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Synthesis, Structure and Dielectric Properties of Cyanide Cobalt(l)
Hydrogen-Bonding Cage-like Supramolecular Crystal

ZHENG Xiao-Yuan LIU Yang® QIN Liu-Lei YU Fei-Fan ZHU Chun-Li LIU Zun-Qi*
(Chemical Engineering College, Xinjiang A gricultural University, Urumgi 830052, China)

Abstract: Using o-chloroaniline (0-CA), 18-crown-6 and cobalt cyanide as reactant, a small-molecule metal
complex (H)ys(0-CAH)[Co(CN)glos* (18-crown-6)os+ H,O (1) was synthesized by evaporation in the mixed solution of
methanol and water. The structure and electrical properties of 1 were characterized by single crystal X-ray
diffraction, infrared spectroscopy, thermogravimetric analysis (TG) and dielectric measurements. The results
showed that 1 crystalizes in the triclinic system with the space group Pl at low-temperature (100 K). The cell
parameters are as follows: @=0.869 22(1) nm, 6=0.964 09(12) nm, ¢=1.129 93(14) nm, a=77.894 0(10)°, B=
78.877 0(10)°, y=88.684 0(10)°. Single crystal X-ray diffraction show a three-dimensional cage-like structure
through hydrogen bonds of cyanide cobalt, supramolecular cations and water molecules. When the temperature
changed, the space between the cobalt atoms of the cage-like vertex showed significant stretching deformation,

which resulted in the distinct dielectric anomaly observed around 260 K. CCDC: 1858374, LT, 1858375, RT.
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Table 1 X-ray single crystal diffraction data of crystal 1
LT RT
Temperature / K 100(2) 293(2)
Chemical formula CysHuO0uN,ClCoys CisHxON4C1Cops
Formula weight 386.73 386.73
Crystal system Triclinic Triclinic
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Space group Pl Pl
a/nm 0.869 22(11) 0.868 80(11)
b/ nm 0.964 09(12) 0.972 67(12)
¢/ nm 1.129 93(14) 1.144 42(14)
al () 77.894 0(10) 77.802 6(10)
B 78.877 0(10) 78.728 5(10)
v/ 88.684 0(10) 88.937 8(10)
V / nm’ 0.908 3(2) 0.926 8(2)
Z 1 1
D./ (g-cm™) 1.414 1.386
F(000) 404 404
@/ mm™ 0.678 0.664
26 range / (°) 0.994~25.009 0.994~25.009
Ry 0.032 0 0.0355
R, [I520(D)} 0.033 4 0.037 6
wR; (all data)® 0.083 0 0.087 9
GOF 1.055 1.018
s R= X (IFJ-IFEIN ZIE); * wR=[ S w(F,~IFPY S w(F)]">.
x2 KEVIHNETEEKNER
Table 2 Selected bond lengths (nm) and bond angles (°) of compound 1
LT
Col-C13 0.189 64(19) Col-C15 0.190 49(18) Col-C14 0.190 57(18)
Cl1-C8 0.173 6(2) N1-C7 0.146 3(2) N2-C13 0.115 3(3)
N3-C14 0.115 5(2) N4-C15 0.115 4(2)
C13-Col-C13 180.0 C13-Col-C15 89.56(8) C13-Col-C15 90.44(8)
C15-Col-C15 180.0 C13-Col-C14 89.85(7) C13-Col-C14 90.15(7)
C15-Col-C14 89.07(7) C15-Col-C14 90.93(7) C14-Col-C14 180.0
C8-C7-N1 121.22(17) C12-C7-N1 118.69(18) N2-C13-Col 179.58(18)
N3-C14-Col 179.77(17) N4-C15-Col 178.08(16)
RT
Col-C13 0.189 9(2) Col-C14 0.190 59(19) Col-C15 0.190 59(19)
cli-c8 0.173 6(2) N1-C7 0.146 0(3) N2-C13 0.115 0(3)
N3-C14 0.114 9(3) N4-C15 0.115 0(3)
C13-Col-C13 180.0 C13-Col-C15 89.50(8) C13-Col-C15 90.50(8)
C15-Col-C15 180.0 C13-Col-C14 89.63(8) C13-Col-C14 90.37(8)
C14-Col-C15 90.62(8) C14-Col-C15 89.38(8) C14-Col-C14 180.0
C8-C7-N1 121.15(19) C12-C7-N1 118.7(2) N2-C13-Col 179.42(18)
N3-C14-Col 179.8(2) N4-C15-Col 178.12(18)
R3I UGV 1HMIERSH
Table 3 Selected hydrogen bond parameters of compound 1
D-H---A d(D-F) / nm d(H-+A) / nm d(D-+A) / nm Z/DHA / (°)
LT
NI-H1C---01 0.091 0 0.197 8 0.282 9 155.056
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NI1-HIC---O1A 0.091 0 0.196 8 0.285 8 165.292
N1-HIC---02 0.091 0 0.265 5 0.3327 131.320
NI1-HI1C---02A 0.091 0 0.272°5 0.326 6 119.143
NI1-HI1D---03 0.091 0 0.261 6 0.281 4 93.014
NI1-HI1C---O3A 0.091 0 0.255 4 0.281 4 97.037
NI-HI1E---N2 0.091 0 0.192 4 0.276 4 152.570
O1W-HIWA---N3 0.086 0 0.185 4 0.271 3 176.470
O1W-HIWC---N4 0.085 2 0.186 3 0.271 3 175.050
O1W-HIWB---O1W" 0.122 7 0.122 7 0.245 5 180.000
N1-H1C---01 0.089 1 0.200 6 0.284 1 155.743
N1-H1C---O1A 0.089 1 0.200 1 0.288 7 167.539
N1-H1C---02 0.089 1 0.264 5 0.330 8 132.012
N1-H1C---02A 0.089 1 0.273 4 0.323 6 116.954
N1-H1D---03 0.089 0 0.250 2 0.288 7 106.723
N1-HI1C---03A 0.089 1 0.258 6 0.290 1 101.757
NI1-HIE---N2 0.089 0 0.194 8 0.277 3 153.470
O1W-HIWA---N3 0.086 4 0.185 6 0.271 8 175.210
OIW-HIWC---N4 0.085 1 0.186 9 0.271 4 172.350
O1W-HIWB---O1W' 0.123 2 0.123 2 0.246 4 180.000

Symmetry codes: ' —x, —y, —z.
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Fig.2 Asymmetric unit (a) and structure of compound 1 (b)
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Fig.3 (a) Molecular structure of water sharing a hydrogen ion; (b) N-=H---O hydrogen bonds formed between

cobalt cyanide anions and O atoms in adjacent water molecules
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Fig.4 Two-dimensional layered structure of compound 1
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Fig.6 (a) Two dimensional layered structure formed by (18-crown-6)(o-CAH) and [Co(CN)s] through hydrogen bonds;

(b) Three dimensional cage-like construction forming by 2D layered structure and two water molecules;

(c) Dimeric structure of (18-crown-6)(o-CAH)y; (d) Cage-like clathrate hydrate structure filled with the dimer
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Fig.8 XRD pattern (a) and simulated pattern (b) of

compound 1
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