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Other supporting material

Stress- and thermal-induced deformation behaviors under the microscope:

Movie S1. Thermal-induced mechanical deformation α → β and β→α transformation and 

shearing-induced mechanical deformation α → β and β→α transformation.

Movie S2. Shearing-induced mechanical deformation α to β at 32 ºC temperature and 

thermal-induced reverse transformation β → α at 39 ºC temperature.

Movie S3. Stress-displacement test on ( 12) and ( )  planes at 32 ºC and 39 ºC, 1̅ 1̅11̅

respectively.

Movie S4. Stress-displacement test on ( 12) plane at 38.9 ºC temperature.1̅
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Figure S1. ORTEP view and crystal packing of (a) α form and (b) β form. (a)(i) and (b)(i) 

are the ORTEP view of α form and β form with 50% probability of displacement 

ellipsoids, respectively. Both forms have triclinic system with P  space group with Z = 1̅

2. (a)(ii) and (b)(ii) are the crystal packing of α form and β form with the analysis of 

synthons, C―N―C bonds and N―H distances, respectively.

Figure S2. (a) Experimental setup and (b) Calculation of effective stress. Equations S1 

and S2 are the calculation of effective force and effective stress, respectively.
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Table S1. Comparison of mechanical parameters of organosuperelastic crystals. 

Compounds Mechanism σf / MPa σr / MPa Es / kJ m-3 η χ θ / °

Terephthalamide1 Phase 

transition

0.50 0.46 62 0.93 0.13 6.5

5-Tetrabutyl-n-

phosphonium 

tetraphenylborate2

Phase 

transition

0.53 0.42 50 0.79 0.10 5.3

7-Chloro-2-(2’- 

hydroxyphenyl)i

midazo[1,2-

a]pyridine3

Phase 

transition

1.53 0.66 560 0.43 0.51 42.1

Salt (32 °C) Phase 

transition

2.27 1.65 18 0.72 0.01 4.97

Salt (47 °C) Phase 

transition

3.21 3.07 26 0.92 0.01 4.97

Mechanism of superelasticity: mechanical twinning and mechanically-induced phase 
transition. Effective shear stress for deformation: proceeding in the forward (σf) and 
reverse (σr) directions. Energy storage density (Es=Win/V). The symbols Wout and V 
represent the output work and volume, respectively, in a deformed region of the specimen 
during superelastic deformation. Energy storage efficiency (η=Wout/Win) where Win 
represents input work. Superelastic index (χ=2E/(σf+σr)). θ represents the crystal bending 
angle.
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Figure S3. DSC curves of 1 during four consecutive heating-cooling cycles (a) and the 

one over decomposition (b). TG profile of 1 with the magnified region during a staircase 

weight loss due to α to β transition (c).

Table S2. Crystallographic data of α and β, and hydrate form of crystal 1.

Domain α β Hydrate salt

T /K 305(2) 312(2) 123(2)

Empirical 

formula

C20 H14 F12 N2 O4 

(Mother Domain)

C10 H7 F6 N O2 

(Daughter 

Domain)

C14 H09 F12 N O5

Crystal system triclinic triclinic triclinic
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Space group P1̅ P1̅ P1̅

a/Å 9.2422(2) 7.1050(3) 9.0200(5)

b/Å 9.2641(2) 8.9389(4) 9.6306(5)

c/Å 13.4983(4) 9.3188(4) 11.2785(6)

α /° 84.1350(10) 84.101(2) 68.659(2)

β /° 74.7540(10) 82.567(2) 73.934(2)

γ /° 85.0570(10) 73.593(2) 88.879(2)

V /Å3 1107.10(5) 561.61(4) 873.50(8)

Z 2 2 2

ρcalcd [g cm–3] 1.723 1.698 1.898

F(000) 576 288 496

μ [mm–1] 0.185 0.183 0.221

index ranges -11 ≤ h ≤ 10, -8 ≤ 

k ≤ 11, -12 ≤ l ≤ 

16

-6 ≤ h ≤ 8, -10 ≤ k 

≤ 10, -8 ≤ l ≤ 11

-9 ≤ h ≤ 10, -11 ≤ 

k ≤ 8, -13 ≤ l ≤ 13

Reflections 

collected

7282 3640 6170

Goodness of fit 1.023 1.048 1.108

R1(I> 2σ (all 0.0654 0.0919 0.0346
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data))

wR2(I> 2σ (all 

data))

0.2068 0.2985 0.1115

CCDC No. 2168787 2168788 2168789

Figure S4. Torsional and dihedral angles on and between bipyridines: (a) bipyridine 

(A) moiety of α form was compared with bipyridine (A) moiety of β form, and (b) 

bipyridine (A') moiety of α form was compared with bipyridine (A) moiety of β form. 
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Figure S5. Crystal packing of salt hydrate along the b-axis (water molecules with a space 

fill model). The inset highlights the 10-membered ring (R4
4(10) in the hydrogen bonding 

network with a capped sticks model.

Figure S6. Void surfaces (a) α form, (b) β form, and (c) hydrate form.

Table S3: Void volume of unit cell volume and % empty space in α and β, and hydrate 

forms.

S.No. Volume 

(Å3)

% Empty space of unit 

cell vol.

α form 175.10 15.8

β form 79.67 14.2

Hydrated form 110.11 12.6

Three-Point Bending Tests. Variable temperature three-point bending test experiments 

were conducted by using a universal testing machine coupled with a thermal controlled 

stage. A single crystal was put on two-point support and a metal-blade jig was used to 

apply stress to the crystal (Fig. S5). At a displacement rate of 3 m sec-1, the jig pushed the 

crystal face (01 /0 2 in α form and 01/10  in β form) downward (press). The tension 2̅ 1̅ 1̅ 1̅

was released after bending, and the deformation behavior was observed using a polarized 
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microscope. The displacement with respect to the applied force is calculated using the 

three-point bending test. The following equation, where L is the support span (mm) and 

D is the deflection of the center, is then used to convert it to stress and strain (mm).

Figure S7. Experimental setup. A single-crystal specimen was supported on two points, 

and a metal-blade jig was used to apply the load to the crystal.



S10

Figure S8. Stress-Strain curves of crystal 1 recorded by three-points bending at 32 to 47 

ºC with the slope gradient giving elastic modulus.
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Figure S9. The Solid-state 13C CP/MAS NMR spectrum of crystal 1, 1,2-bis (4-pyridyl) 

ethane (BPE) and dodecafluorosuberic acid (DFSA) measured at 5 kHz (orange) and 7 

kHz (blue) at room temperature. Asterisks denote the spinning sidebands. The up-field 

shift from 164.6 ppm to 161.8 ppm in the carbonyl carbon of the DFSA is colored in light 

green and blue, respectively.

 



S12

Figure S10. A B3LYP/6311+G** function was used to estimate the 13C NMR peaks of 

dodecafluorosuberic acid in (a) neutral and (b) anion form. The highlighted values 

indicate the up-field shift in the carbonyl carbon peak of the dodecafluorosuberic acid 

which was also seen in α form of crystal 1.
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Figure S11. A B3LYP/6311+G** function was used to estimate the 13C NMR peaks of 

1,2-bis(4-pyridyl) ethane in (a) chair and (b) planar form. The highlighted values indicate 

the conformational changes which were seen in the α form of crystal 1.
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Figure S12. Powder X-ray diffraction patterns of the α, β, hydrated forms of crystal 1.
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