
Chapter 9 
Ab Initio and Density Functional Methods 

Homework Solutions 
 
 
1. Please see the PowerPoint slides and class notes for answers to these qualitative questions. 
 
 
2. (a) STO-3G:  PH2F 
  H:  2 STOs (1s) [one on each H) 
  F:   5 STOs:  1s + 2s + 2p (3) 
  P:   9 STOs:  1s + 2s + 2p (3) + 3s + 3p(3) 
  Total:  2 + 5 + 9 = 16 atomic orbitals 
 
 (b) PH2F has a total of:  15 + 2x1 + 9 =26 electrons 
  Because 16 atomic orbitals are used, 16 MOs will be formed 
  13 of these orbitals are occupied (containing the 26 electrons).  3 orbitals are unoccupied. 
 
 (c) 3-21G 
  The "3" means that core electrons are characterized by a single STO of each type,  
  comprised by a fixed linear combination of 3 GTOs  
  The 21 means that 2 STOs of each type are used to characterize valence shell electrons. 
  The inner STO is a combination of 2 GTOs.  The outer STO is a single GTO. 
   
 (d) PH3:  6-31G(2d,p) 

  H:  2 1s STOs (doubly split valence) 
         1 x 3 2p STOs (one set of polarization functions) 
  Total H:  3 x (2 + 3) = 15 basis functions 
 
  P:    1  1s STO (core) 
      1  2s STO (core) 
       3 2p STO (core) 
      2 x 3s STO (doubly split valence) 
      2 x 3 3p STO (doubly split valence) 
      2 x 5 3d STO (two sets of polarization functions) 
  Total P:  1 + 1 + 3 + 2 + 6 + 10 =  23 basis functions 
 
 
 
 
 
 
 
 
 
 
 
  





 (b) Enthalpy Change, Ho 
 
 Let's convert Eel to Ho(673K) for reactants and products. 
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 Note that Ho is significantly different from Eel, 
 which is the energy difference without corrections for ZPE, thermal energy 
 and conversion from energy to enthalpy. 
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 (c) Equilibrium Constant, Keq 
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 Therefore:  9.26 59.5 10  eqK e x  

  


