DEVELOPMENT OF TeCONJUGATED POLYMER SENSORS AND
ORGANIC PHOSPHORS FOR LUMINESCENT MATERIALS

Thesis Submitted towards the Partial fulfillment of
BS-MS dual degree programme

IISER PUNE

By

VIKASH KUMAR

20091003
Department of Chemistry
Indian Institute of Science Education and Research (ISER)
Dr. Homi Bhabha Road, Pune 411008

Maharashtra, India

April 2014



‘!] et forT fover wah st wwer, qot
INDIAN INSTITUTE OF SCIENCE EDUCATION AND RESEARCH (IISER) PUNE

IISER PUNE (An Autonomous Institution of Ministry of Human Resource Development, Govt. of India)
Sai Trinity Building, Garware Circle, Pashan Pune - 411 021

Dr. M. Jayakannan

Associate Professor
Department of Chemistry

CERTIFICATE

This is to certify that this dissertation entitled “DEVELOPMENT OF 1eCONJUGATED
POLYMER SENSORS AND ORGANIC PHOSPHORS FOR LUMINESCE NT
MATERIALS” towards the patrtial fulfilment of the BS-MS dual degree programme at
Indian Institute of Science Education and Research, Pune represents original research
carried out by Vikash Kumar, IISER, Pune under my supervision at IISER, Pune during
the academic year 2013-2014.

Date:

Place: Signature



INDIAN INSTITUTE OF SCIENCE EDUCATION AND RESEARCH (IISER) PUNE

IISER PUNE (An Autonomous Institution of Ministry of Human Resource Development, Govt. of India)
Sai Trinity Building, Garware Circle, Pashan Pune - 411 021

DECLARATION

I hereby declare that the matter embodied in the report entitled “DEVELOPMENT OF T1¢
CONJUGATED POLYMER SENSORS AND ORGANIC PHOSPHORS FOR
LUMINESCENT MATERIALS” are the results of the investigations carried out by me at
the Department of Chemistry, ISER Pune, under the supervision of Dr. M. Jayakannan

and the same has not been submitted elsewhere for any other degree.

Date:

Place: Signature



ACKNOWLEDGEMENT

It is a pleasure to thank those who made this thesis possible. First and foremost, | would
like to thank my advisor Dr. M. Jayakannan for his immense support and guidance. |
feel privileged to be among his students. He celebrates research in the truest sense of
the term. | would also like to thank him for providing us with such an excellent
opportunity, and also for his encouragement throughout the duration of the project.
Despite his busy schedule, he always found time to discuss with us and guide us

throughout the project. His guidance has been an extraordinary learning experience.

I would like to express my sincere gratitude to Prof. K.N. Ganesh , Director IISER-Pune

for the state-of-the-art amenities and instrumentation at IISER, Pune.

I would like to thank A Balamurugan and K Narasimha who mentored me during the
course of the project. They provided me with the insight, constant help throughout the

project and answered all my questions patiently.

| thank all my lab mates Smita, Pramod, Anantharaj, Bapurao, Rajendra,

Bhagyashree, Sonashree, Neelesh, Mehak and Thameez for making the memories in
Mendeleev Block fond and special. This place has left a lasting impression in me. This
has been undoubtedly the best environment | have studied in and the above people

were responsible for it.

Last but not the least, | owe my deep sense of gratitude to my family and friends as they

have been very supportive throughout my life during the good and hard times.

- Vikash



CONTENTS

1. Abstract
2. Introduction
2.1 Lanthanide complexes: New classes of luminescent materials
2.2 Polymer lanthanide hybrid systems
2.3 Organic phosphors
2.4 Electronic application of organic phosphors
2.5 Aim of the thesis
3. Materials and methods
3.1 Materials
3.2 Methods
3.3 General procedures
4. Results and discussions
4.1 Synthesis of segmented polymers
4.2 Temperature sensing
4.3 Metal ion sensing
4.4 Biomolecule sensing
4.5 Designing of new organic ligands for lanthanides
4.6 Thermal study of ligands
4.7 Emission and lifetime study of ligands
4.8 Synthesis and characterization of Europium complexes
4.9 Emission and lifetime study of Europium complexes
5. Conclusion
6. References
7. Appendix

8. Publication

Page

7-20

21-27

28-47

48-49

50-52

53-57
58



1. ABSTRACT

The problem addressed in this thesis is the study of a 1 conjugated polymer bearing
distilbene unit and functionalized with carboxylic acid for detecting multiple species i.e
temperature, Cu®* ijons and amino acids by three independent processes (i) red
fluorescent temperature switch via ligand to metal energy transfer (LMET) from the
polymer to Eu®*" ions, (i) blue fluorescent metal-ion switch by heavy atom effect and
exclusive selectivity for Cu?* ions and (iii) as biomolecule switch for the amino acids.
Because of the presence of coligand these are difficult to process into device and to
take care of this, five different ligands are designed rationally bearing lodine as heavy
atom substituted strategically on the chromophore unit that can sensitize europium
metal ion even in absence of a coligand through singlet to triplet state intersystem
crossing. These ligands are characterized by 1H NMR, 13C NMR and MALDI analysis
and their photophysical properties are studied in solution and solid state to see if they
are phosphorescent or not. These were also studied using time resolved luminescent
decay profiles to see the lifetime of species emitting at respective wavelengths. Effect of
packing leading to triplet state population generation/phosphorescence was studied
using DSC analysis and emission studies of annealed samples. These ligands were
then complexed with Europium metal ion and were characterized using IR and MALDI-
TOF. The complexes showed bright red emission under UV light and their emission
spectra showed five sharp peaks corresponding to D-F transitions confirming the fact
that these ligands sensitize europium metal ion through enhancement of population in

triplet level without any involvement of a coligand.



2. INTRODUCTION





































































































































































