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Q.1(a) Use the 3N Cartesian basis and the appropriate Character table to determine the symmetries of vibrational modes 
of H2O. 

 

[5] 

Q.1(b) Express the symmetry coordinates as SALCs of the internal coordinates in the case of H2O. [5] 
   
   

Q.2(a) Show the SALC of π-orbitals of ethylene. 

 

[5] 

Q.2(b) Using HMO approach form the secular determinant of π-orbitals of ethylene and calculate the energy of π-bonding 
and anti-bonding orbitals. 

[5] 

   
   

Q.3(a) Show that the symmetry representation of -MOs in H2O. [5] 

Q.3(b) Determine the symmetry representation of hybrid orbitals in boron in BF3. 

 

[5] 

   
   

Q.4(a) Explain the concept of vibronic coupling.  [5] 

Q.4(b) Explain how and why splitting of d orbital energy levels happen in the presence of an Octahedral crystal field. [5] 
   
   

Q.5(a) Draw all the seven three-dimensional unit cell with the lattice parameters. [5] 
Q.5(b) Why is 5-fold rotational axis not observed in crystal symmetry? [5] 
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