
From  the  BHOR’s  model  of  the  structure  of  atom in 

which  the  electron  is  given  the  treatment  with  electron  as 

point  charge,  to  the  Schrödinger’s  wave  equation 

considerations  have  been with  the  Bhor’s  complementarily, 

wave-particle  duality  for  the  subatomic  constituents, 

Heisenberg’s uncertainty principle which further gave rise to 

description  of  physical  quantities  (to  be  measured)  as 

observables with expectation values as estimates. The solved 

wave equation results  in  wave functions as  solutions.  Each 

dynamic  variable  could  have  a  quantum  mechanical 

(mathematical)  operator  which  operating  on  the  wave 

functions  yield the  corresponding estimate  for  the  dynamic 

variable-the expectation value as Eigen value associated with 

the  eigen  function  of  the  operator.  The  wave  function 

description gives rise to the charge cloud description for the 

electron  instead  of  the  point  charge  description  located  at 

specified point with coordinates (x, y, z). This deterministic 

location of electron is replaced by the probability of finding 

the electron at (x, y, z) and the probability values (evaluated 

from  wave  function)  must  all  be  adding  to  a  value  1 

(normalization) corresponding the fact that it accounts for the



existence of one single electron earlier, a point charge located 

at a specified point in space.

From this the description developed fast and the leap towards 

the  molecular  orbital  description  required  the  linear 

combination  of  wave  functions,  with  wave  functions 

characteristically  having  positive  lobes  and  negative  lobes. 

Thus the results of linear combinations become explicable as 

constructive  or  destructive  interference  of waves.  The 

consequent visual pictures could have maxima and minima, 

the  nodes  and  anti  nodes.  In  turn,  the  bonding  and  anti 

bonding  combinations  were  amenable  to  frontier  orbital 

description.

While at this charge cloud visualization, the wave phenomena 

of constructive and destructive interference was useful, is it 

possible  to  bridge  the  gap  from  classical  description  by 

electrostatic interaction in terms of point charges and explain 

the  charge  density  features  in  an  elementary  way  is  the 

consideration in this contribution, so that it  would be more 

evident  at  the introductory stages,  to  realize  the limitations 

and point out that when system becomes larger in magnitudes, 

the wave mechanical descriptions naturally yield the required 

results without much effort on trying to simplify a



complicated construct built up on the classical descriptions for 

a huge system, a macro molecule. Such efforts as these might 

become text-book materials in the early stages of exposure to 

theory of atomic structures, provided the results substantiate 

the conceptual basis.

Thus  the  simplest  case  of  hydrogen  molecule  is  case 

considered,  with  the  awareness  that  when  the  molecule  is 

formed from two hydrogen atoms, by bringing them to closer 

proximity  being  originally  set  at  a  separation  of  infinite 

distance.
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In  the  case  of  Bohr’s  structure  of  atom,  the  point  charge 

corresponding to the electron moves around in circular orbit, 

and if this circulating charge with the central nuclei should be 

stable, then only a quantization would be able to ensure that 

stability. A circular uniform motion of a mass is associated 

with angular momentum which in turn relates to the balancing 

forces.  While  equating electrostatic  consequences and mass 

dependent mechanical criteria for this circular stable orbits, a 

possibility occurs to introduce an integer number as variable 

which lends itself to be interpreted in terms of principles of 

quantization. At this juncture without inquiring much into the 

quantizing  principles,  an  effort  is  being  made  to  find  out 

whether  or  not  a  charge  cloud  description  of  bonding  anti 

bonding MOs can become feasible considering electrostatic 

interaction of the charges of the two constituent atoms of the 

molecule.

A  circulating  charge  results  when  the  point  charge 

continuously gets displaced in time along the circumference 

of  the  circle.  For  simplicity  instead  of  sphere  only  a  two 

dimensional  circle  is  considered.  When  the  electron  is 

successively  in  different  points  along  the  circumference, 

similar circulation of electron in the other hydrogen atom can



be envisaged. Thus the electrostatic interactions become time 

dependent.  This  time  dependence  can  be  taken  care  of  by 

appropriate  average  value  of  all  interactions  at  different 

disposition of charges during motion. Then can there be any 

specified regions which have increased attraction to stabilize 

and  others  being  less  attraction  and  more  repulsion  etc  to 

arrive at similarity to the shape of molecular orbital.

A  beginning  is  made  with  the  hydrogen  molecule  frontier 

orbital  in  view.  When  there  can  be  progress  with  this 

approach,  then  hydrogenic  wave  functions  and  the  orbital 

shapes can be considered. In the Schrödinger formulation the 

mathematical  process  of  seeking  the  solution  to  the 

differential  equations,  yields  possible  solutions  for  integral 

numbers  which  serves  to  be  assigned  and  interpreted  as 

quantum numbers. It is from this point of view the materials 

in the contribution are being reported.

A circular orbit for each hydrogen atom is considered and the 

two atoms of Hydrogen molecule are brought from a farther 

distance of separation to a closer distance and the trends of 

calculated total “interaction” energy is considered. When one 

electron is placed in circular orbit, a variation in the radius is 

also provided for. Thus for a given distance, the orbital radius 



is varied and the interaction energy for is summed up over all 

radii  and  averaged  which  is  assigned  to  be  the  interaction 

energy  at  a  given  inter  nuclear  distance.  As  inter  nuclear 

distance is varied, at each distance value the averaging over 

same radius range is carried out.

In  each  orbital,  there  is  only  one  electron  and  when 

considering two hydrogen atoms and the two electrons of the 

two atoms, a assignment of the relative positions of the two 

electrons as point charges would become the question. Since 

the two electrons in the limit  of no-interaction between the 

two  atoms,  the  two  electrons  can  be  revolving  in  the 

respective orbits independent of each other, in each orbit the 

electron  can  be  envisaged  at  different  points  along  the 

circumference  during  the  successive  movements  along  the 

points on the circumference. Equal interval, at 10deg interval 

at  centre  of  circle,  is  considered  and  the  electrons  are 

considered  to  occur  with  equal  probability  at  the  various 

points; similarly for the other atomic orbital. Thus each the 36 

points of each circle are considered for interaction with each 

of the 36 points on the other atom, such pair of interactions 

are added and averaged, so that this gives the average energy 

of interaction of the two circulating point charges.



In accordance with the procedure and calculation method described till Sheet-06, 
the number of points on the circumference of the circle are indicated for both 
Hydrogen atoms. 4points, 8points,12points, 16points, 19points, and 36 points are 
considered and the calculations are made for all these cases to compare the 
trends.

                     19 POINTS         36 POINTS



The number of points considerd are desribed in Sheet-07. The radius of the circle 
(comparison to bhor radius) have been varied for this calculation. With the given 
number of points on the circumference, at a given internuclear distance, the 
radius is varied, and the average for each radius is obtained. These average 
vakues are summed and averaged so that the double averaged value correspond 
to that particular interneuclesr distance. Then this value of interaction energy is 
plotted as a function of distance. 



  START

     Inter nuclear distance

Define coordinates of points of electron 
location along circumference; in terms of 
radius inter nuclear distance at equal 

interval of 10 deg at centre.

For the starting value of inter nuclear 
distance calcualte inter nuclear repulsion.

For the starting value of inter nuclear distance 
calcualte inter nuclear repulsion (1).

Taking each location in a sequence calculate the 
attractive potential of electron of atom1with 
nucleus of atom2; and vice-versa. Sum up all 
attractions (2).

    Radius of circles

Taking each electron location of atom 1 in a 
sequence calculate the repulsive  potential due to 
all electrons of atom 2. Sum up all repulsions (3).

Sum up (1) + (2) + (3) for 
that radius RS

 Add it to previous (radius) total 
and store;

 Is the radius value reached   
maximum  limit?

 YES

 NO

Increment 
radius value

 Is the inter nuclear distance
 value reached maximum limit?

 YES

 Divide the previous (radius) sum by total number of radius 
value ;get  average and Add it to previous (distance) total 
and store this value as the value for that inter nuclear 
distance

 NO

Increment 
distance value

  STOP

   END

A flow-chart of the computer program 
(in Fortran) written for calculations; 
the Fortran Program is used to obtain 
the results in the following sheets.



Consider the results obtained for the various total number of points 
plotted for each case of inter nuclear distance. There is a value for 
inter nuclear distance where the energy is negative and this inter 
nuclear distance corresponds to 0.595 units (it may be worth recalling 
the value of 0.5 for Bhor radius), this distance being slightly larger 
than the Bhor radius value if all the distance-units are considered to 
be in Angstrom units. As the number of points on the circumference is 
increased, the energy lowering reduces. At the values of 19points and 
36 points there is at one distance a dominant repulsive energy is 
noticeable.

                                





 
   









This figure illustrates the results for the case of Varying inters nuclear distance at a fixed 
radius value of the orbit. 36 points have been used along the circumference.  One finds that as 
the radius increases, the minimum energy distance increases. In addition at larger radius 
values a repulsive region is discernible as the distance is varied. These repulsive regions as 
pointed out in Sheet-09, could probably be indicating a kind of charge distributions which 
corresponds to that of the anti bonding orbital. More detailed inferences could be deferred to 
later occasions.


