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MG-F S GO calculations on ethane have been performed employing a moder- 
ately large basis set with complete orbital plus geometry optimization. A 
nearly exact result for the rotation barrier is obtained, but the computed 
geometry is poor. 
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The MG-FSGO (multiple Gaussian floating spherical Gaussian orbitals) method 
is an improvement of the simple Frost FSGO approach [1] and has been reported 
to be able to avoid some defects of the latter. Among these defects are [2] the 
too small results for valence angles in molecules containing lone pairs and the too 
high values obtained for barriers to internal rotation. In respect to this last point 
attempts have been made [3, 4] to get an accurate description of the rotation 
barrier in ethane through extension of the FSGO basis set. Although more or less 
successful, these calculations suffered of consistent limitations, namely unbalance 
of the basis set [3] and /or  only partial optimization of nonlinear variables 
including geometry [4]. Therefore  it is not clear (i) whether the improvement in 
the computed rotation barrier can be confirmed in the absence of these limita- 
tions, and (ii) how accurate the MG-FSGO geometry predictions are in such a 
polyatomic molecule where lone pairs are not present. To this end, two distinct 
calculations were performed employing the same moderately large basis set (25 
FSGO's),  with all local orbitals represented by linear combinations of 3 com- 
pletely floating FSGO's,  except for inner shells (2 FSGO's). Calculation 1 was 
made at fixed experimental geometry [ r cc=2 .893  a.u., rcH=2.071 a .u . ,~  
CCH = 111.1 ~ (5)] by optimizing only the 20 orbital parameters,  while in Calcula- 
tion 2 a full optimization of all geometry and orbital parameters was performed 
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Table 1. Ethane : Molecular energy (a.u.), geometry (a.u.) and barrier 
(kcal/mole) from optimized MG-FSGO's 

Calculation 1 a Calculation 2 b 

E, eclipsed -76.531466 -76.544352 
E, staggered -76.537543 -76.549002 
Barrier 3.81 2.92 
roe . . .  3.073 c 
rCH . �9 2.142 c 
4; CCH (degrees) . . .  110.0 c 

a Experimental geometry, only orbital parameters optimized. 
b All orbital and geometry parameters optimized. 
c Staggered conformer. 

(for a total  of 23 var ia t ional  parameters) .  All  the above opt imizat ions  employed  

a previously  descr ibed gradient  me thod  [2, 6]. The results are repor ted  in Table  
1. Whereas  Calcula t ion  1 gives a reasonable  result  for the ro ta t ion  barr ier  

[exper imenta l  value 2.93 kca l /mo le  [7]], fur ther  i m p r o v e m e n t  arises f rom 
geomet ry  opt imiza t ion  in Calcula t ion  2, where  a near ly  exact result  is obta ined.  

Unp leasan t ly  enough,  however ,  this happens  at the expense  of the accuracy in 

the computed  geometry ,  rcc be ing in error  by + 6 . 2 % ,  rCH by + 3 . 4 % ,  and 5~ by 
- 1 . 0 % .  The  lat ter  results are worse than  the cor responding  L C A O - M O  results 
repor ted  in the l i terature  (STO-3G,  see [8]; min ima l  set of opt imized STO's ,  see 

[9]; Gauss ian  lobe funct ions  plus b o n d  funct ions,  see [10]). Despi te  the (probably 

fortui tous)  very good value ob ta ined  for the ro ta t ion  barr ier ,  this casts some 
doubts  in the abili ty of M G - F S G O  wavefunct ions  to give rel iable s t ructural  

predict ions  with reasonably-s ized  basis sets. 
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