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Course Title Advanced Spectroscopic Techniques in Inorganic Chemistry  
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Hourly Breakdown 

Theory Practical 

 

Independent Learning 

 

45 - 

 

105 

 

Objective/s  Understand the principles and applications of advanced spectroscopic 

techniques  

 Elucidate the structure of Inorganic compounds using advanced 

spectroscopic techniques 

Intended  Learning 

Outcomes 
 Interpret the structures of inorganic compounds using NMR, ESR, 

Mossbauer and NQR spectroscopies 

 Explain the bonding using photoelectron spectroscopy.  

 Deduce the molecular formula of inorganic compounds using Mass 

spectrometry 

Course Content Nuclear Magnetic Resonance (NMR) spectroscopy 

 

Review of fundamentals of NMR:  magnetic moment,  the resonance 

condition, the vector model, populations and bulk magnetization, selection 

rules  

 Quantum and classical description: The rotating frame, coherence 

phenomenon,  continuous wave and pulsed NMR 

 Spin relaxation: Spin-lattice and spin-spin relaxation, measurement of 

relaxation times 

 Spin-spin coupling: Multiplets, sequential stick diagrams, coupling 

constant values, satellites, isotopomers  

 Multinuclear NMR: 19F, 11B, 31P, 195Pt NMR, Quadrupolar nuclei, 

Dynamical processes and NMR: trigonalbipyramidal molecules and 

organometallic systems. 

 2D NMR spectroscopy: COSY, HMQC, HMBC, NOESY. 

 Introduction to solid state NMR. 

 

X-ray and Photoelectron Spectroscopy (PES) and energy dispersive 

analysis 

 Principles, background to electron beam and photon beam techniques,  

introduction to UV-PES and X-PES, Koopman’s rule, photoelectron 

spectra of diatomic and simple polyatomic molecules, comparative 



study of molecular orbital energies obtained from PES, applications 

and limitations of UV-PES and X-PES.  

 Energy dispersive analysis: Principles, introduction to energy 

dispersive analysis, applications of energy dispersive analysis 

 

Electron Spin Resonance (ESR) Spectroscopy  

 Principles of ESR: Resonance, instrumentation, spin distribution 

 Multi-resonance and Pulsed ESR: Electron nuclear double resonance 

(ENDOR), pulsed-ESR, distance measurements 

 Analysis of Spectra : Liquids, single crystals and powder samples 

 Multi-frequency and high field ESR : g-factor resolution, Zero-field 

splitting, hyperfine couplings, magnetically coupled systems 

 Applications of ESR : Molecules, catalysts, polymers 

 

Mass Spectrometry      

 Review of Mass spectrometry: Ion sources, ion separations, ion 

detection systems 

 Instrumentations of various mass spectrometric techniques: ICP-MS, 

SSMS, LIMS, RIMS. 

 Applications in inorganic compounds : Qualitative and quantitative 

analysis, volatile compounds, isotope ratio measurement, trace 

element analysis 

 

Mossbauer and Nuclear Quadruple Resonance (NQR) Spectroscopy  

 Principles, significant parameters and spectral interpretation of 

Mossbauer and NQR spectroscopy 

 

Teaching and 

Learning Methods / 

Activities 

Lectures, tutorial discussions, small group assignment and home-work 

assignments 

Evaluation/Assess

ment Strategy 

In-course  Assessment End-of-course Examination 

30 % 70 % 
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