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Experimental details

All the chemical reagents were purchased as high purity (AR grade) and used
without any  further purification. The organic co-crystal of 1,2-
diazabicyclo(2.2.2)octane bis(thiourea) (1) [dabco = 1,2-diazabicyclo(2.2.2)octane]
has been synthesized in aqueous solution of dabco and thiourea in a ratio of 1:2.
Variable-temperature X-ray single crystal diffraction experiments were performed on
a Rigaku Saturn70 diffractometer with Mo/Cu-Ko radiation (4 = 0.71073/1.5406 A).
Absorption corrections were applied by using multi-scan program.[1] Crystal
structures were solved by direct methods and refined by the full-matrix method based
on F? using the SHELXLTL software package using SHELXS-97.[2] All non-hydrogen
atoms positions were located using difference Fourier methods as implemented in
SHELXL-97. All of the non-hydrogen atoms were refined anisotropically and the
positions of the hydrogen atoms were generated geometrically.

Solid-state nuclear magnetic resonance (NMR) experiments were carried out on a
Varian Infinityplus-300 spectrometer with a 4 mm double-resonance MAS probe at
resonance frequencies of 299.8, and 75.4 MHz for 'H and '3C, respectively. 13C
CP/MAS NMR spectra were acquired at a spinning rate of 6 kHz and a recycle delay
of 10 s. 3C—'H dipolar couplings were measured using the DIPSHIFT experiment
under 6 kHz MAS with a recycle delay of 10 s. [3] The time domain data were fit to
give the apparent dipole coupling strengths in DIPSHIFT experiment. The true
BC-H dipolar couplings were calculated on the basis of apparent dipole coupling
strengths and PMLG scaling factor. The '3C Ty values of CH, group in (dabco) were
measured using the Torchia sequence [4] as a function of temperature. The data were
fitted to an exponential decay function to extract '*C T; values. The sample
temperatures were calibrated by the chemical shifts of Pb(NO); under the similar
condition in the variable temperature NMR experiments.



XRPD patterns were recorded by an X-ray diffractometer (Rigaku Corporation
SCXmini). Differential scanning calorimetry (DSC) is measured by a differential
thermal analyzer of Netzsch DSC 200 F3 under nitrogen atmosphere in aluminum
crucibles with the heating/cooling rate of 10 K/min. The specific heat measurement
was performed on a PPMS-9T instrument in the temperature range of 2—293 K.
Dielectric experiments were carried out on crystal specimen by TH2828 Precision
LCR Meter at different frequency with an applied electric field of 0.5 V. The
electrodes were made by sputtering silver onto both sides of samples and attaching
copper leads with silver paste. Calibration of standard capacitor reveals that the

experimental errors are within + 1% accuracy.

Table S1. Crystal data and structural refinement details of 1 at 298 K and 100 K.
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Figure S1. The well-matched experimental and calculated PXRD patterns at room
temperature confirm the purity of 1; The inset is the grown crystal of 1 with size of
12.5%5.8%3.6 mm?.

LTP 100K

Figure S2. Asymmetric unit of 1 in RTP (a) and LTP (b), of which dabco molecule
locates in the disordering and ordering respectively. N-Hee*N hydrogen bonds connect
the dabco and thiourea together.

RTP 298K

—
®
[

— 20 3
Fe——hfe— Ye—d Tty = =
g 184 5 ——b axis-cooling ] E
% —+—b axis-heating <~"’ %
E ] ap—ssssssun > {2 2
~ Je—>-m-a axis-cooling & ; )
:gn 14 —m—a axis-heating ——¢ axis-cooling ﬁ]
2 —p—c axis-heating &
3 /pfb/) 81 2
T " PRy Aedemeddhe—ik]|  F
4] 84 B 2
95.85 18.0

= ga—ov—ts—seaee ~o-Cell volume-cooling {55
& +

< 95.70 —o—Cell volume-heating £
e ‘_-5\\0———‘———0—"_0 44400 g
S .- Angle beta-cooling 8
3 masg R B {3300 3
el N " :
= 95.40 \ J2200 £
32 Yopunvad o B

95.25 i __q{uoo
240

Figure S3. Temperature dependences of the unit cell parameters of 1 with a mode of

heating and cooling.
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Figure S4. Temperature dependency of the real part ¢” (up) and the imaginary part &”’
(down) of the dielectric permittivity of 1 with crystal.
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Figure S5. N-Hee*N hydrogen bond configuration of 1 in RTP and LTP.



Figure S6. The crystalline array of 1 was constructed by alternately arranging the
disordered and ordered motors in “operative state” and “dormant state” respectively
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Figure S7. The 3C CP/MAS NMR spectra of 1 at different temperatures. The signals

at 47.6 ppm can be assigned to the carbon sites in dabco part of sample 1. While the

resonances at 182.3 ppm is unambiguously ascribed to C=S group. It can be



demonstrated that the main peaks from both the CH, sites of dabco and C=S group
remain unchanged nearly in the temperature range of 293-156 K. It is noteworthy that
the intensity of spinning sidebands from C=S and the CH, signal increases as the
decrease of temperature from 293 to 227 K, and keeps almost unchanged upon further
decrease the temperature. It can be revealed that the molecule of 1 become relatively
rigid as the decrease of temperature from 293 to 227 K.
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Figure S8. Temperature dependence of the '3C spin-lattice relaxation rates (R;) of
dabco carbons in 1.
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