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Molecularé energetics! 
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What  we  are  still  orphans : 

Å Virtualize  molecular  topology  (shape  and  volume) ; 

 

ÅVirtualize  the  generation  of  alternative  

conformers ; 

 

ÅVirtualize  the  evaluation  of  the  stability  of  each  

conformer . 
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Stability  as a measure  of  the  

geometrical  deformability  of  an object ; 

Back  to  stability  concept : 

Rigidity  as a measure  of  the  reduction  

degree  of  the  geometrical  deformability  

of  an object . 
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Natural  systems  left  to  themselves  move  towards  

states  of  higher  stability . For  example,  water  flows  

down  a hill  or  a ball  rolls  down  a hill,  if  free  to  do  so. 
 

We can  use  the  energy  concept  as a measure  of  

the  stability  of  a natural  system . 
 

As a rule,  the  lower  the  energy  of  a system,  the  

more  stable  it  is. As a result,  left  to  themselves,  

systems  attempt  to  reach  the  configuration  with  the  

lowest  energy  possible  under  a given  set  of  

constraints .  

Back  to  stability  concept : 
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All forms of  energy fall under two categories:  

Back  to  stability  concept : 

POTENTIAL  
stored energy or energy  

of  position  

KINETIC  
energy of  motion  

MECHANICS  DYNAMICS 
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Here  what  we  need  in the  virtual  world : 

    0. 9760     0. 5530     0. 1180  C  

    2. 1810     1. 4240     0. 1010  C 

    2. 9110     1. 3580    - 1. 2420  C 

    2. 2460     1. 6700    - 2. 0550  H 

    3. 2180     0. 3270    - 1. 4520  H 

    4. 1000     2. 2110    - 1. 2400  N 

    3. 8190     3. 1840    - 1. 1170  H 

    4. 5460     2. 1620    - 2. 1560  H 

    2. 8610     1. 1260     0. 9100  H 

    1. 8740     2. 4560     0. 3100  H 

   - 0. 1610     0. 9170    - 0. 5670  N 

   - 1. 0220    - 0. 0510    - 0. 3510  C 

   - 2. 0310    - 0. 1010    - 0. 7380  H 

   - 0. 4920    - 1. 0270     0. 4440  N 

   - 0. 9630    - 1. 8680     0. 7470  H 

    0. 7870    - 0. 6560     0. 7530  C 

    1. 4290    - 1. 2620     1. 3760  H 

? kcal/mol  
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Actually,  we  have  already  an equation  

that  does  this : 

    0. 9760     0. 5530     0. 1180  C  

    2. 1810     1. 4240     0. 1010  C 

    2. 9110     1. 3580    - 1. 2420  C 

    2. 2460     1. 6700    - 2. 0550  H 

    3. 2180     0. 3270    - 1. 4520  H 

    4. 1000     2. 2110    - 1. 2400  N 

    3. 8190     3. 1840    - 1. 1170  H 

    4. 5460     2. 1620    - 2. 1560  H 

    2. 8610     1. 1260     0. 9100  H 

    1. 8740     2. 4560     0. 3100  H 

   - 0. 1610     0. 9170    - 0. 5670  N 

   - 1. 0220    - 0. 0510    - 0. 3510  C 

   - 2. 0310    - 0. 1010    - 0. 7380  H 

   - 0. 4920    - 1. 0270     0. 4440  N 

   - 0. 9630    - 1. 8680     0. 7470  H 

    0. 7870    - 0. 6560     0. 7530  C 

    1. 4290    - 1. 2620     1. 3760  H 
Time -dependent Schrödinger equation  

(single non -relativistic particle)   

Schrödinger equation  
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Why we cannot  simply  use  Schrödinger  

equation?  

Schrödinger  equation  can  only  be solved  exactly  for  

the  hydrogen  atom . 

For  more  complex  systems  (i.e. many  electron  

atoms/molecules)  we  need  to  make  some  

simplifying  assumptions/approximations  and  solve  it  

numerically . 

The solution  of  the  approximated  Schrödinger  

equation  is very  time  consuming  and  solvable  only  

for  a small  ensemble  of  atoms . 
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Why we cannot  simply  use  Schrödinger  

equation?  

Schrödinger  equation  can  only  be solved  exactly  for  

the  hydrogen  atom . 
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And  now?  Letõs try  in another  wayé 

Where  energy  (potential)  is stored  inside  a 

molecule?  Mainly  (but  not  only)  here : 

BOND ENERGIES  

BOND ANGLE ENERGIES  

TORSION ANGLE ENERGIES  
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Philipp McCord Morse  

P. M. Morse,  Diatomic  molecules  according  to  the  wave  mechanics . II. Vibrational  levels . Phys . Rev. 1929 , 34, 57.  

Do you  remember  the  Morseõs potential?  
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This  is very  interesting  because  we  hav  

different  Morseõs potentials  corresponding  

to  different  kind  of  chemical  bonds : 
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a brilliant  comparison : 
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é remember? 
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Robert Hooke  
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We can  simplify  like  that : one  bond  one  
parabola!  

Nsp3 -H 

Csp3 -Nsp3  

Csp3 -H 

Osp3 -H 

Csp2 -Osp3  

Csp2 -H 

Csp2 -Csp2  

Nsp2 -H 
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Force  Field  (FF) parameters : tabulated  

experimental  values  crucial  to  correctly  

solve  FF equation . 

S [½kstr  (r -re)2 ð De
str

 ]  

stretching constant  

(from IR spectroscopy)  

bond energy  

(from thermochemistry)  

bond distance  

(from coordinates matrix)  
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Force  Field  (FF): the  empirical  energy  

equation!  

    0. 9760     0. 5530     0. 1180  C  

    2. 1810     1. 4240     0. 1010  C 

    2. 9110     1. 3580    - 1. 2420  C 

    2. 2460     1. 6700    - 2. 0550  H 

    3. 2180     0. 3270    - 1. 4520  H 

    4. 1000     2. 2110    - 1. 2400  N 

    3. 8190     3. 1840    - 1. 1170  H 

    4. 5460     2. 1620    - 2. 1560  H 

    2. 8610     1. 1260     0. 9100  H 

    1. 8740     2. 4560     0. 3100  H 

   - 0. 1610     0. 9170    - 0. 5670  N 

   - 1. 0220    - 0. 0510    - 0. 3510  C 

   - 2. 0310    - 0. 1010    - 0. 7380  H 

   - 0. 4920    - 1. 0270     0. 4440  N 

   - 0. 9630    - 1. 8680     0. 7470  H 

    0. 7870    - 0. 6560     0. 7530  C 

    1. 4290    - 1. 2620     1. 3760  H 

Ep @ @ S Eleg  

@ S [½kstr  (r -re)2 ð De
str

 ]  


