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The nuclear magnetic shielding tensor has been calculated for the ethylenic carbon atom in tetrachlorocyclopropene using 
London orbit&. It is found that the London results arc more stable with respect to extensions of the basis than the corresponding 
IGLO and LORG calculations. 

Ab initio calculations of molecular magnetic prop- 
erties such as susceptibilities and NMR shielding 
constants should yield results independent of the 
gauge origin for the vector potential of the external 
field. Unfortunately, when approximations are in- 
troduced, this is often violated and the results may 
become meaningless. The coupled Hartree-Fock 
(CHF) perturbation approach yields gauge invar- 
iant results for a complete basis set. However, in fi- 
nite basis set calculations the CHF results are in gen- 
eral gauge dependent. Various methods have been 
proposed to overcome this problem; two commonly 
used approaches are the IGLO [ 1 ] and LORG 
methods [ 21. 

In a recent work Smith, Amos and Handy [3] 
(referred to as SAH) have analyzed the carbon 
shielding in substituted cyclopropenes using the CHF 
approach, a special implementation of the IGLO ap- 
proach and the LORG method. In this Letter, we 

present the results for tetrachlorocyclopropene C3C14 
using London orbitals. This method [4] is also 
known as GIAO [ 5 1. We refer to refs. [ 671 for a 
discussion of recent theoretical and computational 
advances in the application of this approach. 

When correlation effects are small, good agree- 
ment with experimental values has usually been ob- 
tained for smaller systems with all the above meth- 
ods as the basis set limit is accessible. However, for 
C&l4 Smith et al. [ 31 found that the results of LORG 
and IGLO do not agree and that it is difficult to es- 
timate the Hartree-Fock limit. Following SAH, we 
concentrate on calculating the shielding tensor Q for 
the ethylenic carbon atom, for which the antisym- 
metry A of u has been experimentally observed. This 
is a difficult calculation since distribution is domi- 
nated by a pyramid of Cl atoms, while it is the 
shielding for a carbon atom that is computed. 

Our calculations have been carried out using the 
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SIRIUSABACUS-RESPONSE program, which has 
recently been extended to calculations of NMR 
shielding constants using London orbitals [ 8 ] and 
tested against the London SCF results obtained with 
the program of Wolinski et al. [ 7 1. Our results are 
shown in table 1 and are arranged as in table I of 
SAH, using the same notation and definitions. We 
shall compare our results with the IGLO and LORG 
values only, as these are the practical methods and 
also provide the best values in SAH. 
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Fig. 1 illustrates the basis set dependence of the 
shielding constant a,, for our London calculations 
and the IGLO and LORG calculations of SAH. The 
basis sets are numbered according to their sequence 
in table 1. In fact, the DZP basis is the largest one, 
the 63 11 G*(C) /63 1 G* (Cl) has more C orbitals but 
less Cl orbitals. It can be seen that the variations of 
a,, are smallest for the London CHF method. The 
difference between the results obtained for a given 
basis is largest for small basis sets. In addition, the 
differences between the values for the two largest ba- 
sis sets are small for London CHF and LORG and 
agree fairly well and converge to a limit close to 70 

ppm. 
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Fig. 1. A comparison of London CHF, IGLQ and LGRG results 
for U,“. 

It should be emphasized that even the largest basis We have calculated the basis set dependence of the 
sets considered here are fairly small and include at other components of the shielding tensor (see table 
most one set of polarization functions per atom. I). For the antisymmetry A our results converge 
Therefore, we believe that the conclusions of the SAH faster than the IGLO and LORG values. All the 
paper that basis set limit results are difficult to ob- methods yield 70?2 ppm. From the convergence 
tain are somewhat too pessimistic. Although the con- trends of all the methods and the fact that the Lon- 
ventional CHF results are poor, the other methods don basis sets in structure are different from con- 
yield much better results with the London CHF ap- ventional basis sets we conclude that this value is 
proach being the most promising. The largest basis close to the Hartree-Fock limit (for the Hartree- 
sets in this work have 144 CGTOs. It is nowadays Fock geometry). The difference between this num- 
possible to use more than 200 CGTOs handling in- ber and the experimental antisymmetry (5 1 f 5 ppm) 
tegral files, and when direct methods are used much may be due to correlation and/or solvent effects, ge- 
larger calculations have been performed [ 9 1. ometry differences etc. 

Table 1 

Basis set 0.” A ACl 9 S 

321G 
321G* 
631G 
631G+ 
DZP 
6311G*(C)/631G*(Cl) 
exp. 

85.9 61.5 -167.3 0.292 169.7 
93.0 61.0 -158.3 0.256 160.0 
67.9 68.3 -187.8 0.323 191.0 
78.2 66.2 - 114.6 0.267 176.6 
70.2 71.9 -182.8 0.311 185.7 
64.0 71.1 -189.0 0.269 191.2 

51f5 152f5 
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