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Supplementary Figures and Tables
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Figure S1. Schematic illustration of the crystallization.
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Figure S2. Optical microscope (OM) and scanning electron microscope (SEM) images

of the crystalline grains of VPC-1.
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Figure S3. Interaction energies, AE (kcal mol'), for dimers along various crystal
directions extracted from the crystal packing of VPC-1 under vacuum, calculated at the

®B97XD/6-31G** level of theory.
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Figure S4. Crystal packing diagram of VPC-1 under 0 %RH obtained with Rietveld

refinement.
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Figure S5. FTIR spectra of VPC-1 on increasing the relative humidity at 25 °C. Data

extracted from our previous work.?? The dotted circles indicate the analogy with the

theoretical normal modes shown in Figure S6.
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Figure S6. (a) A top-view of the three theoretical models proposed for G2ZDBPHZ, where
the internal Cz dihedral angles (&) are twisted 70° (model 1), 60° (model 2), 45° (model
3) whereas the external dihedral angles (6» and &) are kept fixed at 40°. (b) Theoretical
IR spectra (CAM-B3LYP/6-31G** level) of the three models. (c) Eigenvectors associated

to the infrared bands that are most affected by the relative humidity. The measured and

theoretical (in parentheses) wavenumbers are also shown.
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Figure S7. Rigid potential energy surface scan of G2DBPHZ as a function of the inter-
ring dihedral angle (6) between central DBPHZ spacer and the adjacent carbazole unit,
calculated at the CAM-B3LYP/6-31G** and ®B97XD/6-31G** level of theory,

respectively.
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(a) VPC-1 under vacuum (b) VPC-10% RH (c) VPC-192% RH
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Figure S8. Interaction energies, AE (kcal mol-1), for n-n dimers extracted from crystal
X-ray data (upper part) and reoptimized at the ®B97XD/6-31G** level of theory (lower
part) for VPC-1 under vacuum (a), under 0 %RH (b) and under 92 %RH (c).

(a) VPC-1 under vacuum (b) VPC-1 0% RH (c) VPC-192% RH
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Figure S9. Interaction energies, AEdefect (kcal mol™), for seven n-n stacked molecules
extracted from the crystal packing of VPC-1 under vacuum (a), under 0 %RH (b) and
under 92 %RH (c). The defect energies has been evaluated as follows: AEdefect = E(7

stacked molecules) - [E(7 stacked molecules — central molecule) + E(central molecule)].



ni-t Dimer along the ag-axis Dimer along the ac-plane

1T

3 I.)' I LT £,
_ "'|IL 1 T i

) ey o

v aat; {1/ - -

oL AF=-62.43 o Ty AE=-10.30

~ -;_-‘{x . .:.}- Beapegges

" el

\6\ e L

— .n" ¥ { I'\. 4L

Dimer along the ab-plane

Yy A P | 9, N ra
. }":h ) ‘r]_f.'.I'U T f_u?,' /\‘ :_‘."\%. _ ?':_f_'.l'L"J fl.-h,, .4}1.5.'
: Yy N i AE=-3.15
A Pt oA A
,'.)"rj L'\.i\r L 2 f"f 1_‘-\-1'.‘

Figure S10. Interaction energies, AE (kcal mol™'), for dimers along various crystal
directions extracted from the crystal packing of VPC-1 under 0 %RH, calculated at the
®B97XD/6-31G** level of theory.
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Figure S11. Interaction energies, AE (kcal mol™'), for dimers along various crystal
directions extracted from the crystal packing of VPC-1 under 92 %RH, calculated at the
®B97XD/6-31G** level of theory.
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Figure S12. N> (a) and H>O (b—d) isotherms of VPC-1 measured at 77, 283,293, and 303

K, respectively. The data is reproduced from a reference without any modifications.*?

(a) G2DBPHZ dimer with 1 water molecule (a) G2DBPHZ dimer with 2 water molecules
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Figure S13. DFT-optimized geometries of a GZDBPHZ dimer with a H.O molecule (a)
and two H>O molecules (b), calculated at the ®B97XD/6-31G** level of theory. The
binding energies of the H,O molecules (in kcal mol™') and the hydrogen bond distances

formed between the H>O molecules and with the N atoms of the DBPHZ core.
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Figure S14. PXRD profiles of VPC-1 before (black curve) and after (red curve) 10 cycles
of H>O adsorption and desorption.
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Figure S15. Time-course profile of (C—C.) / (Co — C) at 25 °C when introducing H,O
vapor to VPC-1 (a), activated carbon for common gas (UES Co., Ltd., USG-PT-SX-200)
(b), activated carbon for neutral gas (UES Co., Ltd., USG-CT-S-200) (c), carbon
nanotubes (d), and zeolite A-5 (e). C is the concentration of water vapor, Co is the

concentration of water vapor at ¢ = 0 s, and C. is the concentration of water vapor at

equilibrium.
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Figure S16. (a) Schematic illustration of the experimental setup for measuring diffuse
reflectance of VPC-1, which was pumped with the infrared light generated from the free

electron laser. (b) Detailed schematic illustration of the chamber.
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Figure S17. Plot of diffuse reflectance at 532 nm of VPC-1 on experimental setup with

IR irradiation.
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Figure S18. Plots of the diffuse reflectance of VPC-1 as a function of £ of the pump
infrared light. The wavenumber of the pump laser was 1140 (a), 1170 (b), 1220 (c), 1273
(d), 1310 (e), 1342 (f), 1449 (g), 1470 (h), 1498 (i), 1598 (j), 1614 (k), and 1667 cm! (1).
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Figure S19. Schematic illustration of the setup for measuring the temperature of VPC-1

during irradiation of the pump light. The thermocouple was set in the stack of VPC-1.
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Figure S20. Plots of the temperature of VPC-1 as a function of the P and A of the pump
light. The ambient temperature of VPC-1 was 22.6 °C.
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Figure S21. Time-course profile of diffuse reflectance of VPC-1. P of the pump light

oscillated between 4.2 and 57 mW cm ™2 repeatedly with an interval of 30 sec.

Figure S22. Photographs of the cellophane film put in the container without VPC-1. (a)—
(d) The film was irradiated with a pump light (P = 375 (a), 590 (b), 790 (c), and 1010 (d)
mW cm?). (e)—(g) The relative humidity in the container is set to be 60, 70, and 80 %RH.

The films were not actuated in all the cases. Scale bars: 5 mm.
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Figure S23. Photographs of a film actuated by the humidity from VPC-1. 20 mg weight

silicon grease is loaded at the end of the film. Scale bars: 5 mm.
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Figure S24. Time-course profile of velocity (a) and acceleration (b) of the film loaded

with 20 mg silicon grease calculated based on the photographs.
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Figure S25. (a) Time-course profile of the height of the film edge when silica gel was put
beneath the film instead of VPC-1 and was irradiated with a white light as the pump.
Silicon grease was not loaded on the film. (b) The amplitude of the film bending as a
function of P when activated carbon was put beneath the film instead of VPC-1 and was

irradiated with a white light as the pump.
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Figure S26. Time-course change in the height of film edge when irradiating activated

carbon with the pump light.
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Figure S27. Photographs of the film actuated by VPC-1 put in an open space. Scale bars:

5 mm.
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Figure S28. Photographs of VPC-1 changing its color upon irradiation of the pump light.
The color of VPC-1 gradually turns back to red. Scale bars: 5 mm.
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Figure S29. Magnified chart of Figure 4f with error bars (standard deviation, n = 4).
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Table S1. Crystal structure information of VPC-1 under vacuum.

Crystal data

Formula CooHs4Ng
CCDC reference No. 2355950
Formula weight 1271.50
Temperature/K 293
Crystal system monoclinic
Space group Cm

a/A 4.00(19)
b/A 63.51(13)
c/A 14.4(2)
a/° 90
plr° 94.6(5)

y° 90
Volume/A3 3642(181)
VA 2
Pealcg/cm’ 1.159

Crystal size/mm?

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]

Largest diff. peak/hole / e A

0.002 x 0.0005 x 0.00001
electron (A =0.0251)

0.208 to 1.796

-4<h<4,-77<k<77,-15<1<16

7374

5887 [Rint = 0.0676, Rigma = 0.1816]

5887/830/455

0.956

R1=0.1210, wR> = 0.3067
R1=0.1813, wR, = 0.3598

0.20/-0.15
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Table S2. Crystal structure information of VPC-1 under atmosphere at 0 %RH and

92 %RH.

Crystal data

Humidity (%RH) 92 0

Chemical formula C46H27N4'O C46H27N4'4(O)
M; 651.72 699.72

Crystal system, space group

Monoclinic, Cm

Monoclinic, Cm

Temperature (K) 300 300

a, b, c(A) 4.0139 (7), 63.583 (5), 14.4147 (10) 3.9926(7), 63.674(5), 14.4007(10)
B©) 94.02 (2) 93.93(2)

V(A3 3669.81 3652.38

VA 2 2

Radiation type Synchrotron, A =1.00000 A Synchrotron,, = 1.00000 A
Refinement

R, Rwp, RI 0.032, 0.045, 0.077 0.024, 0.035, 0.085

No. of reflections 273 271
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