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General Methods

The single crystal X-ray diffraction measurement were performed at 223 K with a Rigaku
AFC10 diffractometer with Rigaku Saturn Kappa CCD system equipped with a MicroMax-007
HF/VariMax rotating-anode X-ray generator with confocal monochromated MoKa radiation. The
data were processed by a direct method (SIR97) and refined by full-matrix least-squares
refinement using the SHELXL-97 computer program.

The powder X-ray diffractions (PXRD) were collected on a Rigaku RINT 2200 Ultima
diffractometer with Cu anode.

The solid state °'P MAS was recorded on a Bruker ADVANCE 400 MHz spectrometer. The
spectrum for 1 was measured with dipolar-decoupling MAS (5 kHz), for 1' with
dipolar-decoupling MAS (1 kHz), for 1" with cross-polarization MAS (10 kHz).
Variable-temperature viscoelastic measurement was performed by using a rotational
parallel-plate rheometer (Rheosol-G5000, UBM Co., Ltd.) under dry N, flow with applying
oscillatory strain of 1 Hz. The sample-holding gap was set to 1.0 mm.

The infra-red (IR) Spectroscopy was obtained using a Nicolet IDS ATR with a diamond sample
stage operating at ambient temperature.

The differential scanning calorimetry (DSC) was carried out with a DSC6220 (SII Nano

Technology Inc.) at the heating rate of 10 K min'. The extrapolated onset temperatures was

determined by using a software Muse Standard Analysis (version 6.2; SII Nano Technology

Inc.).
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Table S1. Summary of characteristics of melting CPs.

Compound Behaviour Melting | Structural | Array around
when heated | point dimension metal ion
[Zn(HPO4)(H,PO4),]-2H,Im (1) melt 154 °C 1D Ty
[Zn(H,PO4),(HTr),] (2) melt 184 °C 2D Oh
[Zn3(H,PO4)¢(H,0);]-HBim (3) melt 164 °C 1D Oh
[Zn3(H,PO,4)s(H,0);]-H(2—MeBim) (4) | melt 97 °C 1D Oh
[Zn3(H,PO4)6(H,0);]-H(2—-CIBim) (5) solidify n/a 1D O
[Cos3(H,PO4)s(H20);]-HBim (6) decompose n/a 1D Oh
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Figure S1. Microscopy images of 2, 3 and 4 during solid-to-liquid phase transition.
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Figure S2. DSC curves of (a) 1, (b) 2, (c) 3 and (d) 4. Each melting point was
determined as extrapolated onset temperature of the endothermic event. The broad
peaks prior to the melting points observed for 3 and 4 originate from the dehydration of

these compounds.
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Figure S3. PXRD patterns of as synthesized and recrystallized 1, 2, 3 and 4. (a) 1,
(b) 2, (c) 3, and (d) 4. Simulated patterns from the crystal structures are shown in black,

patterns of as synthesized samples are in red, and recrystallized samples are in blue.
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Table S2. Crystallographic data and structural refinement summary for 4.

Asymmetric unit CsH7N,0,5P¢Zn3
Crystal system triclinic
Space group P-1(#2)
a(A) 13.8557(17)
b(A) 15.1778(19)
c(A) 16.237(2)

a (°) 102.734(5)
B(°) 115.096(4)
7 (°) 95.621(7)
V(A% 2944 .4(7)

VA 2
Temperature (K) 213

No. of reflections measured 20426

No. of independent reflections 12729

Rint 0.0249
Final Ry (1> 20(I))* 0.0455
Final wR(F?) (I > 20(I))" 0.1412
Final R, (all data) 0.0641
Final wR(F") (all data) 0.1524
Goodness of fit (GOF) on F* 0.827

"Ry = ([Fo| = [FF])

O WRy = [W(Fo> — F)w(Fo2)*]"
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Figure S4. PXRD patterns of as synthesized 3 (black), 4 (red), 5 (blue) and 6

(green).

S8



log(n/ Pa's)
N

T/°C

Figure S5. Viscosity of 1'. Experimental values (blue circle) and fit by Vogel equation

(black line) of logn=A+B /(T -C); A=-2.41,B =553 °C, C =-28.7 °C.

The viscosity of 1’ deduced from shear modulus continuously changes from 10° Pa s to 10' Pa s
through 35 to 130 °C with Vogel type temperature dependency, which is typical to ionic liquids'
(Fig S4). The viscosity of 1’ is more than 100 times higher than that of partially condensed
phosphoric acid.” This is rationalized by the fact that 1’ has ionic interactions between zinc,
phosphate and imidazolium ions, in addition to coordination-bond and hydrogen-bond
interaction. The viscosity of 1" below 35 °C is too high to be measured, which represents the
glassy state of 1" where a stronger interaction such as coordination bond is supposed to be

present in a more rigid form.
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Figure S6. IR spectra of 1 (black) and 1" (red).

S10



Figure S7. RDF of 1" (black circle) and fitting (red line). The fitting range is shown

with blue dashed line.

The following equation was used to calculate and fit RFD of 1"":

x(k) = So” Z N; fj(k)exp[—2k?d;?]

2 sin[2k;1; + §(k)]

where 7 is distance from the target to neighboring atom, N is coordination number of the

neighboring atom, and o is Debye-Waller factor. The photoelectron wavenumber £ is given as

k= \/ 2m(E — E,)/h?, f(k) is the scattering amplitude, and (k) is the phase shift. S, amplitude
reduction factor, was empirically determined from EXAFS of 1 (crystalline state) as 1.03(12).

EXAFS spectrum of 1" was fitted in » range from 1.05 to 2.00 A. The final values of these

parameters are summarised in Table S2.
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Table S3. Parameters refined by fitting the EXAFS spectrum of 1.

Shell N rl A o’ | A? Eo/ eV R-factor

Zn-0 4.0(2) 1.94(3) 0.0059(4)  3.9(7) 0.0011
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Figure S8. X-ray total scattering profile of 1 (blue) and 1" (red).
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Figure S9. Schematic illustration of the structures of 1, 1" and 1"'.
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Figure S10. Nyquist plot of the thin film of 1 at 120 °C. Blue circles are experimental

data and black line is simulated values from equivalent circuit.
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