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Abstract Poor processability of fullerenes is a major remaining drawback for them to be studied
monomolecularly and to find real-life applications. One of the strategies to tackle this problem is
to encapsulate them within a host, which is however quite often, accompanied with significant
alteration of their physical/chemical properties as encountered in chemical modification. To
minimize the effect, an clectron-deficient entities-based, dissolvable and fluorescence active
supramolecular host was designed and constructed via coordination-driven self-assembly of
ortho-tetrapyridyl perylene bisimide (PBI) with cis-(PEt;),Pt(OTf),. The trigonal prism 1
possesses a trigonal-prismatic inner cavity with 14.7 A as the diameter of its inscribed circle.
Host-guest chemistry investigations revealed that both Cg and C;9 could be quantitatively
encapsulated by the host in a 1:1 ratio. Further studies demonstrated that the produced host-guest
complex 15Cy is significantly more stable than 15Cg, allowing complete transformation of the
latter to the former and separation of Cyy from its mixture with Cg. The fullerenes in the inclusion
state could rotate freely within the cavity. Electrochemistry and spectroscopy studies disclosed
that the encapsulation of the guests shows little effect upon the reduction of the host and its
fluorescence properties. Thus, ‘like dissolves like’ is believed to be the main driving force for the
formation of the host-guest complexes. Moreover, the host and host-guest complexes can be
fabricated into monomolecular membranes, using conventional Langmuir-Blodgett technique. We
propose that these unique host-guest complexes could be used as model ensembles for further
studies of the physical/chemical properties of fullerenes in both single molecular and 2D
membrane states. In addition, their reversible four-electron reduction property may allow them to

find applications in photo-/electro-catalysis, organic electronics, etc.
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Introduction

Coordination-driven self-assembly has been developed as a powerful tool for precise
construction of Supramolecular Coordination Complexes (SCCs) with diverse sizes and shapes,
including 2D metallacycles, 3D metallacages, and even more elegant and complex molecular
assemblies.!” Apart from building structures with special shape, large size or unique topology,!-13
development of functional SCCs leading to important applications is also a hot topic of the
research.!*2l A noticeable strategy to achieve such a purpose is to embed selected functional
moieties in the building blocks of SCCs.???8 Fluorescence is known to be sensitive and selective
to micro-environment changes owing to its excited state nature, and thereby, incorporating
fluorescent moieties will definitely extend the applications of SCCs.!”'8 In fact, emissive SCCs
have already been utilized in multi-responsive (solvents, pressure, or temperature) materials,
photodynamic therapy, film-based fluorescence sensors, etc.!8: 20, 29-31

As known, perylene bisimides (PBIs) have received significant attention during the last few
decades owing to their unique properties, such as large optical absorption range, superior
photochemical and thermal stability, high fluorescence quantum yield, switchable emission
between monomeric state and aggregated state.3>3* Yet, they generally suffer from low solubility
in common solvents due to strong intermolecular -7 stacking originating from large conjugated
structure of their perylene core, which limits the study of their properties and applications.
Therefore, alkyl chains with different lengths or steric structures are often introduced into the
imide or bay positions (3,4,9,10-positions) of PBIs to increase their solubility.’>37 Recently,
selective modification at the ortho-positions (2,5,8,11-positions) of PBIs is also used to improve
the solubility.’84 Unlike being modified at the bay positions, structural modification at the
ortho-positions shows little distortion to the planar structure of the perylene core, which is believed
to bring less alteration to their electronic structures and the excited state properties.*!- 42

As a family of zero-dimensional carbon materials, fullerenes exhibit superior semi-conducting
properties, leading to versatile applications in solar cells, field effect transistors (FET),
photo-detectors, etc.#**> These applications, however, greatly depend on their purity, crystalline
structures, aggregated geometries, such as 1D fibers, 2D plates, etc. Additionally, well defined

structures are also the basis for exploring their fundamental properties. However, the spherical or
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ellipsoid shape and the unpolarized polyene surfaces greatly hinder their dissolution in common
solvents, impeding their purification, crystallization and property studies in conventional ways. To
tackle the challenge, various strategies, such as volatile diffusion, controlled precipitation,
liquid-liquid interface precipitation, gel-assisted crystallization, etc., have been developed to grow
the crystals or to purify the materials.*6->> Among them, host-guest chemistry-based extraction was
proposed recently, which brings new inclusion compounds with fullerenes as guests, leading to
assisted dissolution as well as new structures. The key issue in the studies is the design and
construction of supramolecular hosts. Till now, a large number of macrocycles and several 3D
cages have been developed as the hosts.53-5¢ Examination reveals that effective hosts generally
possess two features, the first is size match of their cavities with the guests, fullerenes, and the
second is electronic match of the hosts with the electron-poor guests, as evidenced by the fact that
electron-rich moieties, such as porphyrins, pyrene, anthracenes, tetrathiafulvalenes and carbon
belts/bowls, were adopted as their main components.’’-”? However, electronic communication
between electron-rich host and electron-deficient guest is sure to alter the primary properties of the
guest as well as the host, which could induce similar problems encountered as in the chemical
modifications. Therefore, it would be of great interest to develop electron-poor hosts that include
the guests via other driving forces.

Considering the electron-deficient property and the polyene surface feature of fullerenes,
constructing the expected host-guest complexes via the development of electron-poor hosts with
n-conjugated structures, such as PBI derivatives, as the main entities becomes feasible. This is due
to the fact that ‘like dissolves like’ may function as the driving force, which originates from their
common 7-structure. In addition, incorporating such fluorescence active moieties in the hosts
could offer the opportunity to monitor the coming host-guest interaction via their sensitivity to
micro-environment of changes. As aforementioned, coordination-driven self-assembly is a
powerful technique to build 3D metallacages with controllable sizes and changeable functional
moieties. Thus, it may be adopted as a strategy to build the designed hosts. In fact, several
(supra)molecular cycles or cages composed of PBI moieties have been synthesized via covalent
linkage or noncovalent bonding,?%-84 where only one metallacage and one metallacycle have been

built for the encapsulation of fullerenes.®> 7® However, in the hosts, PBIs were modified at the
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bay-positions, leading to distorted structure of the perylene core. To avoid this distortion, in the
present study, an ortho-position modified PBI derivative is incorporated into a specially designed
3D metallacage, resulting in the trigonal prism 1. Encapsulation examination reveals effective
formation of inclusion complexes of 15Cg and 1DC+y. Further investigation depicts that 1>C, is
more stable than 1>Cgy. Accordingly, selective extraction of C;y from its mixture with Cgy and
complex to complex transformation from 15Cg to 1DC;y were realized. Weak electronic
communication between the host and the guests is verified by little change of the host’s

electrochemical and spectroscopy properties after encapsulation.

Scheme 1 Formation of Trigonal Prism 1 via Coordination-Driven Self-Assembly
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Results and Discussion

Synthesis of PBI-4Py

Ortho-tetrapyridiyl-containing PBI (3) was targeted to construct trigonal prism 1, and the PBI
derivative was synthesized by coupling of 4-ethynylpyridine with ortho-iodinated PBI (2), where
2 was obtained via carbonyl-directed ortho C-H halogenation of PBIL.3° Structural optimization of
3 was performed through DFT calculation. The results are depicted in Figure S21. As expected,
the core of 3 adopts a perfect planar structure, allowing for the construction of well-defined and

non-distorted architecture via coordination-driven self-assembly.
Self-assembly of Trigonal Prism

As shown in Scheme 1, reacting 3 with cis-(PEt;),Pt(OTf), in a molar radio of 2:4 in acetone

for 5 h at 45 °C, and then precipitating by the addition of diethyl ether resulted in 1 with an
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excellent yield (98%). It is worthwhile to note that reacting of four-arm ligand (L) with Pt/Pd( 1)
(M) could result in metallo-cages with a composition of M,,L,, where MgLs, Mgl4, M;¢Ls, and
even M,Ls have been documented.?>0 In this work, the supramolecular ensemble is confirmed to
be MgLs, for which the characterization details via multinuclear NMR (3'P and 'H), correlation
spectroscopy NMR (COSY), diffusion-ordered spectroscopy NMR (DOSY), electrospray
ionization time-of-flight mass spectroscopy (ESI-TOF-MS), etc. are provided below.

a

1a 1a’ |1c 1b’ 1b

[

3c 3a 3b

ppm m/z

Figure 1 (a) Partial '"H NMR spectra (600 MHz, Acetone-ds, 298 K) of 3 (black) and 1 (red). (b)
3P NMR spectra (243 MHz, Acetone-ds, 298 K) of 4 (black) and 1 (red). (¢) Experimental (black)

and calculated (red) ESI-TOF-MS spectra of 1 [1 — 50Tf]*".

As seen from Figure 1b, the 3'P{'H} NMR spectrum of 1 shifts considerably upfield comparing
with that of 90° Pt(I) 4 and exhibits sharp singlet at -0.15 ppm with concomitant '*°Pt satellites
(Jp—p = 3100.7 Hz), corresponding to single chemical environments around the phosphorus center.
For the 'TH NMR spectrum of 3, it can be observed that it contains three sets of protons in the
aromatic area, including two doubles for pyridinyl (6 = 8.74 and 7.65 ppm for Hi, and Hjy,
respectively) and one singlet for PBI moiety (8 = 8.79 ppm for Hs.) (Figure la). The 'H NMR

spectrum of 1 exhibits a simple set of proton signals, where the aromatic part is composed of four
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doublets and one singlet, which are ascribable to the protons of pyridinyl moiety and PBI unit,
respectively (Figure S3). The COSY spectra shown in Figure S5 indicate that the 3a and 3b
protons of the pyridinyl moiety exhibit a remarkable split and a significant shift in comparison
with 3. The shift of the proton signals is a result of the nitrogen coordination to Pt since it reduces
the electron density of the pyridyl unit. The splitting of 3a and 3b might be because of restricted
rotation of the pyridinyl moieties due to the formation of the trigonal prism that makes a
difference between the magnetic environment of the two 3a (H;, and H;,-) and the two 3b (H;, and
Hyy-) protons of a pyridyl moiety. These observations tentatively reveal the formation of the
expected discrete, highly symmetrical supramolecular cage.

The DOSY results are depicted in Figure S8. As seen, the sample displays a single vertical trace
with a diffusion coefficient of 4.0 x 107° cm? s7!, suggesting the formation of a single
supramolecular ensemble via self-assembly. With reference to the ESI-TOF-MS spectra shown in
Figure 1c¢ and Figure S7, six isotopically resolved peaks corresponding to a trigonal prism (MgLs)
with the loss of several trifluoromethanesulfonate (OTf) anions were observed, including m/z =
1646.36 for [1-40Tf]*, m/z = 1287.30 for [1-50Tf]>*, m/z = 1047.93 for [1-60Tf]*", m/z =
876.94 for [1-70Tf]"", m/z = 748.58 for [1-80T{]*", and m/z = 648.96 for [1-9OT{]’*. These
peaks match very well with the calculated theoretical distributions, and confirm the stoichiometry
of the trigonal prism as produced. Moreover, traces of other possible M,,L, structures are not

observable.
Molecular Modeling and Langmuir-Blodgett Technique

The chemical formula of three ligands and six metals of the trigonal prism has been proved via
NMR and mass spectroscopy measurements. However, as depicted in Scheme 1, 3 is a highly
symmetrical and four-arm ligand, which determines that it could form two isomeric trigonal
prisms when it reacts with 90° Pt in a molar ratio of 1:2. The two structures were simulated via
PM6 semi-empirical calculations. As shown in Figure 2, the only difference between them is the
orientation of the PBI moieties, which makes isomer a possess a larger triangular section.
Specifically, the area of the section for a is 575 A2, and that for b is 447 A2 (for calculation
details, see Figure S22 in the SI). Energetically, a is much more stable that b, and the energy

difference between them is 36 kcal/mol. The difference could be a result of the high distortion of
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the PBI units in b and the crowding of the imide parts of the moieties in the isomer. Accordingly,
the most likely structure of the cage as obtained should be a. To exam the exact structure of the
cage, Langmuir—Blodgett (LB) measurements were performed as it could provide the information
of molecular size, which helps to ascertain the structure.

Considering the good solubility in volatile organic solvents, and insolubility in water of the
cage, it is possible to prepare a monomolecular layer via utilization of the classical LB technique.
The experiments resulted in the n-A isotherms, which are the surface pressure vs molecular area

plots that are presented in Figures 2c and Figure S23a.

SP (mN/m)

T T T T
400 800 1200 1600
Area (A%mole)

Figure 2 The PM6-simulated conformation of the trigonal prism of 1 in ‘a’ state (a, ¢) and the
PM6-simulated conformation of the trigonal prism in ‘b’ state (b). The m—A isotherm of the

trigonal prism of 1 in the air/water interface (d).

As depicted in Figure S23, three independent measurements (with the addition of different
volumes of the stock solution of 1) resulted in highly repeatable n-A isotherms, indicating the

reliability of the measurements. Examination of the n-A isotherms reveals that they all exhibit a
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sharp rise of surface pressure when decreasing the surface area, it can also be seen that the liquid
condensed (LC) phase appears from 2 to 33 mN-!, and the “liquid” to “solid” inflection appears at
33 mN m!. Further increase of the surface pressure results in the collapse of the “solid”
mono-molecular membrane as evidenced by the gradual appearance of a precipitation on the
slider. (Figure S23b) From the inflection point, the area of cross-section (4) of 1 can be calculated
using eq. 1, where S stands for the total surface area of the membrane, C the concentration of the
solution, V' the volume of the solution added, and N, is Avogadro's number. The result is about
569 A2/molecule, which matches well with the area of the triangle side of conformation a as

shown in Figures 2c and S22.

s
A= CVN, )]

Fullerenes Host-Guest Encapsulation

c f (1oC,0) €

(1oC,) €
Y. J e A

I SV S

0.5 0.0 -0.5 9.5 94 93 92 9.1 82 81 80 7.9 7.8 T.7
ppm ppm

Figure 3 3'P{'H} (a-c) and partial '"H NMR spectra (d-f) of 1 (a and d), 1>Cg (b and ¢), and

15C (¢ and f). (243 MHz for 3'P {'H}NMR and 600 MHz for 'H NMR, Acetone-ds, 298 K)

The existence of large void and electron deficient PBI moieties in the trigonal prism could
create two different environments, where one is inside and the other outside of the metallacage.
Examination of the size of the cavity as shown in Figure 2 reveals that a sphere or cylinder of a
maximum diameter of 14.7 A could be embedded within the cavity, suggesting that the compound
may be used as a host for encapsulation of C4y and Cy since the van der Waals diameter of the
former is ~11 A and the latter a little bit larger.”®: 73 76 Encapsulation tests were conducted by

adding a large excess of Cgy or C;0 (10 equiv) to a solution of 1 in acetone, followed by continuous
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heating and stirring at 40 °C overnight. The solution was filtered to remove excess Cg or C79, and
then precipitated by adding ethyl ether. Acetone was chosen as it is a good solvent of the host but
a poor solvent of the guests.’! The precipitates (possibly 125Cg or 125C7y) were collected by

centrifugation, and characterized by NMR and ESI-TOF-MS measurements.
Cc @ L]
| K I
b

A Lodiicmnnld o g -

a

—_MMMMM

154 150 146 142 138 134 130 126 122 118 114 110 106 102 98 94 90
ppm

Figure 4 Partial '3C NMR spectra (151 MHz, Acetone-ds, 298 K) of 1 (a), 15Cg (b), and 125Cr

(c). Note: o stands for '3C signal of Cg or Cy.

As depicted in Figure 3, similar to that of the host, the 3'P{'H} NMR spectrum of 15Cgy is also
characterized by a sharp singlet, which shifted downfield to 0.30 ppm, indicating a change of the
chemical environment of the phosphorus center. The 3'P{'H} NMR could be a result of the
expected encapsulation, which is further supported by the results from "H NMR studies. As shown
in the same figure, comparing the "H NMR spectrum of 15Cgp with that of 1, the proton signals of
pyridinyl residues (H;,, H;.; Hyy, Hyp) in the PBI structures show an upfield shift in support of the
possible host-guest interaction. The protons of PBI (H,.) show a considerable downfield shift from
9.21 to 9.31, which is almost mixed with one of the pyridinyl signals (H;,). This observation
could be ascribed to the m-w interaction between PBI and Cg, another evidence to support the
host-guest interaction. The '*C NMR spectra of 12>Cgg and empty 1 were also recorded (Figure 4a,
b). An intense extra resonance signal appears at 141.6 ppm, which belongs to Cgy, further
confirming formation of the expected host-guest complex, 1>Cgy, due to the fact that C4y alone is

insoluble in the solvent. ESI-TOF-MS spectra of 15Cg are depicted in Figure 5¢ and Figure S13,
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displaying a series of prominent peaks at m/z = 1826.36, 1431.50, 1168.09, 979.50, 838.70, and
728.96, which correspond to the loss of several OTf units during ionization, including
[12Cp-40TI]*, [12Ce-50Tf]%*, [12C-60TH]%", [12Ce-70Tf]™*, [12Cg-80TH]¥, and
[1>Cp-90TT(]°", respectively. These m/z results match very well with the theoretically simulated
values, in support of the expected 1:1 composition of the host-guest complex. Further examination
of the results depicted in Figure 5 reveals that there are weak signals of the empty trigonal prism
in the sample of the host-guest complex, suggesting dissociation of 1>Cgg during the ionization
measurements.

C was also expected to form an inclusion complex 125C7. 3'P{'H} NMR, 'H NMR and 3C
NMR spectra exhibit the formation of the complex (Figure 3, Figure 4c), but the proton signal of
PBI shifts obviously upfield rather than downfield as observed in the complexation of Cg. The
reason behind is probably the different interaction with the hosts as the size and shape of the two
guests are different from each other. The difference in the proton signal shift of PBI can be used to
identify the two different fullerenes. Results from ESI-TOF-MS provide further support for
possible inclusion. As shown in Figure 5 and Figure S18, six isotopically resolved peaks, which
are 1856.61 ([12C-40Tf]*), 1455.50 ([12C7-50Tf]**), 1187.93 ([12C7y-60Tf]*"), 996.94
([12C1p-70T1]""), 853.71 ([1>C7-80Tf]¥") and 74231 ([12C7-90Tf]**), respectively,
corresponding to 15Cyy after losing four to nine OTf units were detected, confirming the
stoichiometry of the expected host-guest complex. Examination of the results depicted in Figure 5
reveals that unlike 12Cg, there is no empty trigonal prism in the sample, indicating effective
encapsulation of C;g, which indicates no significant dissociation of 1>C5y during the ionization

measurements.
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Figure 5 Partial mass spectra monitoring the formation of host-guest complexes with loss of seven
(a) and five (b) OTf. Experimental (black) and calculated (red) ESI-TOF-MS spectra of 15Cg

[12Cgp — 5OTL]* (¢) and 12Cy [12C7 — 5OTL]> (d).

DOSY studies of the two host-guest complexes in acetone-ds; were also performed, and the
results are shown in Figure S14 and Figure S20, respectively. As shown, the diffusion coefficients
of 12>Cgyand 12C5 are all close to 4.0 x 107% cm? s™!, which are almost the same as that of empty
1, indicating that complexation shows little effect upon the size of the host, an evidence of internal
inclusion rather than external association.

Further examination of the 3C NMR spectra depicted in Figure 4 reveals that 1>Cgy shows
only one '*C NMR signal (Figure 4b: 141.6 ppm), whereas 15Cy shows five (Figure 4c: 149.43
ppm, 146.33 ppm, 145.86 ppm, 143.41 ppm and 128.83 ppm), which are consistent with the
numbers of carbon types of the relevant fullerenes.’”> 70 These results may be taken as an
indication that the guests are trapped within an isotropic electromagnetic field, which however is,
not the case, due to complicated internal structure of the host. However, a possible rationalization
of the results is to assume free rotation of the guests within the cavity of the host, due to the weak

electronic communication between the guest and the host.

Competitive Encapsulation of Cg and C
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To gain insight on the timescale of the exchange between host and host-guest complex, empty
cage 1 was respectively added into the acetone-dg solution of 15Cg9 and 15C7y (in 10% and 30%),
and then the solution was continuously stirred for 5 hours. As shown in Figure S24, both signals
of free host and complexes exist in their 'H NMR and 3'P{'H} NMR spectra, indicating that the
exchange is slow. Competitive encapsulation tests of Cgy and C;¢ were also performed, which may
provide information about the comparative affinities of the host to the guests.

The mixture of 1>Cg and large excess of C7 (10 equiv), and vice versa, the mixture of 1>Cq
and large excess of Cg (10 equiv) in acetone-ds were mixed and stirred for 5 hours at 45 °C. Then,
the 'TH NMR spectra of the two systems were recorded. The results are depicted in Figures 6a-c
and S25, respectively. As seen, the introduction of Cy, resulted in complete disappearance of the
characteristic proton signal (9.31 ppm) of 15Cg and the appearance of that (9.13 ppm) of 15C,,
indicating full transformation of 15Cgy to 1>C7y. The result from the replacement test of Cgp to
15Cyy, is in support of this conclusion as there is no observable change in the recorded 'H NMR
spectra, even though a large excess of Cg was added. Therefore, it might be concluded that the

binding affinity of the trigonal prism toward C;y is much larger than that toward Cq.
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Figure 6 Cartoons for complex transformation from 1>Cg to 1>C7y (a) and selective extraction
of Cy from its mixture with Cg (d), and the corresponding partial 'H NMR spectra of the
processes before (c) and after (b) the transformation, as well as before (f) and after (e) the

separation.( 600 MHz, Acetone-ds, 298 K)

Given the different binding affinity of the host to Cgp and Cyy, its potential in their separation
was briefly explored. A mixture of Cq and C;y was added to the acetone-dg solution of 1, and then
the mixture was stirred 5 hours at 40 °C. '"H NMR spectrum of the supernatant solution was
recorded (Figures 6d-f), and only 15C;y was observed as the H;. signal appears at 9.13 ppm, a
beacon of the complex, suggesting potential application of the prepared host in separation of Cy
from its mixture with Cgy.

The 'H NMR measurements of 15Cg and 15C;y in very low concentrations were also
conducted to further check the stability of complexes (Figure S26). It is seen that the 'H NMR

spectra are still dominated by the signals of 125Cgy and 15Cy, and there is no observable signals

13/25

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of the American Chemical Society

of the free cage, indicating good stability of the host-guest complexes.
Electrochemistry Study

Both PBI and fullerenes (Cgp and C) are electron-deficient conjugated systems and could
undergo reversible electrochemical oxidation and reduction.® % To understand the property of the
host and the host-guest complex, cyclic voltammetry (CV) and square wave voltammetry (SWV)
were performed on 1, 1>Cgy, 1DC74 and the relevant PBI derivative 3. The specific parameters of
the systems and the electrochemical traces are given in Table 1 and Figure S27. As seen, 3

exhibits two reversible reductions at -0.85 and -1.08 V, respectively, which could originate from

successive reductions of the PBI core (PBI—e’PBI‘iPBlz‘).61 As akin to other shoulder substituted
PBI derivatives, oxidation is not found within the examined electrochemical widow.? For only 1,
two reversible reduction processes around -0.61 and -0.81 V are observed, which are from the
reduction of the PBI core. However, compared to the reference, reduction of PBI in the host

becomes easier, which could be a result of coordination to the platinum center.

Table 1 Redox potentials of 3, 1, 12Cg, and 15C7y?

Reduction

Potentials Eqst Eana Eara Eqn
Ligand 3 -0.85 -1.08
1 -0.61 -0.81

1>5Cq, -0.59 -0.77 -1.05 -1.21

15C5 -0.59 -0.78 -1.05 -1.23

2 All measurements were performed in dry CH;CN except for 3 (CH,Cl,) with 0.1 M n-BusNPF¢

as electrolyte. ® The data presented were obtained from square wave voltammetry measurements.

In the CV and SWV of 15Cg, four reduction processes are found, where the initial two are

associated with the PBI units (-0.59 and -0.77 V), and the third and fourth (-1.05 and -1.21 V)

e e
could be successive reductions of the guest (Csg™Cgo —Cg0%). As seen, encapsulation of the guest
shows limited effect upon the reduction of the PBI units, confirming weak -electronic
communication between the guest and the host, as tentatively already concluded from the 'C

NMR studies. Similar results were obtained in the examination of 1>C5y. These results further
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confirm the formation of the host-guest complexes.

Optical Properties
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Figure 7 UV-Vis (a) and fluorescence (b) spectra of 1, 15Cgp, and 15C+q in acetone, where the

excitation wavelength adopted is 480 nm.

UV-Vis absorption, fluorescence, and fluorescence lifetimes of 1, 15Cgy and 15C5y were also
measured, and the results are provided in Figure 7 and Figure S28. In the UV-Vis absorption
spectra, it is seen that the spectrum of 1 contains two characteristic monomeric absorption bands
of the PBI unit, appearing at ~531 nm and ~495 nm, respectively, which are ascribable to the 0-0
and 0-1 absorptions of the Sy-S; transition, respectively. The second is the vibronic progression of
the main absorption band resulting from the coupling of the electronic transition to the
C-C-stretching modes of the perylene core. The ratio of the intensities of the 0-0 and 0-1
absorption bands (Ag.¢/Ag.1) is ~1.56, further suggesting a monomeric nature of PBI units in the
host, which is commonly used to monitor the aggregation of the PBI moiety.3? This result can be
taken as an additional evidence to support the framework structure of the host, ruling out packing
both inter- and intramolecularly. Inclusion of Cgy resulted in the red-shift of the spectrum with
little change in the profile and the ratio of Ago/A¢.;, again confirming the weak interaction
between the host and the guest, since little effect is observed for the coupling between the
electronic transition and the PBI core. For 1>Cy, a similar result is observed. The only difference
is more significant red-shift, which could be a result of a closer contact of C;y with the PBI
moieties in the host due to its larger size. This result is in agreement with that aforementioned in
the "H NMR, 3C NMR and electrochemical studies.

To gain further insight into the electronic communication between the guests and the PBI
15/25
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moieties in the host, their fluorescence spectra were also recorded in dilute condition in acetone
(1.0x10° mol/L) to minimize the reabsorption effect. The results are depicted in Figure 7b. Cage 1
shows a fluorescence spectrum characteristic for the PBI monomers with an emission maximum at
~541 nm and well-resolved vibronic fine structures, which is a mirror-image of the absorption of
the PBI unit. In addition, a small Stokes shift of 10 nm and a relatively high fluorescence quantum
yield of 0.20 were observed, which are in support that the PBI moieties exist in a monomeric state
within the host.

In contrast, the fluorescence emission spectra of the two host-guest complexes, especially that
of 1>C7y, show observable changes in the profiles as the relative intensity of the first band (short
wavelength) to the second one decreases with the complexation, which is a result of re-absorption
since the Stokes shifts are getting narrower from 1 to 1>Cg and then to 1>C5y. However, the
monomeric feature of the PBI moieties in the complexes still remains, not only because of their
slightly-changed UV-Vis absorptions, but also because of their similar emission profiles. These
results further demonstrate that the inclusion of Cg, or C; shows limited effect upon the electronic
nature of the host and, likewise, upon the guests, an expected result but different with that reported
by Beer et al.”’ Fluorescence lifetime measurements further support these conclusions as the
fluorescence decay curves of the PBIs moieties in the three systems are very similar to each other,
and their lifetimes are almost the same (Figure S28, Table S1).

Combining the results from the electrochemical and optical studies with those from the
encapsulation experiments, we can conclude that the examined host-guest interaction is mainly
driven by the so called ‘like dissolves like’ principle. Size matching may further stabilize the
complexes. In other words, the cavity property of the dissolved hosts could be very different from
that of the bulk medium, acetone, as it is characterized by delocalized electrons due to the
conjugated structures of the PBI moieties. It is exactly this property that makes the host function
as microdomains in the solution, leading to preponderant affinity to fullerenes and, thus, resulting

in the observed encapsulation.
Conclusion

In conclusion, a fluorescent SCC, trigonal prism 1, was synthesized via coordination-driven

self-assembly of tetrapyridinyl perylene bisimides and 90° organoplatinum(II) in a molar ratio of
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1:2. The structure of 1 was confirmed by various techniques, including 'H NMR, 3'P{'H} NMR,
13C NMR, COSY, DOSY, and high-resolution mass spectrometry, and further studied by
structural simulation and the Langmuir-Blodgett technique. As designed, 1 possesses a
trigonal-prismatic cavity that makes it suitable for encapsulation of Cgy and C;y, which may be
owing to the ‘like dissolves like’ principle. The formation of the host-guest complexes of 15Cgq
and 1oC5y was verified by using the same methods. Further studies revealed that 1 exhibits a
greater binding affinity toward C;q than Cg, and the encapsulated Cg and Cyq could rotate freely
within the cavity of the host. Electrochemical studies demonstrated that 1>Cgy and 1>C7y possess
a four-electron accepting property. We suggest that the generated electron-deficient entities-based,
dissolvable, fluorescence active host-guest complexes will not only allow detailed studies of the
physical and chemical properties of the caged fullerenes in single molecular and 2D membrane
states, but also further investigation of applications of these unique host-guest complexes in a

variety of fields, such as photo-/electro-catalytic processes, organic electronics, etc.
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