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Abstract: The flexible multi - carboxylic acid organic ligand and Ni(Il) cation were selected to construct Ni-MOF
[Ni,(L)(Nphen),(H,0),], (1) (H,1.=5,5"-(butane-1,4-diylbis(oxy)) diisophthalic acid, Nphen=5-nitro-1,10-phenanthro-
line) under hydrothermal condition. X-ray single diffraction studies reveal that there are continuous hydrogen bonds
in the crystal structure of complex 1, which would be beneficial to its proton conducting behavior. The IR, powder X-
ray diffraction and thermogravimetric analyses suggest that the obtained complex is pure and stable. The electro-
chemical researches on the composite membrane incorporated by complex 1 and Nafion reveal that doping of com-
plex 1 can significantly improve the proton conduction behavior of Nafion membrane. The proton conductivity of the

composite membrane was 24.08% higher than that of pure Nafion membrane. CCDC: 2052757.
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Table 1 Crystal and refinement data for complex 1

Empirical formula CyyH;5N,OgNi, Absorption coefficient / mm™! 1.763
Formula weight 1053.16 F(000) 1084
Crystal system Triclinic 6 range for data collection / (°) 2.789 to 67.248
Space group P1 Limiting indices -9<h<8,-18<k<19,-17<1<22
a/nm 0.761 95(4) Reflection collected, unique 15910, 8 090
b/nm 1.627 90(9) R, 0.073 8
¢/nm 1.885 64(10) Completeness to =67.248° / % 99.4
al(°) 91.636(4) Refinement method Full-matrix least-squares on F'
B1(°) 94.189(4) Data, restraint, parameters 8090,2 112,631
v/(°) 102.994(4) Goodness-of-fit on F'? 0.985
Volume / nm? 2.270 5(2) Final R indices [[>20(])] R,=0.078 7, wR,=0.193 1
Z 2 R indices (all data) R,=0.161 7, wR,=0.247 4
D,/ (g-cm™) 1.541 Largest diff. peak and hole / (e*nm™) 713 and =563
x2 KEMIHEZREKOm)MER(C)
Table 2 Selected bond lengths (nm) and angles (°) of complex 1
Nil—O01 0.211 8(4) Nil—O05' 0.202 1(4) Nil—O015 0.206 5(4)
Nil—O016 0.206 7(4) Nil—N1 0.210 4(5) Nil—N2 0.2120(5)
Ni2—N4 0.207 1(5) Ni2—O04i 0.202 1(4) Ni2—O08 0.2109(4)
Ni2—O018 0.211 8(4) Ni2—O017 0.207 3(4) Ni2—NS5 0.207 8(5)
O1—Nil—N2 88.20(17) N1—Nil—N2 77.8(2) N1—Nil—O01 84.12(18)
05—Nil—N1 88.61(19) 05—Nil—01 91.86(16) 05i—Nil—O015 96.05(17)
05—Nil—016 97.23(17) 05—Nil—N2 166.37(19) 015—Nil—N1 103.27(18)
015—Nil—016 86.46(16) 015—Nil—N2 85.82(18) 015—Nil—O01 169.27(16)
016—Nil—NI1 168.12(18) 016—Nil—O01 85.36(16) 016—Nil—N2 96.36(18)
04i—Ni2—N4 168.4(2) 04"—Ni2—N5 89.3(2) N4—Ni2—NS5 79.2(2)
04i—Ni2—017 89.72(18) N4—Ni2—017 94.2(2) N5—Ni2—017 102.6(2)
04i—Ni2—08 91.62(17) N4—Ni2—08 85.97(18) N5—Ni2—08 85.1(2)
017—Ni2—08 172.26(17) 04i—Ni2—018 93.49(17) N4—Ni2—018 97.81(19)
N5—Ni2—018 173.53(19) 017—Ni2—018 83.29(17) 08—Ni2—018 89.02(16)

Symmetry codes: | —x, =y, —z; 1 —x+2, —y+1, —z.
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Fig.1

(a) Coordination environment of complex 1; (b) 1D coordination chain formed by L* ligands linking Ni(ll) cations;

(¢) 2D supramolecular layer formed by connecting 1D coordination chains by hydrogen bonds; (d) 3D supramolecular

network structure formed by hydrogen bonding connecting 2D supramolecular layers; (e) Hydrogen bonding structure

in complex 1
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Table 3 Hydrogen bond parameters of complex 1

D—H---A d(D—H) / nm d(H---A) / nm d(D---A)/ nm Z/DHA /()
015—HI5A---016" 0.085 0.236 5 0.296 9 128.36
015—H15B---06" 0.085 0.218 4 0.298 1 156.05
015—HI5A---02" 0.085 0.224 8 0.269 0 112,51
016—H16A---02 0.085 0.1933 02716 152.62
016—H16B---06" 0.085 0.1825 0.267 4 175.34
017—H17C---018" 0.085 0.2370 0.2855 116.73
017—H17A---07 0.085 0.207 4 02736 134.27
018—H18A---03" 0.085 0.2013 0.260 1 125.59
018—H18B---07 0.085 0.195 1 02748 155.74

Symmetry code: i —x, =y, —z+1; ¥ x, y, 2415 ¥ —a+2, —y+1, —z—1; " =42, —y+1, —z; Vi a—1, y, z; Wi a1, y, 2.
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Active energy of (e) Nafion membrane and (f) 1/Nafion composite membrane
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