entrapped Lewis acids (GELAs), can prove to be highly attractive strategy to alleviate the

problems associated with Lewis acids. The agar-agar is natural hydrosoluble carbohydrate polymer composed
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of linear chains of repeating agarobiose units alternating between 3-linked—f-D-galactopyransoyl (G) and 4-
linked 3,6-anhydro-a-L-galactopyransoyl(LA) units (Fig. 1). The bioavailability and potent biocompatibility
of agar-agar explains the interest taken by us for entrapment. We hypothesized that concept of GELA can
combine the properties of Lewis acids with that of solid support thus facilitating significant advances in
selectivity and activity. Additionally, we envisioned the intact network structure of GELAs will allow for a
robust recycling with excellent activity.

Meldrum’s acid (2,2-dimethyl-1,3-dioxane-4,6-dione isopropylidene malonate) is an active methylene
compound having rigid cyclic structure with high acidity (pKa=4.97) which undergoes hydrolysis very easily.
Barbituric acid or malonylurea or 6-hydroxyuracil is an organic compound based on a pyrimidine
heterocyclic skeleton. It is an odorless powder soluble in water. Barbituric acid is the parent compound of
barbiturate drugs, although barbituric acid itself is not pharmacologically active. Knowing the chemical and
pharmacological importance the spiro-fused heterocycles and as a part of our continuing efforts towards the
development of sustainable routes for preparation of biologically active compounds, we report herein an

efficient multi-component synthesis of spiro-fused heterocycles by using GELAs.
II. RESULTS AND DISCUSSION

Initially, we focused our attention towards the preparation of GELAs. The ZnClz and AICl: were used as the
prototype Lewis acid in these studies. A series of experiments were under taken in which different
concentrations of selected Lewis acids (5-25 %) were dissolved in a varying amount of agar-agar in water. After
a substantial experimentation, we found that 20 % wyw of agar-agar aqua gel containing 10 % Lewis acids
resulted in the formation of soft gel that served as GELAs in the present work. The GELAs are white jelly like
substance that could be cut into pieces. The changes in physical nature of GELAs were studied in different solvents
like ethanol, dichloromethane, toluene, acetone, dichloromethane and isopropanol. We found that gel remained
intact in these organic solvents. On the contrary, the GELAs swelled in water and became soft.

Thermal behaviour of GELAs was investigated by thermogravimetric analysis (TGA) and differential thermal
analysis (DTA) (Fig. 2). The thermograms displayed an initial weigh loss upto 225 °C accompanied by an
endotherm corresponding to loss of water molecules accumulated in the GELAs. A second weight loss which
occurs between 225 °C to 520 °C can be attributed to thermal decomposition polymeric matrix of agar-agar. This is
followed by small weight loss (™ 4%) which can be attributed to the decomposition of metal halide resulting in the
formation metallic species. These results revealed that the entrapment of Lewis acids into matrix of agar-agar does
not affect the thermal stability of polymer.

Our next task was to demonstrate the catalytic activity of GELA in the synthesis of Spiro-fused heterocycles. A
model reaction between the Meldrum’s acid/ barbituric acid (5 mmol), urea (5 mmol) and benzaldehyde (5x3
mmol) was carried out. Typically, the reactions were carried out at ambient temperature in open air using 1
gm of GELAs with 5 mmol of substrates in ethanol. The reaction proceeded efficiently yielding the Spiro-
fused heterocycles in excellent yield within very short time. In order to delineate the role of GELAs, a control

experiment was carried out in which the model reaction was performed without gel catalyst. No reaction was
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observed even after prolonged reaction time. We further examined the effect of different atmospheres on the

model reaction. We observed that the reaction carried out under aerobic conditions.

As better results were obtained for ZnCl:-GELA as compaired to AICls, we employed this particular catalyst

for further studies. The generality of the protocol was validated by reacting commercially available

Meldrum'’s acid (pKa=4.97) / barbituric acid (pKa=4.01) (5 mmol), urea (5 mmol) and benzaldehyde (5x3 mmol)
(Scheme 1) under aerobic conditions. In general the corresponding Spiro-fused heterocycles were obtained in

good to excellent yields. No significant effects were observed for the substituents on benzaldehyds. The

striking feature of all the reactions was the isolation of products. During the course of the reaction the product

precipitates out and can be isolated simply by filtration. The product obtained after sufficient washing with

ethanol was found to be practically pure. The identity of all the compounds was ascertained on the basis of IR,

'H NMR, *C NMR and mass spectroscopy data. The physical and spectroscopic data are in consistent with

the proposed structures.

It has been well established that in case of the gel entrapped catalysts, the reagent trapped in the gel may

leach into the solvent. Atomic absorption spectroscopy was used for assessing the stability of ZnCl.-GELA

towards leaching. The analysis revealed that only 65.5 mg/L is leached from 1 gm of catalyst. These results

confirm that ZnCl2-GELA is stable under the operating conditions used in experiment. Using the amount of
ZnClz same as that leached out, the reaction between Meldrum’s acid/ barbituric acid (5 mmol), urea (5 mmol)
and benzaldehyde (5x3 mmol) did not gave quantitative yield of the corresponding product. This clearly

demonstrated that catalysis was solely due to intact gel rather than leached ZnClz. Moreover, hot filtration

experiments proved that these catalysts are truly heterogeneous.

Applications of green chemistry and for industrial point of view, the recovery and reusability of catalyst

is an important factor. To investigate the possibility of catalyst recycling, the model reaction using ZnClz-

GELA in ethanol was carried out. After completion of the reaction, the ZnCl2-GELA was recovered by simple

filtration, washed with ethanol and subsequently reused in another catalytic cycle with identical substrates.

We were delighted to find that the catalyst could be reused for seven runs with excellent yield of product (Fig.
3). In addition, the catalyst can be stored and handled in air without deterioration. It was interesting to note

that the rates and yields of the reactions were almost same when the catalyst was used after one month of

storage on the bench top in air at room temperature.
III. EXPERIMENTAL SECTION

Melting points were determined in an open capillary and are uncorrected. Infrared spectra were recorded on
a PerkinElmer FT-IR spectrometer. The samples were examined as KBr discs “5 % wy/w. '"H NMR and '3C
NMR spectra were recorded on a Bruker Avon 300 spectrometer using DMSO-ds as solvent and TMS as
internal reference. The mass spectrum was recorded on Thermo, LCQ Tune spectrometer. TGA-DTA analysis
was recorded on SDS Q600 N20.9 in nitrogen. All the chemicals were obtained from s. d. FINE CHEM,
SPECTROCHEM and used without further purification.
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Preparation of Gel Entrapped ZnClz (GELA)

A mixture of agar-agar (20 g) in water (140 mL) was prepared first and then added the solution of ZnCl2 (10 g)
in water (10 mL). The resultant solution was boiled with stirring for few minutes and cooled in ice bath to
yield the desired GELAs. The GELA is a milky jelly like substance that can be cut into small cubes.

Synthesis of Spirofused Heterocyclic Compound

A mixture of Meldrum’s acid/ barbituric acid (5 mmol), urea (5 mmol) and benzaldehyde (5x3 mmol) was
stirred in the presence of GELA (1 g) in 5 mL of ethanol at ambient temperature till the completion of the
reaction as monitored by TLC. The resulting crude product was filtered and recrystallized from ethanol to
yield the desired product.

Ox_H X5 x
z O - .
X7 X i )L N ZnCl,-GELA 4'“6“;{ ;><riCaH4—4-R
OMO H,N  NH, Ethanol, r.t. HN\H/NHH
X=0, Z=CMe, R %

X=NH, Z=CO
Scheme 1: GELA catalyzed multi-component synthesis of spirofused heterocyclic compound

IV. CONCLUSION

In conclusion, the present method is an operationally simple and environmental friendly procedure for the
synthesis of spirofused heterocyclic compounds using ZnCl:-GELA at ambient temperature. In addition
recyclability, cost effective, short reaction time, easy handling, clean reaction profile, excellent yields of
products without any use of more purification and no energy consumption make this methodology a valid
contribution to existing processes in the field of spirofused heterocyclic compounds synthesis. To the best of
our knowledge, this procedure provides the first example of ZnCl>-GELA catalyzed efficient synthetic
method for spirofused heterocyclic derivatives.
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ABSTRACT

A green, efficient and simple procedure has been developed for the synthesis of Pyrano [2,3-c] Pyrazoles
from a one pot four component condensation of Ethylacetoacetate, Malononitrile, Hydrazine hydrate and
different substituted aromatic Aldehydes using 1,8-diazabicyclo [5.4.0] undec-7-ene (DBU) as catalyst in
ethanol-water. The synthesized Pyrano [2,3-c] Pyrazoles were screened for their Antioxidant activity. These
newly synthesized compounds were evaluated by their wusing various spectroscopic techniques and also
elemental analysis.

Keywords : Pyrano pyrazoles, MCRs, DBU
I. INTRODUCTION

Multicomponent Reactions (MCRs) are very proficient in the synthesis of organic molecule'-. In this protocol
single step reaction gives magnificent yield without any isolation of intermediate and intimately associated
with the principals of green chemistry.*

Pyrano pyrazole derivatives has vital role in the class of organic compounds because of their broad
spectrum of biological as well as pharmacological importance. The Pyrano pyrazole moieties of the drug with
wide medicinal application such as antimicrobial>®, antitumor’, antipyretic®, anti-inflammatory?,
antidepressant'®, antihypertensive'!, and peptide deformylase inhibitor'2. Moreover, Dihydro pyrano [2,3-¢]
pyrazole showed hypotensive and hypoglycemic agents'3, mollusicidal activity'* and as well as a screening
hit for Chkl kinase inhibitor?.

Chemists have reported various methods for the synthesis of Pyrano pyrazole derivatives. Various
method of four component synthesis by using Thiamine hydrochloride (VBi)'6, CsF'7, ZnO nanoparticle'®,
CAPB", NaHSOs using ultrasound mediated,”” TBAHS,?! and molecular iodine non recoverable? also have

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited
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been reported. Overall, all these reported methods are effective but requires long time, expensive catalyst. So
in order to overcome these problems, keeping green approach in mind, in this present investigation we have
reported synthesis of the Pyrano pyrazole derivatives by simple, efficient and eco-friendly method. We have
synthesized Pyrano pyrazoles derivatives by using as a catalyst.

We decisive to investigate DBU as an homogeneous catalyst for the synthesis of dihydropyrano [3,2-
cJchromene derivatives in aquous ethanol. Catalyst used (DBU) 1,8-diazabicyclo[5.4.0lundec-7-ene acts as
homogeneous catalyst and it execute much organic transformation under placid condition. As a part of our
constant efforts toward the development of well-organized, cost-effective and novel methods using green
catalysts and solvents, we investigated the activity of the readily available and environmentally benign DBU

as catalyst for the synthesis of pyrano pyrazole derivatives.

RESULT AND DISCUSSION:

_~CHO - -
H-.C L =
%

d4a-0 CN DBU 4 —

o) { - N
i CN EtOH-Water ;\I 3 NH,
0F TOC;H, 3 A H < S
: a-o0
. HoN-NH,-H,O
2 (Scheme -1)

As a Initial steps, we have focused on model reaction (Scheme 1) by refluxing equimolar amount of
Ethylacetoacetate (1) (3.0 mmol), Hydrazine hydrate (80%) (2) (3.0 mmol),Malononitrile (3) (3.0 mmol), and
different substituted aromatic aldehydes (4) (3.0 mmol) in ethanol-water (1:1) buy using DBU (1,8-
diazabicyclo[5.4.0lundec-7-ene) (10 mol%) for three hour at 60°C which results in the formation of
compound 5b with 80% yield (Table 1, entry 7). The investigating the effectiveness of different polar and non
polar solvent using catalytic amount of DBU (10 mol%). Solvent optimization clearly suggested that ethanol-
water is the best solvent for the desired transformation due to fast reaction rate and high yield (Tablel, entry
7). The other polar protic solvents gives moderate yield (Tablel, entry 6).while other a protic solvent like
DCM, THF, Acetonitrile, and Toluene displayed slow reaction rates leading lower yield (Tablel, entry 1-4).
Also,carried out the model reaction using different stoichiometric amount of DBU catalyst. The catalyst
screening result are summarized in Table 2. It was observed that the excellent yield was achieved by using 10
mol% of DBU (1,8-diazabicyclo[ 5.4.0lundec-7-ene) (Table 2, entry 6).

After optimization the reaction condition, the scope of the method was investigated with a series of
substituted aromatic aldehydes and the result are summarized in Table 3.

These synthesized products (5a-0) were completely characterized from IR, 1H-NMR, Mass and 13C-

NMR spectroscopic technique and also elemental analysis. We proposed tentative plausible mechanism for
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the formation of Pyrano [2,3-c] pyrazoles (5a-0) in the presence of DBU as a catalyst. The overall, mechanism

takes place according to Knoevenagels-Micheal reaction (Scheme-II).

Table 1. Optimization of the reaction conditions using different solvents./2

Entry Solvent Reaction Time (h) Yield (%))
1 DCM 7.0 30
2 THF 6.5 35
3 Acetonitrile 6.0 40
4 Toluene 5.5 45
5 Ethanol 3.0 65
6 Water 3.0 70
7 Ethanol-Water 3.0 80

[l Reaction conditions: Ethylacetoacetate (1) (3.0 mmol), hydrazine hydrate (80%) (2) (3.0 mmol),
malononitrile (3) (3.0 mmol), and different substituted aromatic aldehydes (4) (3.0 mmol) in Ethanol-Water
and DBU (1,8-diazabicyclo[5.4.0lundec-7-ene) were refluxed at 60°.

[ [solated yields.

Table 2: Optimization Study for the amount of DBU (1,8-diazabicyclo[ 5.4 0Jundec-7-ene) (.

Entry Catalyst Temperature Reaction Time Yield
(mole %) (°C) (h) %]
1 01 60 3.0 30
2 02 60 3.0 50
3 05 60 3.0 60
4 06 60 3.0 60
5 08 60 3.0 70
6 10 60 3.0 80
7 15 60 3.0 80

lsl Reaction conditions: Ethylacetoacetate (1) (3.0 mmol), Hydrazine hydrate (80%) (2) (3.0 mmol),
Malononitrile (3) (3.0 mmol), and different substituted Aromatic aldehydes (4) (3.0 mmol) in Ethanol-Water
and DBU (1,8-diazabicyclo[ 5.4.0lundec-7-ene) as a catalyst were refluxed for three hours at 60°C. ®! Isolated

yields.
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Table 3. Synthesis of pyrano [2,3-¢] pyrazoles derivatives .[2!
Entry  Ar Time (Hrs) Yield%?! M.P. (°C)
Found Lt Ref
5a CsHs 35 68 245-246 244-245%
5b 4’-OCHs -CeHa 3.0 80 209-210 209-211%
5¢ 4’-CHs -CeéHa 3.0 78 205-207 205-207%
5d 4’-Br -CeHs 3.0 70 179-181 177-179%
5e 4’-Cl -CeHs 3.5 70 233-235 234-235%
5f 4-NO:2 -CeHa 4.0 60 248-250 251-252%
5g 4’-OH -CeH1 3.0 75 221-223 223-225%5
5h 4’-F -CeHa4 3.5 65 172-174 170-171%
5i 4’-OCHz3, 3'-OCHs-CsHa 3.0 80 310-312 311-313%
5j 4’- OCHs ,3’-OH-CsHs 3.0 80 242-244 244-246%
5k 3’- Br -CeHu 35 66 223-224 223-225%
51 3’- NO2 -CsH4 3.5 56 193-195 190-1922%
5m 3’- OH -CsHs 3.0 72 223-225 221-223%
5n 2’- OH -C¢Hs 3.0 65 207-208 207-209%
50 2’- Cl -CeHa4 3.5 68 143-144 143-145%

[l Reaction conditions: Ethylacetoacetate (1) (3.0 mmol), Hydrazine hydrate(80%) (2) (3.0 mmol),
Malononitrile (3) (3.0 mmol), and different substituted Aromatic aldehydes (4) (3.0 mmol) in
Ethanol-Water and DBU (1,8-diazabicyclo[5.4.0Jlundec-7-ene) as a catalyst were refluxed for three

hours at 60°C.1! Isolated yields.

;
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Experimental:

Melting points were determined on electro-thermal melting point apparatus and are uncorrected. IR
(KBr) spectra were recorded using Perkin-Elmer FTIR spectrophotometer. Mass spectral data were recorded
on liquid chromatography mass spectrometer (Shimadzu 2010Ev) using ESI probe. The 'H and C NMR
spectra were recorded on spectrometer at 300MHz using TMS as an internal standard. All the reactions were
monitored by thin layer chromatography, carried out on 0.25 mm thick silica gel-G plate using iodine vapour

for detection.

General procedure for the synthesis of 4-substituted derivatives of 4- phenyl Pyrano [2,3-c] pyrazoles (5a-50):

A mixture of Ethylacetoacetate (1) (3.0 mmol), Hydrazine hydrate (80%) (2) (3.0 mmol),
Malononitrile (3) (3.0 mmol), was refluxed independently with different substituted Aromatic aldehydes (4)
(3.0 mmol) in presence of DBU (1,8-diazabicyclo[5.4.0lundec-7-ene ) (10 mol%) as catalyst in ethanol-water
as solvent for three hours at 60°C.The progress of reaction were monitored by TLC, the product obtained was

filtered, and recrystallized from ethanol (5ml) to give the pure products of 5(a-0), (Table 3).

Spectral Characterization of Representative Compounds.
6-amino-1,4-dihydro-3-methyl-4-phenylpyrano[2,3-c]pyrazole-5-carbonitrile (5a):

Yellow solid, IR (KBr / cm') 3410,3340 (-NHz), 3120(-NH) , 2220 (-C=N) , 1665 (C=N), 1270(-C-O-C-) ;'H
NMR (300MHz, DMSO-deé ; ppm ) & 1.72(s,3H); 4.5 (s,1H,-CH); 6.70(s, 2H); 7.10-7.40 (m,5H, Ar-H);
12.06(s,1H,-NH); EI-MS (m/z: RA %): 253 (M~ +1, 100% ). Elemental analysis calculated data for C1sH12N4O;
C, 66.65; N, 22.11. Found: C, 66.63; N, 22.09.
6-amino-1,4-dihydro-4-(4-methoxyphenyl)-3-methylpyrano[2,3-c]pyrazole-5-carbonitrile (5b):

Yellow solid, IR (KBr/ cm™) 3400 , 3250 (-NHz2), 3110 (-NH) , 2192 (-C=N), 1655 (C=N), 1250 (-C-O-C-) ;'H
NMR (300MHz, DMSO-ds/ ppm ) & 1.70 (s,3H); 3.7 (s,3H, Ar-OCHz); 4.5(s,1H,-CH); 7.0 (s,2H); 7.2 -6.7
(m,4H, Ar-H); 12.0(s,1H,-NH); EI-MS (m/z: RA %): 283 (M* +1, 100% ). '*C NMR (300 MHz, DMSO-d6 /
ppm ) &: 36.8, 55.5, 99.2, 114.0, 120.1,127.2, 129.6, 144.2, 159.0. Elemental analysis calculated data for
CisH1sN4O2 ; C, 63.82 ; N, 19.82. Found: C, 63.79; N, 19.80.
6-amino-1,4-dihydro-3-methyl-4-p-tolylpyrano[2,3-c]pyrazole-5-carbonitrile(5c):

Yellow solid, IR (KBr/ cm™) 3317 , 3409 (-NH>), 3190 (-NH) , 2190 (-C=N) 1647 (C=N), 1157 (-C-O-C-) ;'H
NMR (300MHz, DMSO-ds/ ppm ) & 1.77 (s,3H); 2.26 (s,3H, Ar—-OCHs); 4.54(s,1H,-CH); 6.8 (s,2H); 7.02 -7.12
(m,4H, Ar-H); 12.07 (s,1H,-NH); EI-MS (m/z: RA %): 267 (M* +1, 100% ). Elemental analysis calculated data
for CisH14N4O ; C, 67.65 ; N, 21.40. Found: C, 67.63; N, 21.38.
6-amino-4-(4-bromophenyl)-1,4-dihydro-3-methylpyrano[2,3-c]pyrazole-5-carbonitrile(5d):

White solid, IR (KBr/ cm™) 3474 , 3325 (-NH2), 3190 (-NH) , 2192 (-C=N) 1658 (C=N), 1157 (-C-O-C-) ;'H
NMR (300MHz, DMSO-ds; ppm) 6 1.7 (s,3H); 4.6 (s,1H,-CH); 6.93 (s,2H); 7.12 -7.52 (m,4H, Ar-H); 12.14
(s,1H,-NH); EI-MS (m/z: RA %): 330(M~ ) 332 (M~ +1, 100% ). '3C NMR (300 MHz, DMSO-d6 / ppm ) &: 35.0,
56.0, 97.2, 119.0, 120.1, 131.0, 143.0, 154.0, 160.0. Elemental analysis calculated data for CisHis Br N4O ; C,
50.77 ; N, 16.92. Found: C, 50.75; N, 16.90.
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6-amino-4-(4-chlorophenyl)-1,4-dihydro-3-methylpyrano[2,3-c]pyrazole-5-carbonitrile(5e):

White solid, IR (KBr / cm') 3425 , 3325 (-NHz), 3174 (-NH) , 2200 (-C=N) 1647 (C=N), 1184 (-C-O-C-) ;'H
NMR (300MHz, DMSO-ds/ ppm ) & 1.79 (s,3H); 4.63 (s,1H,-CH); 6.93 (s,2H); 7.18 -7.20 (m,4H, Ar-H); 12.00
(s,1H,-NH); EI-MS (m/z: RA %): 287(M+ ) 288 (M~+ +1, 100% ). Elemental analysis calculated data for CisHis Cl
NsO: C, 58.65 ; N, 19.54. Found: C, 58.63; N, 19.54.

Biological Evaluation:
Antioxidant Activity:
a) DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging assay :
DPPH (1, 1-diphenyl-2-picrylhydrazyl) radical scavenging assay was proceed by reported method.
Take 1 ml (1 mM) of the test sample is added to equimolar quantity of 0.1 mM solution of DPPH in ethanol.
After incubation at room temperature for 25 min, then the DPPH reduction was takes places and measured
by Reading the absorbance at 517 nm. Ascorbic acid (ImM) used as reference compound.
The compound 5(d, f, k, 1 & o), (Table 4) showed remarkable antioxidant activity against DDPH
radical scavenging activity with reference of ascorbic acid.
b) OH radical scavenging assay:

Hydroxy radicals scavenging activity was measured with Fenton’s reaction (Rollet —Labelle et al.,
1998). The reaction mixture contained 60 pl of FeCl2 (1mM), 90 pl of 1,10-phenanthroline(ImM), 2.4 ml of
phosphate buffer (pH 7.8),150 pl of 0.17M H:20: and 1.5 ml of individual newly synthesized organic
compounds (1mM). The reaction mixture was kept at room temperature for 5 minutes incubation and the
absorbance was recorded at 560 nm using UV-Visible spectrophotometer. Ascorbic acid (1mM) was used as
the reference compound. The OH radical scavenging activity, the OH radical in which oxygen species are
most reactive. The effective OH radical stabilizing potential observed strong absorption maximum at 560 nm
using standard Ascorbic acid (89.5 + 0.021) drug.

The compound 5(d, f, k & 1), (Table 4) showed remarkable antioxidant activity against OH radical

scavenging activity with reference of ascorbic acid.

Table 4 : Antioxidant activity of tested compounds (5a-50.)

% Radical scavenging activity
Eong Cenpesind DPPH radical scavenging OH radical scavenging
Code
01 5a 55.7 + 1.03 53.2+1.39
02 5b 68.5 + 0.79 60.3 +2.20
03 5¢ 60.2 + 0.54 65.2 + 1.30
04 5d 81.1 +1.50 80.2 +1.28
05 5e 79.1 £0.72 73.6 £ 0.69
06 5f 88.5 +1.68 84.2+1.40

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)

©



Volume 9, Issue 12 | Published : 23 April-2022 Page No : 52-60
07 5g 50.2 + 0.32 55.2 + 1.66
08 5h 60.4 + 0.66 65.2 +2.00
09 5i 58.2 + 1.44 49.2 +0.80
10 5j 61.2 +0.08 45.2 +2.10
11 5k 89.5 + 2.68 86.2 +0.28
12 51 82.8 +1.04 86.2+0.10
13 5m 44.0 £ 0.30 55.8 +2.11
14 5n 58.1 + 1.60 59.2 + 1.80
15 50 82.7 +1.70 78.2 +2.60
16 Ascorbic Acid 91.4+0.021 89.5 + 0.021
(Standard)
Conclusion:

The method we used for the synthesis of 4-substituted derivatives of Pyrano [2,3-c] pyrazoles

derivatives by using DBU (1,8-diazabicyclo[5.4.0Jundec-7-ene ) is efficient catalyst. The product can be

easily isolated by simple workup technique, requires ambient reaction condition, short time, less expensive

and give excellent yield. Among these synthesized compounds few compounds shows potent antioxidant

activity.
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helpful for the participants accomplishing research work in their concerned
area. Your enthusiasm is contagious and we hope to use your suggestion in

our future campaigns.
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Variation of Magnetic Susceptibility of Nanoparticle Sized Copper Cobalt

Ferrites
S. S. Karande!, M. S. Kavale!, B. R. Karche?
!Department of Physics, Sangameshwar College, Solapur, Maharashtra, India
2Material Science and Thin Film Laboratory, Shankarrao Mohite Mahavidyalaya, Akluj, Dist. Solapur,
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ABSTRACT

The polycrystalline aluminium substituted nano-particle sized copper cobalt ferrite samples CuxCol-xFe2-
2yAl2yO4 (where x= 0.0, 0.2, 0.4, 0.6, 0.8, 1.0; y= 0.05, 0.15 and 0.25) have been prepared by standard
ceramic technique. Phase formation is investigated using X-ray diffraction, Infrared absorption technique and
Scanning electron microscope technique. The lattice constants of the all samples are evaluated from x-ray

diffraction data. The Magnetic susceptibility decreases with aluminium and copper content.

Keywords: Polycrystalline, nanoparticle size, standard ceramic technique and Inverse cubic spinel, Magnetic

susceptibility
I. INTRODUCTION

In a way, every material utilized today is a composite. Composite materials are a physical mixture of two or
more compatible micro or macro constituent particles which differ in form and chemical composition and are
essentially insoluble in each other. Composite materials are best suited for scientific applications which could
not be achieved by any one component acting on its own. Ferrite / ferroelectric composites are termed as
magneto electric (ME) composites due to the coupling between the electric and magnetic fields in the
materials. The conversion of magnetic to electric fields in such ME composite originates from the elastic
interaction between ferrite and ferroelectric subsystems [1]. In the presence of the magnetic field, the
magnetostriction in the ferrite phase gives rise to mechanical stresses that are transferred to the ferroelectric
phase, resulting in electric polarization of the ferroelectric phase owing to its magneto electric effect. ME
materials find applications as smart materials in actuators, sensors, magnetic probes, phase inverters, rectifiers,
modulators, and transducers in solid state microelectronics and microwave devices [2,3].

Spinel ferrite nanoparticles are being intensively investigated in recent years because of their remarkable
electrical and magnetic properties and wide practical applications in information storage system, ferro-fluid
technology, magnetiocaloric refrigeration and medical diagnosis [4]. Among the spinels, mixed Zn ferrites

and especially Ni-Zn ferrites are widely used in applications like transformer cores, chokes, coils, noise filters

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the @
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited
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recording heads etc. [5]. While Ni-Zn ferrite posses higher resistivity and saturation magnetization, cobalt
ferrite possess high cubic magneto crystalline anisotropy and hence high coercivity. The high coercivity is
driven by large anisotropy of the cobalt ions due to its important spin orbit coupling. It is ferromagnetic with
a Curie temperature (Tc) around 520°C, [6] and shows a relatively large magnetic hysteresis which
distinguishes it from rest of the spinels. The synthesis of ultra fine magnetic particles has been extensively
investigated in recent years because of their potential applications in high density magnetic recording and
magnetic fluids [7]. Among the current methods for synthesis of mixed ferrite the combustion reaction
method stands out as an alternative and highly promising method for the synthesis of these ferrites [8].
Magnetic properties measured at room temperature by vibrating sample magnetometer (VSM) reveal an

increase in saturation magnetization with increase in cobalt concentration [9].

II. EXPERIMENTAL

Materials:
High purity starting materials are used as Cobalt Oxide (CoO):- 74.9326 gm, Copper Oxide (CuO):- 74.5454
gm, Ferric oxide(Fe203):- 159.6922 gm, Aluminum Oxide (Al203):- 101.9612 gm

Preparation of ferrite:

Nano crystalline powder samples of CuxCoi-xFe2-2yAl2yO4 (Where x= 0.0, 0.2, 0.4, 0.6, 0.8, 1.0; y = 0.05, 0.15 and
0.25) were prepared by the standard ceramic technique. Starting materials CuO, CoO, Fe203 and Al2Os of AR
grade obtained from Sigma — Aldrich, India were used. These samples were heated at ramping rate of 80 °C hr
-1 at 1000°C for 48 hours. XRD and IR analysis revealed the cubic spinel structure of the synthesized samples
and functional groups in the samples respectively. The absence of any extra line confirms the formation of
single phase ferrite. The average particle size 'D' was determined from line broadening (311) reflection using
the Debye Scherer formula discussed elsewhere [10]. Calculations of lattice constant, physical density, X-ray
density, porosity, site radii and ionic bond lengths on both sites were calculated by using formulae discussed
elsewhere [11] and graphically shown in fig.4. Infrared absorption spectra of powdered samples were
recorded in the range 350-800 cm™ using Perkin-Elmer FTIR spectrum and spectrometer by KBr pellet

technique and presented in (fig.2). The scanning electron microscopes are shown in fig.3

III. RESULTS AND DISCUSSION

The X-ray diffraction patterns of the samples are presented in (fig.1). Powder X-ray diffractometer of the
ferrite samples reveals the single phase spinel structure, as well defined reflection is observed without any
ambiguity. The diffraction peaks are corresponding to (200), (311), (400), (422), (333/511), (440) and (533)
planes. The lattice constants ‘a’ and ‘c’ for all prepared samples are calculated by using prominent (311) XRD

peak. The calculated and observed values of inter planer distance (d) are found in good agreement with each
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other for all reflections. The physical density (dB), x-ray density (dx), and porosity (p), are calculated from
the formulae given by Gadkari et.al [12].

From the calculations of lattice constants ‘@’ and ‘c’ for all the prepared ferrites it is observed that ¢ >a and
tetragonality ratio (c/a) is found in the range of 1.03 to 1.07. This result is in good agreement with previous
report [13-14].In this present report tetragonality ratio for copper ferrite is 1.06. It means 70% copper resides
on B site and it exhibits prorate type distortions in the crystal lattice. The previous report [15] well supports
the present results reported this communication. Both Fe?* and Cu?" are John-Teller ion which produces
prolate type distortions on (B) site and hence c >a and (c/a) = 1.06. Therefore copper ferrite exhibits tetragonal
spinel structure in host crystal lattice of cobalt ferrite. In addition of copper content in tetragonality ratio is
found increasing but due to addition of aluminium tetragonality ratio deceases. It means that Al3* and copper
suppress the tetragonal prolate type.

The crystallite sizes (t) of all the prepared samples were computed by Scherer rule utilizing the peak width at

one-half intensity of the maximum intensity peak (311).

“uCoFa, b arribe ] kss 110

ry -] e
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Fig: 1 XRD patterns of system CuxCo1-«Fe2-2yAl2yO4

The Al (y = 0.05-0.25) doped copper cobalt ferrite samples show a higher grain growth and the crystallite size
(t) lies in the extent of 52.53-94.4 nm. The mean particle size calculated from diffractograms is in the range
of 50 to 100 nm. That suggest the particles in the ferrites samples are fine and there is continuous grain

growth in all compositions. It gives the confirmation of suitable microstructure formation in all compositions.
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The width of the reflection peak (311) for all the compositions is approximately the same due to the nearly
equal particle size.

The infrared absorption spectra are showing two distinct absorption bands vi due to tetrahedral (A) site
interstitial voids near 600 cm™ and other v2 due to octahedral (B) site interstitials voids near 400 cm™. Our

results in this present communication are well supported by previous reports [16, 17].
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Figure 2: Absorption spectra for system CuxCo1-xFe2-2yAl2yO4

The close inspection of all micrographs revealed that there is continuous grain growth with well — defined
grain boundaries formed. The present system shows multi domain behavior. No exaggerated grain growth is
observed in any composition. The average grain size is found to decrease with increase in Al content in
copper cobalt ferrite. However in the present system the grain growth shows generally a decreasing trend
with aluminum content, which is rather expected because of multi-domain behavior of these compositions in
copper cobalt ferrite. Grain growth is almost accompanied with grain size, which is increasing with copper
and aluminum content. So it appears that copper and aluminum content favors the grain growth. The

scanning electron micrographs shown below
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Fig: 3 (A) to (F) scanning electron microscopes of CuxCoi-xFe2-2yAl2yO4:

(A) KSS 100-CuoCo1Fe1.9Al0.10s, (B) KSS 110- CuiCooFe19Al0.104,

(C) KSS 300- CuoCo1Fe17A10304, (D) KSS 310- CuiCooFe1.7Al0304,

(E) KSS 500- CuoCoiFe1sAlosOs &  (F) KSS 510- CuiCooFe15Alo504

The susceptibility is measured at room temperature [Fig. 2(a)] then susceptibility is found increasing up to 20
% of copper content and thereafter decreases. The susceptibility is measured at various temperatures [Fig.
2(b)], the compositions shows gradual decrease in normalized susceptibility with temperature which suggest
that they exhibit super paramagnetic (SP) structure having fine particles. The susceptibility is decreases and

curie temperature also shifts towards minimum value as copper as well as aluminum content increases.
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Fig. 4(b)
Fig 4: Variation of A. C. susceptibility with copper and aluminum content at room temperature and various

temperature for CuxCo1-«Fez-2yAl2yOs ferrite system
IV. CONCLUSIONS

Copper cobalt ferrite is partially inverse spinel ferrite. Addition of Al3* ions replaces Fe3*on (B) site resulting
in increase of lattice constant a, decrease in ionic radii(Ra) and bond length(O-A). The lattice constant
obtained from XRD data shows increases. The A. C. susceptibility goes on decreasing with copper and

aluminum content.
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ABSTRACT

Lanthanum (La) substituted magnesium zinc ferrite nanoparticles with general formula
Mg0.6Zn0.4La2yFe2-2yO4 (where y = 0.00, 0.05, 0.10, 0.15, 0.20 and 0.25) have been synthesized by co-
precipitation method. The XRD analysis was carried out to confirm the single —phase cubic structure of La3+
substituted Mg-Zn ferrite. The nature of DC resistivity of ferrite was studied with substitution of La3+

content. The effects of La3+ substitution in Mg-Zn ferrite on structural and electric properties were studied.

Keywords: Lanthanum, Mg-Zn ferrites, Co-precipitation, DC Resistivity,

I. INTRODUCTION

Ferrites are usually non-conductive ferrimagnetic ceramic material. Most of the ferrites have a spinel
structure [1]. The general formula of a spinel can be written as AB20s. Nano-particles of mixed spinel ferrites
have been the subject of current interest because of their interesting electric, optical and magnetic properties,
which are considerably different from that of their bulk ferrites [2]. The ferrites are also widely used in high
frequency cores, antennas, high frequency transformers, deflecting coil, motor generator and microwave
devices such as modulators, phase shifter and circulators etc.[3]. The coercive force is related with saturation
magnetization, anisotropy, internal stresses and porosity. The ferrites having low coercive force (HC) is
known as Soft ferrites [4]. Generally, soft ferrite shows high electrical resistivity, superior magnetic and
structural properties and hence they have low eddy current losses at high frequency [5]. Demand for
electronic and computer components with high density and light weight performance is greatly increasing,
which step up the demand for soft ferrites with high performance and thus contributes to the development of

soft magnetic ferrites on the direction of higher frequency and lower power consumption [6].
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II. EXPERIMENTAL

2.1. Synthesis of La3 substituted Mg-Zn ferrite

The MgosZnoaslazFer2yO4 (where y= 0.00, 0.05, 0.10, 0.15, 0.20 & 0.25) have been prepared by the oxalate
co-precipitation method as per reported in earlier literature [7]. The high purity AR grade starting materials
MgS04.7H20, ZnSO4.7H20, LaSO4+.7H2:0 and Fe:SO+7H20 were used for preparation of samples. These
chemicals were weighted in desired stoichiometric proportion and dissolved in distilled water. The pH of the
solution was maintained at 4.8 by drop wise addition of concentrated H2SO4. The resulting solution was
heated at 80 °C for 1 h in order to complete the ionization of metal sulfates. The precipitating regent was
prepared in distilled water by adding required proportion of AR grade ammonium oxalate. Ammonium
oxalate was taken in burette and was added drop by drop until the precipitation was formed. The co-
precipitate product was dried and calcined at 450 °C for 5h in air. The calcined powders were milled in an
agate mortar with AR grade acetone as a base. The powders were pre-sintered at 700 °C for 5h.The pre-
sintered powders were pressed under hydraulic pressure of 5 tones /cm? to form pellet using polyvinyl alcohol

as binder. Then pellets were finally sintered at 900 °C for 12h.

2.2. Characterization Techniques

XRD patterns of lanthanum substituted magnesium zinc ferrites sintered at 900°C for 12h were recorded by
Philips X-Ray Diffractometer model PW 1710 using Cu Ka radiation ( A = 1.5405 A°). Two probe method was
used for measurement of the dc electrical resistivity of ferrite in the temperature range 25°C to 575°C. The

C . . mr? V mr?R s . .
resistivity was obtained by using formula p = ==X+ =——, Where, t is thickness and r is radius of the pellet

in cm.
III. RESULTS AND DISCUSSIONS

3.1. XRD studies

The XRD patterns of MgosZnosLazFe22/04 (where y = 0.00, 0.05, 0.10, 0.15, 0.20, 0.25) ferrite system sintered
at temperature 900°C for 12h are shown in Fig. 1. The XRD patterns reveals the well resolved, sharp and
intense peaks corresponding to planes (220), (311), (222), (400), (422), (511), (440), (620) and (533). The peaks
obtained in the diffractogram closely match the data in the JCPDS file card number (04-002-5442). The XRD
peak pattern corresponds to all allowed planes, which hint outs single phase cubic structure with the traces of
secondary phase. Moreover, the peak at 20= 32.10° corresponds to plane (121) which is attributed to
secondary phase for LaFeOs indexed as per ICDD file No. 01-74-9045. With increase in La content, intensity
of characteristics peak (311) for Fe2Os gradually decreases, while intensity of peak (121) of LaFeOs increases.

It implies that the substituted La3* ion has a solubility limit in the spinel lattice.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)

C



Volume 9, Issue 11 | Published : 23 April-2022

Page No : 08-13

20000
| =
= v=10.00
18000 = y=0.05
16000 Yfg'lg
- . y==u.
ﬁ 14000 v=0.20
d i v=10.25
12000
ph i
%’- 10000 —
= 5000 -
ﬁ G000 —
4000 -
2000 —
0 T T T T T
20 30 40 50 &0 70 20

20 (Degree)

Fig.1 :XRD patterns of MgosZno.sLazFes 2,04 ferrite system

The degree of substitution of Fe3*by La3* ion is limited in the spinel lattice due to larger ionic radii of La3*
ions compared to Fe3*ions. There is always some La3* ions do not enter into spinel lattice. These La3 ions
react with Fe3 jons and form second phase LaFeOs usually locating at the grain boundaries. Similar

observation have been reported in lanthanum substituted nickel [8], Cadmium [9] and Ni-Zi ferrites [10, 11].

3.2. DC Resistivity study
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Fig.2: Variation of dc resistivity with inverse temperature for MgosZno.sLazFe22,04 ferrite system
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The variation of log of dc electrical resistivity (logpa) as a function of inverse of temperature (1000/T) for
various composition of MgosZnosLazyFe22y04 ferrite is shown in Fig.2, The dc resistivity of the ferrites gets
decreased with an increase in temperature indicates semiconducting behavior of the ferrites. All the samples
show the break at Curie temperatures due to the change in conduction mechanism [12]. The slope change at
Curie temperature corresponds to the samples transform from an ordered ferrimagnetic state to disordered
paramagnetic state [13]. The value of Curie temperature obtained from the graph of logpd. verses 1/T is
calculated. The Curie temperature decreases with increase of La3* content. It is due to the nonmagnetic nature
of La% ions, which may break linkage between magnetic cations [14]. Rare earth La3 ions have a strong
preference to occupy on octahedral site and therefore replace Fe3* ions at octahedral site (B) in spinel lattice
by La*. Upon increase in the La% ions in B-site, A-B interaction weakens. Thus the decrease in Curie
temperature is probably due to weakening of the A-B interaction. Similar observations have also been
reported by Patil et al. [15]. The conduction phenomenon in polycrystalline ferrites was explained on the
basis of Verwey and de Boer mechanism [16]. The conduction in ferrites is due to hopping of electrons
between Fe?* and Fe®* ions on the octahedral (B) sites. In addition of lanthanum in Mg-Zn ferrite, it found
that, Zn? ion have strong tendancy to occupy A-site and Mg?* ion have strong preference to occupy B-site,
While Lat preferencelly occupy to octahedral B site, where it replaced Fe3* ions in the B-site as per the
modified cation distribution in magnetic study. The resistivity of the ferrite is controlled by Fe3+
concentration on B-site. The increase in resistivity with La3* content is due to overall decrease in Fe3 ions
concentration on B-site. It causes decrease in hopping of electrons between Fe? and Fe® ions, results in
decrease in conduction in ferrite with increase of resistivity [17]. Several researchers have been reported that
resistivity of ferrites increases with the substitution of rare earth [18]. Gul and Ahmed also reported the effect
of grain size, porosity and grain boundary area on resistivity of ferrite [19]. It is found that one of the factors
for higher resistivity in ferrite is the decrease in grain size upon the addition of lanthanum. Smaller grain size
produces larger number of insulating grain boundaries which produces inhomogeneous structure and greater

energy is required for electron conduction which affects on AC and DC resistivity of ferrites [20].

IV. CONCLUSIONS

In conclusion, we report the preparation of lanthanum substituted magnesium zinc ferrites by co-
precipitation method. A study on DC resistivity shows all sample have semiconducting behavior and break at
Curie temperature. The conduction phenomenon in polycrystalline ferrites was explained on the basis of
Verwey and de Boer mechanism. The increase in DC resistivity is due to low concentration of Fe?* ions,
which is responsible for decrease in electronic polarization. The increase of dc resistivity with La content was
mainly attributed to decreases in drift mobility with lanthanum content. This study reveals that Lathanum

substitution alters the structural and electric properties of Mg-Zn ferrites.
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ABSTRACT

In the present work, authors have studied the effect of linear absorption on the self-focusing of Gaussian laser
beam propagating in the collisionless plasma. The non-linear dependence of the dielectric constant inside
collisionless plasma is mainly due to the ponderomotive force. The field distribution in the medium is
expressed in terms of linear absorption coefficient as well as beam-width parameter. By following
Akhmanov’s parabolic equation approach under Wentzel-Kramers-Brillouin (WKB) approximation and
Paraxial approximations, the differential equation is set up for the beam width parameter f which is solved
numerically. It is noticed that the absorption coefficient plays an important role in propagation of Gaussian

laser beam in collisionless plasma. The graphical results are presented and are discussed at the end.
Keywords: Gaussian laser beam, Collisionless Plasma, Linear absorption, Self-focusing.
I. INTRODUCTION

With the invention of laser nearly six decades (1960-2020) ago, a fascinating new field of research known by
the name “Nonlinear Optics” is introduced to the scientific community. Nonlinear optics has its origin when
researchers P.A. Fraken and his co-workers in 1961 noticed that a weak optical signal at 3472 A could be
generated in quartz crystal when the material is illuminated with a high power Ruby laser at 6943 A on
optical second-harmonic generation in 1961 the theoretical work of J.A. Armstrong and his co-workers on
optical wave mixing in 19621-3. Self-focusing is one of the phenomena in which the intense beam of laser
light incident on material medium changes the optical properties in such a way that beam comes to focus
within the medium. There are three major mechanisms that lead to a change in the dielectric constant of
plasma in laser-plasma interaction, as follows: (i) the relativistic effect (ii) the collisional and (iii) the
ponderomotive force4—6.

With the availability of high power laser beams, a large number of interesting nonlinear phenomena have
been studied, both theoretically and experimentally. The redistribution of carriers is caused by the

pondermotive force and is mainly important in collisionless plasmas. When an intense laser beam propagates
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through collisionless plasma, the drift velocity of electrons is relativistic so that their mass is intensity
dependant but for long pulse experiments, the relativistic effects can be ignored and ponderomotive force of
the beam nonlinearity perturbs electron density resulting in the excitation of electron plasma wave7,8. Light
absorption has played an important role in studies on the self-focusing of laser beams in different situations.
The contribution of light absorption has been ignored in the most of investigations on self-focusing of laser
beams in plasmas9-14. Furthermore, Navare et al.15, M. A. Wani et al.16, L. Ouahid et al.17, R. Kashyap et
al.18, T. U. Urunkar et al.19, K. M. Gavade et al.20, B. D. Vhanmore et al.21 and S. D. Patil et al.22-25 have
investigated the effect of linear absorption on the self-focusing of a Gaussian, Chirped Gaussian, Airy—
Gaussian, q-Gaussian, Gaussian, Cosh-Gaussian, elegant Hermite-cosh-Gaussian, Cosh-Gaussian, Gaussian
laser beam respectively by considering the different nonlinearities in different situations. The aim of the
present investigation is to study the effect of linear absorption on the self-focusing of Gaussian laser beam
propagating in the collisionless plasma. The present analysis is carried through parabolic equation approach

under WKB and paraxial approximations.
II. THEORETICAL FRAMEWORK

Consider the propagation of Gaussian laser beam in homogeneous collisionless plasma along the z-direction,
initial intensity distribution of Gaussian laser beam at z = 0 can be expressed as
2

EE* = EZexp (— :0—2) : (1)
where E 0 is the amplitude of Gaussian intensity distribution, r is the radial coordinate of cylindrical
coordinate system, r_0 is the initial beam width of the laser beam. The wave equation governing the electric
field E of the laser beam in homogeneous plasma along with the effective dielectric constant ¢, in the
cylindrical co-ordinate system is given by,

25 25 = 2
e+ 4T+ ZeE=0 @)
When a laser beam propagates through homogeneous gaseous plasma, the effective dielectric constant
changes significantly and can be, in general represented as5
e= g+ ¢ (EE") — ig, (3)
where ¢_0= 1-( [(cw_p) *2/ ®”2) is linear part and ¢ is nonlinear part of the dielectric constant, e_p is the
plasma frequency [(w_p) "2=(4m n_e "2/ m_0), here e, m_0 and n_e are the charge of electron, rest mass
of electron and density of plasma electrons in the absence of laser beam respectively and e_i takes care of
absorption. The second term in the equation (3) is the nonlinear dielectric constant for collisionless plasma

can be represented as5

¢ (EE*) = (‘;_pzz[l —exp (_ 3m aEE*)] ’ (4)

4M

with o= (—2t—),

6 kpTow2m?2

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)

3



Volume 9, Issue 11 | Published : 23 April-2022 Page No : 14-19

where M, m, k_B and T_0 are mass of ion, mass of electron, Boltzmann constant and equilibrium plasma
temperature respectively. By using WKB and paraxial approximations the coupled equations in terms of

eikonal S and intensity of laser beam A_0"2 can be expressed as

as aS\% _ wp® [, _ _ 3maEE* 1 2
2 2z (5) T g w? [1 eXp( 4M )] + k24, Vi“4o ()
And
04 95 0a3 (%S 105 _ L u) g0 _
0z or or (6r2 + ror kso) As = 0. (6)

The solution for equations (5) and (6) which satisfies the initial conditions for a Gaussian beam's intensity

distribution is as follows:

_rros
S=371 0@, ()
And
E2 2
A = f—‘; exp (—#— Zkiz), (8)

where ¢ is the axial phase and k i is the absorption coefficient. By following the approach given by
Akhmanov et al.4 and its simple extension by Sodha et al.5 the dimensionless beamwidth parameter f is
obtained as,
] _Bmp;I—fzkéf
4
R AT ©)
where ¢=z/ R_d known as dimensionless distance of propagation, p = «E02 is the initial intensity parameter,

—ak;§

R_d=k r 072 is known as Rayleigh diffraction length, p_0= (w_p r_0)/c is the normalized equilibrium beam
radius and k_i*=k i R_d is the normalized absorption coefficient. The equation (9) can be solved
numerically with appropriate boundary conditions such as f = 1, €=0 and 9f/0z=0. By using critical condition

in equation (9) one may obtain equilibrium beam radius as follows. Here p is known as critical beam power.

4M
Po = o (10)
3mpe Zklf '
3mpe” aM “akig

III. RESULT AND DISCUSSION

Equation (9) is a nonlinear, ordinary second order differential equation which shows the variation of
dimensionless beam-width parameter f with respect to normalized propagation distance ¢ into the
collisionless plasma. First term on the right hand side of the equation (9) is the diffraction divergence which
is responsible for defocusing and second term is the convergence arising from the collisionless nonlinearity
and also depends on normalized absorption coefficient k_i*' which is responsible for self-focusing of the beam.
The equation (9) is a second order nonlinear ordinary differential equation and is solved numerically by
choosing following laser-plasma parameters: w_p=1.7760 x 1015 rad/s, r_0 = 20 x 10-4 cm, ¢ = 3 x 1010 cm/s,
n0 = 1018 cm-3, p_0=65, p = aE0 2 = 10, to study the effect of linear absorption on the self-focusing of the

beam in collisionless plasma.
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Figure 1: Dependence of normalized equilibrium beam radius p_0 as a function of initial intensity parameter
p-w_p=1.7760 x 1015 rad/s, r_ 0=20x 10-4 cm, n0=1018 cm-3, p_0=65, p=aE02 =10.
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Figure 2: Variation of beam-width parameter f as a function of normalized propagation distance O for

different linear absorption coefficients in collisionless plasma (k_i"'=0.00,0.02,0.04,0.06,0.08).

Figure 1 shows critical curve which is plotted from Equation (10). In figure 1 three distinct regions are
observed. The region above the critical curve (supercritical region) corresponds to self-focusing region while
the region below the critical curve (subcritical region) corresponds to defocusing region and for any point on
the critical curve the self-trapping of the laser beam is observed. Figure 2 shows the variation of beam-width
parameter f as a function of normalized propagation distance 0 for different absorption coefficients in
collisionless plasma (k_i"'=0.00,0.02,0.04,0.06 and 0.06). In figure 2 for k_i"'=0.00, i.e. in the absence of linear
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absorption, the oscillatory self-focusing of the laser beam in collisionless plasma is observed. By taking into
consideration the absorption, the self-focusing of the laser beam gets destroyed. As a result, the linear
absorption defeats the effect of self-focusing, and the beam subsequently becomes too weak to control
diffraction, resulting in quick divergence due to high energy attenuation. The longer propagation of laser
beam in plasmas decreases due to absorption. In presence of absorption alone the energy of the beam

decreases as [( exp)l foi(- 2k _i z), which is equivalent to a weakening of the nonlinearity effect.
IV. CONCLUSION

We have studied the effect of linear absorption on the self-focusing of Gaussian laser beam propagating

through collisionless plasma by using parabolic equation approach under WKB and paraxial approximations.

The following important conclusions are drawn from the present analysis:

e In the propagation dynamics of the laser beam in collisionless plasma, the controlling factors such as
linear absorption coefficient, equilibrium beam radius, and initial intensity parameter play a vital role.

e  With an increase in linear absorption in collisionless plasma, the self-focusing effect weakens.

The present results are of importance in various laser-plasma applications, where propagation of laser beam

with confined energy over several Rayleigh lengths is required.
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ABSTRACT

The temperature variations on electronic circuits employed to onboard plays a significant impact. In this
investigation silicon NPN BJT response to irradiation has been studied at room temperature and temperature
variation. A temperature variation dependent analytical model for total ionising dose induced excess base
current in BJT’s is tested. In this model base current dependent on temperature in irradiation parts have been
captured. During irradiation all the three terminals of the devices are grounded. After irradiation, the base
current is captured and the concentrations of oxide defects like oxide trapped charges and interface traps
created during irradiations are calculated using simulated monte-carlo programming. The base current and
defect density resulting from room temperature irradiations are used as inputs to simulations and analytical
model experimental data obtained from measurements at room temperature and high temperature on
irradiation parts are compared with the simulated results. This work shows that the simulations can support

qualifications of the chosen devices for space applications and are functional at various temperatures.
Keywords: Bipolar Transistor, NPN, Temperature, Total ionizing dose, Base current.
I. INTRODUCTION

Bipolar circuits used for comparators and regulators used for large percentage of a space system’s are
important to understand as a part invention. The operation of the components used for these circuits can be
significantly degraded by Total Ionizing Dose (TID) [1]. It has been observed that Low Dose Rate (LDR)
Irradiation causes more degradation than High Dose Rate (HDR) Irradiation, for the same TID [2]. Space is a
Low Radiation Dose Rate (LDR) environment. Since LDR exposures required long test time, part qualification
at this rate can introduce prohibitively high costs to mission assurance. Due to this, the identification of
numeral models, accelerated techniques, and test method to assist in the characterization of LDR sensitivity
in linear bipolar circuits [3] has been proposed. BJT’s and Bipolar circuits show degradation mainly due to

emitter — base interface traps (Nir) and passivation layer oxide trapped charge (Nor) defect build up in oxides.
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These build up defects in BJTs can increase recombination at the bipolar base surface can lead to an increasing
in the base current (Is)[3].

In this paper we describe the temperature dependence of B]Ts current voltage characteristics after the
irradiation with 108 MeV Si# ions. We also calculate the defects produced in the irradiation region using
Monte-Carlo code (SRIM- Stopping and range of ions in matter). These results has been correlated to

electrical degradation.
II. EXPERIMENTAL METHODS

BJTs Device and Oxide Defects

The transistors considered for this study are of vertical NPN BJTs the experimental devices were fabricated in
BEL (Bharath Electronics Limited, India). Radiation-induced degradation due to defects that build up in base
bipolar oxides alter surface recombination, which results in the increase of base current in NPN BJTs. These
defects are net positive oxide trapped charge (Nor) and interface trap (Nir). The data obtained from (SRIM)
and data from the transistors were used to extract Non Ionising Energy Loss (NIEL) calculations as a function
of TID.

SRIM Data

Table 1 SRIM simulated results for 110 MeV Si ion irradiation on silicon target.

Parameter Value
R (um) 39.62
Se (MeV cm?/mg) 10.21
Sn(MeV cm?/mg) 7.698x10-03
NIEL up to R (MeV cm?g)  42.67
Fluence
. 5x10° 1x101 1x1012 1x1013
(ions/cm?)
TID (rad) 0.8174 16.348 163.482 1634.82
Da (rad) 3143.4 68268 6.8268x105 6.8268x106

Table 1 depicts that the nuclear energy loss of 110 MeV Si# ion is much smaller than the electronic energy
loss (3 orders of magnitude, Table. 1) in a Si-target material due to smaller elastic scattering cross-section.
Therefore the maximum energy deposited to the material is expected mainly due to the electronic energy loss
during its passage through the Si-material [5]. The device suffers non-uniform irradiation effects as the
projected ion range (39.46 pm) is lower than the device thickness (7 600 pm) and it is expected to implant at
base-collector region. The damage caused due to the linear energy transfer [LET = Se + Sn ~ 10.2177 MeV/
(mg/cm?)] in the Si target is obtained using TRIM calculations. LET dependent TID and NIEL dependent Da
are tabulated in table 1.

Pre-and post-irradiation test results

Radiation testing was performed at Inter University accelerating Centre (IUAC) New Delhi, India. Three

devices were irradiated at room temperature (RT) LDR irradiation was performed 1PNA (particle nano
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ampere current) to get desired irradiation fluence. The energy of irradiating ion as choosing so that it could
penetrate into emitter base junction.

The fluence has been calculated by counting the charge collected at the Faraday cup placed at the target. The
anther advantage of selecting low irradiation current is that BJTs are not damage due to the loss of irradiated
ion energy (110 MeV Si# heavy ion) in the BJTs, (Heating effect will not be produced/the heat produced
during the irradiation get transferred to the target).

Figure.l show the base current Is responses exposed at 110 MeV Si® ions for NPN BJTs. The data in these
plots were collected at room temperature, 50 and 100 °C. The increase in base current with radiation can be

fit approximately to
qlVBE]|

Als=Iseexp( ), (1)

n ¢ kT
Where Ist is the radiation-induced change in low-injection base leakage current, nt is the change in the low

injection ideality factor, k is Boltzmann’s constant, T is the junction temperature, and q is the magnitude of

electronic charge. Plots of Is and Vst at constant Vce=4V.

Temperature data on BJT devices

Figure 1 — 3 shows the temperature dependent base current as a function of base — emitter voltage measured
for un-irradiated and irradiated NPN BJTs to characterize the impact of thermal variation prior to and after
ionizing radiation dose. The temperature testing was performed approximately 300 months after the radiation
tests. No significant change was observed in the electrical response at room temperature between the end of
the radiation testing and temperature testing. This showed that the defects produced during irradiations are
permanent. Pre- and post unirradiated and irradiated devices were placed in a thermal chamber (hot air oven)
with an internal thermocouple to automatically monitor the temperature near the devices during the tests.
Temperature response testing was performed from 27 °C up to a maximum temperature of 100 °C in order to
avoid annealing effects. Temperatures above 100 °C may lead to the annealing of some oxide defects (both
interface and oxide traps) and a reduction in the excess base current measured for BJT [4]. Electrical
measurements are performed a few minutes after the temperature is fixed in order to ensure thermal
equilibrium during measurement. Each devices has been tested for electrical measurements before and after
irradiation in order to test the effect of irradiation, it has been observed all devices show approximately same
I-V characteristics before and after irradiation. Hence one devices were tested for each condition, electrical
characterization at room temperature were performed after each temperature step in order to ensure no

significant temperature dependent annealing of the parts of NPN BJTs [5].
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Figure. 1, 2 and 3 show the pre-irradiation, 1x10'! and 1x10'? ions/cm? LDR irradiated base currents for NPN
BJTs over the specified temperature range (27°, 50°C 100°C).

It can be observed that both the pre- and post-irradiated PNP BJTs show similar trends, i.e., a monotonic
increase in base current with increasing temperature. Similar trend can be observed for the pre- and post-
irradiated NPN BJTs. Most of the earlier studies have indicated that the impact of displacement damage is
marginal compaed with the total dose effect. However, it has been shown that total — dose irradiation may
indirectly affect the silicon substrate by reducing the active p-type base dopant concentration, may lead to an

increase in base current as shown in figure 4.

—— Lnirradiahed
—l— S
—— SEL

Figure. 4 show the base currents at |VBE| = 0.5 V as a function of temperature for un-irradiated and

irradiated NPN BJTs respectively.
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Table 2: Variation in base current, Is of BJT tested for different fluence of 110 MeV Si® ions at specified
temperature range (27°, 50°C 100°C)

Temperature Is(A)

°C Un irradiated 5x10° 1x10 1x1012
27 48.66 126.666 394.66 1165.66
50 147 161 884 1755

100 317.66 3200 1488.33 1885.333

The enhabced Is is related to an increase in the surface recombination velocity, as the density of electrons and
holes is coming more comparable, due to base neutralization. From the figure we can also see that there are
large increase in the base current tested at higher temperatures (50°C and 100°C) due to increased surface
recombination current at the base surface. An increase in the midgap-lavel interface-trap density in the
low-field, thick oxide over the p-type base increases the recombination current, more importantly an increase
in the positive-oxide-charge density modulates the base surface potential to even more strongly increases the
surfaces recombination current [6-9].

The current gain of modern bipolar transistors in an ionizing radiation environment decreases due to
increased recombination in the emitter-base depletion region [7-8,10-11]. The recombination centers are
related to the net charge introduced into the oxide by ionizing radiation, since it is positive the depletion
region spreads on the p-side of a PN junction. For NPN transistors, this means that the deplition region
seperatres into relatively lightly dopped P-type base region. As the deplition region increases in size,
recombination current increases at the oxide interface over the base and in the newly-deplitted silicon bulk.
In BJTs the excess basee current depends on the number of interface states (recombination centers) near
midgap and threshold. The excess base current due to changes in surface potential depends on the total

radiation induced oxide charge at the bias condition these variations in excess base current is as shown in
table 2.

ITII. CONCLUSIONS

This work reports the effect of 110MeV Si®* ion irradiation on silicon NPN transistors devices with fluences of
5x10%ions cm™? to 1x10®ions cm™2. An effort is made successfully to correlate the electrical degradation with
the non —ionizing energy deposition due to MeV ion irradiation using TRIM Monte Carlo Code. Fluence
dependent TID and Duis calculated for 100 MeV silicon ion in silicon target. The shift in collector saturation
current and collector emitter voltage is mainly due to the total displacement dose. In addition to these shifts,
Si-ion irradiation causes increase in forward resistance of the collector emitter region.

The current gain of the transistors decreases with increases in silicon ion fluences. It has in addition been
observed that the base current increases with increase in TID and test temperature. The excess base current
due to changes in surface potential depends on the total radiation induced oxide charge at the bais condition.

This is again related to the reduction of the base doping concentration after exposure. In B]Ts the excess base
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current depends on number of interface traps (recombition centres) near the midgap. At higher total doses,
sufficient charge as the accumulated in the oxide to cause significant recombination to occur through-out the
lightly doped based region. The swift heavy ion irradiation on silicon will result in increase in lattice
temperature. Hence in the present device case the transistor performance is severely affected due to silicon
ion irradiation. The switching time of the transistor may decrease due to an increased base currents as a

function of silicon ion fluence.
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ABSTRACT

Herein, we report the green synthesis of CdS quantum dots (QDs) by Aegle Marmelos leaves extract. Green
synthesis method is novel, simple, eco-friendly, nontoxic compared to conventional physical and chemical
methods. Aegle Marmelos used as a capping and reducing agent owing to their extraordinary medical
applications. The synthesized CdS QDs characterized by various characterization techniques Such as X-Ray
Diffraction (XRD) showing cubic structure with average particle size about 4 nm determined by using Debye

Scherrer formula. Field emission scanning electron microscope (FE-SEM) reveals a spherical shape of CdS

QD:s.

I. INTRODUCTION

In past two decades green synthesis method is drawing more attention owing to its facile, nontoxic, eco-
friendly and low temperature characteristics compared other methods. Green synthesis approach uses
bioactive agents such as plant materials, microorganism and various biogases etc. The various nanomaterials
are synthesized by green method such as CdS, CeO2, Ag, ZnS, SnO2 etc.[1-5]. There are different methods are
used for synthesis of CdS QDs by like chemical deposition [6], Hydrothermal [7], Sol-Gel [8], etc. In this
method uses the collides with harmful chemicals. These can be avoiding if we used green synthesis plant
extract approach.

Cadmium sulfide (CdS) is a direct band gap semiconductor with energy band gap Eg = 2.42 eV. The colour
tunability of semiconductor QDs as a function of size is one of their most attractive characteristics. CdS is a
promising material because of their applications in optoelectronics, photocatalysts, x-ray detectors, nonlinear
optical material and as a window material for hetro-junction solar cells [9].

Aegle Marmelos leaves contains broadly alkoids, prphynols, terepnoids and other polyphenols, which are
well recognized for their healing power toward variety of bacterial and fungal infections [10]. In the present

research work we report green synthesis of CdS QDs mediated by Aegle Marmelos.
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II. MATERIALS AND METHODS

Cadmium Chloride (CdCl.H20), Sodium sulphide (Na2S.H20) and Ethanol are easily available commercial
materials. Aegle Marmelos leaves were gathered from local trees. Distilled water used as solvent in the
method.

2.1 Synthesis of CdS QDs:

CdS QDs synthesized greens approach, typical synthesis in 5 ml extract of Aegle Marmelosleaves added 90 ml
of distilled water in the proceeding step 0.2 gm of CdCl> was added and placed on hot plate with magnetic
stirring at temperature 100°C for 2 hrs. After that 0.078 gm of Na:S was added in the mixture and again kept
for constant magnetic stirring for 2 hrs. Then final yellow colour product was filtered, centrifuged and finally

dried at room temperature 12 Hrs. The final yellow powder was used for further characterisation.
III. RESULT AND DISCUSSION

X-ray Diffraction (XRD):

XRD pattern as shown in the figure 1. X-ray diffraction used to study crystal structure, nanoparticle size,
interplanar spacing. The XRD peaks was found to be very broad which indicates formation of very small size
QDs The diffraction peaks assigns at 20 = 26.9°, 46.78° and 53.5° which corresponds to the miller indices for
the crystal plane of (111), (220) and (311) with cubic crystalline structures of synthesized CdS QDs,
respectively, (JCPDS Card no.00-010-0454). XRD of prepared sample materials was found to be in good
agreement with (JCPDS file no.00-010-0454). The average particle size was found to be 4 nm which was
determined by using the Debye Scherrer formula i. e. nanoparticle size (D) = (k A)/ (dcos0) Where, D is the
particle in nm, K is crystallite shape factor a good approximation is 0.9 for spherical shape nanoparticles, A is
the X-ray wavelength used for X-ray diffraction, d is the full width at half the maximum (FWHM) in radians
of the X-ray diffraction peak and 0 is the Braggs' angle (deg.). [11]
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Figure 1: XRD pattern of CdS QDs
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Figure 2: FESEM images of CdS QDs
The synthesized product of CdS QDs characterized by using FESEM technique which is used for the study of
surface morphology. CdS QDs shows particles are nearly spherical in shape morphology with slightly

agglomeration as shown in the figure 2.
IV. CONCLUSION

In summary, plant mediated synthesis of nanoparticles have several advantages over physical and chemical
methods..CdS QDs synthesized by green synthesis method with leaves extract of Aegle Marmelos. The leaves
extract bioactive components play vital role for formation of CdS QDs Moreover, the prepared CdS QDs
average nanoparticle size was found to be 4 nm determined by using XRD technique. Field emission scanning
electron microscope (FE-SEM) reveals a spherical shape of CdS QDs with agglomerate morphology and.
Synthesized CdS QDs can be explored for various biomedical applications such as antibacterial, antibiofilm,

antifungal, antiviral, anticarcinogenic and anticandidal activities.
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ABSTRACT

In the present study, we report here synthesis and characterization ofmanganese oxide (Mnz0s) thin
films by potentiostatic electrodeposition for supercapacitor application. The structural and surface
morphological behaviour of Mn3Os thin film were carried out by using X-ray diffraction (XRD) and
Scanning Electron Microscopy (SEM) study. The structural study of MnzOs thin film shows
hausmannite tetragonal crystal structure. The surface morphological study showed that the formation of
nanoleaves (NLs) of Mn3O4 thin film. The electrochemical supercapacitive performance of Mn3OsNLs
was characterized by using cyclic voltammetry (CV), charging-discharging (CD) and electrochemical
impedance spectroscopy (EIS) techniques. The Mn3O4NLs shows maximum specific capacitance of 460
F.g! at scan rate 5 mV.s?and 92% cycling stability in 0.5 M NazSO4 electrolyte solution. Hence,
potentiostatically deposited Mn3sO4NLs is best for energy storage application.

Keywords: supercapacitor, electrodeposition, Mn3O4, XRD, FESEM, CV.

I. INTRODUCTION

In the 21* century more and more research focused on highly renewable and sustainable energy storage
devices. Electrochemical capacitor or supercapacitor have gained more attention due to their excellent
electrochemical properties such as, environmental friendly, fast charging and discharging rate, good

reversibility, high power density, long cycle life and safety in operation. Due to this features electrochemical
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capacitor can be used in variety of potential applications such as, memory back up devices, portable electronic
devices, hybrid electric vehicles, elevator, forklifts, cranes, lasers and industry [1-4]. The Electrochemical
capacitor or supercapacitor mainly categorized into two typesviz, electrochemical double layer capacitor
(EDLC) and Pseudocapacitor (PC). In EDLC, charge is stored electrostatistically, i.e charge accumulation takes
place at the electrode/electrolyte interface. Example, carbon materials. In pseudocapacitor (PCs) faradic
process takes place. Example, conducting polymers and Transition metal oxides (TMOs) etc. Electrode
materials used in TMOs are RuOz2 [5], MnQO2 [6], C0304[7], NiO [8], IrO2 [9], Cr20s [10] and CuO [11] etc.
Among these TMOs, Manganese oxide electrode is widely studied in supercapacitor because of better
electrochemical performance, natural abundant, low cost, easy synthesis and non-toxic [12-13]. Manganese
oxide also have several oxidation states such as, MnO, MnO2, Mn203 and Mn3O4 etc. Among these oxides,
MnsOsis one of the most stable state of manganese oxide and have attracted considerable attention due to its
low cost, environmental friendly, natural abundant and good electrochemical properties [14-15].
Manganese oxide have been synthesized by different physical and chemical methods such as, hydrothermal
method [16], co-precipitation method [17], sol-gel method [18], chemical bath deposition method [19], self-
reacting microemulsion method [20], sonochemical method [21], electrodeposition method [22], room-
temperature solid reaction [23] and SILAR method [24] etc. Among all the various methods, electrodeposition
method is one of the best method for synthesis of metal oxides because of low cost, binder free, single step
and large scale production. It also leads direct deposition of oxide/hydroxide electrodes on low cost
substrates.Nguyen et al. [22] have reported nanoflakes like morphology of Mn3Os thin film by cathodic
electrodeposition method for supercapacitor application. Yousefi et al. [25] have reported porous nanospheres
of Mn3Os by cathodic electrodeposition method and studied their electrochemical properties. Porous and
nanostructured material is key requirement for electrochemical capacitor because it provides large surface
area, shorten the diffusion path of electrons and ions, which promotes the fast insertion and extraction of
electrons and ions. Which improves the specific capacitance of the electrode [26].

In the present report, efforts have been taken to study structural, morphological and electrochemical

supercapacitive behaviour of potentiostatically deposited Mn3O4 NLs for supercapacitor application.

2. Experimental:

2.2 (a) Characterization techniques

The crystal structural study of Mn3Os NLs was carried out with the help of XRD using Bruker axes D8
Advance Model with copper radiation (K« of A = 1.54 A’) within 20 range between 20" to 80°. The surface
morphology ofMn3Os NLs was carried out by using field emission scanning electron microscopy (FESEM)
technique (Model: JSM-6160). The electrochemical supercapacitive study of Mn3Os NLs was studied by using
CV, GCD and EIS techniques by using electrochemical workstation (CHI 660 A).The electrochemical cell
includes three electrode systems. Mn3Os NLs was used as a working electrode, graphite was used as a counter
electrode and saturated calomel electrode (SCE) was used as a reference electrode. The 0.5 M Na2SOswas used

an electrolyte solution for overall measurements.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)

o



Volume 9, Issue 11 | Published : 23 April-2022 Page No : 30-36

3. Result and Discussion
3.1 XRD Study:

X-ray diffraction (XRD) techniques have been carried out to examine the crystal structure of the
Mn3O4 NLs. Fig.1 shows the XRD pattern of Mn3Os NLs in the 20 range from 20" to 80°. The observed
diffraction peaks indexed in the XRD pattern of Mn3Os NLs was well matched with JCPDs card no.89-4837.

The XRD study shows hausmannite tetragonal crystal structure of electrodeposited Mn3Os NLs. The peak
marked with (SS) in the XRD spectrum is due to stainless steel substrate only.

(121)

Intensity (A.U.)

20 30 40 50 60 { Y
20(degree)

Figure 1. X-ray Diffraction (XRD) spectra of Mn3O4 NLs.

The average crystallite size of Mn3O4 NLs was calculated by using the Debye’s Scherer’s equation,
0.91

= Bcos® (3)

Where, D is the crystallite size, A is the wavelength of X-ray (1.54.4 A”) and p is full width at half maximum

(FWHM).For determination of crystallite size, the most intense peak (121) is centered at FWHM in term of
radian is 0.807. The crystallite size of Mn3Os NLs is found to be 34 nm.

3.2. Surface Morphological Studies

Signal A = Inlens Date 8 Apr 2013 = EHT = 500kV Signal A = nLens Date 10 Apr 2013
M = B4TOK X TIFR Mumbai  Phcto No. = 2629

WD = 35mm Mag= 84.70 KX TIFR Mumbal Photo No. = 2774

Figure 2 : Scanning Electron Microscope (SEM) images of Mn3Os thin film at (a) 100kX and (b) 200kX

magnifications respectively.
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Surface morphology of the Mn3O4 NLs was studied by using FESEM technique. Fig. 2(a-b) demonstrate the
FESEM micrographs of MnsOs thin film with two different magnifications (100 kX and 200 kX) respectively.
In Fig. 2(a) SEM micrograph of MnsOxs thin film at low magnifications shows the compact and nanoflakes like
morphology [28]. At high magnification in Fig. 2(b), the Mn3Os thin film gives highly resolved, porous and
interconnected Nano leaves (NLs) like structure.Such structures have a larger specific surface area, providing
the active material to sufficiently react with ions in the solution, and hence reducing the electron transport

distance [29]. Therefore, it enhances the electrochemical supercapacitive properties.

3.3 Supercapacitive studies:
3.3.1 Cyclic voltammetry (CV) studies:

The specific capacity of Mn3Os NLs was carried out by using CV study. Fig. 3(a) display typical CV
curves of Mn3Os NLs at different scan rates such as; 5, 10, 50 and 100 mV/s within potential limit of +1.2 V to
-1.2 V vs SCE, respectively.From CV curves, it is observed that as scan rate increases current under curve
increases and the cathodic and anodic peaks shifts more towards positive and negative sideward. This result
shows that current is directly proportional to scan rate, i.e. scan rate dependent current-voltage indicate that
ideal capacitive behaviour of Mn3Os NLs. Similar results reported by Dubal and More et al. prepared by
Mns3Os thin film by chemical bath deposition and spray pyrolysis method for supercapacitor application
respectively [19, 30].

480
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g ' \ g

<0.0084 ) (©) £ 360+ \
z 2 =
B Ny (b) 2

< 2 (a) S 300-

=0.0004 &

Z g

S & 2404

-0.008 4

180

T T T T A L) J T T T T T T
-1.2 -0.8 -0.4 0.0 04 0.8 1.2 0 20 40 60 80 100
Voltage (V Vs SCE) Scan Rate (mV/s)

Figure 3 (a) Cyclic Voltammetry (CV) study of Mn3Os NLs at scan rate of 5, 10, 50 and 100 mV/s and 4 (b)

Variation of specific capacitance vs scan rate of Mn3Os NLs.

The capacitance of Mn3Os thin film wascalculated by using the following relation,

— fac
C= dv/dt (4)

Where, [Idt is area under curve of CV and dv/dt is voltage scanning rate in mV/s.

The specific capacitance of Mn3Os NLs was calculated by following relation,
Specific capacitance (Cg) = % —————— (5)
Where, C—capacitance in farad and W — the mass of active electrode materials in gm.The active mass of

Mn3Os NLs was 0.0024 gm, calculated from weight difference method. The Mn3Os NLs show specific
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capacitance of 460 F.g! at scan rate of 5 mV.s!. It was observed that as scan rate increases specific capacitance
decreases shown in Fig. 3 (b). Decrease in specific capacitance suggests that at higher scan rate most of the
inner active sites of nanoflakes network are not involved in the reaction. So, specific capacitance obtained at

low scan rate are due to full utilization of the active electrode materials.

Material Specific Electrolyte Method of synthesis Reference
Capacitance
(F.g")
Mns30O4 Nano leaves 460 0.5 M NazSOs Potentiostatic Our work
Electrodeposition
Mns30O4 nanoparticles 375 1.0 M NazSO4 SILAR [31]
Mn30Os nanocubes 223 1.0 M NazSO4 CBD [32]
Mn30O4 nanograins 314 1.0 M Na:SO4 SILAR [24]
Mns3Os nanograins 289 1.0 M NazSO4 SILAR [33]

Table: 1Comparison of specific capacitance between our work and previously reported work to synthesis the
Mns3Os4 electrodes by considering scan rate of 5 mV/s.

Table 1 represents a comparison of specific capacitance between our work and previously reported work by
keeping scan rate of 5 mV/s vs SCE. The specific capacitance obtained in the present study is higher due
nanostructured and porous morphology of Mn3O4 NLs.It depends upon optimum electrodeposition time.
3.3.3Galvanostatic charging-discharging (GCD) studies:

The specific energy and specific power associated with Mn3Os NLs was carried with the help of GCD
techniques. Fig 4 (a) shows typical charge-discharge curves of Mn3Os NLs at constant current density of 5
mA.cm? in 0.5 M NaxSOs electrolyte solution. The charging-discharging curves of Mn3Os NLs show
symmetrical characteristics, which reveals that Mn3Os NLsthin film have good capacitive behaviour and the
reversible redox process.The GCD curve of Mn3Os NLs shows very small voltage drop at the initial of the

discharge curve which is due to very low internal resistance between the current collector and Mn3Os NLs.
1.0

(a)

Potential (V)
e
~
1

L] L] L)
0o 40 80 120 160
Time (sec)

Figure 4 Galvanostatic charge-discharge (GCD) study of Mn3O4 NLs
The coulombic efficiency, specific energy and power of Mn3Os NLs was calculated using following formulae:
Coulombic Efficiency (n) = %xlOO ——————————— (6)

Specific power (P) = % _______________ (7)
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Specific energy (E) = % _____________ (8)

Where, Taand T- is discharge and charge time in sec, V is voltage window in volt, la is discharge current mA
and W is the mass of the active material in gm.The coulombic efficiency of Mn3Os NLs was found to be 98.42%
whereas the specific power and specific energy were observed to be 6.40 kW.kg' and 3.85 Wh.kg",
respectively.

4. Conclusions:

In summary, we have successfully synthesized Mn3Os NLs by electrodeposition method on low cost
conducting stainless steel substrate for supercapacitor application. The XRD study reveals that hausmannite
tetragonal crystal structure with average crystallite size of 34 nm. The surface morphology study MnsOs thin
film shows NLs type morphology at higher magnification. The electrodeposited Mn3OsNLsshows higher
specific capacitance of 460 F.g' with 92% cyclic stability, which is better achievement than earlier reported
values because of nano structured materials. The GCD study shows better values specific energy and specific
power and coulombic efficiency of Mn3O4NLs. EIS study reveals that small values of Rs and Rec of Mn3OsNLs
based thin film electrode, providing better ability of electronic and ionic conductivity of Mn3Osmaterials.
Thus, electrodeposited MnsOsNLs based thin film electrode is suitable material for electrochemical
supercapacitor device.

References:

[1] G. Wee, W.F. Mak, iN. Phonthammacha, A. Kiebele,M.V. Reddy, B.V.R. Chowdari, G. Gruner, M.
Srinivasan,

S.G.Mbhaisalkar, J. Electrochem. Soc. 157,A179 (2010)

[2]].K. Chang, Y.L. Chen, W.T.T.Sai, J. Power Sources. 135,344(2004)

[3] P. Simon, Y.Gogotsi, Nat. Mater. 7,845(2008)

[4]D. Wei, Scherer MR, Bower C, Andrew P, Ryhanen T, U.Steiner, Nano Lett.12,1857 (2012)

[5] K.H. Chang,C.C. Hu,C.Y.Chou, Chem. Mater.19,2112 (2007)

[6]Z. Yu,B. Duong,D. Abbott, ].Thomas, Adv. Mater.25, 3302(2013)

[7] P.M. Kharade, ].V. Thombare, A.R. Babar, R.N. Bulakhe, S.B. Kulkarni, D.J.Salunkhe, ] Phys Chem Solids.
120,207(2018)

[8]L. Gu,Y. Wang, R. Lu, L. Guan,X. Peng, J.Sha J. Mater. Chem. A. 2,1761(2014)

[9] D.Q. Liu, S.H. Yu, S.W. Son, andS.K.Joo, ECS Trans.16,103(2008)

[10] P.M. Kharade, A.R. Babar, S.S. Dhasade, B.R. Karche, D.]. Salunkhe, Mater. 7, 342(2018)

[11]A.S. Patil, M.D.Patil, G.M.Lohar, S.T. Jadhav, V.]. Fulari, Ionics. 23, 1259 (2017)

[12] S.F. Chin, S.C. Pang, and M.A. Anderson,]. Electrochemical Society. 149, A379 (2002)

[13]S.F. Chin, and S.C.Pang, Mater. Chem. Phys.124,29 (2010)

[14]X. Zhang, X. Sun,Y. Chen,D. Zhang,Y.Ma, Mater. Lett.68, 336(2012)

[15] X. Zhang, P. Yu, D. Zhang,H. Zhang, X. Sun, Y.Ma, Mater. Lett. 92401(2013)

[16] J.L. Liu, L.Z. Fan, X.Qu, Electrochim. Acta. 66, 302(2012)

[17] R. Jiang, T. Huang, J. Liu, J. Zhuang, A.Yu, Electrochim. Acta.54, 3047(2009)

[18]C.K. Lin, K.H. Chuang, C.Y. Lin, C.Y. Tsay, C.Y.Chen, Surf. Coat. Technol.202,1272 (2007)

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)

C



Volume 9, Issue 11 | Published : 23 April-2022 Page No : 30-36

[19]D.P. Dubal, D.S. Dhawale, R.R. Salunkhe, V.]. Fulari, C.D.Lokhande, ]. Alloy. Compd. 497,166(2010)
[20] C. Xu, B. Li, H. Du, F. Kang, and Y.Zeng, ] of Power Sources.180,664 (2008)
[21] A. Zolfaghari,F. Ataherian, M. Ghaemi, andA.Gholami, Electrochimica Acta. 52,2806(2007)
[22]T. Nguyen, M.]. Carmezim,M. Boudard, M.Montemor, ]. Hydrog. Energy. 40,16355(2015)
[23]A. Yuan, X. Wang, Y. Wang, ].Hu, Electrochim. Acta. 54,1021(2009)
[24] D.P. Dubal, D.S. Dhawale, R.R. Salunkhe, S.M. Pawar, C.D. Lokhande,Appl Surf Sci.256,4411(2010)
[25] T. Yousefi, A.N. Golikand, M.H. Mashhadizadeh, M. Aghazadeh,Curr. Appl. Phys. 12, 544(2012)
[26] M. Kim, Y. Hwang, J. Kim,]. Power Sources. 239, 225(2013)
[27] X. Dai, M. Zhang, J. Li, D.Yang, RSC Adv.10, 15860(2020)

[28]P.M. Kharade, S.G. Chavan, D.]. Salunkhe, P.B. Joshi, S.M. Mane, S.B. Kulkarni, J. Mater. Sci. Mater. Elect
ron. 52, 37(2014)

[29] M. Zhang, X. Dai, C. Zhang, Y. Fuan, D. Yang, J.Li, Mater.13, 181(2020)

[30] P.D. More, P.R. Jadhav, S.M. Ingole,Y.H. Navale,V.B.Patil, ] Mater Sci: Mater Electron. 28,707(2017)

[31] A.A. Shaikh, M.R. Waikar, R.G.Sonkawade, Synth. Met. 247, 1(2019)

[32] D.P. Dubal, D.S. Dhawale, R.R. Salunkhe, C.D. Lokhande,]. Electrochem. Soc. 157,A812 (2010)

[33] G.S. Gund, D.P. Dubal, B.H. Patil, S.S. Shinde, C.D.Lokhande, Electrochim. Acta. 92,205 (2013)

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)




) International e-Conference on Recent Trends in Nano-Materials and Its Applications

y |\ In Association with International Journal of Scientific Research in Science and Technology
b 1

¢Sy USRST  vilume 9 | Issue 11 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com)

Investigation The Temperature and Volume Fraction Effects on The Thermal

and Rheological Properties of The TiOz Nanofluid
N B Girhe!, S N Botewad?*, P P Pawar?, A B Kadam?
!Department of Physics, Jawahar Science, Commerce and Arts College, Andoor, Tuljapur 413603,
Maharashtra, India
?Department of Physics, Dr. Babasaheb Ambedkar Marathwada University, Aurangabad 431004, Maharashtra,

India
ABSTRACT

The present investigation has been reported the preparation of water-based TiO2 nanofluid using a two-step
method. The temperature and volume fraction dependent thermal conductivity and viscosity TiO2 was
studied. The different volume fraction of TiO2 (0.1,0.2,0.3,0.4 and 0.5) were used dispersed in water using
harsh ultrasonic treatment and tested the thermal conductivities for temperature range of 20-50 °C. The
experimental results reveal that increase in temperature and volume fraction increases the thermal
conductivity of nanofluid. The viscosity of the nanofluid with same concentration of TiO2 was measured and
shows the decrease viscosity by increasing temperature whereas increases when increase the volume
concentration. Thus, the experimental results are much more useful for the practical application of nanofluids

in thermal management.
Keywords: Nanofluid; Nanoparticles; Thermal Conductivity; Viscosity;
I. INTRODUCTION

Thermal management becomes the very critical task in various industries for getting the efficient
productivity. Worldwide various conventional fluids were used for the thermal management such as water,
oil, ethylene glycol etc. But unfortunately, these fluids do not achieve the desired thermal properties for
practical application. To improve the thermal conductivities of these conventional fluids firstly in 1873
Maxwell proposed the single-phase fluids with the addition of solid particles [1]. The idea of Maxwell worked
and it improves the thermal properties of the conventional fluids but it has the drawbacks such as
sedimentation, clogging and erosion during the flow. After this inventive research idea and experimental
results in 1995, Choi introduced the idea of nanofluids with his own experimental results. The nanofluid
which solely overcomes the sedimentation, clogging and erosion problems [2].

An emerging nanotechnology provides the superior physical, thermal, optoelectronics properties of the

material in nanosized dimension. The very new trending application of nanotechnology is the nanofluid
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research. Nanofluid is an engineering fluid in which nanometre sized solid particles homogeneously dispersed
in base fluid such as water, engine oil, propylene glycol, ethylene glycol, etc [3]. Recently various types of
nanomaterials were found to be used for the preparation of nanofluid such as metal, metal oxides, carbon
materials etc. Nowadays metal oxide nanoparticles (TiO2, SiO2, Fe203, Fe304, Al203, BaTiO3, CuO, etc.)
extensively employed for the preparation of nanofluid [4]. The preference for metal oxide nanoparticles is due
to the superior physicochemical, optoelectronics, thermal properties, and ease of preparation with tuned
properties. The potential of nanofluids to enhances the thermal conductivity and rheological behaviour of
base fluid it applicable in heat transfer, including fuel cells, cooling of microelectronic equipment,
pharmaceutical processes and hybrid engines etc [5,6].

Worldwide different research groups have been reported the thermal conductivity and viscosity of the
nanofluids using the different types of nanoparticles with different volume fraction in the base fluid. M.Kh.
Abdolbagqi et. al studied the thermal conductivity and viscosity of BioGlycol/water based TiO2 nanofluids and
experimental results shows that enhancement of thermal conductivity depends on volume concentration,
temperature and thermal conductivity of base fluid [7]. M.H. Ahmadi et.al investigate the thermal
performance of TiO2 nanofluid using four different neural networks [8]. D. Cabaleiro et.al reported the
ethylene and propylene glycol-based TiO: (anatase and rutile) nanofluids. The experimental results shows
that thermal conductivity increases 15.4%. and enhancements are higher for propylene than ethylene glycol-
based nanofluids [9]. W.H. Azmi et.al investigate the heat transfer performance of TiO2 nanofluids in water-
EG mixture at different operating temperatures. On the basis of experimental results concluded that
maximum enhancement of thermal conductivity was 15.4% at 1.5% volume concentration and temperature

of 60° C. and relative viscosities fluctuate at a range of 4.6 to 33.3% with variation of temperature [10].

II. EXPERIMENTAL

2.1 Materials and Characterization

In present investigation TiO: (Rutile) nano particles with particles size 20 nm procured from the Sisco
Research Laboratory Mumbai, India. KD2 Pro thermal analyser (Decagan Devices Inc., USA) was use to
study the thermal conductivity and before measurements the device prob was calibrated with standard fluid.
The viscosity of all nanofluid were measured by means of an AR-G2 rheometer (TA Instruments, USA) at
different temperatures.

2.2 Nanofluid Preparation

Nanofluids reported in the present investigation were prepared via two-step method. TiO2 nanoparticles of
volume fraction (0.1, 0.2, 0.3, 0.4, and 0.5 Wt.%) were used for the preparation of nanofluid. The above-
mentioned proportion of TiO2 nanoparticles was dispersed in the base fluid double distilled water (DDW)
separately and stirred for 2 hours forcefully using magnetic stirrer. Then the stable dispersion was attained by

ultrasonic probe via ultrasonication for 6 h.
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III. RESULTS AND DISCUSSION

3.1 Thermal conductivity

Page No : 37-41

The thermal conductivity of prepared water based TiO2—nanofluids concentrations of (0.1, 0.2, 0.3 and 0.4)

wt. % were measured at temperatures of 300 K-350 K in 15 k interval. Fig. 1 shows the thermal conductivity

of prepared nanofluid for different volume concentrations and fig. 2 shows for different temperatures. It is

observed that by increasing both parameters volume concentrations and temperatures, thermal conductivity

is enhanced of all the studied samples. Increment of the nanoparticles loading in the base fluid reduces the

interparticle distances that improves heat conduction and the outcome is enriched thermal conductivity. The

basic phenomenon of the increment in the thermal conductivity is propagation of lattice vibration between

electrons and phonons. The thermal conductivity significantly increases by increasing temperatures due to

the Brownian motion which provide the direct solid-solid transport between the incorporated particles.
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3.2 Viscosity

Rheological behaviors of all prepared nanofluid samples viscosity were examined at different temperature
points of 300 K-360 K at equal interval for each volume concentrations. Fig. 3 shows the dependency of
viscosity on the volume concentration and temperature of TiO2 nanofluid. The considerable effects were
observed for both parameters, temperature as well as volume concentrations. As concerned to the volume
concentration viscosity of all the nanofluid samples observed to be increased. The reason behind the
increasing viscosity may be due to the formation of agglomeration of nanoparticles in suspension. The
temperature effect slightly reduces the viscosity due to the feeble intermolecular interaction and adhesion

forces between molecules which is further attributed to Brownian motion, thermal movement of molecules
and their average speed.
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Figure 3. Viscosity of TiO2 nanofluid at different temperature

IV. CONCLUSION

In short, present investigation successfully encloses the preparation and analysis of the thermal as well as
rheological properties of TiO2 nanofluids. The investigational findings reveal the considerable enhanced
thermal conductivity of nanofluids with increased temperature and volume concentration. The viscosity of
the nanofluid increased with volume concentration whereas decreased with increased temperature. Thus, the

present investigation exhibits the applicability of the ternary TiO: nanofluid for the various application
wherever the necessity of cooling.
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ABSTRACT

The polycrystalline aluminium substituted nano-particle sized copper cobalt ferrite samples CuxCol-xFe2-
2yAl2yO4 (where x= 0.0, 0.2, 0.4, 0.6, 0.8, 1.0; y= 0.05, 0.15 and 0.25) have been prepared by standard
ceramic technique. Phase formation is investigated using X-ray diffraction, Infrared absorption technique and
Scanning electron microscope technique. The lattice constants of the all samples are evaluated from x-ray

diffraction data. The Magnetic susceptibility decreases with aluminium and copper content.

Keywords: Polycrystalline, nanoparticle size, standard ceramic technique and Inverse cubic spinel, Magnetic

susceptibility
I. INTRODUCTION

In a way, every material utilized today is a composite. Composite materials are a physical mixture of two or
more compatible micro or macro constituent particles which differ in form and chemical composition and are
essentially insoluble in each other. Composite materials are best suited for scientific applications which could
not be achieved by any one component acting on its own. Ferrite / ferroelectric composites are termed as
magneto electric (ME) composites due to the coupling between the electric and magnetic fields in the
materials. The conversion of magnetic to electric fields in such ME composite originates from the elastic
interaction between ferrite and ferroelectric subsystems [1]. In the presence of the magnetic field, the
magnetostriction in the ferrite phase gives rise to mechanical stresses that are transferred to the ferroelectric
phase, resulting in electric polarization of the ferroelectric phase owing to its magneto electric effect. ME
materials find applications as smart materials in actuators, sensors, magnetic probes, phase inverters, rectifiers,
modulators, and transducers in solid state microelectronics and microwave devices [2,3].

Spinel ferrite nanoparticles are being intensively investigated in recent years because of their remarkable
electrical and magnetic properties and wide practical applications in information storage system, ferro-fluid
technology, magnetiocaloric refrigeration and medical diagnosis [4]. Among the spinels, mixed Zn ferrites

and especially Ni-Zn ferrites are widely used in applications like transformer cores, chokes, coils, noise filters
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recording heads etc. [5]. While Ni-Zn ferrite posses higher resistivity and saturation magnetization, cobalt
ferrite possess high cubic magneto crystalline anisotropy and hence high coercivity. The high coercivity is
driven by large anisotropy of the cobalt ions due to its important spin orbit coupling. It is ferromagnetic with
a Curie temperature (Tc) around 520°C, [6] and shows a relatively large magnetic hysteresis which
distinguishes it from rest of the spinels. The synthesis of ultra fine magnetic particles has been extensively
investigated in recent years because of their potential applications in high density magnetic recording and
magnetic fluids [7]. Among the current methods for synthesis of mixed ferrite the combustion reaction
method stands out as an alternative and highly promising method for the synthesis of these ferrites [8].
Magnetic properties measured at room temperature by vibrating sample magnetometer (VSM) reveal an

increase in saturation magnetization with increase in cobalt concentration [9].

II. EXPERIMENTAL

Materials:
High purity starting materials are used as Cobalt Oxide (CoO):- 74.9326 gm, Copper Oxide (CuO):- 74.5454
gm, Ferric oxide(Fe203):- 159.6922 gm, Aluminum Oxide (Al203):- 101.9612 gm

Preparation of ferrite:

Nano crystalline powder samples of CuxCoi-xFe2-2yAl2yO4 (Where x= 0.0, 0.2, 0.4, 0.6, 0.8, 1.0; y = 0.05, 0.15 and
0.25) were prepared by the standard ceramic technique. Starting materials CuO, CoO, Fe203 and Al2Os of AR
grade obtained from Sigma — Aldrich, India were used. These samples were heated at ramping rate of 80 °C hr
-1 at 1000°C for 48 hours. XRD and IR analysis revealed the cubic spinel structure of the synthesized samples
and functional groups in the samples respectively. The absence of any extra line confirms the formation of
single phase ferrite. The average particle size 'D' was determined from line broadening (311) reflection using
the Debye Scherer formula discussed elsewhere [10]. Calculations of lattice constant, physical density, X-ray
density, porosity, site radii and ionic bond lengths on both sites were calculated by using formulae discussed
elsewhere [11] and graphically shown in fig.4. Infrared absorption spectra of powdered samples were
recorded in the range 350-800 cm™ using Perkin-Elmer FTIR spectrum and spectrometer by KBr pellet

technique and presented in (fig.2). The scanning electron microscopes are shown in fig.3

III. RESULTS AND DISCUSSION

The X-ray diffraction patterns of the samples are presented in (fig.1). Powder X-ray diffractometer of the
ferrite samples reveals the single phase spinel structure, as well defined reflection is observed without any
ambiguity. The diffraction peaks are corresponding to (200), (311), (400), (422), (333/511), (440) and (533)
planes. The lattice constants ‘a’ and ‘c’ for all prepared samples are calculated by using prominent (311) XRD

peak. The calculated and observed values of inter planer distance (d) are found in good agreement with each
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other for all reflections. The physical density (dB), x-ray density (dx), and porosity (p), are calculated from
the formulae given by Gadkari et.al [12].

From the calculations of lattice constants ‘@’ and ‘c’ for all the prepared ferrites it is observed that ¢ >a and
tetragonality ratio (c/a) is found in the range of 1.03 to 1.07. This result is in good agreement with previous
report [13-14].In this present report tetragonality ratio for copper ferrite is 1.06. It means 70% copper resides
on B site and it exhibits prorate type distortions in the crystal lattice. The previous report [15] well supports
the present results reported this communication. Both Fe?* and Cu?" are John-Teller ion which produces
prolate type distortions on (B) site and hence c >a and (c/a) = 1.06. Therefore copper ferrite exhibits tetragonal
spinel structure in host crystal lattice of cobalt ferrite. In addition of copper content in tetragonality ratio is
found increasing but due to addition of aluminium tetragonality ratio deceases. It means that Al3* and copper
suppress the tetragonal prolate type.

The crystallite sizes (t) of all the prepared samples were computed by Scherer rule utilizing the peak width at

one-half intensity of the maximum intensity peak (311).
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ry -] e
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Fig: 1 XRD patterns of system CuxCo1-«Fe2-2yAl2yO4

The Al (y = 0.05-0.25) doped copper cobalt ferrite samples show a higher grain growth and the crystallite size
(t) lies in the extent of 52.53-94.4 nm. The mean particle size calculated from diffractograms is in the range
of 50 to 100 nm. That suggest the particles in the ferrites samples are fine and there is continuous grain

growth in all compositions. It gives the confirmation of suitable microstructure formation in all compositions.
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The width of the reflection peak (311) for all the compositions is approximately the same due to the nearly
equal particle size.

The infrared absorption spectra are showing two distinct absorption bands vi due to tetrahedral (A) site
interstitial voids near 600 cm™ and other v2 due to octahedral (B) site interstitials voids near 400 cm™. Our

results in this present communication are well supported by previous reports [16, 17].
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Figure 2: Absorption spectra for system CuxCo1-xFe2-2yAl2yO4

The close inspection of all micrographs revealed that there is continuous grain growth with well — defined
grain boundaries formed. The present system shows multi domain behavior. No exaggerated grain growth is
observed in any composition. The average grain size is found to decrease with increase in Al content in
copper cobalt ferrite. However in the present system the grain growth shows generally a decreasing trend
with aluminum content, which is rather expected because of multi-domain behavior of these compositions in
copper cobalt ferrite. Grain growth is almost accompanied with grain size, which is increasing with copper
and aluminum content. So it appears that copper and aluminum content favors the grain growth. The

scanning electron micrographs shown below
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Fig: 3 (A) to (F) scanning electron microscopes of CuxCoi-xFe2-2yAl2yO4:

(A) KSS 100-CuoCo1Fe1.9Al0.10s, (B) KSS 110- CuiCooFe19Al0.104,

(C) KSS 300- CuoCo1Fe17A10304, (D) KSS 310- CuiCooFe1.7Al0304,

(E) KSS 500- CuoCoiFe1sAlosOs &  (F) KSS 510- CuiCooFe15Alo504

The susceptibility is measured at room temperature [Fig. 2(a)] then susceptibility is found increasing up to 20
% of copper content and thereafter decreases. The susceptibility is measured at various temperatures [Fig.
2(b)], the compositions shows gradual decrease in normalized susceptibility with temperature which suggest
that they exhibit super paramagnetic (SP) structure having fine particles. The susceptibility is decreases and

curie temperature also shifts towards minimum value as copper as well as aluminum content increases.
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Fig 4: Variation of A. C. susceptibility with copper and aluminum content at room temperature and various

temperature for CuxCo1-«Fez-2yAl2yOs ferrite system
IV. CONCLUSIONS

Copper cobalt ferrite is partially inverse spinel ferrite. Addition of Al3* ions replaces Fe3*on (B) site resulting
in increase of lattice constant a, decrease in ionic radii(Ra) and bond length(O-A). The lattice constant
obtained from XRD data shows increases. The A. C. susceptibility goes on decreasing with copper and

aluminum content.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)

C



Volume 9, Issue 11 | Published : 23 April-2022 Page No : 01-07

V. REFERENCES

[1]. R.S. Devan, S. A. Lokare, S. S. Chougule, D. R. Patil, Y. D. Kolekar, andB. K. Chougule, J. Phys. Chem.
Solids 67, 1524 (2006).

[2]. K. Zhao, K. Chen, Y. R. Dai, J. G. Wan, and ]. S. Zhu, Appl. Phys. Lett. 87, 162901 (2005).

[3]. S.R. Kulkarni, C. M. Kanamadi, and B. K. Chougule, Mater. Res. Bull. 40, 2064 (2005).

[4]. Zhao L, Yang H, Yu L, Cui Y, Zhao X, Zou B, Feng SJ. MagnMagn Mater2006;301:445-51.

[5]. Rath C, Sahu KK, Anand S, Date SK, Mishra NC, Das RP. ] MagnMagn Mater 1999;202:77-84.

[6]. Rajendran M, Pullar RC, Bhattacharya AK, Das D, Chintalapudi SN, Majumdar CK. ] MagnMagn Mater
2001;232:71-83.

]. Ozaki M. Mater Res Bull 1989;12:35-43.

8]. Costa ACM, Tortella E, Morelli MR, Kaufman M, Kiminami RHGA. ] Mater Sci2002;37:3569-72.

J. M.M. Mallapur, B.K. Chougule; Materials Letters; Vol. 64 (2010); P. 231-234.

10].H. P. Klug, L. E. Alexander, X-ray diffraction procedure for polycrystalline and amorphous materials,

Willey N.Y, 1997, 637.

11].A. B. Gadkari, T. J. Shinde, P. N. Vasambekar, J. Mater Sci: Mater Electron 21 2010, 96, 103.

12].Prince E., Treuting R.G; Acta Crystallographica, 1956, 9, 1025.

13].Sagal K., Tabellen F. Rontegenstrukturanalyse, Springer, Berlin, 1958.

14].Borisenko A., Toropov N. A; Z. Prikl Chem, 1950, 23, 1165.

15].Goodenough J.B and Loeb A. L ,Phys. Rev., 1955, 98, 391.

16].Waldron R.D, Phy. Rev, 1955, 99(6), 1727.

17].K. V. S. Badarinath, Phys. Stat. Solidi (a) 1985, 91, 19-23.

—/ o/ o/ o/ o/ o/

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)

C



) International e-Conference on Recent Trends in Nano-Materials and Its Applications
L\ In Association with International Journal of Scientific Research in Science and Technology
b 1

SRST  yolume 9 | Issue 11 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com)

DC Resistivity of La3+ Substituted Mg-Zn Ferrite Nanoparticles by Co-

Precipitation Method
R.A. Bugad', B.G. Pawar!, B.B. Navale?, P.G. Pawar®
'Department of Science, Sangola Mahavidyalaya, Sangola, Dist. Solapur 413307, Maharashtra, India
?Department of Science, Vidnyan Mahavidyalaya, Sangola, Dist. Solapur 413307, Maharashtra, India
3Department of Science, Shivaji Polytechnic College, Sangola, Dist. Solapur 413307, Maharashtra, India

ABSTRACT

Lanthanum (La) substituted magnesium zinc ferrite nanoparticles with general formula
Mg0.6Zn0.4La2yFe2-2yO4 (where y = 0.00, 0.05, 0.10, 0.15, 0.20 and 0.25) have been synthesized by co-
precipitation method. The XRD analysis was carried out to confirm the single —phase cubic structure of La3+
substituted Mg-Zn ferrite. The nature of DC resistivity of ferrite was studied with substitution of La3+

content. The effects of La3+ substitution in Mg-Zn ferrite on structural and electric properties were studied.

Keywords: Lanthanum, Mg-Zn ferrites, Co-precipitation, DC Resistivity,

I. INTRODUCTION

Ferrites are usually non-conductive ferrimagnetic ceramic material. Most of the ferrites have a spinel
structure [1]. The general formula of a spinel can be written as AB20s. Nano-particles of mixed spinel ferrites
have been the subject of current interest because of their interesting electric, optical and magnetic properties,
which are considerably different from that of their bulk ferrites [2]. The ferrites are also widely used in high
frequency cores, antennas, high frequency transformers, deflecting coil, motor generator and microwave
devices such as modulators, phase shifter and circulators etc.[3]. The coercive force is related with saturation
magnetization, anisotropy, internal stresses and porosity. The ferrites having low coercive force (HC) is
known as Soft ferrites [4]. Generally, soft ferrite shows high electrical resistivity, superior magnetic and
structural properties and hence they have low eddy current losses at high frequency [5]. Demand for
electronic and computer components with high density and light weight performance is greatly increasing,
which step up the demand for soft ferrites with high performance and thus contributes to the development of

soft magnetic ferrites on the direction of higher frequency and lower power consumption [6].
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II. EXPERIMENTAL

2.1. Synthesis of La3 substituted Mg-Zn ferrite

The MgosZnoaslazFer2yO4 (where y= 0.00, 0.05, 0.10, 0.15, 0.20 & 0.25) have been prepared by the oxalate
co-precipitation method as per reported in earlier literature [7]. The high purity AR grade starting materials
MgS04.7H20, ZnSO4.7H20, LaSO4+.7H2:0 and Fe:SO+7H20 were used for preparation of samples. These
chemicals were weighted in desired stoichiometric proportion and dissolved in distilled water. The pH of the
solution was maintained at 4.8 by drop wise addition of concentrated H2SO4. The resulting solution was
heated at 80 °C for 1 h in order to complete the ionization of metal sulfates. The precipitating regent was
prepared in distilled water by adding required proportion of AR grade ammonium oxalate. Ammonium
oxalate was taken in burette and was added drop by drop until the precipitation was formed. The co-
precipitate product was dried and calcined at 450 °C for 5h in air. The calcined powders were milled in an
agate mortar with AR grade acetone as a base. The powders were pre-sintered at 700 °C for 5h.The pre-
sintered powders were pressed under hydraulic pressure of 5 tones /cm? to form pellet using polyvinyl alcohol

as binder. Then pellets were finally sintered at 900 °C for 12h.

2.2. Characterization Techniques

XRD patterns of lanthanum substituted magnesium zinc ferrites sintered at 900°C for 12h were recorded by
Philips X-Ray Diffractometer model PW 1710 using Cu Ka radiation ( A = 1.5405 A°). Two probe method was
used for measurement of the dc electrical resistivity of ferrite in the temperature range 25°C to 575°C. The

C . . mr? V mr?R s . .
resistivity was obtained by using formula p = ==X+ =——, Where, t is thickness and r is radius of the pellet

in cm.
III. RESULTS AND DISCUSSIONS

3.1. XRD studies

The XRD patterns of MgosZnosLazFe22/04 (where y = 0.00, 0.05, 0.10, 0.15, 0.20, 0.25) ferrite system sintered
at temperature 900°C for 12h are shown in Fig. 1. The XRD patterns reveals the well resolved, sharp and
intense peaks corresponding to planes (220), (311), (222), (400), (422), (511), (440), (620) and (533). The peaks
obtained in the diffractogram closely match the data in the JCPDS file card number (04-002-5442). The XRD
peak pattern corresponds to all allowed planes, which hint outs single phase cubic structure with the traces of
secondary phase. Moreover, the peak at 20= 32.10° corresponds to plane (121) which is attributed to
secondary phase for LaFeOs indexed as per ICDD file No. 01-74-9045. With increase in La content, intensity
of characteristics peak (311) for Fe2Os gradually decreases, while intensity of peak (121) of LaFeOs increases.

It implies that the substituted La3* ion has a solubility limit in the spinel lattice.
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Fig.1 :XRD patterns of MgosZno.sLazFes 2,04 ferrite system

The degree of substitution of Fe3*by La3* ion is limited in the spinel lattice due to larger ionic radii of La3*
ions compared to Fe3*ions. There is always some La3* ions do not enter into spinel lattice. These La3 ions
react with Fe3 jons and form second phase LaFeOs usually locating at the grain boundaries. Similar

observation have been reported in lanthanum substituted nickel [8], Cadmium [9] and Ni-Zi ferrites [10, 11].

3.2. DC Resistivity study
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Fig.2: Variation of dc resistivity with inverse temperature for MgosZno.sLazFe22,04 ferrite system
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The variation of log of dc electrical resistivity (logpa) as a function of inverse of temperature (1000/T) for
various composition of MgosZnosLazyFe22y04 ferrite is shown in Fig.2, The dc resistivity of the ferrites gets
decreased with an increase in temperature indicates semiconducting behavior of the ferrites. All the samples
show the break at Curie temperatures due to the change in conduction mechanism [12]. The slope change at
Curie temperature corresponds to the samples transform from an ordered ferrimagnetic state to disordered
paramagnetic state [13]. The value of Curie temperature obtained from the graph of logpd. verses 1/T is
calculated. The Curie temperature decreases with increase of La3* content. It is due to the nonmagnetic nature
of La% ions, which may break linkage between magnetic cations [14]. Rare earth La3 ions have a strong
preference to occupy on octahedral site and therefore replace Fe3* ions at octahedral site (B) in spinel lattice
by La*. Upon increase in the La% ions in B-site, A-B interaction weakens. Thus the decrease in Curie
temperature is probably due to weakening of the A-B interaction. Similar observations have also been
reported by Patil et al. [15]. The conduction phenomenon in polycrystalline ferrites was explained on the
basis of Verwey and de Boer mechanism [16]. The conduction in ferrites is due to hopping of electrons
between Fe?* and Fe®* ions on the octahedral (B) sites. In addition of lanthanum in Mg-Zn ferrite, it found
that, Zn? ion have strong tendancy to occupy A-site and Mg?* ion have strong preference to occupy B-site,
While Lat preferencelly occupy to octahedral B site, where it replaced Fe3* ions in the B-site as per the
modified cation distribution in magnetic study. The resistivity of the ferrite is controlled by Fe3+
concentration on B-site. The increase in resistivity with La3* content is due to overall decrease in Fe3 ions
concentration on B-site. It causes decrease in hopping of electrons between Fe? and Fe® ions, results in
decrease in conduction in ferrite with increase of resistivity [17]. Several researchers have been reported that
resistivity of ferrites increases with the substitution of rare earth [18]. Gul and Ahmed also reported the effect
of grain size, porosity and grain boundary area on resistivity of ferrite [19]. It is found that one of the factors
for higher resistivity in ferrite is the decrease in grain size upon the addition of lanthanum. Smaller grain size
produces larger number of insulating grain boundaries which produces inhomogeneous structure and greater

energy is required for electron conduction which affects on AC and DC resistivity of ferrites [20].

IV. CONCLUSIONS

In conclusion, we report the preparation of lanthanum substituted magnesium zinc ferrites by co-
precipitation method. A study on DC resistivity shows all sample have semiconducting behavior and break at
Curie temperature. The conduction phenomenon in polycrystalline ferrites was explained on the basis of
Verwey and de Boer mechanism. The increase in DC resistivity is due to low concentration of Fe?* ions,
which is responsible for decrease in electronic polarization. The increase of dc resistivity with La content was
mainly attributed to decreases in drift mobility with lanthanum content. This study reveals that Lathanum

substitution alters the structural and electric properties of Mg-Zn ferrites.
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ABSTRACT

In the present work, authors have studied the effect of linear absorption on the self-focusing of Gaussian laser
beam propagating in the collisionless plasma. The non-linear dependence of the dielectric constant inside
collisionless plasma is mainly due to the ponderomotive force. The field distribution in the medium is
expressed in terms of linear absorption coefficient as well as beam-width parameter. By following
Akhmanov’s parabolic equation approach under Wentzel-Kramers-Brillouin (WKB) approximation and
Paraxial approximations, the differential equation is set up for the beam width parameter f which is solved
numerically. It is noticed that the absorption coefficient plays an important role in propagation of Gaussian

laser beam in collisionless plasma. The graphical results are presented and are discussed at the end.
Keywords: Gaussian laser beam, Collisionless Plasma, Linear absorption, Self-focusing.
I. INTRODUCTION

With the invention of laser nearly six decades (1960-2020) ago, a fascinating new field of research known by
the name “Nonlinear Optics” is introduced to the scientific community. Nonlinear optics has its origin when
researchers P.A. Fraken and his co-workers in 1961 noticed that a weak optical signal at 3472 A could be
generated in quartz crystal when the material is illuminated with a high power Ruby laser at 6943 A on
optical second-harmonic generation in 1961 the theoretical work of J.A. Armstrong and his co-workers on
optical wave mixing in 19621-3. Self-focusing is one of the phenomena in which the intense beam of laser
light incident on material medium changes the optical properties in such a way that beam comes to focus
within the medium. There are three major mechanisms that lead to a change in the dielectric constant of
plasma in laser-plasma interaction, as follows: (i) the relativistic effect (ii) the collisional and (iii) the
ponderomotive force4—6.

With the availability of high power laser beams, a large number of interesting nonlinear phenomena have
been studied, both theoretically and experimentally. The redistribution of carriers is caused by the

pondermotive force and is mainly important in collisionless plasmas. When an intense laser beam propagates
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through collisionless plasma, the drift velocity of electrons is relativistic so that their mass is intensity
dependant but for long pulse experiments, the relativistic effects can be ignored and ponderomotive force of
the beam nonlinearity perturbs electron density resulting in the excitation of electron plasma wave7,8. Light
absorption has played an important role in studies on the self-focusing of laser beams in different situations.
The contribution of light absorption has been ignored in the most of investigations on self-focusing of laser
beams in plasmas9-14. Furthermore, Navare et al.15, M. A. Wani et al.16, L. Ouahid et al.17, R. Kashyap et
al.18, T. U. Urunkar et al.19, K. M. Gavade et al.20, B. D. Vhanmore et al.21 and S. D. Patil et al.22-25 have
investigated the effect of linear absorption on the self-focusing of a Gaussian, Chirped Gaussian, Airy—
Gaussian, q-Gaussian, Gaussian, Cosh-Gaussian, elegant Hermite-cosh-Gaussian, Cosh-Gaussian, Gaussian
laser beam respectively by considering the different nonlinearities in different situations. The aim of the
present investigation is to study the effect of linear absorption on the self-focusing of Gaussian laser beam
propagating in the collisionless plasma. The present analysis is carried through parabolic equation approach

under WKB and paraxial approximations.
II. THEORETICAL FRAMEWORK

Consider the propagation of Gaussian laser beam in homogeneous collisionless plasma along the z-direction,
initial intensity distribution of Gaussian laser beam at z = 0 can be expressed as
2

EE* = EZexp (— :0—2) : (1)
where E 0 is the amplitude of Gaussian intensity distribution, r is the radial coordinate of cylindrical
coordinate system, r_0 is the initial beam width of the laser beam. The wave equation governing the electric
field E of the laser beam in homogeneous plasma along with the effective dielectric constant ¢, in the
cylindrical co-ordinate system is given by,

25 25 = 2
e+ 4T+ ZeE=0 @)
When a laser beam propagates through homogeneous gaseous plasma, the effective dielectric constant
changes significantly and can be, in general represented as5
e= g+ ¢ (EE") — ig, (3)
where ¢_0= 1-( [(cw_p) *2/ ®”2) is linear part and ¢ is nonlinear part of the dielectric constant, e_p is the
plasma frequency [(w_p) "2=(4m n_e "2/ m_0), here e, m_0 and n_e are the charge of electron, rest mass
of electron and density of plasma electrons in the absence of laser beam respectively and e_i takes care of
absorption. The second term in the equation (3) is the nonlinear dielectric constant for collisionless plasma

can be represented as5

¢ (EE*) = (‘;_pzz[l —exp (_ 3m aEE*)] ’ (4)

4M

with o= (—2t—),

6 kpTow2m?2
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where M, m, k_B and T_0 are mass of ion, mass of electron, Boltzmann constant and equilibrium plasma
temperature respectively. By using WKB and paraxial approximations the coupled equations in terms of

eikonal S and intensity of laser beam A_0"2 can be expressed as

as aS\% _ wp® [, _ _ 3maEE* 1 2
2 2z (5) T g w? [1 eXp( 4M )] + k24, Vi“4o ()
And
04 95 0a3 (%S 105 _ L u) g0 _
0z or or (6r2 + ror kso) As = 0. (6)

The solution for equations (5) and (6) which satisfies the initial conditions for a Gaussian beam's intensity

distribution is as follows:

_rros
S=371 0@, ()
And
E2 2
A = f—‘; exp (—#— Zkiz), (8)

where ¢ is the axial phase and k i is the absorption coefficient. By following the approach given by
Akhmanov et al.4 and its simple extension by Sodha et al.5 the dimensionless beamwidth parameter f is
obtained as,
] _Bmp;I—fzkéf
4
R AT ©)
where ¢=z/ R_d known as dimensionless distance of propagation, p = «E02 is the initial intensity parameter,

—ak;§

R_d=k r 072 is known as Rayleigh diffraction length, p_0= (w_p r_0)/c is the normalized equilibrium beam
radius and k_i*=k i R_d is the normalized absorption coefficient. The equation (9) can be solved
numerically with appropriate boundary conditions such as f = 1, €=0 and 9f/0z=0. By using critical condition

in equation (9) one may obtain equilibrium beam radius as follows. Here p is known as critical beam power.

4M
Po = o (10)
3mpe Zklf '
3mpe” aM “akig

III. RESULT AND DISCUSSION

Equation (9) is a nonlinear, ordinary second order differential equation which shows the variation of
dimensionless beam-width parameter f with respect to normalized propagation distance ¢ into the
collisionless plasma. First term on the right hand side of the equation (9) is the diffraction divergence which
is responsible for defocusing and second term is the convergence arising from the collisionless nonlinearity
and also depends on normalized absorption coefficient k_i*' which is responsible for self-focusing of the beam.
The equation (9) is a second order nonlinear ordinary differential equation and is solved numerically by
choosing following laser-plasma parameters: w_p=1.7760 x 1015 rad/s, r_0 = 20 x 10-4 cm, ¢ = 3 x 1010 cm/s,
n0 = 1018 cm-3, p_0=65, p = aE0 2 = 10, to study the effect of linear absorption on the self-focusing of the

beam in collisionless plasma.
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Figure 1: Dependence of normalized equilibrium beam radius p_0 as a function of initial intensity parameter
p-w_p=1.7760 x 1015 rad/s, r_ 0=20x 10-4 cm, n0=1018 cm-3, p_0=65, p=aE02 =10.
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Figure 2: Variation of beam-width parameter f as a function of normalized propagation distance O for

different linear absorption coefficients in collisionless plasma (k_i"'=0.00,0.02,0.04,0.06,0.08).

Figure 1 shows critical curve which is plotted from Equation (10). In figure 1 three distinct regions are
observed. The region above the critical curve (supercritical region) corresponds to self-focusing region while
the region below the critical curve (subcritical region) corresponds to defocusing region and for any point on
the critical curve the self-trapping of the laser beam is observed. Figure 2 shows the variation of beam-width
parameter f as a function of normalized propagation distance 0 for different absorption coefficients in
collisionless plasma (k_i"'=0.00,0.02,0.04,0.06 and 0.06). In figure 2 for k_i"'=0.00, i.e. in the absence of linear
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absorption, the oscillatory self-focusing of the laser beam in collisionless plasma is observed. By taking into
consideration the absorption, the self-focusing of the laser beam gets destroyed. As a result, the linear
absorption defeats the effect of self-focusing, and the beam subsequently becomes too weak to control
diffraction, resulting in quick divergence due to high energy attenuation. The longer propagation of laser
beam in plasmas decreases due to absorption. In presence of absorption alone the energy of the beam

decreases as [( exp)l foi(- 2k _i z), which is equivalent to a weakening of the nonlinearity effect.
IV. CONCLUSION

We have studied the effect of linear absorption on the self-focusing of Gaussian laser beam propagating

through collisionless plasma by using parabolic equation approach under WKB and paraxial approximations.

The following important conclusions are drawn from the present analysis:

e In the propagation dynamics of the laser beam in collisionless plasma, the controlling factors such as
linear absorption coefficient, equilibrium beam radius, and initial intensity parameter play a vital role.

e  With an increase in linear absorption in collisionless plasma, the self-focusing effect weakens.

The present results are of importance in various laser-plasma applications, where propagation of laser beam

with confined energy over several Rayleigh lengths is required.
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ABSTRACT

The temperature variations on electronic circuits employed to onboard plays a significant impact. In this
investigation silicon NPN BJT response to irradiation has been studied at room temperature and temperature
variation. A temperature variation dependent analytical model for total ionising dose induced excess base
current in BJT’s is tested. In this model base current dependent on temperature in irradiation parts have been
captured. During irradiation all the three terminals of the devices are grounded. After irradiation, the base
current is captured and the concentrations of oxide defects like oxide trapped charges and interface traps
created during irradiations are calculated using simulated monte-carlo programming. The base current and
defect density resulting from room temperature irradiations are used as inputs to simulations and analytical
model experimental data obtained from measurements at room temperature and high temperature on
irradiation parts are compared with the simulated results. This work shows that the simulations can support

qualifications of the chosen devices for space applications and are functional at various temperatures.
Keywords: Bipolar Transistor, NPN, Temperature, Total ionizing dose, Base current.
I. INTRODUCTION

Bipolar circuits used for comparators and regulators used for large percentage of a space system’s are
important to understand as a part invention. The operation of the components used for these circuits can be
significantly degraded by Total Ionizing Dose (TID) [1]. It has been observed that Low Dose Rate (LDR)
Irradiation causes more degradation than High Dose Rate (HDR) Irradiation, for the same TID [2]. Space is a
Low Radiation Dose Rate (LDR) environment. Since LDR exposures required long test time, part qualification
at this rate can introduce prohibitively high costs to mission assurance. Due to this, the identification of
numeral models, accelerated techniques, and test method to assist in the characterization of LDR sensitivity
in linear bipolar circuits [3] has been proposed. BJT’s and Bipolar circuits show degradation mainly due to

emitter — base interface traps (Nir) and passivation layer oxide trapped charge (Nor) defect build up in oxides.
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These build up defects in BJTs can increase recombination at the bipolar base surface can lead to an increasing
in the base current (Is)[3].

In this paper we describe the temperature dependence of B]Ts current voltage characteristics after the
irradiation with 108 MeV Si# ions. We also calculate the defects produced in the irradiation region using
Monte-Carlo code (SRIM- Stopping and range of ions in matter). These results has been correlated to

electrical degradation.
II. EXPERIMENTAL METHODS

BJTs Device and Oxide Defects

The transistors considered for this study are of vertical NPN BJTs the experimental devices were fabricated in
BEL (Bharath Electronics Limited, India). Radiation-induced degradation due to defects that build up in base
bipolar oxides alter surface recombination, which results in the increase of base current in NPN BJTs. These
defects are net positive oxide trapped charge (Nor) and interface trap (Nir). The data obtained from (SRIM)
and data from the transistors were used to extract Non Ionising Energy Loss (NIEL) calculations as a function
of TID.

SRIM Data

Table 1 SRIM simulated results for 110 MeV Si ion irradiation on silicon target.

Parameter Value
R (um) 39.62
Se (MeV cm?/mg) 10.21
Sn(MeV cm?/mg) 7.698x10-03
NIEL up to R (MeV cm?g)  42.67
Fluence
. 5x10° 1x101 1x1012 1x1013
(ions/cm?)
TID (rad) 0.8174 16.348 163.482 1634.82
Da (rad) 3143.4 68268 6.8268x105 6.8268x106

Table 1 depicts that the nuclear energy loss of 110 MeV Si# ion is much smaller than the electronic energy
loss (3 orders of magnitude, Table. 1) in a Si-target material due to smaller elastic scattering cross-section.
Therefore the maximum energy deposited to the material is expected mainly due to the electronic energy loss
during its passage through the Si-material [5]. The device suffers non-uniform irradiation effects as the
projected ion range (39.46 pm) is lower than the device thickness (7 600 pm) and it is expected to implant at
base-collector region. The damage caused due to the linear energy transfer [LET = Se + Sn ~ 10.2177 MeV/
(mg/cm?)] in the Si target is obtained using TRIM calculations. LET dependent TID and NIEL dependent Da
are tabulated in table 1.

Pre-and post-irradiation test results

Radiation testing was performed at Inter University accelerating Centre (IUAC) New Delhi, India. Three

devices were irradiated at room temperature (RT) LDR irradiation was performed 1PNA (particle nano
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ampere current) to get desired irradiation fluence. The energy of irradiating ion as choosing so that it could
penetrate into emitter base junction.

The fluence has been calculated by counting the charge collected at the Faraday cup placed at the target. The
anther advantage of selecting low irradiation current is that BJTs are not damage due to the loss of irradiated
ion energy (110 MeV Si# heavy ion) in the BJTs, (Heating effect will not be produced/the heat produced
during the irradiation get transferred to the target).

Figure.l show the base current Is responses exposed at 110 MeV Si® ions for NPN BJTs. The data in these
plots were collected at room temperature, 50 and 100 °C. The increase in base current with radiation can be

fit approximately to
qlVBE]|

Als=Iseexp( ), (1)

n ¢ kT
Where Ist is the radiation-induced change in low-injection base leakage current, nt is the change in the low

injection ideality factor, k is Boltzmann’s constant, T is the junction temperature, and q is the magnitude of

electronic charge. Plots of Is and Vst at constant Vce=4V.

Temperature data on BJT devices

Figure 1 — 3 shows the temperature dependent base current as a function of base — emitter voltage measured
for un-irradiated and irradiated NPN BJTs to characterize the impact of thermal variation prior to and after
ionizing radiation dose. The temperature testing was performed approximately 300 months after the radiation
tests. No significant change was observed in the electrical response at room temperature between the end of
the radiation testing and temperature testing. This showed that the defects produced during irradiations are
permanent. Pre- and post unirradiated and irradiated devices were placed in a thermal chamber (hot air oven)
with an internal thermocouple to automatically monitor the temperature near the devices during the tests.
Temperature response testing was performed from 27 °C up to a maximum temperature of 100 °C in order to
avoid annealing effects. Temperatures above 100 °C may lead to the annealing of some oxide defects (both
interface and oxide traps) and a reduction in the excess base current measured for BJT [4]. Electrical
measurements are performed a few minutes after the temperature is fixed in order to ensure thermal
equilibrium during measurement. Each devices has been tested for electrical measurements before and after
irradiation in order to test the effect of irradiation, it has been observed all devices show approximately same
I-V characteristics before and after irradiation. Hence one devices were tested for each condition, electrical
characterization at room temperature were performed after each temperature step in order to ensure no

significant temperature dependent annealing of the parts of NPN BJTs [5].
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Figure. 1, 2 and 3 show the pre-irradiation, 1x10'! and 1x10'? ions/cm? LDR irradiated base currents for NPN
BJTs over the specified temperature range (27°, 50°C 100°C).

It can be observed that both the pre- and post-irradiated PNP BJTs show similar trends, i.e., a monotonic
increase in base current with increasing temperature. Similar trend can be observed for the pre- and post-
irradiated NPN BJTs. Most of the earlier studies have indicated that the impact of displacement damage is
marginal compaed with the total dose effect. However, it has been shown that total — dose irradiation may
indirectly affect the silicon substrate by reducing the active p-type base dopant concentration, may lead to an

increase in base current as shown in figure 4.

—— Lnirradiahed
—l— S
—— SEL

Figure. 4 show the base currents at |VBE| = 0.5 V as a function of temperature for un-irradiated and

irradiated NPN BJTs respectively.
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Table 2: Variation in base current, Is of BJT tested for different fluence of 110 MeV Si® ions at specified
temperature range (27°, 50°C 100°C)

Temperature Is(A)

°C Un irradiated 5x10° 1x10 1x1012
27 48.66 126.666 394.66 1165.66
50 147 161 884 1755

100 317.66 3200 1488.33 1885.333

The enhabced Is is related to an increase in the surface recombination velocity, as the density of electrons and
holes is coming more comparable, due to base neutralization. From the figure we can also see that there are
large increase in the base current tested at higher temperatures (50°C and 100°C) due to increased surface
recombination current at the base surface. An increase in the midgap-lavel interface-trap density in the
low-field, thick oxide over the p-type base increases the recombination current, more importantly an increase
in the positive-oxide-charge density modulates the base surface potential to even more strongly increases the
surfaces recombination current [6-9].

The current gain of modern bipolar transistors in an ionizing radiation environment decreases due to
increased recombination in the emitter-base depletion region [7-8,10-11]. The recombination centers are
related to the net charge introduced into the oxide by ionizing radiation, since it is positive the depletion
region spreads on the p-side of a PN junction. For NPN transistors, this means that the deplition region
seperatres into relatively lightly dopped P-type base region. As the deplition region increases in size,
recombination current increases at the oxide interface over the base and in the newly-deplitted silicon bulk.
In BJTs the excess basee current depends on the number of interface states (recombination centers) near
midgap and threshold. The excess base current due to changes in surface potential depends on the total

radiation induced oxide charge at the bias condition these variations in excess base current is as shown in
table 2.

ITII. CONCLUSIONS

This work reports the effect of 110MeV Si®* ion irradiation on silicon NPN transistors devices with fluences of
5x10%ions cm™? to 1x10®ions cm™2. An effort is made successfully to correlate the electrical degradation with
the non —ionizing energy deposition due to MeV ion irradiation using TRIM Monte Carlo Code. Fluence
dependent TID and Duis calculated for 100 MeV silicon ion in silicon target. The shift in collector saturation
current and collector emitter voltage is mainly due to the total displacement dose. In addition to these shifts,
Si-ion irradiation causes increase in forward resistance of the collector emitter region.

The current gain of the transistors decreases with increases in silicon ion fluences. It has in addition been
observed that the base current increases with increase in TID and test temperature. The excess base current
due to changes in surface potential depends on the total radiation induced oxide charge at the bais condition.

This is again related to the reduction of the base doping concentration after exposure. In B]Ts the excess base
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current depends on number of interface traps (recombition centres) near the midgap. At higher total doses,
sufficient charge as the accumulated in the oxide to cause significant recombination to occur through-out the
lightly doped based region. The swift heavy ion irradiation on silicon will result in increase in lattice
temperature. Hence in the present device case the transistor performance is severely affected due to silicon
ion irradiation. The switching time of the transistor may decrease due to an increased base currents as a

function of silicon ion fluence.
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ABSTRACT

Herein, we report the green synthesis of CdS quantum dots (QDs) by Aegle Marmelos leaves extract. Green
synthesis method is novel, simple, eco-friendly, nontoxic compared to conventional physical and chemical
methods. Aegle Marmelos used as a capping and reducing agent owing to their extraordinary medical
applications. The synthesized CdS QDs characterized by various characterization techniques Such as X-Ray
Diffraction (XRD) showing cubic structure with average particle size about 4 nm determined by using Debye

Scherrer formula. Field emission scanning electron microscope (FE-SEM) reveals a spherical shape of CdS

QD:s.

I. INTRODUCTION

In past two decades green synthesis method is drawing more attention owing to its facile, nontoxic, eco-
friendly and low temperature characteristics compared other methods. Green synthesis approach uses
bioactive agents such as plant materials, microorganism and various biogases etc. The various nanomaterials
are synthesized by green method such as CdS, CeO2, Ag, ZnS, SnO2 etc.[1-5]. There are different methods are
used for synthesis of CdS QDs by like chemical deposition [6], Hydrothermal [7], Sol-Gel [8], etc. In this
method uses the collides with harmful chemicals. These can be avoiding if we used green synthesis plant
extract approach.

Cadmium sulfide (CdS) is a direct band gap semiconductor with energy band gap Eg = 2.42 eV. The colour
tunability of semiconductor QDs as a function of size is one of their most attractive characteristics. CdS is a
promising material because of their applications in optoelectronics, photocatalysts, x-ray detectors, nonlinear
optical material and as a window material for hetro-junction solar cells [9].

Aegle Marmelos leaves contains broadly alkoids, prphynols, terepnoids and other polyphenols, which are
well recognized for their healing power toward variety of bacterial and fungal infections [10]. In the present

research work we report green synthesis of CdS QDs mediated by Aegle Marmelos.
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II. MATERIALS AND METHODS

Cadmium Chloride (CdCl.H20), Sodium sulphide (Na2S.H20) and Ethanol are easily available commercial
materials. Aegle Marmelos leaves were gathered from local trees. Distilled water used as solvent in the
method.

2.1 Synthesis of CdS QDs:

CdS QDs synthesized greens approach, typical synthesis in 5 ml extract of Aegle Marmelosleaves added 90 ml
of distilled water in the proceeding step 0.2 gm of CdCl> was added and placed on hot plate with magnetic
stirring at temperature 100°C for 2 hrs. After that 0.078 gm of Na:S was added in the mixture and again kept
for constant magnetic stirring for 2 hrs. Then final yellow colour product was filtered, centrifuged and finally

dried at room temperature 12 Hrs. The final yellow powder was used for further characterisation.
III. RESULT AND DISCUSSION

X-ray Diffraction (XRD):

XRD pattern as shown in the figure 1. X-ray diffraction used to study crystal structure, nanoparticle size,
interplanar spacing. The XRD peaks was found to be very broad which indicates formation of very small size
QDs The diffraction peaks assigns at 20 = 26.9°, 46.78° and 53.5° which corresponds to the miller indices for
the crystal plane of (111), (220) and (311) with cubic crystalline structures of synthesized CdS QDs,
respectively, (JCPDS Card no.00-010-0454). XRD of prepared sample materials was found to be in good
agreement with (JCPDS file no.00-010-0454). The average particle size was found to be 4 nm which was
determined by using the Debye Scherrer formula i. e. nanoparticle size (D) = (k A)/ (dcos0) Where, D is the
particle in nm, K is crystallite shape factor a good approximation is 0.9 for spherical shape nanoparticles, A is
the X-ray wavelength used for X-ray diffraction, d is the full width at half the maximum (FWHM) in radians
of the X-ray diffraction peak and 0 is the Braggs' angle (deg.). [11]
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Figure 1: XRD pattern of CdS QDs
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Figure 2: FESEM images of CdS QDs
The synthesized product of CdS QDs characterized by using FESEM technique which is used for the study of
surface morphology. CdS QDs shows particles are nearly spherical in shape morphology with slightly

agglomeration as shown in the figure 2.
IV. CONCLUSION

In summary, plant mediated synthesis of nanoparticles have several advantages over physical and chemical
methods..CdS QDs synthesized by green synthesis method with leaves extract of Aegle Marmelos. The leaves
extract bioactive components play vital role for formation of CdS QDs Moreover, the prepared CdS QDs
average nanoparticle size was found to be 4 nm determined by using XRD technique. Field emission scanning
electron microscope (FE-SEM) reveals a spherical shape of CdS QDs with agglomerate morphology and.
Synthesized CdS QDs can be explored for various biomedical applications such as antibacterial, antibiofilm,

antifungal, antiviral, anticarcinogenic and anticandidal activities.
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ABSTRACT

In the present study, we report here synthesis and characterization ofmanganese oxide (Mnz0s) thin
films by potentiostatic electrodeposition for supercapacitor application. The structural and surface
morphological behaviour of Mn3Os thin film were carried out by using X-ray diffraction (XRD) and
Scanning Electron Microscopy (SEM) study. The structural study of MnzOs thin film shows
hausmannite tetragonal crystal structure. The surface morphological study showed that the formation of
nanoleaves (NLs) of Mn3O4 thin film. The electrochemical supercapacitive performance of Mn3OsNLs
was characterized by using cyclic voltammetry (CV), charging-discharging (CD) and electrochemical
impedance spectroscopy (EIS) techniques. The Mn3O4NLs shows maximum specific capacitance of 460
F.g! at scan rate 5 mV.s?and 92% cycling stability in 0.5 M NazSO4 electrolyte solution. Hence,
potentiostatically deposited Mn3sO4NLs is best for energy storage application.

Keywords: supercapacitor, electrodeposition, Mn3O4, XRD, FESEM, CV.

I. INTRODUCTION

In the 21* century more and more research focused on highly renewable and sustainable energy storage
devices. Electrochemical capacitor or supercapacitor have gained more attention due to their excellent
electrochemical properties such as, environmental friendly, fast charging and discharging rate, good

reversibility, high power density, long cycle life and safety in operation. Due to this features electrochemical
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capacitor can be used in variety of potential applications such as, memory back up devices, portable electronic
devices, hybrid electric vehicles, elevator, forklifts, cranes, lasers and industry [1-4]. The Electrochemical
capacitor or supercapacitor mainly categorized into two typesviz, electrochemical double layer capacitor
(EDLC) and Pseudocapacitor (PC). In EDLC, charge is stored electrostatistically, i.e charge accumulation takes
place at the electrode/electrolyte interface. Example, carbon materials. In pseudocapacitor (PCs) faradic
process takes place. Example, conducting polymers and Transition metal oxides (TMOs) etc. Electrode
materials used in TMOs are RuOz2 [5], MnQO2 [6], C0304[7], NiO [8], IrO2 [9], Cr20s [10] and CuO [11] etc.
Among these TMOs, Manganese oxide electrode is widely studied in supercapacitor because of better
electrochemical performance, natural abundant, low cost, easy synthesis and non-toxic [12-13]. Manganese
oxide also have several oxidation states such as, MnO, MnO2, Mn203 and Mn3O4 etc. Among these oxides,
MnsOsis one of the most stable state of manganese oxide and have attracted considerable attention due to its
low cost, environmental friendly, natural abundant and good electrochemical properties [14-15].
Manganese oxide have been synthesized by different physical and chemical methods such as, hydrothermal
method [16], co-precipitation method [17], sol-gel method [18], chemical bath deposition method [19], self-
reacting microemulsion method [20], sonochemical method [21], electrodeposition method [22], room-
temperature solid reaction [23] and SILAR method [24] etc. Among all the various methods, electrodeposition
method is one of the best method for synthesis of metal oxides because of low cost, binder free, single step
and large scale production. It also leads direct deposition of oxide/hydroxide electrodes on low cost
substrates.Nguyen et al. [22] have reported nanoflakes like morphology of Mn3Os thin film by cathodic
electrodeposition method for supercapacitor application. Yousefi et al. [25] have reported porous nanospheres
of Mn3Os by cathodic electrodeposition method and studied their electrochemical properties. Porous and
nanostructured material is key requirement for electrochemical capacitor because it provides large surface
area, shorten the diffusion path of electrons and ions, which promotes the fast insertion and extraction of
electrons and ions. Which improves the specific capacitance of the electrode [26].

In the present report, efforts have been taken to study structural, morphological and electrochemical

supercapacitive behaviour of potentiostatically deposited Mn3O4 NLs for supercapacitor application.

2. Experimental:

2.2 (a) Characterization techniques

The crystal structural study of Mn3Os NLs was carried out with the help of XRD using Bruker axes D8
Advance Model with copper radiation (K« of A = 1.54 A’) within 20 range between 20" to 80°. The surface
morphology ofMn3Os NLs was carried out by using field emission scanning electron microscopy (FESEM)
technique (Model: JSM-6160). The electrochemical supercapacitive study of Mn3Os NLs was studied by using
CV, GCD and EIS techniques by using electrochemical workstation (CHI 660 A).The electrochemical cell
includes three electrode systems. Mn3Os NLs was used as a working electrode, graphite was used as a counter
electrode and saturated calomel electrode (SCE) was used as a reference electrode. The 0.5 M Na2SOswas used

an electrolyte solution for overall measurements.
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3. Result and Discussion
3.1 XRD Study:

X-ray diffraction (XRD) techniques have been carried out to examine the crystal structure of the
Mn3O4 NLs. Fig.1 shows the XRD pattern of Mn3Os NLs in the 20 range from 20" to 80°. The observed
diffraction peaks indexed in the XRD pattern of Mn3Os NLs was well matched with JCPDs card no.89-4837.

The XRD study shows hausmannite tetragonal crystal structure of electrodeposited Mn3Os NLs. The peak
marked with (SS) in the XRD spectrum is due to stainless steel substrate only.

(121)

Intensity (A.U.)

20 30 40 50 60 { Y
20(degree)

Figure 1. X-ray Diffraction (XRD) spectra of Mn3O4 NLs.

The average crystallite size of Mn3O4 NLs was calculated by using the Debye’s Scherer’s equation,
0.91

= Bcos® (3)

Where, D is the crystallite size, A is the wavelength of X-ray (1.54.4 A”) and p is full width at half maximum

(FWHM).For determination of crystallite size, the most intense peak (121) is centered at FWHM in term of
radian is 0.807. The crystallite size of Mn3Os NLs is found to be 34 nm.

3.2. Surface Morphological Studies

Signal A = Inlens Date 8 Apr 2013 = EHT = 500kV Signal A = nLens Date 10 Apr 2013
M = B4TOK X TIFR Mumbai  Phcto No. = 2629

WD = 35mm Mag= 84.70 KX TIFR Mumbal Photo No. = 2774

Figure 2 : Scanning Electron Microscope (SEM) images of Mn3Os thin film at (a) 100kX and (b) 200kX

magnifications respectively.
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Surface morphology of the Mn3O4 NLs was studied by using FESEM technique. Fig. 2(a-b) demonstrate the
FESEM micrographs of MnsOs thin film with two different magnifications (100 kX and 200 kX) respectively.
In Fig. 2(a) SEM micrograph of MnsOxs thin film at low magnifications shows the compact and nanoflakes like
morphology [28]. At high magnification in Fig. 2(b), the Mn3Os thin film gives highly resolved, porous and
interconnected Nano leaves (NLs) like structure.Such structures have a larger specific surface area, providing
the active material to sufficiently react with ions in the solution, and hence reducing the electron transport

distance [29]. Therefore, it enhances the electrochemical supercapacitive properties.

3.3 Supercapacitive studies:
3.3.1 Cyclic voltammetry (CV) studies:

The specific capacity of Mn3Os NLs was carried out by using CV study. Fig. 3(a) display typical CV
curves of Mn3Os NLs at different scan rates such as; 5, 10, 50 and 100 mV/s within potential limit of +1.2 V to
-1.2 V vs SCE, respectively.From CV curves, it is observed that as scan rate increases current under curve
increases and the cathodic and anodic peaks shifts more towards positive and negative sideward. This result
shows that current is directly proportional to scan rate, i.e. scan rate dependent current-voltage indicate that
ideal capacitive behaviour of Mn3Os NLs. Similar results reported by Dubal and More et al. prepared by
Mns3Os thin film by chemical bath deposition and spray pyrolysis method for supercapacitor application
respectively [19, 30].
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Figure 3 (a) Cyclic Voltammetry (CV) study of Mn3Os NLs at scan rate of 5, 10, 50 and 100 mV/s and 4 (b)

Variation of specific capacitance vs scan rate of Mn3Os NLs.

The capacitance of Mn3Os thin film wascalculated by using the following relation,

— fac
C= dv/dt (4)

Where, [Idt is area under curve of CV and dv/dt is voltage scanning rate in mV/s.

The specific capacitance of Mn3Os NLs was calculated by following relation,
Specific capacitance (Cg) = % —————— (5)
Where, C—capacitance in farad and W — the mass of active electrode materials in gm.The active mass of

Mn3Os NLs was 0.0024 gm, calculated from weight difference method. The Mn3Os NLs show specific
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capacitance of 460 F.g! at scan rate of 5 mV.s!. It was observed that as scan rate increases specific capacitance
decreases shown in Fig. 3 (b). Decrease in specific capacitance suggests that at higher scan rate most of the
inner active sites of nanoflakes network are not involved in the reaction. So, specific capacitance obtained at

low scan rate are due to full utilization of the active electrode materials.

Material Specific Electrolyte Method of synthesis Reference
Capacitance
(F.g")
Mns30O4 Nano leaves 460 0.5 M NazSOs Potentiostatic Our work
Electrodeposition
Mns30O4 nanoparticles 375 1.0 M NazSO4 SILAR [31]
Mn30Os nanocubes 223 1.0 M NazSO4 CBD [32]
Mn30O4 nanograins 314 1.0 M Na:SO4 SILAR [24]
Mns3Os nanograins 289 1.0 M NazSO4 SILAR [33]

Table: 1Comparison of specific capacitance between our work and previously reported work to synthesis the
Mns3Os4 electrodes by considering scan rate of 5 mV/s.

Table 1 represents a comparison of specific capacitance between our work and previously reported work by
keeping scan rate of 5 mV/s vs SCE. The specific capacitance obtained in the present study is higher due
nanostructured and porous morphology of Mn3O4 NLs.It depends upon optimum electrodeposition time.
3.3.3Galvanostatic charging-discharging (GCD) studies:

The specific energy and specific power associated with Mn3Os NLs was carried with the help of GCD
techniques. Fig 4 (a) shows typical charge-discharge curves of Mn3Os NLs at constant current density of 5
mA.cm? in 0.5 M NaxSOs electrolyte solution. The charging-discharging curves of Mn3Os NLs show
symmetrical characteristics, which reveals that Mn3Os NLsthin film have good capacitive behaviour and the
reversible redox process.The GCD curve of Mn3Os NLs shows very small voltage drop at the initial of the

discharge curve which is due to very low internal resistance between the current collector and Mn3Os NLs.
1.0
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Figure 4 Galvanostatic charge-discharge (GCD) study of Mn3O4 NLs
The coulombic efficiency, specific energy and power of Mn3Os NLs was calculated using following formulae:
Coulombic Efficiency (n) = %xlOO ——————————— (6)

Specific power (P) = % _______________ (7)
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Specific energy (E) = % _____________ (8)

Where, Taand T- is discharge and charge time in sec, V is voltage window in volt, la is discharge current mA
and W is the mass of the active material in gm.The coulombic efficiency of Mn3Os NLs was found to be 98.42%
whereas the specific power and specific energy were observed to be 6.40 kW.kg' and 3.85 Wh.kg",
respectively.

4. Conclusions:

In summary, we have successfully synthesized Mn3Os NLs by electrodeposition method on low cost
conducting stainless steel substrate for supercapacitor application. The XRD study reveals that hausmannite
tetragonal crystal structure with average crystallite size of 34 nm. The surface morphology study MnsOs thin
film shows NLs type morphology at higher magnification. The electrodeposited Mn3OsNLsshows higher
specific capacitance of 460 F.g' with 92% cyclic stability, which is better achievement than earlier reported
values because of nano structured materials. The GCD study shows better values specific energy and specific
power and coulombic efficiency of Mn3O4NLs. EIS study reveals that small values of Rs and Rec of Mn3OsNLs
based thin film electrode, providing better ability of electronic and ionic conductivity of Mn3Osmaterials.
Thus, electrodeposited MnsOsNLs based thin film electrode is suitable material for electrochemical
supercapacitor device.
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ABSTRACT

The present investigation has been reported the preparation of water-based TiO2 nanofluid using a two-step
method. The temperature and volume fraction dependent thermal conductivity and viscosity TiO2 was
studied. The different volume fraction of TiO2 (0.1,0.2,0.3,0.4 and 0.5) were used dispersed in water using
harsh ultrasonic treatment and tested the thermal conductivities for temperature range of 20-50 °C. The
experimental results reveal that increase in temperature and volume fraction increases the thermal
conductivity of nanofluid. The viscosity of the nanofluid with same concentration of TiO2 was measured and
shows the decrease viscosity by increasing temperature whereas increases when increase the volume
concentration. Thus, the experimental results are much more useful for the practical application of nanofluids

in thermal management.
Keywords: Nanofluid; Nanoparticles; Thermal Conductivity; Viscosity;
I. INTRODUCTION

Thermal management becomes the very critical task in various industries for getting the efficient
productivity. Worldwide various conventional fluids were used for the thermal management such as water,
oil, ethylene glycol etc. But unfortunately, these fluids do not achieve the desired thermal properties for
practical application. To improve the thermal conductivities of these conventional fluids firstly in 1873
Maxwell proposed the single-phase fluids with the addition of solid particles [1]. The idea of Maxwell worked
and it improves the thermal properties of the conventional fluids but it has the drawbacks such as
sedimentation, clogging and erosion during the flow. After this inventive research idea and experimental
results in 1995, Choi introduced the idea of nanofluids with his own experimental results. The nanofluid
which solely overcomes the sedimentation, clogging and erosion problems [2].

An emerging nanotechnology provides the superior physical, thermal, optoelectronics properties of the

material in nanosized dimension. The very new trending application of nanotechnology is the nanofluid
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research. Nanofluid is an engineering fluid in which nanometre sized solid particles homogeneously dispersed
in base fluid such as water, engine oil, propylene glycol, ethylene glycol, etc [3]. Recently various types of
nanomaterials were found to be used for the preparation of nanofluid such as metal, metal oxides, carbon
materials etc. Nowadays metal oxide nanoparticles (TiO2, SiO2, Fe203, Fe304, Al203, BaTiO3, CuO, etc.)
extensively employed for the preparation of nanofluid [4]. The preference for metal oxide nanoparticles is due
to the superior physicochemical, optoelectronics, thermal properties, and ease of preparation with tuned
properties. The potential of nanofluids to enhances the thermal conductivity and rheological behaviour of
base fluid it applicable in heat transfer, including fuel cells, cooling of microelectronic equipment,
pharmaceutical processes and hybrid engines etc [5,6].

Worldwide different research groups have been reported the thermal conductivity and viscosity of the
nanofluids using the different types of nanoparticles with different volume fraction in the base fluid. M.Kh.
Abdolbagqi et. al studied the thermal conductivity and viscosity of BioGlycol/water based TiO2 nanofluids and
experimental results shows that enhancement of thermal conductivity depends on volume concentration,
temperature and thermal conductivity of base fluid [7]. M.H. Ahmadi et.al investigate the thermal
performance of TiO2 nanofluid using four different neural networks [8]. D. Cabaleiro et.al reported the
ethylene and propylene glycol-based TiO: (anatase and rutile) nanofluids. The experimental results shows
that thermal conductivity increases 15.4%. and enhancements are higher for propylene than ethylene glycol-
based nanofluids [9]. W.H. Azmi et.al investigate the heat transfer performance of TiO2 nanofluids in water-
EG mixture at different operating temperatures. On the basis of experimental results concluded that
maximum enhancement of thermal conductivity was 15.4% at 1.5% volume concentration and temperature

of 60° C. and relative viscosities fluctuate at a range of 4.6 to 33.3% with variation of temperature [10].

II. EXPERIMENTAL

2.1 Materials and Characterization

In present investigation TiO: (Rutile) nano particles with particles size 20 nm procured from the Sisco
Research Laboratory Mumbai, India. KD2 Pro thermal analyser (Decagan Devices Inc., USA) was use to
study the thermal conductivity and before measurements the device prob was calibrated with standard fluid.
The viscosity of all nanofluid were measured by means of an AR-G2 rheometer (TA Instruments, USA) at
different temperatures.

2.2 Nanofluid Preparation

Nanofluids reported in the present investigation were prepared via two-step method. TiO2 nanoparticles of
volume fraction (0.1, 0.2, 0.3, 0.4, and 0.5 Wt.%) were used for the preparation of nanofluid. The above-
mentioned proportion of TiO2 nanoparticles was dispersed in the base fluid double distilled water (DDW)
separately and stirred for 2 hours forcefully using magnetic stirrer. Then the stable dispersion was attained by

ultrasonic probe via ultrasonication for 6 h.
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III. RESULTS AND DISCUSSION

3.1 Thermal conductivity

Page No : 37-41

The thermal conductivity of prepared water based TiO2—nanofluids concentrations of (0.1, 0.2, 0.3 and 0.4)

wt. % were measured at temperatures of 300 K-350 K in 15 k interval. Fig. 1 shows the thermal conductivity

of prepared nanofluid for different volume concentrations and fig. 2 shows for different temperatures. It is

observed that by increasing both parameters volume concentrations and temperatures, thermal conductivity

is enhanced of all the studied samples. Increment of the nanoparticles loading in the base fluid reduces the

interparticle distances that improves heat conduction and the outcome is enriched thermal conductivity. The

basic phenomenon of the increment in the thermal conductivity is propagation of lattice vibration between

electrons and phonons. The thermal conductivity significantly increases by increasing temperatures due to

the Brownian motion which provide the direct solid-solid transport between the incorporated particles.
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3.2 Viscosity

Rheological behaviors of all prepared nanofluid samples viscosity were examined at different temperature
points of 300 K-360 K at equal interval for each volume concentrations. Fig. 3 shows the dependency of
viscosity on the volume concentration and temperature of TiO2 nanofluid. The considerable effects were
observed for both parameters, temperature as well as volume concentrations. As concerned to the volume
concentration viscosity of all the nanofluid samples observed to be increased. The reason behind the
increasing viscosity may be due to the formation of agglomeration of nanoparticles in suspension. The
temperature effect slightly reduces the viscosity due to the feeble intermolecular interaction and adhesion

forces between molecules which is further attributed to Brownian motion, thermal movement of molecules
and their average speed.
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Figure 3. Viscosity of TiO2 nanofluid at different temperature

IV. CONCLUSION

In short, present investigation successfully encloses the preparation and analysis of the thermal as well as
rheological properties of TiO2 nanofluids. The investigational findings reveal the considerable enhanced
thermal conductivity of nanofluids with increased temperature and volume concentration. The viscosity of
the nanofluid increased with volume concentration whereas decreased with increased temperature. Thus, the

present investigation exhibits the applicability of the ternary TiO: nanofluid for the various application
wherever the necessity of cooling.
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«Individual certificate to soft copy to all
authors

Soft copy of CD cover and proceeding of the
conference if needed.

Contact No.: 9422652388, 9284555463,
9890776585, 9860477067, 9673922572,
7798033087

Registration Fees submission details: The registration fees along
with paper publication charges may be paid online/ Paytm/ Phone
pay / Internet Banking to

Account Name: VidnyanMahavidyalaya, Sangola

Bank Name: Bank of Maharashtra

Branch: Sangola, Account Number: 60101820852

IFSC: MAHB0001467; MICR Code: 413014079

Fees details:

Category Registrationfee  Paper Publication charges
Students Rs. 100/- Rs. 800/-
Academics Rs. 200/- Rs. 800/-
Industry Rs. 1000/- Rs. 800/-
Foreign Delegates UsD 20 usD 50

Submission of Papers: Interested authors are requested to submit
full-length manuscript of research paper in MS-Word 2007 or MS-
Word 2010 including Paper Title, Names of all the authors and e-
mail address of corresponding authors. The font should be Times
New Roman, Size-12. The maximum length of manuscripts is limited
to four pages. Paper sent by e-mail to conference E-mail
address:2022rtna@gmail.com.
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Vidnyan Mahavidyalaya, Sangola

Tal-Sangola, Dist-Solapur, MH- 413307, India.
(Affiliated to Punyashlok Ahilyadevi Holkar Solapur University, Solapur)

Department of Physics in collaboration with Internal Quality Assurance Cell (IQAC) organizes an
International e-Conference on Recent Trends in Nano-Materials and Its Applications-2022
(RTNA-2022) Dated on April 22-23, 2022, Conference E-mail:2022rtna@gmail.com

-:Program Schedule: -

Day 1°*: Friday Date: April 22,2022
Session-I: Inauguration of Conference; Session Coordinator: Dr. J. V. Thombare

Sr. Time Description/Name of Name
No. in IST* Progam
01 | 10:00 am to Introduction and Dr. S. S. Dhasade

10:05 am Welcome Convener & Coordinator IQAC
02 | 10:05 am to Keynote Address Resource Person:

10:50 am Prof. (Dr.) Jae Cheol Shin

Dongguk University, South Korea

03 | 10:50 am to Presidential Address Hon'ble Dr. Aniket Chandrakant Deshmukh

10:55 am Director, STSSPM, Sangola
04 | 10:55 am to Vote of thanks Dr. R. A. Fule,

11:00 am Acting Principal, V. M. Sangola

Session-II: Invited Talk: Session Coordinator: Dr. J. V. Thombare

05 | 11:00 am to Resource Person: Chairperson:

11:45 am Dr. Rajshekhara. Prof.(Dr.) S. B. Kulkarni

Yeungnam University, Director, Innovation, Incubation and Linkages,
South Korea Dr. Homi Bhabha State University, Mumbai

06 11:45 am to Discussion

11:50 am
07 11:50 am to 12:05 pm : Short break

Session-III: Oral Presentations; Session Coordinator: Mr. B. B. Navale
08 | 12:05 pm to OP-01 to OP-03 Chairperson:

12:35 pm Dr. S. M. Mane,

Dongguk University, South Korea

Zoom meeting link for joining:

https://us02web.zoom.us/j/5328645418?pwd=0OXRXaHNHAjRtINERZalcxeHE1QTJjZz09

*|ST-Indian Standard Time (Time is mentioned in IST)




Day 2": Saturday

Date: April 23, 2022

Session-IV: Invited Talk; Session Coordinator: Dr. S. S. Dhasade

09 | 10:00 am to Resource Person: Chairperson:
10:45 am Dr. Sonaimuthu Mohandoss Dr. A. R. Babar,
Yeungnam University, Shankararao Mohite Patil Mahavidyalaya,
South Korea Akluj
10 | 10:45 am to Discussion
10:50 am
Session-V: Invited Talk; Session Coordinator: Dr. J. V. Thombare
11 | 10:50 am to Resource Person: Chairperson:
11:35 am Dr. M. Vasudeva Reddy Dr. R. A. Bugad,
Yeungnam University, Sangola College, Sangola
South Korea
12 | 11:35am to Discussion
11:40 am
Session-VI: Poster Presentation; Session Coordinator: Prof. R. S. Gaikwad
13 | 11:40 am to PP-01 to PP-05 Chairperson:
12:10 pm Dr. S. D. Patil
Pratapsinh Mohite Patil Mahavidyalaya,
Karmala
14 | 12:10 pm to Short break
12:15 pm
Session-VII: Valedictory Function; Session Coordinator: Dr. J. V. Thombare
15 | 12:15 pm to Conference Overview Dr. S. S. Dhasade
12:20 pm Convener
16 | 12:20 pm to | Feedback from Participants --
12:30 pm
17 | 12:30 pm to Valedictory address Chief Guest:
12:40 pm Dr. Anamika Kadam
Professor, Institute of Science, Mumbai
Young Scientist, DST, New Delhi
18 12:40 pm to Presidential remark Dr. R. A. Fule,
12:45 pm Acting Principal, V. M. Sangola
19 | 12:45 pm to Vote of Thanks Mr. B. B. Navale
12:50 pm Head, Dept. of Physics

*|ST-Indian Standard Time (Time is mentioned in IST)
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Vidnyan Mahavidyalaya, Sangola

Tal-Sangola, Dist-Solapur, MH- 413307, India.
(Affiliated to Punyashlok Ahilyadevi Holkar Solapur University, Solapur)

Department of Physics in collaboration with Internal Quality Assurance Cell (IQAC) organizes an
International e-Conference on Recent Trends in Nano-Materials and Its Applications-2022
(RTNA-2022) Dated on April 22-23, 2022, Conference E-mail:2022rtna@gmail.com

-:0ral and Poster Presentations: -

Oral Presentations
(Date: April 22, 2022)

OP1) Self-focusing of Gaussian Laser Beam in Collisionless Plasma with Linear
Absorption
Author: Mr. Kalyani Y. Khandale, Shivaji University, Kolhapur

OP2) Simulations Commercial BJT with Temperature for Space and Radiation
Rich Environment Applications.

Author: C M Dinesh, Department of Physics, Govt. First Grade College and PG
centre, Chintamani-563125, India.

OP3) Study of Dielectric and Field Modulation studies in Polymer
Nanocomposites,
Author: C. V. Chanmal, DBF Dayanand College of Arts and Science, Solapur

Poster Presentations
(Date: April 23, 2022)

PP1) Antimicrobial activity of CdS quantum dots mediated by Aegle marmelos
leaves
Authors: T.R. Deore, M D Dhiware, S.B. Nahire, A.B. Gawande

PP2) CuO nanoparticles mediated by Coffee powder extract: An Impeder of
Candida albicans biofilm
Authors:P. G. Jadhav, A.B. Gawande

PP3) High stability Mn,0;/MnCO; microcubes synthesized by hydrothermal
method for supercapacitor application

Authors: O. C. Pore, D. S. Sawant, A. S. Shelake, D. B. Mane, V. J. Fulari, G. M.
Lohar



PP4) Growth study on entire replacement of Zn by Mn into Cu,ZnSnS, thin films
by SILAR method

Authors: H. C. Yadav, B. V. Patil, S. S. Dhere, R. M. Shaikh , S. B. Duchal , A.
M. More

PPS) Thin Films of Cu:ZnSnS4 (CZTS) grown via replacement of Zn by Mg using
SILAR method

Authors: A. K. Bagal, M. S. Shinde, K. S. Gund, G .V. Patil, A. M. Rajage, A. M.
More
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VIDNYAN MAHAVIDYALAYA SANGOLA

(Arts & Science, E.CS. & B.C.A.) W O (02187) 220508

Tal, Sangola Dist. Solapur Pin, 413 307 (Maharashtrs) ~ Mob. No, 9421045987
(Adfliated to P AL H, Solapur University ) Emmil - videyanmalyahoo.co.n

Acting Principal : Dr. R, A. Fule Third Cycle Accredited by :.l:: R
.H-I-'t- with '‘B' Grade (CGPA of 2.24)

Ref. Mo, E‘T‘ﬂﬂﬂ Date: |& /03 /20 29—

Invitation letter

To

Prof. Jae Cheol Shin
Dongguk University,
South Korea

Subject: Invitation letter
Respected Prof. J. €. Shin sir...

Greetings from Vidnyan Mahavidyalaya, Sangola 111!

The sabject mentioned above | may please inform you that Depariment of

Physics in Collaboration with Internal Quality Assurance Cell {IQAC), Vidnyan
Mahavidyalaya, Sangola has organized International e-Conference on Recent

Trends in Nano-Materials and [ts Applications-2022 (R MNA-2022) dated April 22-

23, 2021
As per discussion W
person for the RTNA-2022. Hope yo

ith vou, we are requesting to you to work as a resource

u will accept the same. Shortly we will send

ilse detatled technical program.

Thanking you

Y ours

Acting Principal

Vidnyan Mahavicdyalaya, Sangole
Tal. Sangok Hist Solapur




bk

(Arts & Science, E.C.S. & B.C.A) ® 01X, (02187) 220508
Tal Sangola Dist. Solapur Pin. 413 307 (Maharashtra) w

Affitinted 10 P.A.H. So Eﬂ“,,l :
( 1o P.A.H. Solapur University ) igh i

Acting Principal : Dr. R. A. Fule Third Cycle Accredited by NAAC
M.AL Fh.D. with ‘B’ Grade (CGPA of 2.24)
Ref. No. - E - mail- Date: |5 /03 2022

Invitation letter
Te
Dr. Sonaimuthu Mohandoss
Yeungnam University,
South Korea

Subject: Invitation letter
Déar D, Sonaimuthu Mohandoss sir...

Greetings from Vidnyan Mahavidyalaya, Sangola 12

The subject mentioned above 1 may please inform you that Department of

Physics in Collaboration with Internal Quality Assurance Cell (1QAC), Vidnyan

Mahavidyalaya, Sangola has organized International e =-Conference on Recent

Trends in Nano-Mater als and 1ts Applications-2022 (1 TNA-2022) dated April 22
23,2022,

As per discussion with vou, we are
person for the RTNA-2022. Hope you will ace

the detailed technical prograu.

requesting to you 10 wark as a regsource

ept the same. Shortly we will send

Thanking you
Y ours

raL{l‘ L&
Acting Principal

Vidnyan Mahavidyslaya, Sangola
T.I Sall‘:l.l'l.ll ul-L *"-I.ﬂﬂpl.-lf
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l@ VIDNYAN MAHAUIDYALAYA SANGOLA

(Arts & Science, E.C.S. & B.C.A) ® O (02187) 220508

Tal. Sangola Dist. Solupur mmmmnmp Mab, No, 9421045957
(Affiliated 1o P A 1. Solupur University ) Bl - vidryriameiyation oo
Acting Principal : Dr. R. A. Fule GRS s

Third Accradited by NAAC
M.A, PLD. mnm-umm:;m
Ref. No. - £- mail’ Date : |5 /0% 2022

Invitation letter
To

Dr. M. Vasudeva Reddy
Yeungnam University,
) South Korea
Subject: Invitation letter
Dear Dr. M. Vasudeva Reddy sir...
Greetings from Vidnyan Mahavidyalaya, Sangola !
The subject mentioned above I may please inform you that Department of
Physics in Col laboration with Internal Quality Assurance Cell (IQAC), Vidnyan
Mahavidyalaya, Sangola has organized Intemational e-Conference on Recent
Trends in Nano-Materials and lts Applications-2022 (RTNA- 2022) dated April 22-
23, 2022,
As per discussion with you, we are requesting to you 10 work as a resource

person for the RTNA-2022. Hope you will accept the same. Shortly we will send

the detailed technical program.

Thanking you
Yours

fadl 4 et
Acting Principal

Vidnyan Mahavidyalaya, Sangela
Tal. Sangola DisL Solopur



(Arts & Science, E.C.S. & B.C.A) W O (02187) 220508

Tul. Sangola Dist. Solapur Pin. 413 307 (Maharashtra) | mm.:mm
(Affiliated w P A, HL Solupur University ) e | ViRTITGI O

Webside mww
Mlil: Frincipal : Dr. R. A. Fule mmm“m
M.A., PR, with ‘B’ Grade (CGPA of 2.24) i
Ref. No. € - mail- Date : | 5 /0% 2020
nvitation letie
To

Dr. Sreckanth TVM
Yeungnam University,

) South Korea
Subject: Invitation letter
Dear Dr. Sreekanth TVM sir...

Greetings from Vidnyan Mahavidyalaya, Sangola !!!!

The subject mentioned above 1 may please inform you that Department of
Physics i Collaboration with Internal Quality Assurance Cell (1QAC), Vidnyan
Mahavidyalaya, Sangola has organized International e-Conference on Recent
Trends in Nano-Materials and Its Applications-2022 (R INA-2022) dated April 22-
73 2022,

As per discussion w ith you, we arc JEL]L'II..HHHE o you Lo work a5 a resouroe
person for the RTNA-2022. Hope you will accept the same. Shortly we will send
the detailed technical program.

Thanking you

N ours

felte—
Acting Frincipal

Vidnyan Maha idfgalaym, Sangola
Tal. Sangosa Oiet. Salapur
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A VIDNYAN MAHAVIDYALAYA SANGOLA

-  — =" "——""""=

(Arts & Science, E.C.S, & B.C.A.) =
L] LR - L] mtulmlm
Tal. Sangola Dist. Solapur Pin. 413 307 (Maharashtra)  Mob. No. 9421045987
S (Affiliuted to P A. H. Solapur University ) Emal) | vidrynrma@iyahon.co.x
# Frincipal : Dr- . 2. Fuiy I i RISy RS
ye NAAC
M.A., PRD. with ‘B’ Grade tmgm
Ref. No. €2 24 202431 Date : 1§/ 20 21

To

Registrar

Punyashlok Ahilyadevi Holkar Solapur University,
Solapur.

Subject: Regarding International e-Conference RTNA-2022.

Dear sir/madam,

The subject mentioned above | may please inform you that Department of
Physics in collaboration with HJAC has organized International e-Conference on
Recent Trends in Nano-Materials and Its Applications-2022 (RTNA-2022)
dated April 22-23, 2022.

S, herewith | am requesting to you to allow us 1o arganize RTNA-2022

Also, allow us to use University Logo for R NA-2022 purpose only.

) Thanking you,

Y ours

'Ff’f..[l-_'j_ i

Acting-Principal

Vidnyan Mahavidyalaya, Sangola
Tal. Sangola Cist. Sclapur




(Arts & Science, E.C.S. & B.C.A.) = ﬁfﬂm
Tal. Sangola Dist. Solapur Pin. 413307 (Maharashtrs)  Mob 045987

(Affiliated 1o P A, H Solapur Lniversity ) Wikbeile | W vmEsangals oi

Acting Principal : Dr. R. A. Fule Third Cycle Accrodited by NAAC
M.A, PRD., with ‘B’ Grade (CGPA of 2.24)

Date : |9 /04 12022

=@ VIDNYAN MAHAVIDYALAYA SANGOLA

Ref. No. =~ -E*ﬂiz'ﬁrﬁﬂ

Invitation letier
To
Dr. Rajshekhar
Yeungnam University,
¥ South Korea

Subject: Invitation letter
Respected Dr. Rajshekhar sir...

Greetings from Vidnyan Mahavidyalaya, Sangaola !

The subject mentioned above | may please inform you that Department of
Physics in Collaboration with Internal Quality Assurance Cell (1QAC), Vidnyan
Mahavidyalaya, Sangola has organized Intermational e-Conlerence on Recent
Trends in Nano-Materials and [ts Applications-2022 (RTNA-2022) dated Apnil 22-
23, 2022

As per discussion with you, we are requesting to you to work as a resource

3 person for the RTNA-2022. Hope you will accept the same. Shortly we will send

the detailed technical program.

Thanking you
Yours
Rue—
Acting Principal
Vidnyan Mahavidyalaya, Sangola
Tal, Sangala Dist. Solapur




VIDNYAN MAHAVIDYALAYA sacm

B.C.A £ OfF. (02187) 220508
(Arts & Science, E.C.S. & ) Meh. No. 5421045987

Tal. Sangola Dist. Solapur Pin. 413 307 (Mahsrashira)
(Affilinted w0 P A H. Solapur University ) Ermail ﬂﬂwm

Acting Principal : Dr, . A. Fule Third Cycle Accredited by NAAC =
. i M.A., PLD. with ‘B’ Grade (CGPA of 2.24)
Date: /9/ 042022

Ref. No.~ KFTNA-2022.

Invitation letter
To
Dr. Anamika Kadam
Professor,
3 Institute of Science, Mumbai
Young Scientist, DST, New Delh:

Subject: [nvitation letter

Respected Dr. Anamika Kadam madam...
Greetings from Vidnyan Mahavidyalaya, Sangola 345,
The subject mentioned above | may please inform you that Department of
Physics in Collaboration with Internal Quality Assurance Cell (IQAC), Vidnyan
Mahavidyalaya, Sangola has organized International e-Conference on Recent
Trends in Nano-Malerials and Its Applications-2022 (RTNA-2022) dated April 22-
23, 2022
\¥ \g per discussion with you, we are requesting to you 1o work as a Chief

Guest for valedictory session of RTNA-2022. Hope you will accept the same.

Thanking you
Yours

' Acting Principal

Vidnyan Mahavidyalaya, Sangela
Tal. Sangola Dist. Solapur
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VIDNYAN MAHAVIDYALAYA SANGOLA

(Arts & Science, E.C.5. & B.C.A.) | Ofr. (02187) 220508

Mob, No. 9421045987
Tal Sangola Dist. Solapur Pin, 413 307 (Maharashira) v i ol

(Affiliated 1o P A. H. Solapur University ) Wabaile | wwiw yriesangnia. oeg
Acting Principal : Dr, R. A. Fule Third Cycle Accredited by NAAC
MLA., PR, with ‘B’ Grade (CGPA of 2.24)
_——
Ref. No. 2093 -92 / Emal| Date : 23/0 1202/
To,
Dr. Rajshekhara,
Yeungnam University,
South Korea
¥ |

Subject: Regarding RTNA-2022.

Dear Esteemed Professor Dr. Rajshekhara sir,

I am grateful for your invited talk at International e-Conference on Recent
Trends in Nano-Materials and lts Applications (RTNA)-2022 dated April 22-23,
2022 organized by Department of Physics in collaboration with Intemnal Quality

Assurance Cell (IQAC).

vour Invited talk on Morphology dependent ¢lectrochemical performance of
clectrodes has explained many things related to Supercapacitors. Particularly, you
have explained morphology controlled electrodes for supercapacitors. The

participants may get benefited from your Invited Talk.

| appreciate your generosity.

Thanking you,
Yours

L

Acting Principal
Vidnyan AMahavidyalaya, Sangols
Tal. Sangela Dist. Solapur




(Arts & Science, E.C.5, & B.C.A.) 015 (02187) 220508
Tal. Sangolu Dist. Pin. 413 307 (Maharashirs)  Mob. No. 9421045987
{Affiliated to ' A, 1. Solapur University ) 1o I-,ﬂm&'f‘;ﬂ
Acting Principal : Dr. R. A. Fule Third Cycle Accredited by NAAC
M.A., PhD. with ‘B’ Grade (CGPA of 2.24)
Ref. No. 2021 - 22 /Emall Date : 23/ 0L 2022

To,

Dr. Sonaimuthu Mohandoss
Yeungnam University,
South Korea.

Subject: Regarding RTNA-2022.

Dear Esteemned Professor Dr. Sonaimuthu Mohandoss sir,

I am grateful for your invited talk at Intemational e-Conference on Recent
Trends in Nano-Materials and Its Applications (RTNA)-2022 dated April 22-23,
2022 organized by Department of Physics in collaboration with Intemal Quality
Assurance Cell (IQAC).

Your Invited talk on Carbon dots and its application has explained many
things related to Manotechnology. Particularly, you have explained the uses of

Carbon dots in sensing and Bio-imaging. The participants may get benefited from

your Invited Talk.

| appreciate your generosity.

Thanking you,
Yours

Jille—

Acting Principal
Vidnyan Mshavidyalaya, Sangola
Tal. Sangola Dist. Solapur




(Arts & Science, E.C.S. & B.C.A.) ® 015, (02187) 220508

Tal. Sangola Dist. Solapur Pin, 413307 (Maharashtrs)  Mob. No, 9421045987
(Alfilinted 1o P A H. ﬂnlﬂml]nivm] e s vidny

Acting Principal : Dr. R. A. Fule
MLA., Ph.D, with 'B' Grade (CGPA of 2.24)

Ref. No.2021-22 / Emeaul Date : 23/ a4 /20 272

To,
Dr. M. Vasudeva Reddy

Yeungnam University,
South Korea,

) Subject: Reparding RTNA-2022

Dear Esteemed Professor Dr. M. Vasudeva Reddy sir,

I am grateful for your invited talk at International e-Conference on Recent
Trends in Nano-Materials and Its Applications (RTNA)-2022 dated April 22-23

2022 organized by Department of Physics in collaboration with Internal Quality
Assurance Cell (IQAC).

Your Invited talk on earth abundant and ultra low cost solar cell hasg
explained many things related to Nanotechnology, Particularly, you have explained
) the basics of solar cell and current status of research in solar cell. The participants

may get benefited from your Invited Talk.

[ appreciate your generosity.
Thanking you,

Yours

U

Acting Principal
Vidnyan Mahavidyalaya, Sangola
Tal Sangola Dist. Solapur




.@ VIDNYAN MAHAVIDYALAYA SANGOLA

(Arts & Science, E.C.S. & B.C.A) - ﬂ:l'r.[l:Ilﬂl mn:
Tal Sangola Dist, Solapur Pin, 413307 (Maharashtrn) - Mab, No, 942 m

ARated 10 P, AL L Solapur Llniversity ) w-m mm“
Acting Pri I: Dr. LA, Fule rd Accredited by NAAC
ol MA, Fh.D. mﬂtﬂﬂ?ﬁfﬂ (CGPA of 2.24)
Ref. No. 2021 =22 /Emai) Date : 24/ 042022

To,

Prof.(Dr.) S. B. Kulkarni

Associate Professor in Physies,
. Institute of Science, Mumbai

Subject: Regarding RTNA-2022.

Dear Esteemed Professor Dr. Kulkami sir,

I am grateful for your panticipation in International e-Conference on Recemt
Irends in Nano-Materials and Its Applications (RTNA)-2022 dated Apri] 22-23,
2022 organized by Department of Physics in collaboration with Internal Quality
Assurance Cell (IQAC). You have been worked as Chairperson for one the

sessions.

So, on behalf of my College, [ extend & really hearty vote of thanks to you
for sparing time with us from your busiest schedule ta grace the occasion RTNA-
2022.

Thanking you,

Yours

; Ule—

Actin \Principal

Vidnyan Mahavidyalaya, Sangola
Tal. Sangola Dist. Solapur




(Arts & Science, E.C.5. & B.C.A.) O (02187) 220508
Tal. Sangola Dist. Solapur Pin. 413 307 (Maharashira) Mob. No. 9421045987

I wenyanenedyahos oo,
(Adfiliated to P A. H. Solapur Univerity ) w.hu- m.m-ﬂwu.ul:
Acting Principal : Dr. R A. Fule Third Cycle Accredited by NAAC

M. P with "B’ Grade (CGPA of 2.24)

Ref. No. 2021-22 / Evnail Date : 23 /04 202.9-

To,

Dr. A. R. Babar,

Shankarrao Mohite Mahavidyalaya,
Akluj

Subject: Regarding RTNA-2022,

Dear Dr. Babar sir,

I am grateful for your participation in International e-Conference on Recent
Trends in Nano-Materials and Its Applications (RTNA)-2022 dated April 22-23,
2022 organized by Department of Physics in collaboration with [nternal Quality
Assurance Cell (IQAC). You have been worked as Chairperson for one the
SE5SI0NS.

So, on behalf of my College, | extend a really hearty vote of thanks to you
for sparing time with us from your busiest schedule to grace the occasion RTNA-
2022,

Thanking yvou,

Yours

fulte—

Actin g Principal

Vidnyan Mahavidyalaya, Sangola
Tal. Sangola Dist. Solapur




VIDNYAN MAHAVIDYALAYA SANCOLA

(Arts & Science, E.C.S5. & B.C.A) ® O (02187) 220508
Tal. Sangola Dist. Solupur Pin, 413 M7 (Maharashirs)  Moh. No, 9421045987

(Affiliated to P A H. Solapur University ) Ernall - vidnyanms@yahoo co in

Acting Principal : Dr. R. A. Fule Third Cycle Accredited by l::nl; i
M.A. Ph.D, with ‘B’ Grade (CGPA of 2.24)

Ref. No. 2024 - 22. /Emau) Date : 23/04 2022

To,
Dr. 5. D, Patil

Pratapsinh Mohite Patil Mahavidyalaya,
v Karmala

Subject: Regarding RTNA-2022,

Dear Dr. Patil madam,

I am grateful for your participation in International e-Conference on Recent
Trends in Nano-Materials and Its Applications (RTNA)-2022 dated April 22-23,
2022 organized by Department of Physics in collaboration with Internal Quality
Assurance Cell (IQAC). You have been worked as Chairperson for one the

SEe55100N5.
So, on behalf of my College, 1 extend a really hearty vote of thanks to you

for sparing time with us from your busiest schedule to grace the occasion RTNA-
2022.
Thﬂ.]'.lklﬂg you,

Y ours

QUlLe—

Acting Principal
Vidnyan Mahavidyslaya, Sangola
Tal. Sangola Dist, Solapur
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VIDNYAN MAHAVIDY ALAYA SANCOLA

Tal. Sungoln Dist. Solapur Pin, HHH M umm- Mob. No. 9421045987
{(Aflilaed to " A H wqm.nmim;,, ]WWWM
Mﬂﬂl Fring[p.' : Dr. R. A. Fule wmssaNEOIE ary

Third Cycle Accroditod by NAAC
M.A., Ph.D. with 'B" Grads (CGPA of 224)
Ha
Ref. No. 2021 - 22 /Ermajl Date : 23/ 042022

To,

Dr. R. A. Bugad,
Sangola College,
Sangola.

Subject: Regarding RTNA-2022,

Dear Dr. Bugad sir,

I am grateful for your participation in International e-Conference on Recent
Trends in Nano-Materials and Its Applications (RTNA)-2022 dated Apnl 22-23,
2022 organized by Department of Physics in collaboration with Internal Quality
Assurance Cell (IQAC). You have been worked as Chairperson for one the
Sessions.

So, on behalf of my College, I extend a really hearty vote of thanks to you

ing time with us from vour busiest schedule to grace the occasion RTNA-

) for spari
2022,
Thﬂnkmg you,
Yours

Acting Principal
Vidnyan Mahavidyslays, Sangols
Tal. Sangola Dist Solapur

I




MAHAVIDYALAYA S

(Arts & Sclence, ECS & BCA)

| O (02187) 220508
Tal. Sungols Dist, Solapur Pin. 413 307 (Muha Mo, No. 9421045987
(ANt 1o A1 Hﬂhnnll'ni?ﬂ‘?lr“m}m “::wn |
L arg

Acting Principal : Dr. R, A. Fule
Third Cycle Accrad
M.A., PhD. 1ﬂﬂv::ﬂuihlﬁg:::=::=n
Ref. No. 2024 - 22/ Email Date : 273/ 0420 22 -

)

To,

Dr. S. M. Mane,
Dongguk University,
South Korea.

Subject: Regarding RTNA-2022.

Dear Dr. Sagar Mane,

1 am grateful for your participation in International e-Conference on Recent

Trends in Mano-Materials and Its Applications (RTNA)-2022 dated April 22-23,

20722 organized by Department of Physics in coll
QAC). You have been worked as Chairperson lor one the

aboration with Internal Quality

ASSUrance Cell (I

SEESi0ns.
So. on behalf of my College, | extend 8

time with us from your busiest schedule o

really hearty vote of thanks to you

grace the occasion RTNA-

for sparing

2022.

Thanking you,

Youis
UL
Actinig Principal
Vidnyan Mahavidysiaya, Sangola

Tal. Sangola Dist. Salapud

B
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VIDNYAN MAHAVIDYALAYA SANGOLA |

(Arts & Science, E.C.5. & B.C.AY ® (O (02187) 220508
Tal. Sangola Dist. Solapur Pin, 413 307 (Maharashirs)  Mob. No. 9421045957
( Affiliated to P fl: M. Solapur Liniversity ) e __“"’""_':’""“‘“'“ﬁ:
Acting Principal : Dr. R. A, Fule Third Cyche Accredited by NAAC
M.A. PR, with ‘B’ Grade (CGPA of 2.24)
Ref. No. 2021 -2 /Emajl Date : 29/ 04 7022
To,
Mr. R. 8. Gaikwad,
Vidnyan Mahavidyalaya,
Sangola.

Subject: Regarding RTNA-2022,

Dear Mr. R. S, Gaikwad,

I am grateful for your participation in International e-Conference on Recent
Trends in Nano-Materials and Its Applications (RTNA)-2022 dated April 22-23,
2022 organized by Department of Physics in collaboration with Internal Quality
Assurance Cell (IQAC). You have been worked as Chairperson for one the
sessions.

So, on behalf of my College, I extend a really hearty vote of thanks 1o you
for sparing time with us from your busiest schedule to grace the occasion RTNA-
2022.

Y Thanking you,

A:ting Frinnipal
Vidnyan Mahavidyalaya, Sangola
Tal. Sangola Dist. Sclapur




{Arts & Science, E.E,S. & H.E.A..]n ® O (02187) 220508
Tul. Sungola Dist. Solapur Pin, 413 307 (Maharashtra)  Mob. No. 9421045987
(Affiliated 1o P A r: Solapur University ) "‘ wﬂ_ﬂmﬂm I-w:;
-'lfﬁ'll‘ril:ipﬂ:nr,lt.ﬁ.l?-h Third Cycle Accredited by NAAG
. M.A.FAD. with ‘B’ Grade |CGPA of 2.24)
Ref. No, 2021-22/ Frpail Date : 2%/ 04 02— r

Ta,
Dr. Anamika Kadam
9 Professor, Institute of Science, Mumbai
' Young Scientist, DST, New Delhi

Subject: Reparding RTNA-2022.

Dear Esteemed Professor Dr. Anamika Madam,
With due respect, | would like to thank you for your kind presence on Zoom

meeting platform as a Chief Guest at the Valedictory Session of International e-

| Conference on Recent Trends in Nano-Materisls and Its Applications (RTNA)-

2022 dated April 22-23, 2022 organized by Department of Physics in collaboration
with Internal Quality Assurance Cell (IQAC). We felt great pleasure to have you
ameng us. You took the festivity of RTNA-2022 to a greater level by your zealous
speech to the participants. Everyone appreciated your kind thoughts and motivation
which you inculcated into the young researcher. Your presence was inspirational
for us.

In this regard, we would like to thank you for your presence on Zoom
meeting platform. We will be looking forward to having more of your presence in
future events. Thanking you on the behalf of Vidnyan M ahavidyaluya, Sangola,

Thanking you,
Yours

Ar.:tlr[ g ‘F‘_nm:lpal
Vidnyan Mahavidyalayn, Sangola
Tal Sangola Dist. Solspur
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Tal. Sangols Dist. Solapur Pin, 413 307 (Mabarashirn)  Mob. No, 9421045987

(AMbaed o P A H Solapur University ) wn::“ Wmﬂ:
Acting Principal : Dr. R. A. Fule Third Cycle A od by ORgargve
icotisdebusi with '8’ Grade {CGPA of 2.24)

Ref. No. 2024 -22 /Email Date : 2% 0A o222

“To whomsoever it may concern”

Department of Physics in collaboration with Internal Quality Assurance Cell

(IQAC) has successfully organized and completed an International e-Conference

on Recent Trends in Nano-Materials and lis Applications (RTNA)-2022 dated
April 22-23, 2022. Dr. J, V, Thembare worked as Organizing Secretary for

) RrTNA-2022.

R

Acting Principal
Vidnyan Mahavidyalaya, Sangola
Tal. Sangola Dist Solapur




(Arts & Science, E.C.S. & B.CA,) | Ofr. (02187) 220508

Fal Sangola Dist. Solapur Pin. 413 307 (Maharashtra) Mob, No, 9421045987

(Affiliated to P A 1L Solapur Lniversity ) el :lﬂfmmllnm 0 “:

Acting Principal : Dr. R. A. Fule Third Gycle Accredited by NAAG
MA, PRD, with ‘B’ Grade {CGPA of 2.24)

Date : 751 04 na22

Ref. No. 2024 -22 /Email

*To whomsoever it may concern”™

Department of Physics in collaboration with Intermal Quality Assurance Cell
(IQAC) has successfully organized and completed an International e-Conference
on Recent Trends in Nano-Materials and Its Applications (RTNA)-2022 dated

April 22-23, 2022. Dr. D. K. Bandgar worked as Member of Organizing

Committee for RTNA-2022.

IEL{[-‘ -

Acting ‘Principal
Vidnyan Mahavidyalaya, Sangola
Tal Sangola Dist. Solapur

et o




“Sangola Taluka Shetkari Shikshan Prasarak Mandal Sang

-@ VIDNYAN MAHAVIDYALAYA SANGOLA

(Arts & Science, E.C.S, & B.C.A.) ® Off. (02187) 220508
Tal. Sangola Dist. Solapur Pin. 413 37 (Maharashtra)  Mob. No. 53421045987
[ Affiliated fo J:E H. Solapur Lniversity ) g s o i
MII Fl'illl:i]:lll : Dr. R. A. Fule Third Cycle Accredited by NAAC
M.A PR, with ‘B’ Grade (CGPA of 2.24)
Ref. No. 2021 -22/Email Date : 2.3/ O4./201.2.

“To whomsoever it may concern”

Department of Physics in collaboration with Internal Quality Assurance Cell
(IQAC) has successfully organized and completed an International e-Conference
on Recent Trends in Nano-Materials and Its Applications (RTNA)-2022 dated

April 22-23, 2022, Mr. B. B. Navale worked as Member of Organizing

Committee for RTNA-2022,

i

Qe

ActinL Principal
Vidnyan Mahavidyalays, Sangola
Tal. Sangola Dist. Solapur



Acting Principal : Dr. . A, Fule Third Gycle Accredited by NAAC

v )

(Arts & Science, E.C.5, & B.C.A) ® Ofr. (02187) 220508
Tal. Sangols Dist. Solapur Pin, 413 307 {Maharashira Maoh. No. 9421045987
Ifll:ﬂlhhnd oA I.T Salapur Universlty ) ] E| ol Immm“u;

with 'B' Grada (CGPA of 2.24)
Date : 231 04 12022

MLAL P

Ref. No. 2.021-22 /Email

“T'op whomsoever it may concern’”

Department of Physics in collabaration with Internal Quality Assurance Cell

(IQAC) has successfully organized and completed an International e-Conference

on Recent Trends in Nano-Materials and Its Applications (RTNA)-2022 dated

April 22-23, 2022, Dr. S. S. Dhasade warked as Convener for RTNA-2021.

alle—
Acting Principal

Vidnyan Mahavidyalaya, Sangola
Tal. Sangola Dist. Solapur
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!ohxir Pin. 413307 (Maharshtra) Mub, No, 121045987
l.nﬂ'-llmd 1, Solapur Univernity ) ndimymnrmaiiyahen o2 n

Acting Principal : Dr. R. A, Fule Third Cytle Accradited by NAAC
w——
Ref. No. jﬁgﬂ.l'i'leﬁ‘Tﬂ.“ Date : 2.5/ (04 12021 3
To,
Prof. (Dr.) Jae Cheol Shin
Dongguk University, South Korea.

Subject: Regarding RTNA-2022.

Dear Esteemed Professor Dr. Shin sir,

I am grateful for your keynote address at International e-Conference on
Racent Trends in Nano-Materials and Its Applications (RTNA)-2022 dated April
97.73, 2022 organized by Department of Physics i collaboration with Internal
Quality Assurance Cell (IQAC).

Your keynote address has explained many things related 10 Manomaterials,

Particularly, you have explnined the use of Nanotechnology and Mano-Materials in

Solar cell and related devices, The participants may get benefited from your
keynote address.
| appreciate your generosity.
Thanking You,
Y ours
Astln%hcipul
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Acting Principal : Dr. R. A. Fule Third Cycle by NAAC
with ‘B’ Grade (CGPA of 2.24)
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MLA., PhD,

Date : L3/ 042022

Ref. No. 2021-22( Emeul’

To,
Prof. (Dr.) Jae Cheol Shin

Dongguk University, South Korea.
Subject: Regarding RTNA-2021.

Dear Esteemed Professor Dr. Shin sir,

| am grateful for your keynote
ano-Materials and Tts App
of Physics in ¢o

address at International e-Conference on

lications {RTNM-ZUEE dated Apnil

Recent Trends in N
llaboration with Internal

22.23, 2022 organized by Department
Quality Assurance Cell (IQAC).
ny things related to Nanomaterials.

Your keynote address has explained ma
and Nano-Materials in

you have explained the use of Nanotechnology

The participants may get benefited from Yyour

Particularly,

golar cell and related devices.

keynote address.

| appreciate your generosity.

Thanking You,

Yours

e

Acting Principal
navidyalay . Sangola

Solaput

Vidnyan hia
Tal. sangela Dist
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3.2.2 - Number of workshops/seminars conducted
on Research Methodology, Intellectual

Property Rights (IPR) and entrepreneurship
during the year-2021-22

Documents

3.2.2 conference by Botany
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SANGOLA TALUKA SHETKARI SHIKSHAN PRASARAK MANDAL'S

¢, Vidnyan Mahavidyalaya Sanuola

NAAC Re-Reaccreditation Grade “B”

3.2.2 - Number of workshops/seminars conducted
on Research Methodology, Intellectual

Property Rights (IPR) and entrepreneurship
during the year-2021-22

Documents
3.2.2 workshop Organized
1) Food processing and fruit preservation

2) workshop on STSSP teaching and learning
application

3) workshop on stress management and stress
removal

4) Workshop on IPR



s Inauguration Function &

Vidnyan Mahavidyalaya, Sangola

~ Inauguration of «

“Chairman © Dr. R. A. Fule

2 Chief Guests © Dr. Ashokrao Shinde
Prof. V. K. Ghadage
Mrs. Lata Kambale
Dr. R. S. Suryavanshi




Vidnyan Mahavidyalaya, Sangola
Inauguration of,

| L ~F0OOD PROCESSING & FRUIT PRESERVA TION” J

Organized by BOTANY DEPARTMENT
17th Feb 2022 (10 a.m.)

@Program Schedule®

L Inauguration
1. Introduction: Prof. Dr. R. 5. Suryavanshi — Head Dept. of Botany

2. Felicitation:
a. Dr. A.V. shinde -Chief Guest (Member 5T55PM)
b. Dr.R. A. Fule -President (Act. Principal V. M. Sangola)
c. Prof. V. K. Ghadage - Vice-Principal V. M. Sangola
d. Mrs. Lata Kambale - Course Trainer

e. Dr. Seema Galkwad- Course Coordinator

f.  Dr.R.S. Suryavanshi - HOD Botany VMS
3. Speech:
a. Chief Guest - Dr. A. V. Shinde

b. President - Dr.R. A, Fule

4. Vote of Thanks: Asso. Prof, Mr, Hake M. A. (2 min.)

5. Anchoring: Dr. Seema Gaikwad

Coordinator

e -

Actisgcbaincipal
: Vidnyan Mahavidyalaya, Sangy
MR oty Tal. Sangola Dist. Solapur

|
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VIDNYAN MAHAVIDYALAYA SANGOLA

L\l‘lS CQ Sl‘il‘n('l.". E.CS. & I"( ;\] OfFT. (02'87] 220508
Tal.Sangola Dist.Solapur Pin. 413 307 (Maharashtra) ™ Resi, (02187) 221151
Athiliated to Solapur | rersity Tax -
Acting Principal : Dr. R A, PHULE {Affilinted to ipur University) " I]‘,ul . (02]87:#22230(:
mal vidnyanms/i 100 .CO.mn
M.A, Ph.D. Websile ' www vmssangola org

Re-Accredited by NAAC with ‘B’ Grade (CGPA of 2.76)

Ref. No. Date : / /201

Date: 16.02.2022
To

Dr. Ashokrao Shinde
Director - Sangola Taluka Shetkari Shikshan Prasarak Mandal

Subject: Invitation as a Chief Guest

Respected Sir,

We cordially invite you as a Chief Guest and Speaker for Inauguration of "Food
Processing and Fruit Preservation” organized by Botany Department in our college on
17.02.2022, 10.00 a.m.

Your guidance will enrich our student for their skill development.

Thanking You,
Yours Sincerely
Prof. 2. 8. Yurvavanshl Actirm B el
|'fEaf1 ANiads o« LAl .- . -a\. . q
~ Depm of Botany vidnyan ianavidyalaya, Sa 19014
v ativan Mahaviayalay a Tal. Sanaelz Dist. So Wr

Gan
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‘Sangola Taluka Shetkari Shikshan Prasarak Mandal Sangola’s

VIDNYAN MAHAVIDYALAYA SANGOLA

(Arts & Science, E.C.S. & B.C A,
s Xy Off. (02187) 22050
Tal.Sangola Dist.Solapur Pin. 413 307 (Maharashitra) = Resi, (([)2137]) 32“5?
Acting Principal : Dr. R A, PHULE (Affiliated to Solapur T hniversity) Fax : (02187) 222306

M.A. Ph.D Email ; vidnyanms@yahoo.r:n.in
s Websife : waw, vmssangola.org

Re-Accredited by NAAC with ‘B Grade (CGPA of 2.76)
_“-h-_“_*_
Ref. No. Date: / /201

Date: 17.02.2022

To
Dr. Ashokrao Shinde
Director - Sangola Taluka Shetkari Shikshan Prasarak Mandal

Subject: Vote of Thanks

Respecied Sir,

We are very much pleased to have your valuable guidance as Chief Guest
for "Food Processing and Fruit Preservation” organized by Botany Department in
our college on 17.02.2022, 10,00 a.m.

Your speech was really important for the students. Once again we extend
our heartfelt gratitude towards you. Thank you very much for your co-operation,
We expect the same in future,

Thanking You,
Yours Sincerely
@{W
L
Frot. R. 8/Suryavangy, Acting Principal

Deernﬁ% [ Vidnyan Mahavidyalays, Sangola
_\lf;(!;!ya“_ Y a;,a.,.lj‘;g[aﬁ Tal. Sangola Dist. Solapur

] 2oz

-
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Figure 3: Introduction of Course by Dr. Rajendra. Suryavanshi

SRR

Figure 4: Present Audience
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Figure 8: Vote of Thanks by Prof. Hake M. A.



COURSE WORK
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Figure 2: Preparation of Dhokala



Figure 3: Different i:ood Products prepared during Course



Figure 6: Jam Bread



Figure 5: Pineapple Juice

Figure 7 :Pomegranate Juice



Figure 8: Banana Wafers chips

Figure 9: Cherry



Figure 9: Preparation of Dhokala

Figure 10: Anardana



Figure 11: Masala Dry Pan

Figure 12: Pineapple Jam



Figure 14: Preparation of Dhokala



Figure 18: Students during Preparations



Figure 17: Students during Preparations

Figure 19: Students during Preparations
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Figure 16: Students during Preparations
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Figure 18: Students during Preparations



|Note: C5JR+953, Kadlas' L

Figure 20: Students during Preparations



Figure 22: Students during Preparations
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Figure 26: Students during Preparations
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Vasud Road, Kadlas Naka, Sangola, Maharashtra
413307, India

Latitude Longitude
17.4323732° 75.188043°

Local 12:38:09 PM Altitude 433.8 meters
GMT 07:08:09 AM Friday, 18-02-2022

Figure 27 :Principal and Chief Guest testing the Food Products
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Vasud Road, Kadlas Naka, Sangola, Maharashtra
413307, India

Latitude Longitude

17.4323937° 75.1877145°

Local 12:39:51 PM Altitude 433.8 meters
GMT 07:09:51 AM Friday, 18-02-2022

Figure 238 :Principal and Chief Guest testing the Food Products



Vasud Road, Kadlas Naka, Sangola, Maharashtra
413307, India

Latitude Longitude
17.4323624° 75.1880702°

Local 12:52:53 PM Altitude 432.5 meters
GMT 07:22:53 AM Friday, 18-02-2022

Figure 29 :Principal and Chief Guest testing the Food Products
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Sangola, Maharashtra, India

Mal-Wadi Rd, Sangola, Maharashtra 413307, India
Lat 17.438444°

Long 75.187759°

22/02/22 10:59 AM
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Sangola, Maharashtra, India

Shivaji Nagar - Datta Nagar Rd, Sangola, Maharashtra
413307, India

Lat 17.432824°

Long 756.187127°

22/02/2210:49 AM

n GPS Map Camera

Sangola, Maharashtra, India

Shivaji Nagar - Datta Nagar Rd, Sangola, Maharashtra
413307, India

Lat 17.432797°

Bl - 0D
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Sangola, Maharashtra, India

Atpadi - Sangola Rd, Sangola, Maharashtra 413307,
India

Lat 17.432846°

Long 75.187215°

22/02/22 10:54 AM

Sangola, Maharashtra, India
Shivaji Nagar - Datta Nagar Rd, Sangola, Maharashtra
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'Snngoln Taluka Shetkari Shikshan Prasarak Mandal Sangola’s

VIDNYAN MAHAVIDYALAYA SANGOLA

(Arts & Science, E.C.S. & B.C.A/) | Off. (012187) 220508

Tal. Sangola Dist. Solapur Pin. 413307 (Maharashtra) Mob. No. 9421045987
Email . wanyanms@yahoo cn in

. ¥ 4 ¥ .
(AfMilinted to I A, H. Solapur University ) i o iie o

- Acting Principal : Dr. R. A. Fule Third Cycle Accredited by NAAC

M.A., Ph.D. with ‘B' Grade (CGPA of 2.24)

Ref. No. g?- me/, 00901, Date: v| / of /12002

Invitation Letter

To

Mr. Imam Nadaf
ISSTUR Technology, Pune

Subject:- An Invintation For One Day Workshop on “Institute Management

System” (STSSPM Application).

Respected Sir,
We, Digital Repository Cell VidnvanMahavidyalayaSangola is

please to invite you as a resource person for “Institute Management

System” (STSSPM Application) For"Teaching staff in the college on 26/01/2022 at

11:00 am. Please convey your acceptance.

Thank you. _
Yours Faithfully

W

Acting “Acting Principal

Vidnyan Mahavidy alaya, Sango'a
Tal. Sangola Dist. Solapur

oordi
Digital Repository Cell
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(Arts & Science, E.C.S. & B.C.A
, E.C.S. .C.A.) ® Off. (02187
Tal. Sangola Dist. Solapur Pin.413 307 (Maharashtra)  Mob. No. 942)1 ﬁigﬁgg

(Affiliated to P. A, H. Sola iversi i
- . A. H. Solapur University ) Email ; vidnyanms@yahoo.co.i
Acting Principal : Dr. R, A. Fule s vm"'vm:angm:%:;

M.A., Ph.D. Third Cycle Accredited by NAAC
with ‘B’ Grade (CGPA of 2.24)

e

Ref. No. ¢
G’/HMe/prm"‘lfy Date: 04 /a1 /202

Thanking Letter

To

Mr. Imam Nadaf
ISSTUR Technology, Pune

Subject: - Thanking letter For One Day Workshop on “Institute
Management System” (STSSPM Application).

Respected Sir,

We, Digital Repository Cell Vidnyan Mahavidyalaya Sangola is please to'thank you
for your valuable guidance 3s a resource person on “Institute
Management System” (STSSPM Application) Teaching staff in the college on

26/01/2022 at 11:00 am.

Thank you.
Yours Faithfully
q A t' -’f" ' ® |
Coordinator Vidn ¢ :‘9 Principal
Digital Repository Cell Tz:nSB:::r;g:?yst:;ngc’ .
ur
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STSSPM App

Institute Management:
r institution like lead generation,

Covering each and every aspect of managing you

enquiries, students, attendance, timetables etc.
e advanced video player to

Video Sharing and Management: Completely secu
manage and share video content which cannot be downloaded or screen
recorded and screen shared and many other such highlighting features.

ne Interactive Classes: Provides two way video live lectures with

Live Onli
Live Chat and many other features to give your

recording, screen sharing,
students a classroom experience.

Batch Management:
Create unlimited batches and share your content with
homework, tests and disseminate results.

whom you want to. Assign

Content Sharing: Share your study material, upload docs, pdf or images, conduct

tests and assign homework.

Digital Repository Cell . /L&,E B
Acting Principal

Vidnyan Mahavidyalaya, Sangola
Vidnyan Mahavidyalaya, Sangola
Tal. Sangola Dist. Solapur
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Sangola Taluka Shetkari Shikshan
Prasarak Mandal, Sangola

Teaching and Learning Application
One Day

Workshop
Chief Guest:
Hon. Chandrakantdada Deshmukh
Hon. Dr. Aniket Deshmukh
Resource Person: Imam Nadatf
ISSTUR Tech. Pune

\ Sangola, Maharashtra, India

ashtra 413307 India

Scanned by CamScanner

A8 HiT shalsle] ke L



== agandal, ST
o plication
Teaching and Le

arning Ap

Sangola, Maharashtra, India
Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India

Lat 17.432847°
Long 75.187226°
26/01/22 09:52 AM

Sangola, Maharashtra, India

Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India
| Lat17.432843°

Long 75.187148°

26/01/22 09:19 AM
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Sangola, Maharashtra, India
Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India

Lat 17.432853°
Long 75.187207°
26/01/22 09:20 AM

/

Sangola, Maharashtra, India
C5MP+CV4, Sangola, Maharashtra 413307, India

Lat 17.433084°
Long 75.187052°
26/01/22 09:19 AM
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Sangola, Maharashtra, India

C5MP+CV4, Sangola, Maharashtra 413307, India
Lat 17.432994°

Long 75.187076°

26/01/22 09:19 AM
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Sangola, Maharashtra, India

Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India
Lat 17.432867°

Long 75.187223°

26/01/22 09:52 AM
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C5MP+CV4, Sangola, Maharashtra 413307, India
Lat 17.433084°

Long 75.187052°

26/01/22 09:19 AM
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Sangola, Maharashtra, India
Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India

Lat 17.432895°

Long 75.18721°
26/01/22 09:52 AM

-
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Sangola, Maharashtra, India

Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India
Lat 17.432866°

Long 75.187166°

26/01/22 08:48 AM

Sangola, Maharashtra, India

Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India
Lat 17.432922°

Long 75.187145°

26/01/22 08:49 AM
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Login to your account

l:l I

9:54 am

Sangola, Maharashtra, India
Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India
Lat 17.432848°
B Long 75.187227°
26/01/22 08:49 AM
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Sangola, Maharashtra, India

Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India
Lat 17.432885°

Long 75.187229°

26/01/22 08:31 AM
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9:53 am
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Sangola, Maharashtra, India

Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India
Lat 17.432862°

Long 75.187145°

26/01/22 08:31 AM
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Sangola, Maharashtra, India
Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India

Lat 17.432854°
Long 75.18729°
26/01/22 08:47 AM
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Sangola, Maharashtra, India
Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India

Lat 17.432827°
Long 75.187209°
26/01/22 08:47 AM

Login to your account
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Sangola, Maharashtra, India
Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India

Lat 17.432858°
Long 75.187251°
26/01/22 08:49 AM 9:54 am

Scanned by CamScanner



Sangola, Maharashtra, India

C5MP+8P]J, Sangola, Maharashtra 413307, India
Lat 17.433056°

Long 75.187011°

26/01/22 09:20 AM

Sangola, Maharashtra, India

Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India
Lat 17.432899°

Long 75.187182°
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Sangola, Maharashtra, India
Atpadi - Sangola Rd, Sangola, Maharashtra 413307, India

" Lat 17.432847°
Long 75.187226°
26/01/22 09:51 AM
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Lat 17.432889°
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