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The title compound, (C3HsN,)4[8-M0gOys], has been prepared
from imidazole octamolybdate, (CsHsN,)4[(C3H4N,),(y-
MogOy4)], which was described previously. The y— 8 conver-
sion is produced in the presence of Cu(NOj3),-3H,0 and is
reported for the first time in this work. The X-ray structure
analysis confirmed the presence of the [M08026]4_ anion. The
structure consists of S-MogO,s polyanions and imidazolium
cations. These cations are linked to the terminal and bridging
O atoms of the anion by hydrogen bonds.

Comment

Polyoxometalates of organic cations present considerable
interest as a consequence of their photochemical and photo-
chromic properties in solution as well as in the solid state
(Yamase, 1998).

In our investigation of octamolybdates, we have tried to
prepare a molybdenum oxide cluster in which the octa-
molybdate ions are linked to the transition metal atoms.
Instead of this, we obtained the p-octamolybdate. An

0—1\‘40 o) O~ -Mo
N R M°>\/
O o f ATy
(XN Mo fo} ‘
O //0)< \M/
0

M

imidazole octamolybdate, (C3HsN,)4[(CsH4N,),(y-MogOas)],
containing imidazole coordinatively bound to the Mo atom in
[¥-MogO,6]* ™ has been described previously (Martin-Zarza et
al., 1993). When an aqueous solution of this compound is

treated with an aqueous solution of Cu(NO;),-3H,O in a
molar ratio Mo:Cu of 1:1, the B-form, (C3H;sN,)4[8-M0ogOa4],
(I), is obtained. The B-form does not contain N—Mo bonds
and the organic cations are linked to terminal and bridging O
atoms of the anion through hydrogen bonds.

Mechanisms of interconversion of polyoxometalates have
been described (Masters et al., 1980; Kemplerer & Shum,
1976) but the y—pB conversion in the presence of
Cu(NO;),-3H,0 to our knowledge has not been described
previously. The structure of the title compound consists of -
MogO,s polyanions and organic cations. These anions are
constituted by eight MoOgs octahedra sharing edges and
corners. The octahedra have different Mo—O bonds, which
can be classified as short terminal [1.690 (3)-1.715 (3) A]
intermediate length [1.761 (2)-1.959 (2) A] and long bonds
[1.992 (3)-2.537 (2) A]. In the idealized octamolybdate anion,
there are three different types of MoOy octahedra: (i) octa-
hedra formed by atoms Mol and Mola, which, being closest to
the centroid of the polyanion, are the least distorted; (ii)
octahedra formed by atoms Mo3 and Mo3a, which are the
most distorted since they are furthest from the centroid; and
(iii) octahedra formed by atoms Mo2, Mo2a, Mo4 and Mo4a,
which have an intermediate degree of distortion. Comparing
the title compound with (CgH;¢N)4[B-M0gOy6]-2H,0 (Fun et
al., 1996), it can be seen that there are only slight differences in
the Mo—O bond distances. These differences are due to the
cation—polyanion interactions.

Finally, hydrogen bonds are observed between terminal and
bridging O atoms of the polyanion and the imidazolium
cations: N1—H---O5 2.864 (4) A, 17136° N2—H---010
2.827 (5) A, 167.48°; N3—H- - -O7 2.819 (5) A, 152.72°; N4—
H.--011 2.884 (5) A, 168.93°.

Experimental

(G3H5N,)4[(C5Hy4N,)»(y-MogOo6)] containing the y-form of the
[MogO4]*™ anion was prepared as described previously (Martin-
Zarza et al., 1993). An aqueous solution of Cu(NOs3),-3H,0 (0.1141 g,
0.47 mmol) was added to an aqueous solution of
(C5HsN,)4[(C3H4N,)»(y-MogOs6)] (0.750 g, 0.47 mmol) in 600 ml of
distilled water. The mixture was heated under reflux with stirring for
1 h. When the volume of this solution was reduced to 100 ml, the
solution was allowed to stand at room temperature for few days.
Colourless crystals of suitable size for X-ray diffraction analysis were
obtained of (I). An uncharacterized pale-green precipitate was also
obtained.

Crystal data

(C5H;5N3)4[MogOs] Z=1

M, = 1459.88 D, =2925Mgm™>
Triclinic, P1 . Mo Ko radiation
a=93491 (15 A Cell parameters from 25

b =9.7506 (12) A reflections
c=10.3634 (16) A 6 = 2.80-30.44°
o = 83.938 (11)° i =3.035mm™"
B = 75.667 (12)° T=293K

¥ = 64.891 (10)°
V=8288(2) A°

Prism, colourless
0.3 x 0.25 x 0.20 mm
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Mo3—04—Mod 118.44 (14) C4—N4—C5 109.9 (4)
Data collection Mo2 —05—Mo4 104.19 (9) N1—C1—N2 107.9 (3)
. . B Mol'—05—Mo2 109.68 (8) N2—C2—C3 106.7 (4)
En;ﬁ:l‘;mus CAD-4 diffract- gi"‘ ;%814800 Mol —05—Mod 107.78 (9) NI—C3—C2 106.7 (3)
max . Mol —07—Mo3 119.44 (11) N3—-C4—N4 107.6 (4)
@ Scans , h=0-13 Cl—N1—C3 1093 (3) N4—C5—C6 106.8 (4)
Absorption correction: ¥ scan k=-12—-> 13 Cl—N2—C2 109.4 (4) N3—C6—C5 105.8 (4)
(North et al., 1968) I=—14 — 14 CA—N3—C6 1098 (4)
Tmin = 0.402, Tpax = 0.569 3 standard reflections -
5293 measured reflections frequency: 120 min Symmetry code: (i) 1 —x, —y.2 —z.
5012 independent reflections intensity decay: none
4355 reflections with I > 20(1)
Refinement
2 . Table 2
Refinement on F H-atom parameters constrained Hydrogen-bonding geometry ( A %)
R(F) = 0.024 w=[o*(F,”) + (0.1PY] yarog £8 Y& )
wR(F?) = 0.076 where P = (F,” + 2F.)/3
§=0927 (A/0)max = 0.001 D—H---A D—H H---A D---A D—H---A
5012 reflections ApPmax = 0.54 ¢ Ao: N1—H7---05' 0.86 201 2.867 (3) 172
246 parameters Apumin = —0.98 ¢ A N2—HS - -010" 0.86 1.98 2.825 (5) 168
N3—H9. . .07% 0.86 2.02 2.817 (4) 153
Table 1 . N4—H10---011" 0.86 2.03 2.882 (5) 169
Selected geometric parameters (A, °). Cl1—Hl1---012" 0.93 233 3.036 (4) 132
C2—H2---06" 0.93 2.48 3.355 (5) 158
Mol—01 2386 (2) Mo3—011 1715 (3) C3—H3...09" 0.93 251 3.158 (5) 127
Mol—02 1.9282 (19) Mo3—03' 1.917 (2) C4—H4---013" 0.93 2.52 3.162 (5) 127
Mol 07 1761 (2) Mo4—01 22936 (19)  gymmetry codes: (i) x—1l,yz (i) xny—lz Gi) —x-w»2-z (@)
MOl—OlZ 1.690 (3) Mo4—02 2.3645 (19) 1—x,-1—-y,2—z(V)1—x,—1—y,1—7z (vi) x,y,z— 1.
Mol—-01' 2.130 (2) Mo4—04 1.893 (3)
Mol—05' 1.9588 (19) Mo4—05 2.031 (2)
Mo2—02 1.992 (2) Mod— 06 1.697 (2)
Mo2—03 1.902 (3) Mo4—013 1701 (3)
Mo2—05 2353 (2) N1—C1 1312 (5) . .
Mo2—08 1.695 (2) N1—C3 1.370 (5) All H atoms were generated geometrically and allowed to ride on
Mo2—010 1.703 (3) N2—C1 1.321 (6) their parent C or N atoms. A global Ui, was refined for H atoms
Mo2—-O1' 2313(2) N2—C2 1.364 (6) attached to C atoms and another one for those attached to N atoms.
Mo3—01 2.537 (2) N3—C6 1.359 (6) . .
Mo3—04 1.913 (2) N3_C4 1.302 (6) Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1994); cell
Mo3—07 22857 (19) N4—C4 1.305 (6) refinement: CAD-4 EXPRESS; data reduction: XCAD4/PC (Harms,
Mo3—-09 1.695(3) N4-C5 1.343 (6) 1996); program(s) used to solve structure: SIR97 (Altomare et al.,
o1 Mol 02 7134 8) 04 M3 011 95,75 (10) 1999); program(s) used to refine structure: SHELXL97 (Sheldrick,
—Mol— . —Mo3— A . . . PR
01 —Mol—0O7 80,99 (8) 03 —Mo3—04 141,93 (9) 1997); software used to prepare material for publication: PLATON
O1—Mol—012 17513 (11)  O7—Mo3—09 8894 (11)  (Spek, 1990).
01—Mol1—01' 75.26 (7) 07—Mo3—011 164.77 (11)
01—Mol—05' 77.84 (7) 03'—Mo3—07 7729 (8)
02—Mol—-07 97.00 (9) 09—Mo3—-011 106.28 (14)
02—Mol—012 102.49 (10) 03'—Mo03—09 101.53 (13) We acknowledge the assistance of the undergraduate
O1'—Mol 02 78.68 (8) 03'—Mo3—011 9865(11)  stydent J. J. Rodriguez-Bencomo in the synthesis of the
02—Mol—05' 149.71 (9) 01—Mo4—02 71.41 (7)
07—Mol—012 103.84 (12) 01—Mo4—04 78.66 (8) compounds.
01'-Mol1—07 156.24 (9) 01—Mo4—05 7325 (7)
05'—Mol—07 95.98 (9) 01—Mod—06 157.61 (10)
01'—Mol—012 99.90 (11) 01—Mo4—013 96.03 (11)
05'—Mol—012 100.77 (10) 02—Mod—04 83.84 (8)
01'—Mo1—05' 78.44 (8) 02—Mo4—05 70.91 (8)
02—Mo2—-03 146.53 (9) 02—Mo4—-06 86.46 (10)
02—Mo2—05 71.79 (8) 02—Mo4— 013 164.30 (11)
02—Mo2—08 101.19 (11) 04—Mo4—05 146.86 (8)
02—Mo2—010 97.47 (11) 04—Mo4—06 102.90 (12) References
Ol'—Mo2—02 7312(7) 04—Mod—013 103.32 (12) Altomare, A., Burla, M. C., Camalli, M., Cascarano, G. L., Giacovazzo, C.,
03—Mo2—05 8327 (8) 05—Mod—06 96.75 (11) Guaelinrdi. A.. Moliterni. A. G. G.. Polidori. G. & R, (1999). J
03—Mo2—08 99.70 (12)  O5—Mo4—013 96.83 (12) uaghardi, A., Moliterni, A. ©. T, roldort, &. & spagna, K. -
03—Mo02—010 101.67 (12) 06—Mo4—O013 10517 (14) Appl. Cryst. 32, 115-119. . .
Oli—Mo2—03 7829 (8) Mol—0O1—Mo3 90.72 (7) Enraf-Nonius (1994). CAD-4 EXPRESS. Version 5.1/5.2. Enraf-Nonius,
05—Mo2—08 87.68(10)  Mol—O1—Mod4 97.80 (8) Delft, The Netherlands.
0O5—Mo2—010 164.47 (9) Mol—01—Mol' 104.74 (8) Fun, H.-K., Ylp, B.-C., Niu, J.-Y. & You, X.-Z. (1996). Acta Cryst. C52, 506-509.
01'—Mo2—05 72.20 (7) Mol—01—Mo2i 97.49 (7) Harms, K. (1996). XCAD4/PC. University of Marburg, Germany.
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