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General materials and methods 

With the exception of the organic ligand 4,4',4''-(benzene-1,3,5-triyl-tris(oxy))tribenzoic acid 

(H3BTTB), which was prepared according to the literature method,S42 all of the starting rea-

gents and solvents were obtained commercially and used as received. Elemental analysis of C, 

H, and N was performed on a Vario EL III Elementar analyzer. IR spectrum was measured on 

a Bruker Tensor 27 OPUS FT-IR spectrometer (KBr pellet) in 4000–400 cm–1 range. Powder 

X-ray diffraction (PXRD) patterns were recorded on a Bruker D8 Advance diffractometer 

(Cu-Kα, λ = 1.5406 Å) at 40 kV and 100 mA, and the intensity data were recorded by contin-

uous scans in a 2θ/θ mode with a scan speed of 2 s/step and a step size of 0.02°. Simulation of 

the PXRD patterns was performed by the single-crystal data and diffraction-crystal module of 

the Mercury (Hg) program. Thermogravimetric analysis (TGA) experiments were carried out 

on a Perkin-Elmer Diamond SII thermal analyzer (from 25 to 800 °C) with a heating rate of 

5 °C min–1 under nitrogen atmosphere. The morphologies of 437-MOF samples with different 

treatments were characterized by using a JEOL-JSM-7001F field-emission scanning electron 

microscope (SEM) at an acceleration voltage of 10 kV. 

The gas sorption isotherms were collected on a Micromeritics 3Flex surface area and pore 

size analyzer under ultrahigh vacuum in a clean system, with a diaphragm and turbo pumping 

system. Ultrahigh-purity-grade (> 99.999%) N2, Ar, O2, CO2, and He gases were applied in all 

adsorption measurements. The experimental temperatures were maintained by liquid nitrogen 

(77 K), liquid argon (87 K), and dry ice-acetone baths (195 K). 

X-ray data collection and structure determination 

Single-crystal X-ray diffraction data for 437-MOF, 437-MOF-CH2Cl2 (after solvent-exchange 

with CH2Cl2 for three times), and 437-MOF-boiling water (after treatment in boiling water for 

one hour) were collected on an Oxford Xcalibur Gemini Eos diffractometer by using graph-

ite-monochromated Cu-Kα radiation (λ = 1.54178 Å) at 294(2) K. Multi-scan absorption cor-

rections were performed with the CrysAlisPro program.S43 Empirical absorption corrections 

were carried out using spherical harmonics, implemented in SCALE3 ABSPACK scaling algo-

rithm. The final structures were solved by direct methods, and all non-H atoms were refined 
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anisotropically by full-matrix least-squares method with the SHELXTL software package.S44 

H atoms of the hydroxyl anions were located in the difference maps and then allowed to ride 

on the parent atoms for refinements [with Uiso(H) = 1.2Ueq(O)]. H atoms of benzene ring were 

located in calculated sites and treated in the subsequent refinement as riding atoms [C–H = 

0.93 Å and Uiso(H) = 1.2Ueq(C)]. Attempts to locate and model the highly disordered solvent 

molecules (H2O, NMF, or CH2Cl2 molecules) in the pores were unsuccessful. Therefore, the 

SQUEEZE routine, a part of the PLATON package of crystallographic softwareS45 was used 

to calculate the solvent disorder area and remove the diffraction contribution from these sol-

vents to give a set of solvent free diffraction intensity. Crystal data and structural refinement 

details for 437-MOF, 437-MOF-CH2Cl2, and 437-MOF-boiling water were listed in Table S3. 

A comparison of the selected bond parameters was given in Table S4.  

Formula determination of 437-MOF 

According to the result of single crystal X-ray determination, the framework of 437-MOF can 

be formulated as {[In(BTTB)2/3(OH)](solvent)}n with Z = 6 in the unit cell. As the highly dis-

order guest solvents cannot be determined by the current X-ray diffraction data, the identifica-

tion of these included molecules was further taken by elemental analysis and thermogravimet-

ric analysis (TGA). The TGA curve (see Fig. S1) of 437-MOF indicates that the exclusion of 

solvent molecules occurs in the temperature range of 25–180 °C, with no further weight loss 

up to ca. 400 °C. After that, the host framework will be destroyed with ligand decomposition 

upon heating. Since 437-MOF was prepared in NMF solvent, the excluded solvent molecules 

should be NMF and/or H2O (coming from the starting reagents). Also, according to the result 

of elemental analyses (observed: C, 40.69%; H, 5.23%; N, 8.50%), the formula of 437-MOF 

can be determined as {[In(BTTB)2/3(OH)](NMF)5(H2O)4}n in which the C, H, and N contents 

(calculated: 40.94%, 5.40%, 8.53%) are well consistent with the observed values. In addition, 

the observed weight loss of solvents (44.65%) in TGA curve also agrees well with the calcu-

lated value (44.73%), which further confirms this formula. 

Calculation of BET surface area of 437-MOF samples 



3 
 

BET equation:                
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where x = P/P0, V is the volume of gas adsorbed per gram of sample at standard temperature 

and pressure (STP), Vm is the monolayer capacity, and C is related to the heat of adsorption. 

The equation can be rewritten in the form: 
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The BET analysis was performed by plotting P/[V(P0 – P)] vs. P/P0. The slope ([C – 

1]/VmC) and y intercept (1/VmC) of this linear region give the monolayer capacity. Vm is used 

to calculate the surface area from A = Vmσ0NAV, in which σ0 is the cross-sectional area of the 

adsorbate at solid or liquid density (16.2 Å2 for N2). Two major criteria were established to 

aid the choice of pressure range for the BET analysis:S94 (1) The pressure range selected 

should have values of V(P0 – P) increasing with P/P0. (2) The y intercept of the linear region 

must be positive to yield a meaningful value of the C parameter, which should be greater than 

zero. A BET surface area was obtained by using the data points on the sorption branch of N2 

isotherm at 77 K in the Micromeritics 3Flex 1.01.01 software package. 

Pore size distribution of MOFs 

Pore size distribution (PSD) data for all 437-MOF samples were determined by analyzing the 

N2 isotherms at 77 K using the non-local density functional theory (DFT) and implementing a 

hybrid kernel based on a zeolite/silica model containing the cylindrical pores, as implemented 

in the 3Flex 1.01.01 software package. 
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Fig. S1 TGA curves of 437-MOF: (black curve) as-synthesized fresh crystal sample and (red 

curve) crystal sample placed in air overnight.
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Scheme S1 Selected trigonal carboxylic ligands derived from trimesic acid. 
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Fig. S2 A fragment of 437-MOF with the ellipsoids drawn at the 50% probability level. 
 
 
 

 

 

Fig. S3 View of the local coordination geometry of In(III) in 437-MOF. The BTTB ligands 

are distinguished by different colors for clarity. 
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Fig. S4 Coordination mode of the BTTB ligand (A = –x + 1, –y + 2, z + 1/2; B = –y + 1, x – y 

+ 1, z; C = y – 1, –x + y, z + 1/2; D = x – y + 1, x, z + 1/2, and E = –x + y, –x + 1, z). 

 

 

 

 

 

 

Fig. S5 View of the 1-D rod-shaped SBU. 
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Fig. S6 View of the perpendicular arrangement between the benzene core and the three ben-

zene arms or the attached carboxylates (α is the dihedral angle between benzene arms and 

benzene core; β is the dihedral angle between carboxylate groups and benzene core). 

 

Fig. S7 View of the equilateral triangle constituted by three carboxylate carbon atoms, the 

centroid of which is just the center of benzene core (γ is the obtuse angle between two adja-

cent lines linked by the center of benzene core and the carboxylate carbon atom). 
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Fig. S8 Strong π···π stacking interaction between two parallel benzene cores. 

 

 

 

 

 

Fig. S9 (top) Stick and (bottom) schematic views of the 1-D organic supramolecular array. 
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Fig. S10 The augmented version of two-nodal six-connected 3-D network of 437-MOF. 

(BTTB and metal nodes are shown by triangular prism and hexagon, respectively). 

 

 

 

Fig. S11 Schematic representation of the (3,4)-connected topological network of 437-MOF, 

according to the concept of infinite rod-shaped SBUs. 
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Fig. S12 Hybrid nanotube-like structure of 437-MOF viewed from different sides (Carbon: 

grey, Oxygen: red, and Indium: green). 

 
 
 

 

2.84 nm
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Physicochemical stability of 437-MOF 

Thermal stability of 437-MOF. The as-synthesized sample (ca. 10 mg) was placed inside a 

pre-weighed 12-mm quartz sample tube and then evacuated upon heating under different con-

ditions for PXRD measurement (see Fig. S13). The final product, upon a long-term heating at 

400 °C in vacuum, can be properly indexed to cubic In2O3 (JCPDS No. 65-3170). 

5 10 15 20 25 30 35

Activated at 400 oC for 6 h under vacuum (~10-3 torr)

 
2 (deg)

As-synthesized

Simulated 

Activated at 390 oC for 6 h under vacuum (~10-3 torr)

Activated at 380 oC for 6 h under vacuum (~10-3 torr)

Activated at 360 oC for 6 h under vacuum (~10-3 torr)

Activated at 340 oC for 6 h under vacuum (~10-3 torr)

Activated at 320 oC for 6 h under vacuum (~10-3 torr)

Activated at 300 oC for 6 h under vacuum (~10-3 torr)

Activated at 200 oC for 12 h under vacuum (~10-3 torr)

Activated at 100 oC for 24 h under vacuum (~10-3 torr)

Solvent exchanged with CH
2
Cl

2

Activated at 400 oC for 1 h under vacuum (~10-3 torr)

Activated at 400 oC for 3 h under vacuum (~10-3 torr)

 

Fig. S13 PXRD patterns for heat-resistance investigation of 437-MOF. 

 

Chemical stability of 437-MOF. The as-synthesized sample (ca. 30 mg) was suspended in 15 

mL water and left at room temperature. After immersion, the sample was filtered and dried in 

air at room temperature for PXRD measurement (see Fig. S14). 

The as-synthesized sample (ca. 30 mg) was dispersed into 30 mL water in a vial and then 

sealed into a Teflon-lined stainless steel vessel, which was heated at 100 °C in an oven. After 

heating, the sample was cooled down, filtered, and dried in air at room temperature for PXRD 

measurement (see Fig. S15). 
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The as-synthesized sample (ca. 10 mg) was suspended in 5 mL common organic solvent, 

H2O2 (30%, aq.), HCl water solution, or NaOH water solution, at ambient temperature for at 

least 12 hours. Then, the sample was filtered and dried in air at room temperature for PXRD 

measurement (see Fig. S16 and Fig. S17). 
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Water (r.t.) for 30 days 

Water (r.t.) for 7 days 

Water (r.t.) for 3 days

Water (r.t.) for 1 day

As-synthesized

Simulated

 

Fig. S14 PXRD patterns of 437-MOF via treating in water at room temperature for various 

durations from 1 day to 30 days. 
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Fig. S15 PXRD patterns of 437-MOF via treating in water at 100 °C for various durations 

from 1 day to 30 days. 
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Fig. S16 PXRD patterns of 437-MOF via treating in common organic solvents and hydrogen 

peroxide (aq. 30%) overnight. 
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Fig. S17 PXRD patterns of 437-MOF via treating in HCl and NaOH water solutions of pH = 

1, 3, 5, 9, and 11 for various durations from 1 hour to 7 days. 
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Fig. S18 TGA curves of (a) the as-synthesized 437-MOF, 437-MOF-80, 437-MOF-240, and 

437-MOF-360, and (b) the as-synthesized 437-MOF, 437-MOF-boiling water, and 

437-MOF-boiling water-3h. 
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Fig. S19 PXRD patterns of 437-MOF-80 before and after gas sorption. 
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Fig. S20 PXRD patterns of 437-MOF-240 before and after gas sorption. 
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Fig. S21 PXRD patterns of 437-MOF-360 before and after gas sorption. 
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Fig. S22 PXRD patterns of 437-MOF-boiling water before and after gas sorption. 
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Fig. S23 PXRD patterns of 437-MOF-boiling water-3h before and after gas sorption. 
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Fig. S24 Ar sorption isotherms at 87 K for 437-MOFs activated at different conditions 

(filled/open circles: adsorption/desorption). 
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Fig. S25 O2 sorption isotherms at 77 K for 437-MOFs activated at different conditions 

(filled/open circles: adsorption/desorption). 
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Fig. S26 CO2 sorption isotherms at 195 K for 437-MOFs activated at different conditions 

(filled/open circles: adsorption/desorption). 
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Vapor adsorption analyses of 437-MOF 

The sorption isotherms of H2O and C6H6 in vapor state were measured for 437-MOF-80 with 

Micromeritics 3Flex surface area and pore size analyzer. The temperature was maintained by 

temperature-programmed water bath (298 K). The adsorption isotherm of water indicates only 

surface sorption on the material (Fig. S27), while C6H6 vapor can be gradually adsorbed onto 

the sample in the lower pressure. The C6H6 uptake will increase as the vapor pressure raises. 

The adsorption features of H2O and C6H6 should be attributed to hydrophobization of the pore 

walls for 1-D channels in 437-MOF. 
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Fig. S27 H2O and C6H6 adsorption isotherms of 437-MOF-80. 

 

 



20 
 

Table S1 The structural features of reported mesoMOFs. 
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Table S2 The adsorption information and thermal stability of reported mesoMOFs. 
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Table S3 Crystallographic data and structure refinement details for 437-MOFs. 

 437-MOF 437-MOF-CH2Cl2 437-MOF-boiling water

Empirical formula C18H11O7In C18H11O7In C18H11O7In 

Formula weight 454.09 454.09 454.09 

Crystal system Hexagonal Hexagonal Hexagonal 

Space group P63/mcm P63/mcm P63/mcm 

Crystal size (mm3) 0.28×0.10×0.09 0.22×0.11×0.10 0.24×0.12×0.10 

a (Å) 32.3006(7) 32.182(2) 32.2297(13) 

b (Å) 32.3006(7) 32.182(2) 32.2297(13) 

c (Å) 7.2707(2) 7.2741(4) 7.2618(4) 

Volume (Å3) 6569.4(3) 6524.5(7) 6532.6(5) 

Z 6 6 6 

D (g cm–3) 0.689 0.693 0.693 

μ (mm–1) 4.453 4.483 4.478 

F (000) 1344 1344 1344 

Rint 0.1070 0.0763 0.1032 

Goodness-of-fit on F2 1.138 1.299 1.039 

R1
a / wR2

b [I >2σ(I)] 0.0936 / 0.1934 0.1676 / 0.4097 0.1063 / 0.2962 

R1
a / wR2

b (all data) 0.1109 / 0.2003 0.2002 / 0.4309 0.1687 / 0.3410 

CCDC number 952936 952937 952938 

a R1 = Σ||Fo| – |Fc||/Σ|Fo|. 
b wR2 = |Σw(|Fo|

2 – |Fc|
2)|/Σ|w(Fo)

2|1/2, where w = 1/[2(Fo
2) + (aP)2 + bP]. P = (Fo

2 + 2Fc
2)/3. 
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Table S4 Comparison of the selected bond lengths (Å) and angles (°) for 437-MOFs.a 

 437-MOF 437-MOF-CH2Cl2
 437-MOF-boiling water

In1–O1 2.167(5) 2.152(17) 2.153(5) 

In1–O2 2.075(6) 2.115(13) 2.085(6) 

O1–In1–O2 90.3(2) 89.9(5) 90.2(2) 

O1–In1–O1#1 94.7(3) 97.7(10) 94.6(3) 

a Symmetry code: #1 = x – y + 1, –y + 2, z. 
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Table S5 Structural features of the reported trigonal carboxylate ligands.a 
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a For definitions of α, β, and γ, please refer to the captions for Fig. S6 and Fig. S7. 
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Table S6 Sorption parameters of 437-MOF samples from N2 isotherms. 

Sample 
N2 uptake 

(STP cm3 g−1)a 

BET surface area 

(m2 g−1)b 

Pore volume 

(cm3 g−1)c 

437-MOF-80 596 1576 0.92 

437-MOF-240 646 1791 1.00 

437-MOF-360 600 1533 0.93 

437-MOF-boiling water 723 2379 1.11 

437-MOF-boiling water-3h 576 1037 0.88 

a The maximum uptake. b Calculated using N2 adsorption data in the relative pressure 

ranging from 0.12 to 0.17. c Calculated by single point method from the amount of N2 

adsorb at maximum relative pressure. 

 

 

Table S7 Sorption parameters of 437-MOF samples from Ar, O2, and CO2 isotherms. 

Sample 
Ar Uptake 

(STP cm3 g−1)a 

O2 Uptake 

(STP cm3 g−1)a 

CO2 Uptake 

(STP cm3 g−1)a

437-MOF-80 704 728 421 

437-MOF-240 734 722 454 

437-MOF-360 684 690 359 

437-MOF-boiling water 788 803 607 

437-MOF-boiling water-3h 598 689 285 

a The maximum uptake.
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Table S8 The adsorption information and thermal stability of representative In(III)-based MOFs. 
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Table S8 (continued) 
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Table S8 (continued) 
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Table S8 (continued) 
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