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It is well known that the hydrogen bond is an important interaction that influences an arrangement
of molecules in numerous organic and metal-organic crystals [1,2]. There are various motifs containing
hydrogen bond links in crystal structures; the method based on the graph theory was proposed
to categorize them [3,4]. For example, the R2

2(8) motif, according to the graph-set assignments,
is among the most often occurring ones, it is typical for crystals of carboxylic acids, amides, and
numerous other compounds [5]. Figure 1 presents the fragment of the crystal structure—the dimer of
the 2-hydroxythiobenzoic acid [6] (RONVAR refcode in the Cambridge Structural Database, CSD [7,8]).
One can see here the above-mentioned R2

2(8) motif that corresponds to the eight-member ring formed
by two thiocarboxylic groups linked by symmetrically equivalent S-H . . . O hydrogen bonds. There
are also intramolecular O-H . . . O hydrogen bonds in this structure that close the six-member rings
designated as S(6) in the graph set method [3,4]. The latter motifs occur very often in crystal structures
and it was stated early on by Etter that the formation of such a type of intramolecular hydrogen bond
is preferred in crystal structures to the formation of other interactions [5].
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It is well known that the hydrogen bond is an important interaction that influences an 
arrangement of molecules in numerous organic and metal-organic crystals [1,2]. There are various 
motifs containing hydrogen bond links in crystal structures; the method based on the graph theory 
was proposed to categorize them [3,4]. For example, the R 8  motif, according to the graph-set 
assignments, is among the most often occurring ones, it is typical for crystals of carboxylic acids, 
amides, and numerous other compounds [5]. Figure 1 presents the fragment of the crystal structure - 
the dimer of the 2-hydroxythiobenzoic acid [6] (RONVAR refcode in the Cambridge Structural 
Database, CSD [7,8]). One can see here the above-mentioned R 8  motif that corresponds to the 
eight-member ring formed by two thiocarboxylic groups linked by symmetrically equivalent 
S-H…O hydrogen bonds. There are also intramolecular O-H…O hydrogen bonds in this structure 
that close the six-member rings designated as S(6) in the graph set method [3,4]. The latter motifs 
occur very often in crystal structures and it was stated early on by Etter that the formation of such a 
type of intramolecular hydrogen bond is preferred in crystal structures to the formation of other 
interactions [5].  

 
Figure 1. The dimer of 2-hydroxythiobenzoic acid [6] (RONVAR refcode in CSD). The R 8  and 
S(6) motifs are presented. This dimer is linked by the S-H…O hydrogen bonds (broken lines). 

Thus, the S-H…O hydrogen bond that is classified as a rather weak interaction (the hydrogen 
bond energy calculated at the ωB97XD/aug-cc-pVTZ level amounts ∼3 kcal/mol [9]) plays an 
important role in the arrangement of molecules in crystals; one can see that not only strong and 
moderate hydrogen bonds like O-H…O or N-H…O influence the architecture of crystal structures. It 
has been stated in numerous studies that such weak interactions as the C-H…O, C-H…S or C-H…π 
hydrogen bonds [10,11], for example, play a crucial role in the arrangement of molecules.  

Figure 1. The dimer of 2-hydroxythiobenzoic acid [6] (RONVAR refcode in CSD). The R2
2(8) and S(6)

motifs are presented. This dimer is linked by the S-H . . . O hydrogen bonds (broken lines).

Thus, the S-H . . . O hydrogen bond that is classified as a rather weak interaction (the hydrogen
bond energy calculated at theωB97XD/aug-cc-pVTZ level amounts ~3 kcal/mol [9]) plays an important
role in the arrangement of molecules in crystals; one can see that not only strong and moderate
hydrogen bonds like O-H . . . O or N-H . . . O influence the architecture of crystal structures. It has
been stated in numerous studies that such weak interactions as the C-H . . . O, C-H . . . S or C-H . . . π
hydrogen bonds [10,11], for example, play a crucial role in the arrangement of molecules.

Not only hydrogen bonds are important interactions in crystal engineering. It was analysed early
that other ones are their counterparts in greater aggregates [12]. The halogen bond is the interaction
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that similarly as the hydrogen bond was analysed as the factor that steers the orientation of molecules
in crystals [13]. Figure 2 presents the fragment of the crystal structure of the 1-methylpyrrol-2-yl
trichloromethyl ketone [14] (WEYYUV refcode in CSD [7,8]) where molecules are linked by the C-Cl
. . . O=C halogen bonds and the C-H . . . O=C weak hydrogen bonds. In the case of both interactions,
oxygen plays a role of the Lewis base centre while C-H and C-Cl bonds act as the electron acceptors.
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(WEYYUV refcode in CSD). The C-Cl…O=C and C-H…O=C intermolecular halogen and hydrogen 
bonds, respectively, are marked by the broken lines. 

It may be surprising that the electrophilic chlorine centres are observed for this structure. The 
Lewis acid properties of halogen atoms were a subject of numerous earlier and recent studies and a 
subject of debates and controversies [15]. Various concepts were presented to explain the dual role of 
halogens since very often they may act as the Lewis acid and Lewis base centres simultaneously. It 
seems that the concept proposed by Politzer, Murray, and Clark explains the halogen atoms´ 
properties [16,17]. It was explained that numerous electronegative atoms, not only halogens, but also 
elements of other groups, including noble gases [18], may act as the Lewis acid centres through the 
so-called σ-holes characterized by the depletion of the electron density and consequently the 
increase of the electrostatic potential, up to the positive values. The σ-hole is situated in the 
elongation of the bond to the centre considered. Numerous kinds of interactions named as the σ-hole 
bonds were analysed; these are: tetrel, pnicogen, chalcogen, halogen (discussed above here) and 
aerogen bonds, for the 14, 15, 16, 17 and 18th groups, respectively. The mentioned here centres 
possess usually dual acidic and basic character, except of tetrel centres probably [19]. There are other 
kinds of the regions of atoms that are characterized by the outflow of the electron charge and that 
they act as electrophiles, they are named π-holes [16,17]. The atoms of the 13th group often possess 
such regions and the corresponding interactions are named triel bonds [20]. Very recently, the 
analysis of bifurcated triel bonds was presented which seem to regard to new type of interactions 
where hydride and halide anions are ¨locked up¨ between Lewis acid triel centres [21]. 

Thus one can see that there are various kinds of interactions which steer the arrangement of 
molecules in crystals and which are important factors in crystal engineering. Such interactions are 
observed in crystal structures; the Cambridge Structural Database [7,8] is a source of information on 
crystal structures, on the geometry of molecules forming crystals, as well as on interactions that link 
molecules. The most important is that these interactions are often preliminary stages of the chemical 

Figure 2. The fragment of the crystal structure of 1-methylpyrrol-2-yl trichloromethyl ketone [14]
(WEYYUV refcode in CSD). The C-Cl . . . O=C and C-H . . . O=C intermolecular halogen and hydrogen
bonds, respectively, are marked by the broken lines.

It may be surprising that the electrophilic chlorine centres are observed for this structure. The Lewis
acid properties of halogen atoms were a subject of numerous earlier and recent studies and a subject of
debates and controversies [15]. Various concepts were presented to explain the dual role of halogens
since very often they may act as the Lewis acid and Lewis base centres simultaneously. It seems that
the concept proposed by Politzer, Murray, and Clark explains the halogen atoms´ properties [16,17]. It
was explained that numerous electronegative atoms, not only halogens, but also elements of other
groups, including noble gases [18], may act as the Lewis acid centres through the so-called σ-holes
characterized by the depletion of the electron density and consequently the increase of the electrostatic
potential, up to the positive values. The σ-hole is situated in the elongation of the bond to the centre
considered. Numerous kinds of interactions named as the σ-hole bonds were analysed; these are: tetrel,
pnicogen, chalcogen, halogen (discussed above here) and aerogen bonds, for the 14, 15, 16, 17 and 18th
groups, respectively. The mentioned here centres possess usually dual acidic and basic character, except
of tetrel centres probably [19]. There are other kinds of the regions of atoms that are characterized by
the outflow of the electron charge and that they act as electrophiles, they are named π-holes [16,17].
The atoms of the 13th group often possess such regions and the corresponding interactions are named
triel bonds [20]. Very recently, the analysis of bifurcated triel bonds was presented which seem to
regard to new type of interactions where hydride and halide anions are ¨locked up¨ between Lewis
acid triel centres [21].

Thus one can see that there are various kinds of interactions which steer the arrangement of
molecules in crystals and which are important factors in crystal engineering. Such interactions are
observed in crystal structures; the Cambridge Structural Database [7,8] is a source of information on
crystal structures, on the geometry of molecules forming crystals, as well as on interactions that link
molecules. The most important is that these interactions are often preliminary stages of the chemical
reactions and processes [19]. The hydrogen bond interaction may be a preliminary stage of the proton
transfer process [1,22]; the tetrel bond may initiate the SN2 reaction [19], the dihydrogen bond is an
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important interaction for hydrogen storage materials, this interaction leads often to the release of
the molecular hydrogen [23,24]. There are numerous studies concerning so-called low barrier hydrogen
bonds and analyses of whether they play an important role in enzymatic catalysis [25–27]. There are
other numerous examples.

This is why the analysis of crystal structures is a very important topic, especially if it is not
restricted only to their presentation, but if it concerns the deeper insight into the kind of interactions
and their architecture.

Conflicts of Interest: The author declares no conflict of interest.
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