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Materials and Methods

All starting materials and reagents were used as received from commercial sources without
further purification. Elemental analyses (C, H, and N) were performed on a vario MICRO
elemental analyzer. Thermal gravimetric analysis (TGA) was achieved by using a TGA Q500
thermogravimetric analyzer with a heating rate of 10 °C/min in air. Powder X-ray diffraction
(PXRD) data were collected on a Rigaku D/max-2550 diffractometer with Cu-Ka radiation (4
= 1.5418 A). The N, adsorption isotherm was measured using a Micromeritics ASAP 2040
instrument at 77 K under 1 bar. The infrared spectra (IR) were recorded on a Bruker IFS-
66v/S FTIR spectrometer in the range of 400-4000 cm-! using the KBr pallet. The liquid state
UV-vis spectra were performed on a SHIMADZU UV-2450 UV-visible spectrophotometer

by using the same solvent as the blank.

Synthesis of [CH;NH;][Zn(NTB)(NMF)]-4.5SNMF (JLU-MONT1)

Single crystals of JLU-MONT1 were prepared by solvothermal reaction of Zn(NO3),-6H,0
(12 mg, 0.04 mmol) and 4,4",4"-nitrilotrisbenzoic acid (H;NTB, 15 mg, 0.04 mmol) in the
mixture of N-methylformamide (NMF, 1 mL) and deionized water (0.35 mL) at 115 °C for 3
days. The colorless hexagonal prism-shaped crystals were generated and washed with N,N-
dimethylformamide (DMF), then dried in air (yield 55% based on H3NTB). Elemental
analysis (%) calcd for JLU-MONT1: C 49.75, H 5.76, N 13.19; found: C 49.42, H 591, N
13.03.

Single-Crystal X-ray Crystallography

Crystallographic data of as-synthesized JLU-MONT1 was collected on a Bruker Apex II
CCD diffractometer using graphite-monochromated Mo Ka (4 = 0.71073 A) radiation at room
temperature. The structure of JLU-MONT1 was solved by direct method and refined by full-
matrix least-squares on F? using SHELXTL program.[!! The zinc atoms were located first, and
then the carbon, nitrogen and oxygen atoms of the crystals were subsequently found in
difference Fourier maps. All the non-hydrogen atoms were refined with anisotropic
displacement parameters. The hydrogen atoms were located geometrically with isotropic
parameters. Topology information for JLU-MONT1 was determined by TOPOS 4.0.[2] The
final formula of JLU-MONT1 was designated from the crystallographic data combined with
thermogravimetric and elemental analysis data. The summary crystal data and structure
refinements for JLU-MONT1 were presented in Table S1, and the selective bond lengths and
angles as well as the hydrogen bond data of the compound were given in Tables S2 and S3.
The supplementary crystallographic data for JLU-MONT1 (CCDC number 1573784) can be
obtained free of charge from the Cambridge Crystallographic Data Centre upon request at

www.ccdc.cam.ac.uk/data request/cif.
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N, Adsorption

Before gas adsorption measurement, the as-synthesized JLU-MONT1 (80 mg) was
dried at room temperature and then activated by using the ‘outgas’ function of the surface

area analyzer for 10 h at 30 °C.

Dye Adsorption and Separation

All the experiments were performed on freshly prepared JLU-MONT1 (10 mg) in DMF
solution under consecutive stirring in dark condition and at room temperature. Different
shaped and charged organic dyes, namely, basic red 9 (BR9), basic violet 14 (BV14), methyl
violet (MV), rhodamine 6G (Rh6G), methylene blue (MLB) as cationic dyes, neutral red
(NR) as neutral dye, and methyl orange (MO) as anionic dye, were used to test the abilities of
adsorption and separation for JLU-MONT1. For adsorption experiments, the as-synthesized
JLU-MONT1 was transferred into the dye solutions (20 mL, 10 ppm), respectively. The
concentrations of dyes were recorded by measuring the intensity of maximum absorption peak
via UV-vis spectrophotometer at a pre-determined time. According to the different adsorption
performances, binary mixtures of BRO&NR, BRO&MO, BV14&NR, BR14&MO, MV&NR
and MV&MO in 1:1 molar ratios (20 mL, 10 ppm) were selected to assess the selectivity of
JLU-MONT]1. The maximum adsorption amounts for cationic dyes BR9, BV14, MV, Rh6G,
and MLB were investigated in 100 mL dye solutions with different initial concentrations for
24 h. The amounts of absorbed dyes at time Q; and at equilibrium Q. were calculated as
follows:[3!

Q=(Co-C)V/m (1)
Qe=(Co-Co) V/m  (2)

in which Cy, C; and C. are the concentrations of dyes at initial, time, and equilibrium,

respectively. V is the volume of the dye solutions and m is the mass of JLU-MONTT1.

To keep the accuracy of maximum adsorption amounts, three groups of repeated

experiments were performed simultaneously, and the final adsorption uptakes are the average

values.
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Structure Description

Fig. S1 Coordination environment of the Zn ions and organic ligands (all hydrogen atoms and

solvent molecules are omitted for clarity).

@ Packing €F

Fig. S2 Top view of the hollow nanotube with an exterior wall diameter of 29 A and an

interior channel diameter of 21 A regardless of van der Waals radius.

Fig. S3 Topology analysis of discrete nanotube in JLU-MONT1: (a) zinc center and NTB
ligand can be simplified as the 3-connected nodes, respectively; (b) side view of the 1D
nanotube with the yellow hexagonal prism representing the channel.
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JLU-MONT1&(3,3) CNT

Fig. S4 Topology (a) and size (b) comparison of the discrete nanotube in JLU-MONT1 with

single-walled carbon nanotube with (3,3) index.

Fig. S6 Topology analysis of JLU-MONT1: (a) H;NTB ligand can be simplified as a 3-
connected node, and zinc unit can be seen as a 5-connected node considering hydrogen-bonds;
(b) topology of JLU-MONTT1 along [001] direction.

S-5



Spectra Characterization
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Fig. S7 FT-IR spectra of H;NTB and JLU-MONT1.
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Fig. S8 PXRD patterns of (a) simulated and as-synthesized as well as (b) DMF, CH;0H,
CH;CN, and CH3COCHj; soaked JLU-MONT1 samples.
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Fig. S9 TGA curve for JLU-MONT]I.
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Fig. S10 (a) N, sorption isotherm at 77 K under 1 bar and (b) PXRD pattern after N, sorption
for JLU-MONT1L.
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Fig. S11 UV-vis spectra of MV (a), Rh6G (c), and MLB (e) show the adsorption processes

with JLU-MONT1 at different times, the inset profiles display the change of color before

(left) and after (right) adsorption; the variable adsorption amounts (Q;) and corresponding

first-order derivative curves with time for MV (b), Rh6G (d), and MLB (f).
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Fig. S12 UV-vis spectra of NR (a) and MO (b) show the adsorption processes with JLU-

MONT1 at different times, the inset profiles display the change of color before (left) and after

(right) adsorption.
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Fig. S13 FT-IR spectra of dyes, dye-adsorbed samples and JLU-MONT1 for BR9 (a), BV14
(b), MV (c), Rh6G (d), and MLB (e).
FT-IR spectroscopy has been used to monitor the successful adsorption of BR9, BV14, MV,
Rh6G, and MLB molecules for JLU-MONT1. As shown above, the obvious characteristic

absorption peaks of corresponding cationic dyes were emerged after encapsulated in the

channels of JLU-MONT1.
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Fig. S14 PXRD patterns of as-synthesized and dye-adsorbed samples for JLU-MONT1.
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Fig. S15 UV-vis spectra for the mixtures of BV14&NR (a), BV14&MO (b), MV&NR (c¢),
and MV&MO (d) with JLU-MONT1 at different times, the inset profiles display the change

of color before (left) and after (right) adsorption.
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Fig. S16 The initial adsorption rates of BR9, BV14, MV, Rh6G, and MLB based on first-

order derivative.
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Fig. S17 Langmuir and Freundlich isotherms fitting plots for the adsorption of BR9 (a), BV14
(b), MV (c), Rh6G (d), and MLB (e).
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Scheme S1 Space-filling modes of dyes@JLU-MONT1, (a) BR9, (b) BV14, (c) MV, (d)
Rh6G, and (¢) MLB.

Table S1 Crystal data and structure refinement for JLU-MONT]1.

compound JLU-MONT1
formula C33Hys55N75011.5Zn
formula weight 796.64
temperature (K) 293(2)
wavelength (A) 0.71073
crystal system trigonal

space group R-3

a(A) 47.432(7)
b(A) 47.432(7)
c(A) 13.658(3)

o (°) 90

B () 90

y () 120

volume (A?) 26611(7)

Z, D. (Mg/m?3) 18, 0.895
F(000) 7524

0 range (deg) 1.49-25.06
reflns collected/unique 57781/10467
Rin 0.0848
data/restraints/params 10467/36/307
GOF on F? 0.930

R;, wR; (I>25(1)) 0.0661, 0.1745
R;, wR; (all data) 0.1215, 0.1925

Ri=XNFHF ZIFol. wR=[X[ w (F*=F )]/ X[ w (F?)*1]"
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Table S2 Selected bond lengths (A) and angles (°) for JLU-MONT1.

Zn(1)-O(1) 1.942(3) Zn(1)-O(5)#1 1.962(3)
Zn(1)-O(3)#2 1.977(3) Zn(1)-O(7) 2.007(3)
O(3)-Zn(1)#3 1.977(3) O(5)-Zn(1)#4 1.962(3)
O(1)-Zn(1)-O(5)#1 97.56(13) O(1)-Zn(1)-O(3)#2 119.16(12)
O(5)#1-Zn(1)-O(3)#2 130.96(13) O(1)-Zn(1)-O(7) 107.36(13)
O(5)#1-Zn(1)-O(7) 103.71(13) O(3)#2-Zn(1)-O(7) 95.47(13)
Symmetry codes: #1 y-1/3,-x+y+1/3,-z+4/3; #2 y-1/3,-x+y+1/3,-z+1/3;

#3 x-y+2/3,x+1/3,-z+1/3; #4 x-y+2/3 x+1/3,-z+4/3.
Table S3 Hydrogen bond data for JLU-MONT1.
D-H...A d(D-H) d(H...A) d(D...A) <(DHA)
N(2)-H(2)...0(2)#1 0.86 2.119 2.816 137.78

Symmetry codes: #1 -x+y-1/3,-x+1/3,z+1/3.

Table S4 Comparison of the primary structure features and channel diameter on the reported

MONTs.

MONTSs Primary structure features Channel diameter (A) Ref.
AgLBF40.5 4-connected square 8.2x12 [4]
(CsHo)

MONT-1 4-connected square 11.2x11.2 [5]
MONT-A1 (4,4)-square sheet, (6,6) index 14.0 [6]
MONT-1 (4,4)-square sheet, chirality 12.8x13.9 [7]
[In(1,3-BDC),]-  4-connected topology 3.9 [8]
[Pt(en)(bpy)I]4 4-connected square 5.9 [9]
(NOs)s:16H,0

[ZnLCL)-8H,O  double-helices 33.2 [10]
[Mn",;Mn""[(L),  3-connected, (4,0) index 3.5-6.5 [11]
(dca),Br;

MMONT-5 (4,4)-square sheet, (6,0) index 24.0 [12]
Ni—-TCPE1 (4,4)-square sheet 21.0 [13]
Zn(L)(H,0), 3-connected , (3,3) index 10.9%6.9%x15.1 [14]
2:ClOy4 hexagonal 3d-4f metallocycle 16.4 [15]
MB-1 dissectible bamboo-like tube 8.1 [16]
Zn;(gtsp)s [3+3] triangular prism 2.5-2.7 [17]
Zny(gtsp)y [4+4] tetranuclear nanotubes 3.0-5.0 [17]
JLU-MONT1 3-connected, (3,3) index 21.0 This work
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Table S5 The element contents of JLU-MONTT1 after heated under different temperatures.

Elemental Content [%]

Samples
C H N
JLU-MONT1-r.t. 49.42 591 13.03
JLU-MONT1-200 °C 53.67 4.54 7.75
JLU-MONT1-420 °C 58.16 2.31 3.02

Table S6 Molecular parameters of the dyes.['5-20]

Dyes

Charge

Dimensions (A)

Molecular structure with

CPK mode

NH,
+
H2N NH,

Basic Red 9 (BR9)

NH,
| ‘\|
+
H,N E § NH,

Basic Violet 14 (BV14)

\N/
O O\+

Methyl Violet (MV)
O o~
(o)
N
eesd
“Rho
damine 6G (Rh6G)

N
+
\’il s N/

I Met
hylene Blue ( MLB)

N
j@[ \ID\
7
H,N N ril/

Neutral Red (NR)

N N
/ M

+1

+1

+1

+1

+1

2.7x11.0x12.5

2.9x11.0x12.5

3.5x13.0x13.7

10.9x15.7x15.8

1.8x5.5%x14.2

2.3%6.4x12.6

4.5%6.0x14.8
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ethyl Orange (MO)

Table S7 The maximum adsorption amounts for BR9, BV14, MV, Rh6G, and MLB on JLU-
MONTT1, based on the data of three different batch experiments.

Cationic dyes BRY (mg/g) BV14 (mg/g) MV (mg/g) Rh6G (mg/g) MLB (mg/g)

Sample 1 1745 1667 1631 1241 309
Sample 2 1707 1656 1597 1271 288
Sample 3 1732 1636 1618 1263 320
Average 1725 1653 1615 1258 306

Table S8 Comparison of maximum adsorption amounts for BR9 on various adsorbents.

Adsorbent Q. (mg/g) Ref. Adsorbent Q. (mg/g) Ref.

JLU-MONT1 1725 This work | Activated carbon 131 [26]
Graphene-based

Activated carbon 428.4 [21] 89.4 [27]
nanocomposite

Clay 344 .83 [22] Industrial sludge 70.4 [28]

Fibers 250 [23] AGHSB 67.11 [29]

Sunflower stalks-

204.6 [24] Sepiolite 32.35 [30]
treated
Pirina 189.3 [25] Jalshakti 11.7 [31]

Sunflower stalks 187.32 [24]

Table S9 Comparison of maximum adsorption amounts for BV14 on various adsorbents.

Adsorbent Q. (mg/g) Ref. Adsorbent Q. (mg/g) Ref.
JLU-MONT1 1653 This work Ca-bentonite 100 [34]
Calophyllum
inophyllum 1416.43 [32] Nanofiber 67.11 [35]
Shells
Theobroma cacao

980.39 [32] Deoiled Soya 12.03 [36]
Shells
Curcuma

208.33 [33] Bottom ash 6.39 [36]

angustifolia Scales
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Na-bentonite

147.9

[34]

Table S10 Comparison of maximum adsorption amounts for MV on various adsorbents.

Adsorbent Q. (mg/g) Ref. Adsorbent Q. (mg/g) Ref.
PMCS 1728.3 [37] SAAC 85.8 [46]
JLU-MONT1 1615 This work JLU-Liu39 84 [18]
Superporous
1585 [38] Erionite 83.8 [47]
monolith
Magnetic
HPP-3 699 [39] 81.7 [48]
nanocomposite
GFP 254.2 [40] PKF 78.9 [49]
mGO/PVA-50% 221.2 [41] Clinoptilolite 70.7 [47]
Sr-BTTC 184 [42] TGW 64.9 [50]
CSAC 135.1 [43] PAAC 60.4 [46]
Opal 101.1 [44] CPBP 32.8 [51]
TPR 94.3 [45] WAC 19.8 [52]

Table S11 Comparison of maximum adsorption amounts for Rh6G on various adsorbents.

Adsorbent Q. (mg/g) Ref. Adsorbent Q. (mg/g) Ref.
JLU-MONT1 1258 This work | GSC 55 [57]
BioNC Hydrogel 1244.7 [53] Activated carbon 44.7 [58]
Nanoclay 428.9 [54] Hydrogel-0.2 36.8 [59]
Chitosan 4113 [54] Gl 35.6 [60]
Fe;O4NPs

Chitosan clay 440.9 [54] Graphene Oxide 23.3 [61]
TiP 217.4 [55] 1-min sludge 16.2 [62]
Palm shell powder 105 [56]
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Table S12 Comparison of maximum adsorption amounts for MLB on various adsorbents.

Adsorbent Q. (mg/g) Ref. Adsorbent Q. (mg/g) Ref.
CTS-g-PAA/10%
VMT 1685.6 [63] Cd-MOF2 317.9 [73]
PMCS 1615.9 [37] JLU-Liu39 308 [18]
FJI-C2 1323 [64] JLU-MONT1 306 This work
MIL-100(Fe) 1105 [65] Sr-BTTC 270 [42]
PCN-222 906 [66] MIL-101(Al) 193 [67]
amino-MIL-101(Al) 762 [67] MOF-235 187 [74]
MIL-100(Fe) 736.2 [68] LPTNs 184 [3]
MIL-100(Cr) 643.3 [68] Graphene 153.9 [75]
PAC2 588 [69] CSAC 153.9 [43]
F400 476 [69] HPP-3 144 [39]
Zn-MOF 410 [70] Zn(phenDIB) 139.4 [76]
(AOBTC),
DS1 401 [71] Cd-MOF1 105 [73]
PAC1 380 [69] Cd-MOF3 30 [73]
Peat 324.0 [72] Zn-MOF 0.75 [77]
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