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Functionalization of pillar[n]arenes towards optically responsive 
systems via host–guest interactions  
Keisuke Wada a and Tomoki Ogoshi *a,b 

Because of their host–guest complexation ability, pillar[n]arenes are promising building blocks for optically responsive 
materials. The ease of introducing functional groups into pillar[n]arenes allows for versatile molecular design. Moreover, 
the guest selectivity, donor properties, and planar chirality of pillar[n]arenes enable creation of unique response systems. 
This review presents progress in the field of pillar[n]arene-based optical response systems, focusing on color, fluorescence, 
circular dichroism, and circularly polarized luminescence signal changes via host–guest interactions in solution and solid 
states. 

1. Introduction 
The development of cyclic host molecules such as 
cyclodextrins,1-4 cucurbit[n]urils,5-8 crown ethers,9 and 
calix[n]arenes10-13 has greatly advanced the field of 
supramolecular chemistry. One of the most important features 
of cyclic host molecules is their ability to recognize guest 
molecules inside the cavity. This property allows for their 
application as optically responsive materials,14-21 catalysts,22-25 
supramolecular polymers,26-29 and molecular machines.30-34 
Optically responsive materials can be synthesized by simply 
introducing substituents with optical properties. The optical 
response occurs because of a structural change caused by 
host–guest complexation. Therefore, creating optically 
responsive materials using cyclic host molecules as scaffolds is 
an effective strategy. 
 Pillar[n]arenes are a relatively new class of cyclic host 
molecules that were reported in 2008 by our groups.35-38 
Because 1,4-dialkoxybenzene units are connected by a 
methylene bridge at the para-position, pillar[n]arenes have a 
symmetrical pillar-shaped structure (Figure 1a). Over the past 
15 years, many studies of pillar[n]arene-based optically 
responsive materials have been reported.16 Compared with 
other cyclic host molecules, the use of pillar[n]arenes as 
scaffolds offers the following advantages for preparation of 
optically responsive materials. 
1. Versatile functionality: Research by pillar[n]arene chemists 
has led to the development of versatile functionalization 
approaches for pillar[n]arenes (Figure 1b).39-41 One useful 
approach is post modification after cyclization. Oxidation 

followed by reduction of 1,4-dialkoxy benzene42, 43 or 
deprotection of alkoxy groups35, 44, 45 can yield phenolic groups 
with high reactivity. Another approach is co-cyclization with 
different 1,4-dialkoxybenzene monomers46, 47 or pre-oriented 
cyclization with asymmetrically substituted 2,5-dialkoxybenzyl 
alcohols.48-50 These synthetic approaches allow access to per-, 
mono-, and di-functionalized and rim-differentiated 
pillar[n]arenes. Because of this high versatility, optically 
responsive groups can be easily installed at desired positions 
to develop optically responsive materials.  
2. Size-selective guest inclusion: By means of C–H/π 
interactions, pillar[n]arenes can take up various guest 
molecules with C–H groups.51-53 This uptake of guest molecules 
shows size selectivity depending on the ring size of the 
pillar[n]arene (Figure 1c). Pillar[5]arene has a cavity (ca. 0.47 
nm) that is suitable for encapsulation of linear guest 
molecules.54, 55 Compared with pillar[5]arene, pillar[6]arene 
has a larger cavity (ca. 0.67 nm) and can accommodate cyclic 
and branched guest molecules.56, 57 The ring size of the 
pillar[n]arene can be selected according to the target guest 
molecules when creating the optically responsive materials. 
3. Host–guest complexation in a crystalline state: Recognition 
of guest molecules by cyclic host molecules has mainly been 
investigated in solution. Host–guest complexation in solution is 
greatly affected by solvation because of the numerous solvent 
molecules, which would inhibit efficient complexation in some 
cases (Figure 1d). To solve the solvation problem, in 2015, our 
group reported efficient uptake of guest vapor molecules by 
pillar[5]arene crystals.55 In the crystalline state, quantitative 
guest molecule incorporation occurs without the influence of 
solvation. One of the key features is crystal structural change 
as vapor molecules are taken up.58, 59 The preparation of 
optically responsive materials using this crystal structural 
change before and after vapor molecule uptake is also 
discussed in this review (Section 3).  
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4. Electron donor properties: Charge–transfer (CT) interactions 
between a donor and acceptor are useful for preparation of 
optically responsive materials.60-64 Because the substituent of 
the pillar[n]arene consists of electron-rich 1,4-dialkoxybenzene, 
pillar[n]arene acts as a donor (Figure 1e).60, 65, 66 Co-
crystallization with acceptor molecules is a simple method to 
form CT complexes, and optically responsive materials can be 
created by host–guest complexation in the crystalline state. 
Another useful method is the covalent introduction of an 
acceptor group directly into the pillar[n]arene, which also 
takes advantage of intramolecular CT interactions.  
5. Planar chirality: Because of the position of the substituent 
groups in the benzene units, pillar[5]arene exhibits planar 
chirality (pS and pR forms, Figure 1f).67-70 Chiroptical properties, 
such as circular dichroism (CD) and circularly polarized 
luminescence (CPL), that arise because of this planar chirality 
have been studied. Furthermore, interconversion between pS 
and pR forms occurs because of rotation of benzene units.71-74 
Therefore, switching materials with chiroptical properties can 
be developed using this interconversion of planar chirality. 
Cyclic host molecules with such dynamic planar chirality are 
rare, allowing for the development of unique optically 
responsive materials based on dynamic planar chirality of 
pillar[n]arenes. 

In this review, we focus on optically responsive materials 
prepared by substitution of pillar[n]arenes. First, we discuss 
the fluorescence responses in solution systems. We also 
introduce the CD and CPL signal responses, which are specific 
properties of pillar[n]arenes. Second, the optical responses in 
the solid state (i.e., color and emission changes), which are 
well developed compared with other cyclic molecules, are also 
discussed. 
 

2. Optically Responsive Systems via Host–Guest 
Interactions in Solution 
Optically responsive systems prepared from various cyclic host 
molecules have mainly been studied in solution. One of the 
strategies to change the optical properties in solution is to 
induce a conformational change in the host molecules. 
Pillar[n]arenes have flexible structures because they contain 
sp3 carbon atoms in methylene bridges, which can allow for 
conformational changes.68, 75-78 In this section, we present the 
fluorescence, CD, and CPL signal responses resulting from 
structural changes of pillar[n]arenes. Other ways to achieve 
optical responses are to trigger photo-induced electron 
transfer (PET) and energy transfer (ET) through interactions 
between the host and guest molecules.79-84 These strategies 
are also discussed in this section. 
 
2.1 Fluorescence Responsive Systems 
The introduction of fluorophores into pillar[5]arenes provides 
fluorescence responsive systems upon host–guest 
complexation. In this section, we first discuss pillar[5]arene-
based fluorescence-responsive materials prepared by 
introducing fluorophores using the copper(I)-catalyzed alkyne–
azide cycloaddition (CuAAC) click reaction.41, 43, 85-87 Stoddart 
and coworkers found that host–guest complexation occurred 
between per-methylated pillar[5]arene and aliphatic amines.46 
Pillar[5]arene was considered to act as a sensor for the 
aliphatic amines. Pillar[5]arene H1 with a mono-pyrene group 
was prepared via CuAAC click reactions, and represents the 
first mono-fluorophore-functionalized pillar[5]arene (Figure 
2a). H1 maintained the ability of per-methylated 
pillar[5]arenes to take up aliphatic amines and exhibited a high 

Figure 1. (a) Chemical and crystallographic structure of pillar[n]arene. (b) Versatile functionality of pillar[n]arene. (c) Cavity sizes of pillar[5]arene and pillar[6]arene, and suitable 
guest molecules for pillar[5]arene and pillar[6]arene. (d) Host–guest complexation events in solution and crystalline states. (e) Electrostatic potential profile of perethylated 
pillar[5]arene. (f) Planar chirality of pillar[n]arene. 
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association constant in the order of 104 M−1 for a 1:1 (v/v) ratio 
of MeCN/H2O. Upon addition of aliphatic amines, fluorescence 
of compound H1 was effectively quenched through PET. On 
the other hand, the fluorescence quenching was not observed 
in the absence of the pillar[5]arene skeleton or pyrene groups, 
which indicated that the combination of the pillar[5]arene 
skeleton and the fluorescence emitter was important.  

Kursunlu and coworkers reported a synthesis of 
pillar[5]arene H2 bearing per-BODIPY for the selective 
detection of amino acids (Figure 2b).88 H2 was prepared using 
the CuAAC click reaction. By adding 13 amino acids, the utility 
as a chemosensor was investigated in DMF/H2O (1:1, v/v). 
Among the examined amino acids, only L-asparagine enhanced 
the fluorescence intensity. The enhancement in the emission 
intensity could be explained by the selective host–guest 
complexation with L-asparagine resulting in energy transfer 
between the conjugated fluorescent fragments through the 
constructed L- asparagine bridge. 

The incorporation of fluorophores into pillar[n]arene cores 
using the Suzuki-Miyaura coupling reaction is another strategy 
for creating fluorescence-responsive materials. Although the 
above examples using the CuAAC click reactions showed that 
the recognition site and the emissive site played independent 
roles, the pillar[n]arene cores in this strategy worked both as 
photoresponsive π-conjugated units and recognition sites. Zhu, 
Zhang, Huang, and coworkers synthesized H3 which contain 
donor and acceptor moieties by the Suzuki–Miyaura coupling 
reaction using ditriflate substituted pillar[5]arene as a 
precursor (Figure 3a).89 H3 served as a linear donor 
(triethylamine)–spacer–acceptor (triphenyl acrylonitrile) 
structure and showed aggregation-induced emission (AIE).90 
Interestingly, H3 exhibited dual emission with both locally-
excited (LE) state emission and intramolecular through-space 

charge transfer (TSCT) emission. The LE/TSCT dual emission 
could be controlled by restriction of intramolecular motion. 
The formation of aggregation states and the increase in 
solvent viscosity resulted in a decrease in LE emission and an 
increase in TSCT emission. This change could also be induced 
by addition of neutral guest molecules such as 1,6-
dibromohexane and adiponitrile (6AN). Furthermore, white 
emission could be achieved by adjusting the amount of the 
guest. 

The molecules introduced above showed fluorescence 
responses with guest recognition but the guest recognition site 
was located only in the pillar[n]arene cavities. By contrast, in 
the biocatalyst process between an enzyme and substrate, 
complexation occurs using interactions at multiple sites. To 
mimic the biocatalyst process, Tang, Cao, and coworkers 
synthesized H4 over several steps using Suzuki–Miyaura 
coupling reactions (Figure 3b).91 H4 can stabilize a complex 
through multiple interactions because the carboxyl groups at 
both ends act as interaction sites in addition to the 
pillar[5]arene cavity. Moreover, because the introduced 
conjugated moiety contains a quinoline-malononitrile unit, 
which is an excellent AIE building block, a change in 
fluorescence intensity can be realized because of inhibition of 
molecular motion. Indeed, H4 detected alkanediamines with 
suitable alkyl chain lengths (i.e., 1,12-diaminododecane, 1,10-
diaminodecane, and 1,8-diaminooctane) and produced a 
dramatic increase in fluorescence intensity. This enhancement 
of fluorescence intensity was attributed to the induced-fit 
mechanism caused by alkanediamine recognition of H4, which 
resulted in inhibition of the molecular rotation. On the other 
hand, ethylenediamine, 1,4-butanediamine, and 1,6-
hexanediamine could not be detected because the alkyl chain 
length was not sufficient to reach binding sites of the carboxyl 
groups. 

The same group synthesized H5 to detect spermine, which 
is a type of biogenic amine (Figure 3c).92 Because of the 
correlation between elevated levels of spermine and the 
presence of cancer, detection of spermine is critical for early 
detection and evaluation of the efficacy of cancer treatment. 
H5 can strongly capture spermine because it has three binding 
sites: two carboxyl groups, and a pillar[5]arene cavity. 
Spermine was successfully detected through an increase in the 
fluorescence intensity of H5. The increase in fluorescence 
intensity was attributed to the inhibition of free rotation of 
fluorophores via host–guest complexation. The limit of 
detection for spermine in acetonitrile was 0.094 ± 0.002 
μmol/L, which indicated that H5 was a highly sensitive probe 
for spermine. 
 
 

Figure 2. (a) Fluorescence quenching by photoinduced electron transfer between H1 
and aliphatic amines. Reproduced with permission from reference 46 (Copyright 2011 
American Chemical Society). (b) Fluorescence enhancement of H2 for selective 
detection of L-asparagine from amino acids. Reproduced with permission from 
reference 88 (Copyright 2020 Elsevier Inc). 
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Pre-organized pseudorotaxane structures are also 
promising platforms for creation of stimuli-responsive 
materials because of their reversible host–guest abilities.34, 93-

103 Yang, Wang, and coworkers fabricated pseudo[5]rotaxane 
between mono-sulfonic pillar[5]arene H6 and a neutral guest 
with a tetraphenylethene core, and found that H6 exhibited 
AIE (Figure 4a).104 Strong emission in a dilute solution was 
observed from the pseudo[5]rotaxane because of restriction of 
the intramolecular rotation of phenyl rings of the 
tetraphenylethene core, which resulted in blocking of the 
nonradiative emission. The prepared fluorescence complex 
exhibited responsiveness to multiple stimuli. Ethylenediamine-
induced quenching of the fluorescence intensity occurred 
because of the dissociation of the pseudo[5]rotaxane of H6 
and the tetraphenylethene-based guest. The supramolecular 
assembly could also be applied as a temperature sensor. An 
increase in the temperature induced a decrease in the 
fluorescence intensity because of dissociation of the 
pseudo[5]rotaxane. After cooling to the initial temperature 
(room temperature), the original fluorescence intensity was 
observed because of re-formation of the pseudo[5]rotaxane. 

The pseudo[3]rotaxane showing a fluorescence photo-
switch property was constructed, by Ma, Cao, Wang and 
coworkers, with AIE-active pillar[5]arene H7 bearing 
tetraphenyl ethylene moieties and a photo-responsive guest 
based on a bithienylethene (Figure 4b).105 Pseudo[3]rotaxane 
formation restricted the intramolecular rotation of tetraphenyl 
ethylene moieties on H7 and enhanced the fluorescence 
intensity. The bithienylethene unit of the pseudo[3]rotaxane 
exhibited reversible photoisomerization between the open 
and closed forms on alternation of ultraviolet (UV) and visible 
light irradiation. After UV irradiation, fluorescence resonance 

energy transfer (FRET)occurred from the tetraphenyl ethylene 
moieties in H7 to the closed formed bithienylethene unit and 
this quenched the emission. After visible light irradiation, 
pseudo[3]rotaxane, which consisted of the open-form isomer 
of the bithienylethene unit and H7, did not show FRET, and the 
fluorescence emission was enhanced. Consequently, by 
alternating the UV and visible light irradiation, the 
fluorescence on/off switching could be controlled with high 
reversibility. 

A multi-responsive [c2]daisy chain prepared using ditopic 
pillar[5]arene was reported by Yang, Zhang, and coworkers 
(Figure 4c).106 Pillar[5]arenes bearing one anthracene moiety 
(H8), and bearing one anthracene moiety and one tertiary 
ammonium-ended alkyl chain (H9) were prepared. The 
fluorescence spectra of these molecules were investigated in 
chloroform. Upon excitation with UV light at 370 nm, H8 
emitted weakly. By contrast, H9 had strong emission because 
of the formation of [c2]daisy chain. The density functional 
theory (DFT) calculation of H8 suggested a mechanism for the 
enhanced fluorescence intensity. The calculated rotational 
barriers of the single bond connecting the anthracene moiety 
were very different in the presence and absence of a tertiary 
ammonium-terminated alkyl guest. Considering that the 
[c2]daisy of H9 had a similar threading structure to the 
complex of H8 and a tertiary ammonium-ended alkyl guest, 
the calculated results supported that [c2]daisy chain formation 
of H9 restricted rotation of the anthracene moiety. 
Consequently, fluorescence enhancement was observed. The 
formation and degradation of the [c2]daisy chains of H9 could 
be induced by changes in the temperature, solvent 
composition, pH, and counter anions, which would result in 
the fluorescence switching on and off. 

Figure 3. (a) Chemical structure of H3 exhibiting dual emission and fluorescence regulation triggered by poor solvent, viscosity change, and guest addition. Reproduced with 
permission from reference 89 (Copyright 2022 Wiley-VCH Verlag GmbH & Co. KGaA). Schematic representation of the fluorescence enhancement mechanism using three 
binding sites of (b) H4 and (c) H5 for detection of alkane diamines and spermine, respectively. Reproduced with permission from references 91 and 92 (Copyright 2020 Royal 
Society of Chemistry and 2023 Elsevier Inc). 
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2.2 CD Signal Responsive Systems 

The planar chirality of pillar[n]arene has a dynamic character. 
Interconversion between pS and pR forms occurs by unit 
rotations.67, 68 Experimental and calculated results show that 
negative and positive CD signals at 310 nm in the range of π–π* 

Figure 4. (a) Schematic representation of the pseudorotaxane formation between H6 and the tetraphenylethene derivative guest, and its response to stimuli. Reproduced with 
permission from reference 104 (copyright 2018 The Author(s) under the terms of the Creative Commons CC BY license.). (b) Schematic representation of the photoresponsive 
fluorescence switching of the pseudo[3]rotaxane between H7 and bithienylethene derivative guest. Reproduced with permission from reference 105 (Copyright 2018 Royal 
Society of Chemistry). (c) Schematic representation of the switching emission of the [c2]daisy chain under different external stimuli. Reproduced with permission from 
reference 106 (Copyright 2014 Royal Society of Chemistry). 
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transitions are observed from the pS and pR forms, 
respectively.107-109 Therefore, CD signals can be induced by 
creating an unequal population of the pS/pR isomers. One 
simple method for inducing planar chirality of pillar[n]arenes is 
diastereomeric host–guest complexation by adding chiral 
guest molecules to a racemic mixture of pillar[n]arene (Figure 
5a). This planar chirality induction strategy using a chiral guest 
was first reported by Yang, Wu, and coworkers in 2020.110 A 
series of pillar[5]arenes bearing n-alkyl chains of various 
lengths (H10–H18) were prepared and the induced CD signals 
were investigated by complexation with 16 amino acid 
derivatives in chloroform (Figure 5b). Both the handedness 
and enantiopurity of the chiral amino acid derivative could be 
determined from the CD signal of the complex. Surprisingly, 
the CD response changed greatly with changes in the length of 
the n-alkyl chains on the pillar[5]arene rims. Complete 
inversion of the CD signals was also observed even for the 
same chiral guest.  

Also in 2020, two groups reported induction of planar 
chirality after addition of chiral guests in aqueous solution. Ma, 
Lin, Jiang, and coworkers used a water-soluble pillar[5]arene 
H19 to capture 19 L/D-amino acid alkyl ester hydrochlorides in 
aqueous solution, which induced CD signals (Figure 5c).111 The 
pR form of H19 was induced only by L-arginine derivatives and 
thus showed a positive CD signal at 303 nm. The other 18 L-
amino acid derivatives induced pS forms and exhibited 
negative CD signals. This difference in induced CD signals was 
ascribed to the different binding modes of amino acid alkyl 
ester hydrochlorides with H19. The α-positioned side chain of 
L-arginine was located inside the H19 cavity, while that of L-
alanine was located outside. Huang, Wang, Hong, and 
coworkers reported the detection of basic amino acids (i.e., 
arginine and lysine) by simple mixing with the water-soluble 
pillar[5,6]arenes H20 and H21 (Figure 5d).112 With both 
compounds, D-arginine and L-arginine induced negative and 

positive cotton effects, respectively. Interestingly, the induced 
CD signals decreased with heating because high temperatures 
caused dissociation of the host–guest complex. 

Formation of diastereomeric pillar[n]arenes by introducing 
chiral side chains into pillar[n]arene scaffolds is another 
method that generates a bias in the population of planar 
chirality (i.e., pS/pR isomers).113-116 In this system, the host–
guest interaction with the achiral guest regulates the planar 
chirality of pillar[n]arenes and causes the CD signal. We 
demonstrated chiral regulation using a diastereomeric 
pillar[5]arene bearing ten 2-(S)-methylbutoxy groups (H22) 
(Figure 6a).117, 118 The CD spectra of H22 changed dramatically 
when using dihaloalkane guest solvents with different chain 
lengths. In short-chain guest solvents, such as 1,2-
dichloroethane, 1,2-dibromoethane, and 1,3-dibromopropane, 
H22 exhibited positive CD signals originating from the pR form. 
By contrast, in longer-chain guest solvents, such as 1,4-
dibromobutane, 1,5-dibromopentane, and 1,6-dibromohexane, 
negative CD signals were observed, which indicated that the pS 
form was favored. The mechanism of the regulation of the 
planar chirality was revealed using single crystal X-ray 
structures. When the guest length was short, the ethyl branch 
of the side chain filled the inner cavity, which induced the pR 
form. By contrast, when longer guest molecules were used, 
the ethyl side chain was located outside the cavity because of 
steric hindrance, which induced the pS form. Interestingly, 
regulated planar chirality could be trapped by inclusion of 
guest solvents with strong binding affinity to H22. However, 
this kinetic trap of planar chirality worked at 25 °C but not at 
60 °C, that is, the kinetic trap through host–guest 
complexation did not provide perfect memorization because 
of the non-covalent interaction. The introduction of bulky 
substituents by covalent bonding is an alternative method for 
fixing the planar chirality because exchange between the pS 
and pR forms can be prevented. For achieving the introduction 

Figure 5. (a) Schematic representation of the planar chiral regulation by chiral guests. Reproduced with permission from reference 110 (Copyright 2020 Royal Society of 
Chemistry). Chemical structures and CD signal responses of (b) H10–H18, (c) H19, and (d) H20 and H21. Reproduced with permission from references 110, 111, and 112 
(Copyright 2020 Royal Society of Chemistry, 2020 American Chemical Society, and 2020 Wiley-VCH Verlag GmbH & Co. KGaA). 
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of bulky groups after regulation of planar chirality, 
pillar[5]arene H23 was designed with 2-(S)-methylbutoxy 
moieties on four benzene units and alkyl azide groups on the 
other benzene unit (Figure 6b).119 The dihaloalkane guest 
solvents regulated planar chirality as in the case of H22. 
Subsequent CuAAC click reactions to the two azide groups on 
H23 with a bulky propargyl derivative resulted in planar 
chirality fixation. Surprisingly, diastereomerically pure H23 in 
the pR form was obtained via crystallization with 1,2-
dichloroethane. In subsequent CuAAC click reactions of the 
crystalline H23, an extremely high diastereomeric excess 
(≈95 %) was achieved.  

The planar chirality of H22 and H23 could be regulated 
using linear haloalkane solvents with high association 
constants with pillar[5]arene. By contrast, regulation of the 
planar chirality in n-alkane solvents with lower affinity with 
pillar[5]arene is challenging because they only have C–C and 
C–H groups. Our group also constructed a system in which 
planar chirality was regulated by achiral n-alkanes. 

Pillar[5]arene H24 with stereogenic carbons and terminal 
bromine atoms on the rims showed adaptive planar chirality in 
response to the length of the n-alkane guests (Figure 6c).120 
The steric bromo atoms played an important role in regulation 
of planar chirality. In short n-alkane solvents such as n-pentane, 
the pS form was favored because it placed the bulky bromo 
substituent inside the cavity, which resulted in a C-H/halogen 
interaction between H24 and n-alkane guest solvents. On the 
other hand, in long n-alkane solvents such as n-heptane, the 
pR form, in which bulky bromo substituents were located 
outside the cavity, was favored because of steric hindrance. 
Notably, this planar chiral inversion between pR and pS forms 
could distinguish n-alkanes with chain lengths that differed by 
only one carbon atom. 

Chiral inversion systems in response to achiral guest 
molecules could be also achieved based on pseudo[1]catenane 
of pillar[n]arenes. In 2013, we prepared the 
pseudo[1]catenane H25 by CuAAC click reactions between 
1,12-diazidododecane and dialkynylated pillar[5]arene. This 

Figure 6. (a) Chemical structure of diastereomeric pillar[5]arene H22 and planar chiral inversion and holding by the achiral guest. Reproduced with permission from 
reference 118 (Copyright 2020 Royal Society of Chemistry). (b) Schematic representation of the planar chirality regulation and subsequent memory via introduction of 
covalent bonds. Reproduced with permission from reference 119 (Copyright 2023 Wiley-VCH Verlag GmbH & Co. KGaA). (c) Schematic representation of distinguishing 
n-alkane length with planar-chiral inversion. Reproduced with permission from reference 120 (Copyright 2023 American Chemical Society). 
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was the first example of a chiral inversion system using 
pseudo[1]catenane (Figure 7a).121 Because the pillar[5]arene 
unit connecting the alkyl chain could rotate, inclusion and 
exclusion of the alkyl chain occurred. Thus, H25 had four 
conformers: in-pS-H25, in-pR-H25, out-pS-H25, and out-pR-
H25. Self-inclusion states of H25 were more stable than de-
threaded conformers. Thus, the conformers in-pS-H25 and in-
pR-H25 could be obtained by chiral HPLC separation of a 
racemic mixture of H25. The obtained enantiomers showed 
chiral inversion upon addition of competitive achiral guests. 
The respective planar chiral inversions from in-pS-H25 and in-
pR-H25 to out-pS-H25 and out-pR-H25 were monitored by CD 
signal changes. This chiral regulation was reversible, and the 
original CD intensity was restored on addition of competitive 
cyclic host molecules (i.e., crown ether) because of extraction 
of guest molecules from the cavity.  

The first pseudo[1]catenane-based chiral inversion system 
using pillar[6]arene was prepared by Yang and coworkers 
(Figure 7b).122 Pillar[6]arene-based pseudo[1]rotaxane H26 
bearing a ferrocene moiety was synthesized. As with H25, a 
racemic mixture of H26 was separated into in-pS-H26 and in-
pR-H26, which confined the ferrocene moiety into the cavity. 
Chiral inversion was achieved by redox reactions of the 
ferrocene moiety because of the changing binding affinity with 
pillar[6]arene. On the basis of these reports, several 
pseudo[1]rotaxane-based chiral inversion systems have been 
developed that respond to redox reactions,123 
photoirradiation,124 metal ions,125, 126 temperature,127 and 
pH.128 

 
2.3 CPL Signal Responsive Systems 
The intrinsic planar chirality of pillar[n]arenes offers the 
potential for applications in CPL materials. However, most 
alkoxy-substituted pillar[n]arenes show emission only in the 
non-visible light region. Therefore, for CPL applications of the 
planar chirality of pillar[5]arenes, they must be designed to 
emit in the visible light region. Chen and coworkers first 
reported the pillar[5]arene-based CPL materials,129 which 
triggered the exploration of various types of pillar[5]arene-
based CPL materials. 107, 130-136 These materials are usually 
prepared by introducing bulky conjugated moieties to 
simultaneously fix the planar chirality and provide 
luminescence in the visible light region. However, host–guest 
complexation does not produce a dramatic CPL response 
because the fixed planar chiral pillar[n]arenes do not exhibit 
large conformational changes in response to guest addition. To 
obtain a dramatic CPL response, Jiang and coworkers 
introduced luminescent moieties without inhibition of planar 
chiral inversion (Figure 8).137 A rim-differentiated pillar[5]arene 
H27, in which all five pyrene units were located on one rim and 
all five methoxy groups were located on the other rim, was 
prepared. The methoxy groups were small enough to pass into 
the cavity of the pillar[5]arene and caused exchange between 
the pS and pR forms by inducing local rotation within 180°.74 
Therefore, chiral regulation was achieved by interaction with 
chiral guests (i.e., L-/D-amino acid derivatives). Regulated 
planar chirality of the pillar[5]arene skeleton transferred into 
pyrene excimers, resulting in left- and right-handed CPL 

Figure 7. Planar chiral inversion based on pseudo[1]catenane of (a) pillar[5]arene and (b) pillar[6]arene. Reproduced with permission from references 121 and 122 
(Copyright 2013 and 2020 Wiley-VCH Verlag GmbH & Co. KGaA). 
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emission switching via chiral guest interactions with H27. The 
dissymmetry factor of luminescence |gabs| reached 1.28 × 10−2, 
and was comparable to those of fixed planar chiral 
pillar[5]arene based-CPL materials.97, 119, 124 

 
 

3. Optically Responsive Systems via Host–Guest 
Interactions in Solid State 
Host–guest complexation in the solid state of pillar[n]arenes 
has attracted attention since a 2015 report by our group.55 
Unlike in solution systems, efficient uptake of guest molecules 
is observed in solid-state systems because there is no 
competitive interaction with solvent molecules (Figure 1d). 
The most important finding in solid-state complexation is that 
the crystal structure of the pillar[n]arene changes 
simultaneously with the uptake of guest molecules.58, 59 
Pillar[n]arene crystals are “soft crystals” that change their 
structure in response to guest molecules such as alkane vapor 
molecules with low association constants. However, because 
alkoxy-substituted pillar[n]arenes are basically colorless and 
show no luminescence, additional substituent introduction 
into the pillar[n]arene skeleton or another strategy is 
necessary for the construction of optically responsive systems. 
In this section, we mainly introduce stimuli-responsive 
materials showing macroscopic changes, such as color and 

fluorescence changes, in response to microscopic events of the 
host–guest complexation. 
 
3.1 Color Responsive Systems 

In 2015, we demonstrated that perethylated pillar[5]arene 
H11 crystals took up n-alkane vapor as a guest.55 During this 
process, the crystal structure of H11 was transformed. Because 
many reported chromic materials exhibit color changes 
induced by changes in crystal structure,138 pillar[5]arene 
crystals have the potential to exhibit color changes with vapor 
uptake.139, 140 However, pillar[5]arene crystals are colorless, 
which suggests that the pillar[5]arenes need to be modified to 
color them before they can produce color changes with 
transformation of the crystal structure on vapor uptake. In 
2017, we reported the first example of chromic materials with 
the pillar[5]arene skeleton. To color the pillar[5]arene, H28 
with one benzoquinone unit was prepared by oxidation of 
perethylated pillar[5]arene (Figure 9a).141 Crystalline H28 was 
brown because of the formation of a CT complex between 1,4-
diethoxybenzene and quinone units. When the crystals were 
exposed to n-hexane vapor, the crystals turned red. By 
contrast, no color change was observed when the crystals 
were exposed to 2,2-dimethylbutane or 2,3-dimethylbutane 
with branched structures or cyclohexane with a cyclic structure. 
This was because linear n-hexane was suitable for the cavity 
size of pillar[5]arene but the other molecules were not. The 
crystals also turned black on exposure to methanol vapor. 
These color changes originated from changes in the crystal 

Figure 8. Schematic representation of the switching of left- and right-handed CPL by addition of chiral guests. Reproduced with permission from reference 137 
(Copyright 2023 Wiley-VCH Verlag GmbH & Co. KGaA). 
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structure induced by the vapor uptake. Partial π-stacking 
between 1,4-diethoxybenzene and quinone units was 
observed in the X-ray crystal structure of the n-hexane 
complex. By contrast, no π-stacking was observed between 
1,4-diethoxybenzene and quinone units in the methanol 
complex, which resulted in a difference in the crystal color. 
H28 responded only to the vapors of linear molecules because 
the cavity size of the pillar[5]arene matched the sizes of these 
molecules. Solids prepared from pillar[6]arene are thus 
expected to respond to and show color changes with the 
vapors of bulky molecules, such as aromatic compounds, 
because the pillar[6]arene cavity accommodates bulky 
molecules. Pillar[6]arene H29 containing one quinone unit was 
prepared by the same groups (Figure 9b).142 As expected, the 
solid H29 showed color changes on uptake of aromatic vapor 
molecules. Surprisingly, solid H29 showed color changes with 

both vapor (vapochromism) and grinding (mechanochromism). 
Grinding caused a color change in H29 from dark red to light 
orange. Furthermore, this color change was reversible upon 
heating. Therefore, the color of the solid before vapor 
adsorption could be controlled by grinding. Unground solid 
H29 was dark red and showed an obvious color change to light 
orange on exposure to benzene, cyanobenzene, and 
fluorobenzene vapors exposure. Ground solid H29 was light 
orange and did not show an obvious color change on exposure 
to these vapors. On exposure to p-difluorobenzene, methyl 
benzoate, and p-xylene vapors, ground solid H29 showed an 
obvious color change from light orange to dark red. By 
contrast, unground solid H29, which was already dark red, did 
not show an obvious color change with these vapors. 
Therefore, this work provide a new vapochromic system that 
can visually check the uptake of various aromatic vapors by 

Figure 9. (a) Schematic representation of the vapochromism of H28. Reproduced with permission from reference 141 (Copyright 2017 American Chemical Society). (b) 
Schematic representation of the vapochromism and mechanochromism of H29. Reproduced with permission from reference 142 (Copyright 2020 Royal Society of 
Chemistry). 
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adjusting the color of the starting state using 
mechanochromism. 

The creation of CT complex crystals composed of a single 
molecule requires synthesis of donor and acceptor moieties 
within a single molecule. Thus, complicated molecular design is 
required. By contrast, preparation of CT complexes by co-
crystallization of donor and acceptor molecules does not 
require additional modification. In 2020, Li and coworkers 
created CT complex crystals in tetrahydrofuran using the exo-
wall interactions of perethylated pillar[5]arene H11 with N,N’-
bis(n-butyl)pyromellitic diimide (PDI) (Figure 10a).143 The 
obtained complex crystals were red because of CT interactions 
between H11 and PDI but turned white when completely dried 
and the tetrahydrofuran in the complex crystals was removed. 
This color change indicated that the intermolecular CT 
interactions were disrupted. The activated complex crystals 
showed selective vapochromic responses to haloalkane vapors 
and exhibited drastic color changes from white to red or 
orange. No color change was observed upon exposure to 
vapors of other common organic compounds, such as 
methanol, ethanol, acetone, n-hexane, cyclohexane, benzene, 
toluene, o-xylene, ethylbenzene, and phenol. These 
vapochromic responses were attributed to the crystal 
structural transformation resulting in the formation of CT 
complexes between H11 and PDI. The C–H/O and C–H/X 
hydrogen bonds between haloalkanes and PDIs in particular 
play an important role in the transformation to CT co-crystals 
and haloalkane-specific vapochromism.  

This co-crystallization method is versatile. Vapochromism 
of co-crystals prepared using 1,2,4,5-tetracyanobenzene 
(TCNB) as the acceptor molecule was reported by Huang, Zhou, 
and coworkers (Figure 10b).144 With CH2Cl2 as the solvent, 
which could be encapsulated in the pillar[5]arene cavity, co-
crystals between H11 and TCNB were obtained with exo-wall 
CT interactions. After removal of CH2Cl2, activated complex 
crystals with brown color were obtained. This crystalline 

complex showed a distinct color change from brown to reddish 
brown or black upon adsorption of CH2Cl2 or aldehydes, 
respectively. The changes in color were attributed to 
rearrangement of CT interactions between H11 and TCNB 
induced by the vapor uptake. 
 
3.2 Fluorescence Responsive Systems 
Pillar[n]arene crystals can adsorb vapors, which are triggered 
to induce changes in their crystal structures.58, 59 Therefore, 
they are promising molecular skeletons for the development 
of materials that exhibit vapor responsive emission changes. 
Our group found that all-ethyl-substituted pillar[6]arene H30 
crystals did not emit light in the visible region, but on 
adsorption of aromatic vapors, the crystals exhibited turn-on 
visible luminescence (Figure 11).145 This turn-on luminescence 
was selectively observed with vapors of different molecules. 
No visible luminescence was observed after exposure to 
toluene, p-xylene, aniline, p-difluorobenzene, and styrene 
vapors, but blue luminescence was observed after exposure to 
benzonitrile, methyl benzoate, and divinylbenzene (para- and 
meta-mixture) vapors. DFT and time-dependent DFT of the 
obtained single crystal structures revealed that the complexes 
of benzonitrile, methyl benzoate, and divinylbenzene 
produced luminescence through CT complexation.  

Figure 10. (a) Schematic representation of the vapochromism of cocrystals between H11 and PDI in response to haloalkane vapors. Reproduced with permission from 
reference 143 (Copyright 2020 Wiley-VCH Verlag GmbH & Co. KGaA). (b) Schematic representation of the vapochromism of cocrystals between H11 and TCNB in response to 
alkyl aldehyde vapor. Reproduced with permission from reference 144 (Copyright 2021 Wiley-VCH Verlag GmbH & Co. KGaA). 

Figure 11. Schematic representation of the turn-on vapoluminescence of H30 in 
response to aromatic vapors. Reproduced with permission from reference 145 
(Copyright 2020 American Chemical Society). 
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While pillar[6]arenes with large cavities can take up 
aromatic vapors and result in CT complexation between the 
host and guest molecules, pillar[5]arenes cannot use this CT 
complexation strategy because of their smaller cavities, which 
cannot take up aromatic molecules. One way to solve this 
problem is to use pillar[5]arenes with luminescence. Yang and 
coworker prepared pillar[5]arene H31 containing an acceptor 
dicyanobenzene moiety (Figure 12a).146 According to DFT and 
time-dependent DFT, the lowest unoccupied molecular orbital 
(LUMO) was located on p-dicyanobenzene and the highest 
occupied molecular orbital (HOMO) was located on the 
dimethoxybenzene units. This resulted in emission derived 
from intramolecular TSCT. Although H31 showed blue 
luminescence in the solid state, the color of the powder 
changed to yellow-green after absorption of acetonitrile, 
butyronitrile, valeronitrile, and isovaleronitrile vapors. By 
contrast, no luminescence change was observed for 
isobutyronitrile vapor because complexation did not occur 
with bulky isobutyronitrile. Furthermore, the color could be 
reversibly changed by vacuum drying and re-exposure to these 
vapors.  

Huang, Zhu, and coworkers synthesized the fluorescent 
pillar[5]arene H32 by introducing conjugated anthracene 

moieties via Sonogashira coupling reactions (Figure12b).147 The 
desolvated H32 crystals showed yellow luminescence derived 
from anthracene moieties. Exposure of the H32 crystals to 
linear alkyl ketone vapors caused a change in the color of 
fluorescence. Interestingly, this fluorescence color change 
depended on the alkyl chain length of the linear alkyl ketones. 
A drastic fluorescence color change from yellow to green was 
observed upon exposure to the vapor of linear alkyl ketones 
containing 4–6 carbon atoms. By contrast, no clear color 
change was observed after exposure to linear alkyl ketones 
containing 7 or 8 carbon atoms. This selective color change 
could be explained by packing modes of anthracene units after 
the vapor uptake. According to the X-ray crystal structure 
analysis, after exposure to vapors of linear alkyl ketones 
containing 3,7 or 8 carbon atoms, the H32 crystals showed H-
aggregation between anthracene units. Consequently, the 
crystals exhibited yellow excimer emission. On the other hand, 
H32 crystals exposed to vapors of linear alkyl ketones with 4–6 
carbon atoms showed green monomer emission because of J-
aggregation between anthracene units. Overall, the 
introduction of fluorescent groups into the pillar[5]arenes 
allowed for preparation of a fluorescence responsive system 
on vapor exposure. 

Figure 12. (a) Schematic representation of the vapoluminescence of H31 in response to common nitrile vapors. Reproduced with permission from reference 146 
(Copyright 2022 American Chemical Society). (b) Schematic representation of the vapoluminescence of H32 in response to ketone vapors. Reproduced with 
permission from reference 147 (Copyright 2019 American Chemical Society). 
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Huang, Jie, and coworker developed a new fluorescence 
color change system using the reaction of pillar[5]arene 
crystals with vapor molecules (Figure 13).148 This system 
operates differently from the previously discussed crystal 
structure change with vapor uptake. The crystals of 
pillar[5]arenes containing one benzoquinone unit (H28) were 
dried and the activated crystals were brown and not emissive. 
After exposure to ethylenediamine, the color of the crystals 
gradually changed from dark-red to yellow. Moreover, the 
obtained yellow crystals exhibited yellow-green fluorescence 
under 365 nm UV light. This turn-on emission was caused by 
conversion of benzoquinone moieties of H28 to conjugated 
planar quinoxaline units by Michael addition and subsequent 
condensation and dehydration. This converted H28 to H33, 
H34, and H35, all of which contained a quinoxaline skeleton 
and showed fluorescence in the crystalline state. This turn-on 
vapoluminescence could be applied for sensing of 
ethylenediamine vapor. When H28 crystals were exposed to 
linear alkylamines such as n-propylamine and n-butylamine, 
and linear alkyldiamines such as ethylenediamine, 1,3-
diaminopropane, and 1,4-diaminobutane, only 
ethylenediamine vapor induced yellow-green fluorescence. 
This was because the other linear alkylamines and 
alkyldiamines did not form the quinoxaline structures. 

4. Summary and Outlook 
We have summarized recent progress of optically 

responsive systems using pillar[n]arenes and host–guest 
interactions. Pillar[n]arenes have versatile functionality, which 
allows for easy installation of optically responsive groups. 
Moreover, the unique host–guest properties of pillar[n]arenes 
can generate selective responses. In particular, pillar[5]arenes 
can take up linear guest molecules, while pillar[6]arenes can 
take up bulky branched or cyclic guest molecules. The selective 
uptake of guest molecules induces color, fluorescence, CD, and 
CPL signal responses. In solution state, these optical responses 
are caused by changes in the structure of the pillar[n]arenes 
skeleton or by specific interactions between installed 
substituents and guest molecules (i.e., PET and ET). The CD and 

CPL signals are caused by interconversion between pS and pR 
forms because of unit rotations. In this review, to achieve 
planar chiral regulation, we introduced three strategies: (i) 
diastereomeric host–guest complexation by adding chiral 
guest molecules to a racemic mixture of pillar[n]arene, (ii) 
formation of diastereomeric pillar[n]arenes by introducing 
chiral side chains into pillar[n]arene scaffolds, and (iii) chiral 
inversion systems based on pseudo[1]catenanes of 
pillar[n]arenes that respond to achiral guest molecules. In the 
solid state, the optical responses are mainly caused by changes 
in the crystal structure induced by guest molecule uptake. 
Microscopic events of host–guest complexation lead to 
changes in hierarchical assemblies and results in macroscopic 
changes, such as in color and fluorescence. 
Despite numerous detailed studies on pillar[n]arene-based 
optically responsive systems, several challenges remain. These 
include (i) improving the sensitivity for practical utilization, (ii) 
achieving high dissymmetry factors by planar chiral regulation, 
(iii) expanding the current small variety of chiral guests for CD 
and CPL signal induction, and (iv) overcoming difficulties with 
crystal engineering, such as the design and prediction of 
crystal structures before and after guest molecule uptake. 
Future research could uncover many exciting potential uses of 
pillar[5]arene-based optically responsive systems. 

Conflicts of interest 
There are no conflicts to declare. 

Acknowledgements 
This work was supported by JSPS KAKENHI [Grant Number 
JP22J15357 (Research Fellowship for Young Scientists, K.W.), 
Grant Number JP22H00334 (Scientific Research (A), T.O.), and 
Grant Number JP22K19063 (Challenging Research 
(Exploratory), T.O.], JST CREST Grant Number JPMJCR18R3 
(T.O.), and the MEXT World Premier International Research 
Center Initiative (WPI), Japan. We thank Gabrielle David, PhD, 

Figure 13. Schematic representation of the solid-vapor post-synthetic modification of H28 resulting in turn on vapoluminescence. Reproduced with permission from reference 
148 (Copyright 2020 American Chemical Society). 

Page 13 of 18 Materials Chemistry Frontiers



ARTICLE Journal Name 

14 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

from Edanz (https://jp.edanz.com/ac) for editing a draft of this 
manuscript. 

Notes and references 

1 G. Crini, Review: A History of Cyclodextrins, Chem. Rev., 2014, 
114, 10940. 

2 J. Szejtli, Introduction and General Overview of Cyclodextrin 
Chemistry, Chem. Rev., 1998, 98, 1743. 

3 K. Uekama, F. Hirayama and T. Irie, Cyclodextrin Drug Carrier 
Systems, Chem. Rev., 1998, 98, 2045. 

4 G. Chen and M. Jiang, Cyclodextrin-based inclusion 
complexation bridging supramolecular chemistry and 
macromolecular self-assembly, Chem. Soc. Rev., 2011, 40, 
2254. 

5 S. J. Barrow, S. Kasera, M. J. Rowland, J. del Barrio and O. A. 
Scherman, Cucurbituril-Based Molecular Recognition, Chem. 
Rev., 2015, 115, 12320. 

6 H. Nie, Z. Wei, X.-L. Ni and Y. Liu, Assembly and Applications 
of Macrocyclic-Confinement-Derived Supramolecular 
Organic Luminescent Emissions from Cucurbiturils, Chem. 
Rev., 2022, 122, 9032. 

7 J. Murray, K. Kim, T. Ogoshi, W. Yao and B. C. Gibb, The 
aqueous supramolecular chemistry of cucurbit[n]urils, 
pillar[n]arenes and deep-cavity cavitands, Chem. Soc. Rev., 
2017, 46, 2479. 

8 L. Isaacs, Cucurbit[n]urils: from mechanism to structure and 
function, Chem. Commun., 2009, 619. 

9 G. W. Gokel, W. M. Leevy and M. E. Weber, Crown Ethers:  
Sensors for Ions and Molecular Scaffolds for Materials and 
Biological Models, Chem. Rev., 2004, 104, 2723. 

10 F. Sansone, L. Baldini, A. Casnati and R. Ungaro, Calixarenes: 
from biomimetic receptors to multivalent ligands for 
biomolecular recognition, New J. Chem., 2010, 34, 2715. 

11 R. Kumar, A. Sharma, H. Singh, P. Suating, H. S. Kim, K. 
Sunwoo, I. Shim, B. C. Gibb and J. S. Kim, Revisiting 
Fluorescent Calixarenes: From Molecular Sensors to Smart 
Materials, Chem. Rev., 2019, 119, 9657. 

12  R. Joseph and C. P. Rao, Ion and Molecular Recognition by 
Lower Rim 1,3-Di-conjugates of Calix[4]arene as Receptors, 
Chem. Rev., 2011, 111, 4658. 

13 S. Sameni, C. Jeunesse, D. Matt and J. Harrowfield, 
Calix[4]arene daisychains, Chem. Soc. Rev., 2009, 38, 2117. 

14 T. L. Mako, J. M. Racicot and M. Levine, Supramolecular 
Luminescent Sensors, Chem. Rev., 2019, 119, 322. 

15 R. N. Dsouza, U. Pischel and W. M. Nau, Fluorescent Dyes 
and Their Supramolecular Host/Guest Complexes with 
Macrocycles in Aqueous Solution, Chem. Rev., 2011, 111, 
7941. 

16 J.-F. Chen, Q. Lin, Y.-M. Zhang, H. Yao and T.-B. Wei, 
Pillararene-based fluorescent chemosensors: recent 
advances and perspectives, Chem. Commun., 2017, 53, 
13296. 

17 N. Kaur, G. Kaur, U. A. Fegade, A. Singh, S. K. Sahoo, A. S. 
Kuwar and N. Singh, Anion sensing with chemosensors 
having multiple single –NH recognition units, TrAC Trends 
Anal. Chem., 2017, 95, 86. 

18 G. Ghale and W. M. Nau, Dynamically Analyte-Responsive 
Macrocyclic Host–Fluorophore Systems, Acc. Chem. Res., 
2014, 47, 2150. 

19 L. You, D. Zha and E. V. Anslyn, Recent Advances in 
Supramolecular Analytical Chemistry Using Optical Sensing, 
Chem. Rev., 2015, 115, 7840. 

20 J. Li, D. Yim, W.-D. Jang and J. Yoon, Recent progress in the 
design and applications of fluorescence probes containing 
crown ethers, Chem. Soc. Rev., 2017, 46, 2437. 

21 M. Quan, X.-Y. Pang and W. Jiang, Circular Dichroism Based 
Chirality Sensing with Supramolecular Host–Guest Chemistry, 
Angew. Chem. Int. Ed., 2022, 61, e202201258. 

22 R. Breslow and S. D. Dong, Biomimetic Reactions Catalyzed 
by Cyclodextrins and Their Derivatives, Chem. Rev., 1998, 98, 
1997. 

23 R. Villalonga, R. Cao and A. Fragoso, Supramolecular 
Chemistry of Cyclodextrins in Enzyme Technology, Chem. 
Rev., 2007, 107, 3088. 

24 C. Yoo, H. M. Dodge and A. J. M. Miller, Cation-controlled 
catalysis with crown ether-containing transition metal 
complexes, Chem. Commun., 2019, 55, 5047. 

25 D. M. Homden and C. Redshaw, The Use of Calixarenes in 
Metal-Based Catalysis, Chem. Rev., 2008, 108, 5086. 

26 L. Yang, X. Tan, Z. Wang and X. Zhang, Supramolecular 
Polymers: Historical Development, Preparation, 
Characterization, and Functions, Chem. Rev., 2015, 115, 7196. 

27 A. Harada, Y. Takashima and H. Yamaguchi, Cyclodextrin-
based supramolecular polymers, Chem. Soc. Rev., 2009, 38, 
875. 

28 B. Zheng, F. Wang, S. Dong and F. Huang, Supramolecular 
polymers constructed by crown ether-based molecular 
recognition, Chem. Soc. Rev., 2012, 41, 1621. 

29 D. Xia, P. Wang, X. Ji, N. M. Khashab, J. L. Sessler and F. 
Huang, Functional Supramolecular Polymeric Networks: The 
Marriage of Covalent Polymers and Macrocycle-Based Host–
Guest Interactions, Chem. Rev., 2020, 120, 6070. 

30 S. Erbas-Cakmak, D. A. Leigh, C. T. McTernan and A. L. 
Nussbaumer, Artificial Molecular Machines, Chem. Rev., 
2015, 115, 10081. 

31 S. A. Nepogodiev and J. F. Stoddart, Cyclodextrin-Based 
Catenanes and Rotaxanes, Chem. Rev., 1998, 98, 1959. 

32 G. Wenz, B.-H. Han and A. Müller, Cyclodextrin Rotaxanes 
and Polyrotaxanes, Chem. Rev., 2006, 106, 782. 

33 Z. Niu and H. W. Gibson, Polycatenanes, Chem. Rev., 2009, 
109, 6024. 

34 M. Xue, Y. Yang, X. Chi, X. Yan and F. Huang, Development of 
Pseudorotaxanes and Rotaxanes: From Synthesis to Stimuli-
Responsive Motions to Applications, Chem. Rev., 2015, 115, 
7398. 

35 T. Ogoshi, S. Kanai, S. Fujinami, T.-a. Yamagishi and Y. 
Nakamoto, para-Bridged Symmetrical Pillar[5]arenes: Their 
Lewis Acid Catalyzed Synthesis and Host–Guest Property, J. 
Am. Chem. Soc., 2008, 130, 5022. 

36 T. Ogoshi, T.-a. Yamagishi and Y. Nakamoto, Pillar-Shaped 
Macrocyclic Hosts Pillar[n]arenes: New Key Players for 
Supramolecular Chemistry, Chem. Rev., 2016, 116, 7937. 

37 P. J. Cragg and K. Sharma, Pillar[5]arenes: fascinating 
cyclophanes with a bright future, Chem. Soc. Rev., 2012, 41, 
597. 

38 K. Yang, Y. Pei, J. Wen and Z. Pei, Recent advances in 
pillar[n]arenes: synthesis and applications based on host–
guest interactions, Chem. Commun., 2016, 52, 9316. 

39 N. L. Strutt, H. Zhang, S. T. Schneebeli and J. F. Stoddart, 
Functionalizing Pillar[n]arenes, Acc. Chem. Res., 2014, 47, 
2631. 

40 T. Ogoshi and T.-a. Yamagishi, Pillararenes: Versatile 
Synthetic Receptors for Supramolecular Chemistry, Eur. J. 
Org. Chem., 2013, 15, 2961. 

41 T. Kakuta, T.-a. Yamagishi and T. Ogoshi, Supramolecular 
chemistry of pillar[n]arenes functionalised by a copper(I)-
catalysed alkyne–azide cycloaddition “click” reaction, Chem. 
Commun., 2017, 53, 5250. 

42 C. Han, Z. Zhang, G. Yu and F. Huang, Syntheses of a 
pillar[4]arene[1]quinone and a difunctionalized 
pillar[5]arene by partial oxidation, Chem. Commun., 2012, 48, 
9876. 

Page 14 of 18Materials Chemistry Frontiers



Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 15  

Please do not adjust margins 

Please do not adjust margins 

43 T. Ogoshi, D. Yamafuji, D. Kotera, T. Aoki, S. Fujinami and T.-a. 
Yamagishi, Clickable Di- and Tetrafunctionalized 
Pillar[n]arenes (n = 5, 6) by Oxidation–Reduction of 
Pillar[n]arene Units, J. Org. Chem., 2012, 77, 11146. 

44 Y. Ma, X. Chi, X. Yan, J. Liu, Y. Yao, W. Chen, F. Huang and J.-L. 
Hou, per-Hydroxylated Pillar[6]arene: Synthesis, X-ray Crystal 
Structure, and Host–Guest Complexation, Org. Lett., 2012, 
14, 1532. 

45 T. Ogoshi, K. Demachi, K. Kitajima and T.-a. Yamagishi, 
Monofunctionalized pillar[5]arenes: synthesis and 
supramolecular structure, Chem. Commun., 2011, 47, 7164. 

46 N. L. Strutt, R. S. Forgan, J. M. Spruell, Y. Y. Botros and J. F. 
Stoddart, Monofunctionalized Pillar[5]arene as a Host for 
Alkanediamines, J. Am. Chem. Soc., 2011, 133, 5668. 

47 N. L. Strutt, D. Fairen-Jimenez, J. Iehl, M. B. Lalonde, R. Q. 
Snurr, O. K. Farha, J. T. Hupp and J. F. Stoddart, Incorporation 
of an A1/A2-Difunctionalized Pillar[5]arene into a Metal–
Organic Framework, J. Am. Chem. Soc., 2012, 134, 17436. 

48 M. Guo, X. Wang, C. Zhan, P. Demay-Drouhard, W. Li, K. Du, 
M. A. Olson, H. Zuilhof and A. C. H. Sue, Rim-Differentiated 
C5-Symmetric Tiara-Pillar[5]arenes, J. Am. Chem. Soc., 2018, 
140, 74. 

49 P. Demay-Drouhard, K. Du, K. Samanta, X. Wan, W. Yang, R. 
Srinivasan, A. C. H. Sue and H. Zuilhof, Functionalization at 
Will of Rim-Differentiated Pillar[5]arenes, Org. Lett., 2019, 21, 
3976. 

50 Y. Chao, T. U. Thikekar, W. Fang, R. Chang, J. Xu, N. Ouyang, J. 
Xu, Y. Gao, M. Guo, H. Zuilhof and A. C.-H. Sue, “Rim-
Differentiated” Pillar[6]arenes, Angew. Chem. Int. Ed., 2022, 
61, e202204589. 

51 Y. Wang, G. Ping and C. Li, Efficient complexation between 
pillar[5]arenes and neutral guests: from host–guest 
chemistry to functional materials, Chem. Commun., 2016, 52, 
9858. 

52 T. Ogoshi and T. Yamagishi, Pillar[5]- and pillar[6]arene-
based supramolecular assemblies built by using their cavity-
size-dependent host–guest interactions, Chem. Commun., 
2014, 50, 4776. 

53 N. Song, T. Kakuta, T.-a. Yamagishi, Y.-W. Yang and T. Ogoshi, 
Molecular-Scale Porous Materials Based on Pillar[n]arenes 
Chem, 2018, 4, 2029. 

54 X. Shu, S. Chen, J. Li, Z. Chen, L. Weng, X. Jia and C. Li, Highly 
effective binding of neutral dinitriles by simple 
pillar[5]arenes, Chem. Commun., 2012, 48, 2967. 

55 T. Ogoshi, R. Sueto, K. Yoshikoshi, Y. Sakata, S. Akine and T.-a. 
Yamagishi, Host–Guest Complexation of Perethylated 
Pillar[5]arene with Alkanes in the Crystal State, Angew. Chem. 
Int. Ed., 2015, 54, 9849. 

56 M.-S. Yuan, H. Chen, X. Du, J. Li, J. Wang, X. Jia and C. Li, 
Host–guest complexation of pillar[6]arenes towards neutral 
nitrile guests, Chem. Commun., 2015, 51, 16361. 

57 T. Ogoshi, K. Saito, R. Sueto, R. Kojima, Y. Hamada, S. Akine, 
A. M. P. Moeljadi, H. Hirao, T. Kakuta and T.-a. Yamagishi, 
Separation of Linear and Branched Alkanes Using Host–Guest 
Complexation of Cyclic and Branched Alkane Vapors by 
Crystal State Pillar[6]arene, Angew. Chem. Int. Ed., 2018, 57, 
1592. 

58 S. Ohtani, K. Kato, S. Fa and T. Ogoshi, Host–Guest chemistry 
based on solid-state pillar[n]arenes, Coord. Chem. Rev., 2022, 
462, 214503. 

59 K. Jie, Y. Zhou, E. Li and F. Huang, Nonporous Adaptive 
Crystals of Pillararenes, Acc. Chem. Res., 2018, 51, 2064. 

60 J.-R. Wu, G. Wu, D. Li and Y.-W. Yang, Macrocycle-Based 
Crystalline Supramolecular Assemblies Built with 
Intermolecular Charge-Transfer Interactions, Angew. Chem. 
Int. Ed., 2023, 62, e202218142. 

61 L. Sun, F. Yang, X. Zhang and W. Hu, Stimuli-responsive 
behaviors of organic charge transfer cocrystals: recent 

advances and perspectives, Mater. Chem. Front., 2020, 4, 
715. 

62 S. K. Park, I. Cho, J. Gierschner, J. H. Kim, J. H. Kim, J. E. Kwon, 
O. K. Kwon, D. R. Whang, J.-H. Park, B.-K. An and S. Y. Park, 
Stimuli-Responsive Reversible Fluorescence Switching in a 
Crystalline Donor–Acceptor Mixture Film: Mixed Stack 
Charge-Transfer Emission versus Segregated Stack Monomer 
Emission, Angew. Chem. Int. Ed., 2016, 55, 203. 

63 Z. Wang, F. Yu, W. Chen, J. Wang, J. Liu, C. Yao, J. Zhao, H. 
Dong, W. Hu and Q. Zhang, Rational Control of Charge 
Transfer Excitons Toward High-Contrast Reversible 
Mechanoresponsive Luminescent Switching, Angew. Chem. 
Int. Ed., 2020, 59, 17580. 

64 Y. Wang, H. Wu, L. O. Jones, M. A. Mosquera, C. L. Stern, G. C. 
Schatz and J. F. Stoddart, Color-Tunable Upconversion-
Emission Switch Based on Cocrystal-to-Cocrystal 
Transformation, J. Am. Chem. Soc., 2023, 145, 1855. 

65 N. Pearce, E. S. Davies and N. R. Champness, per-Alkoxy-
pillar[5]arenes as Electron Donors: Electrochemical 
Properties of Dimethoxy-Pillar[5]arene and Its Corresponding 
Rotaxane, Molecules, 2020, 25, 1627. 

66 J. Fan, H. Deng, J. Li, X. Jia and C. Li, Charge-transfer inclusion 
complex formation of tropylium cation with pillar[6]arenes, 
Chem. Commun., 2013, 49, 6343. 

67 K. Kato, S. Fa and T. Ogoshi, Alignment and Dynamic 
Inversion of Planar Chirality in Pillar[n]arenes, Angew. Chem. 
Int. Ed., 2023, e202308316. 

68 S. Fa, T. Kakuta, T.-a. Yamagishi and T. Ogoshi, Conformation 
and Planar Chirality of Pillar[n]arenes, Chem. Lett., 2019, 48, 
1278. 

69 J. F. Chen, J. D. Ding and T. B. Wei, Pillararenes: fascinating 
planar chiral macrocyclic arenes, Chem. Commun., 2021, 57, 
9029. 

70 C. Shi, H. Li, X. Shi, L. Zhao and H. Qiu, Chiral pillar[n]arenes: 
Conformation inversion, material preparation and 
applications, Chinese Chem. Lett., 2022, 33, 3613. 

71 T. Ogoshi, K. Kitajima, T. Aoki, S. Fujinami, T.-a. Yamagishi 
and Y. Nakamoto, Synthesis and Conformational 
Characteristics of Alkyl-Substituted Pillar[5]arenes, J. Org. 
Chem., 2010, 75, 3268. 

72 T. Ogoshi, K. Kitajima, T. Aoki, T.-a. Yamagishi and Y. 
Nakamoto, Effect of an Intramolecular Hydrogen Bond Belt 
and Complexation with the Guest on the Rotation Behavior 
of Phenolic Units in Pillar[5]arenes, J. Phys. Chem. Lett., 2010, 
1, 817. 

73 T. Ogoshi, K. Kitajima, T.-a. Yamagishi and Y. Nakamoto, 
Synthesis and Conformational Characteristics of 
Nonsymmetric Pillar[5]arene, Org. Lett., 2010, 12, 636. 

74 K. Du, P. Demay-Drouhard, K. Samanta, S. Li, T. U. Thikekar, H. 
Wang, M. Guo, B. van Lagen, H. Zuilhof and A. C. H. Sue, 
Stereochemical Inversion of Rim-Differentiated Pillar[5]arene 
Molecular Swings, J. Org. Chem., 2020, 85, 11368. 

75 T. Ogoshi, M. Hashizume, T.-a. Yamagishi and Y. Nakamoto, 
Synthesis, conformational and host–guest properties of 
water-soluble pillar[5]arene, Chem. Commun., 2010, 46, 
3708. 

76 H. Zheng, L. Fu, R. Wang, J. Jiao, Y. Song, C. Shi, Y. Chen, J. 
Jiang, C. Lin, J. Ma and L. Wang, Cation controlled rotation in 
anionic pillar[5]arenes and its application for fluorescence 
switch, Nat. Commun., 2023, 14, 590. 

77 A. R. Hughes, M. Liu, S. Paul, A. I. Cooper and F. Blanc, 
Dynamics in Flexible Pillar[n]arenes Probed by Solid-State 
NMR, J. Phys. Chem. C, 2021, 125, 13370. 

78 H. Butkiewicz, S. Kosiorek, V. Sashuk, M. M. Zimnicka and O. 
Danylyuk, Carboxylated Pillar[6]arene Emulates 
Pillar[5]arene in the Host–Guest Crystal Complexes and 
Shows Conformational Flexibility in the Solution/Gas Phase, 
Cryst. Growth Des., 2023, 23, 11. 

Page 15 of 18 Materials Chemistry Frontiers



ARTICLE Journal Name 

16 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

79 C. Jiang, Z. Song, L. Yu, S. Ye and H. He, Fluorescent probes 
based on macrocyclic hosts: Construction, mechanism and 
analytical applications, TrAC Trends Anal. Chem., 2020, 133, 
116086. 

80 J. K.-H. Wong, M. H. Todd and P. J. Rutledge, Recent 
Advances in Macrocyclic Fluorescent Probes for Ion Sensing, 
Molecules, 2017, 22, 200. 

81 R. Pinalli, A. Pedrini and E. Dalcanale, Biochemical sensing 
with macrocyclic receptors, Chem. Soc. Rev., 2018, 47, 7006. 

82 B. Valeur and I. Leray, Design principles of fluorescent 
molecular sensors for cation recognition, Coord. Chem. Rev., 
2000, 205, 3. 

83 M. Ueno, T. Tomita, H. Arakawa, T. Kakuta, T.-a. Yamagishi, J. 
Terakawa, T. Daikoku, S.-i. Horike, S. Si, K. Kurayoshi, C. Ito, A. 
Kasahara, Y. Tadokoro, M. Kobayashi, T. Fukuwatari, I. Tamai, 
A. Hirao and T. Ogoshi, Pillar[6]arene acts as a biosensor for 
quantitative detection of a vitamin metabolite in crude 
biological samples, Commun. Chem., 2020, 3, 183. 

84 H. Yu, Y. Xiao, H. Guo and X. Qian, Convenient and Efficient 
FRET Platform Featuring a Rigid Biphenyl Spacer between 
Rhodamine and BODIPY: Transformation of ‘Turn-On’ 
Sensors into Ratiometric Ones with Dual Emission, Chem. Eur. 
J., 2011, 17, 3179. 

85 H. C. Kolb, M. G. Finn and K. B. Sharpless, Click Chemistry: 
Diverse Chemical Function from a Few Good Reactions, 
Angew. Chem. Int. Ed., 2001, 40, 2004. 

86 M. Meldal and C. W. Tornoe, Cu-Catalyzed Azide−Alkyne 
Cycloaddition, Chem. Rev., 2008, 108, 2952. 

87 T. Ogoshi, R. Shiga, M. Hashizume and T.-a. Yamagishi, 
“Clickable” pillar[5]arenes, Chem. Commun., 2011, 47, 6927. 

88 E. Bastug, A. N. Kursunlu and E. Guler, A fluorescent clever 
macrocycle: Deca-bodipy bearing a pillar[5]arene and its 
selective binding of asparagine in half-aqueous medium, J. 
Lumin., 2020, 225, 117343. 

89 Q. Li, Y. Wu, J. Cao, Y. Liu, Z. Wang, H. Zhu, H. Zhang and F. 
Huang, Pillararene-Induced Intramolecular Through-Space 
Charge Transfer and Single-Molecule White-Light Emission, 
Angew. Chem. Int. Ed., 2022, 61, e202202381. 

90 J. Mei, N. L. C. Leung, R. T. K. Kwok, J. W. Y. Lam and B. Z. 
Tang, Aggregation-Induced Emission: Together We Shine, 
United We Soar!, Chem. Rev., 2015, 115, 11718. 

91 Y. Zhou, H. Tang, Z.-H. Li, L. Xu, L. Wang and D. Cao, Bio-
inspired AIE pillar[5]arene probe with multiple binding sites 
to discriminate alkanediamines, Chem. Commun., 2021, 57, 
13114. 

92 Y. Zhou, H. Tang, H. Wu, X. Jiang, L. Wang and D. Cao, 
Supramolecular cyclization induced emission enhancement 
in a pillar[5]arene probe for discrimination of spermine, Chin. 
Chem. Lett., 2024, 35, 108626. 

93 K. Kato, S. Fa, S. Ohtani, T.-h. Shi, A. M. Brouwer and T. 
Ogoshi, Noncovalently bound and mechanically interlocked 
systems using pillar[n]arenes, Chem. Soc. Rev., 2022, 51, 
3648. 

94 D. Dai, J. Yang, Y.-W. Yang, Supramolecular Assemblies with 
Aggregation-Induced Emission Properties for Sensing and 
Detection, Chem. Eur. J., 2022, 28, e202103185. 

95 X.-Y. Lou, Y.-W. Yang, Manipulating Aggregation-Induced 
Emission with Supramolecular Macrocycles, Adv. Opt. Mater., 
2018, 6, 1800668 

96 X.-Y. Lou, Y.-W. Yang, Aggregation-induced emission systems 
involving supramolecular assembly, Aggregate, 2020, 1, 19. 

97 W.-M. Wang, D. Dai, J.-R. Wu, C. Wang, Y. Wang, Y.-W. Yang, 
Renewable supramolecular assembly-induced emission 
enhancement system for efficient detection and removal of 
silver(I), Dyes Pigm., 2022, 207, 110712. 

98 W.-M. Wang, D. Dai, J.-R. Wu, C.-Y. Wang, Y. Wang, Y.-W. 
Yang, Recyclable Supramolecular Assembly-Induced Emission 

System for Selective Detection and Efficient Removal of 
Mercury(II), Chem. Eur. J., 2021, 27, 11879. 

99 N. Song, X.-Y. Lou, H. Yu, P. S. Weiss, B. Z. Tang, Y.-W. Yang, 
Pillar[5]arene-based tunable luminescent materials via 
supramolecular assembly-induced Förster resonance energy 
transfer enhancement, Mater. Chem. Front., 2020, 4, 950. 

100 N. Song, X.-Y. Lou, W. Hou, C.-Y. Wang, Y. Wang, Y.-W. 
Yang, Pillararene-based fluorescent supramolecular systems: 
the key role of chain length in gelation, Macromol. Rapid 
Commun., 2018, 39, 1800593. 

101 X.-Y. Lou, N. Song, Y.-W. Yang, Enhanced solution and 
solid-state emission and tunable white-light emission 
harvested by supramolecular approaches, Chem. Eur. J., 
2019, 25, 11975. 

102 N. Song, D.-X. Chen, M.-C. Xia, X.-L. Qiu, K. Ma, B. Xu, W. 
Tian, Y.-W. Yang, Supramolecular assembly-induced yellow 
emission of 9,10-distyrylanthracene bridged 
bis(pillar[5]arene)s, Chem. Commun., 2015, 51, 5526. 

103 N. Song, D.-X. Chen, Y.-C. Qiu, X.-Y. Yang, B. Xu, W. Tian, 
Y.-W. Yang, Stimuli-responsive blue fluorescent 
supramolecular polymers based on a pillar[5]arene tetramer, 
Chem. Commun., 2014, 50, 8231. 

104 X.-Y. Jin, N. Song, X. Wang, C.-Y. Wang, Y. Wang and Y.-W. 
Yang, Monosulfonicpillar[5]arene: Synthesis, 
Characterization, and Complexation with Tetraphenylethene 
for Aggregation-Induced Emission, Sci. Rep., 2018, 8, 4035. 

105 L. Ma, S. Wang, C. Li, D. Cao, T. Li and X. Ma, Photo-
controlled fluorescence on/off switching of a 
pseudo[3]rotaxane between an AIE-active pillar[5]arene host 
and a photochromic bithienylethene guest, Chem. Commun., 
2018, 54, 2405. 

106 K. Wang, C.-Y. Wang, Y. Zhang, S. X.-A. Zhang, B. Yang 
and Y.-W. Yang, Ditopic pillar[5]arene-based fluorescence 
enhancement material mediated by [c2]daisy chain 
formation, Chem. Commun., 2014, 50, 9458. 

107 K. Kato, Y. Kurakake, S. Ohtani, S. Fa, M. Gon, K. Tanaka 
and T. Ogoshi, Discrete Macrocycles with Fixed Chirality and 
Two Distinct Sides: Dipole-Dependent Chiroptical Response, 
Angew. Chem. Int. Ed., 2022, 61, e202209222. 

108 T. Ogoshi, K. Masaki, R. Shiga, K. Kitajima and T.-a. 
Yamagishi, Planar-Chiral Macrocyclic Host Pillar[5]arene: No 
Rotation of Units and Isolation of Enantiomers by 
Introducing Bulky Substituents, Org. Lett., 2011, 13, 1264. 

109 T. Ogoshi, K. Umeda, T.-a. Yamagishi and Y. Nakamoto, 
Through-space π-delocalized Pillar[5]arene, Chem. Commun., 
2009, 4874. 

110 J. Ji, Y. Li, C. Xiao, G. Cheng, K. Luo, Q. Gong, D. Zhou, J. J. 
Chruma, W. Wu and C. Yang, Supramolecular enantiomeric 
and structural differentiation of amino acid derivatives with 
achiral pillar[5]arene homologs, Chem. Commun., 2020, 56, 
161. 

111 Y. Chen, L. Fu, B. Sun, C. Qian, R. Wang, J. Jiang, C. Lin, J. 
Ma and L. Wang, Competitive Selection of Conformation 
Chirality of Water-Soluble Pillar[5]arene Induced by Amino 
Acid Derivatives, Org. Lett., 2020, 22, 2266. 

112 H. Zhu, Q. Li, Z. Gao, H. Wang, B. Shi, Y. Wu, L. Shangguan, 
X. Hong, F. Wang and F. Huang, Pillararene Host–Guest 
Complexation Induced Chirality Amplification: A New Way to 
Detect Cryptochiral Compounds, Angew. Chem. Int. Ed., 2020, 
59, 10868. 

113 D. N. Shurpik, P. L. Padnya, V. G. Evtugyn, T. A. 
Mukhametzyanov, A. A. Khannanov, M. P. Kutyreva and I. I. 
Stoikov, Synthesis and properties of chiral nanoparticles 
based on (pS)- and (pR)-decasubstituted pillar[5]arenes 
containing secondary amide fragments, RSC Adv., 2016, 6, 
9124. 

Page 16 of 18Materials Chemistry Frontiers



Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 17  

Please do not adjust margins 

Please do not adjust margins 

114 J. Park, Y. Choi, S. S. Lee and J. H. Jung, Critical Role of 
Achiral Guest Molecules in Planar Chirality Inversion of 
Alanine-Appended Pillar[5]arenes, Org. Lett., 2019, 21, 1232. 

115 C. Liu, Z. Yu, J. Yao, J. Ji, T. Zhao, W. Wu and C. Yang, 
Solvent-Driven Chirality Switching of a 
Pillar[4]arene[1]quinone Having a Chiral Amine-Substituted 
Quinone Subunit, Front. Chem., 2021, 9, 713305. 

116 K. Wada, K. Yasuzawa, S. Fa, Y. Nagata, K. Kato, S. Ohtani 
and T. Ogoshi, Diastereoselective Rotaxane Synthesis with 
Pillar[5]arenes via Co-crystallization and Solid-State 
Mechanochemical Processes, J. Am. Chem. Soc., 2023, 145, 
15324. 

117 T. Ogoshi, R. Shiga, T.-a. Yamagishi and Y. Nakamoto, 
Planar-Chiral Pillar[5]arene: Chiral Switches Induced by 
Multiexternal Stimulus of Temperature, Solvents, and 
Addition of Achiral Guest Molecule, J. Org. Chem., 2011, 76, 
618. 

118 Y. Nagata, M. Suzuki, Y. Shimada, H. Sengoku, S. Nishida, 
T. Kakuta, T.-a. Yamagishi, M. Suginome and T. Ogoshi, 
Holding of planar chirality of pillar[5]arene by kinetic 
trapping using host–guest interactions with achiral guest 
solvents, Chem. Commun., 2020, 56, 8424. 

119 K. Wada, M. Suzuki, T. Kakuta, T.-a. Yamagishi, S. Ohtani, 
S. Fa, K. Kato, S. Akine and T. Ogoshi, Dynamic-to-Static 
Planar Chirality Conversion in Pillar[5]arenes Regulated by 
Guest Solvents or Amplified by Crystallization, Angew. Chem. 
Int. Ed., 2023, 62, e202217971. 

120 K. Adachi, S. Fa, K. Wada, K. Kato, S. Ohtani, Y. Nagata, S. 
Akine and T. Ogoshi, Adaptive Planar Chirality of 
Pillar[5]arenes Invertible by n-Alkane Lengths, J. Am. Chem. 
Soc., 2023, 145, 8114. 

121 T. Ogoshi, T. Akutsu, D. Yamafuji, T. Aoki and T.-a. 
Yamagishi, Solvent- and Achiral-Guest-Triggered Chiral 
Inversion in a Planar Chiral pseudo[1]Catenane, Angew. 
Chem. Int. Ed., 2013, 52, 8111. 

122 C. Xiao, W. Wu, W. Liang, D. Zhou, K. Kanagaraj, G. Cheng, 
D. Su, Z. Zhong, J. J. Chruma and C. Yang, Redox-Triggered 
Chirality Switching and Guest-Capture/Release with a 
Pillar[6]arene-Based Molecular Universal Joint, Angew. Chem. 
Int. Ed., 2020, 59, 8094. 

123 Y. Sun, L. Liu, L. Jiang, Y. Chen, H. Zhang, X. Xu and Y. Liu, 
Unimolecular Chiral Stepping Inversion Machine, J. Am. 
Chem. Soc., 2023, 145, 16711. 

124 J. Yao, W. Wu, C. Xiao, D. Su, Z. Zhong, T. Mori and C. 
Yang, Overtemperature-protection intelligent molecular 
chiroptical photoswitches, Nat. Commun., 2021, 12, 2600. 

125 E. Lee, H. Ju, I.-H. Park, J. H. Jung, M. Ikeda, S. Kuwahara, 
Y. Habata and S. S. Lee, pseudo[1]Catenane-Type 
Pillar[5]thiacrown Whose Planar Chiral Inversion is Triggered 
by Metal Cation and Controlled by Anion, J. Am. Chem. Soc., 
2018, 140, 9669. 

126 F. Gao, X. Yu, L. Liu, J. Chen, Y. Lv, T. Zhao, J. Ji, J. Yao, W. 
Wu and C. Yang, Chiroptical switching of molecular universal 
joint triggered by complexation/release of a cation: A 
stepwise synergistic complexation, Chin. Chem. Lett., 2023, 
34, 107558. 

127 J. Yao, W. Wu, W. Liang, Y. Feng, D. Zhou, J. J. Chruma, G. 
Fukuhara, T. Mori, Y. Inoue and C. Yang, Temperature-Driven 
Planar Chirality Switching of a Pillar[5]arene-Based Molecular 
Universal Joint, Angew. Chem. Int. Ed., 2017, 56, 6869. 

128 H. Liang, B. Hua, F. Xu, L.-S. Gan, L. Shao and F. Huang, 
Acid/Base-Tunable Unimolecular Chirality Switching of a 
Pillar[5]azacrown Pseudo[1]Catenane, J. Am. Chem. Soc., 
2020, 142, 19772. 

129 J. F. Chen, X. Yin, B. Wang, K. Zhang, G. Meng, S. Zhang, Y. 
Shi, N. Wang, S. Wang and P. Chen, Planar Chiral 
Organoboranes with Thermoresponsive Emission and 
Circularly Polarized Luminescence: Integration of 

Pillar[5]arenes with Boron Chemistry, Angew. Chem. Int. Ed., 
2020, 59, 11267. 

130 K. Kato, S. Ohtani, M. Gon, K. Tanaka and T. Ogoshi, 
Cyclic arrays of five pyrenes on one rim of a planar chiral 
pillar[5]arene, Chem. Sci., 2022, 13, 13147. 

131 Y. Xu, F. Steudel, M.-Y. Leung, B. Xia, M. von Delius and V. 
W.-W. Yam, [n]Cycloparaphenylene-Pillar[5]arene 
Bismacrocycles: Their Circularly Polarized Luminescence and 
Multiple Guest Recognition Properties, Angew. Chem. Int. 
Ed., 2023, 62, e202302978. 

132 H. Zhu, Q. Li, B. Shi, H. Xing, Y. Sun, S. Lu, L. Shangguan, X. 
Li, F. Huang and P. J. Stang, Formation of Planar Chiral 
Platinum Triangles via Pillar[5]arene for Circularly Polarized 
Luminescence, J. Am. Chem. Soc., 2020, 142, 17340. 

133 J.-F. Chen, X. Yin, K. Zhang, Z. Zhao, S. Zhang, N. Zhang, N. 
Wang and P. Chen, Pillar[5]arene-Based Dual Chiral 
Organoboranes with Allowed Host–Guest Chemistry and 
Circularly Polarized Luminescence, J. Org. Chem., 2021, 86, 
12654. 

134 J.-F. Chen, Q.-X. Gao, L. Liu, P. Chen and T.-B. Wei, A 
pillar[5]arene-based planar chiral charge-transfer dye with 
enhanced circularly polarized luminescence and multiple 
responsive chiroptical changes, Chem. Sci., 2023, 14, 987. 

135 J.-F. Chen, G. Tian, K. Liu, N. Zhang, N. Wang, X. Yin and P. 
Chen, Pillar[5]arene-based Neutral Radicals with Doublet Red 
Emissions and Stable Chiroptical Properties, Org. Lett., 2022, 
24, 1935. 

136 K. Kato, T. Kaneda, S. Ohtani and T. Ogoshi, Per-Arylation 
of Pillar[n]arenes: An Effective Tool to Modify the Properties 
of Macrocycles, J. Am. Chem. Soc., 2023, 145, 6905. 

137 R. Wang, C. Zhang, Y. Chen, W. Xie, J. Jiao, Y. Liang, L. 
Wang and J. Jiang, Locally Rotated Chiral Molecular Tiara 
with Reversible CPL Emissions, Adv. Optical Mater., 2023, 11, 
2202913. 

138 E. Li, K. Jie, M. Liu, X. Sheng, W. Zhu and F. Huang, 
Vapochromic crystals: understanding vapochromism from 
the perspective of crystal engineering, Chem. Soc. Rev., 2020, 
49, 1517. 

139 E. Li, K. Jie, Y. Zhou, R. Zhao, B. Zhang, Q. Wang, J. Liu and 
F. Huang, Aliphatic Aldehyde Detection and Adsorption by 
Nonporous Adaptive Pillar[4]arene[1]quinone Crystals with 
Vapochromic Behavior, ACS Appl. Mater. Interfaces, 2018, 10, 
23147. 

140 Y. Mi, J. Ma, W. Liang, C. Xiao, W. Wu, D. Zhou, J. Yao, W. 
Sun, J. Sun, G. Gao, X. Chen, J. J. Chruma and C. Yang, Guest-
Binding-Induced Interhetero Hosts Charge Transfer 
Crystallization: Selective Coloration of Commonly Used 
Organic Solvents, J. Am. Chem. Soc., 2021, 143, 1553. 

141 T. Ogoshi, Y. Shimada, Y. Sakata, S. Akine and T.-a. 
Yamagishi, Alkane-Shape-Selective Vapochromic Behavior 
Based on Crystal-State Host–Guest Complexation of 
Pillar[5]arene Containing One Benzoquinone Unit, J. Am. 
Chem. Soc., 2017, 139, 5664. 

142 K. Wada, T. Kakuta, T.-a. Yamagishi and T. Ogoshi, 
Obvious vapochromic color changes of a pillar[6]arene 
containing one benzoquinone unit with a mechanochromic 
change before vapor exposure, Chem. Commun., 2020, 56, 
4344. 

143 B. Li, L. Cui and C. Li, Macrocycle Co-Crystals Showing 
Vapochromism to Haloalkanes, Angew. Chem. Int. Ed., 2020, 
59, 22012. 

144 M. Wang, Q. Li, E. Li, J. Liu, J. Zhou and F. Huang, 
Vapochromic Behaviors of A Solid-State Supramolecular 
Polymer Based on Exo-Wall Complexation of Perethylated 
Pillar[5]arene with 1,2,4,5-Tetracyanobenzene, Angew. 
Chem. Int. Ed., 2021, 60, 8115. 

145 T. Ogoshi, Y. Hamada, R. Sueto, R. Kojima, F. Sakakibara, 
Y. Nagata, Y. Sakata, S. Akine, T. Ono, T. Kakuta and T.-a. 

Page 17 of 18 Materials Chemistry Frontiers



ARTICLE Journal Name 

18 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

Yamagishi, Vapoluminescence Behavior Triggered by Crystal-
State Complexation between Host Crystals and Guest Vapors 
Exhibiting No Visible Fluorescence, Cryst. Growth Des., 2020, 
20, 7087. 

146 C.-L. Song, Z. Li, J.-R. Wu, T. Lu and Y.-W. Yang, 
Intramolecular Through-Space Interactions Induced Emission 
of Pillar[4]arene[1]dicyanobenzene, Chem. Mater., 2022, 34, 
10181. 

147 Q. Li, H. Zhu and F. Huang, Alkyl Chain Length-Selective 
Vapor-Induced Fluorochromism of Pillar[5]arene-Based 
Nonporous Adaptive Crystals, J. Am. Chem. Soc., 2019, 141, 
13290. 

148 E. Li, K. Jie, Y. Fang, P. Cai and F. Huang, Transformation 
of Nonporous Adaptive Pillar[4]arene[1]quinone Crystals into 
Fluorescent Crystals via Multi-Step Solid–Vapor 
Postsynthetic Modification for Fluorescence Turn-on Sensing 
of Ethylenediamine, J. Am. Chem. Soc., 2020, 142, 15560. 

 
 

Page 18 of 18Materials Chemistry Frontiers


