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The cluster formed by chromone and methanol serves as an excellent model for studying the various
contributions to intermolecular interaction energy. The asymmetric ketone motif of chromone provides
distinct hydrogen-bonding sites, enabling differentiation between an “inside” and an “outside” isomer

Received 27th January 2025,
Accepted 24th March 2025

using infrared spectroscopy. We employ DFT simulations to assess how functional groups influence the
balance between the two isomers and to identify derivatives that switch their isomer preference upon
electronic excitation. We identify three mono-substituted and four doubly substituted chromone
derivatives that meet these criteria. Additionally, the contributions to intermolecular interactions are
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1. Introduction

The importance of a good interplay between experimental and
theoretical chemistry is well recognized nowadays. As both benefit
from close coexistence," several challenges have been created by
the experimentalists to encourage the theoretical community to
provide the best results for e.g. structural preferences of furan
derivatives with methanol®® or prediction of the vibrational fre-
quencies of water clusters of a list of hydrogen bond acceptors.*
The experimental study of selected molecular systems can
serve as valuable benchmarks for theoretical chemistry, enabling
the testing of newly developed methods. These molecular systems
are particularly useful when they represent a near-equilibrium
state between at least two distinct states. During the last decade,
several systems have been investigated with respect to the influ-
ence of London dispersion interactions. Infrared and microwave
spectroscopy were applied under molecular beam conditions to
differentiate OH-O and OH-n binding motifs of various alcohols
with diphenyl ether,”® phenyl vinyl ether,'® and dibenzofuran.™
A similar question regarding the preferred binding sites of
hydrogen bonds has been explored for asymmetric ketones.">"*
In this context, we examined the chromone-methanol aggregate
using mass-selective IR/UV spectroscopy in a molecular beam."*
The competition in this system arises from the binding site of
methanol. Due to the structure of chromone, two distinct pockets
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examined using the local energy decomposition method.

are formed: an inner and an outer pocket. For pristine chromone
in the electronic ground state (S,), the outer pocket is preferred by
a value of 1.2 k] mol~" over the inner pocket. This preference is
augmented in the first excited triplet state (T,), yielding an energy
difference of 4.0 kJ mol . This preference was confirmed by the
investigation of the corresponding O-H stretching frequency.

For the above mentioned benchmarking process, it would be
of great interest to study an aggregate, whose binding site
preference changes upon electronic excitation. With the investiga-
tion of such an aggregate, the dynamics of the pocket preference of
methanol can be studied, which gives an additional challenge for
the theoretical methods. To expand the scope of the chromone-
methanol system,* two possible routes can be taken to to probe
non-covalent interactions in the electronic ground and excited
triplet state. Firstly, the coordinating solvent molecule can be
changed from methanol to water or tert-butanol similar to prior
investigations on aromatic ether-solvent complexes.>®'%!!
However, another possibility to influence the carbonyl balance is
an adequate derivatization of the chromone molecule. This is
comparable to investigations on substituted acetophenone-solvent
complexes by the Suhm group.''® These two approaches can be
certainly combined, but here we want to focus our investigation on
clusters formed by chromone derivatives and methanol.

In this study, we employ DFT simulations to investigate
chromone derivatives, focusing on how functional groups
influence the balance between the inside and outside binding
sites of the methanol molecule in both the S, (ground) and Ty
(triplet excited) states. Our first objective is to determine
whether the energy difference (AE) between the two binding
sites can be systematically adjusted in both states. Ultimately,
the goal is to either shift the overall binding preference from the
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outside to the inside pocket or achieve an equilibrium between
the two motifs. This allows potent benchmarking studies probing
the binding preference experimentally and subsequent compar-
ison with quantum-chemical calculations similar to already pub-
lished benchmarking efforts.>”*'>'® Therefore, the accuracy of
quantum-chemical methods, especially with regard to hydrogen-
bonded clusters, can be improved and the role of dispersion in
excited states elucidated. The analysis of intermolecular interac-
tions in excited states is challenging and only a few methods have
been developed in the last years. Here, we would like to mention
energy decomposition approaches based on absolutely localized
molecular orbitals,"”*® time-dependent DFT,">** multi-state
DFT*""** or multi configurational symmetry adapted perturbation
theory, SAPT(MC),>*** the last one recently applied to a similar
system, anisole-water.*® For our investigations here, we apply the
local energy decomposition (LED?*”) method base on single point
DLPNO-CCSD(T) simulations, analyzing the contribution of dis-
persion, non-dispersion, electrostatics and exchange in the elec-
tronic ground state and first excited triplet state.

2. Theoretical methods

Ground state properties of all discussed chromone derivatives with
methanol were simulated using density functional theory (DFT)
with the CAM-B3LYP***° functional, a def2-TZVPP*' basis set and
D3 dispersion correction including Becke-Johnson damping.*>
This combination was already been used in our former study"*
and yielded a good agreement with the experimental data. Geo-
metry optimizations were performed and the identity of a mini-
mum structure was checked with calculating the Hessian, finding
no negative eigenvalues. For the SCF convergence the !TightSCF
keyword of ORCA was used, corresponding to a convergence
criterion of 1.0 x 10~ ° Ey,. The geometry convergence was reached
with the tightopt keyword, corresponding to a tolerated energy
change of 1.0 X 107° E;. We used ORCAs default DFT grid
(!defgrid2). The T, was treated as ground state, using unrestricted
open-shell DFT. Theoretical harmonic wavenumbers of the mole-
cular vibrations are obtained from an analytical frequency calcula-
tion and reported without applying a scaling factor.

We analyzed the optimized structures with respect to the
contributions of different intermolecular interactions applying
the local energy decomposition (LED) method*”**® on basis of
DLPNO-CCSD(T)*"**® single point calculations, applying the resolu-
tion of identity (RIJK). As basis set def2-TZVP*"**° was chosen,
furthermore the “TightPNO” option was selected. All simulations
were performed with ORCA 6.0.0.°%*" Visualizations of structures
were made with Avogadro 1.20."> For the visualization of the
dispersion interaction densities (DID),** we obtained the densities
with the orca_plot package in a 80 x 80 x 80 grid. The DIDs were
mapped on the electron density using UCSF ChimeraX.**

3. Results and discussion

The first step is to identify suitable chromone derivatives. This
involves modulating the electronic properties of the chromone
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molecule to selectively shift the energy balance in favor of the
inside isomer over the outside one. However, since both motifs
involve the carbonyl bond, distinguishing between the two lone
pairs on the carbonyl oxygen is challenging. One potential
approach is to introduce electron-withdrawing groups (e.g., F,
CF3;, NO,), which could weaken the hydrogen bond. This
weakening might stabilize the inside motif, as the outside
motif relies on a stronger hydrogen bond that contributes more
significantly to the binding energy. Nevertheless, the introduc-
tion of such groups may also reduce the polarizability of the
system through negative inductive and/or mesomeric effects,
thereby diminishing the influence of dispersion forces.

The chromone molecule features six aromatic C-H bonds,
all of which are potential sites for substitution (see Fig. 1).
However, the hydrogen atoms at positions 3 and 5 are essential
for forming a C-H- - -O interaction with the methanol molecule.
Introducing a dispersion energy donor at position 6 could
stabilize the inside motif due to its close proximity to the
relevant C-H bond. Similarly, functional groups at position 2
might further stabilize the outside isomer. In contrast, sub-
stituents at positions 7 and 8 are expected to have only a
minimal effect on the balance between the two binding sites.
Consequently, our analysis focuses on chromone derivatives
with functional groups at positions 2 and 6.

For the investigation in both electronic states, we chose the
following list of substituents: -CF;, -CHO, —Cl, -CN, -COOH, -Et,
-F, -Me, -NC, -NCO, -NH,, -NO,, ~OCN, -OH, -OMe, -Ph, -SiHj,
-SiMes, -SOzH, and -tBu. These functional groups include both
electron-withdrawing and electron-donating substituents, as well
as bulky groups that act as dispersion energy donors. For the
forthcoming analysis, we will only consider the competition
between inside and outside isomers. A competition of a structural
motif, where the methanol binds to the ether oxygen can be
excluded, since the energy difference is about 18 k] mol " (ref. 14)
for chromone and in a similar range for the derivatives, see ESI,
Table S10. In a similar matter, we can exclude the structural
motifs of methanol binding to functional groups like -CHO,
-COOH, -NO,, and -SOzH, having higher relative energies.

3.1. Ground state properties of mono substituted chromone

For both substitution positions, the 20 functional groups are
introduced for the inside and the outside isomer, exemplarily
shown for 2-methyl chromone in Fig. 2.

As reported for the pristine chromone, the energy difference
AE = Ejnside—FEoutside between the two isomers is small

Rs

Fig. 1 Substitution positions in chromone.
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Inside Outside

Fig. 2 Differentiation of the isomers “inside” and “outside” with respect
to the binding side relative to the carbonyl group.

(1.2 k] mol™* (ref. 14)). Hence, we also analyze the values
obtained for the substituted chromone derivatives. The results
can be found in Table S1 in the ESL{ The values of AE
(including zero-point corrections) show a range between
—0.23 k] mol™! (-NO,) and +4.71 k] mol ' (-SO;H) for sub-
stitution position 2, and between —3.79 k] mol™* (-SiMe;) and
+5.81 k] mol ! (-SO;H) for substitution position 6.

The experimental differentiation of the isomers depends on
the observable wavenumber of the O-H vibration, modulated by
the strength of the hydrogen bond between methanol and the
carbonyl group of chromone. Hence, Table S1 (ESI}) also con-
tains the calculated (unscaled) wavenumber of the O-H stretch-
ing vibration. We want to notice here that for some derivatives,
experimental problems may occur due to the overlap of bands in
the interval between 3400 and 3700 cm . This can be expected
for functional groups with additional O-H and N-H moieties like
-COOH, -NH,, -OH and -SO;H. In Fig. 3, the difference of the
wavenumbers of the O-H stretching vibration (AV = Vj,gige —
Voutside) are plotted against the energy difference of the isomers.
Fig. S1 (ESIY) (first line) shows the wavenumber of the outside
isomer against the inside isomer. Both substitution positions
exhibit a direct proportionality of the wavenumbers, meaning
that the strength of the red-shift in the O-H vibration of
methanol induced by functional groups will be affected similarly
in both pockets. Regarding the correlation between the energy
shift and the wavenumber difference, a direct correlation is
observed only for substituents at position 2. For position 6, the
data points are more scattered, which results in a lower R* value
for the linear fit. This suggests that substituents at position 2
have a more significant impact on the O-H---O interaction,
while substituents at position 6 appear to exert a more indirect
influence, such as enhancing the dispersion interaction.

Position 2 Position 6

Avjem™!

Av/em™!
SeonsosErecOEORFenbOS

>e00C0SEPe00LORPOOB0e

-4 -2 0 2 4 6 8 10 12 420 2 4 6 8 10 12
AE/kJ mol™! AE/kJ mol ™!

Fig. 3 Results of energy differences between AE and O—H vibration shifts
AV between inside and outside in the Sy state.
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3.2. Excited state properties of mono substituted chromone

For the investigation of the first excited triplet state, different
methodologies exist including unrestricted DFT, time-
dependent DFT, configuration interactions or coupled cluster
variants like SCS-CC2. For the later reported energy decomposi-
tion methods, it is necessary to treat the triplet as a ground
state, hence we used here the unrestricted DFT method, chan-
ging the multiplicity for these calculations.

The simulation of the triplet state turns out to be more
challenging than the corresponding singulet. As the chromone
molecule is aromatic in the S, state, an identical structure in
the Ty state should be an antiaromat following Baird’s rule.*™*’
In order to avoid the antiaromaticity, a distortion of at least one
ring is expected. This distortion behavior was reported for the
pyrone ring, e.g., in y-pyrone*® and psoralene®® as well as in our
former investigation of the pristine chromone.**

We initially expected that the distortion of the pyrone ring
(referred to as “puckering’’) would represent the minimum on
the potential energy surface of the chromone backbone. There-
fore, we began the optimizations of the substituted chromones
from the corresponding planar structures of the S, state.
However, this approach was not successful for all derivatives.
As a result, we restarted the search, this time beginning with a
puckered conformer. Specifically, we used the chromone back-
bone structure obtained from the puckered 2-Cl derivative as the
starting point. In sum, three different optimization behaviors
were detected: (1) planar = puckered; (2) planar = planar,
puckered = puckered; (3) puckered = planar. Fig. 4 shows a
scheme of these cases.

Case 1 represents the expectation. The planar conformer is
not a minimum in the T, state and the optimization runs into a
puckered conformer. Case 1 is observed in 42 of 80 simulations,
with a higher percentage for substituents in position 6. Case 2
represents the coexistence of (at least) two triplet states with
different dihedral but with similar energy. Due to an energy
barrier between planar and puckered structure, the dihedral
will not change significantly during optimization process and
both conformers can be found as (local) minima. In Fig. 4, we
differentiate between two sub-cases: (a) the puckered confor-
mer is more stable than the planar one, and (b) the planar
conformer is the global minimum. Case 2a is observed in 9 and
case 2b in 10 of the overall 80 simulations. Case 3 represents
the exclusive existence of the planar conformer, making it
impossible to obtain a puckered one. This case is observed
for 19 of 80 simulations. The differentiation between planar
and puckered conformers is shown in Tables S2 and S3 (ESIY).
We would like to highlight a few special cases. For the 2-Et, 2-F,
and 2-NC derivatives, a stable puckered conformer is only
found for the inside isomer. In these three cases, the energy
difference between the puckered and planar conformers is
about 300 kJ mol ™!, which corresponds to case 2b. These large
energy differences suggest that the potential energy curve is
close to case 3. Therefore, even a small perturbation, such as a
change in the position of the methanol molecule, could cause
the barrier to disappear, resulting in the loss of a local mini-
mum for the puckered conformer.

This journal is © the Owner Societies 2025
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Fig. 4 Schematic description of the observed behaviors of several chromone derivatives during the optimization in the T; state.

We are aware that this behavior might be specific for the used
UDFT method (and probably related to the used functional),
since more expensive methods like configuration-interaction or
coupled-cluster might find the puckered structure for all deriva-
tives as already discussed for the pristine chromone."* However,
these methods do not yield suitable frequency simulations,
which are necessary for comparison with experimental data.

In the majority of the derivatives, the puckered structure is the
minimum structure as it is in the case of the pristine chromone.
Hence, we decided to compare the energies and wavenumbers in
Fig. 5 and Fig. S1 (ESI{) (second line) for the puckered conformers
only. The corresponding energies when the optimizations yield
also planar isomers are shown in Tables S2 and S3 (ESIt). In the
cases of not finding stable puckered conformers, the corres-
ponding derivatives are omitted for the analysis in Fig. 5.

Similar to the electronic ground state, a proportionality of
the wavenumbers of the inside isomer and the outside isomer
can be found, indicating that the strength of the hydrogen
bond is also modulated by the pocket in triplet state. Further-
more, there is a slight tendency that a larger energy gap
between inside and outside isomer is correlated with a higher
splitting of the wavenumbers of the O-H stretching frequen-
cies. However, we can use only 10 values for position 2 and for
position 6, the scattering of the values is high with an R* values
of 0.29.

The objective of our investigation is to identify chromone
derivatives where the preference for the inside or outside isomer
switches upon electronic excitation. From the pristine chro-
mone, it is known that the energy preference for the outside
isomer increases from 1.2 k] mol™! in the S, to 4.0 k] mol™* in
the T, state. Using these reference data, we hypothesize that the
switching is only possible for the direction Sy(inside) — T;(out-
side) but not Sy(outside) — T,(inside). Therefore, we need to

Position 2 Position 6
80
2 = 0.50 R? = 0.29

70 { 700 0{ =0
—~ 60
g e
S 50
BN
< a0

30 L]

20 20

-4 -2 0 2 4 6 8 10 12 420 2 4 6 8 10 12
AE/kJ mol ™! AFE/kJ mol ™!

Fig. 5 Results of energy differences between AE and O—H vibration shifts
AV between inside and outside in the T, state.
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Fig. 6 Results of energy differences AE between inside and outside for
the Sg and T, states.

look for derivatives with a AE(S,) below 0 k] mol~ " and a AE(T})
above 0 k] mol ™. Fig. 6 illustrates the correlation between the
energy differences in the S, and T, state, depending on the
substitution position. The gray areas represent the energy ranges
of 2 k] mol " for both electronic states, since we expect the AAE
to be between 0 and 4 kJ mol ™. Those derivatives, which show
the switch of the preferred binding site, should be within the
dark gray area. All derivatives with the substituent in position 2
are outside this area, which means none of them shows the
desired change from inside to outside upon electronic excitation.
For all derivatives, the outside isomer is preferred independent
of the electronic statef. In contrast, for derivatives in with
substituents in position 6, we found also preference for the
inside isomer both in the S, and T, state. In fact, a good
correlation between AE(S,) and AE(T;) can be found. The slope
of the red line is 1.1 with an intercept of 2.2 k] mol ™, confirming
that the switching can only be Sy(inside) — T;(outside). Within
the dark gray area, three derivatives are found: 6-CHO, 6-Me, and
6-NCO. These are promising candidates for an experimental
investigation. Their corresponding vibrational frequencies are
separated by at least 30 cm™" which should provide the possi-
bility to distinguish the isomers in the experiment.

3.3. Doubly substituted chromone

As shown in Fig. 6, certain derivatives with electron-donating
groups such as SiMe;, Et or ¢Bu in position 6 exhibit negative
AE values in both the S, and the T, states. In contrast, all
substituents in position 2 result in positive AE values. This
raises the question of whether the substitution effects are

+ The only derivative with AE(S,) < 0, 2-NO,, does not yield a puckered
conformer in the T, state.
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additive and if combining substitutions could yield AE values
within the desired range. To explore this, we investigated an
additional set of fifteen derivatives, combining 2-CFj3, 2-Cl, and
2-NCO with 6-CHO, 6-Me, 6-NCO, 6-OCN and 6-tBu. The results
with respect to energies and vibrational frequencies are shown
in Tables S4 and S5 (ESIT).

Fig. 7 shows the differences of the vibrational frequencies and
the energy differences of the inside and outside isomer. In the S,
state, a cumulation of derivatives with the same functional group in
position 6 can be found, indicated by the color. This means, that
the influence of the substituent in position 6 is larger than the
substituent in position 2. This finding is in accordance with
the results shown in Fig. 3, showing a larger energy range for the
6-derivatives than the 2-derivatives. Within a group of double
substituted chromone derivatives with the same group in position
6, a pattern can be found, indicating that the 2-CF; derivative shows
the lowest wavenumber and the highest energy difference, while the
2-NCO derivative has the lowest energy difference between inside
and outside isomer. Similar patterns can be found in the T, state.
However, here the values are more distributed over the whole energy
interval. In all cases, the 2-NCO derivative has the largest wavenum-
ber and highest energy difference, while the 2-CF; derivatives yield
the smallest wavenumber and smallest energy difference.

With respect to the switching preference from the inside
isomer in the S, state to the outside isomer in the T;, we analyze
again the intervals of 2 k] mol " around the equilibrium. This
analysis is shown in Fig. 7 right. Within the gray area (or very
close to the border), four derivatives are found. It is the trio of
derivatives having the 6-Me group in common and differ only
slightly by their substituent in position 2. Furthermore, the
doubly NCO substituted chromone also shows the preference
switching. Evaluating the wavenumber difference of the four
derivatives, we can state that the corresponding value in the S,
state ranges between 30 and 40 cm™' and in the T, state
between 30 and 50 cm ™. Hence, these four derivatives are also
good candidates for the experimental investigation.

3.4. Analyses of intermolecular interactions

As already discussed for the pristine chromone-methanol clus-
ter, the preference of the binding motif depends on the delicate
interplay between different contributions of the intermolecular
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interaction." In order to illuminate this interplay and to also
study the difference of those contributions in dependence on the
electronic state, we applied the methodology of local energy
decomposition giving an overview of the contributions of
electrostatics (EN%, ), exchange (ESh), electronic deformation
(AE;‘f_f}‘,rep), dispersion (Eﬁgfpiigon) and non-dispersion
(AE‘ﬁ;%?dSiIS)perSion) to the intermolecular interaction energy. In
Tables S6-S9 (ESIT), all contributions of the LED analysis are
given, differentiating the inside and outside isomer, both in the
So and T; state. We limited our analyses to those derivatives,
which we have been found to be of interest due to their predicted
switching preference.

For all investigated systems, we can state that the overall
interaction energies are quite similar. In the S, state, values are
found in the range of —33 and —35 KkJ mol ™. In the T, state,
those interactions energies are smaller, ranging from —29 to
—31 kJ mol ™", with the exception of (2-NCO, 6-NCO)-chromone.
Comparing those values to the pristine chromone-methanol
cluster,' a small decrease of the interaction energy is found.
This indicates that the substituents enhance the stability of the
cluster. Furthermore, it can be seen that the inside conformer
contains a more significant contribution of dispersion inter-
action than the corresponding outside isomer. The origin can
be seen analyzing the DID plots. In Fig. 8, the difference
between inside and outside is exemplarily shown. The DID
plots for all analyzed clusters can be found in Fig. S2 (ESIT).

It can be seen that the difference of the isomers is the
C-H.- - -O interaction from the aromatic C-H bond to the methanol.
In the case of the inside isomer, the orange part signalizes a
stronger contribution than the corresponding green C-H in the
outside isomer. Furthermore, the methyl group of the methanol
molecule in the inside isomer is green in comparison the blue
group in the outside isomer, indicating a higher contribution of
dispersion interaction also in the methanol molecule. Considering
the energy differences of dispersion energy between the isomers,
values of 2-4 kJ mol " are observed for the 6-substituted chromone
derivatives. Interestingly, this difference decreases for the doubly
substituted derivatives. Comparing the electronic states, no sig-
nificant difference for the contribution of dispersion can be found.
Depending on the particular derivative, large distributions to the
intermolecular interaction energy can be found for the electrostatic

So state T, state Comparison
80 — 80 e ———
R% = 0.48 N
70 @ 70 | 2 ~
o |
_ 60 |_ 601 & |2
I | =
g 50 | § 501 2 2
Y o o
240 m' o0’ 240 A -
4 O o < &
30 1 30 1 3
, A ] <
20 O o 20
10 T T T T T T T T T 10 T g T T T T T T T -5 T T T T g T T T T
4 -3 -2 -1 0 1 2 3 4 5 4 -3 -2 -1 0 1 2 3 4 5 5 4 -3 -2 -1 0 1 2 3 4 5
AE/kJ mol~! AE/kJ mol~! AE(S))/kJ mol~!

Fig. 7 Results of energy differences between AE and O-H vibration shifts AV between inside and outside for So and T, four doubly substituted
chromone derivatives. In yellow, three mono substituted derivatives are shown for comparison.
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-13.20 kJ/mol

Fig. 8 Dispersion interaction density plot for 6-NCO in the T, state. Red
and blue color represent a large and small contribution of the dispersion
interaction, respectively. Energy values are given for ES,;SEC,SS,%H.

energy as well as the electronic preparation energy. Although
here larger differences between the two isomers can occur, these
two contributions normally compensate each other, which yield
consistent results with respect to the difference of the interaction
energy. In order to demonstrate this, we compared this differ-
ence with the difference of the DLPNO-CCSD(T) energies in the
Tables S6-S9 (ESIt). These values are almost equal. Both the
DLPNO-CCSD(T) energy and the sum of the intermolecular
interactions applying the LED analyses show the preference of
the inside isomer in the S, and the preference of the outside
isomer in the T; state. With these results, we can confirm the
performance of the used dispersion corrected DFT method in
the evaluation of the preference switching. Only the 2-NCO,
6-NCO chromone, which shows an unusual increase of inter-
action energy in the T, state, does not coincide with the predic-
tion of the DFT simulations. Relying on the DLPNO-CCSD(T)
method, the inside isomer is energetically favored in both
electronic states. Hence, an experimental investigation would
be even more of interest to evaluate the performance of DLPNO-
CCSD(T) and DFT in this particular case.

4. Conclusion

We performed dispersion-corrected DFT simulations to find
chromone derivatives, whose methanol complexes change their
preferred binding site by excitation from the electronic ground
state to the first excited triplet state. This work should be used
to initiate the experimental investigation of those clusters.
Experimental evidence of the preference switch (or not switch)
can be thought as benchmarks for the validation of more
sophisticated theoretical methods, considering also the impor-
tance of dispersion interactions in excited electronic states. The
screening of the chromone derivatives revealed seven candidates,
which show a preference of the inside isomer in the S, state and a
preference of the outside isomer in the T; state. These derivatives
are the three mono-substituted compounds 6-CHO-chromone,
6-Me-chromone and 6-NCO-chromone and the four double
substituted compounds (2-CF;, 6-Me)-chromone, (2-Cl, 6-Me)-
chromone, (2-NCO, 6-Me)-chromone and (2-NCO, 6-NCO)-
chromone. The energy decomposition analyses show that the
inside isomers show larger contributions of dispersion

This journal is © the Owner Societies 2025
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interaction than the outside isomers due the strong interaction
between the aromatic C-H and the O of methanol. However,
this contribution is compensated by other contributions like
the non-dispersion, electrostatics and electronic preparation.
Hence, the balance between the contributions is quite delicate
and the preferences are not easy to predict. On the other hand,
this implies these clusters are very good candidates for an
experimental-theoretical challenge in the future.>>*
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