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1. Experimental section

1.1 General methods

1). Infrared (IR) data were collected using a Nicolet iS50 FT-IR spectrophotometer, covering 

the range from 4000−400 cm−1 with air as the baseline.

2). Electronic absorption spectra were obtained in the reflectance mode at room temperature 

using a UH4150 spectrophotometer equipped with an integrating sphere attachment, and pure 

BaSO4 served as the baseline.

3). Solid-state electron paramagnetic resonance (EPR) spectra were recorded on an EPR-

200Plus electron paramagnetic resonance spectrometer operating at a magnetic field of 100 kHz 

in the X band.

4). Powder X-ray diffraction (PXRD) patterns were collected at room temperature using a 

SmartLab 9 Kw diffractometer using Cu Kα radiation (λ = 1.5406 Å, 450 W). Simulated PXRD 

patterns generated using Mercury Version 3.5.1 software based on X-ray single crystal 

diffraction data.

5). Photoluminescence spectra were measured using an FLS1000 phosphorimeter with a 450W 

Xenon lamp as excitation source.

6). Light source of photochromism: CEL-PF300-T9 xenon lamp system was used to illuminate 

samples for achieving various spectra. The voltage was 15V and the current was set to 16A, so 

the used power was 240W. Then, the distance between the sample and the Xe lamp was around 

20 cm.

7). The NRI-II photothermal conversion measurement were conducted by irradiating crystalline 

plates with a 1064 nm Xinchanye laser. Sample temperatures were monitored using a 

HIKMICRO K20 infrared camera equipped with a micromirror. The crystalline plates were 

prepared with a tablet pressing machine with a diameter of 5 mm. The weight of the plate is 7 

mg for NRI-II photothermal conversion measurement.

8). Thermogravimetry (TG) and differential scanning calorimetry (DSC) analyses were 

performed using a Netzsch STA449F3 simultaneous thermal analyzer with Al2O3 crucibles 

under N2 (20 mL min−1) at a heating rate of 10 K min−1 over the range of 30–800 °C.

1.2 Computational details

1). The DOS was calculated using the CASTEP package1 in Materials studio 8.0. The structural 

model for compound 1 was built directly from the single-crystal X-ray diffraction data. The 

exchange-correlation energy was described by the PBE functional within the GGA.2,3 The norm 

conserving pseudopotentials were chosen to modulate the electron−ion interaction.4,5 The 
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plane-wave cut off energy was 750 eV, and the threshold of 5×10−7 eV was set for the self-

consistent field convergence of the total electronic energy. The Fermi level was selected as the 

reference and set to 0 eV by default. The smearing width was set to 0.05 eV for DOS. Other 

parameters were set to default values.

2). Calculation of intermolecular interactions6 in 1: The plots of the electron density (), reduced 

density gradient (s = 1/(2(3π2)1/3)|∇|/4/3) were obtained by density functional theory 

calculations. Calculations were performed with the B3LYP7 functional and the 6-311G (d,p) 

basis set, using the Gaussian 16 program8. The results were analyzed by Multiwfn9 and VMD.

3). Calculation of theoretical UV-Vis absorption spectra and spin density. The mode of 

monomer radical ([BCA]••), dimer radicals (2[BCA]••) and trimer radicals (3[BCA]••) were 

directly built from crystal structure data of 1. Time-dependent density functional theory (TD-

DFT) calculations were performed with the m062X functional and the 6-311G (d,p) basis set, 

using the Gaussian 16 program8. The results of UV-Vis absorption spectrum and molecular 

orbitals were analyzed by Multiwfn9. The spin density result was obtained from GaussView 

5.0.

1.3 Materials and Synthesis 

Materials. All chemical reagents and solvents utilized in the synthetic experiments were of 

analytical grade and required no further purification.

Synthesis of compound 1. Compound 1 was synthesized using revised documentation 

procedures10, resulting in simplified synthesis procedures. For the preparation of 1 

([Cd(BCA)]2∙(H2O)2∙DMFn), a mixture comprising Cd(NO3)2 (0.2 mmol, 61.6 mg), BCA 

(0.1 mmol, 35 mg), 4 mL DMF was transferred into a 10 mL Teflon lined autoclave and sealed. 

The reaction proceeded at 110 °C for 3 day, yielding light yellow crystalline samples. These 

samples were collected after filtration (yield: ∼65 % based on BCA ligand). The phase purity 

of 1 was confirmed by IR (Fig. S1) and PXRD data (Fig. S2).
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2. Additional graphics

Fig. S1 IR spectra of compound 1: before, measured data for as-synthesized samples; after, 

measured data for colored samples.

Fig. S2 PXRD patterns of compound 1 and 1P. Sim.: simulated data using single-crystal data. 

And the data for 1P samples after annealing at 50 oC and 120 oC for 2 hours are also shown.
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Fig. S3 EPR spectra of 1 and 1P in the solid state. And the data for 1P samples after annealing 

at 50 oC and 120 oC for 2 hours are also shown.

Fig. S4 The thermogravimetric (orange solid line) and differential scanning calorimetric (green 

dotted line) curves for metal-organic framework 1.
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Fig. S5 PXRD patterns of 1P. Sim.: simulated data using single-crystal data. And the data for 

1P samples after immersing in different solvents for 1 day are also shown. Compared to the 

simulated pattern at 100 K, the slight blue shift in the diffraction peak at 15.3°, corresponding 

to the (-1 1 2) plane, is likely attributed to minor structural expansion at room temperature.

Fig. S6 Solid-state EPR spectra of 1P placed in air and immersed in various solvents for 1 day 

(same test conditions and sample weight).
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Fig. S7 Temperature curves of 1P and blank quartz glass plate under the irradiation of a 1.5 

W/cm2 1064 nm laser.

Fig. S8 Temperature decaying curve of compound 1P after removing the laser source of 1064 

nm (1.5 W/cm2) (a) and the corresponding time-ln linear curve (b). The photothermal 

conversion efficiency (1064 = 54.27 %) was also calculated based on reported method11: 1064 

= , where the I is the laser power (1.5 W/cm2), A1064 is the absorbance of the 

ℎ𝑆𝑇𝑚𝑎𝑥

𝐼(1 ‒ 10
‒ 𝐴1064)

samples at the wavelength of 1064 nm (0.14, F(R)), and ΔTmax is the maximum temperature 

change (35.5 K). hs can be calculated based on the formula of  = , where  is the 𝑠

∑
𝑖

𝑚𝑖𝐶𝑝,𝑖

ℎ𝑠 𝑠
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sample system time constant,  (0.007 g) and  (1.13 J(goC)1) are the mass and heat 𝑚𝑖 𝐶𝑝,𝑖

capacity of system components. When the laser turns off,  can be estimated according to the 𝑠

formula: t =  . The  can be obtained according to the formula:  = , where T is 𝑠𝑙𝑛  

𝑇 ‒ 𝑇𝑠𝑢𝑟𝑟
𝑇𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟

the temperature of sample, Tmax is the maximum system temperature, and Tsurr is the 

environment temperature.
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