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Large differences have been reported in previous SCF calculations of the 
NMR shielding tensor of the ethylenic carbon atom in tetrachlorocyclopropene. 
Our calculations show that these differences are due to the use of different 
molecular geometries, not to differences in the methods applied to obtain 
gauge-invariance. 

The NMR shielding tensors in C3C14, tetrachlorocyclopropene, have recently 
been studied in a series of ab initio calculations [1-3]. The antisymmetric part of the 
shielding tensor of the ethylenic carbon atom in C3C14 has been determined 
experimentally [4]. The possibility of comparing the ab initio value of this quantity 
with experiment makes C3C14 particularly interesting, since the antisymmetry is not 
observed in standard NMR spectra. We discuss in this note only the shielding tensor 
of the ethylenic carbon atom and use the symbol o-(C) to denote it. 

The conclusion of the most recent study [3], which presents a detailed comparison 
with earlier work, was somewhat disappointing. Namely, there was no agreement 
between the Hartree-Fock results obtained from the different methods employed. 
The estimated values of the Hartree-Fock limit given by Smith, Amos and Handy 
(SAH) [1], our London atomic orbitals (LAO, GIAO) results [2] and the IGLO 
results of van Wfillen, Fleischer and Kutzelnigg 1-3] differ significantly. We here return 
to the subject since we believe our results via London (GIAO) calculations were 
accurate, and this appears to be incompatible with their difference from the 
presumably very accurate, large basis set IGLO results of [3]. 

We have now performed London (GIAO) calculations using the same geometry 
as in [2] and a direct SCF program [5] where we have extended significantly the 
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NMR shielding tensor for the ethylenic carbon atom in C3C14. a 

This This 
Ref. [23 work work Ref. [33 

Geometry of Ref. [2] Ref. [2] Ref. [3] Ref. [3] 
cqv 64.0 59.4 43.2 42.4 
A 71.1 73-1 79.0 79.4 
Atr - 189"0 - 192'2 -238"2 -240'0 
~/ 0'27 0-27 0"27 0-27 
S 191-2 194"6 241"2 242"9 

a The same definitions as in [1-3] are used for all the quantities: tray is the average (isotropic 
shift); A measures the antisymmetry; Aa is the anisotropy; r/is the asymmetry parameter; and 
S is a function of Aa and ~/. 

basis set. Our  new basis set includes (11s7p3dlf/8s7p3dlf) functions for C and 
(12s8p4d2f/9s8p4d2f) for C1, which gives a total of 421 CGTOs. The basis set on 
carbon corresponds to the H IV basis of [6], previously used for highly accurate 
calculations or magnetic properties. For chlorine no H IV basis has been presented, 
and we have constructed our basis in analogy with the existing H IV sets 
for sulphur and phosphorus [6], using the primitive basis of Huzinaga [7] together 
with the polarization functions of the H IV basis sets for sulphur and phosphorus. 
The differences between our new results and the values obtained previously (see the 
table) are much smaller than the discrepancy between these new results and the IGLO 
results of [3]. 

Therefore, we have also employed the large basis set London (GIAO) calculations 
at the geometry used in [3]. The geometry of [2] was the geometry optimized for the 
largest basis set by SAH [1]; by contrast, van Wfillen et al. [3] used the experimental 
geometry. On the face of it, the geometry difference does not appear to be significant: 
there is a 8 ~ change in the C---C--C1 angle making the C1--C-----C--C1 chain more 
'linear' in the SAH theoretical geometry. However, tr(C) changes significantly and, 
as shown in the table, this obviously solves the problem of the discrepancies between 
the London (GIAO) calculations of [2] and the IG LO  results of [3]. 

In summary, both the IGLO results of [3] and our previous results [2] converge 
with the extension of the basis set to the 'Har t ree-Fock limits'. These limits differ 
because different geometries have been used. 

This work has received support from the Norwegian Supercomputing Committee 
(TRU) through a grant of computing time. 
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