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Abstract
C4H16CdN4O14V6, orthorhombic, Pca21, a = 16.545(6) Å,
b = 6.515(3) Å, c = 17.096(7) Å, V = 1842.9(13) Å3, Z = 4,
Rgt(F ) = 0.0306, wRref(F 2) = 0.0796, T = 296 (2) K.

CCDC no.: 2454409

1 Source of materials

The title compound [Cd(C2H8N2)2][VIV
4VV

2O14] (Table 1) was
prepared under the hydrothermal conditions. The mixture
of Cd(NO3)2·4H2O (0.32 g), NH4VO3 (0.38 g), ethylenediamine
(C10H8N2, 0.60 mL), glacial acetic acid (CH3COOH, 0.8 mL) and

Table : Data collection and handling.

Crystal: Block
Size: . × . × .mm
Wavelength:
μ:

MoKα radiation (. Å)
.mm−

Diffractometer, scan mode:
θmax, completeness:

Bruker APEX-II, φ and ω scans
.°, %

N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), 
N(param)refined: 

Programs: Bruker, Olex,, SHELX
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H2O (5.0 mL) was stirred for 2 h, transferred to a 50 mL
Teflon-lined stainless steel vessels and heated at 150 °C for
5 days. The black block crystals were obtained, washed with
deionized water and dried at RT (yield: ca. 72 % based on
NH4VO3).

2 Experimental details

H atoms from the organic ligand ethylenediamine were
positioned geometrically and refined using a riding model,
with C–H = 0.97 Å and N–H = 0.90 Å, with Uiso (H) = 1.2 times
Ueq(C) and Ueq(N). The absolute structure was established by
refinement of the Flack parameter (0.41(5) from 3577 selected
quotients) according to themethod from ref.5. The restrictive
refinement of “twin −1 0 0 0 –1 0 0 0 –1” was applied to deal
with the crystal structure (BASF 0.411).

3 Comment

In recent years, polyoxovanadates have attracted extensive
attention due to their fascinating structural features, multiple
valence states and flexible coordination geometry.6–11 The use
of vanadate anions as building blocks has become an effective
strategy for the preparation of organic-inorganic hybrid
polyoxovanadates.12,13 Here, we have synthesized a novel Cd2+-
based polyoxovanadate [Cd(C2H8N2)2][VIV

4VV
2O14] (V4+/V5+ = 2/1)

by means of organic ligand ethylenediamine under hydro-
thermal conditions. X-ray single-crystal diffraction structural
analysis reveals that itsmolecular structure is composedof one
coordinating cation [Cd(C2H8N2)2]2+ and one vanadate anion
[VIV

4VV
2O14]2−. A part of the title crystal structure is shown in

theFigure. In order to determine thevalence states of theVand
Cd sites in the crystal structure, the oxidation state of each
metal site in the crystal structure is obtained by the method of
bond-valence calculation. The results show that the valence
states of V(1) and V(6) sites are +V, the valence states of V(2),
V(3), V(4) and V(5) sites are +IV, and the valence state of Cd site
is+II.Within the vanadate anion [VIV

4VV
2 O14]2−, the V sites can

be divided into two types depending to their coordination
numbers: each V(1) and V(6) site adopts a 4-coordinated
tetrahedral geometry with four surrounding oxygen
atoms, while each V(2), V(3), V(4) and V(5) site is respec-
tively coordinated with five surrounding oxygen atoms
to lead to a 5-coordinated distorted square pyramidal
geometry. The coordination geometries of V(1) and V(6)
sites are similar as those of the reported vanadate compounds
α-[Cu(mIM)4]V2O6, and β-[Cu(mIM)4]V2O6 (mIM = 1-methyl-
imidazole),14 while the coordination geometries of V(2), V(3),

V(4) and V(5) sites are compared with those of known
{V6O18} cluster-containing compounds [CuII(en)2]4{Na(H2O)(μ–
OH)[B(OH)2]}2[(VVO)2(VIVO)10O6(B18O36-(OH)6)]}·7H2O15 and
[CdII3(H2O)6][(VIVO)6(VVO)6(O6)(B18O36(OH)6)]·10H2O (en = eth-
ylenediamine).16 The lengths of the V–O bonds in the title
compound range from 1.586(3) Å to 2.014(4) Å, and the bond
angles of O–V–O range from 77.41(13)° to 152.22(16)°. These
parameters of bond lengths and bond angles are within
their reasonable ranges and can be compared with previ-
ously reported vanadate compounds.12–14 The distorted
{VO5} square pyramids are linked by bridging oxygen
atoms [O(3), O(5), O(6), O(7) and O(9)], forming a tetranu-
clear {V4O14} cluster. Then, the tetranuclear clusters
{V4O14} are further connected with the surrounding {VO4}
units by the bridging oxygen atoms [O(3) and O(9)],
resulting in the formation of the vanadate anion [VIV

4
-

VV
2O14]2−. These adjacent vanadate anionic structural units

are finally extend to a 2D layered anionic structure along
the a, b and c axis by bridging oxygen atoms [O(1), O(5), O(4)
and O(14)]. The adjacent anionic layers are linked to
[Cd(C2H8N2)2]2+ cations by bridging oxygen atoms (O1
and O12), generating a 3D framework architecture.
The bond lengths of Cd–O and Cd–N fall in the ranges of
2.372(4) Å–2.555(4) Å and 2.253(5) Å–2.278(6) Å, respectively.
The bond angles of O–Cd–N, N–Cd–N fall in the ranges of
81.7(2)°–91.2(2)° and 76.5(2)°–179.3(2)°, respectively. The bond
angle O–Cd–O is 176.73(13)°. These bond lengths and bond
angles can be comparedwith the known related Cd-containing
compounds [Cd(en)3]{[Cd(H2O)(en)]6[B20V12O60-(OH)2]}·
8H2O (en = ethylenediamine)17 and poly[aqua-(pyridine-
3-carboxylato-κ1N)(pyridine-3-carboxylato-κ2O,O′) cadmiu-
m(II)] dihydrate (C12H14N2O7Cd).18 In addition, the N–H⋯O
hydrogen bonds, which contribute to the stability of the
crystal structure, can be observed in the title compound.
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