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Course Objectives

The objectives of this course are as follows:

e To provide thorough knowledge about the d- and f- block elements with respect
to the general group trends, physical and chemical properties of these elements.

e To impart the knowledge about synthetic methods and principles of chromatography.

e Understanding spectroscopic techniques and their application in the structural elucidation
of organic molecules.

e To familiarize the students with the postulates of quantum chemistry

e To explain how to apply the postulates to derive equations for various models and extend
to the hydrogen atom and hydrogen-like atoms.

e To provide an insight into the MO approach of chemical bonding.

Learning outcomes
By studying this course, students will be able to:
¢ Understand the important properties of transition metals, lanthanoids, and actinoids
e Use Latimer diagrams to predict and identify species which are reducing,
oxidizing and tend to disproportionate and calculate skip step potentials.

e Develop understanding on the principles of synthesis of Inorganic compounds and
chromatographic separation of metal ions.



e Develop understanding of the basic principles of NMR spectroscopy, such as chemical
shift, coupling constant, and anisotropy, and describe how they are affected by molecular
structure, and identify organic compounds by analysis and interpretation of spectral data.

e Develop an understanding of quantum mechanical operators, quantization, probability
distribution, uncertainty principle

e Understand Schrodinger equations for different types of systems

e Analyse different wave functions and probability distribution curves.

UNIT- 1: Chemistry of Transition Elements (15 Hours)

General group trends with special reference to electronic configuration, colour, variable
valency, magnetic properties, catalytic properties, and ability to form complexes. Stability
of various oxidation states and e.m.f. (Latimer diagrams), Frost diagrams of Mn and Cr. A
brief discussion of differences between the first, second and third transition series

A brief discussion of electronic configuration, oxidation states, colour, spectral and
magnetic properties. Lanthanoid contraction (causes and effects), separation of
lanthanoids by ion exchange method.

UNIT-2: Spectroscopic Techniques in Organic Chemistry (15 Hours)

Recapitulation of the Spectroscopic Techniques (UV- VIS, IR, and 'H NMR)

Carbon-NMR Spectroscopy

Resolution and multiplicity of '*C NMR, 'H-decoupling, noise decoupling, broadband
decoupling; Deuterium, fluorine, and phosphorus coupling; NOE signal enhancement, Off
resonance, proton decoupling, Structural applications of CMR. DEPT and general introduction
about 2D NMR.

Mass Spectrometry

Theory, Fourier transform mass spectrometry instrumentation (FTMS); Unit mass and
molecular ions; Important terms singly, doubly/multiple charged ions, metastable peak, base
peak, isotopic mass peaks, relative intensity; Recognition of M* ion peak; Nitrogen rule; Rule
of 13; Ionization methods (EI and ESI). General fragmentation rules: McLafferty
rearrangement, ortho effect.

ESR Spectroscopy
Basic Principles and applications for organic Compounds.

Structure Elucidation
Structure elucidation of Organic Compounds Using UV, IR, NMR, and Mass Spectra.
UNIT -3: Quantum Mechanics: An overview (6 Hours)

Recapitulation of postulates of quantum mechanics and quantum mechanical operators; Linear
and Hermitian operators, commutation rules and Uncertainty principle.



Particle in a 1-D box, quantization of energy levels, zero-point energy, wave functions,
probability distribution functions, nodal properties, and qualitative extension to 3-D box (Final
Energy expression only) and the concept of degeneracy.

UNIT -4: Quantum Mechanical treatment: Atoms and Molecules (9 Hours)

Vibrational and Rotational Motion: Schrodinger equation of a linear harmonic oscillator and
brief qualitative discussion of its results. Schrodinger equation of a rigid rotator and brief
qualitative discussion of its results.

Qualitative treatment of hydrogen atom; setting up of Schrédinger equation in spherical polar
coordinates, radial part and quantization of energy (only final energy expression). Qualitative
idea of indistinguishability of the electrons and their intrinsic spin, spatial and spin
wavefunctions, Pauli’s Exclusion principle.

Linear Combination of Atomic Orbitals (LCAO), salient features of MO theory and setting up
of wavefunction of H, molecule.

Practical: Credits: 01
(Laboratory periods: 15 classes of 2 hours each)

PART A: INORGANIC CHEMISTRY
Inorganic Preparations

1. Potassium aluminium sulphate KAI(SO4)>.12H>0 (potash alum} or
Potassium chromium sulphate KCr(SO4),.12H>0 (chrome alum}.
2. Manganese phosphate and

3. Sodium peroxoborate
Paper chromatographic separation of following metal ions (minimum two

exercise to be done):

4. Ni(II) and Co(II)
5. Cu(Il) and Cd(II)
6. Fe(Ill) and AI(III)

PART B: ORGANIC CHEMISTRY
(Spectra to be provided wherever required)
7. Diels-Alder reaction between maleic anhydride and anthracene and identification of

the product using IR and NMR Spectroscopy.

8. Knoevenagel condensation between aromatic aldehydes (benzaldehyde/p-
nitrobenzaldehyde) and active methylene compounds (malononitrile/ethyl
cyanoacetate/ diethylmalonate) and identification of the product using IR and NMR
Spectroscopy.

9. Differentiate between maleic and fumaric acid solutions by UV spectroscopy.

10. Demonstration of the separation of the mixture of p-nitrophenol and o-nitrophenol by
column chromatography and their characterization by melting point and spectroscopic
techniques.

PART C: PHYSICAL CHEMISTRY



11. Plot the radial wavefunctions and probability distribution for H atom's 1s, 2s, 2p
orbitals using software, i.e. MS-EXCEL.

12. (1) Draw probability plots for a particle in a 1-dimensional box for different values of
quantum number n- commenting on the number of points of zero probability and then
correlating them with the correspondence principle.

(i1) Calculation of the bond length of conjugated dye molecules (i.e., cyanine/pB-
carotene) using a particle in 1D box model using MS-EXCEL.

Hands-on/ Instruction Mode:

13. (i) Carry out the calculation of various average values ({x), {p), {x?) and (p?)) for the

simple harmonic oscillator.
(i1) Setting up of Schrodinger equation of Many-electron atoms and cite limitations to
carry out an exact solution of the problem.
14. Demonstrate the variational treatment of the hydrogen molecule ion and also exhibit
Valence bond and Molecular orbital (LCAQ) treatment of the hydrogen molecule.
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Assessment Methods: All examination and assessments methods shall be in line with the
University of Delhi guidelines issued from time to time.



