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Based upon the Hel lmann-Feynman theorem in its differential form I~U~D~- 
~ G  [4] calculates the barrier of internal rotation in ethane using orthogonal 
localized one-electron molecular orbitals ~ .  Assuming that  ethane consists of the 
methyl  groups a and b, and that  b rotates over an angle 0 relative to a around ~he 
carbon-carbon bond, he obtains: 

~ r _ l d  , , g E  = 3 A  ~ R#-~ - 6 2  cfi #~ 7:i - AEn~ - -LJEn~I .  (1) 
+-::1~ f l= i  fl= 

Group a contains electrons i and nuclei ~, electrons and nuclei of b are denoted 
~" and/~ respectively. Only two types of terms - -  viz. nuclear-nuclear repulsion 
and nuclear-electron attraction - -  appear, because differentiation of the hamil- 
tonian to 0 removes the contributions not depending explicitly on 0. 

With the integral form of the I te l lmann-Feynman theorem PA~s and W~AT~ 
[2, 3] derive a similar expression, assuming for group a identical wave functions 
for the staggered and the eclipsed conformations and a vanishing contribution to 
the rotation barrier caused by the transition density in the vicinity of group b. 

The purpose of this note is to show that  the rotation barrier obtained via a 
first order perturbation t reatment  of the same model leads to a different result, 
when the non-bonded interaction of protons and localizecl charge densities between 
the two methyl  groups is considered as the perturbation. Both conformations 
have been calculated separately, after which the rotation barrier emerged from 
the difference in first-order-perturbation energy. 

I f  the wave functions of group a and b are denoted by  ~a and W~ the zero order 
function to be used in the expression for the first order perturbation term is 

= j" ~fa ~fb H '  ~fa ~fb dT (2) E '  

where 
3 3 6 6 6 

(3) 
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The four cont r ibut ions  to  E '  m a y  be wr i t t en  as follows: 

R Wa~flb dv = 5 5 R-1 3 R y ~ -  

~a~0  Waif ha lT=  ~ ~ ~i z ~ d T i = 6  ~i ~i aTl ~ E ~ I  
_ = ~=i~=l i 

r-.~ - 2 -i , 
~)a ~/)b \•=1 :~=1 or ~)a WO d T =  11 fP~ r~l dTl = 6 ~=1 fpi r~j dT 1 - Ene II 

~=1 t=1 I=1 

Apart from the terms given in (1),i.e. contributions from nuclear-nuclear repul- 
sion and attraction between say nuclei ~ and group a electrons perturbation 

t heo ry  entai ls  also e lect ron-elect ron repuls ion and  
Table a t t r ac t i on  be tween  nuclei  cr and  group b electrons.  

AE~, = 4.7 keal/mol As a simple app rox ima t ion  a p e r t u r b a t i o n  ealeula- 
A E ~  = 3.4 kcal/mol t ion  of  the  ro t a t ion  bar r ie r  using l inear  localized orbi- 
AE,~II = 3.4 kcal/mol 
AE~ = 2.6 kcal/mol ta ls  in t roduced  b y  RUEDEI~BEI~G [d] has been perform- 
AEtot~i = 0.5 koal/mol ed. I f  L is the  C - I t  bond  length  these  orbi ta ls  - -  

giving rise to  a cons tan t  charge dens i ty  be tween  the  

nuclei  - -  are defined b y  f0~ = L ~. Bo th  t e rms  E~e I and  E ~  II t hen  reduce to  

in tegra ls  of  the  form 

(x ~ + ax + b ) -  ~ dx = ln + (x ~ + ax + . 

The cont r ibu t ions  to  E'ee t ake  the  form ~ In e + dx -t- (x 2 -t- ex + [)~ dx, and has  

been solved numer ica l ly  e. The cons tants  a, b . . .  J are defined b y  the  molecular  

configurations [1]. 
The d a t a  summar ized  in the  tab le  show t h a t  AEneII and  AEe~ are different  

and  of the  same magn i tude  as bo th  o ther  te rms.  I n  con t ras t  to  a bar r ie r  of  i .3  
kcal /mol  as found b y  R U E D E ~ B ~  via  the  I - Ie l lmann-Feynman theorem the  
resul t  is now 0.5 kcal/mol.  Though the  choice of  or thogonal  localized orb i ta l s  
prohib i t s  a rel iable numer ica l  eva lua t ion  of  the  ro ta t ion  barr ier ,  i t  was t hough t  of  
in te res t  to  note the  ex t r a  t e rms  from th is  first order  p e r t u r b a t i o n  t r e a tme n t .  

The author is greatly indebted to Professor D. I-I. W. ])E~T B o ~  for his hello and stimu- 
lating interest. 

* This calculation is carried out on the Xx-computer of the Rekencentrum of this Univer- 
sity. 
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