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1 Introduction to Borate 
Phosphors 

P. K. Tawalare and A. B. Gawande  
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1.1 INTRODUCTION 

The varied aspects of luminescence and the complex processes involved in the origin of light emission, 
offer interesting challenges for researchers in this field. This is one of the research fields, wherein 
diverse application area exists, which range from radiation monitoring for health and safety, phosphors 
for lamps and display purposes to X-ray imaging and other means of medical diagnostics. 

Luminescence is a well-established field of scientific research. In 1652, Zechi made an im
portant contribution to the understanding of photoluminescence. It is the emission of light, which 
persists after the excitation agency, is removed (luminescence). Moreover; he proved experi
mentally that the color of the phosphorescence light in a material is independent of the color of the 
exciting light and also clearly distinguished the phenomenon from scattering. About 200 years 
later, Stoke showed that the incident and emitted light differed in color and enunciated his well- 
known Stoke’s law regarding the increase in wavelength, which accompanies photoluminescence. 
In 1867, E. Bequerel distinguished two types of phosphorescence or after-glow, which were at
tributed respectively to monomolecular and to bimolecular decay mechanism. 

The last few decades have witnessed dramatic changes in research on luminescence. There has 
been a phenomenal growth in the subject, and a significant progress has been made in the field of 
luminescence research. Recent research is characterized by strong interaction among other bran
ches of solid-state physics and between different areas of luminescence using inorganic and or
ganic materials. Both experimental as well as theoretical approaches have been made. 

DOI: 10.1201/9781003207757-1                                                                                          1 



PHY122: Atomic & Molecular Physics  Page 1  

  

A S T ,  Y C M O U ,  N a s h i k  –  4 2 2  2 2 2 ,  M H ,  I n d i a  

 

Email: director.ast@ycmou.ac.in 

Website: www.ycmou.ac.in 

Phone: +91-253-2231473 

PHY122 

 

Prog:V141 

M.Sc. 

[Physics] 

{2022 

Pattern}  

Atomic & 

Molecular  

Physics  

School of Architecture, Science and Technology        

Yashwantrao Chavan Maharashtra Open University  



PHY122: Atomic & Molecular Physics  Page 2  

 

Yashwantrao Chavan 

Maharashtra Open 

University 

PHY122 

Atomic & Molecular Physics 

Brief Contents 

Vice Chancellor’s Message ................................................ 4 

Foreword By The Director ................................................ 5 

Credit 01 ................................................................................ 6 

Credit 01 -Unit 01: Atomic Structure& Atomic Spectra 7 

Credit 01-Unit 02: Electronic Configuration  .......... 34 

Credit 01-Unit 03: One and Two Electron Spectra  45 

Credit 01-Unit 04: Atom in Magnetic Field ............. 81 

Credit 02 .............................................................................. 98 

Credit 02-Unit 01: Molecules ...................................... 99 

Credit 02-Unit 02: Vibrational Coarse Structure 113 

Credit 02-Unit 03: Frank-Condon Principle ......... 125 

Credit 02-Unit 04: Rotational Fine Structure  ...... 141 

Credit 03 ............................................................................ 150 

Credit 03-Unit 01: Electron Spin Resonance (ESR)151 

Credit 03-Unit 02: Total Hamiltonian .................... 160 

Credit 03-Unit 03: Nuclear Magnetic Resonance (NMR)  170 

Credit 03-Unit 04: Relaxation Process .................. 179 

Credit 04 ............................................................................ 191 

Credit 04-Unit 01: X-ray Diffraction ...................... 192 

Credit 04-Unit 02: Lattice Vibrations .................... 204 

Credit 04-Unit 03: Vibrational modes of Diatomic Lattice  215 

Credit 04-Unit 04: Lattice Heat Capacity .............. 223 

FEEDBACKSHEETFORTHESTUDENT ....................... 236 

 

 

 

  



PHY122: Atomic & Molecular Physics  Page 3  

PHY122: Atomic & Molecular Physics 

Yashwantrao Chavan Maharashtra Open University  

Vice-Chancellor: Prof. Dr. P. G. Patil 

School of Architecture, Science and Technology 

Director of the School: Dr. Sunanda More 

Programme Advisory Committee 

Dr Sunanda More 

Director,  

School of Architecture, Science & 

Technology, YCMOU, Nashik 

Dr. Chetana Kamlaskar 

Associate Professor,  

School of Architecture, Science & 

Technology, YCMOU, Nashik 

Prof. Dr. Dnyaneshvar Shaligram 

Patil Director, School of Physical 

Sciences & Head, Dept of 

Electronics, Kavayitri Bahinabai 

Chaudhari North Maharashtra 

University, Jalgaon 425 001 

Prof. Dr. Mahendra D. Shirsat, 

Dept of Physics, & Head, Dept of 

Electronics, 

Dr. Babasaheb Ambedkar 

Marathwada, University  

Aurangabad 431 004 

Prof. Dr. Vaishali 

BamboleProfessor, Dept of 

Physics, University of Mumbai,  

Mumbai, 400032 

Dr. Shrikrishna Dattatraya 

Sartale, Professor, Deptt. of Physics, 

Savitribai Phule Pune University, 

Pune – 411 007 

Dr. Pravin Prabhakar Joshi,  

Associate Professor, Gokhale Education Society‘s 

HPT Arts & RYK Science College, Nashik 422005  

Dr. Ganesh Jagannath Mogal  

Assistant Professor,  

K.T.H.M. College, Nashik 422 002 

Kapade Sweta Dipakraj  

Academic Coordinator, School of Architecture, 

Science and Technology, YCMOU, Nashik-422 

222 

Kolhe Bharati Nivrutti  

Academic Coordinator, School of  

Architecture, Science and Technology,  

YCMOU, Nashik-422 222 
 

Development Team 

Instructional 

Technology Editor 

Course Coordinators  Book Writer Book Editor 

Dr Sunanda More 

Director,  

School of Architecture, 

Science & Technology, 

YCMOU, Nashik 

1. Sweta Kapade 

 2. Manish Shingare 

Academic Coordinator, 

School of  

AST, YCMOU, 

Nashik-422 222 

Dr. Amol B. Rahane 

Assistant Professor, 

Department of Physics,  

K. R. T. Arts, B. H. 

Commerce & A. M. Science 

(KTHM) College, Nashik 

Dr. Atul Gawande 

Assistant Professor 

Department of Physics 

K.S.K.W. Arts, Science & 

Commerce College, 

Cidco, Nashik - 422008 
 

 

  

 
This work by YCMOU is licensed under a Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License . 

 Book Publication : 20-March-2023                                    Publication No: 2644 

 Publisher : Mr. B. P. Patil, Registrar [I/C], YCMOU, Nashik- 422 222, MS  

 ISBN: 978-93-95855-95-2 



Authors
Pooja Patil Jadhav

Rajesh Dakane
Amruta Bhamare

Ms.Poornima Vishwas Patil
Ms. Priyanka Vasant Mali

Ms Pradnya Bajirao Zambare
Smt. More Sadhana Yashwant

Editors
Mrs Utekar Geetanjali Vikas

Mr. B. S. Pawar
Dr. Rasika Pawar
Mr. Amol Jadhav

Dhanashri Pachhade
Dr. Sonali Santosh Kadam

Dr. Sangeetha J.S
Dr.Vijay Upadhye

Dr. Rajesh Jagdish Sharma

Text book of

Marine Microbiology
T.Y.B.Sc Microbiology (Semester V)

Skill Based Elective MB 3510
As per syllabus by Savitribai Phule Pune University, Pune

Based on Choice Based Credit Pattern (CBCS-2019)
To be implemented from academic year 2021-2022

International Journal of Microbial Science  (ISSN:2582-967X)

ISBN:978-93-93337-11-5
































































