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Ph. D. Programme outcome 

 The candidate learns how to plan and execute research work in a given time line. 

 The candidate learns to analyze, tabulate and write the data in the form of scientific 

article and the steps involved in the scientific publication. 

 Knowledge about the IPR and copy right issues would be gained during the course of 

study. 

 The outcome of the work would form the basis of a thesis to be submitted for the award 

of Ph.D. Degree 

 
 

 Ph.D. programme Specific Outcome 

 To understand the methodologies adopted during research work. 

 To learn how to survey and document the existing knowledge in chosen field of research. 

 To carryout studies on the chosen field of research to obtain novel results. 

 To prepare a thesis on the work carried out during the research tenure for the award of 

Ph.D.  Degree. 

 

IC 601: RESEARCH METHODOLOGY 

Objectives of Course: 

 To understand the overview of research 

 To refresh the basic knowledge in the respective subject. 

 To create a link between the chosen subject of study and research problem. 

  To understand safety measures and good lab practices. 

Course Outcome: 

 It gives a better idea how to construct and solve the problem within a time frame. 

 Learning of data interpretation by statistical and non statistical methods. 

 How to correlate the problems associating with the research and solve it in an innovative 

way. 

  It emphasizes on the conducting experiments by adopting good lab practices. 

 



 

 

UNIT-I: Research Methodology             14 Hours 
 

Research Process – Scientific research, formation of the topic, hypothesis, Source of 

information, Types and Methods of Research – Classification of Research – Pure and applied 

research – Exploring or Formulative Research – Descriptive Research-Diagnostic Research / 

Study – Evaluation research / Studies- Action Research – Experimental Research. 

 

Research design and methods – Basic Principles, Need of research design, important concepts 

relating to research design – Observation and Facts, Development of Models- developing a 

research plan – Exploration, Diagnosis and Experimentation.  

 

Writing methods – Introduction, word processing and layout, writing and formatting with the 

computer, writing the first draft, revising the first draft on content and structure, revising the 

second draft on style, writing a thesis, writing review article and book reviews, preparing 

research proposals for grants. Collection and Citation of Literature: Acquisition of information, 

building up of own literature collection, anatomy of source description.  

Digital – Web resources – e-journal – Journal access – TOC alerts – Hot articles – Citation index 

– Impact factor – h-index – e-Consortium – UGC infonet – e-Books – Internet discussion groups 

and communities – Blogs – Preprint server – Search engines, Scirus, Google Scholar, Chemical 

Industry, Wiki – Databases, ChemSpider, Science Direct, SciFinder, Scopus, Familiarity with 

ideas and concepts investigation. 

Unit-II: Data Analysis and Sampling             14 Hours 
 

Data analysis: Classification of errors-systematic, errors-sources, Random errors-sources and 

distribution. Accuracy and precision-Determination of accuracy of methods, improving accuracy 

of analysis, significant figures, mean, standard deviation, Analysis of variance (ANOVA) – 

Correlation and Regression. Graphical methods – Linear regression line, correlation coefficient-

Multiple linear regression (one variable with two other variables), Comparison of results: “t” test 

and rejection of results, gathering of data, analysis of data, revising o hypothesis, presentation of 

data and Conclusion. 

Sampling- Introduction, Definitions, theory of sampling, techniques of sampling, Representative 

sample, Sample storage, sample pre-treatment and sample preparation. Statistical criteria of good 

sampling and required size – stratified sampling v/s random sampling. 

Quality in analytical laboratories – quality control and quality assurance, accreditation system. 

  

Unit - III: Analysis Techniques                   14 Hours 
 

IR Spectroscopy – Molecular vibrations – selection rules – force constant – band assignments 

– applications – organic structures – finger printing – identification or common functional 

groups. 

 

Nuclear magnetic resonance spectroscopy – Introduction – Magnetic properties of nuclei – 

Resonance condition. Field frequency diagram, Precession of nuclei, Relaxation – CW and PFT 

methods – Instrumentation and sample handling. 
1
H NMR – Chemical shift – Mechanism – of 

shielding and deshielding, Coupling constant, NOE. 
13

C NMR – Off resonance decoupling – 

coupling of carbon to fluorine. 



 

Mass spectrometry – Theory – instrumentation – production and reactions of gaseous ions – 

isotopic abundance – determination of molecular weights and formulae – metastable peaks – 

nitrogen rule – ion fragmentation mechanisms – rearrangements. Elucidation of structure of 

compound on the basis of IR, NMR and Mass Spectrometry. 

Chromatographic techniques – TLC, Column, HPLC – Theory and applications, LC-MS. 

 

UNIT -  IV: Chemical Safety and Ethics of Research            14 Hours 
 

General safety and operational rules -  Safety equipments, personal protective equipments, 

compressed gas safety, procedure for laboratory disposal of explosives, identification, 

verification and segregation of laboratory waste, disposal of chemicals in the sanitary sewer 

system, in incineration and transportation of hazardous chemicals. 

Emergency response - Chemical spills, radiation spills, biohazard spills, leaking compressed 

gas cylinders, fires, medical emergency accident reporting. Safety rules of laboratory 

acquaintance of experimental set up and instruments, intellectual property and intellectual 

property rights. Data management, importance of safety and security of data, evaluation of 

inventions, communication with patent council and publication of data, communication with 

investors, IP sales process. 

Application of results and ethics -  Environmental impacts – Ethical issues – ethical 

committees – Commercialization – Copy right – Royalty – Intellectual property rights and patent 

law – Trade Related aspects of Intellectual Property Rights – Reproduction of published material 

– Plagiarism – Citation and acknowledgement – Reproducibility and accountability. 
 

          Total: 56 Hours 
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LITERATURE REVIEW 

Course Objectives 

 To know the proper use of search engines and survey methods. 

 To understand volume of the work carried out in the respective field of research. 

 To formulate research problem in the chosen field of research. 

 


