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25 years of NICS — much more than nothing!®
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Abstract: The famous aromaticity index NICS (nucleus independent chemical
shift) was introduced 25 years ago. The authors use this anniversary for a short
and to some degree personal retrospective.

Keywords: aromaticity; history; anniversary.

In 1996 Paul von Ragué Schleyer and his team published a new index for
aromaticity based on gauge-independent atomic orbital (GIAO) NMR-calcul-
ations called nucleus independent chemical shift (NICS).! The abbreviation
NICS is a pun with the colloquial German word for nothing — “Nix”, as to obtain
NICS values one can calculate chemical shift at any place, in the space around a
molecule, using a ghost atom — more or less nothing.

NICS values had been the enhancement of earlier NMR-calculation to evalu-
ate aromaticity based on Li™ or He-atoms.2~6 Both nuclei interact with the system
that shall be investigated. A ghost atom is not interacting and the awareness that
one can calculate chemical shifts independently from a nucleus anywhere around
a molecule was a milestone in investigating aromaticity. That NICS is a scientific
bonanza one can easily see in the number of current citations obtained from the
Web of Science database.” The original NICS manuscript from 1996! was cited
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around 4500 times in November 2021 and in the review8 published by Paul von
Ragué Schleyer, around 10 years later, more than 2300 times. Of course, in 1996
there was only the “nativity” of NICS, before Schleyer and his team nurtured that
idea. Already in summer 1995 Schleyer reported at the 8th International Sympo-
sium on Novel Aromatic Compounds (ISNA-8) in Braunschweig, Germany,
about this new upcoming method. The first publication applying NICS® appeared
in 1996, but already in February, around half a year before the well-known
method paper was published.*

What makes NICS so precious and useful? Why are scientists all over the
world attracted by NICS? Surely a very striking argument is the simplicity of
application. A NMR-calculation based on a structure extended by one or more
ghost atoms is simple to do and the results are easy to analyze, as the resulting
shielding only has to be multiplied by —1, and with straightforward interpretation.
No reference systems are necessary, one calculation can extend the knowledge of
the investigated system significantly, independently if organic or inorganic.
Adopting Schleyer’s color scheme a red ball shows aromaticity and a green ball
anti-aromaticity. If the ball is tiny (values between —5 and 5) than one has no
aromatic influences at all (Fig. 1).

Fig. 1. 7-Methylene-7H-cyclobuta[a]indene. The NICS and geometry were calculated at the
B3LYP/6-311+G** level of theory.

This simple concept allows to understand the nature of individual rings in
polycyclic systems (see, e.g., Fig. 1) and is therefore extremely useful in under-
standing fullerenes, nanotubes or graphenes. A striking example for a better
understanding of graphenes, and an impressive support for Clar’s picture of aro-
matic m-sextets in polycyclic aromatic hydrocarbons (PAHs), is the work of
Schleyer and team, demonstrating that only rings were all carbon atoms are
members of a single sextet show high NICS values, compared to rings having
migrating n-sextets and showing intermediate values. This leads to clearly differ-
entiable Clar sextet ring patterns and makes the concept of Clar more concrete. 10

The possibilities of NICS inspired other teams to get new, unexpected but
absolutely impressive ideas in their research. Perhaps the most striking was an
idea of Klod and Kleinpeter,!!1-13 they used NICS points around interesting

*The submission of the NICS-method paper was exactly 168 years after the famous letter
from Friedrich Wohler to Jens Jacob Berzelius reporting his unintentional preparation of urea.
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25 YEARS OF NICS 1441

molecules and structural motives to plot the “iso-chemical-shielding surfaces”
(ICSS) investigating through space NMR shieldings and making them visible.14
It is worth mentioning that an analogous one-dimensional approach, also known
as the NICS-scan method, is widely addopted.!3

More straightforward was the concept of separating n- and o-influences of
the NICS values in order to get dissected NICS values. The first idea was to
apply the Pipek—Mezey localization procedure (LMO-NICS)!6 which was suc-
cessfully applied and taught that NICS(0) shows great influences of the o-sys-
tem.17:18 Unluckily the formalism of Pipek and Mezey has some shortcomings,
e.g., that the strict o—7 separation is only applicable for planar molecules.!®
Therefore, alternative methods were developed to separate the influences, like the
concept of Corminboeuf et al., to calculate dissected NICS of selected canonical
molecular orbitals resulting in NICScr.19 An alternative dissection concept is
based on individual canonical molecular orbital (CMO) contributions to the mag-
netic shielding of the atoms. These CMO-NICS contributions allow additional
insights to the results of the localized MO based dissected NICS (LMO-NICS).20
Another CMO-NICS concept utilizes natural bond orbitals (NBOs).2!

An alternative concept to a more detailed understanding of NICS, beside o-
and m-influences, is to analyze the tensors of NICS. While by definition NICSxx
and NICSyy are in the ring’s plain NICSzz is perpendicular and can give values
unhampered by the in-plain effects easily.

While these examples show nicely why NICS is interesting for theoretical
considerations, but why is NICS so fascinating for practical chemistry? The con-
venience while applying NICS (vide supra) certainly is a very big advantage,
especially in combination with a probe not altering the system. The other huge
plus for NICS is the wide range of application in organic,22-30 inorganic,31-33
metal clusters,36-38 carbon-materials,3%4! supramolecular chemistry,42-45 bio-
-related chemistry,*6-49 porphyrin chemistry,30-53 chemistry of taylor-made pro-
perties,>* polymer chemistry,55-56 efc. and these topics can again be divided into
sub topics, e.g., in organic chemistry like reaction mechanism with aromatic
transition states,8-57-58 Mobius>9©! and Craig-Mobius®2-65 aromatic systems,
chelate systems®® or to metalla aromatic systems,05:67-69 only to list the most
prominent examples. Along these lines, it is worth mentioning that some of the
present authors have been part of Schleyer’s research group when the very first
papers were published on NICS, describing its definition and possibilities of its
applications!-2.%:17 Some of the authors contributed significantly to further NICS
envelopment and to its promotion among the broader chemical community.$-18.61
What authors of this paper have in common is that all of us actively use the NICS
in our research, and the topics range from organic26-30.70-73 and inorganic
molecules,33:34 metal clusters,37-38 supramolecular chemistry,*#5 mechanistic
studies®:38 and bio-related molecules.46-49.74
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The simplicity of NICS-calculations can be a curse, too. Of course, NICS
has also some clear shortcomings that should not be.”> While NICS correlates
very well with the other criteria for aromaticity like aromatic stabilization energy,
other magnetic criteria’® or structure,’6.77 it is not a method applicable without
critical intelligence, as impressively pointed out by recent publications.”8-80 The
reasons are manifold from conceptual shortcomings, via contribution of different
effects or the tendency to overinterpretation of data, e.g., to make quantitative
statements about aromaticity. That NICS has restrains was obvious for Schleyer
and his team and so they stated in the concluding remarks of their review from
20058 “the limitations of NICS must also be appreciated.” After they had given a
view sentence above some assisting hints how to handle NICS. But have all
persons applying NICS read that part?

What can we expect in the next 25 years? NICS had turned out to be a Swiss
army knife for investigating aromaticity. Beside its shortcomings and limitations,
it will surely continue being a robust craftsman tool for exploring aromaticity
abreast with structural criteria and the different ways to calculate aromatic stabil-
ization energy. One can expect that NICS will also find additional applications,
as recently demonstrated as a criterion for the design of new antifungal benzo-
furanones8! and in the modelling of antioxidative capacity of phenolic com-
pounds.” May be NICS will one day be a common tool included in QSAR stu-
dies or any other fascinating application.

Ad multos annos, NICS!

U3BOJI
25 TOOWUHA NICS — MHOI'O BUIIIE OJJ HUYETA!

RALPH PUCHTA"?, CJIABAHA BOPREBUR', CJIABKO PAIEHKOBHR?, HAIJUN JIAO®
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