NANOCRYSTALLINE RARE EARTH
DOPED GARNETS AND
THEIR OPTICAL PROPERTIES

by
ADITYA VERMA

Department of Chemistry

Submitted
in fulfillment of the requirements of the Degree of

Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI
INDIA
JANUARY, 2013



. 8. T. DDEL.
LE_%BRARY
Acc. NoTHL’35 2




Dedicated
Lo

My Son



CERTIFICATE

This is to certify that the thesis entitled, “NANOCRYSTALLINE RARE EARTH
DOPED GARNETS AND THEIR OPTICAL PROPERTIES”, being submitted by
Mrs. Aditya Verma, to the Indian Institute of Technology, Delhi for the award of the
~ degree of Doctor of Philosophy in Chemistfy, is a record of bonafide research work
carried out by her. Mrs. Aditya Verma has worked under my guidance and supervision,
and has fulfilled the requirements for the submission of this thesis, which to my

knowledge has reached the requisite standard.

The results contained in this dissertation have not been submitted in part or full, to

any other university or institute for award of any degree or diploma.

Date: | | 20| }

Professofi. A. K. Ganguli
Department of Chemistry

Indian Institute of Technology, Delhi
New Delhi-110016

INDIA



Acknowledgements

[ was eagerly waiting for the day, which makes the outset for another journey with
the personified glory of the current one. I convey my thanks to all my dear ones as
without their blessings and support, it was not possible to reach this juncture of

fulfillment.

First and foremost I would like to express my gratitude to Prof. A. K. Ganguli, for
giving me opportunity to work with him. I am deeply indebted for his supervision,
advice and guidance from the beginning of this research. This thesis would have
been not completed without his enthusiastic encouragements, effortful inspirations
and untiring help. His passion in science exceptionally inspires to do good
research. He has enlightened me through his wide knowledge and this period of

working with him has been a wonderful learning experience.

I wish to express my sincere thanks to the Head of Chemistry Department, Prof. A.
Ramanan for providing me necessary facilities in the department and all the staff

members of the department for their cooperation and help.

I would also like to thank Dr. Vijay Prakash G and his student Nageshwar Rao
Kotla, Department of Physics, IIT Delhi for PL emission measurements and
valuable interpretations of the data. I also acknowledge the help of Prof. B. R.

Mehta for DRS studies.

I would like to thank Dr. A. K. Maini, Director Laser Science & Technology

Centre (LASTEC) and Mrs. Neelam Malhan, Head, Materials Division for their



support to continue my Ph.D. work and other members of Materials Division for

their direct or indirect support.

I express my sincere thanks to my lab-colleagues, past and present, especially Dr.
Saroj, Dr. Sonalika, Dr. Jahangeer, Dr. Aparna, Dr. Jai Prakash, Menaka, Dr.
Ashima, Dr. Masood Nath, Dr. Manu Sharma, Debashree, Sunita, Soma, Bharat,
Neha, Arabinda, Nibedita, Gohil, Soumen, Kasinath, Zeba, Vaishali, Sandeep,
Nitin for their love, understanding and providing an excellent working

environment.

It’s difficult to express gratitude for my husband (Yogesh Grover) whose constant
support, understanding and love helped me to complete my research. He always
stood by my side in tough times providing strength and courage to handle the
situations.

There is a shortage of words to express my heartfelt thanks to my siblings, my
sisters (Dr. Prinsa Verma, Neha Verma) brother (Ashutosh Verma), and brother in
law (Mohit Gopal)). I am thankful to my whole family as during my research
period everybody helped me at their best so that I can concentrate on my research
work.

Finally on a more personal note, an unexpressible, heartfelt thanks to parents- my
mother (Smt. Asha Verma) father (Sh. N. K. Verma), mother in law (Smt Kanta
Grover), father in law (Sh. O. P. Grover), for their moral support, inspiration and
unconditional love without which it would have not possible to complete this work.
I also owe to my uncles, aunts, grandmother and late grandfather whose blessings

helped me to reach here.



Finally, I would like to thank ‘Kanha’ for giving me the strength to complete this

task and blessing me with the people around who helped me during this journey.

oy

Aditya Verma



ABSTRACT

Nanocrystalline oxide materials have gained increasing technological importance with
specific attention to the investigation of nanosized oxide particles that can emit light in an
efficient and controlled way. These materials can find a wealth of applications in the field
of optical materials, spanning from lighting to lasers, solar energy and optical imaging.
For this reason, we have chosen a specific class of nanocrystalline oxides, being
characterized by interesting features from both a fundamental and an applied point of
view. In particular, we have chosen nanocrystalline garnets doped with trivalent
lanthanide ions. The motivations for this work is: (1) garnet materials, both in the bulk
and in the nanocrystalline form, find numerous applications, as described below, and
therefore it is interesting to investigate them; (2) moreover, their chemistry and optical
spectroscopy in the bulk form are well known and therefore it is possible to establish
meaningful comparisons between the properties of the nanosized and the bulk materials;
and (3) finally, garnets are mixed oxides with a definite stoichiometry and therefore the
synthetic strategies employed for their preparation are intrinsically more complex than
for simple oxides such as Y,Os; this fact will allow us to discuss in more details the
procedures currently employed to synthesize complex nanocrystalline oxides doped with
trivalent lanthanide ions (Ln*"). We are focusing on the synthesis, the structural and
morphological characterization, and the optical spectroscopy of these materials in powder
form.

In chapter 1, a detailed survey of the background literature has been carried out for the
state of knowledge existing in the area of garnet based nanocrystalline material doped

with different rare earth ions and their optical properties. We have also discussed

iv



synthesis of garnet nanopowder by co-precipitation route and their characterization
technique.

In chapter 2, we discuss synthesis, characterization and optical properties of yttrium
gallium garnet (YGG) doped with different rare earth ions and their codoping has been
presented in this chapter. 2-10 at % Nd: Y3GasO,, and 2 at % Ce: Y3;Gas;Oy; and Ce, Nd:
Y3GasOjcompounds were synthesized by co-precipitation route. Rietveld refinement
studies of x-ray data was carried out on CegosY294GasO2and NdggsY2.94GasOn to
understand the distribution of dopants in the Y site (dodecahedral) of the cubic A3;BsO,
type structure. Detailed optical study has been carried out on all the compounds and it
was observed that there is an increase in intensity with decreasing particle size (as studied
in case of Ce: YGG). On codoping Ce and.Nd in YGG energy transfer among Ce and Nd
ions has been observed.

In chapter 3, we discuss synthesis, characterization and optical properties of Yttrium
gallium aluminium garnet nanopowder doped with different rare earth ions has been
discussed in this chapter. Synthesis of 2 at % Nd: Y3Gas.xAliO)2 and 2 at % Ce: Y3Gas.
xAlO/; nanopowder by co-precipitation route has been done. Variation in composition
and its effect on optical properties has been studied. Nd-doped Y;Ga,Al(5.,)0; (YGAG)
materials are investigated for their usefulness as compositionally tuned laser materials
while Ce doped series is investigated as phosphor for white LED applications.

In chapter 4, we have discussed effect of substitution of scandium at the octahedral
gallium site in the garnet structure to obtain Y3(Sc/Ga)sO,2 (YSGG). Nano crystalline Nd
doped yttrium scandium gallium garnets were synthesized by the co-precipitation

method. For Y3A2B302 (A, B= Ga**) compounds increase in lattice parameters has been



observed on substitution of Sc*” in place of Ga’* due to larger ionic size of the former as
compared to the latter. The thermal decomposition of precursor, crystal phase,
microstructure and optical properties of the powders were examined. Y3ScGas..O)2
(x=2) has been synthesized by co-precipitation route and found to crystallize in the cubic
structure (space group Ia?d). The Rietveld refinement of powder X-ray data has been
carried out for structural characterization. Cr, Nd codoping in Y3Gas..Sc,O,; shows that
this codoped system can be sensitized by solar radiation.

In chapter 5, we have discussed synthesis of Nd: Y3ScosAlssO12 (Nd:YSAG) by co-
precipitation method substituting Sc** and A’ for Ga** in Nd: Y3GasO; (Nd:YGG).
Its phase formation, structure, absorption & photoluminescence (PL) was studied. As Sc
and Al replace Ga in YGG, distortion is generated because of size variation of ions. This
distortion of polyhedra results in change in crystal field effect as experienced by Nd**
resulting in enhanced Photoluminescence. These substitutions broaden both absorption
and emission bands which is believed to be due to inhomogenous crystal field effect
caused by Sc addition (larger size than Ga®*, as AI’* and Ga®* are of comparable sizes).

Results indicate that Nd:YSAG is a promising material for laser application.
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