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Two Lanthanide Metal-Organic-Frameworks Based on a
Tetra-carboxylate Ligand for Sensing of Small Organic Molecules
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Chemistry, Zhejiang Normal University, Jinhua, Zhejiang 321004, China)

Abstract: 5,5'-(1H-1,2,4-triazole-1,4-diyl)diisophthalic acid (H,L) was used to synthesize two microporous three-
dimension metal-organic-frameworks (MOFs) with lanthanide metal salts by intermolecular self-assembly: {[Hosl,
(H,0)s]OH -2DMF}, (1), {[ThsL,(H,0)s]OH -2DMF}, (2). Single-crystal X-ray diffraction revealed the Ln-MOFs are
isomorphous and belong to monoclinic C2/m space group. Three Ln () ions are connected through eight
carboxylic groups to form a trinuclear [Lny(COO);] SBU. The SBU polyhedrons share edges with each other
generating a 1D inorganic chain, and the chains are further connected by the L* ligands to construct a 3D
framework. The luminescence intensity of 2 can be modulated by organic small molecules, and 2 exhibited the

significant quenching in nitrobenzene, which indicates that 2 is potential luminescent sensing material for nitro

explosives. CCDC: 1552522, 1; 1552027, 2.
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Table 1 Crystal data and structure parameters

1 2
Empirical formula C,oH4NgOosHos CoH4NgO55Ths
Formula weight 1 552.62 1 534.59
Crystal system Monoclinic Monoclinic
Space group C2/m C2/m




232 kol oo %34 %
g3k
a/nm 1.609 53(17) 1.612 62(8)
b/ nm 2.118 89(17) 2.125 56(13)
¢/ nm 1.707 26(17) 1.708 39(10)
B/ 110.494(8) 110.461(4)
V /oo 5.454 09) 5.486 4(5)
A 4 4
D./ Mg-m™) 1.891 1.858
w/ mm™ 4.399 3914
F(000) 3 000 2976
Crystal size / mm 0.22x0.12x0.10 0.19x0.14x0.09
Reflection collected 75 645 49 639
Unique reflection (R;,) 5516 (0.139 0) 5552 (0.103 5)
Data with I>20(1) 4 006 3 805
Parameters refined 295 301
R, wR [I>20(])] 0.066 0, 0.148 1 0.058 7, 0.160 1
R, wR (all data) 0.098 9, 0.159 6 0.083 1, 0.175 1
Goodness-of-fit (on F?) 1.000 0.835
(B0)ess (Ap)uin / (e -nm™) 3 486, -2 628 3219, -5 228
%2 Ln-MOFs WEEZEZEKmm)FER(C)
Table 2 Selected bond lengths (nm) and bond angles (°)
1
Ho(1)-0(5)#1 0.229 8(9) Ho(1)-0(2W) 0.234 8(13) Ho(1)-0(1) 0.236 9(7)
Ho(1)-0(1W) 0.237 3(14) Ho(1)-0(3W) 0.248 1(15) Ho(2)- 0(6)#1 0.226 1(7)
Ho(2)-O(4)#4 0.228 0(7) Ho(2)-0(2) 0.228 9(7) Ho(2)-0(4W 0.231 8(11)
Ho(2)-0(7)#5 0.238 2(7) Ho(2)-0(3)#6 0.238 8(7) Ho(2)- (8)#5 0.242 9(7)
Ho(2)-0(4)#6 0.271 4(7)
O(5)#1-Ho(1)- 0(5)#2 110.2(5) 0(5)#1 Ho(l)-O(QW)#? 142.6(4) O(5)#1-Ho(1)-0(2W) 80.9(5)
0(5)#2-Ho(1)-02W 142.6(4) 0(2W)#3-Ho(1)-0(2W) 71.0(8) 0(5)#1 Ho(1)-0(1)# 143.8(3)
0(5)#2-Ho(1)- 0(1)#3 81.8(3) 0(2W)#3-Ho(1)-0(1 ) 71.4(4) 02w (1 -O(1)# 110.6(4)
0(5)#1-Ho(1)-0(1) 81.8(3) 0(5)#2-Ho(1)-0(1) 143.8(3) 0(2W)#3-Ho(1)-0(1) 110.6(4)
0(2W)-Ho(1)-0(1) 71.4(4) 0(1)#3-Ho(1)-0(1) 70.7(4) 0(5)#1 Ho(1)-O(1W) 72.7(3)
0(2W)-Ho(1)-0(1W) 142.8(4) 0(1)-Ho(1)-0(1W) 79.2(3) 0(5)#1-Ho(1)-0(3W) 75.4(3)
0(2W)-Ho(1)-0(3W) 73.3(4) 0(1)-Ho(1)-03W) 140.4(3) 0(1W)-Ho(1)-0(3W) 122.5(5)
0(6)#1-Ho(2)-O(4)#4 86.0(3) 0(6)#1-Ho(2)-0(2) 84.8(3) 0(4)#4-Ho(2)-0(2) 165.3(3)
0(6)#1-Ho(2)-0(4W) 75.2(3) 0(4)#4-Ho(2)-0(4W) 96.5(4) 0(2)-Ho(2)-0(4W) 92.2(4)
0(6)#1-Ho(2)-O(7)#5 132.5(3) 0(4)#4-Ho(2)-0(7)#5 85.103) 0(2)-Ho(2)-0(7)#5 92.8(2)
0(4W)-Ho(2)-0(7)#5 152.2(3) 0(6)#1-Ho(2)-0(3)#6 145.8(3) 0(4)#4-Ho(2)-0(3)#6 118.2(3)
0(2)-Ho(2)-0(3)46 75.3(3) 0(4W)-Ho(2)-0(3)#6 78.1(4) O(7)#5-Ho(2)-0(3)#6 76.8(3)
0(6)#1-Ho(2)-0(8)#5 79.4(3) O(4)#4-Ho(2)-0(8)#5 87.6(3) 0(2)-Ho(2)-0(8)#5 79.5(3)
0(4W)-Ho(2)-O(8)#5 153.83) 0(7)#5-Ho(2)-0(8)#5 53.7(2) 0(3)#6-Ho(2)-O(8)#5 122.5(3)
O(6)#1-Ho(2)-O(4)#6 136.1(2) O(4)#4-Ho(2)-0(4)#6 69.2(3) 0(2)-Ho(2)-0(4)#6 125.0(2)
O(4W)-Ho(2)-O(4)#6 72.5(3) O(7)#5-Ho(2)-0(4)#6 82.3(2) 0(3)#6-Ho(2)-0(4)#6 50.2(2)
O(8)#5-Ho(2)-O(4)#6 132.3(2)
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Th(1)-O(5)#1 0.229 6(8) Th(1)-O(1W) 0.238 2(13) Th(1)-0(2W) 0.238 2(7)
Th(1)-0(1) 0.239 7(7) Th(1)-0(3W) 0.251 8(15) Th(2)-0(6)#1 0.227 6(7)
Th(2)-0(4)#4 0.229 7(7) Th(2)-0(2) 0.229 9(7) Th(2)-0(4W) 0.233 9(12)
Th(2)-0(3)#5 0.238 0(7) Th(2)-0(7)#6 0.239 4(7) Th(2)-O(8)#6 0.244 1(7)
Th(2)-O(4)#5 0.271 5(8)
O(5)#1-Th(1)-0(5)#2 109.7(5) O(5)#1-Th(1)-0(1W) 72.5(3) O(5)#1-Th(1)-0(2W) 80.0(3)
O(5#2-Th(1)-0(2W) 144.0(3) O(1W)-Th(1)-0(2W) 141.40(19) O@2W)#3-Th(1)-0(2W) 73.9(4)
O(5)#1-Th(1)-0(1) 81.8(3) O(5)#2-Th(1)-0(1) 143.5(3) O(1W)-Th(1)-0(1) 78.9(3)
O@2W)#3-Th(1)-0(1) 111.522) 0(2W)-Th(1)-0(1) 70.7(3) O(5)#2-Th(1)-0(1)#3 81.8(3)
O(1W)-Th(1)-0(1)#3 78.9(3) O(1'W)-Th(1)-0(3W) 122.7(5) O(1)-Th(1)-0(1)#3 70.7(4)
O(5)#1-Th(1)-0(3W) 75.5(3) O(6)#1-Th(2)-O(4)#4 86.2(3) 0(2W)-Th(1)-0(3W) 73.7(4)
O(1)-Th(1)-03W) 140.4(3) O(6)#1-Th(2)-0(4W) 75.8(4) 0(6)#1-Th(2)-0(2) 84.4(3)
0(4)#4-Th(2)-0(2) 164.8(3) O(6)#1-Th(2)-0(3)#5 145.6(3) O(4)#4-Th(2)-0(4W) 96.7(4)
0(2)-Th(2)-0(4W) 92.5(4) 0(4W)-Th(2)-0(3)#5 77.5(4) O(4)#4-Th(2)-0(3)#5 118.2(3)
0(2)-Th(2)-0(3)#5 75.5(3) 0(2)-Th(2)-0(7)#6 92.5(3) O(6)#1-Th(2)-O(7)#6 132.4(3)
O(4)#4-Th(2)-0(7)#6 85.0(3) 0(6)#1-Th(2)-0(8)#6 79.1(3) O(4W)-Th(2)-0(7)#6 151.8(3)
0(3)#5-Th(2)-0(7)#6 76.9(3) O(4W)-Th(2)-0(8)#6 154.2(3) O(4)#4-Th(2)-0(8)#6 87.2(3)
0(2)-Th(2)-0(8)#6 79.3(3) O(6)#1-Th(2)-0(4)#5 136.2(2) O(3)#5-Th(2)-0(8)#6 122.9(3)
O(7)#6-Th(2)-0(8)#6 53.92) O(4W)-Th(2)-0(4)#5 71.9(3) O(4)#4-Th(2)-0(4)#5 69.4(3)
0(2)-Th(2)-0(4)#5 125.3(2) O(8)#6-Th(2)-0(4)#5 132.6(3) O0(3)#5-Th(2)-0(4)#5 50.1(2)
O(7)#6-Th(2)-0(4)#5 82.6(2)

Symmetry codes: #1: 1-x, vy, —z; #2: 1—x, —y, —z; #3: x, —y, z; #4: 1/24x, 12—y, z; #5: 1/2—x, 12—y, —z; #6: 1—x, y, 1—z; #7: x=1/2, 1/2—y,
#5: 1—x, y, 1—z; #6: 0.5-x, 0.5-y, —z; #7: =0.5+«x, 0.5-y, z for 2

z for 1; #1: 1—x, y, —z; #2: 1—x, —y, —z; #3: x, —y, z; #4: 0.5+x, 0.5-y, z;
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Symmetry codes: #1: 3/2—x, 1/2—y, 1—z; #2: x, -y, z
2 (a, b) FATTF b WA —AETHLEELE ) (¢, d) ac “FHIHT ab ~F 18 A9 = 4k HE R
Fig.2 Drawing of the 1D inorganic chains (a, b) and 3D frameworks (c, d)
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Fig.4  Solid-state emission spectra for 2 at room

temperature
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Fig.5 Solid-state photo-luminescent emission spectra of 2 in different solvents (a) and in nitrobenzene
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