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Abstract

The structural optimization and vibration analysis of a bimolecular composed of
cyclo[18]carbon and benzene are carried out by using the density functional theory based ®B97X-
D3/def2-TZVP. Then based on the optimized structure, interaction energy with counterpoise
correction were calculated at the ®B97X-V/def2-QZVPP level. Analyze Mayer bond order, orbital
composition and weak interactions, drawn infrared spectrum, Raman, Density-of-States(DOS) and
weak interaction diagram. The PSI4 software used to characterize the nature of intermolecular
interaction. For the first time, we have theoretically studied the interaction between the
cyclo[18]carbon and the benzene ring, providing theoretical guidance for the practical application
of the cyclo[18]carbon in reality.
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1. Introduction

Carbon, as one of the elements with the most allotropes, people have discovered various new
carbon materials like graphynel'l, penta-graphenel®, T-carbon!*# in recent years based on
theoretical research. As one of the most exciting research achievements in this field,
cyclo[18]carbon has received widespread attention!>7! since its synthesized in the experiment in
201981, In fact, before it was experimentally synthesized, theoretical research had been conducted
on it as early as 19661, people have made unremitting efforts to synthesize it and predicted a series
of its properties through theoretical calculations, the research on it was even more explosive after it
was synthesized!'%-12],

We realize that its characteristics of interaction with other molecule may be significantly
different from general chemical systems due to the unusual geometric configuration and electronic
structure of the cyclo[18]carbon, currently, only few studies have discussed the interaction between
cyclo[18]carbon and small molecule, among them, the work of liu and lu are the relatively
representativel'3-18] most of them have studied the interactions between cyclo[18]carbon and other
systems, interaction between multiple molecules in system actually very important for the practical
application of a chemical substance. And benzene ring is also one of the important cyclic molecules,
It's very fascinating that we are curious about what kind of interaction will occur between
cyclo[18]carbon and benzene ring, they are almost circular in shape, this may have significant
implications for the application of the complex of cyclo[18]carbon and benzene ring that cannot be
ignored, its interaction with cyclo[ 18]carbon has not been studied yet.

In this paper, we will first explore the dimer structure formed by cyclo[18]carbon and benzene
ring, and conducted bond order analysis on it. Then we drawn the infrared and Raman spectral of
the dimer, indicate the corresponding relationship between its vibration mode and several peaks in

spectral. Finally, we analyzed its molecular orbital composition and weak interaction, this has
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potential significance for exploring the adsorption of cyclo[18]carbon and benzene ring in the long
run.
2. Method

We constructs the molecular geometric model of cyclo[18]carbon-benzene dimer by
GaussView6.0°] software, Geometry optimizations and frequency analyses were implemented by
ORCAP% program using ®B97X-D3[?! functional in conjunction with def2-TZVPI?®] basis set, and
the RIJCOSX techniquel?!-** was enabled for accelerating the calculations, until the result
converges. The comparative test of functionals in reference shows that ©®B97XD?7! combined with
def-TZVP?8 basis set can reasonably describe the geometry of Structure containing
cyclo[18]carbon, Because all computing work was based on ORCA, But ORCA does not support
®B97XD, So we chose ®B97X-D3 that is similar to ®B97XD, It also applies to such a conjugated
system!®], Interaction energy with counterpoise correction were calculated by ORCA program using
®B97X-V functional in conjunction with def2-QZVPP[?%] basis set. We described the structure
of cyclo[18]carbon-benzene dimer. Then, the wave function analysis software Multiwin!*%1 was used
to analyze Mayer bond order®'l, Orbital composition and weak interactions, Drawn infrared
spectrum, Raman, Density-of-States(DOS)and weak interaction diagram. Finally, the PSI4[3?]
software was used to implemented Symmetry-Adapted Perturbation Theory(SAPT)B3! to
characterize the nature of intermolecular interaction, compare with the research results of
cyclo[18]carbon dimer.
3. Results and discussion
3.1 structure and Mayer bond order analysis

We placed benzene ring inside cyclo[18]carbon as the initial structure before calculation, the
plane where benzene ring was located was parallel to the plane where cyclo[18]carbon was located,
and the center of benzene ring coincided with the center of cyclo[18]carbon, the initial structure is
drawn in Fig.1. After calculation, we obtained stable structure without imaginary frequency,
benzene ring has left its initial position due to a mismatch in size with cyclo[18]carbon, and benzene
ring and cyclo[18]carbon are no longer parallel, the angle of two planes is 17°51'27" as shown in
Fig.2.

Fig.1 bird-view and cross-section view of initial structure

https://doi.org/10.26434/chemrxiv-2023-0pv8j ORCID: https://orcid.org/0000-0003-4961-943X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-0pv8j
https://orcid.org/0000-0003-4961-943X
https://creativecommons.org/licenses/by-nc-nd/4.0/

Fig.2 bird-view and cross-section view of optimized structure
The bonding of cyclo[18]carbon has been receiving much attention. The current research
results indicated the C-C bond length in cyclo[18]carbon presents alternating characteristics, but it's
not simply alternating single and triple bondsPl. So, would the C-C bond in the cyclo[18]carbon still
maintain alternating characteristics in the optimized cyclo[18]carbon-benzene dimer? We listed C-

C bond length of cyclo[18]carbon and cyclo[18]carbon-benzene dimer in Table.1
Table1 A: length of C-C in cyclo[18]carbon, B: length of C-C in cyclo[18]carbon-benzene dimer

Bond Length A(A)  Length B(A) Bond Length A(A)  Length B(A)
1C-2C 1.22105 1.21638 10C-11C 1.34378 1.35357
2C-3C 1.34375 1.35294 11C-12C 1.22110 1.21659
3C-4C 1.22109 1.21623 12C-13C 1.34377 1.35363
4C-5C 1.34382 1.35279 13C-14C 1.22112 1.21645
5C-6C 1.22111 1.21619 14C-15C 1.34384 1.35362
6C-7C 1.34383 1.35293 15C-16C 1.22112 1.21656
7C-8C 1.22110 1.21634 16C-17C 1.34379 1.35360
8C-9C 1.34379 1.35328 17C-18C 1.22110 1.21650
9C-10C 1.22110 1.21650 18C-1C 1.34378 1.35331

We found that after optimizing cyclo[18]carbon-benzene dimer, C-C bond still maintain
alternating characteristics in the optimized cyclo[ 18]carbon-benzene dimer, but the bond length has
changed, long C-C bonds are longer, short C-C bonds are shorter, the change in length is within 0.01
A. As an effective method of chemical bond analysis, bond order analysis is often used in bond
formation analysis. The Mayer bond order is the most commonly used bond order, it's close to the
actual bond order numerically. In physical nature, Mayer bond order reflects the electronic logarithm
shared between two atoms. The Mayer bond orders of C-C bond in cyclo[18]carbon-benzene dimer
were analyzed, and compare with C-C bond in cyclo[18]carbon in Table.2
Table2 A: Mayerbond order of C-C in cyclo[18]carbon B: Mayer bond order of C-C in cyclo[18]carbon-benzene

dimer
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Bond Value A Value B Bond Value A Value B
1C-2C 227373973  2.85785787 10C-11C 161123349  1.17049574
2C-3C 1.61114925  1.20588955 11C-12C 227385373  2.80415699
3C-4C 227370273  2.77581997 12C-13C 161075032  1.18631233
4C-5C 1.61081211  1.13852720 13C-14C 227396112  2.60256876
5C-6C 227392463  2.75984520 14C-15C 161069369  1.09971165
6C-7C 1.61072760 1.12751734 15C-16C 2.27405044 2.60321247
7C-8C 227380992  2.67455893 16C-17C 1.61056500  1.10427667
8C-9C 1.61092283  1.13576522 17C-18C 227397799  2.67124200
9C-10C 227382783  2.75894652 18C-1C 161120874  1.18830962

The calculation results of bond order also reflect a phenomenon, strong C-C bonds have
become stronger, weak C-C bonds become even weaker.
3.2 IR and Raman spectral analysis

We simulated infrared (IR) in order to helps experimental chemists to judge the existence of
cyclo[18]carbon-benzene dimer by comparing the spectra, the harmonic frequencies calculated at
®B97X-D3/def2-TZVP were scaled by 0.975 to approximately eliminate systematical error due to
the harmonic approximation®#. The value of FWHM is 8cm!, The current structure has two kinds
of vibrations, namely in-plane and out-of-plane vibrations, they are highlighted as red and green
spikes in the Fig.3, as shown in the Fig.3, the main kinds of vibrations are out-of-plane vibrations,
while most of out-of-plane vibrations are concentrate in low wavenumber region, this phenomenon
indicates that most of out-of-plane vibrations in cyclo[18]carbon-benzene dimer correspond to
flexible motion, This is basically consistent with individual cyclo[18]carbon. There are four
relatively intensive IR peaks, the corresponding vibrational coordinates are shown as insets of the
Fig.3. The first one is at 517.0cm™ and corresponds to alternating oscillation of long and short C-C
bonds in cyclo[18]carbon, the second and fourth are in 701.1cm™ and 3213.9cm™!, corresponds to
oscillation of hydrogen atoms and stretching of C-H bonds in benzene ring, respectively, the third
one is at 2269.6cm™! and corresponds to stretching of C-C bonds in cyclo[18]carbon. The blue and
green curve in Fig.3 represent the contributions of benzene ring and cyclo[18]carbon, respectively,
this can be confirmed by insets of the Fig.3. But two peaks of cyclo[18]carbon are slightly different
compared to individual cyclo[18]carbonl], this is because the cyclo[18]carbon we are studying is

located in the composite structure, therefore, its peak position has been affected.
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Fig.3 Simulated infrared (IR) spectrum of cyclo[18]carbon-benzene dimer, The red curve corresponds to molar
absorption coefficient, blue and green curve represent the contributions of benzene ring and cyclo[18]carbon, The
red and green spikes at bottom of the map indicate frequencies of in-plane and out-of-plane vibrational modes,
respectively.

Then we also simulated Raman spectrum of cyclo[18]carbon-benzene dimer at the same
calculation level, here is a worth noting, Raman intensity required for simulated Raman spectrum
is not directly outputted by ORCA, but converted from Raman activity with temperature is 298.16K
and incident light wavelength is 1064nm by using the following formulal'®), S;, T;, and v; represent
Raman activity, Raman intensity, and vibration frequency(wave number), respectively. v; represent
frequency of incident light(wave number), T is temperature, h is planck constant, c is velocity of
light, K is Boltzmann constant, C is unimportant constant. The 1064nm wavelength corresponds to
the common Raman source Nd:YAG laser. It can be seen that there are two strong Raman peaks
from Fig.4, which are respectively at a slightly high wavenumber 516.9cm™' and a very low
wavenumber 6.4 cm’!, the higher one corresponds to alternating oscillation mode of long and short
C-C bonds in cyclo[18]carbon, the lower one corresponds to oscillation mode of hydrogen atoms,
as shown in the inset of Fig. 4, the IR spectrum and Raman spectrum of the cyclo[ 18]carbon-benzene
dimer show evident complementary feature to each other.

_ 4
| - C(v,—Vv,)'S, B, —1—exp( hev,

! VB, kT
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Fig.4 Simulated Raman spectrum of cyclo[18]carbon-benzene dimer with incident light at wavelength of 1064
nm,The red curve was broadened from calculated Raman intensities, The red and green spikes at bottom of the map
indicate frequencies of in-plane and out-of-plane vibrational modes, respectively.

3.3 Orbital composition and Density-of-States(DOS)

The structure we calculated has 780 molecular orbitals, among them, there are 75 occupied
molecular orbitals(MOs), These 75 MOs can be divided into two groups, namely 47 ¢ MOs and 28
1 MOs, 25 of 1 MOs are provided by cyclo[18]carbon, The remaining three are provided by benzene
ring. At the current calculation level, we found that the the energies of HOMO orbital(75" MO) and
LUMO orbital(76™ MO) of this structure are -8.69ev and -1.48ev, respectively. The corresponding
HOMO-LUMO gap is 7.21ev, bigger than 6.75ev of cyclo[18]carbon HOMO-LUMO gap, this
implies that cyclo[18]carbon-benzene dimer has poorer current conductivity than
cyclo[18]carbonl®3l. According to the following formula for calculating polarizability[3¢],

A B B, A . A B
g (~0, @) = Z Hoitho | Hoitho | _ P[A(—a)), B(a))]z Hoi Hig
i A -0 A+ A —w
cyclo[18]carbon has stronger polarizability than cyclo[18]carbon-benzene dimer!'®), there is
one term in the denominator is excitation energy, this is related to the energy difference between the
two orbitals of dominant electron excitation, So if HOMO-LUMO gap is smaller, it means that the
energy difference between occupied molecular orbitals and unoccupied molecular orbitals is smaller,
furthermore, it can be known that excitation energy is smaller, ultimately, it can be inferred that
polarizability is larger(3®l,

We analyze the contribution of atoms to the orbital composition of of the dimer using Hirshfeld
method®”! by Multiwfn program in this paper, and lists the atomic composition of HOMO and
LUMO orbitals in following table, third carbon atom has the greatest contribution to the HOMO
orbit from Table.3, fourteenth carbon atom has the greatest contribution to the LUMO orbit from
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Table.4, both of them belong to cyclo[18]carbon. As a whole, the contribution of cyclo[18]carbon
to the HOMO orbit is 99.86%, the contribution of cyclo[18]carbon to the LUMO orbit is 99.45%,
the contribution of benzene ring to the HOMO orbit is 0.14%, the contribution of benzene ring to
the LUMO orbit is 0.55%.

Table 3 Atomic composition of HOMO

Atom Proportion(%) Atom Proportion(%) Atom Proportion(%)
1C 9.011% 11C 1.304 % 21C 0.010%
2C 6.013% 12C 3431 % 22C 0.017%
3C 10.248% 13C 1.190 % 23C 0.014 %
4C 8.904 % 14C 1.336 % 24C 0.014 %
5C 9.204 % 15C 3.060 % 25H 0.010%
6C 10.241 % 16C 1.166 % 26H 0.016 %
7C 6.446 % 17C 6.126 % 27H 0.016 %
8C 9.299 % 18C 2979% 28H 0011%
9C 3.342% 19C 0.017 % 29H 0.005 %
10C 6.557 % 20C 0.011% 30H 0.005 %

Table 4 Atomic composition of LUMO

Atom Proportion(%) Atom Proportion(%) Atom Proportion(%)
1C 2629 % 11C 9343 % 21C 0.026 %
2C 4614 % 12C 7.799% 22C 0.030 %
3C 1.290 % 13C 9772% 23C 0.015%
4C 2.149% 14C 9651 % 24C 0.014 %
5C 1.883 % 15C 8.196 % 25H 0.063 %
6C 1.253 % 16C 9548 % 26H 0124 %
7C 4.160 % 17C 5352% 27H 0123 %
8C 2.302% 18C 7.537% 28H 0.069 %
9C 7.104 % 19C 0.030% 29H 0.010%
10C 4878 % 20C 0.027 % 30H 0.010%

In addition, we also drew Overlap Population DOS(OPDOS)# map and Molecular Orbital
Population DOS(MO-PDOS)!”! map of dimer, the positions of the dashed lines in Fig.5 and Fig.6
correspond to the HOMO orbit. From Fig.5, it can be seen that OPDOS presents a large negative
value within the range of 0.20au to 1.10au energy, this means that these orbits will have an adverse
impact on the combination of cyclo[18]carbon and benzene ring if these orbitals are occupied by
electrons*®l. Namely antibonding. If we define the fragment in the OPDOS map as molecular orbital,
we got MO-PDOS map, the graph can display the energy level positions of different orbits and their
contributions to TDOS in Fig.6, it indicates the positions of ¢ MOs and ®# MOs and their
contributions to TDOS.
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Fig.5 OPDOS map of cyclo[18]carbon-benzene dimer. Black curve corresponds to total DOS, while red, blue
and green curves correspond to cyclo[18]carbon partial DOSs,benzene partial DOSs and Overlap population

DOS, respectively. The dashed line represents the position of HOMO
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Fig.6. MO-PDOS map of cyclo[18]carbon-benzene dimer. Black curve corresponds to total DOS, while red and
blue curves correspond to partial DOSs due to occupied 6 Mos and T MOs, respectively, The dashed line represents
the position of HOMO.

3.4 Weak interactions analysis

The optimized cyclo[18]carbon-benzene dimer lost symmetry compared to before optimization,
it could explain by weak interactions analysis, previously, liul®! studied the properties of
cyclo[18]carbon dimer, they found a short C-C bond in one ring exactly faces a long C-C bond in
another ring, they found that this question can be well answered according to the complementary

principle of ESPB? stacking in this manner can maximally minimize the electrostatic repulsion
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caused by the unfavorable overlapping of the same sign of electrostatic potential(ESP) and
ultimately lead to a minimum structure on the PES. So we drew the ESP map for cyclo[18]carbon-
benzene dimer at Fig.7 and listed values of ESP at vdW surface in Table.5, further, we marked ESP
maximum point and minimum point in the picture, yellow ball represents ESP maximum point, cyan
ball represents ESP minimum point, the quantitative distribution of ESP is shown in the Fig.8. It
can be seen that the surface area distribution inside different regions of ESP are extremely uneven,

42-43

Fig.8 clearly displays that most regions of the vdW surface show positive ESP[4>43] and the areas

of the positive and negative parts are calculated to be 222.7 and 118.4 A2, which occupy 65.3% and
34.7% of the entire vdW surface, respectively. So, from a pure electrostatic point of view, the
cyclo[18]carbon will be more proned to combine with Lewis bases, instead of Lewis acids, it is
because the magnitude of ESP maxima is larger than that of ESP minima on the vdW surface, and
the area of the vdW surface with positive ESP is much larger than that with negative ESP.

ESP(kcal/mol)

20.00
16.00
12.00
8.00
4.00
0.00

-16.97kcal/mol

14.69kcal/mol

Fig.7 ESP mapped vdW surface (namely, isosurface of r ¥4 0.001 au) of the cyclo[18]carbon-benzene dimer.
Minima and maxima of the ESP on the vdW surface are drawn as cyan and orange spheres, respectively, ESP
maximum point is 14.69kcal/mol, ESP minimum point is -16.97kcal/mol

Table.5 Values of ESP at vdW surface

Number surface minima(kcal/mol)  surface maxima(kcal/mol)
1 -2.149795 8.512777
2 -1.990166 8.363546
3 -1.527319 14.698076
4 1.344180 8.703631
5 -1.444687 14.105239
6 -2.143929 14.686497
7 -2.124730 8.544929
8 -0.983040 -16.673597
9 -1.776920 8.677471
10 -15.937406 9.931460
11 -16.933315 14.015553
12 -1.959212 -0.439031
13 -16.974593 10.106147
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14 -1.527315 -0.472630

15 -1.704591 8.709280
16 -1.755866 9.852097
17 -1.699123 9.872591
18 -1.669108 9.830718
19 -1.692966 8.618512
20 8.667227
21 8.631592

~18-16-14-12-10 8 -6 —4 -2 0 2 4 6 8 10 12 14 16
Electrostatic potential (kcal/mol)

Fig.8 Area distribution of different ESP intervals.

To determine why a structure with such low symmetry can exist stably, based on the optimized
structure, we were calculated interaction energy with counterpoise correction at the ®B97X-V/def2-
QZVPP level. We know that its interaction energy is 15.59kcal/mol after calculation, which is not
only bigger than six times that of the parallelly stacked benzene dimer(2.7kcal/mol)**, even more
than cyclo[18]carbon dimer(9.2kcal/mol)i*3l. Obviously, the combination of cyclo[18]carbon and
benzene ring is very strong. And then, we employed SAPT method to characterize the nature of
intermolecular interaction by SAPTO0R3 method with jun-cc-pVDZ basis, because the calculation
cost of the SAPT2+(3)0MP2 method is prohibitively high for the cyclo[18]carbon-benzene dimer,
this level can at least provide qualitatively meaningful result of various physical components for the
study of intermolecular interactions. The results are shown in Table.6.

Table.6 Interaction components between cyclo[18]carbon and benzene ring in the dimer structure calculated

at the scaled SAPT0/jun-cc-pVDZ level.

Component Value(kcal/mol)
Exchange-repulsion -2.9
Electrostatic 74
Induction -0.6
Dispersion -11.5
Total -7.6

Finally, we plotted the interaction map for the cyclo[18]carbon-benzene dimer by interaction
region indicator(IRT)! ), the method was proposed in 2021 and its definition is as following formula,
where @ is an adjustable parameter, IRI is essentially the gradient norm of electron density
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weighted by scaled electron density. Compared to traditional method to showing weak interactions
through graphic such as Noncovalent interaction(NCI)*!) method, IRI can perfectly and
comprehensively showcase weak interactions in one picture, Fig.9 represents the coloring bar.

R1 (=120
[o(n)

p >0 sign(4)p decrease p~0 sign(d,)pincrease p >0

),l<0: A, =0 =2?>0

_ J K J N J
' Y '
Strong attraction: Van der Waals Strong repulsion:
H-bond, halogen-bond... interaction Steric effect in ring
and cage...

Fig.9 Standard coloring method and chemical explanation of sign(A2)p on IRI isosurfaces.

Fig.10 Optimized structures and IRI maps of cyclo[18]carbon-benzene dimer. The surfaces between the
cyclo[18]carbon and the Benzene correspond to the isosurface of IRI (isovalue=1) mapped by sign(A2)p function.
The color scale is given in au

From the IRI diagram, it can be seen there is a strong vdW interaction (green area) between
the benzene ring and the cyclo[18]carbon, this has been proved by the calculation of interaction
energy above, due to the fact that the benzene ring is not parallel to the cyclo[18]carbon, the green
area is not uniform.
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Fig.11 cyclo[18]carbon-benzene dimer IRI vs sign(A2)p scatter graph

Fig.10 shows the IRI vs sign(A2)p scatter graph of cyclo[18]carbon-benzene dimer, there are
several spikes in the range of -0.01au to 0.01au, corresponds to the weak interaction between
cyclo[18]carbon and benzene, and in the range of 0.02au to 0.03au, it corresponds to strong mutual
exclusion.

3.5 Other molecular properties

Finally, we present a collection of frequently involved molecular properties for the
cyclo[18]carbon-benzene dimer, calculated and label the total dipole moment of the system and the
dipole moment of each monomer in Fig.12 by Multiwfn, radius and volume of cyclo[18]carbon in
cyclo[18]carbon-benzene dimer in Table.7 and change in cyclo[18]carbon radius in Fig.13.

As shown in Fig.12, the values of the dipole moment of the cyclo[18]carbon-benzene dimer is
-0.132788au, 0.069591au, 0.038788au, cyclo[18]carbon is -0.095873au, 0.050171au, 0.084854au,
benzene ring is -0.036915au, 0.019420au, -0.046065au. Then we calculated sphericity of
cyclo[18]carbon-benzene dimer and radius of cyclo[18]carbon by Multiwfn, the comparison of radii
is shown in the Table.7, the difference between the two is 0.000614A, and lastly, the sphericity of
cyclo[18]carbon-benzene dimer is 0.7565, Greater than 0.7211 of cyclo[18]carbon.

Fig.12 Molecular dipole moment diagram of cyclo[ 18]carbon-benzene, the yellow arrow represents the total dipole

moment of system, The red and green arrow represents the dipole moment of benzene and cyclo[18]carbon
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Table.7 Comparison of Radius, A represents cyclo[18]carbon, B represents cyclo[18]carbon in cyclo[18]carbon-
benzene dimer
Radius(d)  Volume(&’)
A 1.992542 33.136829
B 1.993156 33.167478

Fig.13 Diagram of radius for cyclo[18]carbon and cyclo[18]carbon in cyclo[18]carbon-benzene dimer
4. Conclusions

We conducted a systematic and depth theoretical exploration of interaction between
cyclo[18]carbon and benzene ring, analyzed the structure of cyclo[18]carbon-benzene dimer by
mayer bond order based on the result of geometry optimization, listed the changes in C-C bond of
cyclo[18]carbon. The infrared and Raman spectra were drawn and several vibration modes of dimer
were identified. Confirmed that cyclo[18]carbon-benzene dimer has 780 molecular orbital in total
and composition of orbital, 75 of them have occupied, the values of HOMO, LUMO and HOMO-
LUMO gap were obtained, implies that cyclo[18]carbon-benzene dimer has poorer current
conductivity and larger polarizability than cyclo[18]carbon, determined the contribution of each
atom to HOMO and LUMO, and cyclo[18]carbon has the more contribution to HOMO and LUMO
than benzene ring. Drew Overlap Population DOS(OPDOS) map and Molecular Orbital Population
DOS(MO-PDOS) map of dimer, discussed that if which orbitals are occupied, it will have adverse
impact on the combination of cyclo[18]carbon and benzene ring. Further investigation was
conducted on the causes of structural distortion after optimization of cyclo[18]carbon-benzene
dimer by weak interactions analysis, then ESP mapped vdW surface (namely, isosurface of r /4 0.001
au) of the cyclo[18]carbon-benzene dimer. Listed all values of ESP and area distribution of different
ESP intervals, calculated interaction components between cyclo[18]carbon and benzene ring in the
dimer structure at the SAPTO/jun-cc-pVDZ level, graphical display of the interaction between
cyclo[18]carbon and benzene ring by IRl method. Lastly, present a collection of frequently involved
molecular properties for the dimer like dipole moment, sphericity and change of radius of
cyclo[18]carbon. In summary, this article utilized ORCA with the assistance of a series of programs
such as Multiwfn to study the structure composed of cyclo[18]carbon and benzenen ring, which is
of positive significance for the exploration of cyclo[ 18]carbon, especially the interaction witn small
molecules and the adsorption.
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