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NMRbŽǆ iƐ aŶ eǀŽůǀiŶg cŽŵƉƵƚaƟŽŶaů ƉůaƞŽƌŵ͕ ǁiƚh ŶeaƌůǇ ϯ͕ϬϬϬ ƌegiƐƚeƌed ƵƐeƌƐ͕ fŽƌ NMR 
daƚa ƉƌŽceƐƐiŶg aŶd aŶaůǇƐiƐ ǁiƚh ϮϬϬн ƐŽftǁaƌe ƉackageƐ acƌŽƐƐ aůů aƌeaƐ Žf NMR aŶd 
ƌeůaƚed fieůdƐ͘ NMRbŽǆ ƐiŵƉůifieƐ diƐcŽǀeƌǇ Žf NMR ƐŽftǁaƌe aŶd ƉƌŽǀideƐ Ŷeaƌ ǌeƌŽ-
cŽŶfigƵƌaƟŽŶ acceƐƐ͕ ƚhƌŽƵgh a ůighƚǁeighƚ VNC cůieŶƚ͕ ƚŽ ƚhe ƐŽftǁaƌe aŶd cŽŵƉƵƚe 
ƌeƐŽƵƌceƐ͘ AcceƐƐ iƐ ŽƉeŶ fŽƌ acadeŵic aŶd ŶŽŶ-ƉƌŽfiƚ ƵƐe fŽƌ FREE͘ CŽŵƉƵƚe ƌeƐŽƵƌceƐ aƌe 
eǆƉaŶdiŶg aŶd ǁiůů ƐŽŽŶ iŶcůƵde iŶ eǆceƐƐ Žf Ϯ͕ϬϬϬ CPU cŽƌeƐ͕ ϭϭн TB RAM͕ aŶd ϭϱϬ͕ϬϬϬн 
CUDA cŽƌeƐ͘ NMRbŽǆ fŽƐƚeƌƐ ƌeƉƌŽdƵcibůe ƌeƐeaƌch bǇ ƉƌŽǀidiŶg ƉeƌƐiƐƚeŶƚ acceƐƐ ƚŽ Ɖƌe-
cŽŶfigƵƌed ƐŽftǁaƌe͕ ƚŽŽůƐ fŽƌ ŵaŶagiŶg ƚhe ŵeƚadaƚa aƐƐŽciaƚed ǁiƚh ƉƌŽceƐƐiŶg 
ǁŽƌkflŽǁƐ͕ aŶd ƚŽŽůƐ fŽƌ adǀaŶced BaǇeƐiaŶ aŶaůǇƟcƐ͘ 

“NMR iŶ ƚhe CůŽƵd͗  NMRbŽǆ ReƐŽƵƌceƐ fŽƌ                
MŽǀiŶg NMR Daƚa PƌŽceƐƐiŶg aŶd AŶaůǇƐiƐ OŶůiŶe” 

Halogen bonding and other σ-Hole 
Interactions Revisited After 18 Years

A covalently-bonded atom typically has a region of lower electronic density, a “σ-hole,” on the side 
of the atom opposite to the bond, along its extension.  There is frequently a positive electrostatic 
potential associated with this region, through which the atom can interact attractively but 
noncovalently with negative sites.  This was first pointed out in the 2005 for covalently-bonded 
halogens and was then extended to other main group elements in 2007 – 2009.  This positive 
potential reflects not only the lower electronic density of the σ-hole but also contributions from 
other portions of the molecule.  These can significantly influence both the value and also the 
angular position of the positive potential, causing it to deviate from the extension of the covalent 
bond.  We have surveyed these effects, and their consequences for the directionalities of subsequent 
noncovalent intermolecular interactions, for atoms of Groups IV-VII.  The overall trends are that 
larger deviations of the positive potential result in less linear intermolecular interactions, while 
smaller deviations lead to more linear interactions.  We find that the deviations of the positive 
potentials and the nonlinearities of the noncovalent interactions tend to be greatest for atoms of 
Groups V and VI.  These “σ-hole” interactions have in the past few years been extended to the 
transition metals and also the noble gases.
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