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Synthesis, Crystal Structure and Properties of Two Compounds
Connected by Waugh-Type Polyoxoanion and Copper Ion
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Abstract: Two Waugh molybdates based on [MnMoyO3,]°~: [Cu (H,0),)sMnMogO5, -6H,0 (1) and [Cu (H,0),][Cu
(CsH;sN) (H,0),],(CsHsN)MnMogO+, - 4H,0 (2) have been isolated by reacting of (NH,)sMnMoyO3, -6H,0, CuCl, and
pyridine in aqueous solution, and characterized by elemental analysis, single-crystal X-ray diffraction, IR, NIR
and TG. The magnetic properties of compound 1 have also been studied. Crystal structural analyses indicate that
the compound 1 crystallizes in the triclinic crystal system and space group R32, and compound 2 crystallizes in
the monoclinic crystal system and space group C2/c. In compound 1, the polyoxoanions [MnMoyOx|* are linked
by Cu®* ions to form a 3D framework with a-Po topology. In compound 2, the polyoxoanions [MnMogOs|°" are
linked by the “Cu(H,0),” and “[Cusy(CsHsN)»(H,0)4]” groups to form a 3D network. It is noteworthy that compound

2 is the first example of Waugh-type compound, in which organic ligands coordinate to transition metal ions.

CCDC: 999721, 1; 999720, 2.
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Table 1 Crystal Data of Compounds 1 and 2
Compound 1 2
Empirical formula H;3sCusMnMoyOs, C5H3N3CusMnMogOyy
Formula weight 19453 2 148.53
Temperature / K 296(2) 296(2)
Crystal system Trigonal Monoclinic
Space group R32 C2/c
a/ nm 1.482 9(10) 1.688 3(2)
b/ nm 1.482 9(10) 1.466 6(18)
¢/ nm 1.428 4(15) 2.103 3(3)
B/(° 90.00 113.07(10)
V/nm? 2.720 1(4) 4.791 1(10)
A 3 4
D./ (g-cm™) 3.563 2771
F(000) 2778 3 820
0 range / (°) 2.13~28.53 1.91~25.05
Reflections collected 5448 11711
Independent reflections (I>207(1)) 1442 (1 423) 4240 (3 901)
GOF on F? 1.093 1.060

R=0.029 9, wR,=0.072 9
R=0.033 1, wR,=0.074 4

“Ri=SNF~IF S IF), wRo=[ S w(F~F2 S w(F2P] "
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Table 2 Selected bond distances (nm) and bond angles (°) of compounds 1 and 2

Complex 1
Cu(1)-0(2) 0.224 0(5) Mo(2)-O(1E) 0.220 6(5) Mo(1)-0O(1) 0.223 8(4)
Cu(1)-0(7) 0.196 9(10) Mo(2)-0(2) 0.172 1(5) Mo(1)-0O(3D) 0.171 3(5)
Cu(1)-0(8) 0.201 3(8) Mo(2)-0(4) 0.187 7(4) Mo(1)-0(4B) 0.196 8(5)
Mo(2)-0(6) 0.170 6(5) Mo(2)-0(5) 0.207 7(3) Mn(1)-O(1) 0.189 1(5)
0(2C)-Cu(1)-0(7C) 90.7(4) 0(2)-Cu(1)-0(2C) 174.4(3) 0(2)-Mo(2)-0(6) 106.1(3)
0(2C)-Cu(1)-0(8C) 88.5(4) 0(4)-Mo(2)-0(5) 148.6(2) 0(1)-Mo(2)-0(1C) 71.2(2)
0(7)-Cu(1)-0(7C) 90.2(4) 0(5)-Mo(2)-0(6) 90.2(2) O(1E)-Mo(2)-0(6) 95.5(2)
0(7C)-Cu(1)-0(8) 173.6(5) O(1E)-Mo(2)-0(5) 73.78(4) O(1E)-Mo(2)-0(4) 76.3(19)
Complex 2
Cu(1)-N(1) 0.204 5(5) Cu(2)-0(18) 0.201 2(3) N(1)-C(2) 0.132 6(8)
Cu(1)-0(12B) 0.248 4(2) C(7)-C(8) 0.135 0(14) Mo(1)-0(6) 0.171 7(3)
Cu(1)-0(15) 0.245 5(2) C(8)-C(9) 0.125 3(13) Mo(1)-0(12) 0.170 9(3)
Cu(1)-0(20) 0.185 7(5) N(2)-C(7) 0.136 6(11) Mo(6)-O(9A) 0.169 9(3)
Cu(1)-0(21) 0.174 9(6) C(2)-C(3) 0.138 1(9) Mn(1)-O(1) 0.190 4(3)
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Cu(2)-0(6) 0.233 3(3) C(3)-C(4) 0.137 5(8) Mn(1)-0(2) 0.190 5(3)

Cu(2)-0(17) 0.194 3(3) C4)-C(5) 0.136 9(9)
0(20)-Cu(1)-0(21) 159.0(4) 0(6)-Cu(2)-0(18B) 97.0(13) 0(1)-Mo(1)-0(12) 162.6(13)
0(21)-Cu(1)-0(21B) 90.6(5) 0(21B)-Cu()-N(1) 166.1(7) 0(1)-Mo(1)-0(2) 70.8(10)
0(20)-Cu(1)-0(21B) 75.7(7) 0(6)-Cu(2)-0(17B) 89.0(12) 0(2)-Mo(1)-0(8) 76.8(11)
0(15)-Cu(1)-0(21) 87.4(4) 0(5)-Mo(1)-0(8) 150.1(12) 0(2)-Mo(1)-0(12) 96.0(13)
0(15)-Cu(1)-N(1) 92.6(6) 0(5)-Mo(1)-0(12) 93.0(14) 0(5)-Mo(1)-0(6) 101.8(13)
0(21)-Cu(1)-N(1) 109.5(5) 0(1)-Mo(1)-0(6) 88.7(12)

Symmetry codes: 1: B: -y, x—y, —z; C: =y, x, —z; D: x—y, -y, —z; E: —x, —x+y, —z; 2: A: —x, y, 0.5—z; B: —x, 1-y, —z.
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Fig.1 Diamond view of the Structural motif of the
compound 1 with 50% probability of ellipsoid
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Fig.2 Packing diagram of compound 1 in the be (a) and ab (b) plane
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compound 2 with 50% probability of ellipsoid Fig.6 Packing diagram of compound 2 in be¢ plane
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Fig.7 TG curves of compounds 1 and 2
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