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Sec on A
Answer any 10 (2 marks each)

1. Show that the Slater determinant formalism automa cally incorporates the Pauli’s exclusion
principle by evalua ng the He ground-state wave func on, giving both the electrons the same
quantum numbers.

2. How can you tell if one basis set is be er than another in calcula ng the total energy of an atom?
3. Explain how the Roothaan equa ons arise in the Hartree–Fock method. What addi onal

approxima ons do they represent?
4. Electrons in bonding molecular orbitals render stability to the bond. Why?
5. Show that  is normalized.

6. Es mate the free valence index of carbon atoms in butadiene.
7. What is the concept of correla on diagrams in chemical bonding?
8. Explain the term Pople style basis sets with one example.
9. How does the so ware realize that the job of op miza on of molecule is complete?

10. What is exchange correla on func onal?
11. Describe non bonded interac ons and electrosta c interac ons in a molecule.
12. What is a protein structure file format?
13. What are the two basic approaches for parameterizing a forcefield?

Sec on B
Answer any 5 (5 marks each)

14. Explain the independent electron model.
15. What is the consequence of electron correla on in solving Schrodinger equa on?
16. Show using an example that the following two formula ons of the Pauli’s exclusion principle are

equivalent:
a) Wave func ons describing a many-electron system must change sign under the exchange of
any two electrons.
b) No two electrons may have the same values for all four quantum numbers.

17. Give an account of the Valence Bond theory of H  molecule.
18. Show that c  = c  in the ground state valence bond wave func on of hydrogen molecule, given by

19. A hybrid orbital has 25% s- and 75% p-character. Construct the wave func ons for this set of
hybrid orbitals.

20. State and explain Hohenberg-Kohn theorems. How are they implemented?.
21. Explain the rela on between varia on principle and SCF procedure.
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Sec on C
Answer any 2 (15 marks each)

22. Explain perturba on method. How is perturba on method applied to evaluate the ground state
energy of He atom.

23. Discuss the Molecular Orbital treatment of H  ion. Sketch the molecular orbitals formed and
explain the bonding.

24. a) Dis nguish between poten al energy diagram and poten al energy surface.
b) Compare and contrast the poten al energy diagrams of ethane and butane.
c) Explain how the poten al energy diagram of butane can be generated using Gaussian so ware.

25. Explain MM-MD simula on protocol. Write a flow chart for the molecular dynamics simula on of
glycine in water. Analyse the results of the simula on.
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