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1. Materials and synthesis

All the chemicals obtained from commercial sources and used without further purification. The
ligand 3-(4H-1,2,4-triazol-4-yl) benzoic acid (3-Htba) was synthesized according to the
literature method.?

Synthesis of [Zn(3-tba)z]-DMA (1a). A mixture of Zn(NOz3).-6H.0 (60 mg, 0.2 mmol), 3-
Htba (76 mg, 0.4 mmol), DMA (N,N’-dimethylacetamide) (8 mL), toluene (1.5 mL) and NaOH
(100 uL, 1 mol/L) was placed in a 20 mL vial container. Then heated in an oven at 105 °C for
24 h and then cooled to room temperature at a rate of 5 °C/h. Colourless diamond-shaped
crystals of 1a was collected by filtration, washed with DMA and dried in air to afford 55 mg
(52% based on ligand 3-Htba) of product. IR (KBr; cm™): 3431 (br, m), 3128(m), 3088(m),
1643(s), 1625(s), 1582(s), 1532(m), 1386(s), 1365(s), 1265(w), 1231(w), 1090(m), 1046(m),
903(w), 875(w), 771(m), 734(m), 688(w), 663(W), 556(w).

Synthesis of [Zn(3-tba)2] (14). As-synthesized 1a was heated at 150 °C under vacuum for 12
h to afford 14. IR (KBr; cm™): 3426(br, m), 3109(w), 3069(s), 1625(m), 1582(s), 1535(s),
1387(s), 1366(s), 1265(w), 1235(w), 1090(m), 1042(m), 871(w), 771(m), 733(m), 690(w),
666(w), 549(w). The single crystals of 14 was obtained by exchanging the solvent in the as-
synthesized 1« with anhydrous CHCl, for 5 days, followed by evacuation under a dynamic
vacuum at room temperature overnight.

Synthesis of [Zn(3-tba)z]-2H20 (2). An open 10 mL vial containing 14 was placed in a sealed
25 mL vial containing 4 mL water for 24 h to afford 2, and the single crystals of 2 was also
obtained by this method. IR (KBr; cm™): 3419(br, m), 3144(w), 2831(w), 1600(s), 1390(m),
1367(s), 1090(m), 1264(w), 1230(w), 1090(m), 1046(m), 903(w), 875(w), 770(m), 733(m),
687(w), 662(w), 555(w).

2. Single-crystal X-ray diffraction measurements

Diffraction intensities of the compounds 1, 18 and 2 was collected at room temperature on a
Bruker Apex CCD diffractometer with graphite-monochromated Mo Ka (1 = 0.71073 A, for
1a) or Cu Ka (1=1.54178 A, for 18and 2) radiation. In all cases, data was indexed, integrated
and scaled in APEX3.? Absorption correction was performed by multi-scan method using in
SADABS.? Space group was determined using XPREP* implemented in APEX3. Structures
were solved using intrinsic phasing method (SHELXT)’ and refined on F? using nonlinear

least-squares techniques with SHELXL programs.® Anisotropic thermal parameters were
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applied to all non-hydrogen atoms. The hydrogen atoms of the water molecules were located
in a difference Fourier map, and the other hydrogen atoms were generated geometrically.
Crystal data and structure refinement are summarized in Table S1. Crystallographic data of 1,
14 and 2 has been deposited in the Cambridge Crystallographic Data Center with reference
numbers 2160142-2160144.

3. Single-crystal data and structural parameters

Table S1. Crystallographic data and structure refinement summary for 1a, 14and 2.

Compounds la 18 2

Formula C22H21N7052n C18H12N604Zn C18H16N605Zn
Formula weight 528.83 441.71 477.74
Crystal system Triclinic Triclinic Triclinic
Space group P-1 P-1 P-1

a(A) 6.9713(8) 6.5102(9) 6.3098(10)
b (A) 12.0179(7) 7.7166(12) 7.1905(12)
c(A) 14.2464(8) 17.682(3) A 20.346(3)
o (deg) 72.986(3) 102.090(9) 98.586(9)
£ (deg) 87.232(4) 91.927(12) 94.474(8)
7 (deg) 83.640(4) 100.163(9) 91.396(9)
V (A?) 1134.15(2) 852.6(2) 909.4(3)

Z 2 2 2

D¢ (g-cm™) 1.549 1.720 1.745

1 (mm™?) 1.133 2.386 2.371

Rint 0.0393 0.0993 0.0748
GOF 1.059 1.019 1.028
Ri[l> 20 (1)] 0.0564 0.1173 0.1156
WR [all data] 0.1490 0.3149 0.2862
Diff peak, hole (e A3) 1.803, -0.783 0.970, -0.599 0.958, -0.503
CCDC number 2160142 2160143 2160144

R1 = X||Fo| - |Fell/2|Fol. WR2 = [Xw(Fo? - Fe?)2 X w(Fo?)?]Y?

4. Additional structure figures
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Figure S2. The -t stacking interactions between the triazole rings (showing in black dash
line; d (Cg---Cg) = 3.510 A; interplanar distance = 3.489(2)-3.494(2) A) and C-H---n
interactions (showing in purple dash line; d (H---Cg) =2.90 A ; d (X---Cg) = 3.520(5) A; ~(C-
H---Cg = 126°) between adjacent 1D chains in 1a.
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Figure S3. The C-H---N stacking weak interactions among adjacent 1D chains along

crystallographic a-axis in la.

Figure S4. lllustrations of 3D stacking structure and the position of pore diameters

(approximately 4.9 x 7.3 A?) viewed along the a-axis for 1c.
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Figure S5. The packing diagram viewed along a-axis showing the structural transformations
among le, 18and 2 (the arrow point out the deviation angle of one Zn-carboxylate bond with

the carboxylate group plane in 1).
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Figure S6. The C-H---O weak interactions among 1D chains viewed along crystallographic a-

axisin 18.

Figure S8. The O-H---O and O-H---N hydrogen bonds viewed along crystallographic a-axis
in 2.

S7



5. Summary tables of structural differences among 1a, 18 and 2.

Table S2. Comparative analysis of structural differences among 1a, 18and 2.

Compounds la 18 2
Coordination
4 N N1
geometry of N N4 pe
Zn?*" jons Znt Znt orw 2K o1
03 01 03 o1
02w
Zn-0: 1.955(3)/1.960(3) A Zn-0: 1.924(9)-1.991(9) A Zn-0: 1.988(9) -2.102(9)
Zn-N: 2.025(3)/2.031(3) A Zn-N: 2.025(10)-2.058(10) A Zn-N: 2.035(10)-2.251(10) A
/0-Zn-0: 112.05(14)° /0-Zn-0: 118.8(4)° /0-Zn-0: 86.7(4)°-112.3(4)°
/0O-Zn-N: 94.72(13)°- Z0-2Zn-N: 94.5(4)°-123.4(4)° /0O-Zn-N: 84.6(4)°-170.9(4)°
123.50(14)° ZN-Zn-N: 107.0(4) ZN-Zn-N: 92.9(4)°
ZN-Zn-N: 110.87(13)°
Geometry ‘-‘“"—H‘
parameters o
between the W
zinc ion and :
carboxylate o
plane
dihedral
angles of
between
triazole and
benzene rings)
76.9°/134.4° 126.4°/128.0°
The nearby
Zn---Zn
distance in the
[Zn,(3-tba).]
ring
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6. Summary tables of weak interactions in the 1, 15 and 2.

Table S3. Possible hydrogen bonds in 1, 18and 2.

D-H H---A D---A £D-H---A
la
C(1)-H(1A)--O(2a) 0.93 2.44 3.097(6) 128
C(10)-H(10A)--O(4b) 0.93 2.39 3.049(6) 127
C(11)-H(11A)--N (2¢) 0.93 257 3.486(6) 168
18
C(1)-H(1A)--O(2¢c) 0.93 2.58 3.213(18) 126
C(10)-H(10A)---O(4d) 0.93 2.36 2.912(17) 117
C(11)-H(11A)---O(4e) 0.93 2.50 3.159(16) 128
2
O(1W)-H(IWA)--O(4b) 0.85 1.71 2.535(14) 164
O(1W)-H(1WB)---O(2f) 0.85 1.89 2.737(14) 179
O(2W)-H(2WA)--N(59) 0.85 2.58 3.254(15) 137
O(2W)-H(2WA)--N(2h) 0.85 2.43 3.146(14) 143
O(2W)-H(2WB)--0(3b) 0.85 1.78 2.626(13) 171
C(10)-H(10A)--O(4i) 0.93 2.58 3.155(16) 121
C(11)-H(11A)--O(4)) 0.93 2.35 3.241(17) 161

Note: the weak hydrogen bonds exclude the interactions between the uncoordinated solvent molecules
and 1D chains). Symmetry code: (a) —x+2, -y, -z+1; (b) —x+1, -y+1, -z; () —x+1, -y+1, -z+1; (d) —x+1, -y+1, -
z+2; (e) —x+1, -y, -z+2; (f) x+1,v, z; (9) X, y+1, z; (h) —x+2, -y+2, -z+1; (i) —X, -y+1, -z; (j) =X, -V, -Z.

Table S4. Analysis of shortest aromatic n-n stacking interaction in 1, 14and 2.

distance between ring distance between ring | distance between ring
centroids centroid to plane centroid to plane

la
triazole-triazole 3.510(2) 3.489(2) 3.494(2)

1
triazole- triazole 3.416(7) 3.388(5) 3.403(5)
benzene-benzene 3.784(8) 3.549(6) 3.549(6)
benzene-benzene 3.725(8) 3.535(5) 3.535(5)

2
benzene-benzene 3.490(8) 3.290(5) 3.291(5)
benzene-benzene 3.574(8) 3.435(5) 3.435(5)

Table S5. Possible C-H---m interactions in 1e, 18and 2.

la
C (16)-H(16A)Cg 2.90 3.520(5) 126
18
C(7)-H(7TA)--Cg 2.98 3.441(15) 112
2
C(7)-H(7A)--Cg 2.79 3.394(14) 123
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7. Powder X-ray diffraction (PXRD)

Powder X-ray diffraction (PXRD) patterns were recorded at the room temperature on a
Rigaku MiniFlex600 X-ray diffractometer (40 KV, 15 mA) with Cu-Ka (1= 1.5405 A)
radiation in a 2theta range from 3 to 50°. All the calculated PXRD patterns are simulated from
single-crystal diffraction by using Mercury v3.8 software (Cambridge Crystallographic Data
Centre, Cambridge, UK)

18 soaked in DMA

15 (exp.)

18 (calc.)

Intensity / a.u.

la (exp.)

la (calc.)

. T . r . r .
10 20 30 40 50
2 Theta / degree

Figure S9. PXRD patterns of 1, 14, and 1 after soaking in DMF for 24 h.
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Figure S10. PXRD patterns of 2 and 2 after heating at 150°C for 12 h.
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1B soaked in water

18 under water vapor

1' ) ' 15 (exp.)
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Intensity / a.u.
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Figure S11. PXRD patterns of 14, 18 under water vapour (vial-in-vial method) for 24 h, 18

after soaking in water for one day and 2.
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Figure S12. PXRD patterns of 14, 2 and 18 exposed to humid air (ca. 45% RH).

:'E 1 after CO, sorption at 195 K
@ __‘___J
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Figure S13. PXRD patterns of 18 after N2 (77 K) and CO; (195 K) sorption.
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2 (calc.)
l l" 14 in ethanol vapor
' ' 18 in methanol vapor

18 in water vapor

' 'U 1B (calc.)

1 v 1 v 1 v 1 v
10 20 30 40 50
2 Theta / degree

Intensity / a.u.

Figure S14. PXRD patterns of 18 exposed under different vapor conditions (vial-in-vial
method: an open 10 mL vial containing 30 mg of 1 adsorbent was placed in sealed 25 mL vial
containing 4 mL water, ethanol and methanol pure solvent) for 24 h. Obviously, only water

vapor can make 1/ convert to 2.

S13



| 2 (calc.)
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Figure S15. PXRD patterns of 18 exposed under different vapor conditions (vial-in-vial
method: an open 10 mL vial containing 30 mg of 1 adsorbent was placed in sealed 25 mL vial
containing 4 mL acetonitrile, acetone and benzene pure solvent) for 24 h. 18 can keep the same

structure, and can’t convert to 2 under acetonitrile, acetone and benzene vapor conditions.
9
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| 2 (calc.)

1pafter H,O adsorption_cycle5

J heated at 150°C for 12h
-—&—————JL
U

18 after HZO adsorption_cycleb

1p after H,O adsorption_cyclel
_heated at 150°C for 12h
1p after H,O adsorption_cyclel

ftmp on

Intensity / a.u.

18 (calc.)

20 4IO 50

2 Theta/ deg ree
Figure S16. PXRD patterns of 18 under different conditions. After the first cycle of water
sorption/desorption, 14 had converted to 2. When heating the 2 (converted from 1) at 150 °C
under vacuum for 12 h, it had once again converted to 1. The sample converted to 2 again
when we perform the fifth cycle of water absorpiton /desorpiton at room temperature, and then

converted back to 14 again when heating at 150 °C under vacuum for 12 h.

8. Thermogravimetric analysis (TGA)
Thermogravimetric analysis (TGA) performed using a Netzsch STA 449C instrument with

a heating rate of 10.0 °C/min from the room temperature to 600 °C under N2 atmosphere.
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Figure S17. TG curves of 1, 1fand 2 in a N2 environment. The TGA urve of 1« displays a
weight loss of 16.42% at 290 °C, resulting from the release of one molecules of DMA per
formula unit (calc. 16.47%). The TG curves of 2 show no weight loss, indicating that there is
no guest in 18. The TGA curve of 2 displays a weight loss of 7.89% at 175 °C, resulting from
the release of two molecules of water per formula unit (calc. 7.54%).

100 -
X
9 80-
o
= —— 18 in methanol
2 —— 18 in ethanol
%” 60 - —— 14 in water
40 -

0 100 200 300 400 500 600

Temperature / °c
Figure S18. TG curves of 14 after exposure to the vapors of water, methanol and ethanol for
24 h (vial-in-vial method: an open 10 mL vial containing 30 mg of 148 was placed in sealed 25
mL vial containing 4 mL water, ethanol and methanol pure solvent, respectively) before
performing TG experiments. The sample of 14 exposed to methanol and ethanol show almost
no weight loss. However, 14 show obviously weight loss after exposure to water vapour, the

weight loss of 7.89% at 175 °C, corresponding to the release of two water molecules per
formula unit (calc. 7.54%)
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9. IR spectra
Infrared spectra were recorded from KBr pellets on a Thermo Scientific Nicolet IS 10 FTIR

spectrometer in the range of 400-4000 cm™,

Transmittance

1750 ' 15IOO ' 12I50 ' 1OIOO

Wavenumber (cm™)
Figure S19. IR spectra of 1¢, 18 and 2. The lack of C=0 stretching peaks at about 1643 cm™
in the IR spectra of 14 confirms the full release of DMA guests. In contrast to 1 and 14, IR
spectrum of 2 indicates an appearance of a new peak at 1600 cm™ and disappearance of two
peaks at 1625 and 1582 cm™, and meanwhile, the intensity of peaks at 1042-1046 cm™ were
greatly induced. IR analyses reveal that the cleavage of coordination bond on carboxylate

groups and formation of new coordination bond in 2.

10. Gas and vapor adsorption

The gas adsorption isotherms for N> and CO> were performed at 77 K and 195 K,
respectively. The vapor adsorption for water, methanol, ethanol, acetonitrile, acetone and
benzene measured at room temperature (298 K). All the adsorption isotherms were measured
by using Belsorp-max gas adsorption instrument (MicrotracBEL Corp from Japan),
respectively. Before gas sorption experiment, the samples of 14 was activated under high

vacuum at 150 °C for 12 h to remove the remnant solvent molecules prior to measurements.
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For other consecutive cycles of water adsorption, the same batch of samples was activated at

150 °C under high vacuum degased for 12 h before gas sorption experiments.

14 -
_12-
o 1 -=-N2 Ads for 18at 77K
b) 10 - <+ N2 Des for 18at 77K
o g ] -e- CO2 Ads for 18at 195K
"’E | -0- CO2 Des for 18at 195K
o 6-
g 4
< 4
"5_ .
D 24
0 4

0.0 0.2 0.4 0.6 0.8 1.0

Figure S20. Gas sorption isotherms of 18at 77 K (N2) and at 195 K (COy).

= PN(P,P)
0.30 - — Linear fit of P/V(P -P) with P/P

Equation y=a+b*
Adj. R-Square = 0.99587

Value Standard Error
pVapOp Intercept  0.00168 0.00446
pVapOp Slope  0.78139 0.01778

0.05

010 015 020 025 030 035 0.40
P /PO

Figure S21. BET plot for the N2 adsorption isotherm of 18 at 77 K, and the range P/Po from
0.1026 to 0.403 satisfies for applying the BET theory.
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Figure S22. Water, acetonitrile, acetone and benzene vapor sorption isotherms of 1fat 298 K.

11. Summary of MOMs with type F-1V water adsorption isotherms

Table S6. Summary of MOMSs with type F-1V water adsorption isotherms.

water Adsorotion Saturation
Sorbents Dimension adsorption - P uptake Pga Ref.
- isotherm
mechanism (cm®/g)
Zn(3-tba)z] (L, 1D 1D—~0Dchanges | F-IVS | 118(298K) | P/Po=046 | "M
work
[Cu(PFe)2(bpetha)s]n 1D 1D—1D changes F-1VS 112 (298K) | P/Po=0.80
- 7
[C“(Ppe)ég")’]f’tha)(z'z 1D 1D— 1D changes F-IVS 58 (298K) | P/Po=0.07 [7]
n
[Co(Hdpd)2(bpy)]n 1D / F-1VS 110 (298K) | P/Po=0.63 -
[Ni(Hdpd)2(bpy)]n 1D / F-1VS 109 (298K) | P/Po=0.49
n(H2 2(H20)2 —0D changes - f )
Zn(H2SSA)2(H20 1D 1D—0D ch F-1v™ 500 (298 K Izlll;[;~(())§g 9
CID-5 2D / F-1VS 260 (298 K) | P/Po=0.78 [10]
CuCID-1 2D 2D—2D changes F-1VvS 174 (298 K) P/Po = 0.33 [11]
ZnCID-1 2D 2D—2D changes F-1VvS 162 (298 K) P/Po = 0.60
Mn[Ni(CN)4] amorphous | amorphous—2D F-1VS 669 (298 K) P/Po =0.40
Fe[Ni(CN)4] amorphous | amorphous—2D F-1VS 656 (298 K) P/Po = 0.60 [12]
Co[Ni(CN)4] amorphous | amorphous—2D F-1VS 647 (298 K) P/Po = 0.90
[Mn(NNdmenH)][Cr(CN)s] 3D 3D—2D changes | F-IV™ | 146 (298 K) Fgﬁf;odOOS; [13]
[Ce(tci)]n 3D 3D—2D changes F-1VS 186 (298 K) P/Po=0.12 [14]
[[Cuz(pzdc)2(dpyg)]n 3D 3D—3D changes F-1VS / / [15]
DUT-98(3) 3D 3D—3D changes F-1VS 627 (298 K) P/Po = 0.50 [16]
MAF-7 3D pore filling F-1VS 551 (298K) | P/Po=023 | [17]
MIL-101-NH; 3D pore filling F-Ivm | 1157 08 k) | /b0 =037
P/Po~0.42
P/Po = 0.40 [18]
- - i1l - m .
MIL-101-NO2 3D pore filling F-1V 498 (298 K) P/Po ~ 0.50
382 (298K) | P/IPo~0.18 | [19a]
CAU-10-H 3D pore filling F-1VS 358 (298K) | P/Po=0.17 | [19b]
448 (298K) | PIPo=0.11 | [19c]
CAU-10-OCHs 3D pore filling F-1VS 92 (298 K) PIPo~0.25 | [19a]
In-MIL-68 3D pore filling F-1VS 398 (298 K) P/Po = 0.56 [20]
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In-MIL-68-NHa 3D pore filling F-IVS 423 (298 K) P/Po = 0.42
MOF-841 3D pore filling F-1VvS 640 (298 K) P/Po =0.20 [21]
PIZOF-2 3D pore filling F-1VvS 850 (298 K) P/Po=0.70

UiO-67 3D pore filling F-1VvS 365 (298 K) P/Po = 0.52 [22]

CAU-1 3D pore filling F-1VS 437 (298K) | P/Po ~0.33 | [19b]

NOTT-400 3D pore filling F-1VS 560 (303K) | P/Po =0.25 [23]

UlO-67-BN 3D pore filling F-1VvS 614 (303 K) P/Po = 0.53 [24]

Y-shp-MOF-5 3D pore filling F-1VvS 548 (298 K) P/Po = 0.50 [25]
P/Po=0.25

Ui0-66 3D pore filling AV | 495(298K) | pipy-gao | [264

F-1VS 684 (298 K) P/Po=0.25 | [26b]

597 (298 K) P/Po =0.20 [27a]

Al-fumarate 3D pore filling F-1vS 525(303 K) P/Po = 0.20 [27b]

560 (298 K) P/Po = 0.20 [19c]

Cr-soc-MOF-1 3D pore filling F-1VS 2428 (298 K) P/Po=0.55 [28]
BUT-46A 3D pore filling F-1VS 645 (298 K) P/Po = 0.44
BUT-46B 3D pore filling F-1VS 614 (298 K) P/Po =051 [29]
BUT-46F 3D pore filling F-1vs 735 (298 K) P/Po=0.39

. F-1VS 421 (298 K) P/Po~0.30 | [30a]
2IF-90 3D pore filling F-IVS 392 (298K) | P/Po~030 | [300]
P/Po =0.40
F-1vm 1742 (298 K) P/Po = 0.44 [31a]
MIL-101 3D pore filling " P/Po ~0.28
F-1V 1792 (298 K) P/Po ~ 0.30 [31b]
F-IVvs 1319 (298 K) | P/Po~0.38 | [31c]
NU-1500-Cr 3D pore filling F-1VvS 1360 (298 K) P/Po ~ 0.45 [32]
Co-CUK-1 3D pore filling F-1VvS 373 (303 K) P/Po~0.12
Ni-CUK-1 3D pore filling F-1vs 398 (303 K) P/Po=0.12 [33]
Mg-CUK-1 3D pore filling F-1VS 448 (303 K) P/Po = 0.25
DMOF-TM 3D pore filling F-1VvS 515 (298 K) P/Po ~ 0.25 [34]
- 460 (298 K) P/Po~ 0.54 [35a]
- - _I\/S
Al-MIL-53 3D pore filling F-1V 548 (298K) P/Po~0.38 [35b]
MIL-53-TDC 3D pore filling F-1VS 473 (293 K) P/Po ~ 0.25 [36]
Fe-MIL-101- - m P/Po=0.38
propyonylamido 3D pore filling F-1V 840 (298 K) P/Py ~ 0.52
. - P/Po~0.38
Fe-MIL-101-butyrylamido 3D pore filling F-1vm 721 (298 K) P/Po ~ 0.53
Fe-MIL-101- - m P/Po=0.30
naphthoylamido 3D pore filling F-1V 616 (298 K) P/Po ~ 0.42 [37]
Fe-MIL-101- - S N
cyclohexanoylamido 3D pore filling F-1V 542 (298 K) P/Po~0.34
Fe-MIL-101-phenylamido 3D pore filling F-1vm 428 (298 K) E;Eg Z 82?
MIL-160 3D pore filling F-IVS 423 (323 K) P/Po = 0.07 [38]
EHU-30(Zr) 3D pore filling F-1VS 539 (298 K) P/Po=0.35 [39]
NU-913 3D pore filling F-1VS 1149 (298K) | P/Pg = 0.50 [40]
MOF-808-Formate 3D pore filling F-1VvS 840 (298K) P/Po ~ 0.28 [41]

F-1V*: single-step type F-1V; F-IV™: multiple-step (>2) F-1V; Pga: the pressure of gate-opening.
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