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Fig. S1 3'P NMR spectrum (chloroform-d,) of the partially acidified (HsC,0),OP-HQ-
PO(OC;,Hs),. The -ethoxy (-OC,Hs) group was expressed as -OEt in the figure. All the
peaks were assigned to P atoms in the partially acidified compounds, indicating that all
the parent (H;C,0),0P-HQ-PO(OC,Hj5), was acidified but not to acidified completely.
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Fig. S2 Equivalent circuit for fitting analysis to calculate proton conductivity.

*The equivalent circuit considered the resistance of cables and bulk and grain boundary
resistances in the impedance measurement.
*CPE was calculated by following the formula CPE = {T(2nf)*} '1"(0 < @< 1, i2 = —1),

where 7 and f'were a CPE constant and frequency, respectively.
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Fig. S3 (a) C 1s, (b) O 1s, (c) P 2p and (d) Al 2p XPS spectra of AOP-HQ and the partially
acidified compounds arising from (Hs;C,0),0P-HQ-PO(OC,Hj5),.
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Fig. S4 Temperature-dependent FT-IR spectra of AOP-HQ under humid conditions (95%
RH) at 30 °C, 50 °C and 70 °Cwith the original spectrum before the measurement.
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Fig. S5 (a) H,O adsorption-desorption isotherm of AOP- HQ, (b) impedance spectra of
the disk-shaped pellet at temperatures ranging from 30 °C to 90 °C, (¢) the Arrhenius plot
of the proton conductivity and (d) correlation between proton conductivity and adsorbed
amount of H,O.
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Fig. S6 H,0 adsorption isotherms of (a) AOP-BP and (b) AOP-HQ measured at 25 °C
and 40 °C with (c¢) corresponding isosteric heat of adsorption (Qx).
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*The sudden increase in the H,O adsorption at 40 °C in the high-humidity region arises

from the temperature-induced decrease in the surface tension of H,O cluster' and increase

in the saturated vapor pressure,” which shifts the onset of capillary condensation to lower

relative pressures.

Table S1. Assignments of FT-IR spectra in Figure 1a.

Materials Assignments of vibrations Wavenumber (nm™)
C-H stretching 2931, 2869
C-H bending 1476
C-H stretching (aromatic ring) 1134
C=C stretching (aromatic ring) 1603, 1372
AOP-BP P=0 stretching 1097, 1017
O-H stretching 2972
O-H bending 1654
Al-O-P symmetric stretching 714, 532
Al-O-P asymmetric stretching 966, 794
C-H stretching 2980, 2833
C-H bending 1453
C-H stretching (aromatic ring) 1164
C=C stretching (aromatic ring) 1406
AOP-HQ P=0 stretching 1118, 1036
O-H stretching 3058
O-H bending 1643
Al-O-P symmetric stretching 613,462
Al-O-P asymmetric stretching 956, 775

Table S2. Comparison of performance in proton conduction with benchmark materials

such as Nafion or reported typical state-of-the-art inorganic and inorganic-organic hybrid

proton-conducting material.

Proton
Name conductivity Conditions E, (eV) References
(S cm)
AOP-BP 2.07 x 1073 95% RH - This work
AOP-HQ 1.31 x 102 90 °C 0.39
95% RH
-3
pure AIPO 6.20 x 10 60 °C 0.38 3
AOP-Me 5.51 x 103
95% RH Our previous
L 7 -
AOP-Et 5.72 x 10 90 °C work
AOP-Ph 2.30 x 1073
)
Nafionl17 7.8 x 1072 10(2)5A>0IéH <0.2 4
0
Nafion212 6.6 x 1072 log(f)oléH 0.19 5
JU103 3.6 x 107 98% RH 0.21 6

S3



20 °C

ZrP-0.8PrNH,-5H,0 1.2 x 107 90% RH 1.04 ;
Zr(P207)0.51(0sPOH), 35 1.3 x103 20°C 0.19
o
(C>N,H 0)0.sCoPO, 2.1 x 1073 9852’ C%H 1.01 8
Ui0-66(Zr)-SO;H 0.34 x 10?2 97% RH 0.27 0
Ui0-66(Zr)-(COOH), 0.10 x 102 30°C 0.18
o
MOF-808(Zr) 3.14 x 1073 93?}2}1 0.37 10
o
Cu-SAT 0.53 x 1073 9886’0%}1 0.23 11
Na-HPAA 5.6 x 103 98% RH 0.39 1
K-HPAA 1.3 x 1073 24°C 0.98
PCMOF-5(Li) 6.0 x 103 95% RH 0.17 3
PCMOF-5(Pr) 3.9x 103 85°C 0.17
CP-1(Ho) 4.56 x 1073 95% RH 0.38 4
CP-1(Er) 6.59 x 103 80 °C 0.32
o
[Fe(ox)-2H,0] 1.3 x 107 %8 A’ORH 0.37 15
25°C
8 x 10 ]
(a-axis)
4.5 x 107 95% RH
Co-MOF-74 (c-axis) 90 °C 0.12 16
2.5 x 107
(pellet) 0.30
[In(IA), {(CH3), 3 98% RH
NH,} (Hi0),] 3.4%10 7 0C 0.61 17
eSO 42%102  98%RH  0.13 18
2 3lsn
o
[(Cu'sCu',Ly)-3H,0], 113 x 102 9?0/00 Rgl 0.37 19
MIL-101(Cr)-NH- ; 95% RH
(CH,);SO;H 4.8 <10 90 °C - 20
100% RH
_ -1 -
BUT-8(Cr)A 1.27 %10 e 21
v
MIP-202(Zr) 1.1 x 10 9593’%11 0.22 22
0
Ui0-66-(SO;H), 8.4 x 102 9083’%H 0.32 23
0
IM-Ui0-66-AS > 102 1020/2(1:1H 0.34 24
)
VNU-15 2.9 x 102 609?OISH 0.22 25
v
MIP-177-SO,H-LT 2.6 x 102 952?1(?{ - 26
[{(Zn9.5)s(0)} Zng(L)12 3 95% RH
(H,0)29(DMF)49(NO3)s ], 23> 10 25°C 0.63 27
0
MgH;ODTMP-6H,0 1.6 x 103 10(1)9/3,51{ 0.31 28
o
TiVTiV(HPO,), 1.2 %103 952§’oléH 0.13 29
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Table S3. Porosity data of AOP-type mesoporous materials prepared using Pluronic

P123.

Materials 1(\1121_25 gﬁ; (c::lt;t;'_l) Po(ll‘lelz;ze Reference
AOP-BP 223 0.29 8.1 This work
AOP-HQ 316 0.42 8.1
pure AIPO 356 0.56 8.1 3
AOP-Me 357 0.45 8.1 .
AOP-Et 378 0.76 8.1 Our previous
AOP-Ph 423 0.45 8.1 work
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