
MEMORANDUM OF UNDERSTANDTNG ( MoU)

This Memorandum of Understanding is rnade on the l Tth day of October 2020 antl it
is valid up to 16th October 2025 (5 Years)

RETWEEN

Dr. Nirupama s. Dhoble, Professor, Department of chemistry. scvadal
Mahavidhylava, Nagpur (First Party)

AND
oP

Dr.Girish Mishra, Department of Applied Physics, School of Sciences, .li:rdal
University, Raigarh, C.G. (Second Party)

BACKGROUND

A. Each of the Party orvns and operates facilities for the provision or'

[. Laboratories use

2. Students exchange for Research.

3. Use and Exchange of Rescnrch activities.

4. Collaborative Research Publication.

5. Ph. D. Students exchange program.

B The Party currently have an arrangement with each other with respect to the
training, borrowing, and Ar,vareness of Knowledgc material that each Mernber
council works together with resource sharing, Knowledge sharing ancl
maintenance of a shared resources.

C. Each of the Party agrees that the MOU shalt be collectively knorvn as ,,To
Exchange of Research activities and Collaborative Research Publicatiob".

D. The Party clesire to fbrnralisc their agreenrcnt and understancling in re lati<l:i 1o the
Network and have agreed to ettter into this Menrorandurn ot'Understancling irr
this regard. Hotvever, the Party agrce thett this Mernoranclr;m sha!l not crcate any
legal obligations and rvhilst recognising that there are no enforceable obligations
between them the Party agree to perform their <lbligations pursuant io this
Memorandunr in good faith and to the best of their abilities.

AND THE PARTIBS AGITEE:

l.l Interpretation
I . I . I The Background set out above fornrs part ol'this Memorandum

ancl the Party agrc'e that the Ilackgrouncl is true and ?ccllrate.
l.l .2 Unless the contrary irrterrticn appeers
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2. Term

t.t.2.t

1.1.2.2

1.1.2.3

1.t.2.4

1.1.2.5

Finances
4.1.2.1

4.1.2.2

3

2.1 rhe term of this Memorandum shall be of five (5) years commencing on
1510612021and expiring on the 1410612026, untess otherwise ug.."i o,
extended by the party in writing.

2.2 The term shall be reviewed by the party not more than twelve (12) months
and not less th.an six (6) months prior io the expiration of the term subject
to the term being reviewed prior to this period.

Negotiate In Good Faith
The Party agree that they will cooperate with each other ancl at all times act ingood faith and with the joint objective of successfully and expeditiously
gonc]ulins and carrying out all ofthearrangements and agreements contemplated
in this Memorandum.
The Party Obligations
The Party agree that each of them shall have the following obligations in respect
of "To Demonstrate and Hands-on training of Laboraiory e'quipment".

Second Party(Administer)
on behalf of the other Member councirs, the Second pafty agrees;4.1.1 Administration

4.l.l.r to adrninister the work in accordance with this

4 t t z lr'fr"[':1'J,T,ff['i; ?fJ?l;:1H*1,l;';.[X,,.,
determined for the administration of the MOU and the
facilitation of the MOU;

Words noting the singular shall include the plural and
vice versa.
Reference to any gender shall include every other
gender and words denoting individuals shall include
corporations and vice versa.
Reference to any Act of parliament, statute or
regulation shall include any amendment currently
enforce at the relevant time and any Act of parliur.ni,
statute or regulation enacted or passed in substitution
therefore.
Headings are for convenience of reference only and do
not affect the interpretation or construction of this
Memorandum.
A requirement in this Memorandum for liaison and
consultation is a requirenlent for full and frank
discussion and includes a requirement where
necessary and appropriate, for full disclosure of
relevant information and material.

Network Costs and the Administration Cost is
mandatory to administer (Second party)
to prepare with the assistance from the Other Member
Councils, in accordance with this Memorandum, the
budgets for the Network; and

4
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4.1.2.3 to meet all auditing requirements for all monies
received and paid for in relation to the Network;

4.2

4.1.3 Menrbership of the Committee
4.1.3.1 the Chief Executive Officer or delegated officer is a

Principal and the nominee to the Committee is a

Concern Department Head;
4.1.3.2 to appoint a representative (Should be a Faculty of

Concern Department) from each party;
AII Member Councils
The Party agree:

4.2.1 Reporting
To consider reports and recomrnendations from its respective
representatives on the Comrnittee in relation to the
administration of the MOU.

4.2.2 The Committee shall at its first meeting (and annually thereafter)
appoint amongst the representatives a Chairperson who shall
hold olfice for a term of one (l) year but is eligible for
reappointment for a further term, unless he/she resigns in which
case the Committee shall appoint a new Chairperson to chair the
meetings.

4.2.3 In the event that the appointed Chairperson is absent from a

Conrmittee meeting the representatives present shall appoint an

acting Chairperson, who shall preside over that meeting or until
the ('hairperson is presenl

Operational Guidelines
5.1 Upon execution of this Memorandum, the Chief Executive Officer or

delegate of each of the Party shall prepare and implement Operational
Guidelines u,hich the Chief Executive Officers or delegates shall be

capable of arnending from time to time as the Chief Executive Officers or
delegates see fit.

5.2 Notwithstanding the provisions of this Memorandum, the Party agree that
the Operational Guidelines shall be the operative document that facilitates
the operational nranagement of the MOU.

5.3 The Party shall delegate to their respective Chief Executive Officers such
powers as are required and necessary to prepare and amend the
Operational Guidelines and to manage the network in accordance with the
Operational Cu idel ines.

5.4 The Parties agree to negotiate and cooperate with each other at all times
and to act in good faith in the operation of the Operational Guidelines and

to comply with its terms.
The Parties agree that the terms and conditions of this Memorandum may be

varied upon written agreement of the proposed variation by all the Member
Councils.
Liability
6.1 The Second Party shall indemnify and keep indemnified the other Party

against all actiorrs, costs, claims, darnages, charges in respect of injury,
loss or damage resulting from any negligent act or omission of The First

Prl
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7 Acknowledgement
The Party acknowledge and agree that each of the Party may in its own right
engage the other Member Council staff for their services; however any agreed

costs incurred by the Council in doing so shall be borne solely by the respective

Party.

BXECUTED as a Memorandum of Understanding

* {<{<*{< t< d( *,t,t rI ***
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THE SEAL of THB First Party
COUNCIL was hereunto aifixed in
accordance with its Constitution and by
the authority of its directors:

Name: Dr. Nirupama S. Dhoble,
Professor, Department of Chemistry.
Sevadal Mahavidhylaya, Nagpur

Sign & Seal

I\\NrNs b\r
lf\2^

Dr. (M?r,) N'E'Dhoolr -^

'ffi :r',,;Iiili'ffill'lilffi 
I

THE SEAL of the Second Parfy
COUNCIL was hereunto affixed in
accordance with its Constitution and by
the authority of its directors:

Name: Dr.Girish Mishra, Department
of Applied Physics, School of Sciences,

Jindal University, Raigarh, C.G. PIN
496109

Sign & Seal
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To.

The Rcgtstrar

Ph.D. Ccll.
0P Jindal UniverrttY.

Rargarh - 496109 (lndiaf

subjecr; Thesis subnrissron of ivtrs. chaitali Nlanohar Ntehare

l)arc lt)/ lo/2{}:l

Date crf RDC: Augusl29,2020

Rc gist ration No, : Docloratet20 I 9\Ph D( C hcm )\000 I

Dear Sir,

I have becn working lor rcsealqh rvork 0n "chcmical routc synthesis and

lumincscence characterizalion of rare'earlh aclivatcd l't,D and l'liD Phosphors"' tn

Departmcnt of Physics. OP Jinclal Llnircrsity, ltaig:irh. My Supcnrsor Dr' Girish C' Mi'shra

and Co-supervisor Dr. S, J. Dhotrle and Dr. N.S' Dhnhk: arc ratirl-tctl with thc restrlts of my

research and belteves thai the work to bc suitablc an<.| suffictent for suhmtssron of Ph'D'

thesis to thc OP Jindal Univenity, Ruigarh. All rcquired rlocumcnt.r and 3 copies o[ thcstr aft]

submitted with the cover letter.

I:trc losu res:

l. Thesis (03 Copics)
2. Softcopy of Thesis
3. Plogiarisrn Dctection ccrtificalc
.1. Registration lctter
5. Copy of Published one Rcrcarch Pitprr

6. Srtxlcnt Approval Form for Uploatling of l'h.D. Thesis on SIIOI)l-lCiAN(in 
"
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Under the

Youn SincerclY

iltlz.Chaitali Ntanohar illchare
Rcseurch Scholar.

I)rpurtrtrcnt ol Chcmlstry.

OP Jrndal UntversitY,

Raigarh-496109, India

Dr. Girish Mishra
Professor & Associate Dean

of SoS,

De panntent of Physics,
O. P. Jindal Univenity.

Punjipathra,
Itirigarh-.196 I 09. lntJia

Dr. S. J.Dhoble
Professor,

Departrnent of Physics.

It.T.M. Nagpur
University,

Nagpur-4400-1-1.

India

Or. S. J. Uboblr
Proferrur

Under Co-supervision of

NI.t)":b\t
Dr. N. S. Dhoble

Professor,
Dcp:rrtntcnt of Chcmistry.

Sevadal Mahi la M;rhavidhyalaya,
Nagpur

.14ff)09. India
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Luminescence characteristics of O6+ ion beam and y-ray

irradiated caeLa(POa)s(SiO+)F2:Eu phosphor

Chaitali M. Meharea'', V. Choprab, Chandan Ghantyc' N' S' Dhobled and S' J' Dhoblea

aDepartment of Physics, R.T.M' Nagpur University' Nagpul lndia; bP'G' Department of Physics & Electronics'

DAV Colleqe, Amritsar, lndia;cDepartment of Chemistry' O'P' Jindal University' Raigarh' lndia; dDepartment of

il,r;ilr_y] ilr;Jat uarrita Mahavidhvalava' Nagpul lndia

@T,?,Y,n:-15:,x"'i'RADIATION EFFECTS & DEFECTS IN SOLIDS

https://doi.or9/10.1080/l04201 50 2020'1737696

CONTACT S.J.Dhoble @ sjdhoble@rediffmail'com

@ 2020 lnforma UK Limited, trading as Taylor & Francis Group

'*: Check 10, trlxrattt l

ARTICLE HISTORY

Received 26 MaY 2019

Accepted 26 FebruarY 2020

l(EYWORDS

caeLa(P04)s (si04)F2;

thermoluminescence;
photoluminescence; w-LEDs;

phosphor

Sevrda\

ABSTRACT

ir""rroriia" CaeLa(P04)5(Sio+)Fz: Eu with variable molar concentra-

il;; Jii;'. io.oi-r.ororozoi *"t" svnthesised.bv the solid-state

iL.ili"^ t*,nod and their fhotoluminescence (P.L)' thermolumines-

cence (tL) characteristics v[ere stuaiea after irradiating the samples

;'il;:6;a zs ruuvodfion ueam'rneformation of the material

*.i'.oniitr"a using X-ray diffraction pattern followed by Scanning

;E;; ;i;;;.opiuna iourier transform infra-red (FTIR) spectrum'

il;;;;;i;gv drih" tv"thesised powder was observed to be polv-

:;;ti;iil; ;;;iliiuted uv microcrvstalline particles' FrlR spectrum

shows charact"rirti. ounit, ioiiti-' for bindrng vibration ua and

i'oi;;jii;;-stretcrrinq vioration u3' PL spectra show absorption

bandsat395 and 466 ",";*;;;aing 
to 

''io 
-+ sL6 and 7Fo -'.s-?7

;r"*iil;;;"d the emission band waiseen at around 595 and 616

;il'il;.ffi;sU;;4;;;;itions (7 : r,2)' Furthermore' rL slow

curves of both 7-rays 
"n'a 

ZS Ut"V 06+ ion beam irradiated samples

il;;;;;;l;Jnt i"urt ut uro'na t qs"c *ith a small hump at around

245'C. The concentration O'Z ana 1 molo/o was found to be the best

."^*"ii.ii'" tor stuaying rL prop-erties of cagLa(Po+)s(Sioq)Fz: Eu

irradiated with y-rays and-75 MeV'06+ ion-beam respectively'

l. lntroduction

overthepastfewyears,manyinorganiccompoundsactivatedbyrareearthmetals,such
as silicates, phosphates, borates, aluminates and sulphides, have attracted great attention

for their applications in different fields (l-13). Furthermore, these days' the synthesis of

differentnovelphosphorshasbecomethecurrenttopicoftheresearchcommunitydue
to their excellent luminescent properties required for solid-state lightening' Some of these

competentphosphorsareApatite-typephosphorswithfavourablechemicalandthermal
stability and excellent luminescent properties (14). Apatite compound represents a simi-

lar structure as the natural mineral fluorapatite caro(POa)oFz' lt is having general chemical

formula as Aro(pOa)oZz, where A represents au,*t'tr.f.,-uiCu'*,-tt'tn2+ 'Ba2+ 'Sr2+' 
Fe2+'

Mg2+andPbz+andz-.,"p,.,"n.,F,Cl,Broro.Moreover,[Po4]3-canalsobereplaced

Utnl
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1 | INTRODUCTION

Recently, high performance thermoluminescence (TL) materials have

received more attention in technology fields due to an increasing

demandforTLdosimeters(TLD),whichhavewideapplicationin
industrial, environmental, personal, and clinical ionization radiation

protection.tll Thermoluminescence is a phenomenon of crystalline

materials that absorbed energy from electromagnetic radiation or

other ionizing radiation that is then re-emitted as light upon heating

and which can be utilized for radiation dosimetry.t2'3] The emission

intensity of light revealed by phosphors on heating gives an idea of

the irradiation dose given to it' A theoretical model for TL analysis

was first proposed by Randall and Wilkins'lal According to this model'

electrons are trapped during excitation in some lattice sites' When

crystals are heated, electrons are released thermally into the conduc-

tion band and are finally recombined with holes at the recombination

LtjMlil*HSffiNCE Wtrev
) hr ir,,sr,, 11 lliab?{41 ,trd i n$*'r rl l u"r^*rttt(o

Thermoluminescence dosimetry properties and kinetic analysis

of KsCaz(SOa)3F:DY3* PhosPhor

c. M. Mehare1,3 I M. D. Mehare2 | c. Ghanty3 | N' S' Dhoblea I S'J' Dhoblel

Abstract

A trivalent Dy3'-activated KgCaz(Soa)3F fluoride-based phosphor was synthesized

usingasolid.statereactionmethodandcharacterizedforitsthermoluminescence
(TL)application.Thecrystalstructureandsurfacemorphologyoftheas-synthesized

materialwasanalyzedusingX-raydiffractionandscanningelectronmicroscopy.A

series of the KsCaz(soi3F:Dy3* phosphor was irradiated using 1-rays from a 60co

sourceandTLglowcurvesWererecordedusingaNucleonixlooglTLreader.The

glow curve of the prepared phosphor showed a prominent single peak at 278'C' TL

characteristics were maximum intensity at 1 mol% of Dy3* ion with a single TL glow

peak. The TL glow curye revealed linearity with increase in exposure dose range from

0'lkGyto3.0kGy.TheoreticalanalysisoftheTLglowcurveofthel-ray.irradiated

sample was carried out using a computerized glow curye deconvolution method and

trapping parameters such as activation energy and frequency factor were calculated

using the initial rise method and llich's method. The synthesized Dy3*-doped

KsCaz(SOds phosphor revealed excellent TL properties and was found to be a poten-

tial candidate for dosimetric applications'

KEYWO RDS

activation energy, dosimetry, frequency factor, kinetic parameter' thermoluminescence

sites, resulting in TL emission, which is represented by the TL glow

curve. Thermoluminescence does not refer to thermal excitation' but

to stimulation of luminescence in a sample that has been excited in a

different way. trhe TL material cannot emit light again by simply

cooling the sample and reheating it another time' lt should first be re-

exposed to ionizing radiation to again produce light' Generally' TL

phosphors useful for dosimetry application must satisfy some impor-

tant characteristics such as high TL dose sensitivity and accuracy,

show linearity of dose-response over a wide range' Also they should

not exhibit any thermal quenching, be inexpensive' free from hygro-

scopic and toxicity properties, show negligible UV light response' be

reusability, and be easy to process'l5'61 Dosimetric characteristics of a

TL phosphor are mainly influenced by their trapping parameters such

as activation energy (E), frequency factor (s) and order of kinetics (b)'

which describe the defect centres responsible for TL emission' Mixed

sulphate-based phosphors have excellent TL characteristics due to

2020 John WileY & Sons, Ltd'
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Tailoring the luminescent properties of CarLa(POds(SiO4)

frii ,"i.Zriu'* phosphor via doping of chloride, molybdate, vanadate'

sulfate, and tungstate ions

Chaitali M. Meharet,s .Yatish R. Parauhar .Vibha Chopraz'Sudeshna Ray3 ' N' S' Dhoblea'Chandan Ghantys

:)

Abstract
we report here, the CaeLa(POo)r(Sio)F2:1 mol%Eu3+ phosphor via doping of chloride' molybdate' vanadate' sultate' and

tungstate ions that were synthesized by high-temperature solid-state reactir-rn method. The phase formation was confirmed

by X-ray diffraction fxnbl measurements. Morprrotogical studies were performed using scanning electron microscopy'

photoluminescence and thermoluminescence properties of the synthesized phosphors were systematically studied' The PL

excitation spectra of host material show peaks at 395 nm and 466 nr, .ur..rprnciing to 'F, t 
tl-u anrJ 

7Fn 
- 

5D, transitions

of Eu3+, respectively. Further photoluminescence properties also studied after doping of molybdate' vanadate' sulfate' and

tungstate ions in host materiai. When excited at 3'g5 nm and 466 nm, PL emission spectra show emission band at around

595 nm and 616 ,"r, *;;';;;;ib";;;i; 6r--'n, una tDr-'F, transiti'ns, respectively' Further TL glow curves of all the

synthesized phosphors were studied when exposed to Y-rays'

ell'ective ancl tremendous aclvantages such as high lumines-

cence efficiency, color purity, and long emission litbtimes'

In the recent few years, thousand types of phosphors were

analyz.ed to improve the qualities of the existing phosphors

[4-6]. Especially, a number of Eu3+-doped phosphors were

investigated t7-1 11. According to literature' Eu3+ is a rare

earth ion of immense interest. It is used in lighting and dis-

play technologies such as electroluminescence cells' plasma

airptuy panels, high-elficiency fluorescent lamps' light-emit-

tini Oioa"t, and waveguides as it shows remarkable photolu-

minescence (PL) properties [12, I 3]' Eu3+-doped phosphor

materials give sharp PL emission in the orange-red color

region, which is very useful for studying the nature of metal

coordination in various systems due to its non-degenerate

enritting sDo rtat" Jl41'
In the recent scenario, LEDs are modern lighting technol-

ogy and top-most choice in solid-state lighting devices' LEDs

have tremendous qualities and give a high-perfbrmance com-

parison to other incanclescent and fluorescent lanps' LEDs

have marvelous advantages such as low cost' eco-friendli

1 lntroduction

For luminescence applications, host materials that can be

excited under UV or visible excitation and those which

possess large band gap are suitable matrices, into which a

small concentration of foreign ions called activators can be

incorporated Il]. tn the modern era, rare earth (RE)-doped

phosihors are widely applietl in clill'erent areas such as solicl-

state lighting, display devices, dosimetric application' fin-

gerprini detection biomarker, solar cell, etc' I I --a]' RE-doped

pt ospt ots gained more attention and popularity due to their
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ness, long lifetime, high luminescence effi ciency brightness'

and energy-saving qualities t15-201. At Present, the existing

method of fabricating WLEDs by combining blue InGaN

chip with yellow-emitting YAG Ce phosphor Produces white

that lacks red component, resulting high correlated color
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ABSTRACT

The fluoroaPatite CagLa( POr)s(SiOq)FCl :
.l 

mol% Eu3* PhosPhor was synthesized by conventional solid

state reaction. ln the present work keePing concentration of Fr Clr constant and (Por)3- of the material

was replace bY (Moo4)3-. The phase PuritY and surface morphologY was evaluated through X-raY diffrac-

tion and scanning electron microscope technique. The emission and excitation spectra were investigated

using Photoluminescence spectroscoPy The excitation and emission spectra indicate that PrePared Phos-

phor effectivelY excited bY 278 nm. exhibits emission Peak at 595 nm and 6l 6 nm corresPonds to Yellow

and red colour attributes to sDo-7F, and 5Do-7F2 transitions respectivelY. The above result reveals Pre-

pared phosPhor is excellent red PhosPhor in white light emitting diode aPPlication.

@ 2019 Elsevier
Selection and Peer-review

Ltd. All rights reserved.
under resPonsib ility of the scientific committee of the 11th National Confer-

ence on Solid State Chemistry and Allied Areas'

l. Introduction

Recently in comparison with conventional incandescent or flu-

or.r."na lamp whiti light emitting diode (w-LED) receive promis-

lns attention in the field of solid state technology due its unique

ctr'araiteristics includes' intense luminous efficiency' long opera-

Ii"".itiiurrirv, mercury free, eco-friendly' low power consumption

ieueifs UOe-application prospects ll ll' In general' white LEDs

i*-ieotl avaitiute in maiket tan be manufactured by combining

ieffow emitting phosphor with blue InGaN chip' However this type
'oi *-imt suffiilimitation includes low colour rending index(CRl)

.rJ t tgtt .rt*lated color temperature (CCT) due to deficiency of

,rm.i.Int red emission l4 5 i. This limitations is overcome by adopt-

ing .it.in.ti* approach for the formation w-LEDs' by means of

;;"dG ;i near-'ultraviolet (n-UV) lnGaN- based chip with tri-

."fo.tilCsl phosphor' but stili has disadvantage of low efficiency

;;;i; t;-;b't"rpiion of blue light bv red and green phosphor l{;i'

It leads to development of aliernative red or tunable phosphor

with excellerit stability and suitable excitation wavelength in the

n-UV region. Recently, apatite-type based phosphor received more

att.ntio"n as a host luminescence'materials owing to.their remark-

able luminescent efficiency and excellent chemical and thermal

srability i7.sl.---it. 
.otpounds belongs to apatite family will be iso-structural

i";;i;;.o*por. of hex-agonaisymmetry (space group of PQ/m)

;;;;;;i;; ;."eral formula"R,ot PorlzS where-A- indicates divalent

..ii""i i,i.rraes ca2*, sa'-, Mt-, Pt';' sl.' Fe,*' Mn2* etc' z- rep-

i.r.rin, Cf, Br or o. With consideration of structural morphology

lPorl3- can be sutstituted'-ur-1iio.f-' [Boals- and [Voa]3-

i,,:.ii ,,i. rnu compounds with apatite structure reveals the capabil-

ity of substitution by versatile ions and forming the changeable

solid state solution apatite structure' attributes to the tunable

iurin"r."n.. followed by excellent luminescent properties, hence

g;l;';;;; i*erest for t-he svnthesis novel inorganic framework

ilith n.* compound belong to apatite structure'

In in. pr.r.nt work we-re-poit the synthesis of casla(Poa)s-*

(M;;:isio;jFrclr:1mol% Euj' fluoroapa-tite tvpe phosphor bv

;;iid ;;i. ,.i.iion method, furrher [po4l3- of the host is replace

ir'inirb-ofi 
-'.no,ntit 

luminesceni properties .are 
investigated'

The formation of as-prepared phosphor was further confirmed by

il*v Jin*"ion (Xio) and 
'itnning 

electron microscopy (sEM)

* corresponding authors.
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1. Introduction

tn the age of digitization, the energy shortage more times felt

when the eGctrical power is generated on this planetis inefficiently

consumed for lighting applications' lf energy is not utilized judi-

;i;rJt ;;d wiiety ror tighting then manv p.roblems are clearlv

;iled on the planet because of the world population daily

inir.ii.a and industrialization regularly improved [ ],2 l. Rare earth

".iir.,.a 
inorganic phosphor has attracted a lot ofattention due to

itreir e*c"tt.nt features. Rare earth activated inorganic phosphor

*iJ"fV .ppf i.O in the field of luminescence and their research has a

nigtr impict on the energy and environmental sectors [3 5]' lt is

also widely used in the field of Hg free fluorescent lamps' plasma

O"pf.v-pi"Js, indoor lighting, cathode-ray tubes' solar cell'

n"g.i'pti'", detection, bio-sensing, phototherapy' plant growth'

wfriie'f ignt-emitting diodes (WLEDs) and Dosimetric applications

i,"'iuL-soria-ttateiighting (SSL) based devices ar,e predicted to

pt"y , i.uciat role in the .orning few years' They. offer to save huge

"rount, 
of electrical energy and reduce carbo-n emissions by

iimost Zg million metric tons per year globally [1] l. In recent years'

il;;;-h;;--.onu..t.a white light-emitting diodeshasrevealed

extraordinary features and it bec;mes the best choice in lighting

i".f,nofogy iue to their advanced technology and excellent prop-

.iti., ,rln as compact size, high luminous efficiency, energy sav-

i"gt, f""g operation life.time, and environment-friendliness' etc

t,", ., rlL*hi.h promise significant reductions in power con-

iurnption'rna poilution from fossil fuel power plants Il2l' Gener-

.ffy,'Lgot are used as an indicatot' rear lamps for vehicles'
* Correspondingauthor.
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Photoluminescence and thermoluminescence characteristics of

ili;ii;O,rtUy'*new phosphor prepared by combustion synthesis
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ABSTRACT

study reported sYnthesis of DY3+ activated CaAl2Si4O12 PhosPhor via combustion techniques.
The present

morphologY was analYsed bY X-raY diffraction pattern and
The formation of crystal structure and surface

phosphor material
scanning electron microscopy. The photoluminescence spectrum reveals, the PrePared

exhibits an excellent emission at 422 nm, with two peaks around 479 nm (blue region) and 575 nm

(yellow region) monitor at excitation wavelength of near UV 369 nm. ln addition, CtE color chromaticity

confirms the emission locate at the blue light region, revealed suitability of prepared PhosPhor in UV

blue emission for white light emitting diode. The Thermoluminescence characterization of Pre-
excitable

dose rate of 7.2 kCY/hr was further carried out
pared phosPhor irradiated with a 60 Co y- ray source at

using a Nucleonix TL 10091 TL reader. The tapping parameter such as activation enerSY (E) and frequencY

factor (s) was calculated using llich's method.

@ 2020 Elsevier B'V' All rights reserved'
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l. lntroduction

The crucial need of energy saving and environmental protection

issue, facilitate the research on the development of white light-

lJiiitg oitO.s (w-LEDs) for lighting due to their unique char-

i.i.iirti., includes, long life-span, high luminous efficiency, good

operationat stability, energy sa'ing, fast swirching' color quality as

d.ri .i .n itonmentaffriinoly chlracteristics which can expected

;;.pil conventional sourie of light for world-wide in near

ir,uiu t,-il. Recently, the development of inorganic compounds'

Ip..i.irv tiie rare-earth-doped luminescent materials' has been

ieieiveo-more attention owing to their potential applications in

il;;[ oir.tnp industries, field emission display (FEDs)' radia-

iion dosimetry, iolid state laser and white tight-emitting diodes

iwLrorl it; riii. tn the recent year there is.extensive investigation

li'pt.iptt"tt are already carried out includes aluminates I {ll' or-

;#ii.ftt f r2l, nitridei Il;'irl, oxides Ii'"r'll' su.lphides lrTietc'

f.lormaffy, the initial composition of the host materials' dopant con-

;.;i;.d;t and processing conditions define the luminescent char-

iii.tiration of iare earttr doped activated materials ijlJi' Among

ihe various reported host phosphors' the alumina-silicate have re-

a.ir.O ,ot. attention owing to its numerous merit such as ex-

cetlent luminous efficiency' long life time' low.cost and remark-

;i; ;hv;i;tiana cnemicit tttbilitv [11"]iil' Initiallv' first W-LED

*., i'"r.nt.O by combination of biue LED with yellow phosphor

ivac,c.'' ) however poor color re-nde.ring lndex and high corre-

i.i.o i.fri temperature limit its further commercialization l?1i'

;;;;;;p;..c'h adopted is to combine w LED with RGB (red'

gr..", ui,i.l pnospt oi but it's lower luminescent efficiency ow-

irg-i" itt."g'absorption of blue light by 1e{ 
and. green compo-

".".i 
.i pn.iphors which further hindered its utilization which

intensiveiy diive the attention toward the development of sin-

gi. pt.t. white light emitting phosphor l't);))l' A single-host

ivnite-emitting phoiphor usually 
-reveals 

broad or multiple emis-

ti." p..f.i in"t'ne visible region and hence paid.crucial inclina-

;;;; irt development of nov-el broadband or multi-peak emitting

Uv or n-Uv .*iit.bl. w-LED with color stabitity l?'4";:'l' [n recent

J..J.i, the rare earth doped activated phosphor gain prime posi-

tion in ,.tiout filed such is lighting' photosynthesis enhancement'

.nJ pnoroOynamic for ..ntti thtttpeutics i;'lil-lSl'The trivalent

i,v;.?ri.it,ibits two intense peaks.in btue and,vellow region at

about wavelength 479 nrn corttsponding to the 4Fei2-oHl5/2 and

575 nm corresponding to the 4F9/2+6H1312 
.transition 

representing

its-poi.nti.r apptication for whi[itight i'mission [:il'i0l' The sili-

.1,. t,ott ptroiptror doped with Dy3+ tont shows wide application

ioi-g.n.r.tlon of whiti light by iimply- varying-the ratio of blue

,nO"V.ffo* part of intensities Iil'i-Zl' Moreover it plays as very

important role in many long laiting phosphor such as BaAl2Si2Og" Correspondence author.
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Abstract. The trivalent Eu3t activated KMgr(Pon)r phosphor has bee n suoccsfully preparedvb

solid state diffusion techniqr".ff,.piuJtiil;tiffil'd tt*ti"f '"otphologicalstudiescanhl
out by XRD pattern andSEM "ra,iir' 

ifr. photoluminescenceexcitation spectm cented at 395

nm atributed to 7Fo- 'r...n.rJ',t*nr;j;r";;;lt. 
pr- emistion spectra centred at 593 nm and

613 nm conesponds ,o.ro-,il,i'ii"i,;j'il;;il:ii;" in the host respectivelv' The

"*p.ri*"nturi""utts 
showed thuiiri- ,ingty doped KMg.r(Poa): phosphor under UV exciAtbn

gir", ini.nil i"a 
"*iirionr. 

rn. Jriri."il?iquenctring-cont"i,thtiontqc)was 
determinedto

be I .0 mol% atong with .*r.1.niCie coordinates of t0.6326.0.3670). All the above resrb

exhibits, the prepared pt orpt o, i, ji#rirgr"Gtia 
"tw "*.ituur. 

red emittingphoryhorfor

x-.LvEf;oro* phosphor; Down conversion; Luminescence; Chromaticity coordinates; w-LEDs

l;it*:L',lt'ola, t,i,ut.nt rare-earth (RE:.Ii"l',d:!:1 'l:l9i::"":T::i:?::,T:.:i':Td 
more

attention as luminescer;;;;; owingio tilft *ii" "pfiitutioi 
in the various field such as w-LEDs'

medical applications, non-inversion thermometry, solar energy conversion' temperature sensors' field

emission displays *o *iiJ rt"i, tigt,ring (ssL;l;;;; ;;ir,ar. of emissions atttibutts to electronic

transitions in the 4fn configurations I I I ]'.ln the present era energy saving is the prime issue and hence

maior inclination to*rJr-*-LEDs in display ttttinotogy owing to-its excellent performance' low porarcr

consumption, durabilitv, high compatibilitv' ";;;;;;;G' 
;. Y:ll as are of hi[hlv economical l1'5l'ln

order to rearizethe excelreni luminescent materiaii iimui'e*triuits some important characteristics such

as prominent ".i..io, 
ii';i";;y under n-UV/U'i" l.tii"ti"n' good thermai and chemical stability as

well as narrow band emission with good uU,otpiion' ln general iwo.approach are adopted to achieve po

w-LEDs include (i) combination of yelow ".i;i;; iYi.C,C.'.) n1,oroto', with blue emitting (lnGN)

chip but owing to l""k';;;;;;ission it ,tto*''i.'igi''-C-C1 una'poot bRt *t''ith hinder its commerce

alization.(ii) This limitation can be overcome *i'i'i"nt approach ol.combination ofRGB phosphor witr

n-UV or blue excitation chip to improve tt."pii.ui pr"p!ir;;r6r. The poor thermal stabilities and aging

rates of the differentphosphors also restrict ii.ir'"p'pri*,ion, in w-LEDs [7'8]' Moreover' variow

components of irorguii.'f-,i*in.rr.n, phosphor mateiials encompass with borates i{) i' Aluminatei i{)l'

vanadates I l i l, tungstates i t17], silicates I 1r I ;i fi;;'il;; ir+t h*l u.en studied for generation of

from this work maY be used under the Erms of the (lreative (ilnrmons Attribution 3.0 licence Any further distribution
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Recent development of Eu3*-doped phosphor for white LED

application: A review
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Abstract. The phosphor convertedw-LEDs gaincrucial attention in solid state lighting(ssl-) for

g"n"rution oliti,n,, iiution o*irg;";;;;;;;";s meritorious advantages such as superiorlife

time, excellent efficiency, ."d;;;,;;liuUifiiy u"a power saving Jonsumption as well as

environmental friendty. Th" qr;Iil';;*-r-eot in figniing and display is influence by hos

pr,orpioiura i'r,. .r,ti., "f' 
;;ir;;. ;;";;;;li"ii"fipt"." dedicated to devebped

inventiveuni-nucleiluminescent ft,ospfror materlab compose of chromatic stability' optinum

CRI and low conelated .ofo, tJ*ptltuture' This review elaborate theintroduction ofEu3+mIE

earth activated red emitting pililffi;;,g1"ii" jrio-zr J \J= l '2'3 '4) 
energy levelsand h

fundamentalmerit for w-LEDr.ff,i, uttitft t"tpresentthe.analv seofcombination ofdifferenttypes

of Eu3+ activated tuminescentriltlilrr uvit.Ju"nalani novel methods and its impadon

Photoluminccence for SSL'

Keywo rds : Ph o spho r; Eu ro pium ra re earth io ns ; En ergl transfer m echanism ;

Photoluminescence; w-LED'

h rr.'liJl3,"l i.,ll"* uno digitarization, energy saving and environmental protection gain world-wide

attention. ln the past decades, luminescence%;itt# shows crucial utilization for development of

display technology tli. O";; U^i, of absorftion and emission of radiant energy luminescence are

classified into categories namely up-conversion and down conversion emission mechanism[2]' The

active centre and active medium pluy. ,..yffi;il;; ; ;lg:l to visualize and realize efficient

luminescence. The phosphors materials appliiable for commercial purpose must possess certain

meritorious characteristics like long or.rulri'oiJ-rir., i.*uttuute eneigy efficiency' high cRl'

considerably environmental friendly. Mor"ou"itt . conventional source oflight includes incandescent

lamp,halogen*a*.,o,r"*p"*i,g.otheirlargeenergyconsumptionandenvironmentalissueare
replace by light.*i;;; iilippi:l"yla u".*-pl""a it,at *ia.ri'ead utilization of LED source of

light in .o*p*,ron *'i?t, truaitionrr rigrrt source"Ju.. worldwiJe consumption of electricity and

exclusion ofmercury supportthe enuiron*.nii';i;;i;t additional boostto the developmentof LEDs

for lighting[4r. Th. ;;;6ment of.this ..i-iri."aTv technologv help in reduction of global powu

requirements ^ *.ft 
,"ar"Js utilization of fossil fueis. There are various chronology reported for the

development optimum lumin.r."n.. p"rfor*ui""oifno-'pf'o' for w-LED application required for solid

state lighting ,ppli;;i;'i;iiigr,tire *q d;il;t 6r"tiigtt.*urces [5]' commerciallv' phosphu

converted w-LEDs can be obtained *rr"n uru. L*itting tndaN based semiconductor chip coated with

yellow tight emittinilec'c.4r"^ry.r,"t.;;l,t ;;;"'ultion of white light [6]' However' it shows poor

color rendering indi-es (cRI- 70-g0) ur"ng i"iin"nith correlated color-temperature (ccr -4000-7500

K) but due to deficiency of red comp";"; i; it'E 
'p"t*ur 

region hinder its utilization for indoor

lighting[7]. ro ou.r.o*6 the flows ufi*nuii"'*tiitol i' uAoptEa involving the combination of near

ultraviolet (n-UV) LED chip with tri-chro;;;;;;teen and blue (RGB) light emitting phosphor hm

been proposedttl.Unfortunately phospho, *i*t"" ieiealed strong re-absorption of the blue light by fte

green and red phosphor as well ^ non-uniiormity in luminescent p'op"ititt, resulting deficient in
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Study of thermoluminescel:: a,nd trapping parameter

evaluation of K3Caz(SOqhF: Mn2+ phosphor in perspective of

TLD aPPlication

M. D. Meharea, C. M' Mehareb, N' S' Dhoblec and S' J' Dhobleb

aDeoartment of Applied physics, priyadarshini college of Engineering, Nagpur, lndia; bDepartment of

phyiics, R.T.M. Naepur U.,rll-:*.y,'nriiirr, i.liu,'o,ipu;il;il;iCh#isiiv, se'aaat Mahila Mahavidhvalava'

Nagpur, lndia

AESTRACT

fi" ffi; of Mnz+ single doped fluoride-based KrCaz(So+)rF'phos-

il;il.;;epa,ea uv itte coiventional high temperature solid-state

I;;ilffi"if, oa. rn" ro'mition of phase [uritv and morphologv was

ffiil'ilih" ino uno'sirvr unuiytut' the prepared materialwas
."i.iiiiii'U, y-rays from 6oco souice and the thermoluminescence

[IL) characteristic was tutt:Jo't by Nucleonixlo0gl TL reader'

The orominentfr- Oosimeiry p"tf oUt"t"-a tor K:Caz(SO+)gF:1molo/o

d'[';;ili J eto'c ientred al217'C' revealed deeper traps'

iiiL ri 
"lr'iuiit-. 

ii^".t i"'pont" as a function.of dose rate up to

4 kGy. The computerised qlow curve deconvolution (GCD) method'

employed for the unu'vtll'oi rL gio* turvu' shows the kinetics of

the first order' fn" t,upp'q iu'u"i"t"rs *"t" evaluated using Chen's

il.il'tffi;"it "J.ihititi'it" 
t""'t'"a and llich method'The results

exhibit that the ,yn,n"#tJihoipnoi *ut found to be a potential

..naiJui" fot radiation dosimetry applications'
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1. lntroduction

The phenomenon of light emission from crYstalline materials, such as semiconductor or

insulator, under heat treatment on previouslY irradiated material by highty ionising radia-

tions, is described as thermoluminescen ce (l).The radioactive radiations, which are com-

monly aPPl icable in the medicalor nuclear field, show a hazardous effect on human beings

and hence there is a serious need for the mon itoring of radiation doses. Several technical

methods for radiation detection, such as ionisatio n chamber, GM counter, etc', were used;

however, among

their enormous ch

them TLD phosphor revealed promisi

aracteristics such as their smaller size'

ng appli
cost effective,

cations over this owing to

ease in handing and

fast readouts. RecentlY thermoluminescence dosimetrY (TLD) received more attention in

various areas such as environmental issues, industries as well as medical aPPlications and

protection. The thermolumi nescence materials revealed excellent susceptibility for both

personal and environmental monitoring' available in considerable smaller in size and hence

easily adaPtable for both manual and automatic processes, also these materials revealed

coNTAcT M'D'Mehare @ mdmehareSl@gmail'com

@ 2021 lnforma UK Limited' trading as Taylor & Francis Group

Principal
idyalaYa

Urnrer Road, NagPur'9.



It;rrilr;l tll l,1oii(1i,il l',1rlfitf(' 1l'tlt 2ti))' :)'l':':i'

Contents lists available at Scirn<;eDiri;cl

Journat of Molecular Structure

journal homepage: www'i;lstil'iet'r;t:tl''ilciticrmol$tl

Improvement of self-activated luminescence properties of 
-

Ca2l(zn2(voa)l down-conversion materials by SSR method based on

.o-Oop.a Eujl,Dy3+ rare earth ions concentrations

C.M. Mehars'r'lt":, 51rir5 Mishra'', N'S' Dhoble" SJ' Dhoblei'

l.

eDepartment of Physia, O.P. lindot Universiry' Roigorh 496109' lndia

'-rt",r^r*it piysio, fl.T'M. Nswur untuersitv' Nogpur 440.033' tndia

';;;;:;;;; i cir oi,t v' sevadoi'Mohitu Mohividhvatova' Nowut 44000e' India

ARTICLE INFO

Nticle histotY:
Received 9 February 2022

Revised 3 APril2022
Accepted 5 MaY 2022

Available ontine l3 MaY 2022

Keywords:

seif-activating vanadate based phosphor

Rare earth ions

Energy transfer
Luminescence
WLEDs

ABSTRACT

In this study, a self-activated and co-doped Eu, Dy with CazKZnz(VOq): (CKZVO) PhosPhors were syn-

thesized by conventional solid state reaction method. The Powder X-RaY diffraction studY confirm the

formation of single phase cubic crYstal structure with space group IoId. The surface morPhologY of as-

synthesized phosphor was verified bY SEM analYsis. The FIIR spectrum shows characteristic bonds, for

bending vibration and asymmetric stretching vibration. In Photoluminescence under the UV excitations

the CKZVO PhosPhor display greenish blue emission due to the VO4 transitions ions in host matrix. The

PL characteristic of CKZVO: Dyl t phosphors exhibits intense emission centred at 480 nm (blue) and 573

nm (yellow color). Moreover' CKZVO: Eur* PhosPhor exhibits strong emission at 500 nm (green) and

615 nm (Red) under UV excitation' Further co-doPing of Dy3+, Eu3* in the host matrix reveals a strcng

emission in blue, green, Yellow and red region. The chromaticitY coordinates of the samples were in near

white region. All the results exhibit that CKZVO: DY3r, rr'- PhosPhor might be a potential material for

NUV-based white light-emitting diodes.
o 2022 Elsevier B'V. All rights reserved'
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1. Introduction

In recent years, the commercially available (RE3+) ions activated

witn inorganic based phosphor received vglumlngys attention 0w-

ing to thiir numerous application in various fields such as rang-

i"E ."rri Jitprays' wLEdi' medical diagnosis' non-inversion ther-

mometry, solar energy conversion, field emission displays and solid

rtr,. lG"ttting (SSr-) dle to their emissions arising from the abun-

a.ni trlnritirns in the 4fn configurations | 1 - I ]. In the recent, cur-

,."i iri.i." is inclined toward the developmenr of white light-

.rniating diodes for energy conservation' owing to its marvellous

.Jririr?"t includes, nigf efficiency' low power consumption' long

iif.,i"r., ."0 high compatibility along with economical and ecolog-

ii.i.nri..t.titics ta,:'1. tn addition' these LEDs exhibits wide ap-

;Ii..fi; in medical and architectural field for lighting purposes.

iii.-w-Lrot are normally manufactured by the-yetlow emitting

vnl: Cei* phosphor in combination with blue LED chip' but this

;;;;; r.re.li certain disentangles like low.color rendering in-

;'eI'aCRijand high color temperature (ccr)and hence' there is se-

rious need to search alternative technique to generate white light

whichadoptedtobecombinationofprimarycolor(RGB)witha
,..i uvlio chip. But this suffer draw-back of re-absorption of red

ii;;;; ,itiout tvpe of phosphor which hindered.its popularitv

.iJ-n.n.. neeo io resotve 1ti,'':;' Undeniably' development of an

;;;;iirf enoslhor material that'overlay a broad spectral emission

;;;;; i; i.o, gt..n and blue regions (400 nm to 750 nm) combin-

irg"*iin UV iight-emitting chip might be prominent way to over-

come the above complications iilr ii);'--'v.n.O.* 
belong io chemical component 0f tetrahedral (VO4)

g.rpt *i,-t n.g.,ii. (-3) charge and thetentral.metal ion that en-

compass by four oxygen ionsln tetrahedral (T6) symmetry which

i;k;;*, to U. ro, an efficient luminescent nucleus 1l1j' The ions

i,1r. ,.rn. charge as that of host phosphor and roughly the same

;1;. ; be easil-y substitute for each other in the host matrix' The

vanadate based luminescent materials is commonly known t0 be

i, ,.ni.tir.t.d phosphor' and the property of (Voa[ group to be

act as sensitizer to the rare earth lons' ln addition' the superior

.tLmic.f and thermal stability along with low.synthesis tempera-

;;; ft;;; vanadate phosp-hors as encouraging phosphor mate-

;il [ai ih. various inorganic based phos.phor m.aterials includes

borates 1131, Aluminate ir 1, vanadaies ,ltr r' silicates l lril and

il;;;.i.t'ir;1 .t.. witt ieporteo as luminescent host materials '' CorresPonding author.

f-moil oddresi:,1'1 : )')f(r I ii(i\rilri,'l'i'i:r''rrr (C'M' Mehare)'
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Highlights

A novel selGactivated KzcazMg2(voa[ phosphors was prepared by solid_statereaction method.

The luminescence properties ofrare earth ions (D)r3*, Eu3) doped and undopedK2Ca2Mg(VOa! phosphors have been examined.

The energy bansfer between VOa! and D)r3*/Eu3* was investigated.

The optical band ofK2Ca2Mgz(VOah phosphor was 4.60 eV.

Abstract
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Keywords

The inlluence ofrare earth (RE) ions on the l2hotgluminescence (pL)properties ofserFemitting KCa2Mg2(vo4h pbosphors were studiedin detail' In this investigation, RE doped ani undoped Kca2Mg2(voah phosphors have been successfuily synthesized by sorid_statereaction (ssR)method' The phase Purity, structural, vibrationJ ana ruh**rapropatr* have been investigated by diferenttechniques' KCa2Mg(voa! phosphor shows selGluminescence rronl*.r, it exhibits broad emission in the range of400{50 nm under346 nm excitation' Interestingly, with the doping ofot'* ior* i, xcarrrg20o4)3, we have noted that emission intensity increases in theinitial stage up to 0'3 mol96 concentration oiop. io.rr, ,ft.r ah; ;;;.*"ation quenching observed. In addition, luminescenceproperties ofEul doped KCa2Mgzoo4h phosphors were also investigated for multipre.*-.ia"aio., waverengths. They shows energytransfer behaviour between voa' and rui*' The commission tnternationale de rErcairage (cIE) coordinates ofRE doped and undopedKCa2M&ffoa[ phosphors have been calculated using oSRAM SYLVANIA color calculator. overall investigations and their outcomes, itwas clearly proved that prepared phosphors have huge potential for future generation lighting technology.
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