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 1. General information 
 
All commercial chemicals were used as received. Guest 1 and cage 2 were prepared following modified 
literature procedures. NMR spectra were recorded on a Bruker Avance III 300 MHz or on Bruker Avance 
III HD 500 MHz spectrometer. Chemical shifts (δ) are given in ppm relative to residual protio solvent 
resonances (4.79 ppm for D2O and 7.26 ppm for CDCl3). A constant temperature of 298 K was maintained 
during the measurements. UV/Vis absorption spectra were recorded with a Shimadzu UV-2700 or a UV-
3600 spectrophotometer. For photoirradiation experiments, we used a Prizmatix Mic-LED 365 nm light-
emitting diode (LED) as a UV light source and a Prizmatix 520 nm Ultra High Power (UHP) Mic-LED 
LED (collimated LED power of 900 mW) as a green light source. For studying the photoisomerization 
reactions in-situ using NMR spectroscopy, the LEDs were equipped with a high numerical aperture polymer 
optical fiber (POF) (diameter 1 mm, length 5 m), which was inserted into the NMR spectrometer. For details 
on X-ray data collection and refinement, see Section 5. For details on DFT calculations, see Section 6.  
 
 

 2. Synthesis of arylazopyrazole 1 
 
Arylazopyrazole 1 was synthesized by modifying a previously published procedure [1].  
 

 
Scheme S1. Synthetic route for arylazopyrazole 1. Reagents and conditions: i) NaNO2, HCl, EtOH/H2O, 0-5 
ºC, 78%; ii) N2H4·H2O, EtOH, reflux, 91%; iii) CH3I, K2CO3, DMF, 90%. 
3-(2-phenylhydrazono)pentane-2,4-dione (3): A solution of aniline (0.5 g; 5.4 mmol) in 1 M aqueous HCl 
(10 mL) was cooled to 0-5 ºC and NaNO2 (0.38 g; 5.6 mmol) was added. After 1 h, an ice-cold solution of 
pentane-2,4-dione (0.67 g; 0.67 mmol) in 4 mL of 5:3 v/v water–ethanol was slowly added. After 2 h, aqueous 
NH4OAc was added until pH = 5-6, resulting in precipitation of the product, which was collected by filtration 
and dried in vacuo overnight (0.85 g, yield = 78%).  
 
1H NMR (300 MHz, CDCl3): δ = 7.43–7.21 (m, 5H), 2.61 (s, 3H), 2.50 (s, 3H). 
 
3,5-dimethyl-4-(phenyldiazenyl)-1H-pyrazole (4): To a solution of 3 (0.5 g; 2.4 mmol) in ethanol was added 
hydrazine monohydrate (110 mg; 2.2 mmol) and the mixture was refluxed for 6 h. Then, the volatiles were 
removed in vacuo, resulting in 0.46 g of 4 (yield = 91%).  
 
1H NMR (300 MHz, DMSO-d6): δ = 7.72 (d, 2H), 7.54 (t, 2H), 7.44 (t, 1H), 2.52 (s, 6H).  
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1,3,5-trimethyl-4-(phenyldiazenyl)-1H-pyrazole (1): To a solution of 4 (0.46 g; 2.3 mmol) in 2 mL of DMF 
were added sequentially K2CO3 (0.95 g; 6.9 mmol) and CH3I (0.327 g; 2.3 mmol) and the resulting mixture 
was stirred overnight at room temperature. Then, 20 mL of H2O was added and the product was extracted with 
ethyl acetate (20 mL × 3). The organic phase was washed with brine, dried with MgSO4, and concentrated 
in vacuo, resulting in 0.44 g of 1 as a yellow powder (yield = 90%).  
 
1H NMR (500 MHz, CDCl3): δ = 7.78 (d, 2H), 7.46 (t, 2H), 7.36 (t, 1H), 3.78 (s, 3H), 2.58 (s, 3H), 2.50 (s, 3H). 
 

 
 

Figure S1: 1H NMR spectrum of E-1 (500 MHz, CDCl3, 298 K).  
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 3. Characterization of inclusion complex (E-1)2⊂2 
 
 

 
 

Figure S2: 13C{1H} NMR spectrum of (E-1)2⊂2 (125 MHz, D2O, 298 K). The resonance at 30.9 ppm is due 
to residual acetone. The resonance at 133.2 ppm is due to one of the quaternary carbons of encapsulated E-1. 
 
  

 
 

Figure S3: Partial 13C{1H} NMR spectrum of (E-1)2⊂2 (125 MHz, D2O, 298 K). 
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Figure S4: Partial 13C{1H} NMR spectrum of (E-1)2⊂2 (125 MHz, D2O, 298 K). 
 
 

 
 

Figure S5: Partial 1H-1H COSY NMR spectrum of (E-1)2⊂2 (500 MHz, D2O, 298 K). 
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Figure S6: 1H-1H NOESY NMR spectrum of (E-1)2⊂2 (500 MHz, D2O, 298 K). The resonance at 2.22 ppm 
is due to residual acetone (note that it overlaps with the broad peak at 2.29 ppm due to E-1’s proton b).  

 
 

 
 

Figure S7: Partial 1H-1H NOESY NMR spectrum of (E-1)2⊂2 (500 MHz, D2O, 298 K) (the corresponding 
full-range spectrum is shown in Figure S6).  
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Figure S8: 1H-13C HSQC NMR spectrum of (E-1)2⊂2 (500 MHz, D2O, 298 K).  
 
 

 
 
Figure S9: Partial 1H-13C HSQC NMR spectrum of (E-1)2⊂2 (500 MHz, D2O, 298 K) (the corresponding 
full-range spectrum is shown in Figure S8). Correlation between H7 (7.57 ppm) and C7 at 111.8 ppm was 
found in other HSQC spectra recorded on the same sample.  
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Figure S10: Partial 1H-13C HSQC NMR spectrum of (E-1)2⊂2 (500 MHz, D2O, 298 K) (the corresponding 
full-range spectrum is shown in Figure S8). 
 
 

 
 

Figure S11: 1H-13C HMBC NMR spectrum of (E-1)2⊂2 (500 MHz, D2O, 298 K). 
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Figure S12: Partial 1H-13C HMBC NMR spectrum of (E-1)2⊂2 (500 MHz, D2O, 298 K) (the corresponding 
full-range spectrum is shown in Figure S11). 

 
 

 
 

Figure S13: Partial 1H-13C HMBC NMR spectrum of (E-1)2⊂2 (500 MHz, D2O, 298 K) (the corresponding 
full-range spectrum is shown in Figure S11). 
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Figure S14: Encapsulation-induced shifts in the resonances of E-1’s protons. Bottom: 1H NMR spectrum of 
E-1 (500 MHz, CDCl3, 298 K); top: 1H NMR spectrum of (E-1)2⊂2 (500 MHz, D2O, 298 K).  
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Figure S15: Comparison of the X-ray structures (wireframe representation) of the major (left) and the 
minor (right) conformations of E-1 dimer within (E-1)2⊂2 in the solid state. Note the proximity of the N-
bound methyl group of one guest molecule to the phenyl ring of the other molecule. One guest is shown in 
yellow, the other one – in gray, blue, and white (carbon, nitrogen, and hydrogen, respectively).  
 
 

 
 
Figure S16: Comparison of the X-ray structures (wireframe representation) of the major (red) and minor (green) 
conformers within (E-1)2⊂2 in the solid state. 
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 4. Reversible switching of (E-1)2⊂2 
 
 

 
 

Figure S17: 1H NMR spectrum of (E-1)2⊂2 exposed to UV light (i.e., a 1:1 mixture of (Z-1)⊂2 and Z-1) (500 
MHz, D2O, 298 K).  
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Figure S18: 1H-1H NOESY NMR spectrum of (E-1)2⊂2 exposed to UV light (i.e., a 1:1 mixture of (Z-1)⊂2 
and Z-1 (500 MHz, D2O, 298 K). 
 
 

 
 
 

Figure S19: Partial 1H-1H NOESY NMR spectrum of (E-1)2⊂2 exposed to UV light (i.e., a 1:1 mixture of 
(Z-1)⊂2 and Z-1 (500 MHz, D2O, 298 K) (the corresponding full-range spectrum is shown in Figure S18). 
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Figure S20: Partial 1H-1H NOESY NMR spectrum of (E-1)2⊂2 exposed to UV light (i.e., a 1:1 mixture of 
(Z-1)⊂2 and Z-1 (500 MHz, D2O, 298 K) (the corresponding full-range spectrum is shown in Figure S18). 
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Figure S21: A series of 1H NMR spectra (500 MHz, D2O, 298 K) of (E-1)2⊂2 pre-irradiated with UV light 
(see Figure 6 in the main text) (i.e., (Z-1)⊂2 + (Z-1)) before (bottom) and after thermal relaxation in the dark 
for different time periods up to 3 h. 
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Figure S22: A series of 1H NMR spectra (500 MHz, D2O, 298 K) of (E-1)2⊂2 following irradiation with UV 
light (365 nm) for 25 min and thermal relaxation for 3 h before (bottom) and after exposure to green light 
(520 nm) inside the NMR spectrometer (using an optical fiber) for different time periods (denoted in green 
font) for up to 20 min. The red arrow in the final spectrum indicates residual 2 arising from (Z-1)⊂2. 
 

 

 
 
Figure S23: Shifts in the proton resonances of encapsulated 1 induced by UV light (causing expulsion of 50% 
of the guests) followed by the addition of an excess (extra 2.5 eq) of cage 2 (causing re-encapsulation). The 
small signals at 8.94, 1.92, and 1.29 ppm correspond to contaminations (500 MHz, D2O, 298 K).  
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Figure S24: 1H NMR spectrum of Z-1 in water (500 MHz, D2O, 298 K). 
 
 

 
 
Figure S25: Photograph of a clear solution of Z-1 in water (left) and a suspension obtained by exposure to 
green light (E-1; right).  
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Figure S26: 1H NMR spectra of Z-1 (i; replotted from Figure S24), (Z-1)⊂2 (ii; replotted from Figure S23), 
and a 1:1 mixture of Z-1 and (Z-1)⊂2 (iii; replotted from Figure S23).  
 
 
 5. X-ray data collection and structure refinement 
 
Single crystals of inclusion complex (E-1)2⊂2 were obtained by slow evaporation of water from the aqueous 
solution. A data set was collected after immersion of a crystal in Paratone oil, followed by immediately flash-
cooling under a liquid nitrogen stream. Single-crystal X-ray data were collected on a sealed-tube Rigaku 
XtaLABPRO dual source diffractometer equipped with a Pilatus 200K detector using Cu-Kα radiation (1.54184 
Å). Data were collected under liquid nitrogen at 100 K. The data were processed with CrysAlisPRO and the 
structures were solved by direct methods using SHELXT [2]. Refinement was carried out based on F2 with 
SHELXL [3] with full matrix least-squares. Hydrogen atoms were assigned as isotropic in riding mode. 
PLATON SQUEEZE [4] was applied, eliminating the contribution of disordered water molecules. Crystallo-
graphic data and refinement parameters are summarized in Table S1. 
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Table S1. Crystallographic data for (E-1)2⊂2. 
 

 
 6. DFT calculations 
 
Geometry optimizations were carried out within unconstrained C1 symmetry in vacuo using Gaussian software 
[5]. The starting coordinates of the (Z-1)⊂2 complex were derived from the X-ray structure of the 1:2 complex 
of 2 and tetra-o-fluoroazobenzene [6], modified to account for the NOE correlations observed between Z-1 
and 2 (Figures S18–S20). The model was optimized as a dication with ten NO3

− anions, whose positions 
were based on the crystal structure of the cage [6] (the remaining two NO3

− anions were omitted to avoid 
arbitrariness; optimization without any counterions included led to unrealistic results). The calculations 
were performed at the B3LYP/6-31G(d,p)/LANL2DZ(Pd) level of theory [7, 8] and an empirical dispersion 
correction D3 [9]. 
 
 
 
 
 
 
 
 
 
 
 

CCDC No. 1939530 

Formula C118.85H170.66N51.31O23.09Pd6 

Formula weight 3326.31 

Crystal system Monoclinic 

Space group P21/c 

Crystal size (mm) 0.178 × 0.103 × 0.082 

Crystal color and shape Yellow chunk 

Temperature (K) 100 

a (Å) 22.2791(5) 

b (Å) 41.4992(4) 

c (Å) 15.0897(3) 

α (°) 90 

β (°) 138.302(4) 

γ (°) 90 

Volume (Å3) 9280.5(6) 

Z 2 

ρcalcd (g cm–1) 1.190 

μ (mm–1) 5.127 

No. of reflections (unique) 177889 (15815) 

Rint 0.0530 

Completeness to θ (%) 99.9 

Data / restraints / parameters 15815 / 225 / 990 

Goodness-of-fit on F2 1.024 

Final R1 and wR2 indices [I > 2σ(I)] 0.0826, 0.2441 

R1 and wR2 indices (all data) 0.0878, 0.2508 
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