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Chemicals and Instruments 

All reagents were commercially available and used as received without further purification. 

Spironolactone (SPI, 99%) and Saccharin (SAC, 99%) was purchased from Heowns. Isopropanol 

(99.5%) was purchased from Shanghai Meryer Chemical Technology. All water used in our 

experiments is distilled water. 

The X-ray powder diffraction (XRD) data were collected using a Rigaku D/max 2500. The X-ray 

single crystal diffraction (XRSD) data was collected on single-crystal X-ray diffractometer (Rigaku 007, 

Saturn 70). The thermogravimetric analyzer (TGA) was recorded using TGA/DSC system (Mettler-

Toledo, 1 STARe). The differential scanning calorimetry (DSC) was carried out on a DSC 1 STARe 

system (Mettler-Toledo, 1 STARe). The videos and micrographs of jumping crystals were recorded 

using a microscope (Nikon SMZ745T) with a camera. In the process of material preparation, the 

temperature & humidity control chamber (ESPEC, GPR-2) was used for storing crystals. The vacuum 

oven (Taisite, DZ-2BC II) was used to dehydrate the crystals completely. Weighing and gravimetric 

analysis were carried out on a five digit balance, up to 0.01 mg (Mettler-Toledo, ML204T/02). 
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Detailed Experimental Procedures 

1. Preparation of SPI-SAC cocrystal hydrates: For getting crystal seeds, a mixture of 40 mg 

(around 0.10 mmol) of SPI and 18 mg (around 0.10 mmol) of SAC was ground using a mortar for 5 min 

and then was ground for another 5 min after adding 40 μL of water. SPI (208 mg, 0.50 mmol) and SAC 

(92 mg, 0.50 mmol) were dissolved well in 10 mL isopropanol at 353 K. After adding 10 mL of water, 

the solution was cooled to room temperature without crystallization. After adding little seeds, the 

solution was kept to evaporate solvent slowly for about 2 days to obtain colorless SPI-SAC cocrystal 

hydrates (Figure S1). 

 

Figure S1. Microphotographs of prepared SPI-SAC cocrystal hydrates. 

2. Preparation of SPI-SAC cocrystal hydrates with different water content: The crystals were 

quickly fished out from saturated solution to a culture dish and stored in the GPR-2 for 12 h. The 

crystals with different water content were obtained by controlling the temperature and relative humidity 

(RH) of the air in the GPR-2 (Figure S2, Table S1). The water content was calculated with the 

difference of sample weight before and after vacuum drying divided by the initial sample weight 

(averaged and statistically analyzed from three parallel groups of each sample), which was also 

confirmed by TGA (Figure S7, S8). Additionally, the reloading water process of anhydrate SPI-SAC 

crystals was carried out in the GPR-2 at 90% RH, 298 K for 12 h. 
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Figure S2. Water content of SPI-SAC cocrystal hydrates under different relative humidity. 

3. Observation of the jumping behavior of SPI-SAC cocrystal hydrates: Some prepared SPI-SAC 

cocrystal hydrates were selected to be put on glass slide and heated on an open temperature-controlled 

hot stage (ZNCL-BS140, Tianjin Xingke Instrument Co., Ltd.) from 298 K to 353 K with the average 

heating rate 18.3 K/min, and observed under the microscope. To ensure the continuity and integrity of 

the crystal motions, we recorded the video of the crystals heating process and took screenshots from the 

video (Movie S1). 

Notes: Some obvious jumping behaviors including multiple jumping were shown in Figure S10, S11 

and Supplement Movie S2, S4. 

4. Observation of the recyclable jumping behavior of SPI-SAC cocrystal hydrates after solvent 

reloading: During the first heating from 298 K to 353 K, average heating rate 10 K/min, some crystals 

were separated from hot stage in time after jumping, and placed in the wet air (298 K, 90% RH) kept by 

the GPR-2 for 6 h to reload water. Then we reheated them under the same heating conditions to observe 

jumping behavior. The heating and reloading water process was repeated until some of jumped crystals 

jumped again. All the jumping processes were recorded by the camera of the microscope (Movie S3). 

Notes: We have done heating and reloading water cycles many times for crystals, some of them could 

still jump three times in total showing good reversibility so we didn't do further experiments. 
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X-Ray Powder Diffraction Patterns 

 

Figure S3. X-ray Powder Diffraction Patterns patterns of SPI-SAC cocrystal hydrate powders and SPI-

SAC cocrystal powders after complete dehydration and corresponding simulated crystallographic 

diffraction patterns from single crystal structure (CCDC 2070184, CCDC 2070186, respectively). 

Noting that the lattice parameters were almost unaffected by the introduction or removal of the water 

molecule. 
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Differential Scanning Calorimetry Analysis 

DSC analysis were carried out on powder sample, single crystals of the SPI-SAC cocrystal hydrates 

and SPI-SAC cocrystal anhydrate single crystals prepared by vacuum drying at 393 K. All the heating 

and cooling rate was 10 K/min.  

 

Figure S4. DSC curve of SPI-SAC cocrystal  

. Heating rate was 10 K/min. The onset of the melting of SPI-SAC cocrystal hydrates was 422 K. 
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Figure S5. DSC curves of SPI-SAC cocrystal hydrates powder samples, single crystals, and SPI-SAC 

anhydrate single crystals under a thermal cycling. Heating and cooling rate was 10 K/min. 

Notes: (1) The sawtooth profile was the common signature of crystal jumping and these sawtooth 

profiles appearing from 305 K to 382 K along with continuous dehydration of SPI-SAC cocrystal 

hydrates indicates intermittent jumping happened in SPI-SAC cocrystal hydrates. (2) The endothermic 

peak was not observed in anhydrate crystals, suggesting that crystals could not jump after the complete 

desolvation. 

 

Thermogravimetric Analysis 

The powder samples and single crystals of SPI-SAC cocrystal hydrates were performed TGA to 

confirm temperature range of water loss (Figure S6).  

In order to study the effect of the jumping-mate (water) content on crystal jumping behavior, single 

crystals of SPI-SAC hydrates with different water contents were prepared in the GPR-2 with different 

temperature and relative humidity (Figure S2, Table S1) and performed TGA (Figure S7). The jumping 

parameters of the SPI-SAC-xH2O with different water content were also shown in Table S2. 

To confirm the reversible loading water process, TGA was also performed on SPI-SAC cocrystal 

anhydrates (single crystals) after being placed in the wet air for 12 h (Figure S8). 
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Figure S6. TGA curves of SPI-SAC cocrystal hydrates for single crystals and powder samples. Heating 

rate was 10 K/min. The decline of the curve from 298 K to 418 K indicated continuous water loss 

during the heating process. 

 

Figure S7. TGA curves of SPI-SAC cocrystal hydrates (single crystals) with different water content. 
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Figure S8. TGA curves of SPI-SAC cocrystal anhydrates (single crystals) after being placed at 90% RH, 

298 K for 12 h to reload water.  

Notes: The water loss of 1.30% indicated the release-reloading water process is reversible. 

 

Comparison of Jumping Parameters 

The jumping experiments of SPI-SAC cocrystal hydrates with different water content (Table S1) 

were carried out for comparison. We measured the length, width and height of the crystals, but it is 

difficult to obtain the height/thickness of crystals accurately, especially for thinner crystals. Their 

thicknesses were estimated. The weight of every kind crystal before and after jumping and the jumping 

temperature of every crystal are recorded. Besides, crystals jumping were recorded by stereomicroscope 

and phone camera simultaneously for the jumping distance and jumping height. The jumping height is 

measured with a ruler placed perpendicularly near the heating stage. The horizontal jumping distance is 

obtained by measuring the distance in a straight line between the position before and after jumping of 

the crystal. The speeds of the jumping, including horizontal speeds and vertical speeds, are equal to 

jumping distances divided by time, in which the jumping time is calculated by multiplying the number 

of frames difference before and after jumping and the time interval of each frame (0.01 s) in the video. 

Reversibility is whether the crystal can return to its original state by heating or placed in the wet air. 

The maximum number of cycles is measured by counting the number of heating and reloading water 

circle until crystals cannot jumping anymore while heating. We have done cycles many times for every 

kind of crystal, some of them could still jump three times in total showing good reversibility so we 

didn't do further experiments while recorded the maximum number 3 of cycles uniformly. The 

maximum jumping frequency of a single crystal is the maximum number of jumps counted during a 
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heating process. Jumping probability is ratio of the number of jumping crystals to the number of all 

crystals for one kind jumping crystal in all experiments (Table S2). 

Table S1. Water content of SPI-SAC cocrystal hydrates under different storage conditions. 

Water content (1.45±0.09)% (1.36±0.09)% (0.92±0.1)% (0.61±0.08)% (0.39±0.07)% 

Temperature 298 K 298 K 298 K 298 K 298 K 

RH 90% 80% 40% 20% 10% 

 

Table S2. Comparison of the jumping parameters of the SPI-SAC-xH2O with different water content. 

Jumping Parameters 
SPI-SAC-

0.46H2O 

SPI-SAC-

0.32H2O 

SPI-SAC-

0.19H2O 

SPI-SAC-

0.13H2O 

Crystal Length/cm 0.05-0.5 0.05-0.5 0.05-0.5 0.05-0.5 

Crystal Width/cm 0.02-0.1 0.02-0.1 0.02-0.1 0.02-0.1 

Crystal Height/cm 0.01-0.04 0.01-0.04 0.01-0.04 0.01-0.04 

Jumping 

Temperature/K 
298-393 298-393 298-393 298-393 

Weight Difference/% 1.36 0.92 0.61 0.39 

Jumping Height/cm 0.5 0.5 0.4 0.2 

Jumping Distance/cm 3.3 2.8 1.6 0.5 

Vertical Jumping 

Speed/cmꞏs-1 5 5 4 2 

Horizontal Jumping 

Speed/cmꞏs-1 
33 28 16 5 

Reversibility Yes Yes Yes Yes 

Maximum Number of 

Cycles 
3 3 3 3 

Maximum Jumping 

Frequency 
4 3 2 2 

Jumping Probability 81 in 136 71 in 146 49 in 122 28 in 115 
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Crystallographic Information 

A single crystal of SPI-SAC-0.5H2O was selected and fixed on a Bruker APEX-II CCD 

diffractometer. The crystal was kept at 298 K, 353 K, 393 K, 298 K during data collection. Using 

Olex21, the structure was solved with the ShelXS2 structure solution program using Direct Methods and 

refined with the XL2 refinement package using Least Squares minimisation. After obtaining the 

crystallographic information of the four crystal structure, we found that the process of loading water 

was reversible. All the four single crystal structure data were shared by us, could be downloaded from 

the Cambridge structural database, and summarized in Table S3. 

Notes: (1) The tested sample was the same crystal. (2) The crystal was kept for 5 minutes to stabilize 

the temperature before data collection. (3) after tested at 393 K, we had a break and turned off N2 flow. 

The crystal was placed in the air for 6 h at 298 K and tested again. We found the electron density of the 

H2O molecule again, which indicates that the water removal/absorption process is reversible. (4) We 

found another crystal form of SPI-SAC cocrystal hydrate and obtained single crystal structure (CCDC 

2067403). The polymorphism of SPI-SAC cocrystal hydrate was not discussed in this work. 
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Table S3. Crystal structure information of SPI-SAC-xH2O with variable water content, 0.5H2O, 

0.25H2O, 0H2O, 0.125H2O at different temperature. 

SPI-SAC-xH2O SPI-SAC-0.5H2O SPI-SAC-0.25H2O SPI-SAC SPI-SAC-0.125H2O 

CCDC 2070184 2070185 2070186 2070187 

Formula C14H14N2O2 C14H14N2O2 C31H37NO7S2 C31H37.25NO7.13S2 

Temperature (K) 298 K 353 K 393 K 298 K 

Space Group C2 C2 C2 C2 

Crystal System monoclinic monoclinic monoclinic monoclinic 

a (Å) 25.2663(9) 25.2658(18) 25.208(2) 25.321(6) 

b (Å) 6.3994(2) 6.3976(5) 6.3747(6) 6.4135(15) 

c (Å) 22.1324(8) 22.0858(16) 21.980(2) 22.097(5) 

α (deg) 90 90 90 90 

β (deg) 120.7850(10) 121.1380(10) 121.0010(10) 121.404(3) 

γ (deg) 90 90 90 90 

V (Å3) 3074.33(19) 3055.6(4) 3027.5(5) 3062.8(12) 

ρcal, (Mg/m3) 1.315 1.313 1.316 1.305 

µ, (mm-1) 1.294 0.222 0.223 0.221 

Z 4 4 4 4 

R-factor 0.0396 0.1013 0.1712 0.0525 

wR2 0.1140 0.2855 0.2627 0.1288 

GOF 1.066 1.058 0.934 0.991 

Total no. of 

unique data 

(I>2σ(I)) 

8925 5144 9288 16159 

Total no. of data 51668 10209 16633 8823 

Number of 

parameters 
378 381 373 375 
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Figure S9. Overlay of the crystal structure of SPI-SAC-0.5H2O (blue, CCDC 2070184) and SPI-SAC 

(green, 2070186). Noting that there was no conformational change of SPI and SAC molecule before and 

after dehydration. 
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Table S4. Comparison of the crystal system, lattice constant, and cell volume per molecule of SPI-

SAC-0.5H2O, SPI-SAC -0.25H2O, and SPI-SAC. 

SPI-SAC-

xH2O system 
a (Å), 

Δa (%) 

b (Å), 

Δb (%) 

c (Å), 

Δc (%) 

α (deg), 

Δα (%) 

β (deg), 

Δβ (%) 

γ (deg), 

Δγ (%) 

V/Z (Å3), 

Δ(V/Z) 

(%) 

SPI-SAC-

0.5H2O 
monoclinic 

25.2663, 

0 

6.3994, 

0 

22.1324, 

0 

90, 

0 

120.785, 

0 

90, 

0 

3074.33, 

0 

SPI-SAC-

0.25H2O 
monoclinic 

25.2658, 

0 

6.3976, 

0.03 

22.0858, 

0.21 

90, 

0 

121.138, 

-0.29 

90, 

0 

3055.6, 

0.61 

SPI-SAC monoclinic 
25.208, 

0.23 

6.3747, 

0.39 

21.98, 

0.69 

90, 

0 

121.001, 

-0.18 

90, 

0 

3027.5, 

1.52 

Notes: All the comparison is based on the crystal structure of SPI-SAC-0.5H2O at 298 K. 

Notes: The jumping behaviors in this work occurred continuously in a temperature range (298 K-393 K). 

The earlier jumping motions are below 320 K, and the lattice change in Δ(V/Z) should be below 0.61%. 

 

Additional Graphs 

The jumping behavior of SPI-SAC cocrystal hydrates was directly observed and recorded under the 

microscope with a variable-temperature stage (Figure S10, Movie S2). Some crystals were put on the 

stage and the initial state of them was shown in Figure 3a. Three crystals were numbered as 1, 2, 3 for 

convenient description. During the temperature ranging from 298 K to 393 K with the average heating 

rate of 10 K/min, persistent escape of solvents (water) from the surface of the crystals was observed, 

accompanied by the various jumping motions including jumping, flipping and swing.  

For crystal 1, it jumped suddenly at 278 s, 344 K with a distance of 3 mm, and followed by little 

rolling (Figure S10b-f). Obvious heat-induced solvent desorption on the crystal surface could be seen, 

which provided as enough fuel for crystal 1 to complete the jumping action in a second. For crystal 2, 

and 3, they flipped at 317 s, 351 K and swung at 395 s, 364 K, respectively (Figure S10g-k). It should 

be noted that these small-scale jumping motions happened in crystal 2 and 3 was the frequent 

occurrence throughout the whole jumping experiment (Movie S2). Figure 3i showed the final state of all 

crystals. Besides, the DSC results of anhydrated single crystals showed disappearing sawtooth curve 

(Figure S5) compared to the hydrate single crystals, indicating jumping behavior did not happened in 

the SPI-SAC cocrystal anhydrate, which was also confirmed by us in the jumping experiment. 
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Another multiple jumping behavior (3 times) was recorded under the microscope (Figure S11, Movie 

S4). Temperature ranged from 298 K to 353 K with the average heating rate 10K/min. The crystal in 

Figure S11 jumped at 240 s, 342 K, and then jumped at 272 s, 347 K, finally jumped at 283 s, 349 K, 3 

times in total. 

 

Figure S10. Microscopic observation of the jumping behavior of SPI-SAC cocrystal hydrates from 298 

K to 393 K (a-l), and partial enlarged microphotographs (i, j, k, inset). Average heating rate, 10 K/min. 

Noting that jumping distance of crystal 1 was about 3 mm followed by little rolling, and crystal 3 swung 

slightly at 364 K. Scale bar, 1 mm. 
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Figure S11. Microscopic observation of the multiple jumping behavior of SPI-SAC cocrystal hydrates 

from 342 K to 353 K (a-f). Average heating rate, 10 K/min. Noting that the crystal jumped 3 times in 

heating process from 342 K-353 K. Scale bar, 1 mm. 
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Comparison of the Unit Cell Parameters of the Reported Jumping Crystals 

Table S5. Comparison of the unit cell parameters of the reported jumping crystals. 

Reported 

cases 
Δ(V/Z) Notes 

13 +3.3% a (-11.6%), b(-20.7%), c(-17.1), β(-27.4%) 

24 +1.8% a(-3.1%), b(+4.4%), c(+1.3%), β(+1.4%) 

35 +2.4% a(+12.4%), b(+2.0%), c(−12.2%), β(-5.8%) 

46 +3.0% a(+0.8%), b(+10.5%), c(−7.5%) 

57 +1.1% a(−20.0%), b(+20.6%), c(−25.3%), α(+6.7%), β(−18.9%), γ(−8.5%) 

68 +4.3% a(+8.8%), b(+12.3%), c(−14.8%) 

79 +0.7% a(+1.4%), b(−1.6%), c(+0.7%) 

810 +3.6% a(-1.1%), b(+1.7%), c(1.2%), β(-5.0%) 

911 +2.6% a(+0.6%), c(+2.8%) 

1012  a(+8.1%), b(-6.3%), c(-1.1%), conformation change 

1113 -0.8% a(+2.1%), b(+4.2%), c(-0.7%), β(+11.2%) 

1214 -2.2% a(−27.0%), b(-38.8%), c(+19.3%), α(+25.6%), β(−3.3%), γ(+6.1%) 

1315 -1.4% a(-1.0%), conformation change 

1416 -3.6% b(-2.2%), c(-1.6%) 

1517 -5.3% a(-6.4%), b(+1.9%), c(-0.6%) 

1618 -7.3% a(+43.5%), b(+26.7%), c(+3.5%), α(-1.04%), β(+14.4%), γ(-11.1%) 

1719 -1.6% a(-0.6%), b(-0.3%), c(-0.7%) 

1820 +1.9% a(+1.2%), c(+0.6%), β(+0.8%), conformation change 

1920 +1.6% a(+1.0%), b(+0.7%), conformation change 

2020 +2.0% b(+1.8%), conformation change 

2121 -2.2% a(+1.9%), b(-5.6%), c(0.9%), β(-2.8%), conformation change 

2222 -4.1% a(-27.2%), b(-38.9%), c(+19.8%), α(+27.4%), β(-1.7%), γ(+6.5%) 

2323 -7.4% a(+4.4%), b(-5.6%), c(2.7%), α(18.1%), β(31.9%), γ(+5.6%) 

2424 +3.0% a(-12.0%), b(+45.8%), c(+60.6%), α(7.5%), β(3.9%), γ(-5.8%) 

2524 +4.9% a(-11.1%), b(4.3%), c(12.9%), α(12.2%), β(3.7%), γ(-14.5%) 

2624 +3.1% a(+2.1%), c(+1.0%) 

2725 +2.1% a(+7.7%), b(-4.6%), c(-0.8%) 

2825 +1.0% a(+4.8%), b(-3.2%), c(-0.8%), β(-2.1%) 
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2926 +1.7% a(-25.0%), b(+20.9%), c(+5.6%), α(+15.2%), β(+6.5%), γ(+2.0%) 

3027 -3.0% a(-4.2%), b(-11.5%), c(8.3%), α(13.0%), β(1.0%), γ(8.2%) 

3127 +0.9% a(+1.7%), b(−1.4%), c(+0.6%) 

3227 +0.5% a(-51.1%), b(−31.8%), c(+0.6%) 

3328 +0.9% a(-2.8%), b(+1.7%), α(-12.5%), β(+4.3%), γ(-4.8%) 

3429 -2.3 % a(-4.2%), c(+1.2%), α(+9.6%), β(+6.6%), γ(+25.7%) 

3530  Not single-crystal-to-single-crystal 

Notes: The reported data without single crystal structure information before and after jumping as well 

as the calculated values from powder X-ray diffraction were not in this table. 
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Additional Issues 

Additional issues are some points not mentioned in the manuscript while discussed with the reviewers. 

1. Oak ridge thermal ellipsoid plot diagrams (C: black, N: blue, O: red, and S: yellow): 

 

Figure S12. Oak ridge thermal ellipsoid plot diagram of SPI-SAC-0.5H2O at 113 K. 

 

Figure S13. Oak ridge thermal ellipsoid plot diagram of SPI-SAC-0.5H2O at 298 K. 

 

Figure S14. Oak ridge thermal ellipsoid plot diagram of SPI-SAC-0.25H2O at 353 K. 
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Figure S15. Oak ridge thermal ellipsoid plot diagram of SPI-SAC at 393 K. 

 

Figure S16. Oak ridge thermal ellipsoid plot diagram of SPI-SAC-0.125H2O at 298 K. 

Notes: All the hydrogen atoms are omitted for clarity. 

 

2. The description of SPI-SAC hydrate cocrystal structure characteristics 

At 298K, there is one SPI and one SAC molecule in the asymmetric unit, which are connected by 

N─HꞏꞏꞏO hydrogen bond formed between the ketone group on the six-membered ring of SPI and N─H 

group on SAC. Further, SPI and SAC molecules are stacked face-to-face along the b-axis to form a 

three-dimensional structure with 3.7×4.3 Å channels, which were occupied by water molecules bonded 

with two very weak hydrogen bonds connected with the ketone group on the five-membered ring of SPI. 


