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Supramolecular structural control: photochemical reactions 
between styrylpyridine derivative and cucurbit[7,8]urils  
Shang-Wei Yuan,[a] Heng Wu,[a] Xi Nan Yang,[a] Mao-Xia Yang,[a] Yang Luo,[a] Wen Min,[a]Zhen-Feng 
Lu,[a] Carl Redshaw,[b] Zhu Tao[a] , Xin Xiao*[a] 

The use of cucurbit[n]urils to control the photochemical reactions of styrylpyridine salts has become a new strategy in 
supramolecular chemistry. In an aqueous solution, styrylpyridine derivatives (CHP) can form supramolecular complexes of 
the 1:2 and 2:1 type with cucurbit[8]uril (Q[8]) and cucurbit[7]uril (Q[7]), respectively. Given the photosensitivity of the CHP, 
the C=C bond of the CHP undergoes a cis-trans isomerization reaction and a [2+2] cycloaddition reaction under 365 nm UV 
irradiation in aqueous solution. After binding with Q[8], the photo-induced [2+2] cycloaddition reaction rate of the CHP is 
greatly increased, while after binding with Q[7], the C=C bond of the CHP only undergoes a cis-trans isomerization reaction, 
i.e. no further photo-induced [2+2] cycloaddition reaction occurs. Competitive experiments demonstrated that CHP is more 
inclined to combine with Q[7], and thus when Q[7] and Q[8] coexist in the system, the inhibition of the [2+2] cycloaddition 
reaction of CHP by Q[7] is not disrupted. The characteristics of this supramolecular catalysis and supramolecular protection 
make it applicable to catalyze or inhibit reactions required under specific circumstances. 

1. Introduction 
 The construction of stimuli-response molecular devices and 
molecular machines is a huge challenge [1], and there are many 
kinds of molecular machines in nature [2,3]. One of the main tasks 
of biomolecular machines is to synthesize other molecules, 
which can be achieved by precise control of chemical reactions 
through complex catalysis [4-6]. An in-depth understanding of 
biomolecular machines has encouraged scientists to develop 
and synthesize various artificial molecular machines to perform 
predictable tasks via mechanical motion at the molecular level 
[7]. For example, it is possible to create complex functional 
substances by controlling the structure and dynamic 
characteristics of self-assembly [8-9]. Molecular machines are 
intrinsically not only very suitable for performing these control 
tasks, but can also perform other multifaceted functions, such 
as act as smart molecular receptors and sensors [10-11], 
supramolecular drug delivery systems [12-13], controllable 
catalysts [14], and other complex stimuli-response materials 
[15,16]. Thus, the use of external stimuli to control the binding 
dynamics in supramolecular systems is critical to the 
development of advanced molecular machines and equipment. 
Macrocyclic host molecules are one of the most popular 
building blocks for constructing supramolecular systems 
because of their ability to recognize various complementary 
guest molecules or ions [17]. The cucurbit[n]urils (Q[n]s) are a 

symmetric macrocyclic family of molecules containing a 
hydrophobic cavity and two carbonyl portals, which exhibit 
significant affinity for suitable guests or ions in aqueous solution 
[18-28]. The external control of supramolecular systems has 
attracted wide interest in many scientific disciplines [29-31]. The 
reversible control of the host-guest complex state by using light 
has become an important focus, as it is not limited by time and 
space and allows for remote manipulation triggered without 
any chemical waste [32]. Photosensitive organic molecules, such 
as azobenzene, styrylpyridine, dithiophene ethylene, 
anthracene, spiropyran, and their derivatives, have been central 
to the development of a series of photosensitive materials and 
self-assembly systems. Therefore, such a photosensitive 
compound can be included as a guest in a macrocyclic host 
molecule (such as Q[n]) to obtain a photosensitive host-guest 
complex [33,34]. Q[8] can combine with two identical or different 
aromatic molecules of specific structure at the same time to 
form a ternary host-guest complex due to its large cavity, which 
makes the reaction substrates for the Q[8] system particularly 
abundant. Sivaguru et al. have used Q[8] to regulate the 
photocycloaddition reaction of coumarin compounds [35]. On 
the other hand, molecular cages and macrocyclic molecules can 
act both as supramolecular catalysts to promote certain specific 
reactions and as supramolecular inhibitors to inhibit certain 
reactions of the guest molecule by binding to it or as 
supramolecular protectors of the assembly behavior [36,37]. For 
example, Zhang's group [38] proposed a strategy to control the 
reactivity of the Se-Se bond by using cucurbit[n]uril 
supramolecular chemistry. The Hu[39] group reported the host-
guest complexation of anthracene derivatives with Q[n]s, and 
the photoreactions of these derivatives in the presence of Q[n]s. 
Both Q[8] and Q[10] acted as supramolecular nanoreactors and 
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catalysts in the photoreaction of anthracene derivatives. 
However, Q[10] promoted the photodimerization of guests. 
Tang[40] and co-workers studied the behavior of the trans-1-
methyl-4-(4-hydroxystyryl)pyridinium cation (HSP+) to Q[6] in 
the presence of Na+ cations, which created a conceptual 
framework for using such nonlinearities to control multistep 
reactions in cucurbit[n]uril chemistry. 
Herein, the styrylpyridine derivative CHP was synthesized by 
accessing 6-bromohexanoic acid with (E)-4-(2-(pyridin-4-
yl)vinyl)phenol. Styrylpyridine is a well-known photochromic 
compound[40], which can be efficiently isomerized by UV light 
from the thermodynamically stable E form to the Z isomer and 
can also undergo [2+2] cycloaddition reactions. In the present 
work, supramolecular assemblies between Q[7], Q[8], and CHP 
are investigated by NMR spectroscopy, fluorescence 
spectroscopy, UV-Vis spectroscopy, and isothermal titration 
calorimetry, and their photostimulation responsiveness is 
further studied. The results show that in an aqueous solution, 
Q[8] accelerates the [2+2] cycloaddition reaction of CHP, while 
the inclusion of Q[7] inhibits the [2+2] cycloaddition reaction of 
CHP without affecting its cis-trans isomerization reaction. Such 
a process has potential applications for the development and 
synthesis of molecular machines. 

 

 Scheme 1. Structural representations of Q[7], Q[8], trans-CHP, cis-CHP, and CHP-2. 

2.  Results and discussion 
2.1 Host-guest interaction of CHP with Q[7] and Q[8] 

Styrylpyridine salts can mostly undergo two main types of 
photochemical reactions: photocatalytic cis-trans isomerization 
and photocatalytic [2+2] cycloaddition reactions. In general, cis-
trans isomerization reactions are mainly unimolecular 
reactions, involving the rotation of intramolecular covalent 
bonds, affected by the viscosity of the solution, but not very 
sensitive to the concentration of the reactants. By contrast, 
photo-induced [2+2] cycloaddition reactions are bimolecular 
reactions, more sensitive to the concentration of the reactants, 
and more likely to occur at higher concentrations. To study the 
effect of Q[n]s on the photochemical reaction of CHP molecules, 
the host-guest interaction of Q[7] and Q[8] with CHP was first 
studied. 

 
2.1.1  Analysis of the interaction between CHP and Q[8] 

Characterization methods such as 1H NMR spectroscopy, UV-vis 
spectroscopy, and fluorescence emission spectroscopy were 
used to verify the existence of the interaction between CHP and 
Q[8]. The interaction between the guest CHP and Q[8] was 
studied by 1H NMR spectroscopy data recorded in D2O solution. 
Figure 1a shows the changes in the 1H NMR spectra of CHP 
protons with the addition of certain amounts of Q[8] to the 
solution. When 0.5 equivalent of Q[8] is added, the signals of 
the protons Ha, Hb, Hc, Hd, He, Hf, and Hg of CHP were observed 
to shift upfield, while the signals of the protons Hh, Hi, Hj and Hk 
of the alkyl chain shift downfield slightly, indicating that the 
CHP-phenyl and the quaternary ammonium are included in the 
cavity of Q[8], and the alkyl chain is located at the portal of Q[8] 
(see the cartoon in the upper right corner of the figure), forming 
a 1:2 host-guest inclusion complex. 
 

 
Figure 1. (a) 1H NMR spectra (400 MHz, D2O) of free CHP (5×10-4 mo1·L-1) (I), Q[8]-CHP 
(II) and free Q[8] (III); (b) UV absorption spectra of CHP (2.0×10-5 mol·L-1), with the 
increase of Q[8] (0, 0.1, 0.2……0.8, 0.9, 1.0 equivalents); (c) Fluorescence spectra of CHP 
(2.0×10-5 mo1·L-1), with the increase of Q[8] (0, 0.1, 0.2 … to 0.8, 0.9, 1.0 equivalents) 

To further understand the binding of guest CHP with Q[8], UV-vis 
spectra were obtained by using an aqueous solution containing a 
fixed concentration of guest CHP and a variable concentration of Q[8] 
with the maximum absorption of guest CHP concentrated at 344 nm 
(Figure 1b and S5). With the gradual increase of Q[8] concentration, 
due to the formation of the host-guest complex, the system's UV 
absorption intensity gradually decreases, which tends to be flat when 
the ratio of the amount of host and guest substances is close to 1:2 
(NQ[8]/NCHP), indicating that the host and guest formed an inclusion 
complex with an actual ratio of 1:2, which was further confirmed by 
the Jobs method. In addition, a similar experiment was performed on 
the fluorescence emission spectroscopy as shown in Figures 1c and 
S6, where the fluorescence emission of CHP in an aqueous solution 
occurs at 457 nm with an excitation wavelength of 350 nm. When 
Q[8] is gradually added to the solution of guest CHP, the intensity of 
the emission spectra of CHP will gradually increase with the increase 
of the NQ[8]/NCHP ratio, accompanied by a significant red shift. The 
fluorescence data can be fitted to a 1:2 binding model and at the 
same time, the Job’s plot further proves the host-guest interaction 
ratio of 1:2. From the ITC data, the overall binding constant (Ka) for 
the complexation of the CHP guest with the Q[8] host was calculated 
at 1.832×1012 M−2, with Ka1 at 3.951×106 M−1  (Figure S7).  
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2.1.2 Analysis of the interaction between CHP and Q[7] 

Compare with the Q[8] system, the host-guest complex 
between Q[7] with CHP is different. As shown in the 1H NMR 
spectrum (Figure 2a), when Q[7] is added to CHP, the protons 
Hc, Hd, He, Hf, Hg, Hh, Hi, Hj, and Hk of the guest CHP shift upfield 
by 0.06, 0.04, 0.14, 0.44, 0.52, 0.67, 0.57, 0.45, and 0.30 ppm, 
respectively, indicating that the C=C bonds, quaternary 
ammonium and alkyl chains of CHP enter into the Q[7] cavity, 
which is shielded by Q[7]. In addition, Ha and Hb shift downfield 
by 0.02 and 0.04 ppm, respectively, indicating that the benzene 
ring and hydroxyl of the guest are located outside the portal of 
Q[7]. 
 

 
Figure 2. (a) 1H NMR spectra (400 MHz, D2O) of free CHP (5×10-4 mo1·L-1) (I), Q[7]-CHP 
(II) and free Q[7] (III, 5.0×10-4 mo1·L-1); (b) UV absorption spectra of CHP (2.0×10-5 
mo1· L-1), with the increase of Q[7] (0, 0.2, 0.4……3.6, 3.8, 4.0 equivalents); (c) 
Fluorescence spectra of CHP (2.0×10-5 mo1·L-1), with the increase of Q[7] (0, 0.2, 0.4…
…3.6, 3.8, 4.0 equivalents). 

To further confirm the binding ratio of the interaction between CHP 
and Q[7], the changes of the UV absorption spectra of Q[7]-CHP with 
the concentration of host and guest and the trend with the ratio of 
host and guest at a wavelength of 344 nm were investigated, as 
shown in Figures 2b and S9. On fixing the concentration of the guest, 
with the gradual increase of the concentration of Q[7], the UV 
absorption intensity of the Q[7]-CHP system gradually decreases, 
which tends to be flat when the ratio of the amount of host and guest 
substances is close to 2:1, indicating that the host and guest form an 
inclusion complex with a host-guest ratio of 2:1, which further 
confirmed by the Jobs method. In addition, the fluorescence 
spectroscopy further demonstrates that Q[7] and CHP form a 2:1 
host-guest inclusion complex (Figures 2c and S12). It is worth 
mentioning that according to an analysis of the NMR spectroscopic 
results, the shuttle of a Q[7] molecule on the CHP molecule also 
needs to be considered. From the ITC data, Ka of the CHP guest with 
the Q[7] host was calculated at 1.553×1013 M−2, with Ka1 at 5.249
×107 M−1 (Figure S13), which is significantly greater than the Ka 
calculated for Q[8] . 

2.2 Effect of Q[n] on the photochemical reaction of CHP 

The foregoing experiments verify that CHP forms a host-guest 
complex with Q[8] and Q[7] in a molar ratio of 1:2, 2:1 (NQ[n]/NCHP), 
respectively, and then by applying 365 nm ultraviolet radiation to the 
system (the wavelength of all ultraviolet radiation mentioned in this 

article is 365 nm) to study the influence of Q[8] and Q[7] on the 
photoreaction of CHP was studied. 
1H NMR spectroscopy was first employed to characterize the 
photochemical behavior of the guest molecule CHP. As shown in 
Figure 3a, without illumination by ultraviolet light, there are 6 groups 
of signals in the aromatic region of the spectrum, which belong to 4 
types of hydrogen nuclei of the aromatic ring and 2 double bond 
hydrogen nuclei. In the beginning, all the guest molecules of CHP in 
the system are in a trans configuration (trans-CHP). Trans-CHP was 
irradiated with 365 nm wavelength ultraviolet radiation and the 
changes in the proton NMR spectra were recorded. The cis-CHP 
signal is observed in the spectra after the 30s of irradiation, and the 
signal intensity of the trans-configuration is significantly reduced. 
When the irradiation is continued for 10 minutes, the initial trans-
CHP is almost converted completely to cis-CHP. On this basis, the 
sample was continuously irradiated with UV irradiation, and the 
formation of the characteristic peak of a dimer (CHP-2) is observed 
at 60 min, and when the irradiation duration is extended to 180min, 
CHP is almost completely converted to a dimer and the cis-CHP signal 
is only faintly visible. 

 

 
Figure 3. (a) 1H NMR spectra of CHP (5×10-4 mo1· L-1) with different irradiation 
durations; (b) UV-Vis spectra of CHP (1×10-4mol·L-1) solution with UV irradiation. 

 

UV-vis absorption spectroscopy was also used to characterize the 
photochemical behavior of the molecular CHP itself. As shown in 
Figure 3b, the maximum absorption intensity of CHP solution at 345 
nm under 365 nm ultraviolet light irradiation decreases on prolonged 
irradiation, and the absorbance near 237 nm gradually increases. The 
intensity change of each absorption peak reflects the transformation 
of the intramolecular conjugate structure (from the trans to cis 
configuration) in the system under ultraviolet light irradiation. With 
the continuous irradiation of ultraviolet light, a new absorption peak 
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appears near 222 nm, attributed to the dimer product CHP-2 formed 
by the photodimerization of CHP. However, it is worth noting that 
after several hours of irradiation, the absorption peak at 345 nm still 
maintains an absorbance of about 0.86, indicating that the CHP 
reactant is still present. 

2.2.1  Photodimerization of CHP catalyzed by Q[8] 

To better improve the conversion efficiency of the dimer product 
CHP-2 from photodimerization, 5% Q[8] solution was added and the 
UV irradiation and NMR detection was conducted under the same 
conditions. Consistent with the pure CHP solution, CHP undergoes a 
process of transformation from trans-CHP to cis-CHP, and finally 
converting to dimer (CHP-2). However, in the presence of Q[8], the 
entire process can be completed within 10 min. As shown in Figure 
4, in the NMR spectra of the sample irradiated for 10 seconds, the 
signals of trans-CHP, cis-CHP, and dimer (CHP-2) can be observed at 
the same time. After the irradiation duration is extended to 10 min, 
the spectrum is dominated by the signals of the hydrogen nuclei of 
the four groups of aromatic rings belonging to the dimer CHP-2; the 
signals for trans-CHP and cis-CHP are faintly visible, and their 
intensity is greatly weakened and almost submerged in the 
background noise. It can be seen that the role of Q[8] in this system 
is that of a catalyst. 

 
Figure 4. 1H NMR spectra of CHP solutions (5×10-4 mo1·L-1) containing 5% Q[8] with 
different irradiation durations. 

Table 1. The composition of the photostationary state (%) of CHP with different 
irradiation durations and CHP solutions containing 5% Q[8] with different irradiation 
durations by 1H NMR. 

catalyst time the composition of the photostationary 
state (%) 

  trans-CHP cis-CHP CHP-2 

none 

0 100 0 0 

30 s 31.16 68.84 0 

10 min 14.68 85.32 0 

60 min 0 51.90 48.10 

180min 0 14.39 85.61 

Q[8] 
0 100 0 0 

10 s 47.17 52.83  

60 s 29.15 70.85 0 

10 min 0 11.11 88.89 

20 min 0 0 100 

 

Subsequently, the photochemical behavior of molecular CHP in the 
presence of Q[8] was characterized by UV-vis absorption 
spectroscopy. The Q[8]-CHP solution was irradiated at 365nm UV 
wavelength. As shown in Figure S15, the absorption peak at 345 nm 
is almost reduced to 0 with the irradiation of ultraviolet light. At this 
time, only an obvious absorption peak is observed at 222 nm, 
indicating that CHP is rapidly isomerized from trans to cis under the 
action of Q[8], then from cis through [2+2] cycloaddition reaction to 
produce a dimer. This process can be completed within 10 min, much 
faster than the pure CHP solution of the same concentration. This 
phenomenon indicates that Q[8] significantly accelerates the 
photochemical reaction of CHP and enables the photochemical 
reaction to proceed more completely. In Table 1, the signals of cis-
CHP and trans-CHP are observed in the NMR spectra after the 30s of 
irradiation; trans-CHP accounted for 31.16%,and cis-CHP accounted 
for 68.84%. When the irradiation is continued for 10 minutes, the 
initial trans-CHP is almost converted completely to cis-CHP, 
accounting for 85.32%. When the irradiation is continued for 60 
minutes, cis-CHP accounted for 51.90%, and CHP-2 accounted for 
48.10%.  When the irradiation is continued for 180 minutes, the CHP 
is almost completely converted to a dimer and the cis-CHP signal is 
faintly visible; cis-CHP accounted for 14.39%, and CHP-2 accounted 
for 85.61%. The results showed that Q[8] had a significant promotion 
effect on the photochemical reactions. 
 
2.2.2 Photodimerization of CHP inhibited by Q[7] 

To explore the influence of Q[7] on the photoreaction of the guest 
CHP, the Q[7]-CHP system was irradiated over different durations of 
UV light in D2O and the NMR data was recorded. Consistent with the 
pure CHP solution, the guest CHP changes from trans-CHP to cis-CHP 
over 10 min of light irradiation (Figure 5b); cis-CHP is still included in 
the Q[7] cavity. Compared with free cis-CHP (Figure 5e), the protons 
Hd, He, Hf of the quaternary ammonium and protons Hg, Hh, Hi, Hj, and 
Hk of the alkyl chain shift upfield, while the phenol protons Ha, Hb and 
Hc shift downfield, indicating that the quaternary ammonium and 
alkyl chain of cis-CHP are included in the cavity of Q[7], while the 
benzene ring is at the portal of Q[7], with the action mode shown in 
Figure 5. Interestingly, on continuing to irradiate the system for 60 
min (Figure 5c) and 180 min (Figure 5d) no signal of any dimer 
product is observed after UV irradiation for 180 minutes, indicating 
that it is included by the Q[7], and is unable to carry out the photo 
[2+2] cycloaddition reaction. In other words, the cavity of Q[7] 
inhibits the [2+2] cycloaddition reaction of CHP.  
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Figure 5. 1H NMR spectra of Q[7]-CHP solutions (5×10-4 mo1·L-1) in D2O with different 
irradiation durations. (a) 0 min; (b) 10 mins; (c) 60 mins; (d) 180 mins. (e) cis-CHP. 

Since the intrinsic binding ratio of Q[7] and CHP is 2:1, in the Q[7]-
CHP solution with a molar ratio of 2:1, almost all CHPs forms host-
guest complexes with Q[7] before irradiation. Can the non-
stoichiometric ratio of Q[7] inhibit the [2+2] cycloaddition reaction 
of CHP? Solutions with molar ratios (NQ[7]/NCHP) of 2:1, 1:1, and 0:1 
were subsequently prepared, and the changes of each sample under 
UV irradiation were monitored to determine the role of Q[7] in this 
system using UV-vis absorption spectroscopy. As shown in Figure 
S16, for the 2:1 system in which CHP completely binds with Q[7] 
before the photoreaction, no absorption peak is observed at 222 nm 
after UV irradiation, which confirms the inhibition of the 
photodimerization reaction of CHP molecules by Q[7]. As for the 1:1 
and 0:1 systems in which CHP cannot completely bind with Q[7] 
before the photoreaction, an obvious absorption peak at 222 nm can 
be observed after UV irradiation. It can be seen that only the CHP 
included in the cavity of Q[7] cannot carry out the [2+2] cycloaddition 
reaction, and the part of the CHP that does not form a host-guest 
complex with Q[7] can still carry out the photodimerization. 
 
2.2.3 Analysis of the competitive effect of Q[7] and Q[8]  

It can be seen from the above experiments that Q[8] can catalyze the 
[2+2] cycloaddition reaction of CHP, and Q[7] can inhibit the [2+2] 
cycloaddition reaction of CHP. To study the photoreaction of CHP 
when Q[7] and Q[8] coexist, a competitive study was conducted on 
the system to determine which of Q[7] and Q[8] is more likely to form 
an inclusion complex. The 1H NMR spectrum shown in Figure 6 
indicates that Q[8] is added first, the results of which are discussed 
above. When the molar ratio of Q[8] and CHP is about 0.5 (Figure 6b), 
then 1.0 equivalent of Q[7] (Figure 6c) and 2.0 equivalent of Q[7] 
(Figure 6d) are added. When Q[7] is added, compared with the case 
when the molar ratio of Q[8] to CHP is about 0.5, it is observed that 
the signals of the protons in the aromatic region shift downfield, 
while the signals of proton of the alkyl chain shift upfield. This shows 
that the quaternary ammonium salt and the alkyl chain are included 
in the cavity of Q[7], while the benzene ring is located at the portal 
of Q[7] (see cartoon), and Q[8] no longer includes the guest CHP. For 
comparison, the addition of Q[8] to the solution of Q[7]-CHP 
inclusion complex is also studied (see Figure S17, supporting 
information). With the gradual increase of the Q[8] concentration in 

the Q[7]-CHP solution, it does not affect the Q[7]-CHP inclusion 
complex, which is different from the behavior observed when Q[7] is 
added to the Q[8]-CHP complex. Quantitative data on the host-guest 
complexation of this system was obtained via isothermal titration 
calorimetry (ITC) experiments (Figures S7 and S13). The overall 
binding constant (Ka) for the complexation of the CHP guest with the 
Q[8] host was calculated at 1.832×1012 M−2, and the CHP guest with 
the Q[7] host was calculated at 1.553×1013 M−2, revealing that Q[7] 
exhibits stronger competition. Both the Q[7]-CHP system and Q[8]-
CHP system have relatively large negative enthalpies. A favorable 
enthalpy change was the main driver toward the formation of the 
inclusion complex between host Q[8]/Q[7] with guest CHP. 
 

 
Figure 6. Interaction of CHP, Q[7] and Q[8] (25℃): (a)1H NMR spectra (400 MHz, D2O) of 
CHP(1.0×10-3 mo1·L-1); (b) in the presence of Q[8] ; (c) adding 1.0 equivalent of Q[7]; 
(d) and adding 2.0 equivalents of Q[7]. 

To further study the competition between CHP and Q[7] as well 
as Q[8], the binding behavior of the host-guest complex was 
studied by fluorescence emission spectroscopy. As shown in 
Figure S18, when the host-guest ratio n (NQ[8]/NCHP) is fixed at 
1:2, and then Q[7] is added to the solution, the fluorescence 
emission spectrum changes significantly. 
 
2.2.4 Photochemical reaction of CHP in the coexistence of Q[7] 
and Q[8] 

The Q[7]-CHP system containing Q[8] solution was irradiated at 
365 nm and the NMR spectra were recorded. As shown in Figure 
7, the results obtained are consistent with the above 
experiments (Q[7] inhibits the photodimerization reaction of 
CHP), and the presence of Q[8] does not affect the 
photochemical behavior of Q[7]-CHP. Compared with Q[8], the 
stronger binding force of Q[7] with CHP determines its inhibiting 
effect on the [2+2] cycloaddition reaction of CHP. Therefore, in 
the environment of Q[8], Q[7]-CHP will not induce a photo-
induced [2+2] cycloaddition reaction. 
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Figure 7. 1H NMR spectra of Q[7]-CHP solution  (5×10-4 mo1·L-1) (containing 50% Q[8]) 
with different irradiation duration. (a) 0 min; (b) 10 min; (c) 60 min; (d) 180 min. 

3. Experimental 
Instruments. Absorption spectra of the host-guest complexes 
were recorded on an Agilent 8453 spectrophotometer at room 
temperature. Fluorescence data were recorded on a Varian RF-
540 fluorescence spectrophotometer at 293.15 K, whilst NMR 
spectroscopic data were recorded on a Bruker DPX 400 
spectrometer in D2O. The Isothermal titration calorimetry (ITC) 
data was obtained using a Nano ITC. The light source of the 
photoreactor is a MERC-500 mercury lamp light source system. 
Reagents and Chemicals. The method of synthesizing CHP is 
shown in the supporting information (Figures S1-S4). The 
preparation of Q[7] and Q[8] was carried out by using literature 
methods [42,43]. All chemicals were purchased from Aladdin 
Reagent Company. Stock solutions of CHP (1×10-3 mol/L) and 
Q[n] (n=7, 8) (1×10 − 4 mol/L) were prepared using doubly-
distilled water. The preparation process of the solutions 
employed herein was to dilute the stock solution to obtain the 
corresponding concentration standard. This involved initially 
storing the stock standard solution at room temperature for 
several weeks before use. The standard working solution is 
prepared by gradually dripping double distilled water into the 
standard stock solution. All other chemicals were of analytical 
reagent grade.  
1HNMR measurements. Experiments were recorded at 25 ℃, 
using a Bruker DPX 400 spectrometer with D2O as the field 
frequency lock. The observed chemical shift is reported in parts 
per million (ppm) relative to the built-in tetramethylsilane 
(TMS) standard (0.0 ppm). 
Measurement of absorption spectra and fluorescence spectra. 
Dilute the stock solution to obtain CHP with a concentration of 
2×10−5 mol·L−1. These stock solutions were combined to give 
solutions containing a fixed guest concentration of 2.0×10−5 
mol·L−1 in the presence of different concentrations of Q[n] (n=7, 
8) in each solution. The absorption spectra and fluorescence 
spectra of each solution were measured. The maximum 
emission wavelength (λem) of the sample is 457 nm, and the 
excitation wavelength (λex) is 350 nm, slit width of 5 nm. 

4. Conclusions 

The host-guest chemical properties between styrylpyridine 
derivative CHP and Q[7] as well as Q[8] were studied. The 
results show that the cavity of Q[8] can hold two equivalents of 
CHP to form Q[8]-CHP(1:2) supramolecular inclusion 
complexes. For Q[7], CHP is included in the quaternary 
ammonium and carboxyl parts, respectively, and with two 
equivalents of Q[7], forms a Q[7]-CHP(2:1) supramolecular 
inclusion compound. Studies of the photochemical reaction 
show that the presence of Q[8] can significantly accelerate the 
photodimerization reaction of CHP, while Q[7] inhibits the 
photodimerization reaction of CHP, due to the inclusion of Q[7] 
hindering the bimolecular reaction between CHP molecules. 
Competitive experiments demonstrate that the formation of 
the host-guest is more inclined toward Q[7]-CHP. Therefore, 
when Q[7], Q[8], and CHP coexist, the CHP contained in the 
cavity of Q[7] cannot bind to Q[8], and thus instead of 
photodimerization, only the transformation of cis-trans 
isomerism can occur. This research provides us with the 
potential for designing supramolecular reaction systems to 
manipulate stereochemistry more rigorously. 
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