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Stacking interactions between six-membered resonance-assisted hydrogen-bridged rings (RAHB) and C6-aromatic rings are 

systematically studied by analyzing crystal structures in Cambridge Structural Database (CSD). The interaction energies 

were calculated by quantum-chemical methods. Although the interactions are stronger than benzene/benzene stacking 

interactions (-2.7 kcal/mol) the strongest calculated RAHB/benzene stacking interaction (-3.7 kcal/mol) is significantly 

weaker than the strongest calculated RAHB/RAHB stacking interaction (-4.7 kcal/mol), but for particular composition of 

RAHB rings RAHB/benzene stacking interactions can be weaker or stronger than the corresponding RAHB/RAHB stacking 

interactions. They are also weaker than the strongest calculated stacking interaction between five-membered saturated 

hydrogen-bridged rings and benzene (-4.4 kcal/mol) and between two five-membered saturated hydrogen-bridged rings (-

4.9 kcal/mol). SAPT energy decomposition analyses show that the strongest attractive term in RAHB/benzene stacking 

interactions is dispersion, however, it is mostly canceled by repulsive exchange term, hence the geometries of the most 

stable structures are determined by electrostatic term.  

Introduction 

 

The stacking interactions are mainly connected with aromatic 

molecules,
1-10

 however it was shown that various rings can 

form stacking interactions; aliphatic saturated
11-16

 and 

unsaturated molecules,
17,18

 metal-chelate rings,
19-38

 and 

hydrogen-bridged rings.
39-42

 2D materials can also form 

stacking interactions.
43-46

 Cyclic hydrocarbons of similar size, 

benzene and cyclohexane, have similar stacking energies in 

dimer structures, -2.73 kcal/mol
47

 and -2.62 kcal/mol,
48

 

respectively. Differences in the binding strength of the small 

aromatic and saturated hydrocarbon dimers in stacked 

geometry are not large, but they become significant with 

increasing system size.
11

 A cyclohexane/benzene system is 

even more stable in stacked arrangement (-3.27 kcal/mol)
12

 

than benzene/benzene and cyclohexane/cyclohexane dimers. 

The calculated optimal geometry in cyclohexane/benzene 

system is parallel-displaced, as in benzene dimer. Stacked 

structures of phenyl and cyclohexyl groups are also 

significantly present in crystals that contain these fragments. 

The arrangement in crystal structures is parallel-displaced, 

which is in accordance with the quantum chemical 

calculations.
12 

Square-planar metal-chelate rings in crystal structures can 

form stacking interactions mutually
19,23-27,32-35

 and with 

aromatic rings.
19,21,28,32,33

 Quantum chemical calculations of 

interaction energies show that the chelate/chelate stacking 

interactions (up to -10.34 kcal/mol)
19,33

, are stronger than 

chelate/benzene interactions (up to -7.52 kcal/mol),
19,32,33

 

while both of them are stronger than benzene/benzene 

stacking (-2.73 kcal/mol).
47

 

Hydrogen-bridged rings are observed to form CH/π 

interactions like the rings formed only by covalent 

bonding.
37,49

 The formation of hydrogen-bridged ring stacking 

interactions is found by systematic analyses of structures from 

Cambridge Structural Database (CSD) and interaction energies 

were calculated by quantum chemical methods on model 

systems.
39-41

 The contribution of parallel contacts in the total 

number of contacts involving hydrogen bridged rings is 

considerable; 86% of all contacts between planar saturated 

five-membered hydrogen-bridged rings (an example of these 

species is given in Figure 1a) are parallel contacts,
39

 45% of all 

contacts involving planar saturated five-membered hydrogen-

bridged rings form parallel contacts with C6-aromatic group,
40

 

while 91% of all contacts between six-membered resonance-

assisted hydrogen-bridged (RAHB) rings (an example is given in 

Figure 1b) are in mutual parallel orientations.
41

 The most 

stable obtained dimer geometries are mainly parallel-

displaced, as in benzene dimer, however, the interactions are 

stronger. The strongest calculated energy of stacking 

interactions between two saturated hydrogen-bridged rings is 
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-4.89 kcal/mol,
39

 -4.38 kcal/mol of a saturated hydrogen bridge 

ring/benzene system
40

 and -4.76 kcal/mol of a RAHB dimer,
41

 

while the interaction in stacked benzene dimer is -2.73 

kcal/mol.
47

 It can be noticed that the presence of a conjugated 

double bonds system in RAHB does not have much influence 

on the interaction strength.
41 

 

                                           a)                                                                         b) 

Figure 1. Examples of molecules that were used previously for studying the stacking 

interactions of hydrogen-bridged rings a) a saturated hydrogen-bridged ring (where all 

bonds in the ring are formally single); b) a RAHB ring 

RAHB rings are constituent elements of various materials and 

biomolecules and the non-covalent interactions, where they 

are involved, can be important for the design and function of 

these systems.
50-56

 In the work presented here, we studied 

stacking interactions between RAHB and C6 aromatic rings by 

analyzing all crystal structures in the Cambridge Structural 

Database and by performing quantum chemical calculations. 

To the best of our knowledge, this is the first systematic study 

on RAHB/C6-aromatic stacking. RAHB/aromatic stacking 

interactions, studied in this work, are compared with 

previously studied stacking interactions of hydrogen-bridged 

rings,
39-41

 in order to obtain a broader picture over stacking 

interactions of hydrogen-bridged species. 

Methodology 

A Cambridge Structural Database
57,58

 (Version 5.39, November 

2017 and updates) search is performed by using certain filters 

(3D coordinates determined; R factor not larger than 0.1; only 

non-disordered structures are included; no errors; no polymer 

or powder structures). Positions of hydrogen are normalized 

according to the criteria in the CSD (C-H 1.089 Å; N-H 1.015 Å; 

O-H 0.993 Å). 

The criteria of the CSD search of fragments shown in Figure 2a 

include: D-A separation is set to be smaller than 4.0 Å; D-H-A 

angle is in the range from 90° to 180°; absolute torsion angles 

HDZY, DZYX and ZYXA are in the range from 0 to 10°. 

Structures with coordination number of D, Z, Y or X atoms 

larger than 3 or coordination number of the A atom larger 

than 2 and with absolute torsion angle StAXY (Figure 2b) that is 

not in the range between 160° and 180° are excluded from the 

analysis. This condition excludes structures with RAHB ring 

substituents that are not in the same plane as RAHB ring, since 

they can form additional side interactions, other than stacking, 

that would cause a contact to occur. Hydrogen donor (D) and 

acceptor (A) atoms can be only N, O or S atoms; all covalent 

bonds in RAHB ring were set to be acyclic, i.e. the RAHB ring is 

not fused with other rings. This condition is applied in order to 

avoid the stacked structures that would be the consequence of 

a contact between the fused ring and C6-aromatic ring, instead 

of RAHB and C6-aromatic rings. Contacts between RAHB and 

C6-aromatic ring are defined by separation between two ring 

centers, d, not larger than 4.5 Å (Figure 2a). All fragments 

defined in this way are analyzed, regardless the size of the 

whole molecular structure that these fragments belong to. 

 

                                         a)                                                                                      b) 

Figure 2 a) RAHB ring/C6-aromatic ring contacts studied by CSD search; Ω1 and Ω2 are 

RAHB and C6-aromatic ring centers, respectively, r is the horizontal displacement 

between the ring centers, while R is the distance between the C6-aromatic ring center 

and the RAHB ring plane, P1 and P2 (RAHB and C6-aromatic ring planes, respectively) 

define dihedral angle P1/P2; b) RAHB ring with one substituent (St) on the acceptor 

atom (coordination number of A atom is 2). The dotted line indicates any bond type. 

The fragment StAXY forms torsion angle θ, of which the absolute value is in the range 

from 160° to 180°, i.e. the A-St bond is in the plane of RAHB ring.  

Quantum chemical calculations were done by using 

Gaussian09 series of programs.
59

 Model systems for the 

calculations were three systems consisted of a benzene 

molecule and a  RAHB molecule that is chosen according to 

abundance in the CSD. The monomer optimizations were done 

by using the Møller-Plesset Perturbation Theory of Second 

Order (MP2) and Correlation-Consistent Polarized Valence-

only Triple-zeta (cc-pVTZ) basis set. Single point interaction 

energies were calculated as differences between the whole 

system energies and the sum of the energies of the 

constituent molecules, with the counterpoise Basis Set 

Superposition Error (BSSE) correction.
60

 All interaction 

energies calculated by the method of Coupled-Cluster with 

Single, Double and Perturbative Triple Excitations at Complete 

Basis Set (CCSD(T)/CBS) were obtained by extrapolation of 

Mackie and DiLabio.
61

 

The potential energy curves were calculated by MP2/cc-pVTZ 

method, since it is in good agreement with CCSD(T)/CBS 

method (Tables S1-S5), that is considered gold standard in 

quantum chemistry.
62

 

Maps of electrostatic potentials were calculated and visualized 

in Wavefunction Analysis-Surface Analysis Suite (WFA-SAS) 

program,
63

 from the wave functions calculated in Gaussian09 

at MP2/cc-pVTZ level. 

The Symmetry-Adopted Perturbation Theory (SAPT) analysis
64

 

was performed at SAPT2+3/cc-pVQZ (Correlation-Consistent 

Polarized Valence-only Quadruple-zeta) level,
65

 by using PSI4 

program package.
66

 In the SAPT analysis the total SAPT2+3 

interaction energy is composed of electrostatic, exchange-

repulsion, induction and dispersion terms. However, it should 
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be mentioned that no perfect separation between the total 

energy contributions is possible.
67 

It is in accordance with the 

Hellmann-Feynman theorem
68,69

 that describes non-covalent 

interactions as entirely Coulombic, with attractive 

contributions from the nucleus-electron interactions and 

repulsive contributions from the nucleus-nucleus interactions. 

Results and discussion 

Using criteria described in methodology section, 1122 

structures were found with both six-membered RAHB and C6-

aromatic rings, present in any mutual orientation in the CSD. In 

these structures there are 677 contacts between these rings 

(Figure 2a), while parallel contacts (dihedral angle P1/P2, as 

defined in Figure 2a, smaller than 10°) are the most frequent 

type of contacts since 59.4% of contacts are parallel (Figure 3). 

There are only six contacts with P1/P2 angle of exactly 0.0°. 

The interplane separations are in the range from 3.0 to 4.0 Å 

(Figure 4), which is typical for stacking interactions.
2-7,18,19,39-41

 

No correlation between horizontal displacements and 

interplane separations is found (Figure S1), since 

determination coefficient is small (0.0171). An example of a 

RAHB/aromatic contact in a crystal structure is shown in Figure 

5. 

 
Figure 3. The distribution of dihedral angle between the planes of RAHB and C6-

aromatic rings that are found in the CSD. 

 
Figure 4. A scatterplot of the interplane separations and horizontal displacements of 

the centers of RAHB and C6-aromatic rings, for parallel contacts found in the CSD. 

RAHB ring atom sequences are analyzed and it was found that 

three types of RAHB rings are frequently present in RAHB/C6-

aromatic ring contacts: HNNCCO, HOCCCO and HNCCCO 

sequences (Table 1). These three types of the rings are 85% of 

all RAHB rings that form RAHB/C6-aromatic ring contacts. 

Because of the frequent presence, these three rings, molecules 

shown in Figure 6, were used as model systems for quantum 

chemical calculations. To additionally show that the choice of 

model systems is appropriate, we analyzed dihedral angle 

distributions and a scatterplot of  interplane separations and 

horizontal displacements of RAHB/C6-aromatic contacts in case 

of HNNCCO, HOCCCO and HNCCCO RAHB ring atom sequences 

separately (Figures S2 and S3). Since these data show trends 

that are similar to overall trends (Figures 3 and 4), we used 

these molecules as model systems (Figure 6). 

 
Figure 5. An example of a RAHB/C6-aromatic contact from CSD (refcode DIVGUN) with 

geometrical parameters as labelled in Figure 2a. 

Table 1. The most frequent RAHB ring atom sequences, found in RAHB ring/C6-aromatic 

contacts in CSD and relative abundances of every particular group. 

The RAHB ring composition 

(HDZYXA, Figure 1) 

Number of contacts 

(percentage) from the total 

number of stacking contacts 

HNNCCO 147 (36.6%) 

HOCCCO 130 (32.3%) 

HNCCCO 67 (16.7%) 

 

                            a)                                              b)                                              c) 

Figure 6. Three molecules chosen for the calculation of RAHB/benzene interaction 

energies; a) malonaldehyde (H4C3O2); (b) its mononitrogen analog (H5C3NO) and (c) its 

dinitrogen analog (H4C2N2O). 

Several quantum chemical methods, including MP2 and some 

D3 dispersion corrected
70

 Density Functional Theory (DFT-D3) 

methods and basis sets were used for the calculation of 

RAHB/benzene interaction energies, for selected model 

systems in various orientations (Figure S4, Tables S1-S5). Some 

general conclusions could be drown about the performances 

of the chosen methods. MP2 method gives good results (in 

agreement with CCSD(T)/CBS) only at cc-pVTZ level, since 

relative errors are mostly under 10%. BLYP-D3 method also 

gives acceptable results for most systems, with somewhat 

higher relative errors (up to 21%). Few functionals (TPSS, BP86, 

PBE1PBE, M05) are relatively good for the calculations in all 

geometries except sandwich. A general trend can be observed 
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in case of M06 functional, since the results are better with 

smaller basis sets. At the other side, M052X functional gives 

better results by using larger basis sets. Since MP2/cc-pVTZ 

level gives results in good agreement with CCSD(T)/CBS (Figure 

S4, Tables S1-S5), we used it to calculate potential energy 

curves. 

Potential energy curves were calculated for benzene/RAHB 

ring systems in parallel alignment by moving benzene 

molecule along Ω1-C direction and the orthogonal direction in 

the RAHB ring plane (Figure 7) and varying distances between 

the ring planes for every particular offset value, while the 

monomer geometries were fixed. The curves are plotted as 

dependences of interaction energies on horizontal 

displacements at optimal distances between the ring planes. 

All calculated curves have two minima, with the exception of 

the curve obtained for H4C3O2/benzene stacking interaction 

along Ω1-C direction (Figure 8a). The lowest minima at curves 

along Ω1-C direction (Figure 8a) are at negative offset values; 

at -1.4 Å, -1.5 Å and -1.4 Å, for H4C3O2/benzene, 

H5C3NO/benzene and H4C2N2O/benzene, respectively. The 

minima at positive offset values are at 1.0 Å for 

H5C3NO/benzene and H4C2N2O/benzene, while the curve 

obtained for H4C3O2/benzene interaction is almost flat in the 

region of offset values between 0.5 and 1.5 Å. Along the 

orthogonal direction (Figure 8b), the lower minima correspond 

to positive offset (1.5 Å) for H4C3O2/benzene interaction and to 

negative offset (-1.8 Å) for H5C3NO/benzene interaction. For 

H4C2N2O/benzene system two minima (at -1.6 Å and 1.5 Å) 

have similar energy. Thus, all minima geometries correspond 

to parallel-displaced arrangement. The calculated distances 

between parallel ring planes are all in the range between 3.0 

and 4.0 Å (Figure S5), in accordance with the results from CSD 

search (Figure 4). 

Interaction energies at CCSD(T)/CBS level, calculated for the 

lowest energy minima at each potential curve, are in the 

relatively small range, from -2.89 to -3.54 kcal/mol (Figure 9). 

The strongest interaction is in H4C3O2/benzene system along 

Ω1-C direction, with interaction energy of -3.54 kcal/mol, 

followed by H5C3NO/benzene system along direction 

orthogonal to Ω1-C, with interaction energy of -3.47 kcal/mol. 

The weakest interaction is in H4C2N2O/benzene system, -2.89 

kcal/mol. 

 
Figure 7. A schematic representation of the two directions for calculating potential 

energy curves for RAHB/benzene stacking interactions; Ω1-C and the orthogonal 

direction-ꞱΩ1-C in the RAHB ring plane. Positive and negative values of horizontal 

displacements are indicated. 

Previously studied RAHB/RAHB dimers
41

 are found to be more 

stable than RAHB/benzene systems in case of H4C3O2 and 

H5C3NO. Namely, the most stable interactions of 

H4C3O2/H4C3O2 and H5C3NO/H5C3NO dimers have interaction 

energies of  -4.26 and -4.74 kcal/mol, respectively.
41

 while 

stacking interaction energies of H4C3O2/benzene and 

H5C3NO/benzene systems  are -3.54 and -3.47 kcal/mol, 

respectively (Figure 9). On  the other hand, H4C2N2O/H4C2N2O 

stacking interaction (-2.23 kcal/mol),
41

 is weaker than 

H4C2N2O/benzene interaction (-3.20 kcal/mol, Figure 9). The 

calculated RAHB/benzene stacking interactions are weaker 

than mutual interactions of saturated five-membered 

hydrogen-bridged rings (-4.9 kcal/mol),
39

 as well as the 

interactions between saturated five-membered hydrogen-

bridged rings and C6-aromatic rings (-4.4 kcal/mol).
40

 

 

a) 

 

                                                                             b) 

Figure 8. Potential energy curves calculated at MP2/cc-pVTZ level, at optimal ring 

separations for every particular offset value, for stacking in benzene/RAHB ring systems 

a) along Ω1-C direction; b) along the direction orthogonal to Ω1-C in the RAHB ring plane 

(Figure 7).  

However, interaction energies in all RAHB/benzene systems 

calculated in this work (Figure 9) are stronger than 

benzene/benzene stacking interaction (-2.73 kcal/mol),
47
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although slightly weaker than pyridine/pyridine stacking 

interaction (-3.84 kcal/mol, or -4.00 kcal/mol, depending on 

the method used)
71

 It should, however, be mentioned that 

benzene system is more stable in T-shaped than parallel-

stacked form,
72

 while stacked sandwich geometries are 

frequently found in heterocyclic crystal structures.
1,73

 

Geometries of RAHB/benzene systems are optimized at 

MP2/cc-pVTZ level by using geometries corresponding to the 

potential curves minima (Figure 9) as starting geometries, 

while the energies of the optimized structures were 

recalculated at CCSD(T)/CBS level (Table S6 and Figure S6). The 

optimized geometries of H4C3O2/benzene minima obtained in 

both directions and H5C3NO/benzene and H4C2N2O/benzene 

minima obtained along Ω1-C direction  are almost parallel (with 

angle between rings less than 5.5°), while the optimized 

geometries of H5C3NO/benzene and H4C2N2O/benzene minima 

obtained in the direction orthogonal to Ω1-C direction are not 

parallel. Namely, in H5C3NO/benzene dimer the angle between 

the ring planes is 13.71°, while in H4C2N2O/benzene the angle 

between the ring planes is 14.08° (Figure S6). The optimized 

geometries that kept (almost) parallel orientations after the 

geometry optimization have only slightly stronger interaction 

energies than non-optimized systems; they are up to 0.7 

kcal/mol more stable than geometries at the potential curves 

minima. However, the interactions of the non-parallel 

optimized geometries are significantly stronger, namely the 

calculated interaction energies are -4.42 kcal/mol for 

H5C3NO/benzene system and -4.15 kcal/mol for 

H4C2N2O/benzene system (Table S6, Figure S6). 

 

                                                                          a) 

 

                                                                         b) 

Figure 9. Geometries of the lowest energy potential curves minima a) H4C3O2/benzene, 

H5C3NO/benzene and H4C2N2O/benzene systems along Ω1-C direction; b) 

H4C3O2/benzene, H5C3NO/benzene and H4C2N2O/benzene systems along the direction 

orthogonal to Ω1-C, with geometric parameters (Figure 2a) and CCSD(T)/CBS interaction 

energies (ΔE), obtained by the extrapolation method of Mackie and DiLabio
61

. 

It is interesting that H-O distances were changed in optimized 

RAHB/benzene systems, compared to the optimized monomer 

geometries (Figure S6). In the optimized structures, where 

stacked arrangement is preserved (P1/P2 angle smaller than 

10°), there is a small shortening of H-O bonds. This effect is 

already observed in our previous study about stacking 

interactions of RAHB rings
41

 and also in clusters of picolinic 

acid N-oxide.
74

 The H-O distances increase in optimized 

systems where stacked arrangement is not preserved (Figure 

S6). 

The SAPT analysis was performed at SAPT2+3/cc-pVQZ level, 

which is in good agreement with CCSD(T)/CBS method (Figures 

9 and 10). The results show that the largest attractive 

contribution to the total interaction energies is dispersion. 

However, repulsive exchange is also very large, hence the net 

dispersion (the sum of dispersion and exchange-repulsion 

terms
68,75

) is quite small, less than 1.0 kcal/mol. Hence, the 

electrostatic terms are larger than net dispersion terms in all 

systems (Figure 10), similar to our previous work on 

H4C3O2/H4C3O2 and H5C3NO/H5C3NO interactions.
41

 The 

electrostatic contribution is smaller in H4C2N2O/benzene 

systems, compared to H4C3O2/benzene and H5C3NO/benzene 

systems, but it is more dominant than in previous results on 

H4C2N2O/H4C2N2O dimer, where electrostatics and net 

dispersion terms are almost equal.
41

 Induction term also 

contributes to attraction, it is close to -1.0 kcal/mol for most 

geometries, and with one exception of H4C2N2O/benzene, it is 

always more attractive than net dispersion (Figure 10). 

 

a) 

 

b) 

Figure 10. SAPT2+3/cc-pVQZ energy decomposition analysis of three stacking 

RAHB/benzene systems. The total SAPT2+3 interaction energy is composed of 

electrostatic, exchange-repulsion, induction and dispersion terms. Net dispersion is a 

sum of dispersion and exchange-repulsion terms. 68,72 a) the minima along Ω1-C 

direction (Figure 9a); b) the minima along the direction orthogonal to Ω1-C (Figure 9b) 

Net dispersion energy values are negligible in H4C3O2/benzene and H5C3NO/benzene 

systems along Ω1-C direction and equal to zero in H4C3O2/benzene system in the 

orthogonal direction. 
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Since electrostatic contribution is the most important, the 

geometries of the minima can be explained by electrostatic 

potential maps (Figure 11). The relevance of electrostatic 

potential maps in the non-covalent interaction studies is 

intuitively convincing, since the regions of electrostatic 

potentials of the opposite sign tend to be located in the close 

proximity. 
68,69

 Furthermore, interaction energies were 

successfully reproduced using the electrostatic potential 

maxima and minima values of the interacting regions as the 

only input parameters.
76

 

The geometries of energy minima correspond to an overlay of 

oppositely charged electrostatic potential regions; namely, 

benzene ring center, with negative electrostatic potential, 

overlays the regions of positive electrostatic potentials of 

RAHB molecules (Figures 9 and 11). 

 

              a)                                  b)                                   c)                                  d) 

Figure 11. The electrostatic potential maps of the molecules used for quantum 

chemical calculations; a) H4C3O2; b) H5C3NO; c) H4C2N2O and d) benzene molecule 

The interaction energy calculations were also performed on a 

set of randomly chosen stacking contacts  from the CSD. The 

positions of RAHB and C6-aromatic rings were exactly the same 

as in the CSD, without any geometry optimizations (Figure S7). 

All substituents that were present in these structures were 

replaced by hydrogen atoms, by keeping all valence and 

torsion angles unchanged, while setting bond lengths to be 

identical to those in the corresponding optimized RAHB rings. 

Some of the RAHB ring atom sequences were in some  cases 

those that were used for the potential energy curves 

calculations (HNNCCO, HOCCCO and HNCCCO), but also some 

of the others (HNCCCN, HNCCNN, HNNCCN, HNNCNN and 

HOCCCS). The range of interaction energies obtained by 

potential energy curves calculations (Figure 8) corresponds to 

the range of interaction energies obtained for the CSD 

geometries (Table S7), since the energies are roughly between 

-1.2 kcal/mol and -3.6 kcal/mol, with two exceptions, PUVCOA 

(HNNCNN) and NIZKOX (HOCCCS), where the interactions are 

stronger, with the calculated interaction energies of -3.98 

kcal/mol (Table S7). 

Conclusions 

Stacking arrangement of the six-membered RAHB and C6-

aromatic rings is present in 59.4% of contacts between these 

two ring types in CSD. The most abundant RAHB rings that 

form stacked contacts with C6-aromatic rings are those with 

HOCCCO, HNCCCO, and HNNCCO ring atom sequences. They 

are present in 32.3%, 16.7%, and 36.6% of all stacked contacts, 

respectively. Thus, quantum chemical calculations are 

performed using parallel H4C3O2/benzene, H5C3NO/benzene 

and H4C2N2O/benzene model systems. The minima on 

calculated potential energy curves show that the most stable 

interaction geometries all correspond to parallel-displaced 

orientations. The strongest calculated single point interaction 

energies at CCSD(T)/CBS level are -3.54 kcal/mol for 

H4C3O2/benzene, -3.47 kcal/mol for H5C3NO/benzene and -

3.20 kcal/mol for H4C2N2O/benzene, while the most stable 

optimized stacked structure corresponds to H4C3O2/benzene 

system, with interaction energy of -3.73 kcal/mol. The 

RAHB/benzene interactions can be weaker (in case of H4C3O2 

and H5C3NO molecules) or stronger (in case of H4C2N2O 

molecule) than RAHB/RAHB interactions. The energy 

decomposition analysis at SAPT2+3/cc-pVQZ level shows that 

electrostatic component is the most dominant contribution to 

the interaction energies in all systems, since dispersion 

contribution is almost or completely canceled by exchange-

repulsion term. The most stable geometries can be explained 

by electrostatic potential maps, since there is the overlay of 

the regions of electrostatic potential of the opposite sign. 
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