
MEMORANDIIM OF TINDERSTANDING ( MoU)

This Memorandum of Understanding is made on the 15th day of June 2017 and it is

valid up to 14th June 2022 (05 Years)

BETWEEN

Principal & PG Department of Physics and Electronics, DAV College' Amritsar'

(First Party)
AI{D

Principal & Department of Chemistry,

Sakkaidara Square, Umrer Road, Nagpur (Se
Sevadal Mahila MahavidYalaYa'
cond Party)

BACKGROUND

A. Each ofthe Party owns and operates facilities for the provision of

1. Use and Exchange of Research activities'

2. Collaborative Research Publication'

3. Patent Publications.

B. The Party currently have an arangement with each other with respect to the

training, torrowing, and Awarenesi of Knowledge material that each Member

Council works ,og"it.. with resource sharing' Knowledge sharing and

maintenance of a shared resources'

C. Each of the Party agees that the MOU shall be collectively known as "To

Exchange of Resear[h activities and collaborative Research Publications".

D. The Party desire to formalise their agteement and understanding in relation to

the Network *d h; ;tttd to entei into this Memorandum of Understanding

in this regard. Howeve{ the Party agree that this.Memorandum shall not create

any legal obligations aJ-*t'lttt tltogniting that there are no enforceable

obligations between them the Party agree 
-to 

perform their obligations pursuant

to th], M".o.-dum in gootl faith andto the best of their abilities'

E. The Party agree that each ofthem shall have the following obligations in respect

of t'Research PoPularization"'

F. Second PartY(Administer)
On Ueiralf of the Other Member Councils' the Second party a$ees;
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AND THE PARTIES AGREE:

l.l Interpretation
l l.1 The Background set out above forms part ofthis Memorandum

and the Party a$ee that the Background is true and accurate.
1.1.2 Unless the contrary intention appears:

1.1.2.1 Words noting the singular shall include the plural and
vice versa.

I .1 .2.2 Reference to any gender shall include every other
gender aad words denoting individuals shall include
corporations and vice versa.

1.1.2.3 Reference to any Act of Parliament, statute or
regulation shall include any amendment currently
enforce at the relevant time and any Act of
Parliament, statute or regulation enacted or passed in
substitution therefore.

1.1.2.4 Headings are for convenience of reference only and
do not aflect the interpretation or construction of this
Memorandum.

1.1.2.5 A requirement in this Memorandum for liaison and
consultation is a requirement for full and frank
discussion and includes a requirement where
necessary and appropriate, for full disclosure of
relevant information and material.

Term
2.1 The term of this Memorandum shall be of five (05) years commencing

on 15/10fl2017 and expiring on the 1410612022, unless otherwise agreed
or 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 than six (6) months prior to 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 and at all times act in
good faith and with the joint objective of successfully and expeditiously
concluding and carrying out all of the arrangements and agreements
contemplated in this Memorandum.
The Party Obligations

4.1.1 Administration
4.1.1.1 to administer the work in accordance with this

Memorandum and the Operating Guidelines; and

4.1.1.2 to be accountable to the Other Party in a manner
determined for the administration of the MOU and

the facilitation of the MOU;
4.1.2 Finances

4.1.2.1

2

3

4

4.1.2.2

Network Costs and the Administration Cost is
mandatory to administer (Second Party)
to prepare with the assist lce from the Other Member
Councils, in accordance with this Memorandum, the

budgets for the Network; and

to meet all auditing requirements for all monies

received and paid for in relation to the Network;
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4.1.3 Membership 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
Concem Department Head;

4.1.3.2 to appoint a representative (Should be a Faculty of
Concem Department) from each party;

4.2 All Member Councils
The Party agree:
4.2.1 Reporting

To consider reports and recommendations from its respective
representatives on the Committee 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 office 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.

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

Committee meeting the representatives present shall appoint an
acting Chairperson, who shall preside over that meeting or until
the Chairperson 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 which the Chief Executive Offrcers or delegates shall be
capable of amending 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 management 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 Cuidelines.

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 indemnifr and keep indemnified the other Party

against all actions, costs, claims, damages, charges in respect of injury,

loss or damage resulting fiom any negligent act or omission ofThe First
Pafi Council;

Acknowledgement
The Party aiknowledge and agree that each of the Party may in its own right

engage the other Member Council staff for their services; however any agreed

"oitJin"*"d 
by the council in doing so shall be bome solely by the respective
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I THE SEAL of TIIE First Party
COUNCIL was hereunto affrxed in
accordance with its Constitution and by
the authority of its directors:

Name: D&_ RATESH kolvtA< 
?Rrtrctpat

DAV College, Amritsar, Punjab,
Dt-VrBd, ctloPAA
PG Department of Physics and
Electronics DAV College, Amritsar

Sign & Seal

t,

@v.boflese,
Prlnoipal
Amritsar

*\'p-
PH'I$CS OtlF,r ir r r.ri.rd.r
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EXECUTED as a Memorandum of Understanding

* *** ** * * * ** *:* {.

Pri alnclp
o Sevadal Mahila l{ahavidYalaYa

AItt ,tJG R

Umler Road, Nagpur.9

TIIE SEAL of the Second Party
COUNCIL was hereunto affrxed in
accordance with its Constitution and by
the authority of its directors:

Name: Prof.Pravin Charde
Principal

& Seal
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Utrre qoad. Nagpur-g is, .a

Name . Pr.Nz N,s. Dhsb)<

P r ,l R s so ,b.4, Depafinent of Chemistry -Uff.|ffio ) N. s. Dhobte
Pmfessor, Chgml3try' Department
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lmpact of Cs+ ion beam on Dy activated SrrBrOrClTL phosphor
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Abstract
Srp5OeCl: Dy phosphor was synthesized by modified solid state diffusion method and the impact of Cs+ ion-beam on its TL
behavior was studied in detail. Phosphor was annealed at 1000 oC for obtaining single phase host. XRD technique was used
to confirm the formation of the material and was matched with JCPDS-27-08835. The synthesizecl phosphor was character-
ized for photoluminescent spectra. Characteristic emission at 484 nm (aF,z-$sn) and 575 nrn (aF*_r6H137r) confirms
the presence of Dy3+ ions in the -SrprorCl host matrix. Further TL propeities of ttri synthesized material were studied for
fluence range 1.5 x 1011-30 x l0lr ion/cm2 (i.e. 40.14-802.9 kGy dose; of C5+ ion-beam (75 MeV) and were found to show
the non linear behavior between a dose range 40.14-802.9 kGy. TL glow curve for SrrB5OeCl:Dy irradiated with C5+ ion-
beam (75 MeV) was compared with that of 1-ray irradiated phosphor. TRIIWSRIM calculations were performed to correlate
the changes in TL properties of SrrBrOeCl:Dy phosphor.

1 Introduction properties of already available materials as efficient TLD
material in the form of low 2.6(tissue equivalence) as well
as high Z"nthat can be used in different areas with low or
high levels of radiations. Most of the phosphors can be used
as TLDs within a specilic range of radiation doses and not
for all doses from very low to very high range because it
depends on various factors including linearity, precision,
dose rate, fa{ing, reproducibiliU, and others. T'hus there is
a need to explore more sensitive materials that show lin-
earity of TL response in the large range, materials which
are energy independent, thermally stable and have low fad-
ing. Moreover there is a continuotrs demand for efficient TL
dosimeters for monitoring high dose levels of swift heavy
ions (SHI) that are growing daily as these ions are used
extensively in medical applications.

Ion beam therapy is found to have an important role in the
treatment of cancer as compare to the conventional photon
beam. In conventional beam irradiation the dose deposition
decreases in proportion to the penetration depth whereas in
ion beams it gradually increases, and then decreases rapidly
beyond a shaiply defined maximum knowrr as the Bragg
peak near thepnd of the range of the ion beams. Bragg peak
therapy offers the promise of excellent dose localization for
treatment of tumors. Therefore, ion beams are important
for treating tumors located deeply inside the body and is a
better option for cancer therapy to avoid the high risk sur-
gery and the side effects of medicinal drugs. Among vari-
ous types of ion beams, carbon ion beams particularly are

The measurement of radiation doses is one of the impor-
tant areas of research due to the fact that radiation above a
permissible dose is harmful to human kind. Thermolumi-
nescence is a very useful technique to estimate the quan-
tity of absorbed dose of ionizing radiations. Practically,
thermoluminescence dosimeter (TLD) badges are used
for environment, personal, space, health and many more
radiation monitoring applications [-4]. Today, there are a
number of commercial TL dosimeters available for users
as TLD badges and are mostly based on oxidcs, fluorides
and sulphates. However, each of these dosimeters has their
own strengths and shortcomings in certain areas such as in
the low or high radiation zones. For this reason continuous
efforts have been made by the research community world-
wide to develop new materials and to improve dosimetric
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REVIEW

Radiation comes from natural, as well as anthropogenic sources. The

human response to radiation from different sources is subject to great

scientific uncertainty and intense controvetsy. Radiation can be used

in the treatment of diseases such as cancer, in which even small doses

of radiation might do some harm. Many factors are involved in finding

the effects of radiation exposure to health, such as the amount of
energy deposited in the tissue and the ability of the radiation to gen-

erate harm. The regulated international value for the equivalent dose

for a member of the general public is 1 mSv/year.t1'21 Therefore, there

is a need to measure even small doses in the environment and very

high doses at times of accident such as radiation leakage in isotopic

laboratories and moreover for the treatment of cancer.

Thermoluminescence dosimetry [LD) is one of the most important

techniques used to quantify the absorbed dose, in addition to other

techniques based on solid-state dosimetry such as radiation-induced

absorbance (RlA.t3'41 ln practice, TLD badges are used for different

radiation monitoring applications.15'61 Therefore, there are many

oxide, fluoride and sulphate-based phosphors in the form of TL badges

available commercially. However, each of these dosimeters is not

wtrev LUMINE5{.EilICE
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suitable for all low or high radiation zones. Therefore, continuous
efforts is being made by researchers worldwide to develop new mate_

rials and to improve the dosimetric properties of existing materials to
be used as efficient TLD materials over a wide range of racliation

6orur.[7-1ol

2 I DEVELOPMENTS IN TLD MATERIALS

Thermoluminescence gL) was first described by Farrington Daniels

and colleaguestttl when introducing LiF as a TL material and that
was later patented as TLD-100 by the Harshaw Chemical Com-
pany.tt2'131 Many ntw dosimetric phosphors have been reported over
the last few decades that have different efficiencies for different dose

ranges of radiation. Nanophosphors have a potential role in many R&D

areas such as medical,t1a,15l accidental,ll6l retrospectivs,[17,181 per-

sonal,[lel thermal neutronl2ol dosimetry, solid-state lightingtzr:ut .nO

2D optical stimulated luminescence (OSL) mapping.l23l Many standard

commercial dosimeters are now available, the most famous being LiF:

Mg,Cu,P ffLD-700H), Al2O3 [LD- 500), CaSOr: Dy 0-LD-90O) and

CaF2:DY Each of these phosphors cannot be used

o Wiley & Sons, Ltd.
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1 I INTRODUCTION

Boron-based materials show interesting thermoluminescence (TL)

properties when exposed to ionizing radiationtl'21. The luminescence

properties of lithium borate and magnesium borate in both micro-

crystalline and nanocrystalline forms have been studied previ-

ouslytl-41. Recently, researchers who studied lithium magnesium

borate phosphor found that it was useful for applications in

dosimetryts'al.

To date, only a few studies on LiMgBO: have been reportedlsl'

Recently, the TL properties of rare earth ion (RE

Mn, Ce, Eu)-doped lithium magnesium borate (LM

Th. Joumal olaiologi(nl .nd Chernl..l IumiRr..h(.

material, trapping parameters

the solid state diffusion method, have been docunrcntedt6l. LMB:Tb3*

showed the best results with a stable TL peak at 240"C. LMB:Tb3t

was about four timcs more sensitive thanTLD-100. Optical properties

of LMB glassel doped with Dy3',Sm3* ions have been studiedtTl.

Photoluminescence properties of LMB:Eu and LMB:Eu,B| have also

been studied in detaillsl. LiMgBO3:Dy3'in its polycrystalline form has

been prepared using a novel solution combustion method and its

TL sensitivity was found to be half compared with commercial TLD-

100 and showed a high degree of fading ot 30% after 2O dayslel.

Furthermore, LiMgBO3:Dy3* in its nanocrystalline form has

been prepared using the combustion method and its structural

and optical properties have been studiedtlol.

1
Lumi nes cence. 2079 :7' 12.
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Luminescence characteristics of 06+ ion beam and y-ray
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1. lntroduction

Over the past few years, many inorganic compounds activated by rare earth metals, such

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

for their applications in different fields (t-r3). Furthermore, these days, the synthesis of
different novel phosphors has become the current topic of the research community due

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

competent phosphors are Apatite-type phosphors with ftvourable chemical and thermal

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

lar structure as the natural mineral fluorapatite Cato(PO+)oFz. lt is having general chemical

formula as Aro(PO+)622, where A represents cations such as Ca2*, Mn2*, Ba2*, ttz+, Fe2+,

Mg2* and Pb2+ and Z represents F, Cl, Br or O. Moreover, [PO4]3- can also be replaced

u
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ABSTRACT

The Na1aAl12Si13O51: Dt'' phosphor is synthesized by combustion method and prepared sample was
characterized by X-ray Diffraction, SEM, Ff-lR and Thermoluminescence (TL) techniques. TL ch.rracteris-
tics show the quenching at 3 molX of Dt'' ion activated Na1aAl12Si13O51: Dt'' phosphor with single TL
glow peak 154 "C at higher temperarure. Prepared phosphor material was irradiated orygen ion beam
at different fluences range ftom 5 x 1010 to 1 x 1Or4 ions/cm2. Chens peak method and computerized
glow curve deconvolutation method was used to evaluate the trapping parameters namely, activation
enerry, frequency factor, kinetic order associated with the main glow curve in Na1aAl12Si13O51: Dt''
phosphor after irradiation.

@ 2019 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of the scientific committee of the 1 lth National Confer-
ence on Solid State Chemistnr and Allied Areas.

l. lntroduction

Numerous techniques is available to prepare phosphors such as

solid state reaction [1], wet chemical methods [2], solution com-

,bustion [3], sol-gel [4], spray pyrolysis [5], co-precipitation
'method [6], heterogeneous precipitation method [7], chemical
vapor deposition etc. Among wet chemical methods, 'solution com-
bustion synthesis' has different advantages. It requires simple
apparatus and the materials used are more economical [8]. It
requires low energy, short time and this technique may also be
employed to turn out standardized, high-purity, crystalline oxides.
The nature of crystalline, surface area and agglomeration of the
synthesized products are priryarily governed by flame temperature
during combustion which itself dependents on the nature of the
fuel and the fuel to oxidizer ratio [91. It is known that, a good fuel
should react nonviolently without producing venomous gasses and
act as a complexing agent for metal ions. While the solid state reac-
tion method has several shortcomings such as prolonged reaction
time, larger size grain gowth and poor homogeneity.

The combustion synthesis process is to dissolve metal nitrate
and fuel in water, and then to heat the solution in a microwave

* Corresponding author.
E-mail address: sjdhoble@reddifmail.cotn (SJ. Dhoble).

htrps: lidi:i.or gi 10.1 01 6ij.matpr.2020.05. I I 3

2214-78531@ 2019 Elsevier Ltd. All rights reserved.

Selection and Peer-review under responsibility of the scientific committee of the

oven. The fuel and metal nitrate decomposing and give flammable
gases such as NH3 and NO2, respectively. After the solution reaches
the point of spontaneous combustion, it begins burning and
becomes a solid, which bums at high temperature. The conrbustion
is not finished until all the flammable substances are all burned out
and it tums out to be a loose substances which show voids, pores,
and high friable formed by the escaping gases during the cornbus-
tion reaction.

Thermoluminescence (TL) has been a dynamic field of research
in the present decade because of its broad function potential
[10,.1 1]. Its most remarkable application has been in its utilization
in radiation dosimetry. Ionizing radiation dosimeters, which
depend on the thermoluminescence properties of materials, have
helped in the arrangements of numerous dosirnetric issues due
to their long tirne stockpiling limits, autonomy of portion with
radiation forces, ease with which estimations are done and light
weight [12]. ,

Thermoluminescence is the production of light (generally in the
visible region) when a TL phosphor already exposed to ionizing
radiation (y, I, X) is heated. The plot of light production with time
at dissimilar temperatures is known the glow curve and the area
below the glow curve can be associated to the dose of radiation.
The glow curve not only supports accurate estimation of the dose.
it can also assist in maintaining the superioritlr of dose estimation

and Allied Areas.
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ARTICLE INFO ABSTRACT

Sodium aluminosilicates NaAtSi2O6: Dy and Na6Al6SiloO32: Eu has been synthesized using Combustion

method. The formation of NasAleSiroo:2: Eu phosphor was confirmed by XRD, SEM and FtlR analysis.

Thermoluminescence properties of NaAISi2O5: Dy and Na5Al5Siroorz: Eu after irradiating with 75 MeV
O* ion beam have been studied and are found to be similar. Both the phosphors show single TL glow
peak that is desirable for good dosimeter. Further both NaAlSi2O5: Dy and NaoAloSilqo32: Eu shows tin-
aar TL response for fluence range 1 x 10rl ions/cm2 to I x 1012 ions/cm2. The rrapping parameters for

both the samptes wer€ studied using Chen's peak shape method, Initial rise method and llich method
and found to have good agreement with each other. So, Sodium aluminosilicates NaAlSizOo: Dlt and

Na5Al6Si16O32: Eu can be useful in this particular range for their applications in radiation dosirnetry.
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l. Introducdon

grroxene mineral, Jadeite with composition NaAlSi2O6 is recog-
nized as the gemstone Jade. It is basically an ornamental mineral,
known for its green varieties. lt is a silicate of sodium and alu-
minium [1 I It has excellent physical properties of higher hardness,
good luster etc [2-4]. Jadeite, as microcrystalline powder was syn-
thesized for the first time in 1948 [5], then different techniques
such as high pressure method [6-8l, ultra high pressure and high
temperature polymerization method, ion injection method, high
pressure and high temperature (HPFIT) method [9-11] were used.
The attention was paid to explore HPFIT method. latcr, Jadeites
were prepared under 5 GPa pressure and properties were found
to be similar as natural Jadeite [121. Then pressure of 5 GPa- 5.5
GPa and temperature 1300 "C- 1500 'C [13] and pressure of 3.5
GPa and temperature range 1000 "C- 1400'C [l] was used to pre-
pare Jadeites to get improved properties. Further, theoretical sim-
ulation calculations were carried out successfully [14-19]. More-
over structural properties of Jadeite were studied using plane -
wave pseudopotential density functional theory method [8]. Very
recently, our group has synthesized NaAlSi2O6.: Dy using combus-
tion method for the first time and their TL properties were studied
using y-ray exposure [201.
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Further, by changing the elemental composition Hexa Alumi-
nosilicate with chemical formula Na6AI6Si16O32 was obtained [2] l.
It has two different sizes of cavities to be used as nano- rnolecu-
lar sieving material and environmental catalyst. The material was
designed and visualized using computerized programme. The sam-
ple was then prepared by conventional solid state reaction method
for its applications. A very little work has been reported for
Na5Al5Si1sO32 phosphor and especially no work has been found for
the TL properties of Oxygen ion beam irradiated synthesized sam-
ples. Moreover in the current era of research radiation dosimetry
heavy ion been is gaining lot of importance. So, in the light of liter-
ature survey, the present work is focused on thermoluminescence
properties of alumino silicates, NaAlSi2O6: Dy and Na6Al6Si1sO32:
Eu after irradiating the samples with 75 MeV 06+ ion beam for
their applications in radiation dosimetry.

2. E:rperimental

NaAISi2p6: Dy was synthesized using Combustion method and
is reported earlier by our group [201. Na5Al5SilqO32:Eu3+ phosphor
was also grepared using the starting materials NaNO3, Al (NO3)3,
SiO2, NH2-CO-NH2 in the stiochometric ratio 6:6:10. NH2-CO-NH2
acted as fuel for combustion and rare earth etement Europium
oxide is used as doping agent, after dissolving in Nitric Acid. All
the materials were mixed and crushed together in a pestle mor-
tar to form homogeneous liquid mixture that was heated in muf-
fle furnace preheated at 550 "C. The mixture produced flameless
combustion to form required phosphor in the powder form. The
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