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   CO BL 
Q.1(a) Derive an expression for Projection Operator and discuss the utility of  Projection 

Operators.  
[5] 5 2 

Q.1(b) (i) Use the 3N Cartesian basis and the appropriate Character table to determine the 
symmetries of vibrational modes of H2O. (ii) Identify the Infra-red active vibrational 
modes in trans-N2F2 molecule by taking help from appropriate character table.  

[3+2] 5 3 

     
     

Q.2(a) Show that, the symmetry of 2pz orbitals of naphthalene belongs B2g, B3g, Au, and B1u 

representation. 
[5] 5 2 

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] 5 2 

     
     

Q.3(a) Determine the symmetry of hybrid orbitals of boron in BF3. [5] 5 3 
Q.3(b) Show that the symmetry representation of -MOs in H2O. [5] 5 2 

     
     

Q.4(a) Consider a transition metal atom embedded in Oh symmetry. Quantitatively explain the 
fate of degeneracy of p and d orbitals in such an environment by taking help from any 
one symmetry operation present within Oh point group. 

[5]         5     3 

Q.4(b) Explain the concept of tetragonal elongation/compression by taking help from the 
Correlation Table for Oh point group.  

[5] 5 3 

     
     

Q.5(a) (i) Explain the emergence of band gaps and band structures within solids by taking help 
from a 1 dimensional Kronig-Penney model. You may assume the concerned potential to 
be a delta function.  (ii) Consider a free particle wave function. Does this wave function 
obey Bloch’s theorem? 

[3+2] 5  3 

Q.5(b) Show that in 2-dimensional lattice 5 order rotation is not possible. [5] 5 1 
    PTO 
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