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Crystal structure of a 1,6-bis(phenylethynyl)pyrene-based 
cyclophane that exhibits mechanochromic luminescence
Shohei Shimizu,a Shakkeeb Thazhathethil,a,b Kiyonori Takahashi,*b Takayoshi Nakamura,b and 
Yoshimitsu Sagara*a

Cyclophanes featuring luminophores are considered promising candidates as thermal or mechanical stimuli-responsive 
luminescent materials. The mechanism of the changes in the photophysical properties on the crystal-crystal or crystal-
amorphous phase transitions can be easily clarified, owing to the crystal structure of the cyclophanes. However, in the 
case where flexible aliphatic chains are introduced to the target cyclophane, the procurement of the crystals suitable for 
single-crystal X-ray analysis is challenging. Conversely, the introduction of significantly shorter linkers between large π-
conjugated groups leads to difficulties in compound purification, resulting in incorrect photophysical properties, 
particularly in the solid state. Herein, we report the crystal structure of a 1,6-bis(phenylethynyl)pyrene-based cyclophane 
and mechanoresponsive luminescence. The cyclophane has a naphthalene group as another aromatic group, and the two 
different π-conjugated groups are bridged by tetraethylene glycol linkers. Single-crystal X-ray analysis revealed that the 
pyrene and naphthalene moieties form intramolecular π-stacked structures in the crystals, and intermolecular excimer 
formation of the luminophores was not observed. The arrangement of the isolated luminophore results in light-blue 
emission with a well-resolved vibronic structure in the fluorescence spectrum. Mechanical grinding induces a phase 
transition from crystal to amorphous, which was confirmed by the powder X-ray diffraction measurements, and the 
emission colour turns green. The photoluminescence spectroscopy and emission lifetime measurements clarified that the 
green emission is ascribed to intermolecular excimer formation. Subsequent thermal treatment recovers the initial light-
blue-emissive crystalline state. The crystalline phase is thermodynamically stable, whereas the amorphous state is 
thermodynamically metastable. 

Introduction
Numerous organic or organometallic compounds with various 
molecular structures have been reported to exhibit 
mechanoresponsive luminescence.1-5 The mechanical or 
thermal stimuli-induced changes in the emission properties, 

caused by the rearrangement and/or conformational changes 
of the luminophores, are significantly evident in phase 
transitions from ordered-to-ordered or ordered-to-amorphous 
states. Most of the reported mechanoresponsive 
luminescence compounds are normally acyclic. Although 
limited examples have been reported,6-11 the luminophores 
featuring cyclic structures, which tend to exhibit multiple 
thermodynamically stable and metastable states due to less 
sterically hindered molecular mobility, are expected to form 
molecular assemblies that more reliably change their 
photoluminescence colours through external stimuli, such as 
grinding or crushing, temperature change, or exposure to 
solvent vapours.6-11

Design, System, Application

To date, mechanoresponsive luminescence, exhibited by luminescent cyclophanes, has not been sufficiently explored; this is partially because solving or 
estimating the molecular assembled structures is difficult. Herein, a novel 1,6-bis(phenylethynyl)pyrene-based cyclophane was designed to have two 
tetraethylene glycol chains as the linkers between the luminophore and a naphthalene moiety. The moderately sized linkers allow access to single crystal 
structures, which are otherwise challenging owing to their flexible and cyclic structure. Similar to other previously reported luminescent cyclophanes, the 
proposed cyclophane exhibits mechanoresponsive luminescence. Because the molecular assembled structures were clarified, the correlation between the 
luminophore arrangement in the crystals and mechanoresponsive luminescence can be easily determined. Our molecular design strategy adopted in this 
study can also be applied to other luminophores, which could facilitate the development of a series of mechanochromic and/or thermochromic luminescent 
cyclophanes.

Page 1 of 8 Molecular Systems Design & Engineering



ARTICLE Journal Name

2 | Mol. Syst. Des. Eng. This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

Cyclophanes comprise aromatic groups and aliphatic 
linkers bridging the aromatic moieties.12-15 The cyclic 
structures work as hosts explored in supramolecular 
chemistry,12,16-22 and can become a part of the interlocked 
supramolecular architectures.23-34 In addition, several 
cyclophanes have been found to exhibit liquid-crystalline (LC) 
properties.35-42 Incorporating luminophores to cyclophanes 
provides characteristic photophysical properties for the 
isolated state in solution.43-48 The luminescent cyclophanes can 
function as chemosensors for guest molecules and ions.49-58 
They can also be regarded as potential candidates to achieve 
mechano- and/or thermoresponsive luminescence.8-11,59-63 
When two or more π-conjugated groups are introduced to a 
single cyclophane, a periodic, alternating, or sequential 
arrangement of aromatic groups can be achieved, which are 
preferable to induce external stimuli-induced emission colour 
changes in the molecular assembled states. Several 
cyclophanes containing luminophores with high quantum 
yields have been designed and explored for stimuli 
responsiveness in the course of our studies.8-11,59-63 
Luminescent cyclophanes containing hexaethylene glycol 
linkers bridging the aromatic groups provide different emission 
colours in the nematic LC phase compared to the other 
crystalline states.9,10 Although the LC character allows us to 
access supercooled LC phases that can be utilised for 
reversible emission colour changes of triplet-triplet 
annihilation-based photon upconversion61 or linearly polarised 
photoluminescence,63 crystals suitable for single-crystal X-ray 
analysis have not been obtained due to the flexible nature 
inherent to the hexaethylene glycol linkers. In addition, when 
the volume of the planer-extended π-conjugated groups are 
relatively large in individual cyclophanes, the solubility for the 
organic solvents decreases and purification of the compound 
and single-crystal growth becomes more challenging.11 To 
successfully determine the molecular packed cyclophane 
structures and correlate the luminophore arrangement with 
mechano- or thermoresponsive luminescence, the luminescent 
cyclophanes should be appropriately designed to mitigate 
these challenges and simplify the preparation of single crystals. 

Recently, we successfully solved crystal structures of 9,10-
bis(phenylethynyl)anthracene-based cyclophanes with either 
tetraethylene glycol or pentaethylene glycol linkers.8,59 The 
cyclophane with tetraethylene glycol linkers was observed as 
two different crystalline forms.8 One crystalline form exhibits a 
two-step mechanoresponsive luminescence, whereas the 
other releases guest solvent molecules upon grinding. 
However, luminescent cyclophanes, whose crystal structures 
are solved, are limited. 
     Herein, we report the crystal structure of 1,6-
bis(phenylethynyl)pyrene-based cyclophane 1 (Fig. 1) and its 
mechanoresponsive luminescence. This particular 
luminophore was used because of its simple molecular 
structure and high fluorescence quantum yield.64,65 Prior to 
cyclophane 1, no other crystal structures containing 1,6-
bis(phenylethynyl)pyrene have been reported. The powder-
like crystalline form exhibits light-blue fluorescence. The 
grinding of cyclophane 1 converts the crystalline form to the 

amorphous state. This amorphous state exhibits green 
photoluminescence, which is ascribed to intramolecular 
excimers. Subsequent thermal treatment recrystallises the 
amorphous state back to the initial crystalline state that 
exhibits light-blue fluorescence. Cyclophane 1 was also found 
to show a nematic LC phase above 178.3 C.

Results and discussion
Molecular design

The aromatic moieties in cyclophane 1 are 1,6-
bis(phenylethynyl)pyrene and 1,5-disubstituted naphthalene 
(Fig. 1). The highly emissive character of 1,6-
bis(phenylethynyl)pyrene64,65 has been utilised for 
supramolecular fibres,66,67 rotaxanes,68 cyclophanes,9,10,62 and 
mechanoresponsive luminescent materials.69,70 The two π-
conjugated groups in cyclophane 1 are bridged by two 
tetraethylene glycol chains. The linkers are shorter than those 
used in cyclophane 2 prepared in our previous study.9 The 
nematic LC phase of cyclophane 2, observed above 106.9 C, 
exhibits a green emission ascribed to intermolecular excimer 
formation of the luminophores. Rapid cooling of 2 from the 
nematic phase results in a supercooled nematic LC phase at 
room temperature (r.t.), which retains its green emissive 
character. Subsequent annealing at 80 C induces a phase 
transition to a crystalline phase that provides a blue emission 
colour.9 Furthermore, the crystals show mechano-responsive 
luminescence. Because the linkers are longer, the structure of 
2 is significantly flexible and well-ordered crystals suitable for 
single-crystal X-ray analysis could not be obtained. Cyclophane 
1 was designed with tetraethylene glycols linkers, which are 
shorter and less flexible but still long enough to provide 
sufficient solubility in common organic solvents. Compound 3, 
which is a synthetic intermediate of cyclophanes 1 and 2, was 
also used as a monomer analogue in this study.

Fig. 1 Molecular structures of 1,6-bis(phenylethynyl)pyrene-based 
cyclophane 1, previously reported cyclophane 2, and reference compound 3.
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     Cyclophane 1 was prepared through a Williamson ether 
reaction between 1,6-bis(4-hydroxyphenylethynyl)pyrene and 
naphthalene with two bromo-terminated tetraethyleneglycol 
groups (see ESI†) and characterised by 1H NMR, 13C NMR, 
MALDI-TOF-MS spectra, and elemental analysis. The cyclic 
structure of 1 resulted in peak shifts in the 1H NMR spectra 
that correspond to the aromatic groups (Fig. 2). All peaks 
ascribed to the central pyrene moiety in the luminophore of 1 
are shifted upfield compared to those of acyclic compound 3. 
The unambiguous shifts indicated that the naphthalene group 
in 1 tends to be in the proximity of the luminophore due to its 
cyclic character. The 1H NMR spectrum obtained for compound 
2 (Fig. 2c) suggested that the larger cycle reduces the effect 
because the two aromatic groups are separated for longer 
periods in solution. The peaks corresponding to the 
naphthalene moiety also show similar effects, whereas only 
slight shifts were observed for the peaks ascribed to the two 
outer phenylene groups of the luminophore.

Fig. 2 Partial 1H NMR spectra of (a) cyclophane 1, (b) compound 3, and (c) 
cyclophane 2 in CDCl3 at r.t. The abbreviations “Py” and “Nap” indicate 
signals ascribed to the pyrene and naphthalene moieties, respectively.

Crystal structure

The appropriate length of the tetraethylene glycol linkers in 
cyclophane 1 facilitated the growth of crystals suitable for 
single-crystal X-ray analysis. Recrystallisation from a mixture of 
diethyl ether and CHCl3 yielded yellow crystals that exhibit 
light-blue emission. The crystal system and space group of 1 at 
–100 C were triclinic and P-1, respectively (Table S1 and Fig. 
S1). The molecular structure of 1 in the crystal is shown in Fig. 
3a. The pyrene and naphthalene rings in a single 1 molecule 
interact via intramolecular π•••π interactions, where the 
interplanar angle and the nearest carbon (C)•••C distances are 
2.12° and 3.435 Å, respectively. The two phenylene rings 
bonded to pyrene via C≡C bonds are denoted as phA and phB, 
respectively. The interplanar angles between the 
phA•••pyrene and phB•••pyrene rings are 74.12° and 15.20°, 
respectively. It is noteworthy that a 9,10-
bis(phenylethynyl)anthracene-based cyclophane having the 

same linkers and naphthalene moiety as cyclophane 1 forms 
different arrangements of aromatic groups in the crystals, 

Fig. 3 Crystal structure of cyclophane 1. The model in (a) is a thermal 
ellipsoid model with 50% probability, and the others are a combination of 
stick and space filling models. Hydrogen atoms are omitted for clarity except 
ones involved in C-H•••π interactions. (a) Molecular structure of 1. Carbon 
and oxygen atoms are shown in grey and red, respectively. The phenylene 
rings with angles of 74.12 and 15.20° to the pyrene ring are denoted as phA 
and phB, respectively. (b) Dimerised structure of 1, due to intermolecular C-
H•••π interactions (red dotted lines). (c) Arrangement of 1 dimers (the pairs 
of red-orange and blue-green molecules) in the plane parallel to (010) plane. 
Pyrene and phA rings are modelled as space filling model. (d) Packing 
structure viewed along the a-axis. The colouring of 1 on the plane parallel to 
(010) is the same as in (c), and 1 belonging to the adjacent 2D sheet is 
represented in white. Naphthalene rings are shown in space filling model, 
others in stick model. 

where the anthracene and naphthalene are orthogonally 
packed.8 Fig. 3b shows the two adjacent 1 molecules in the 
crystal. The angle between the averaged planes of phA and 
pyrene rings in the adjacent molecule is also 74.12°, and the 
hydrogen (H) atom of the phA ring and the C atom of the 
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pyrene ring are in contact. The distance of 2.900 Å is the same 
as the sum of the van der Waals radii of the H and C atoms. In 
addition, the angle between the phA and naphthalene rings in 
the adjacent molecule is 72.70°, and the H atom of the 
naphthalene ring is in contact with the C atom of phA with an 
H•••C distance of 2.786 Å. These edge-to-face π-interactions 
observed between phA•••pyrene and naphthalene•••phA 
rings are complementary between neighbouring molecules, 
suggesting that 1 forms a dimer in the crystal. Fig. 3c shows 
the arrangement of the 1 dimers on a plane parallel to the 
(010) plane. Between the dimers along the a-axis direction, the 
H atom of phA is also in contact with the C atoms of the 
pyrene rings with an H•••C distance of 2.758 Å and 
interplanar angle of 74.10°, indicating the C-H•••π interaction 
between the dimer structures. Intra-dimer and interdimer C-
H•••π interactions are elongated in the a-axis direction 
through phA and pyrene stacking. Consequently, 1 is stacked 
one-dimensionally along the a-axis via C-H•••π interactions 
(Fig. 3c). The one-dimensional (1D) stacking of 1 is aligned 
parallel to adjacent 1D stacks in the c-axis direction so that 
their alkoxy chains interlock with each other, forming a 2D 
sheet structure on a plane parallel to the (010) plane. Fig. 3d 
shows the packing structure viewed along the a-axis. The C 
atom in the naphthalene ring and the H atom in the alkoxy 
chain are in contact with each other below the sum of the van 
der Waals radii between adjacent 2D sheets. The 2D sheets 
interdigitated with each other to fill the voids of each 2D 
sheet, forming a three-dimensional packing structure of 1. 
Since the π•••π interaction can be observed within the single 
molecule of 1 but not between the molecules, we can consider 
that the π system is isolated in the packing.

Phase transition behaviour of 1 

Next, the mechanochromic luminescence of cyclophane 1 was 
investigated (Fig. 4). The crystalline powder of 1 exhibits light-
blue fluorescence (LB-form, Φ = 0.19). When mechanically 
ground, a phase transition from crystalline LB-form to green 
emissive amorphous phase (G-form, Φ = 0.38) occurs (see 
below). The initial LB-form is recovered from the G-form by 
annealing at 140 °C for only 1 min. The transition is provided 
without melting into the isotropic state. The G-form is retained 
for at least 1 d at r.t. 

Fig. 4 Mechanochromic luminescence of cyclophane 1. All images were 
taken under 365 nm excitation light at r.t. Scale bar: 5 mm.

X-ray diffraction measurements were performed to 
investigate the mechanical stimuli-induced phase transition 
from the LB-form to the G-form and the subsequent recovery 
described above. The LB-form presents many peaks on the 
diffractogram, reflecting its crystalline nature (Fig. 5a). The 
experimental powder X-ray diffraction pattern is similar to the 
calculated diffractogram (Fig. S2) from the crystal structure 

shown in Fig. 3; the peak positions are slightly shifted due to 
thermal contraction since the single-crystal X-ray analysis was 
performed at –100 C. In contrast, no clear peaks are evident 
in the diffraction pattern obtained for the G-form, although 
one ambiguous broad peak was observed around 16.5° (Fig. 
5b). The diffraction patterns clearly show that the light-blue to 
green emission colour change is a direct result of a phase 
transition from crystalline to amorphous. The crystalline peaks 
are again evident in the diffractogram exhibited by the 
annealed G-form (Fig. 5c). The peak positions are almost 
identical to those provided for the LB-form, indicating that the 
initial LB-form was recovered by the annealing procedure.

    

Fig. 5 XRD diffractograms of cyclophane 1 (a) in the LB-form, (b) in the G-
form, and (c) after thermal treatment for the G-form at 140 C for 1 min. All 
diffractograms were recorded at r.t. 
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Fig. 6 DSC curves of cyclophane 1 (a) in the LB-form and (b) in the G-form. 
The curves were recorded on the 1st heating. The scanning rate was 10 C 
min–1.

Differential scanning calorimetry (DSC) was conducted for 
both LB- and G-forms. A sharp peak was observed at 178.3 C 
on the DSC trace of the LB-form upon heating (Fig. 6a). The 
endothermic peak is due to the transition from the crystalline 
phase to the LC phase. Upon further heating, compound 1 
shows a transition to an isotropic state at 280.8 C. Once the 
isotropic state appears, decomposition of 1 gradually occurs, 
which was confirmed by polarised optical microscopy (POM) 
observation. We characterised the LC phase as a nematic 
phase because a typical schlieren texture was observed by 
POM observation (Fig. 7). In addition, the transition enthalpy 
of the peak at the transparent point was significantly small (H 
= 0.2 kJ mol1). Longer oligo(ethylene)glycol linkers expand 
liquid crystallinity as cyclophane 2 shows a phase transition 
from crystalline to nematic LC at 106.9 C.9 The DSC curve 
recorded for the G-form (Fig. 6b) supported the thermal 
stimuli-induced recovery of the LB-form. Two peaks were 
observed at 52.7 and 108.1 C upon heating. The LB-form is 
recovered above these temperatures. As the two peaks are 
exothermic, the G-form appears thermodynamically 
metastable relative to the LB-form. Upon further heating, two 
endothermic peaks, as already observed in the DSC curve 
obtained for the LB-form, were again observed.

Fig. 7 POM image of cyclophane 1 in the nematic phase at 200 C. The image 
was taken in the absence of coverslip. The scale bar is 25 μm.

Photophysical properties in solutions

The photophysical properties of cyclophane 1 as the monomer 
were examined in CHCl3 (c = 1.0 × 10−5 M) before the 
mechanoresponsive behaviour was investigated in the solid 
states. Compounds 1, 2, and 3 in CHCl3 displayed similar 
absorption bands between 350 and 450 nm (Fig. 8a). Closer 
inspection revealed that the spectral shapes were slightly 
different from each other. The CHCl3 solution of 1 shows two 
peaks at 408 and 430 nm with molar extinction coefficients of 
6.0 × 104 and 6.5 × 104 L mol−1 cm−1, respectively. In contrast, 
no clear peaks were observed in the absorption bands of CHCl3 
solutions of 2 and 3. Furthermore, the absorption band of 1 in 
CHCl3 was slightly redshifted compared to that of compound 3. 
These differences were caused by the smaller cyclic structure 
of 1. The naphthalene group restricts the free rotation of the 

central pyrene moiety relative to the outer phenylene groups, 
leading to a decrease in the number of conformations of the 
luminophore. Consequently, a clear vibronic structure 
appeared in the absorption spectrum. In addition, an 
enhanced proportion of the planar conformation of the 
luminophore resulted in a redshift of the absorption band. The 
naphthalene groups of cyclophanes 1 and 2 resulted in an 
incremental effect on the absorbance between 250 and 330 
nm. Concerning the photoluminescence properties, as shown 
in Fig. 8b, all compounds in CHCl3 showed well-dissolved 
vibronic structures in their fluorescence spectra. In the case of 
reference compound 3, two fluorescence peaks at 440 and 467 
nm and one shoulder around 500 nm were observed. The 
fluorescence spectrum of 1 in CHCl3 was slightly redshifted, 
with peaks at 445 and 470 nm. The fluorescence spectra of 
cyclophanes 1 and 2 were almost identical. The fluorescence 
quantum yields of 1, 2, and 3 in CHCl3 were 0.93, 0.95, and 
0.97, respectively.
     

Fig. 8 (a) Absorption and (b) photoluminescence spectra of cyclophane 1 
(blue solid line), cyclophane 2 (blue dotted line), and reference compound 3 
(black line) in CHCl3 (c = 1.0 × 10−5 M). All spectra were recorded at r.t. with 
λex value of 400 nm.

Fig. 9 Emission decay profiles recorded for compounds 1 (blue line), 2 (green 
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line), and 3 (black line) in CHCl3 (c = 1.0 × 10−6 M). All curves were monitored 
at 450 nm with an excitation light of 405 nm.

The cyclic structure also affects the fluorescence lifetime of 
the luminophore. Fig. 9 shows the emission decay profiles of 
diluted CHCl3 solutions of compounds 1, 2, and 3. The decay 
profile recorded for 3 in CHCl3 was well fitted with a single 
exponential decay function, and a monomer emission lifetime 
of 1.2 ns was calculated. The calculated radiative and non-
radiative rate constants for 3 in CHCl3 were 8.0  108 s1 and 
0.3  108 s1, respectively. Cyclophanes 1 and 2 display decay 
curves that are different from that of reference compound 3. 
Both curves indicated longer emission lifetime components 
and could be fitted with biexponential decay functions. As the 
result, emission lifetimes of 2.6 and 2.3 ns were obtained from 
the decays of cyclophanes 1 and 2, respectively, which are also 
corresponding to monomers and become longer than the 
monomer emission lifetime of acyclic compound 3. The 
incremental effect would be ascribed to decreases in radiative 
rate constants of the luminophore, though the rates cannot be 
quantitatively obtained due to the two emission species. The 
increases in emission lifetime are also attributed to the cyclic 
structure that limits the rotation and vibration of the 
luminophore, leading to the suppression of the radiation-less 
decay process from the singlet excited state. Shorter emission 
lifetimes of 0.5 and 0.6 ns were also obtained from the decay 
profiles of cyclophanes 1 and 2, respectively. We assumed that 
the ground state electronic interaction between the 
luminophore and naphthalene group can result in emission 
spices with shorter emission lifetimes.

Photophysical properties in the solid state

The photoluminescence spectra of 1 in the solid state were 
measured to investigate the mechanochromic luminescence of 
1. The LB-form displays a peak at 489 nm and two shoulders at 
approximately 475 and 525 nm (Fig. 10, blue solid line). After 
grinding, the G-form presents a redshifted emission spectrum 
with a peak at 529 nm (Fig. 10, green line). In addition, the 
spectral shape is broad and structureless, suggesting that 
excimer formation of the luminophores occurred. This is 
supported by the fact that several 1,6-
bis(phenylethynyl)pyrene derivatives form excimers in the 
molecular assembled states and their emission spectra are also 
broad and structureless.9,10,68 This type of excimer is referred 
to as “static excimer” where the luminophores are pre-
associated, which is different from “dynamic excimer” well 
observed in solutions.71 As shown in the crystal structure 
shown in Fig. 3, the luminophores provide no clear π-π overlap. 
Therefore, no excimer emission was observed in the LB-form. 
In contrast, grinding disturbs the crystal structure and causes 
excimer formation. The photoluminescence spectrum shows a 
blueshift upon thermal treatment (Fig. 10, blue dotted line). 
New peaks were observed at 467 and 484 nm, and one 
shoulder appears at approximately 525 nm. The difference in 
spectral shape between the LB-form and the annealed G-form 
is caused by the self-absorption effect, because the ground 
samples become significantly thinner.

To obtain more insight into the colour changing behaviour 
of cyclophane 1, emission lifetime measurements were 
performed for the LB-, G-, and annealed G-forms. The decay 
curve recorded for the G-form was fitted with a multi-
exponential decay function, and a longer lifetime of 19 ns was 
observed. The emission species with the longer lifetime 
supports the mechanical stimuli-induced excimer formation in 
the G-form. Similar long emission lifetimes have been found 
for other 1,6-bis(phenylethynyl)pyrene derivatives and 
characterised as excimers.9,10,60 The decay profiles of the initial 
LB-form and annealed G-form are different from that of the G-
form. Indeed, shorter emission lifetimes were calculated from 
the decay profiles. The similarity between the two decays 
indicated that the luminophore arrangement in the LB-form is 
recovered by a combination of grinding and subsequent 
thermal treatment.

Fig. 10 Photoluminescence spectra of cyclophane 1 in the LB-form (blue line), 
in the G-form (green line), and in the sample after thermal treatment for the 
G-form (blue dotted line). All spectra were recorded at r.t. with an excitation 
light of 400 nm.

Fig. 11 Emission decay profiles recorded for compound 1 in the LB-form 
(monitored at 480 nm, blue line), in the G-form (monitored at 530 nm, green 
line), and in the annealed G-form (monitored at 480 nm, light blue line). All 
curves were monitored with an excitation light of 405 nm.

Conclusions
In summary, the crystal structures of 1,6-
bis(phenylethynyl)pyrene-based cyclophane 1 was solved, and 
the mechanochromic luminescence was demonstrated. The 
moderate length of the linkers between two aromatic groups 
allows us to access single crystals in which the pyrene and 
naphthalene moieties form an intramolecular π–π stacked 
structure. Two cyclophane molecules form dimers through 
complementary intermolecular edge-to-face π-interactions. 
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The dimers are arranged three-dimensionally to form a 
crystalline LB-form. π–π interactions do not occur among the 
luminophores in the LB-form, thus eliminating excimer 
emission. Once mechanically ground, the phase transition 
occurs from the crystalline LB-form to the amorphous G-form, 
in which a part of the luminophores form excimers, leading to 
an emission colour change from light-blue to green. The initial 
LB-form is recovered by annealing the G-form at 140 C for 1 
min. 
   Estimating the molecular arrangement of the cyclophanes in 
the solid state is inherently challenging because of their 
flexible and cyclic structure. Therefore, solving the crystal 
structure plays a pivotal role in investigating the mechano- 
and/or thermochromic luminescence of cyclophanes. Trials to 
obtain single crystals of cyclophane with other luminophores 
are currently being conducted by our group.
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