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I. Crystallographic data

Table S1 Selected bond lengths (A) and angles (°) for Co-2PPA and Co-4PPA.

Co-2PPA
Co(1)-O(1) 2.115(3) Co(1)-N(1) 2.094(3)
Co(1)-N(2) 2.208(3) Co(1)-O(1a) 2.115(3)
Co(1)~N(la) 2.094(3) Co(1)-N(2a) 2.208(3)
O(1)~Co(1)-N(1) 87.45(10)  O(1)-Co(1)-N(2) 90.35(7)
O(1)~Co(1)~O(1a) 180.00 O(1)-Co(1)-N(la)  92.55(10)
O(1)-Co(1)-N(2a)  89.65(7) N(1)~Co(1)-N(2) 89.65(7)
O(la)-Co(1)-N(1)  92.55(10)  N(1)-Co(1)-N(la)  180.00
N(1)-Co(1)-N(2a)  90.35(7) O(la)-Co(1)-N(2)  89.65(7)
N(la)-Co(1)-N(2)  90.35(7) N(2)-Co(1)-N(2a)  180.00
O(la)-Co(1)-N(la)  87.45(10)  O(la)-Co(1)-N(2a)  90.35(7)
N(la)-Co(1)-N(2a)  89.65(7) Co(1)-N(1)-C(1) 162.33(18)
Co(1)-O(1)-H(1B)  124.00 Co(1)-O(1)-H(1A)  125.00
Co(1)-N(2)-C(2) 124.51(14)  Co(1)-N(2)-C(3) 118.46(14)
Co-4PPA
Co(1)-N(1) 2.094(14)  Co(1)-N(6) 2.1979(12)
Co(1)-N(2) 2.2479(13)  Co(1)-N(la) 2.0940(14)
Co(1)-N(2a) 2.2479(13)  Co(1)-N(6a) 2.1979(12)
N(1)~Co(1)~ N(2) 91.33(5) N(1)~Co(1)~ N(6) 88.57(5)
N(1)-Co(1)-N(la)  180.00 N(1)-Co(1)~-N(2a)  88.67(5)
N(1)-Co(1)~-N(6a)  91.44(5) N(2)~Co(1)~ N(6) 86.54(4)
N(la)-Co(1)-N(2)  88.67(5) N()-Co(1)~-N(2a)  180.00
N(2)-Co(1)-N(6a)  93.46(4) N(la)-Co(1)~N(6)  91.44(5)
N(2a)-Co(1)~N(6)  93.46(4) N(6)-Co(1)~N(6a)  180.00
N(la)-Co(1)-N(2a)  91.33(5) N(la)-Co(1)~ N(6a)  88.57(5)
N(2a)-Co(1)~ N(6a)  86.54(4) Co(1)-N(1)- C(1) 143.81(12)
Co(1)-N(1)- C(2) 120.82(10)  Co(1)-N(1)~ C(3) 120.82(10)
Co(1)-N(6)- C(11)  12328(9)  Co(1)-N(1)-C(12)  118.71(9)

Symmetry codes : a) 2—x,—y, |-z for Co-2PPA; a) 1—x,1—,1—z for Co-4PPA.
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Table S2 Hydrogen-bonding geometry parameters (A, ©) for Co-2PPA and Co-4PPA.

D-H---A d(D—H) d(H--A) d(D--A) /(DHA)
Co-2PPA

O(1)-H(1B)---O(2a) 0.81 1.92 2.723(4) 175

O(2)—H(2B)--N(3b) 0.97 2.02 2.960(4) 164

N(5)—H(5B)--"N(4c) 0.78 2.36 3.139(4) 179
Co-4PPA

N(5)—H(5B)---N(8a) 0.86 2.37 3.222(2) 169

N(9)-H(9A)---N(4b) 0.82 2.13 2.944(2) 171

N(9)-H(9B)---N(7¢) 0.81 2.32 3.118(2) 166

Symmetry codes: a) 1+x, y, z; b) —1+x, y, z; ¢) 1—x, 1-y, —z for Co-2PPA; a) 2+x, y, —
I+z ; b)2+x,y, 14z ; ¢) —x, 1-, 2—z for Co-4PPA.
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Crystal Structures

Fig. S1 The 3D hydrogen-bonding framework formed by O—H:-O and O—H--N
hydrogen-bonding interactions in Co-2PPA (a) and the 3D hydrogen-bonding
framework via N—H--*N hydrogen bonds in Co-4PPA (b).
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II. Characterization: PXRD patterns
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Fig. S2 The PXRD patterns for Co-2PPA (a) and Co-4PPA (b) of a simulation based
on single-crystal analysis and as-synthesized bulk crystals.
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III. Characterization: IR Spectra
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Fig. S3 IR absorption spectrum of Co-2PPA (a) and Co-4PPA (b) in the solid state at
room temperature.
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IV. Characterization: SEM images
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Fig. S4 SEM photomicrographs of Co-2PPA (a) and Co-4PPA (b) surface
morphology.
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V. Characterization: Nitrogen sorption measurements
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Fig. S5 Nitrogen physisorption isotherms for Co-2PPA (a) and Co-4PPA (b).

The porosity of Co-2PPA and Co-4PPA was examined by nitrogen sorption
experiments at 77 K. As shown in Fig. 5S, the pseudo type-IIl gas adsorption
behaviors for Co-2PPA and Co-4PPA are indicative of their non-porous
characteristics. Additionally, the very small BET surface areas were observed in Co-
2PPA and Co-4PPA, which are 9.2276 and 7.7428 m? /g, respectively, (Langmuir
surface areas of 20.2223 and 26.5784 m? /g, respectively) (Table S3). This suggests
that their adsorption properties are possibly related to the surface of bulk materials

rather than the porosity.

Table S3 BET and Langmuir surface areas of Co-2PPA and Co-4PPA

Sample Type of surface area Surface area
BET (m? /g) 9.2276
Co-2PPA
Langmuir (m? /g) 20.2223
BET (m? /g) 7.7428
Co-4PPA
Langmuir (m? /g) 26.5784
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VI. Stability: PXRD pattern of Co-2PPA and Co-4PPA after being

soaked in different organic solvents
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Fig. S6 PXRD patterns of Co-2PPA (a) and Co-4PPA (b) treated with various
organic solvent.

Co-2PPA and Co-4PPA were also suspended in the common organic solvents, such
as ethanol, methanol, acetonitrile to monitor their structural integrities. The
unchanged PXRD patterns indicate that Co-4PPA can retain its structure after
treatment with the common organic solvents. This is because PPA ligands
coordinating to Co center have a lower solubility of in organic solvents, such as
ethanol, methanol, acetonitrile compared with coordinated water molecules, which
leads to the inertness of the PPA ligand and difficulty in reaction with organic
solvents to form new compounds. In contrast, water molecule is very soluble in
organic solvents and exchange with them to generate new compound. Thus, some
peaks similar to the original one and some unidentified peaks are found in the PXRD
patterns of the treated Co-2PPA sample. It should be pointed out that Co-2PPA
partially maintains its stability and partially undergoes structural phase transitions to

produce new crystal structures rather other structural collapse.
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VII. Electrochemical measurements: impedance spectra
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Fig. S7 Nyquist plots of Co-2PPA at different RH (relative humidity) and 298 K (R1,
bulk resistor; R2, grain boundary resistor; CPE, constant phase element; C1, capacitor;
W1, Warburg diffusion element).
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Fig. S8 Nyquist plots of Co-2PPA at different temperatures and ~97% RH (relative
humidity) (R1, bulk resistor; R2, grain boundary resistor; CPE, constant phase
element; C1, capacitor).
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Fig. S9 Nyquist plots of Co-2PPA at different time (0-4 hours) and at 298 K~97%
RH (relative humidity) (R1, bulk resistor; R2, grain boundary resistor; CPE, constant
phase element; C1, capacitor; W1, Warburg diffusion element).
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Fig. S10 Nyquist plots of Co-4PPA at different RH (relative humidity) and 298 K
(R1, bulk resistor; R2, grain boundary resistor; CPE, constant phase element; CI,
capacitor; W1, Warburg diffusion element).
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Fig. S11 Nyquist plots of Co-4PPA at different temperatures and ~97% RH (relative
humidity) (R1, bulk resistor; R2, grain boundary resistor; CPE, constant phase
element; C1, capacitor; W1, Warburg diffusion element).
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Fig. S12 Nyquist plots of Co-4PPA at different time and at 298 K and ~97% RH
(relative humidity) (R1, bulk resistor; R2, grain boundary resistor; CPE, constant
phase element; C1, capacitor; W1, Warburg diffusion element).
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VIII. PXRD patterns after impedance measurements.
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Fig. S13 PXRD patterns of simulations based on single-crystal analysis and after the
impedance measurements for Co-2PPA (a) and Co-4PPA (b) (at ~97% RH and
298-323 K for 0—4 hours).
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IX. Water adsorption—desorption isotherms
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Fig. S14 Water adsorption—desorption isotherms of Co-2PPA (a) and Co-4PPA (b) at
298 K.
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X. Differential Scanning Calorimeter measurements
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Fig. S15 DSC (Differential Scanning Calorimeter) curves of Co-2PPA (a) and Co-
4PPA (b).

In order to identify the reversible phase transition, we performed differential
scanning calorimetry (DSC) measurements on Co-2PPA and Co-4PPA from 293 K to
368 K. It should be pointed out that both Co-2PPA and Co-4PPA contain tiny peaks
at 285 K and 368 K, respectively, which are caused on by unstable airflow during the
initial heating and final cooling procedure of the instrument. Additionally, no obvious
peaks for Co-2PPA and Co-4PPA were detected in DSC curves (Fig. S15), implying

that there is the absence of the reversible phase transition.
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XI. Dielectric Properties
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Fig. S16 Frequency dependence of the real part of the dielectric constants (g) for (a)
Co-2PPA and (b) Co-4PPA at different temperatures.
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Fig. S17 Frequency dependence of the real part of the static dielectric constants (&)
for Co-2PPA and at different temperatures (298-334K).
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XII. Comparison of chemical stability

Table S4 Comparison of chemical stability of Co-2PPA and Co-4PPA with reported
MOF materials

Materials pH range Time (day or hour) References
Co-2PPA 3-11 12 hours This work
Co-4PPA 3-11 12 hours This work
PCN-333(Al) 3-9 overnight (1]
PCN-777 3-11 12 hours [2]
[(CH3)NH:]o[Eug(m;-OH)g
3.5-10 (373K) 24 hours (3]
(NDC)6(H20)6] !

Al-TCPP [ 5-8 (RT) 1 week (4]
0CB-MOF-1 [ 2-12 (RT) 15 hours [5]
JLU-MOF50 L] 0-11 48 hours (6]

FJU-66 3-14 12 hours [7]
467-MOF el 1-11 36 hours [8]
BUT-155 4-10 24 hours [9]
BUT-110(Zr) 1-10 48 hours [10]

[21 1,4-NDC = 1,4-naphthalenedicarboxylate. ) H,TCPP = meso-tetra(4-carboxyl-phenyl)porphyrin.
[l oCB-L = 2-bis{(pyridin-3-yl)methanol}-1,2-dicarba-closo-dodecarborane, H,ip = isophthalic acid.
' T = H,MDCPB = 5'-methyl-[1,1',3",1"-terphenyl]-4,4"-dicarboxylic-acid. [} 467-MOF =
[Al;(BTTB),(OH);](DMF)s 5(H,0);, H3;BTTB = 4,4',4"-(benzene-1,3,5-triyltris(oxy))tribenzoic acid.
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XIII. Comparison of proton conductivity

Table S5 Comparison of proton conductivity of Co-2PPA and Co-4PPA with some
reported proton conductors.

Proton Activation
Temperature RH
Materials Conductivity Energy Reference
(K) (%)
(S/cm) (eV)
Co-2PPA 2.96x10+ 0.31
333 ~97  This work
Co-4PPA 2.78%107 0.29
HPW@MIL-101(Cr) 7.09x10© 0.42 353 100 [11]
MIL-53(Al) 3.6 x 107 0.47 353 95
MIL-53(Al)-OH,
1.9 x 107° 0.27 353 95
[AI(OH)(BDC-OH)] 2] [12]
MIL-53(Fe)-COOH,,
7x107 0.21 353 95
[Fe(OH)(BDC-(COOH),)]
Ui0-66(Zr)-Br 2.23x1077 0.78 303 97 [13]
B-PCMOF2(Na) [*] 5x107° 0.28 303 90 [14]
VNU-17(Zr) 6.65x10°° 0.47 343 98
[15]
HIm9@VNU-17 [l 1.53x 107 0.44 343 85
VNU-23(Zr) 1.54x107* - 343 90 [16]
MFM-500(Co) 4.4x107 - 298 98 [17]
Sr-SBBA [d] 4.4x107° 0.56 298 98 [18]
CP-1(Dy) 2.96x107° 0.25 353 95 [19]
TMOF-1(Cu) 1.62x107° 0.34 363 98 [20]
{[Cd(L)(OACc)(H,0)]OAc
7.19x1073 - 383 98 [21]
‘9H,0}, [l
(NH4)2[Aga(mel)(NH3),]
4.3%x107° 0.47 353 98 [22]
3H,0
MIL-101(Cr)-SOsH 6.32x107° - 343 90 [23]
MOF-808(Zr)-OX 1.54x107° 0.15 303 98 [24]
HKUST-1 1.35x10™ 0.33 328 95 [25]
((CH3):NH>),
) 3.9x107° 0.64 290 67 [26]
[Li2Zr(C504)4]
Zn;(IBT),(H,0), ] 1.98x107> - 303 97 [27]
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{[Fe(BTB)(H20)4]}n (CFA-

1.1x107* — 296 94 [28]
17) [g]
[Cuy(L-Me3)3(NO3)-3H,0],
- 3.3x1077 0.56 298 97 [29]
[Ce(Cbp)s(H,0)s]-8H,0 1 1.106x10 0.6 368 95 [30]
[Zn(I-LCI)(C1)](H,0), ! 4.45%10°5 0.34 304 98 [31]
JUC-125 [k 1.5 x104 0.32 323 97 [32]
PMOCP 3 1 1.38 x 10 0.14 323 97 [33]
LOF 1 [ml 9.3 x10° 0.33 303 97 [34]
{[Pr(betc)(H,0),](Hapip)o.s}n
" 8.9x1073 0.33 313 97 [35]
([Pr,Ca(betc)o(H,0),]- H,0t,  3.2x10°5 0.66 305 97 [36]
OCC 2 [ 3.72x10* 0.21 299 97 [37]
Co(PPA),(BDC)(H,0),- (PP
2.29 x1074 0.24 325 97 [38]
A),(H,BDC),(H,0) [P}
SCU-17 Wl 5.87 x1073 0.54 358 95 [39]
SCU-26 1 5.83 x1073 0.66 358 95
[40]
SCU-27 I 9.0 x10™ 0.37 358 95

2l Hybde = 1,4-benzenedicarboxylic acid. 1 B-PCMOF2(Na) = 2.4, 6-trihydroxy -1,3,5-benzene-
trisulfonate. [l HSNDC?™ = 4-sulfonaphthalene-2,6-dicarb- oxylate, Im = imidazole. [ SBBA = 4
,4'- sulfobisbenzoic-acid. [*1 L = 2,2'-(1,4-phenylene)bis(N-(pyridin-3-yl) acetamide). [TH,BTC =
benzene-1,2,4,5 -tetracarboxylic-acid, Im = imidazole. [l BTB? = C4N4O,2. [N LCH; = 3 5-diiso-
propyl-1,2,4-triazolate; S,S or R,R-LOH = (S,S or R,R)-3,5-bis(1-hydroxyethyl)-1,2,4-triazolate).
l'H,CcbpBr = 4-carboxy-1-(4-carboxybenzyl) pyridinium bromide. Il L = 3-methyl-2-(pyridin-4-
ylmethylamino) butanoic acid. ¥ JUC-125 = {[Gd4(R-ttpc)»(R-Httpc),(HCOO),(H,0)5]-4H,0} 1;
R-Hsttpe = (3R,3'R,3"R)-1,1',1"-(1,3,5-tria- zine-2,4,6-triyl)-tripiperidine-3-carboxylic-acid. [
PMOCP3 = {Cd(D-pmpcH)(H,0),Cl,},; D-Hspmpc = 1-(phosphonomethyl)piperidine-3-
carboxylic-acid. ™ LOF1 = {[Ers(pmpc)(C,0,); (H,0);]:2H,0},. M Hibetc = 1,2,4,5-
benzenetetracarboxylic acid; pip = piperazine. [©) OCC 2 = (H;betc),(H,-Mepip)-(H,0); Mepip
= 2-methyl-piperazine. P! Co(PPA),(BDC)(H,0), (PPA), (H,BDC),(H,0); H,BDC = 1,4-
benzenedicarboxylic acid). [ SCU-17 = Hmim-Fel'Fe" (HPOs), F(H,0),, Hmim = 2-
methylimidazolium. 1 SCU-26 =  In(HPO4)(C,04)os(HINT). [ SCU-27 =
H,INT-Ga(HPO,)(C,04)-H,0.
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