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Abstract: The encapsulation of the tetracationic palladium
metallosquare with four pyrene-bis-imidazolylidene ligands [1]** with
a series of organic molecules was studied by Electrospray ionization
Travelling Wave lon-Mobility Mass Spectrometry (ESI TWIM-MS).
The method allowed to determine the Collision Cross Sections
(SCCs), which were used to assess the size changes experienced by
the host upon encapsulation of the guest molecules. When fullerenes
were used as guests, the host is expanded ACCS 13 A? and 23 A?,
for Cgo or Cyo, respectively. The metallorectangle [1]** was also used
for the encapsulation of a series of polycyclic aromatic hydrocarbons
(PAHs) and naphtalenetetracarboxylic diimide (NTCDI), to form
complexes of formula [(NTCDI)(PAH)@1]*, in which the PAH
molecule is sandwiched between the two NTCDI guests. For these
host:guest adducts, the ESI IM-MS studies revealed that [1]* is
expanded by 47-49 A2 regardless the nature of the PAH molecule
used. The energy-minimized structures of [1]**, [Ceo@1]*, [Cre@1]*,
[(NTCDI)x(corannulene)@1]** in the gas phase were obtained by DFT
calculations. The CCS values of the DFT structures were calculated
using Trajectory Methods (TM). These calculated CCS data were in
great agreement with the experimental ones, thus demonstrating that
ESI IM-MS is a reliable tool for measuring structural distortions of
supramolecular structures in the gas phase, and highlight the
extraordinary size-adaptability of the metallocage [1]1*.

Introduction

Described by Koshland in 1958, induced-fit is a molecular
recognition mechanism used by Nature to attain a tight binding
between a molecular host (often an enzyme) and a guest, to
confer allosteric regulation through conformational changes upon
binding.”! Such induced-fit conformational changes can be used
for maximizing the host-guest interactions and consequently is a
fundamental strategy for constructing effective artificial
receptors.®! Supramolecular coordination complexes (SCCs),“
feature well-defined cavities prone to guest encapsulation, and
different shapes and sizes can be attained given the almost
unlimited combination of ligands and metals that can be used to
construct metallosupramolecular assemblies. However, the lack

of flexibility of the ‘well-defined’ shapes and sizes of the cavities
of the artificial hosts make their conformational changes upon
guest binding smaller and more challenging to visualize than
those shown in biological receptors. X-ray diffraction and NMR
techniques are the most widely used tools for studying the
conformational changes experienced by a host upon guest
binding.®? ENREF 24 Obviously, the most accurate picture of
the induced-fit changes can be obtained when the structures of
the free (empty) host and the host-guest adduct can be compared,
i.e., when the single crystal X-ray diffraction studies can be
performed. However, this approach fails sometimes because the
solid-state structures may differ greatly from the structures of the
same species in the solution or in the gas phase. In this context,
lon-mobility mass spectrometry (IM-MS) is gaining popularity as
a new member of the structural analysis toolkit used in
supramolecular chemistry.!

lon mobility MS separates gas-phase ions (typically generated by
ESI) by allowing them to drift under the influence of an electric
field against a buffer gas. The drift times measured in IM-MS
depend on the ion collision cross sections (CCS) and can be
ultimately correlated to ion size and shape. Examples of the use
of the IM-MS technique have been reported for supramolecular
coordination complexes (SCCs) supported by N-, O- donor,
Werner-type ligands, and include topological characterization
studies” and _ENREF 29the identification of geometric
isomers.l®l Furthermore, recent studies showed that IM-MS could
be used to visualize the expansion and contraction of chiral
palladium cages upon addition of different guests.["- ™
Supramolecular organometallic complexes (SOCs)® are gaining
popularity among SCCs due to the availability of an increasing
number of N-heterocyclic carbene (NHC) polydentate ligands.['%
During the last three years, we focused our attention on the
preparation of NHC-based SOCs that we used for the recognition
of a variety organic molecules.['l In the course of these studies ,
we developed a series of three-dimensional metallocages!'d and
two-dimensional metallo-boxes,['®! capable of adapting their
shapes to the encapsulated guests of different size. In particular,
we described a size-flexible palladium-cornered metallosquare,
based on a pyrene-bis-imidazolylidene ligand ([1](BF4)s in
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Scheme 1), whose cavity size was adapted to the size of the
encapsulated fullerenes (Cgo or Ci0).['* This change was
achieved by a guest-induced compression or expansion of the
structure, and by the bending of the pyrene moieties to maximize
the face-to-face overlap with the convex surface of the fullerenes.
The same host [1]** was then used for the encapsulation of series
of three-stacked heteroguests,!'**! but unfortunately, we could not
obtain structural information about the conformational changes
experienced by the host upon the encapsulation of the guests.
Inspired by these findings, herein we describe the use of
Electrospray ionization Travelling wave ion-mobility mass
spectrometry (ESI TWIM-MS), combined with CCS numerical
calculations from DFT-derived structures, for detecting the
expansion/compressions produced in the metallosquare [1](BF4)s
upon the encapsulation of fullerenes (Ceo and Cyo), and three-
stacked planar heteroguests. We consider that the shape
adaptability, robustness, solubility in ESI-compatible solvents and
its intrinsic 4+ charge, make [1](BF.)s an optimum candidate for
investigating its guest-induced distortions by ESI IM-MS.
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Scheme 1. Schematic representation of metallosquare [1]** and its related
encapsulated host:guest complexes with fullerenes (Ceo or Cz) and three-
stacked heteroguests

Results and Discussion

The ESI mass spectrum of 1 uM solutions of [1](BF4)s in
acetonitrile shows the base peak at m/z 766.4, assigned to [1]**.
A lower intensity peak at m/z 1050.6 due to [1 + BF4]*" is also
observed. Lower nuclearity species were not detected neither as
a result of gas-phase fragmentation of [1]** upon ESI, nor via its
degradation in solution when the ESI mass spectrum was
recorded after several days. This observation indicates that [1]**
is stable at the ‘pM-concentrations used in the ESI
experiment.javascript:void(0):; The ESI IM mass spectrum
of [1]** (see ESI) is identical to that found by single-stage ESI-MS.
The experimental isotopic pattern of [1]** perfectly matches the
simulation, thus the presence of isobaric [PdaL.]** or [PdsLs]**
species formed by heating or fragmentation upon IM conditions
can be discarded.

As we showed previously, the encapsulation of fullerenes (Cgo or
Cro) could be readily performed by sonication of [1](BF4)s and the
corresponding fullerene to vyield [Ceo@1](BF4)4 and
[C70@1](BF4)4.l'* The ESI and ESI IM mass spectra of the
resulting solutions have a very similar pattern (see Figures S4 and
S5 in the Sl file for details), thus indicating that their identity is
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preserved under IM conditions. The lon mobility arrival time
distributions (ATDs) for [Ceo@1]** (m/z 946.4) and [C7o@1]** (m/z
976.4) together with that of [1]** (m/z 766.4) are shown in Figure
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Figure 1. lon mobility arrival time distributions (ATDs) for: a) [1]** (m/z 766.4;
bottom), [Ceo@1]** (m/z 946.4; middle) and [Cro@1]** (m/z 976.4; top) ions, and
b) [1 + BF4]** (m/z 1050.6; bottom), [Ceo@1+ BF4]** (m/z 1290.6; middle) and
[Cro@1+ BF4]** (m/z 1330.2; top) ions.

A common feature inferred from the ion mobility ATDs shown in
Figure 1 is that all species display similar narrow, gaussian-
shaped arrival time distributions, in agreement with a low
conformation dispersity. Moreover, the close drift times observed
for the empty host [1]** and the fullerene adducts, indicate that the
[fullerene@11** complexes are truly capsular assemblies in the
gas-phase, and that [1]** and [fullerene@1]** share similar
topology. Nevertheless, a small increase in the drift time (tp) is
observed upon fullerene encapsulation (see Table 1 for values)
compared to the drift time of the empty cage [1]*'.

_ENREF 57 Drift time values can be converted into CCS
values following the Ruotolo procedure.l' Table 1 collects the
drift times and their corresponding CCS values for the compounds
of this study.

Table 1. Drift times and experimental "W CCSn. values of the supramolecular
complexes under study.

Entry Compound Drift time TWCCSh2
(ms)° for [M]** (A?y2

1 [ 3.63 707

2 [Coo@1]* 3.75 720

3 [Cro@1]* 3.84 730

4 [(NTCDI)2 4.00 744

(triphenylene)@1]**
5 [(NTCDI), 4.00 744
(pyrene)@11"
6 [(NTCDI)2 4.01 745

(coronene)@1]**

7 [(NTCDI), 4.01 745
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(phenanthrene)@1]**

8 [(NTCDI)> 4.01 745
(anthracene)@11*

9 [(NTCDI) 4.00 744
(perylene)@11**

10 [(NTCDI)2 4.02 746
(corannulene)@1]**

@ Values obtained by calibrating the drift time scale of the TWIM device with
standards of _known PTCCSn. cross-sectional data from  the
literature . ENREF 57 ™ccsy, refers to the determined CCS values
using a TWIM-MS instrument and nitrogen as buffer gas. "Samples were
measured by triplicate, and standard deviations were below 0.5 %.

As can be observed from the data shown in Table 1, the CCS
values increase in the order [1]** (707 A?) < [Ceo@1]** (720 A?) <
[Cro@1]* (730 A2).'81 As will be explained below, this trend can
be rationalized by exploring the gas-phase DFT optimized
geometries (vide infra). An inspection of the triply-charged series
formed by adduction with BF4 revealed a similar trend as that
found for the quadruply-charged analogues (see Figure 1 b) and
Table S3 in the SI). The "WCCSn. enlargement of [C7o@1 + BF4]**
with respect to [Ceo@1 + BF4]** is close to 10 A2,

We showed recently that metallosquare [1]** is effective for the
simultaneous encapsulation of three large Tm-conjugated
heteroguests, enabling the formation of quintuple D—-A-D-A-D
(D= donor, A = acceptor) stacks (see Scheme 1).['*! The
supramolecular quaternary [(NTCDI)(PAH)@1]** complexes
(NTCDI = naphtalenetetracarboxylic diimide; PAH = polycyclic
aromatic hydrocarbon = pyrene, triphenylene and coronene) were
formed by the direct mixing of the components. Herein, we also
performed experiments using phenanthrene, anthracene,
perylene and corannulene, to widen the scope of the study.
Complexation-induced "H chemical shift changes were observed
in the NMR spectra, consistent with the encapsulation occurring
in solution (see figures S21-S24). In all cases, the ESI mass
spectra displayed prominent supramolecular peaks assigned to
[(NTCDI)(PAH)@11**. However, switching to the IM-MS mode
resulted in a dramatic reduction of the peak abundances of these
supramolecular aggregates, which became barely detectable, in
most cases. This observation is strongly suggestive of a labile
nature of the [(NTCDI),(PAH)@1]** complexes, compared to
those of the fullerenes, for which both single-stage and ESI IM
mass spectra were identical. Similar conclusions can be drawn
from gas-phase fragmentation studies of the isolated
[(NTCDI)(PAH)@11** and [(fullerene)@1]** ions by collision-
induced dissociation (CID) experiments. The fullerene-
encapsulated ions [(fullerene)@1]** remained largely unchanged
under CID conditions. Conversely, the series of
[(NTCDI)(PAH)@1]** cages dissociated similarly and produced
characteristic fragment ions due to eliminations of the guests
under identical conditions(see Figures S12-S20). Energy
resolved CID experiments (see breakdown graphs in Sl) indicate
that guest eliminations occur simultaneously.
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Figure 2. Single-stage ESI| mass spectrum (top) and ESI-IM mass spectra using
45 (middle) and 35 V (bottom) trap bias potentials, respectively. The 830 to 930
m/z range has been enhanced 10-fold. The peak at m/z 970.5 corresponds to
[(NTCDI)(triphenylene)@1]**.

Fragmentation or isomerization of fragile molecules due to
heating within the TWIM-MS drift tube is a well-documented
phenomenon.l'l Labile metallocages are also prone to
dissociation under IM-MS conditions. In our studies, the use of
gentle ESI source conditions, together with tuning the ion
transmission in the TWIM-MS mode were of major importance for
keeping the [(NTCDI)(PAH)@1]** aggregates below their
dissociation threshold. Figure 2 illustrates the importance of ion
transmission adjustment for the detection and characterization of
[(NTCDI)(PAH)@11** assemblies, exemplified for the case of
[(NTCDI),(triphenylene)@11*.

Under the optimized conditions, the whole series of quaternary
[(NTCDI)(PAH)@1]** cationic assemblies was studied by ESI IM-
MS. Again, a common feature inferred from the ion mobility ATDs
shown in Figure 3, is that the narrow Gaussian-shaped arrival
time distributions are strongly suggestive of low conformation
dispersity. As can be seen from the data shown in Table 1, they
all display identical ATD values, regardless of the nature of the n-
donor encapsulated guest. The estimated CCS values are in the
narrow 744-746 A2 range. These similarities indicate that the n-
donor PAH guests, while sandwiched between the two n-acceptor
NTCDI molecules, are embedded within the cavity of [1]** and
show overall similar dimensions of the supramolecular assembly.
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Figure 3. lon mobility arrival time distributions for selected ions [1]** (m/z 766.4;
bottom) and the series of quaternary ions [(NTCDI)}(PAH)@1]** (PAH =
triphenylene, anthracene, pyrene and corannulene)

The complexation of corannulene is singular because its bowl-
shaped nature renders a less effective interaction with planar
polyaromatic donors, such as NTCDL.['® This explains why this
curved PAH normally displays lower binding affinities compared
to its planar 20-electron analogue, perylene.l'3® 9 When
corannulene was mixed with NTCDI in the presence of [1]**, the
"H NMR spectrum displayed broad signals, which indicated labile
encapsulation (see the "H NMR spectrum in Figure S20 in the SI).
However, ESI-IM-MS provided convincing evidence that the host-
guest [(NTCDI)y(corannulene)@1]** was formed, and its
composition and topology could be assessed by comparing with
the series of planar n—donors. Although the incorporation of this
curved PAH could be expected to expand the volume of the
metallosquare host, the observed CCS value of 746 A? was
practically identical to the values obtained for the other
[(NTCDI)(PAH)@1]** species in Figure 3. An intuitive
interpretation of this result is that the molecule of corannulene
may be flattened upon encapsulation, but the detailed reasons
that explain this observation were elucidated from the DFT
analysis of the structures (see below).

In order to attain an accurate picture of the distortions suffered by
[1]** with the whole series of encapsulated guests, we performed
DFT (MO06-L/Def2SVP) calculations of [1]**, [Ceo@1]** and
[C7o@1]* in gas phase. Due to its intriguing nature, we also
calculated the structure of [(NTCDI),(corannulene)@1]**. To
simplify the calculations and to avoid considering a large number
of conformational isomers, we substituted the nBu groups bound
to the nitrogen atoms of the imidazolylidenes by methyl groups.
Figure 4 shows the resulting calculated structures where [1]**
denotes the modified host, possessing all NMe groups.
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Figure 4. DFT optimized structures of [1']**, [Ceo@1’]*" [Cro@1’]** and
[(NTCDI)z(corannulene)@1°]** (in two perspectives).

The structure of [1’]** in the gas phase displays a distorted
arrangement from an ideal square. Shrinkage from opposite
corners of the square leads to a rhombohedral-shaped molecule
(see Figure 4, top), in which the pyrene moieties are significantly
bent towards the interior of the cavity. This situation clearly
contrasts with the X-ray solid state structure reported for
[11**(BF4)s, which showed an almost perfect square-shaped
geometry for [1]**. The difference can be ascribed mainly to the
presence of three molecules of solvent (DMF) and three counter-
anions (BF4) in the interior of the cavity of the supramolecular
host in the solid-state structure, which are obviously absent in the
gas-phase cation. The encapsulation of Cgy and Czo does not
leave room within the cavity for compression and consequently,
the gas-phase structures are rather similar to those found in the
solid-state, although both show a rhombohedral shape. For the
case of [C;o@1°]*, the C7o molecule displays its longer axis
parallel to the C, axis of the molecule, therefore minimizing the
steric congestion in the <cage. The structure of
[(NTCDI),(corannulene)@1°]** shows that the corannulene guest
is sandwiched between the two NTCDI molecules. The latter are
significantly bent, most likely for maximizing the r-stacking
interaction with the bowl-shaped guest. Interestingly, the centroid
of the corannulene molecule is off the axis defined by the
centroids of the opposite pyrene moieties of the cage, which also
contain the centroids of the NTCDI guests (see Figure 4). Related
to this situation, the pyrene panels that are perpendicular to the
three guests are tilted in a manner that leaves a wider space on
one of the portals of the molecule, so that the steric congestion
around the corannulene guest is minimized. Finally, it is important



to mention that the bowl-depth of the encapsulated corannulene
molecule is 0.78 A, therefore flattened by 0.12 A compared to the
corannulene structure in the gas phase (0.90 A).
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Figure 5. Linear regression plot showing the correlation between the
experimental CCS and theoretical CCS values calculated by TM method for
[1'1*, [Ceo@1’]*, [C7o@1°]** and [(NTCDI)2(corannulene)@1°]**.

The DFT-optimized structures were used as inputs for CCS
predictions, and then these were compared with the experimental
data obtained by IM-MS. The CCS values for [1']**, [Ceo@1]*",
[Cro@1°']** and [(NTCDI),(corannulene)@1’]** were calculated
using Trajectory Methods (TM), implemented in the IMoS
software.?! The calculated structures of the model [1°]** cation
and its respective host:guest adducts display predicted CCS
values (630 A? for [1°]**, 651 A? for [Ceo@1']**, 664 A2 for
[C7o@1°]** and 703 A2 for [(NTCDI),(corannulene)@1°]**) that are
consistently smaller than the experimental ones. This is a
consequence of the use of the small NMe instead of NBu groups
in the calculated structures. The structural differences are linearly
correlated as illustrated in Figure 5 where the experimental CCS
values are plotted against the calculated data.

Conclusions

Our results demonstrate that IM-MS in combination with DFT
modeling and CCS predictions is a reliable tool for assessing
guest-induced host distortions on the basis of their CCS values.
The CCS data also serve to illuminate the exceptional size
adaptability of [1]**, which is able to expand by ACCS 37-39 A2
from its empty form to accommodate the three guests in
[(NTCDI)(PAH)@1]**. Equally interesting is the evidence that
ESI IM-MS may also be useful for detecting distortions
experienced by guests upon encapsulation, as we showed for the
case of the flattening of corannulene. This result is remarkable,
especially if we take into account that the flattening of
corannulene upon encapsulation inside a molecular host has
been observed experimentally very few times,['3 19 211 pyt in all
these cases such distortions were only evidenced by means of X-
ray diffraction studies. Since IM-MS can be registered from small
amounts, the only pre-requisite is handling ESI-amenable
compounds. In this regard, it is also important to note that [1]*
constitutes an excellent prototype for this type of studies, due to
the high stability conferred by the di-NHC linkers, the large binding
affinities with three- and two-dimensional hosts, and the intrinsic
4+ charge of all the resulting host-guest complexes. We expect
that this study will inspire researchers in the field of
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supramolecular organometallic chemistry to incorporate the use
of the IM-MS technique to facilitate the study of structural
properties such as breathable motions or guest-induced
distortions of the metallosupramolecular assemblies.

Experimental Section

General Considerations

Compounds [1](BF4)s and its fullerene adducts, namely
[Ceo@1]1(BF4)4 and [Cro@1](BF4)4 were synthesized according to
literature methods.'*1 The formation of the quaternary
[(NTCI)(PAH)@1](BF4)s (PAH = triphenylene, coronene and
pyrene) compounds was carried out as reported.['®®! Bovine
Hemoglobine tryptic digest was purchased from waters
(MassPREP Bovine Hemoglobin Standard). Angiotensin | and
Melittin were purchased from Sigma Aldrich. NMR spectra were
recorded on a Varian Innova 500 MHz spectrometer. All values of
the chemical shift are in ppm regarding the o-scale and
referenced to the non-deuterated residual solvent. ESI and ESI
IM mass spectra were performed using a SYNAPT XS High
Definition Mass Spectrometer (Waters Corporation, Manchester,
UK) equipped with an electrospray ionization (ESI) source. The
ions generated are transmitted through the StepWave XS ion
guide to the first quadrupole (Q), then to the traveling wave ion
mobility (TWIM) cell, and finally analyzed with a time-of flight
(TOF) mass analyzer. The ion mobility separation occurs through
the so-called triwave device that operates with three regions: trap,
ion mobility separation, and transfer with a helium cell located
between the trap and ion mobility separation regions. Further
details and a schematic view are given in Figure S1.
Single-stage ESI-MS and CID experiments. A capillary voltage
was set to 1.5 kV operated in the positive ionization mode and in
the resolution mode. Source settings were adjusted to keep intact
the supramolecular adducts of interest. Typical values were cone
voltage 20 to 40 V and source offset 4 V; source and desolvation
temperatures were set to 110 and 350 °C, respectively. Cone and
desolvation gas flows were 150 and 500 (L/h), respectively.
Sample solutions were prepared from stock acetonitrilie 1mM
solutions by 1000-fold dilution with acetonitrile to reach the 1uM
concentration and introduced directly to the ESI cham_t1)er through
an external syringe pump at a flow rate of 5 yL-min . Samples
were investigated over several days in the 50 to 2500 m/z range
and fragmentation of the roboust [1]** skeleton was not observed
at all. Calibration of the m/z axis up to m/z 3000 was performed
using the routine implemented in intellistart from a mixture of
sodium and cesium iodide (2 mgmL" in 1:1 v/v H,O:isopropanol).
Comparison of experimental vs theoretical isotopic pattern was
carried out using Masslynx 4.2 (SCN 982). CID experiments were
performed by mass selecting the  supramolecular
[(NTCDI)(PAH)@11** and the fullerene [(fullerene)@1]* ions of
interest in the first quadrupole and increasing the collision voltage
(V) in the trap region starting from 2 V and stepped by 3 Vup toa
maximum of 20 V. An isolation width of approximately 2 Da was
selected (LM resolution set to 8).

ESI IM-MS. The same sample solutions and source settings to
that described above for single-stage ESI-MS were used. The
instrument was switched from TOF acquisition to mobility TOF
acquisition mode and left for 30 minutes before recording IM mass
spectra. The m/z 50-1500 range was investigated and ion mobility
separation settings were used as follows: the traveling wave



height was set to 40 V and wave velocity was set to 650 m/s. The
drift gas was nitrogen (N.) at a flow rate set to 90 mL/min. The
helium cell gas flow was 180.00 mL/min. IMS DC values were as
follow: Entrance 20; Helium cell DC 50; Helium exit -20; Bias 3;
Exit 0. Trap DC values were controlled manually; entrance, 3; trap
DC bias was varied from 25 to 45 V, the 35 V value being the
compromise value to visualize the intact supramolecular adducts
and maximize ion transmission; Exit 0. The adjustment of the trap
bias potentials (the accelerating voltage between the trap and the
He cell that precedes the IMS chamber), proved to be crucial to
visualize the [(NTCDI)(PAH)@1]** adducts. For example,
progressive reduction of the trap bias potentials from initial 45 V
to 25 V (that is, softening the ion injection conditions) allowed the
[(NTCDI),(donor)@1]** species of interest to be visualized and
characterized at expenses of a significant reduction of ion
abundances. All the investigated compounds and calibrants in the
present work were recorded under these conditions.

The IM-MS data were processed using Masslynx 4.2 (SCN 982).
All ions of interest displayed a gaussian-shaped arrival time
distribution profile. lon mobility spectra of the species of interest
were extracted using a 0.15 Da mass window and were converted
from waters.raw to .txt files. Gaussian fitting of the IM data was
applied to improve the precision of the drift time measurements.
The reported drift times values were obtained by Gaussian peak
fitting using origin 6.0 (Microcal) rendering good correlation in all
cases. Each sample was recorded by triplicate on the same day
and the deviation in the drift time values was less than 0.5 %.
CCS Calibration: The CCS calibration protocol reported by
Ruotolo was followed to convert drift times into CCS,['*l using a
series of similarly charged peptide ions (Melittin, Angiotensin | and
a tryptic digestion of bovine hemoglobin), which cover the transit
time range of the ions of interest. Calibration of the IM-MS device
for determining collision cross-sectional areas from drift time
measurements was performed considering a series of multiply
charged (M + nH)™ (n = 3 and 4) species and their PTCCSy;
values were taken from the literature (Angiotensin I, melittin???
and tryptic digest of bovine Hemoglobinel'®). Additional details
on the calibration protocol are given in the SI.

NMR studies on host-guest adduct formation with PAHs.
The formation of the quaternary supramolecular
[(NTCI)2(PAH)@1](BF4)s (PAH = anthracene, phenanthrene,
perylene and corannulene) was performed by adapting the
previous synthetic protocol described for other PAHs.['3b]
Typically, to an NMR tube containing a 1mM CD3CN solution of
host [1](BF4)s, two equivalents of the Polycyclic Aromatic
Hydrocarbon and then two equivalents of NTCDI were added. The
resulting suspensions were placed for 30 minutes in the ultrasonic
bath before recording the spectra. Representative NMR spectra
are given in the Supplementary Information file.

Trajectory method (TM) CCS predictions.

To compare empirical CCS results to DFT-derived structures,
IMoS was used to calculate the average drag caused by the
impinging gas molecules over the flight path. The potentials
employed in this case correspond to those of the standard TM
methods using a 4-6-12 potential. How these calculations are
performed is available elsewhere?,

Computational Details.
All calculated complexes of this paper are diamagnetic and
possess a +4 net charge. The gas-phase geometry optimizations
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were carried out with Gaussian 16, rev. ¢.01,2" using the MN15-
L functional®®! and the def2-SVP basis set (with def2 ECP for Pd)
together with the W06 density fitting basis set.!2%
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