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The title compound, [Co(C2H8N2)3]2[SiMo8V4O40(VO)2]�-

6H2O, was prepared under hydrothermal conditions. The

asymmetric unit consists of a transition metal complex

[Co(en)3]3+ cation (en is ethylenediamine), one half of an

[SiMo8V4O40(VO)2]6� heteropolyanion, two solvent water

molecules in general positions and two half-molecules of water

located on a mirror plane. In the complex cation, the Co3+ ion

is in a distorted octahedral coordination environment formed

by six N atoms of the three chelating en ligands. One of the en

ligands exhibits disorder of its aliphatic chain over two sets of

sites of equal occupancy. The [SiMo8V4O40(VO)2]6� hetero-

polyanion is a four-electron reduced bivanadyl-capped �-

Keggin-type molybdenum–vanadium–oxide cluster. In the

crystal, it is located on a mirror plane, which results in disorder

of the central tetrahedral SiO4 group: the O atoms of this

group occupy two sets of sites related by a mirror plane.

Furthermore, all of the eight �2-oxide groups are also

disordered over two sets of sites with equal occupancy. There

are extensive intermolecular N—H� � �O hydrogen bonds

between the complex cations and inorganic polyoxidoanions,

leading to a three-dimensional supramolecular network.

Related literature

For general background to polyoxidometalates, see: Pope &

Müller (1991); Hill (1998); Kurth et al. (2001). For bicapped

Keggin-type anions, see: Chen & Hill (1996); Lu, Cui, Liu et al.

(2009); Lu, Cui et al. (2010); Lu, Xu & Yu (2010); Luan et al.

(2002); Müller et al. (1994); Xu et al. (1998). For general

background to bond-valence calculations, see: Brown &

Altermatt (1985). For the structure and chemistry of reduced

heteropolyanions, see: Khan et al. (1993); Lu, Cui, Chen et al.

(2009), Lu, Xu, Cui et al. (2010); Müller et al. (1994).

Experimental

Crystal data

[Co(C2H8N2)3]2[SiMo8V4O40-
(VO)2]�6H2O

Mr = 2359.83
Orthorhombic, Pnma
a = 20.744 (4) Å
b = 21.498 (4) Å
c = 13.623 (3) Å

V = 6075 (2) Å3

Z = 4
Mo K� radiation
� = 3.13 mm�1

T = 293 K
0.22 � 0.21 � 0.19 mm

Data collection

Rigaku R-AXIS RAPID
diffractometer

Absorption correction: multi-scan
(ABSCOR; Higashi, 1995)
Tmin = 0.508, Tmax = 0.552

45336 measured reflections
5404 independent reflections
3951 reflections with I > 2�(I)
Rint = 0.080

Refinement

R[F 2 > 2�(F 2)] = 0.054
wR(F 2) = 0.133
S = 1.05
5404 reflections

505 parameters
H-atom parameters constrained
��max = 2.04 e Å�3

��min = �1.07 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N1—H1C� � �O4i 0.90 2.08 2.918 (10) 154
N1—H1D� � �O14ii 0.90 2.48 2.988 (16) 117
N2—H2D� � �O10iii 0.90 2.24 3.040 (9) 148
N2—H2C� � �O12iv 0.90 2.22 3.034 (11) 151
N3—H3D� � �O19ii 0.90 1.97 2.765 (15) 147
N4—H4D� � �O3v 0.90 2.17 3.042 (9) 164
N4—H4C� � �O15vi 0.90 2.09 2.770 (16) 131
N5—H5D� � �O7ii 0.90 2.26 2.923 (10) 130
N5—H5C� � �O7vi 0.90 2.12 2.905 (11) 145
N5—H5D� � �O13ii 0.90 2.07 2.835 (18) 142
N6—H6C� � �O4i 0.90 2.31 3.126 (11) 150
N6—H6D� � �O10iii 0.90 2.57 3.109 (9) 120
N6—H6C� � �O18i 0.90 2.37 2.972 (11) 124

Symmetry codes: (i) x � 1
2; y;�zþ 3

2; (ii) �xþ 1;�yþ 1;�zþ 1; (iii)
x � 1

2;�yþ 3
2;�zþ 3

2; (iv) x� 1
2; y;�zþ 1

2; (v) x� 1
2;�yþ 3

2;�zþ 1
2; (vi) x� 1; y; z.
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Data collection: PROCESS-AUTO (Rigaku, 1998); cell refine-

ment: PROCESS-AUTO; data reduction: PROCESS-AUTO;

program(s) used to solve structure: SHELXS97 (Sheldrick, 2008);

program(s) used to refine structure: SHELXL97 (Sheldrick, 2008);

molecular graphics: DIAMOND (Brandenburg, 1999); software used

to prepare material for publication: SHELXL97.
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Bis[tris(ethylenediamine- 2N,N')cobalt(III)] octakis- -3-oxido-hexadeca- 2-oxido-tetradecaoxido-
12-tetraoxosilicato-octamolybdenum(VI)hexavanadium(IV,V) hexahydrate

Y.-K. Lu, M.-M. Tian, S.-G. Xu, R.-Q. Lü and Y.-Q. Liu

Comment

The design and synthesis of polyoxometalates (POMs) has attracted continuous research interest not only because of their
appealing structural and topological novelties, but also due to their interesting optical, electronic, magnetic, and catalytic
properties, as well as their potential medical applications (Pope & Müller, 1991; Hill, 1998). Most of the structures in these
compounds contain fragments of several well known polyoxoanions, such as Keggin, Lindquist and Dawson anion, or their
derivatives, which are the basis for numerous POMs. The Keggin-type structure was of epoch-making signifcance in the

history of POM chemistry (Kurth, 2001). In our research group, transition metal complexes (TMCs), such as [Ni(phen)3]2+,

[Ni(en)3]2+, [Ni(en)2(H2O)2]2+, [Ni(en)2]2+ and [Cu(en)2(H2O)]2+, are used to effectively modify POMs under hydro-

thermal conditions (Lu, Cui, Liu et al. 2009; Lu, Cui, Chen et al.. 2009). Here, we describe the synthesis and structural
characterization of the title compound.

As shown in Fig. 1, single crystal X-ray diffraction analysis reveals that the title compound consists of a bi-capped

α-Keggin polyoxoanion [SiMo8V4O40(VO)2]6–, two TMCs countercations [Co(en)3]3+ and six lattice water molecules. The

CoIII ion is in a distorted octahedral coordination geometry, bonded by six N atoms from the three chelating en ligands.

The Co—N bond lengths are in the range of 1.948 (8)–1.975 (8) Å. The heteropolyanion [SiMo8V4O40(VO)2]6– can be

described as a pseudo-Keggin core [SiMo8V4O40]10– with two additional five-coordinate terminal {VO}2+ units capping

two opposite {Mo4O4} square holes. This α-Keggin core [SiMo8V4O40]10–, similar to those of [XMo8V4O40]n– (X= Si, As

and P) (Luan et al., 2002; Müller et al., 1994; Xu et al., 1998), consists of four internally edge-shared octahedral {Mo2VO13}

connected with each other by corner-sharing oxygen atoms and enwrapping the central disordered SiO4 tetrahedron; to

look at it another way, it also a sandwich structure consisting of two {Mo4} rings and one {V4} belt distributed alternately.

Furthermore, all of the eight doubly bridging oxide groups (O13–O16, O19–O22) are also disordered with the occupancy
factor of 0.5 for each O atom.

The SiO4 tetrahedron has Si—O distances of 1.623 (10)–1.674 (11) Å and bond angles in the range of

108.1 (5)–110.9 (6)°.V1, V2 and all Mo atoms have a distorted {MO6} octahedral environment, and the capped V atoms

(V3 and V4) show a distorted {VO5} square pyramidal geometry, respectively. According to the kind of oxygen atoms

bonded to the Mo/V atoms, the Mo/V–O bond lengths are divided in three groups: Mo—Oc 2.365 (11)–2.429 (11) Å, V—Oc

2.328 (11)–2.454 (10) Å (Oc, central O atoms); Mo—Ob 1.643 (15)–2.067 (6) Å, V—Ob 1.794 (16)–2.156 (17) Å (Ob,

bridged O atoms); Mo—Ot 1.656 (10)–1.698 (8), V—Ot 1.573 (7)–1.649 (8) Å (Ot, terminal O atoms). All of the Si—O,

Mo—O and V—O bond lengths are within the normal ranges.

http://dx.doi.org/10.1107/S1600536811048197
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Lu,%20Y.-K.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Tian,%20M.-M.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Xu,%20S.-G.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=L%26uuml;,%20R.-Q.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Liu,%20Y.-Q.
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The bond valence sums (BVS) for the Mo and V centers were calculated by using parameters given by Brown (Brown
& Altermatt, 1985). The values are 6.15, 6.21, 6.32, 6.30, 6.12 and 6.29 for Mo1, Mo2, Mo3, Mo4, Mo5 and Mo6, and the
calculated valence sums for V1, V2, V3 and V4 are 4.47, 4.42, 4.16 and 3.96, respectively. The calculated results indicate
that the oxidation state of all Mo centers are +6, V1 and V2 centers have a mixed valence state (+4 and +5), and the capped
V atoms are +4, respectively; similar to the reported representative (Xu et al., 1998). We consider that oxalic acid acts as

reducing agent reducing VV to VIV in the synthesis.

The molecules are linked into a three-dimensional network by a combination of intermolecular N—H···O and C—H···O
hydrogen bonds (Fig. 2).

Experimental

A mixture of Na2SiO3.9H2O (0.28 g, 1 mmol), MoO3.2H2O (0.54 g, 3.0 mmol), V2O5 (0.54 g, 3.0 mmol), Co(NO3)2.6H2O

(0.44 g, 1.5 mmol), C2H2O4.2H2O (0.25 g, 2.0 mmol) and 18 ml water was stirred for 2 h in air; it was adjusted to pH = 6

with en and was heated in a 30 ml stainless steel reactor with a Teflon-liner at 180°C for 6 days, and then cooled to room
temperature. Black prism crystals were isolated with 55% yield (based on Mo). Elemental analysis: calcd: C, 6.11; H, 2.56;
N, 7.12; found: C, 6.09; H, 2.51; N, 7.18.

Refinement

H atoms bonded to C and N atoms were positioned geometrically and refined as riding atoms, with C–H = 0.97 Å, N–H
= 0.90 Å and Uiso(H) = 1.2Ueq(C, N). The hydrogen atoms of four crystallographic water molecules could not be located

unambiguously from difference Fourier maps, probably due to disorder of the water molecules.Thus the structure was refined
without the H atoms of the water molecules (which include the water O atoms O1W, O2W, O3W and O4W). In the SiO4

unit, the four oxygen atoms (O23—O26) are equally disordered about the mirror plane. All of eight µ2-oxide groups are
also disordered with an occupancy factor of 0.5 for each O atom. In complex cation, the C3 and C3' atoms were disordered
with a 0.5 occupancy and refined isotropically. In the final difference Fourier map, the highest residual electron density was
found at 1.74 Å away from O1W atom and the deepest hole at 0.92 Å from Mo4.

Figures

Fig. 1. A view of the molecule of title compound with displacement ellipsoids drawn at the
50% probability level. H atoms have been omitted. [Symmetry codes: (i) x, 1.5 - y, z]
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Fig. 2. Ball-and-stick representation of the three-dimensional supramolecular network struc-
ture of the title compound. Dashed lines represent hydrogen bonds.

Bis[tris(ethylenediamine-κ2N,N')cobalt(III)] octakis-µ-3-oxido-hexadeca-µ2-oxido-tetradecaoxido-µ12- tetraoxo-
silicato-octamolybdenum(VI)hexavanadium(IV,V) hexahydrate

Crystal data

[Co(C2H8N2)3]2[Mo8V6O42Si]·6H2O F(000) = 4568

Mr = 2359.83 Dx = 2.580 Mg m−3

Orthorhombic, Pnma Mo Kα radiation, λ = 0.71073 Å
Hall symbol: -P 2ac 2n Cell parameters from 4213 reflections
a = 20.744 (4) Å θ = 2.2–24.6°
b = 21.498 (4) Å µ = 3.13 mm−1

c = 13.623 (3) Å T = 293 K

V = 6075 (2) Å3 Prism, black
Z = 4 0.22 × 0.21 × 0.19 mm

Data collection

Rigaku R-AXIS RAPID
diffractometer 5404 independent reflections

Radiation source: fine-focus sealed tube 3951 reflections with I > 2σ(I)
graphite Rint = 0.080

Detector resolution: 10 pixels mm-1 θmax = 25.0°, θmin = 2.0°

ω scans h = −24→24
Absorption correction: multi-scan
(ABSCOR; Higashi, 1995) k = −25→25

Tmin = 0.508, Tmax = 0.552 l = −16→16
45336 measured reflections

Refinement

Refinement on F2 Primary atom site location: structure-invariant direct
methods

Least-squares matrix: full Secondary atom site location: difference Fourier map

R[F2 > 2σ(F2)] = 0.054
Hydrogen site location: inferred from neighbouring
sites

wR(F2) = 0.133 H-atom parameters constrained

S = 1.05 w = 1/[σ2(Fo
2) + (0.0462P)2 + 70.2923P]
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where P = (Fo
2 + 2Fc

2)/3

5404 reflections (Δ/σ)max = 0.001

505 parameters Δρmax = 2.04 e Å−3

0 restraints Δρmin = −1.07 e Å−3

Special details

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat-
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-

al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > σ(F2) is used only for calculating R-

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F2 are statistically about twice as large
as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)

x y z Uiso*/Ueq Occ. (<1)
Si1 0.79072 (15) 0.7500 0.4979 (2) 0.0178 (6)
Mo1 0.81179 (4) 0.62748 (3) 0.32716 (5) 0.0268 (2)
Mo2 0.93678 (6) 0.7500 0.36362 (9) 0.0397 (3)
Mo3 0.68820 (6) 0.7500 0.28998 (9) 0.0421 (3)
Mo4 0.76924 (5) 0.62768 (4) 0.66713 (6) 0.0417 (3)
Mo5 0.89334 (6) 0.7500 0.70708 (8) 0.0315 (3)
Mo6 0.64507 (5) 0.7500 0.63260 (9) 0.0307 (3)
V1 0.90955 (7) 0.63391 (7) 0.53319 (12) 0.0301 (4)
V2 0.67036 (8) 0.63275 (7) 0.46240 (13) 0.0362 (4)
V3 0.82853 (10) 0.7500 0.20876 (15) 0.0262 (5)
V4 0.75451 (10) 0.7500 0.78757 (15) 0.0263 (5)
Co1 0.15902 (6) 0.58507 (5) 0.49030 (9) 0.0294 (3)
O1 0.8208 (5) 0.5771 (3) 0.2354 (5) 0.069 (3)
O2 1.0004 (4) 0.7500 0.2891 (7) 0.041 (2)
O3 0.6514 (4) 0.7500 0.1786 (6) 0.032 (2)
O4 0.7561 (3) 0.5756 (3) 0.7579 (5) 0.0425 (17)
O5 0.9315 (5) 0.7500 0.8150 (8) 0.066 (3)
O6 0.5836 (5) 0.7500 0.7100 (8) 0.068 (4)
O7 0.9608 (4) 0.5803 (3) 0.5471 (6) 0.059 (2)
O8 0.6172 (3) 0.5813 (3) 0.4485 (6) 0.055 (2)
O9 0.8449 (5) 0.7500 0.0929 (6) 0.042 (2)
O10 0.7337 (4) 0.7500 0.9044 (6) 0.032 (2)
O11 0.8795 (3) 0.6921 (3) 0.2825 (6) 0.051 (2)
O12 0.7616 (3) 0.6916 (3) 0.2466 (6) 0.0496 (19)
O13 0.8744 (8) 0.5921 (7) 0.4047 (12) 0.024 (4) 0.50
O13' 0.8578 (8) 0.6084 (8) 0.4344 (12) 0.028 (4) 0.50
O14 0.7342 (7) 0.5892 (7) 0.3626 (11) 0.028 (3) 0.50
O14' 0.7450 (7) 0.6127 (7) 0.4009 (12) 0.033 (4) 0.50
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O15 0.9674 (7) 0.6750 (7) 0.4339 (12) 0.031 (4) 0.50
O15' 0.9469 (7) 0.6987 (7) 0.4560 (11) 0.025 (3) 0.50
O16 0.6450 (7) 0.6751 (6) 0.3373 (11) 0.030 (3) 0.50
O16' 0.6558 (7) 0.7021 (7) 0.3700 (11) 0.031 (3) 0.50
O17 0.8201 (3) 0.6912 (3) 0.7494 (6) 0.051 (2)
O18 0.7034 (4) 0.6918 (3) 0.7116 (6) 0.050 (2)
O19 0.8543 (6) 0.5898 (6) 0.6344 (10) 0.025 (3) 0.50
O19' 0.8298 (6) 0.6092 (6) 0.5944 (9) 0.024 (3) 0.50
O20 0.7004 (8) 0.5936 (6) 0.5894 (10) 0.029 (3) 0.50
O20' 0.7329 (7) 0.6084 (7) 0.5620 (11) 0.037 (4) 0.50
O21 0.9410 (8) 0.6804 (7) 0.6581 (11) 0.026 (3) 0.50
O21' 0.9223 (8) 0.6960 (7) 0.6245 (12) 0.030 (4) 0.50
O22 0.6116 (8) 0.6835 (9) 0.5654 (14) 0.036 (4) 0.50
O22' 0.6377 (8) 0.6928 (8) 0.5391 (13) 0.030 (4) 0.50
O23 0.8434 (5) 0.7057 (5) 0.4442 (8) 0.024 (3) 0.50
O24 0.7554 (5) 0.7053 (5) 0.4148 (8) 0.022 (2) 0.50
O25 0.7361 (5) 0.7084 (5) 0.5529 (8) 0.025 (3) 0.50
O26 0.8291 (5) 0.7039 (5) 0.5777 (8) 0.025 (3) 0.50
O1W 0.0645 (5) 0.7500 0.5774 (7) 0.044 (2)
O2W 0.9546 (8) 0.6028 (10) 0.1408 (12) 0.185 (7)
O3W 1.007 (2) 0.7500 0.066 (3) 0.288 (18)*
O4W 0.0681 (10) 0.4140 (10) 0.1905 (15) 0.206 (8)*
N1 0.2251 (4) 0.5308 (4) 0.5456 (6) 0.0379 (19)
H1C 0.2258 0.5350 0.6113 0.045*
H1D 0.2156 0.4909 0.5315 0.045*
N2 0.2313 (4) 0.6400 (3) 0.4554 (6) 0.0338 (18)
H2C 0.2358 0.6411 0.3897 0.041*
H2D 0.2230 0.6789 0.4764 0.041*
N3 0.1632 (5) 0.5377 (4) 0.3662 (6) 0.048 (2)
H3C 0.2047 0.5287 0.3533 0.058*
H3D 0.1422 0.5014 0.3743 0.058*
N4 0.0946 (4) 0.6364 (3) 0.4228 (6) 0.040 (2)
H4C 0.0613 0.6441 0.4632 0.048*
H4D 0.1123 0.6731 0.4053 0.048*
N5 0.0914 (4) 0.5316 (3) 0.5451 (6) 0.039 (2)
H5C 0.0530 0.5416 0.5187 0.047*
H5D 0.0998 0.4915 0.5308 0.047*
N6 0.1472 (4) 0.6323 (4) 0.6110 (6) 0.0370 (19)
H6C 0.1838 0.6307 0.6464 0.044*
H6D 0.1398 0.6724 0.5958 0.044*
C1 0.2897 (5) 0.5464 (5) 0.5050 (8) 0.043 (2)
H1A 0.2949 0.5289 0.4399 0.051*
H1B 0.3236 0.5303 0.5471 0.051*
C2 0.2923 (4) 0.6171 (4) 0.5011 (7) 0.037 (2)
H2A 0.2967 0.6339 0.5669 0.044*
H2B 0.3291 0.6305 0.4626 0.044*
C3 0.1369 (11) 0.5689 (10) 0.2849 (15) 0.038 (5)* 0.50
H3A 0.1255 0.5399 0.2330 0.046* 0.50
H3B 0.1666 0.5997 0.2592 0.046* 0.50
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C3' 0.1067 (15) 0.5577 (14) 0.298 (2) 0.072 (8)* 0.50
H3'1 0.1243 0.5706 0.2357 0.086* 0.50
H3'2 0.0794 0.5219 0.2866 0.086* 0.50
C4 0.0713 (6) 0.6024 (6) 0.3326 (8) 0.060 (3)
H4A 0.0522 0.6312 0.2861 0.072*
H4B 0.0394 0.5713 0.3501 0.072*
C5 0.0891 (5) 0.5400 (5) 0.6519 (8) 0.047 (3)
H5A 0.1251 0.5187 0.6827 0.057*
H5B 0.0494 0.5229 0.6781 0.057*
C6 0.0927 (5) 0.6084 (5) 0.6722 (8) 0.041 (2)
H6A 0.0526 0.6286 0.6540 0.049*
H6B 0.1008 0.6159 0.7413 0.049*

Atomic displacement parameters (Å2)

U11 U22 U33 U12 U13 U23

Si1 0.0198 (15) 0.0138 (14) 0.0199 (16) 0.000 −0.0007 (13) 0.000
Mo1 0.0369 (4) 0.0179 (4) 0.0257 (4) 0.0019 (3) −0.0021 (3) −0.0007 (3)
Mo2 0.0262 (6) 0.0633 (9) 0.0295 (7) 0.000 0.0013 (5) 0.000
Mo3 0.0292 (6) 0.0651 (9) 0.0321 (7) 0.000 −0.0075 (5) 0.000
Mo4 0.0806 (7) 0.0171 (4) 0.0273 (4) −0.0061 (4) 0.0081 (4) −0.0004 (3)
Mo5 0.0343 (6) 0.0316 (6) 0.0287 (6) 0.000 −0.0043 (5) 0.000
Mo6 0.0295 (6) 0.0271 (6) 0.0354 (7) 0.000 0.0054 (5) 0.000
V1 0.0286 (8) 0.0191 (7) 0.0427 (9) 0.0037 (6) 0.0029 (7) 0.0059 (7)
V2 0.0369 (9) 0.0250 (8) 0.0468 (10) −0.0107 (7) −0.0121 (8) 0.0075 (7)
V3 0.0336 (12) 0.0215 (10) 0.0235 (11) 0.000 −0.0011 (9) 0.000
V4 0.0364 (12) 0.0185 (10) 0.0239 (11) 0.000 0.0033 (10) 0.000
Co1 0.0360 (7) 0.0185 (6) 0.0335 (7) 0.0002 (5) −0.0013 (6) −0.0028 (5)
O1 0.154 (9) 0.028 (4) 0.025 (4) 0.007 (5) 0.006 (5) −0.006 (3)
O2 0.031 (5) 0.049 (6) 0.042 (6) 0.000 0.010 (4) 0.000
O3 0.032 (5) 0.034 (5) 0.030 (5) 0.000 −0.015 (4) 0.000
O4 0.063 (5) 0.026 (3) 0.039 (4) 0.003 (3) 0.008 (3) 0.006 (3)
O5 0.045 (6) 0.114 (10) 0.038 (6) 0.000 −0.013 (5) 0.000
O6 0.038 (6) 0.125 (11) 0.041 (6) 0.000 0.012 (5) 0.000
O7 0.061 (5) 0.036 (4) 0.078 (5) 0.027 (4) −0.043 (4) −0.023 (4)
O8 0.044 (4) 0.037 (4) 0.084 (6) −0.017 (3) 0.006 (4) −0.016 (4)
O9 0.063 (7) 0.041 (6) 0.022 (5) 0.000 0.010 (5) 0.000
O10 0.046 (5) 0.029 (5) 0.021 (4) 0.000 0.001 (4) 0.000
O11 0.043 (4) 0.040 (4) 0.071 (5) −0.015 (3) −0.025 (4) 0.028 (4)
O12 0.028 (3) 0.040 (4) 0.081 (5) 0.004 (3) 0.003 (4) 0.034 (4)
O13 0.035 (10) 0.017 (8) 0.019 (10) 0.003 (6) 0.005 (7) −0.003 (6)
O13' 0.029 (9) 0.040 (11) 0.013 (9) 0.004 (7) 0.003 (6) −0.013 (7)
O14 0.027 (7) 0.017 (8) 0.039 (9) −0.003 (6) −0.008 (7) 0.003 (6)
O14' 0.033 (8) 0.020 (9) 0.047 (11) −0.001 (7) −0.007 (7) 0.000 (7)
O15 0.020 (8) 0.030 (9) 0.041 (9) 0.007 (6) 0.009 (6) 0.004 (7)
O15' 0.028 (9) 0.016 (7) 0.030 (8) −0.001 (6) −0.003 (6) −0.003 (6)
O16 0.036 (8) 0.014 (8) 0.040 (10) 0.006 (7) −0.008 (7) 0.008 (6)
O16' 0.036 (8) 0.020 (8) 0.037 (9) −0.002 (7) 0.006 (7) −0.003 (6)
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O17 0.046 (4) 0.027 (4) 0.081 (5) −0.009 (3) 0.024 (4) −0.029 (4)
O18 0.067 (5) 0.013 (3) 0.070 (5) 0.006 (3) −0.035 (4) −0.008 (3)
O19 0.033 (8) 0.018 (7) 0.024 (7) 0.001 (6) −0.003 (6) 0.006 (6)
O19' 0.037 (8) 0.020 (7) 0.014 (7) −0.003 (6) 0.008 (6) −0.004 (5)
O20 0.057 (10) 0.010 (7) 0.020 (7) 0.005 (7) −0.005 (7) −0.006 (5)
O20' 0.040 (9) 0.028 (8) 0.045 (10) 0.002 (7) 0.014 (7) 0.009 (7)
O21 0.031 (9) 0.020 (8) 0.028 (9) 0.011 (6) −0.005 (7) −0.001 (6)
O21' 0.029 (9) 0.020 (8) 0.041 (11) 0.002 (6) −0.011 (7) 0.006 (7)
O22 0.027 (10) 0.042 (10) 0.040 (11) −0.003 (8) 0.017 (7) −0.004 (8)
O22' 0.034 (10) 0.022 (8) 0.034 (10) 0.011 (8) 0.004 (8) −0.001 (7)
O23 0.035 (7) 0.010 (5) 0.027 (6) 0.010 (5) 0.005 (5) −0.001 (5)
O24 0.025 (6) 0.009 (5) 0.031 (6) −0.003 (4) −0.005 (5) 0.004 (5)
O25 0.025 (6) 0.021 (6) 0.030 (6) −0.009 (5) −0.004 (5) −0.006 (5)
O26 0.031 (6) 0.026 (6) 0.017 (6) 0.002 (5) 0.005 (5) 0.007 (5)
O1W 0.049 (6) 0.033 (5) 0.051 (6) 0.000 0.000 (5) 0.000
O2W 0.145 (13) 0.26 (2) 0.146 (13) 0.044 (14) 0.035 (11) −0.015 (14)
N1 0.044 (5) 0.025 (4) 0.045 (5) −0.001 (4) −0.002 (4) 0.004 (4)
N2 0.041 (4) 0.029 (4) 0.032 (4) 0.001 (4) 0.000 (4) 0.003 (3)
N3 0.068 (6) 0.033 (5) 0.045 (5) 0.005 (4) 0.003 (5) −0.018 (4)
N4 0.046 (5) 0.024 (4) 0.049 (5) 0.004 (4) −0.003 (4) 0.005 (4)
N5 0.044 (5) 0.020 (4) 0.053 (5) −0.005 (4) 0.000 (4) 0.001 (4)
N6 0.038 (4) 0.028 (4) 0.045 (5) −0.003 (4) 0.003 (4) −0.004 (4)
C1 0.045 (6) 0.037 (5) 0.047 (6) 0.016 (5) −0.003 (5) −0.005 (5)
C2 0.036 (5) 0.038 (5) 0.036 (5) 0.000 (5) 0.003 (4) 0.012 (5)
C4 0.057 (7) 0.074 (8) 0.049 (7) 0.001 (7) −0.020 (6) −0.006 (6)
C5 0.047 (6) 0.033 (5) 0.062 (7) −0.009 (5) 0.007 (5) 0.016 (5)
C6 0.033 (5) 0.044 (6) 0.045 (6) −0.009 (5) 0.004 (5) −0.010 (5)

Geometric parameters (Å, °)

Si1—O23 1.623 (10) V2—O14' 1.811 (16)
Si1—O25 1.628 (11) V2—O20' 1.949 (16)
Si1—O24 1.655 (11) V2—O16' 1.974 (15)
Si1—O26 1.674 (11) V2—O16 2.002 (14)
Mo1—O1 1.665 (7) V2—O20 2.022 (13)
Mo1—O14' 1.742 (16) V2—O14 2.117 (16)
Mo1—O13' 1.793 (18) V2—O22 2.156 (17)
Mo1—O13 1.839 (18) V2—O24 2.441 (10)
Mo1—O14 1.871 (14) V2—O25 2.454 (10)
Mo1—O12 2.046 (6) V3—O9 1.614 (9)
Mo1—O11 2.067 (6) V3—O11 1.918 (7)
Mo1—O24 2.365 (11) V3—O12 1.941 (7)
Mo1—O23 2.409 (11) V3—Mo1i 3.1080 (14)
Mo1—V3 3.1080 (14) V4—O10 1.649 (8)
Mo2—O2 1.666 (9) V4—O17 1.928 (7)
Mo2—O15' 1.686 (15) V4—O18 1.939 (6)
Mo2—O15 1.980 (15) V4—Mo4i 3.1144 (14)
Mo2—O11 2.046 (7) Co1—N6 1.948 (8)
Mo2—O23 2.422 (11) Co1—N1 1.952 (8)
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Mo2—V3 3.081 (2) Co1—N5 1.961 (8)
Mo3—O16' 1.643 (15) Co1—N4 1.962 (8)
Mo3—O3 1.698 (8) Co1—N2 1.967 (8)
Mo3—O16 1.952 (14) Co1—N3 1.975 (8)
Mo3—O12 2.060 (7) O25—O25i 1.79 (2)
Mo3—O24 2.400 (11) N1—C1 1.488 (13)
Mo3—V3 3.114 (3) N1—H1C 0.9000
Mo4—O19' 1.649 (12) N1—H1D 0.9000
Mo4—O20' 1.671 (16) N2—C2 1.494 (11)
Mo4—O4 1.689 (6) N2—H2C 0.9000
Mo4—O20 1.923 (14) N2—H2D 0.9000
Mo4—O19 1.994 (13) N3—C3 1.41 (2)
Mo4—O18 2.032 (7) N3—C3' 1.55 (3)
Mo4—O17 2.059 (7) N3—H3C 0.9000
Mo4—O26 2.389 (11) N3—H3D 0.9000
Mo4—O25 2.429 (11) N4—C4 1.509 (13)
Mo4—V4 3.1144 (14) N4—H4C 0.9000
Mo5—O5 1.669 (10) N4—H4D 0.9000
Mo5—O21' 1.724 (17) N5—C5 1.467 (13)
Mo5—O21 1.912 (15) N5—H5C 0.9000
Mo5—O17 2.058 (7) N5—H5D 0.9000
Mo5—O26 2.422 (11) N6—C6 1.497 (12)
Mo5—V4 3.082 (2) N6—H6C 0.9000
Mo6—O6 1.656 (10) N6—H6D 0.9000
Mo6—O22' 1.777 (17) C1—C2 1.521 (14)
Mo6—O22 1.835 (19) C1—H1A 0.9700
Mo6—O18 2.047 (6) C1—H1B 0.9700
Mo6—O25 2.355 (11) C2—H2A 0.9700
Mo6—V4 3.100 (2) C2—H2B 0.9700
V1—O7 1.579 (6) C3—C4 1.67 (2)
V1—O13' 1.807 (18) C3—H3A 0.9700
V1—O21' 1.844 (17) C3—H3B 0.9700
V1—O15' 1.910 (15) C3'—C4 1.30 (3)
V1—O19' 1.927 (12) C3'—H3'1 0.9700
V1—O15 2.013 (15) C3'—H3'2 0.9700
V1—O19 2.028 (12) C4—H4A 0.9700
V1—O21 2.079 (16) C4—H4B 0.9700
V1—O13 2.099 (17) C5—C6 1.498 (14)
V1—O26 2.328 (11) C5—H5A 0.9700
V1—O23 2.395 (11) C5—H5B 0.9700
V2—O8 1.573 (7) C6—H6A 0.9700
V2—O22' 1.794 (16) C6—H6B 0.9700

O23i—Si1—O23 71.8 (8) O13'—V1—O21 160.4 (6)

O23i—Si1—O25 177.4 (6) O15'—V1—O21 88.4 (6)
O23—Si1—O25 110.7 (6) O19'—V1—O21 92.7 (6)

O23i—Si1—O25i 110.7 (6) O15—V1—O21 98.7 (7)

O23—Si1—O25i 177.4 (6) O19—V1—O21 81.1 (6)
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O25—Si1—O25i 66.7 (8) O7—V1—O13 91.2 (5)

O23i—Si1—O24 109.4 (6) O21'—V1—O13 157.3 (6)
O23—Si1—O24 69.5 (6) O15'—V1—O13 89.7 (6)
O25—Si1—O24 71.8 (5) O19'—V1—O13 86.8 (6)

O25i—Si1—O24 109.0 (6) O15—V1—O13 80.5 (7)

O23i—Si1—O24i 69.5 (6) O19—V1—O13 99.8 (6)

O23—Si1—O24i 109.4 (6) O21—V1—O13 176.3 (6)

O25—Si1—O24i 109.0 (6) O7—V1—O26 157.4 (4)

O25i—Si1—O24i 71.8 (5) O13'—V1—O26 87.9 (6)

O24—Si1—O24i 71.0 (7) O21'—V1—O26 57.3 (6)

O23i—Si1—O26i 68.0 (5) O15'—V1—O26 87.9 (5)

O23—Si1—O26i 108.7 (6) O19'—V1—O26 56.6 (5)

O25—Si1—O26i 110.9 (6) O15—V1—O26 108.6 (5)

O25i—Si1—O26i 72.8 (6) O19—V1—O26 73.7 (4)

O24—Si1—O26i 177.3 (6) O21—V1—O26 72.6 (5)

O24i—Si1—O26i 108.1 (5) O13—V1—O26 104.2 (5)

O23i—Si1—O26 108.7 (6) O7—V1—O23 156.4 (4)
O23—Si1—O26 68.0 (5) O13'—V1—O23 58.5 (6)
O25—Si1—O26 72.8 (6) O21'—V1—O23 87.5 (5)

O25i—Si1—O26 110.9 (6) O15'—V1—O23 58.9 (5)
O24—Si1—O26 108.1 (5) O19'—V1—O23 84.5 (5)

O24i—Si1—O26 177.3 (6) O15—V1—O23 73.7 (5)

O26i—Si1—O26 72.7 (8) O19—V1—O23 108.8 (5)
O1—Mo1—O14' 113.8 (6) O21—V1—O23 106.5 (5)
O1—Mo1—O13' 113.8 (6) O13—V1—O23 69.8 (5)
O14'—Mo1—O13' 84.9 (7) O26—V1—O23 45.9 (4)
O1—Mo1—O13 94.8 (5) O8—V2—O22' 108.2 (6)
O14'—Mo1—O13 98.9 (7) O8—V2—O14' 112.0 (6)
O1—Mo1—O14 90.2 (6) O22'—V2—O14' 139.7 (7)
O13'—Mo1—O14 98.4 (7) O8—V2—O20' 111.1 (5)
O13—Mo1—O14 106.1 (7) O22'—V2—O20' 92.3 (7)
O1—Mo1—O12 95.3 (4) O14'—V2—O20' 71.9 (7)
O14'—Mo1—O12 91.6 (5) O8—V2—O16' 110.3 (5)
O13'—Mo1—O12 149.5 (6) O22'—V2—O16' 76.7 (7)
O13—Mo1—O12 161.1 (6) O14'—V2—O16' 90.9 (6)
O14—Mo1—O12 89.9 (5) O20'—V2—O16' 138.5 (6)
O1—Mo1—O11 98.0 (4) O8—V2—O16 91.9 (5)
O14'—Mo1—O11 146.5 (5) O22'—V2—O16 93.9 (7)
O13'—Mo1—O11 91.8 (6) O14'—V2—O16 86.6 (7)
O13—Mo1—O11 88.1 (6) O20'—V2—O16 152.9 (6)
O14—Mo1—O11 163.0 (5) O8—V2—O20 91.5 (5)
O12—Mo1—O11 74.7 (3) O22'—V2—O20 85.3 (7)
O1—Mo1—O24 153.5 (4) O14'—V2—O20 91.9 (7)
O14'—Mo1—O24 56.2 (6) O16'—V2—O20 155.1 (6)
O13'—Mo1—O24 90.8 (5) O16—V2—O20 176.6 (6)
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O13—Mo1—O24 110.6 (5) O8—V2—O14 92.8 (5)
O14—Mo1—O24 75.8 (5) O22'—V2—O14 158.3 (7)
O12—Mo1—O24 62.8 (3) O20'—V2—O14 84.9 (6)
O11—Mo1—O24 90.6 (3) O16'—V2—O14 91.2 (6)
O1—Mo1—O23 157.1 (4) O16—V2—O14 79.6 (6)
O14'—Mo1—O23 87.8 (6) O20—V2—O14 99.9 (6)
O13'—Mo1—O23 58.3 (6) O8—V2—O22 92.2 (5)
O13—Mo1—O23 73.5 (5) O14'—V2—O22 154.8 (7)
O14—Mo1—O23 111.8 (5) O20'—V2—O22 93.4 (7)
O12—Mo1—O23 91.3 (3) O16'—V2—O22 87.0 (7)
O11—Mo1—O23 62.7 (3) O16—V2—O22 100.1 (7)
O24—Mo1—O23 46.1 (4) O20—V2—O22 80.1 (7)

O2—Mo2—O15'i 110.9 (6) O14—V2—O22 175.0 (6)
O2—Mo2—O15' 110.9 (6) O8—V2—O24 157.4 (4)

O15'i—Mo2—O15' 81.7 (10) O22'—V2—O24 88.1 (6)

O2—Mo2—O15i 92.3 (5) O14'—V2—O24 54.0 (5)

O15'—Mo2—O15i 97.6 (6) O20'—V2—O24 82.9 (5)
O2—Mo2—O15 92.3 (5) O16'—V2—O24 57.3 (5)

O15'i—Mo2—O15 97.6 (6) O16—V2—O24 71.0 (5)

O15i—Mo2—O15 109.1 (10) O20—V2—O24 105.7 (5)
O2—Mo2—O11 97.5 (3) O14—V2—O24 70.1 (5)

O15'i—Mo2—O11 150.9 (6) O22—V2—O24 105.0 (5)
O15'—Mo2—O11 94.4 (5) O8—V2—O25 156.3 (4)

O15i—Mo2—O11 160.7 (5) O22'—V2—O25 56.0 (6)
O15—Mo2—O11 87.2 (5) O14'—V2—O25 85.1 (6)

O2—Mo2—O11i 97.5 (3) O20'—V2—O25 57.2 (5)

O15'i—Mo2—O11i 94.4 (5) O16'—V2—O25 84.6 (5)

O15'—Mo2—O11i 150.9 (6) O16—V2—O25 105.8 (5)

O15i—Mo2—O11i 87.2 (5) O20—V2—O25 71.0 (5)

O15—Mo2—O11i 160.7 (5) O14—V2—O25 105.6 (5)

O11—Mo2—O11i 75.0 (4) O22—V2—O25 69.6 (5)

O2—Mo2—O23i 155.6 (3) O24—V2—O25 46.3 (4)

O15'i—Mo2—O23i 60.3 (6) O9—V3—O11i 113.3 (4)

O15'—Mo2—O23i 91.0 (6) O9—V3—O11 113.3 (4)

O15i—Mo2—O23i 73.6 (5) O11i—V3—O11 81.0 (4)

O15—Mo2—O23i 111.0 (5) O9—V3—O12i 114.2 (4)

O11—Mo2—O23i 91.1 (3) O11i—V3—O12i 80.5 (3)

O11i—Mo2—O23i 62.7 (3) O11—V3—O12i 132.5 (4)
O2—Mo2—O23 155.6 (3) O9—V3—O12 114.2 (4)

O15'i—Mo2—O23 91.0 (6) O11i—V3—O12 132.5 (4)
O15'—Mo2—O23 60.3 (6) O11—V3—O12 80.5 (3)

O15i—Mo2—O23 111.0 (5) O12i—V3—O12 80.6 (4)

O15—Mo2—O23 73.6 (5) O10—V4—O17i 116.4 (3)
O11—Mo2—O23 62.7 (3) O10—V4—O17 116.4 (3)
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O11i—Mo2—O23 91.1 (3) O17i—V4—O17 81.9 (4)

O23i—Mo2—O23 46.3 (5) O10—V4—O18 111.9 (3)

O16'i—Mo3—O16' 77.6 (10) O17i—V4—O18 131.7 (4)

O16'i—Mo3—O3 114.1 (6) O17—V4—O18 79.6 (3)

O16'—Mo3—O3 114.1 (6) O10—V4—O18i 111.9 (3)

O16'i—Mo3—O16 96.3 (7) O17i—V4—O18i 79.6 (3)

O3—Mo3—O16 95.1 (5) O17—V4—O18i 131.7 (4)

O16'—Mo3—O16i 96.3 (7) O18—V4—O18i 80.4 (4)

O3—Mo3—O16i 95.1 (5) N6—Co1—N1 94.2 (3)

O16—Mo3—O16i 111.1 (9) N6—Co1—N5 83.9 (3)

O16'i—Mo3—O12 151.0 (6) N1—Co1—N5 90.3 (3)
O16'—Mo3—O12 96.3 (5) N6—Co1—N4 91.0 (3)
O3—Mo3—O12 94.4 (3) N1—Co1—N4 174.7 (4)
O16—Mo3—O12 86.1 (5) N5—Co1—N4 91.3 (3)

O16i—Mo3—O12 159.5 (5) N6—Co1—N2 89.2 (3)

O16'i—Mo3—O12i 96.3 (5) N1—Co1—N2 85.2 (3)

O16'—Mo3—O12i 151.0 (6) N5—Co1—N2 171.5 (3)

O3—Mo3—O12i 94.4 (3) N4—Co1—N2 93.9 (3)

O16—Mo3—O12i 159.5 (5) N6—Co1—N3 175.3 (4)

O16i—Mo3—O12i 86.1 (5) N1—Co1—N3 89.5 (4)

O12—Mo3—O12i 75.1 (4) N5—Co1—N3 93.2 (4)

O16'i—Mo3—O24i 61.1 (6) N4—Co1—N3 85.4 (4)

O16'—Mo3—O24i 91.1 (6) N2—Co1—N3 94.0 (4)

O3—Mo3—O24i 153.4 (3) V3—O11—Mo2 102.0 (3)

O16—Mo3—O24i 111.3 (5) V3—O11—Mo1 102.5 (3)

O16i—Mo3—O24i 72.7 (5) Mo2—O11—Mo1 130.1 (4)

O12—Mo3—O24i 91.0 (3) V3—O12—Mo1 102.4 (3)

O12i—Mo3—O24i 62.0 (3) V3—O12—Mo3 102.2 (3)

O16'i—Mo3—O24 91.1 (6) Mo1—O12—Mo3 129.3 (4)
O16'—Mo3—O24 61.1 (6) Mo1—O13—V1 123.2 (7)
O3—Mo3—O24 153.4 (3) Mo1—O13'—V1 148.7 (12)
O16—Mo3—O24 72.7 (5) Mo1—O14—V2 120.6 (7)

O16i—Mo3—O24 111.3 (5) Mo1—O14'—V2 154.6 (9)
O12—Mo3—O24 62.0 (3) Mo2—O15—V1 119.4 (7)

O12i—Mo3—O24 91.0 (3) Mo2—O15'—V1 146.9 (9)

O24i—Mo3—O24 47.2 (5) Mo3—O16—V2 122.4 (8)
O19'—Mo4—O20' 76.7 (7) Mo3—O16'—V2 146.5 (9)
O19'—Mo4—O4 113.8 (5) V4—O17—Mo5 101.2 (3)
O20'—Mo4—O4 112.9 (6) V4—O17—Mo4 102.7 (3)
O19'—Mo4—O20 98.2 (6) Mo5—O17—Mo4 129.3 (4)
O4—Mo4—O20 91.8 (5) V4—O18—Mo4 103.3 (3)
O20'—Mo4—O19 96.1 (6) V4—O18—Mo6 102.1 (3)
O4—Mo4—O19 92.1 (4) Mo4—O18—Mo6 130.9 (4)
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O20—Mo4—O19 112.2 (5) Mo4—O19—V1 117.5 (6)
O19'—Mo4—O18 148.7 (5) Mo4—O19'—V1 148.0 (7)
O20'—Mo4—O18 96.9 (5) Mo4—O20—V2 122.8 (7)
O4—Mo4—O18 97.0 (3) Mo4—O20'—V2 146.1 (9)
O20—Mo4—O18 85.6 (4) Mo5—O21—V1 120.0 (7)
O19—Mo4—O18 159.7 (4) Mo5—O21'—V1 151.3 (10)
O19'—Mo4—O17 95.5 (5) Mo6—O22—V2 120.3 (8)
O20'—Mo4—O17 149.7 (6) Mo6—O22'—V2 152.0 (10)
O4—Mo4—O17 97.1 (3) Si1—O23—V1 122.4 (6)
O20—Mo4—O17 159.0 (4) Si1—O23—Mo1 121.6 (6)
O19—Mo4—O17 86.5 (4) V1—O23—Mo1 92.3 (3)
O18—Mo4—O17 74.5 (3) Si1—O23—Mo2 120.8 (5)
O19'—Mo4—O26 57.5 (5) V1—O23—Mo2 91.4 (4)
O20'—Mo4—O26 88.2 (6) Mo1—O23—Mo2 101.1 (4)
O4—Mo4—O26 155.6 (4) Si1—O24—Mo1 122.4 (6)
O20—Mo4—O26 111.5 (5) Si1—O24—Mo3 120.6 (5)
O19—Mo4—O26 72.9 (4) Mo1—O24—Mo3 102.3 (4)
O18—Mo4—O26 92.1 (3) Si1—O24—V2 120.6 (6)
O17—Mo4—O26 63.7 (3) Mo1—O24—V2 92.3 (3)
O19'—Mo4—O25 90.1 (6) Mo3—O24—V2 91.4 (4)
O20'—Mo4—O25 60.0 (6) Si1—O25—Mo6 124.2 (6)
O4—Mo4—O25 153.6 (4) Si1—O25—Mo4 119.4 (6)
O20—Mo4—O25 73.1 (5) Mo6—O25—Mo4 101.7 (4)
O19—Mo4—O25 113.5 (5) Si1—O25—V2 121.3 (6)
O18—Mo4—O25 61.1 (3) Mo6—O25—V2 92.2 (4)
O17—Mo4—O25 91.2 (3) Mo4—O25—V2 90.4 (4)
O26—Mo4—O25 48.0 (4) Si1—O26—V1 123.7 (6)
O5—Mo5—O21' 114.2 (6) Si1—O26—Mo4 119.4 (6)

O5—Mo5—O21'i 114.2 (6) V1—O26—Mo4 93.6 (4)

O21'—Mo5—O21'i 84.6 (11) Si1—O26—Mo5 119.5 (6)

O5—Mo5—O21i 93.6 (5) V1—O26—Mo5 93.4 (4)

O21'—Mo5—O21i 96.8 (6) Mo4—O26—Mo5 101.3 (4)

O21'i—Mo5—O21i 20.9 (5) C1—N1—Co1 110.8 (6)
O5—Mo5—O21 93.6 (5) C1—N1—H1C 109.5

O21'i—Mo5—O21 96.8 (6) Co1—N1—H1C 109.5

O21i—Mo5—O21 102.9 (10) C1—N1—H1D 109.5
O5—Mo5—O17 95.9 (4) Co1—N1—H1D 109.5
O21'—Mo5—O17 91.5 (6) H1C—N1—H1D 108.1

O21'i—Mo5—O17 148.6 (6) C2—N2—Co1 110.3 (5)

O21i—Mo5—O17 163.5 (5) C2—N2—H2C 109.6
O21—Mo5—O17 90.0 (5) Co1—N2—H2C 109.6

O5—Mo5—O17i 95.9 (4) C2—N2—H2D 109.6

O21'—Mo5—O17i 148.6 (6) Co1—N2—H2D 109.6

O21'i—Mo5—O17i 91.5 (6) H2C—N2—H2D 108.1

O21i—Mo5—O17i 90.0 (5) C3—N3—Co1 114.3 (10)

O21—Mo5—O17i 163.5 (5) C3'—N3—Co1 109.4 (12)
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O17—Mo5—O17i 75.7 (4) C3—N3—H3C 108.7
O5—Mo5—O26 154.3 (3) C3'—N3—H3C 131.7
O21'—Mo5—O26 56.1 (6) Co1—N3—H3C 108.7

O21'i—Mo5—O26 89.6 (6) C3—N3—H3D 108.7

O21i—Mo5—O26 110.5 (5) C3'—N3—H3D 86.9
O21—Mo5—O26 73.2 (5) Co1—N3—H3D 108.7
O17—Mo5—O26 63.0 (3) H3C—N3—H3D 107.6

O17i—Mo5—O26 92.8 (3) C4—N4—Co1 109.1 (7)

O5—Mo5—O26i 154.3 (3) C4—N4—H4C 109.9

O21'—Mo5—O26i 89.6 (6) Co1—N4—H4C 109.9

O21'i—Mo5—O26i 56.1 (6) C4—N4—H4D 109.9

O21i—Mo5—O26i 73.2 (5) Co1—N4—H4D 109.9

O21—Mo5—O26i 110.5 (5) H4C—N4—H4D 108.3

O17—Mo5—O26i 92.8 (3) C5—N5—Co1 109.2 (6)

O17i—Mo5—O26i 63.0 (3) C5—N5—H5C 109.8

O26—Mo5—O26i 48.3 (5) Co1—N5—H5C 109.8
O6—Mo6—O22' 113.0 (6) C5—N5—H5D 109.8

O6—Mo6—O22'i 113.0 (6) Co1—N5—H5D 109.8

O22'—Mo6—O22'i 87.5 (11) H5C—N5—H5D 108.3
O6—Mo6—O22 91.5 (5) C6—N6—Co1 112.7 (6)

O22'i—Mo6—O22 98.6 (6) C6—N6—H6C 109.1

O6—Mo6—O22i 91.5 (5) Co1—N6—H6C 109.1

O22'—Mo6—O22i 98.6 (6) C6—N6—H6D 109.1

O22—Mo6—O22i 102.4 (13) Co1—N6—H6D 109.1

O6—Mo6—O18i 96.9 (4) H6C—N6—H6D 107.8

O22'—Mo6—O18i 148.3 (6) N1—C1—C2 105.7 (8)

O22'i—Mo6—O18i 90.3 (6) N1—C1—H1A 110.6

O22—Mo6—O18i 164.3 (6) C2—C1—H1A 110.6

O22i—Mo6—O18i 90.6 (7) N1—C1—H1B 110.6
O6—Mo6—O18 96.9 (4) C2—C1—H1B 110.6
O22'—Mo6—O18 90.3 (6) H1A—C1—H1B 108.7

O22'i—Mo6—O18 148.3 (6) N2—C2—C1 108.3 (8)
O22—Mo6—O18 90.6 (7) N2—C2—H2A 110.0

O22i—Mo6—O18 164.3 (6) C1—C2—H2A 110.0

O18i—Mo6—O18 75.4 (3) N2—C2—H2B 110.0

O6—Mo6—O25i 155.7 (3) C1—C2—H2B 110.0

O22'—Mo6—O25i 90.1 (6) H2A—C2—H2B 108.4

O22'i—Mo6—O25i 58.4 (6) N3—C3—C4 102.5 (14)

O22—Mo6—O25i 111.7 (5) N3—C3—H3A 111.3

O22i—Mo6—O25i 77.2 (6) C4—C3—H3A 111.3

O18i—Mo6—O25i 62.3 (4) N3—C3—H3B 111.3

O18—Mo6—O25i 90.0 (3) C4—C3—H3B 111.3
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O6—Mo6—O25 155.7 (3) H3A—C3—H3B 109.2
O22'—Mo6—O25 58.4 (6) C4—C3'—N3 115 (2)

O22'i—Mo6—O25 90.1 (6) C4—C3'—H3'1 108.6
O22—Mo6—O25 77.2 (6) N3—C3'—H3'1 108.6

O22i—Mo6—O25 111.7 (5) C4—C3'—H3'2 108.6

O18i—Mo6—O25 90.0 (3) N3—C3'—H3'2 108.6
O18—Mo6—O25 62.3 (4) H3'1—C3'—H3'2 107.5

O25i—Mo6—O25 44.7 (5) C3'—C4—N4 118.0 (16)
O7—V1—O13' 105.6 (6) N4—C4—C3 105.3 (10)
O7—V1—O21' 110.5 (5) C3'—C4—H4A 118.0
O13'—V1—O21' 143.8 (7) N4—C4—H4A 110.7
O7—V1—O15' 109.0 (6) C3—C4—H4A 110.7
O13'—V1—O15' 93.0 (7) C3'—C4—H4B 87.9
O21'—V1—O15' 77.6 (7) N4—C4—H4B 110.7
O7—V1—O19' 109.0 (5) C3—C4—H4B 110.7
O13'—V1—O19' 74.2 (7) H4A—C4—H4B 108.8
O21'—V1—O19' 91.8 (6) N5—C5—C6 107.6 (8)
O15'—V1—O19' 141.9 (6) N5—C5—H5A 110.2
O7—V1—O15 89.9 (5) C6—C5—H5A 110.2
O13'—V1—O15 89.3 (7) N5—C5—H5B 110.2
O21'—V1—O15 92.9 (7) C6—C5—H5B 110.2
O19'—V1—O15 157.5 (6) H5A—C5—H5B 108.5
O7—V1—O19 87.6 (5) N6—C6—C5 105.8 (8)
O13'—V1—O19 91.6 (7) N6—C6—H6A 110.6
O21'—V1—O19 87.7 (6) C5—C6—H6A 110.6
O15'—V1—O19 160.8 (6) N6—C6—H6B 110.6
O15—V1—O19 177.5 (6) C5—C6—H6B 110.6
O7—V1—O21 92.4 (5) H6A—C6—H6B 108.7

Co1—N1—C1—C2 40.8 (9) N3—C3'—C4—C3 71 (4)
Co1—N2—C2—C1 33.3 (9) Co1—N4—C4—C3' −19 (2)
N1—C1—C2—N2 −47.4 (10) Co1—N4—C4—C3 −39.7 (12)
C3'—N3—C3—C4 45 (3) N3—C3—C4—C3' −76 (4)
Co1—N3—C3—C4 −40.2 (16) N3—C3—C4—N4 51.1 (16)
C3—N3—C3'—C4 −102 (4) Co1—N5—C5—C6 44.7 (10)
Co1—N3—C3'—C4 4(3) Co1—N6—C6—C5 30.4 (10)
N3—C3'—C4—N4 10 (3) N5—C5—C6—N6 −47.8 (11)
Symmetry codes: (i) x, −y+3/2, z.

Hydrogen-bond geometry (Å, °)

D—H···A D—H H···A D···A D—H···A

N1—H1C···O4ii 0.90 2.08 2.918 (10) 154

N1—H1D···O14iii 0.90 2.48 2.988 (16) 117

N2—H2D···O10iv 0.90 2.24 3.040 (9) 148

N2—H2C···O12v 0.90 2.22 3.034 (11) 151

N3—H3D···O19iii 0.90 1.97 2.765 (15) 147

N4—H4D···O3vi 0.90 2.17 3.042 (9) 164
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N4—H4C···O15vii 0.90 2.09 2.770 (16) 131

N5—H5D···O7iii 0.90 2.26 2.923 (10) 130

N5—H5C···O7vii 0.90 2.12 2.905 (11) 145

N5—H5D···O13iii 0.90 2.07 2.835 (18) 142

N6—H6C···O4ii 0.90 2.31 3.126 (11) 150

N6—H6D···O10iv 0.90 2.57 3.109 (9) 120

N6—H6C···O18ii 0.90 2.37 2.972 (11) 124
Symmetry codes: (ii) x−1/2, y, −z+3/2; (iii) −x+1, −y+1, −z+1; (iv) x−1/2, −y+3/2, −z+3/2; (v) x−1/2, y, −z+1/2; (vi) x−1/2, −y+3/2,
−z+1/2; (vii) x−1, y, z.
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Fig. 1
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Fig. 2


