Available online at www.sciencedirect.com
- -—-. COMPTES RENDUS

2

"-. ScienceDirect

%)
(e
ELSEVIER C. R. Chimie 9 (2006) 14671471 Ml HIMIE

http://france.elsevier.com/direct/CRAS2C/

Preliminary communication / Communication

Dinuclear vanadium and tetranuclear iron complexes obtained with
the open Wells—Dawson [Si,W50g6]"® tungstosilicate

Nathalie Leclerc-Laronze, Jérdme Marrot, Gilbert Hervé®

Institut Lavoisier de Versailles, UMR 8180, université de Versailles—Saint-Quentin-en-Yvelines,
45, avenue des Etats-Unis, 78035 Versailles cedex, France

Received 5 April 2006; accepted after revision 16 June 2006
Available online 17 October 2006

Abstract

Reaction of two transition metal cations M (M = V", Fe™™) on the open Wells—Dawson anion a-[{K(HzO)z}Sizwl8066]157
leads to dinuclear and tetranuclear complexes, respectively. The molecular anions [{KV203(H20)2}(Si2W18066)]'" and
[{Fes(OH)4} (Si;W5066)]'® have been structurally characterized by single crystal X-ray diffraction. The oxo/hydroxometallic
clusters [KV,03(H,0),]°" and [Fe4(OH)6]6+ are included in the pocket between the two subunits of [Si,W;5046]'®". The Fe'!l
atoms of the iron complex can be reduced to Fe'' by a single four-electron step. To cite this article: N. Leclerc-Laronze et al.,
C. R. Chimie 9 (2006).
© 2006 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

La réaction de deux cations métalliques de transition M M=V, Fe"™) sur I’anion de Wells—Dawson ouvert

a—[{K(HZO)z}Si2W18066]15’ conduit respectivement a des complexes dinucléaires et tétranucléaires. Les structures des anions
moléculaires [{KV,05(H,0),}(SiaW15066)]' '™ et [{Fes(OH)} (SixW15046)]'*™ ont été déterminées par diffraction des rayons X
par un monocristal. Les clusters oxo/hydroxométalliques [KV,05(H,0),]>" et [Fe4(OH)5]6+ sont inclus dans la cavité entre les
deux sous-unités de [Si,W;5066]'®". Les atomes Fe'™ du complexe ferrique peuvent étre réduits en Fe' en une seule étape a quatre
électrons. Pour citer cet article : N. Leclerc-Laronze et al., C. R. Chimie 9 (2006).
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1. Introduction complexes with interesting magnetic, catalytic and elec-
trocatalytic properties [1-10]. Polyoxotungstates are

Polyoxometalates have attracted increasing attention generally used owing to their great stability over a
as polydentate ligands in order to obtain polynuclear wide range of pH. Among them, the open Wells—Daw-

son anion 0-[Si,W;5066]'®" is highly interesting

because it is constituted of two A-o-{SiW¢Os4} subu-
* Corresponding author. nits which delimit a large central cavity which can
E-mail address: herve@chimie.uvsq.fr (G. Hervé). accommodate several metallic cations [11].
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Usually, one potassium cation K1 is included in the
cavity, slightly shifted to one side, and bridges the two
{SiWy} subunits (Fig. 1a) [12] and two different coor-
dination modes of transition metals have been observed.
In the first one, the transition metal cation M1 is
coordinated to only one half-anion (Fig. 1b), for exam-
ple the cobalt cation in the derivative [{Co(H,O)}
(p—Hzo)zK(SiZWIgOGG)]B’ [12]. The presence of the
potassium atom prevents the binding of a second transi-
tion metal cation with the same mode of coordination.
In the second coordination mode, a transition metal M2
links the two subunits through one bond with each half-
anion at the periphery of the cavity (Fig. 1c) as in the
dicobalt complex [{Co(H,0)}(u-H,0),K{Co(H;0)4}
(SiaW15066)]' ™ [12].

Removal of the potassium cation K1 is necessary in
order to include in the cavity more than one M1 type
transition metal cation. A first example is the copper(II)
complex [Cus(OH)4(H,0),(4-0-SiWo013),]'"" synthe-
sized by Kortz [13,14] in which four copper atoms are
bound to the polyanion following the first coordination
mode, the fifth cation capping the cationic copper clus-
ter {Cuy(OH),(H0)}*".

The formation of the {Cu,(OH)4(H,0),}*" fragment
in the cavity can be related to the ability of copper to
form polycations. We report here the synthesis and
structure of two complexes obtained with vanadium
(V) which gives easily polyoxo-vanadium clusters and
iron(Ill) for which polyhydroxo clusters are well-
known.
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2. Experimental section
2.1. Synthesis

2.1.1. K [{KV,05(H0)}(Si2W15066)]-40 H>0 (1)

Kl6a'[Si2W18066]'25 H20 (10 g, 1.82 mmol) was
added in 196 ml of water [11]. A solution of NaVO;
was prepared by dissolving NaVOs; (0.44 g, 3.65 mmol)
in 7 ml of water at room temperature. The solution of
NaVO; was slowly added to the dimer in suspension
and 1 M HCI (3.2 ml) is added (the pH was about 3.8).
Thirty grams of solid KCI was added and an orange pre-
cipitate appeared. Orange crystals of 1 suitable for X-ray
crystallography were obtained at room temperature
within 1 day (yield: 20%). Elemental analysis (%) calcd
for Kl1[{KV203(H20)2}(Si2W18066)]‘40 HzO: A" 176,
K 8.09, W 57.03, Si 0.97; found: V 1.38, K 8.15, W
59.05, Si 1.30. IR (KBr pellet): v =1001(w), 959(m),
910(s), 877(s), 865(sh), 792(s), 734(s), 553(w), 524(w),
374(w), 351(w), 326(w) cm ™.

2.1.2. K)Nag[{Fe, (OH)s}(SisW,15066)]-44 H,0 (2)
K60-[S1,W150¢6]:25 H,O (10 g, 1.82 mmol) was
added in 210 ml of water. Dissolution of the solid
occurred during addition of 0.9 M FeCl; aqueous solu-
tion (12 ml, 11 mmol), the pH was about 1.5. The pH is
adjusted to 2.9 by 1 M KHCO3;. 20 g of solid KCI was
added and an ochre precipitate appeared. After gentle
stirring for 30 min, the solid was collected by filtration
through a fine frit. Yield: 7.3 g (73%). This crude pro-

(@)

Fig. 1.

(b)

(c)

Combined polyhedral/ball and stick representation of the anions [{K(H,0)3},{K(H,0),}(SixW150¢6)]">" (a), [{M1(H,0)}

(1-H20),K(S1,W15066)]">~ (b), [{M1(H,0)} (1u-H,0),K {M2(H,0).} (Si,W5066)]' ™ (¢), showing tungsten (polyhedra), silicon (white), potassium

(light-gray ball), transition metal (black) and oxygen (small black) atoms.
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duct was dissolved in acetic acid/sodium acetate buffer,
pH 4.7 (5§ g in 120 ml) and ochre crystals of 2 suitable
for X-ray crystallography were obtained at room
temperature within 10 days (yield: 38%). Elemental
analysis  (%): caled for  K,Nag[{Fes(OH)s}
(Si;W150¢6)]-44 H,O: Fe 3.85, Na 3.17, K 1.35, W
57.05, Si 0.97; found: Fe 3.95, Na 3.46, K 1.92, W
55.31, Si 1.60. IR (KBr pellet): v =1072(w), 1007(w),
962(m), 915(sh), 900(s), 856(sh), 773(s), 738(sh), 648
(m), 547(w), 522(w), 481(w), 457(w), 413(w), 371(m),
327(m) cm .

2.2. X-ray crystallography

Single crystals of compounds 1 and 2 were mounted
on a glass fiber for indexing and intensity data collec-
tion at 293 K on a Bruker X8-APEX2 CCD area-
detector diffractometer using Mo Ko radiation
(A=0.71073 A). Six sets for 1 and four sets for 2 of
narrow data frames (45 s per frame for 1 and 20 s for 2)
were collected at different values of 8 (for 2 and 4
initial values of ¢ and w, respectively, for 1; for 3
and 1 initial values of ¢ and w, respectively, for 2)
using 0.5° increments of ¢ or w.

Crystal data and structure refinements for 1: orange
crystal, dimensions 0.20 x 0.10 x 0.06 mm?>, triclinic,
space group Pl (No. 2), a=13.4076(7),
b=15.9042(9), c¢=19.5241(9) A, «a=095.764(2)°,
£=97.6522)°, y=107337(3)°, V=38953(3) A’
Z=2, peated = 4.509 g cm >, u(Mo Ko)) =27.478 mm ',
F(000) = 4620, T=293(2) K. A total of 22 359 indepen-
dent reflections, 15228 observed with 7> 2 o(]),
R(int)=0.0515, R1=0.0445, wR2=0.1343, 1048
refined parameters.

Crystal data and structure refinements for 2: ochre
crystal, dimensions 0.40 x 0.20 x 0.06 mm3, triclinic,
space group P1 (No. 2), a=13.810(1), b= 18.663(2),
c=18.8792) A, a=82.7203)°, B=69.485(3)°,
y=287.170(2)°, V=4520.5(5) A3 Z=2,
Peatcd =3.915 g cem >, u(MoKo)=23.683 mm ',
F(000) = 4659, T=293(2) K. A total of 26 351 inde-
pendent reflections, 20 712 observed with 7> 2 a(]),
R(int) = 0.0494, R1=0.0494, wR2=0.1455, 1191
refined parameters.

Data reduction was accomplished using SAINT
V7.03 [15]. The substantial redundancy in data allowed
a semi-empirical absorption correction (SADABS
V2.10) [15] to be applied, on the basis of multiple mea-
surements of equivalent reflections. The structure was
solved by direct methods, developed by successive dif-
ference Fourier syntheses, and refined by full-matrix

least-squares on all F* data using SHELXTL V6.14
[16].

3. Results and discussion

The complex 1 K;;[{KV,03(H20),}(SizW15066)]
-40 H,O has been obtained by the reaction of metavana-
date with [KSi2W18066]15 . Three cations are included in
the cavity, a potassium atom K5 and two vanadium atoms
V1 and V2. The two vanadium atoms are bound to only
one {SiWy} subunit following the coordination mode M1
(Fig. 2) and the potassium atom is bound to the other sub-
unit. V1 and V2 are linked by an oxygen atom (V1-O68—
V2, angle 165°) and their coordination sphere is completed
by two terminal oxygen atoms. The corresponding bond
lengths  (V1-067=1.62A, VI-069=2.10 A,
V2-070=1.59 A, V2-071 = 2.13 A) show that one term-
inal oxygen on two is protonated. Bond-valence sum cal-
culations show that bridging O68 and the terminal atoms
067, 070 are not protonated (Table 1). On the contrary,
the other terminal positions 069, O71 are occupied by a
water molecule. The vanadium group bound to the upper
{SiW9} subunit in Fig. 2 can be then written
[VO(H,0)-0-VO(H,0)]*. The potassium atom K5 is
linked to the divanadium group through to the four term-
inal oxygen atoms 067, 069, 070, O71 and 068 so that it
is localized in the pseudo-symmetry plane containing the
Si atoms. Consequently, the symmetry of the idealized
anion is C;. Values of the angles V1-069-K5 (79.6°),

S -
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Fig. 2. Combined polyhedral/ball and stick representation of
0-[ {KV,03(H>0),}(Si2W15066)]''~ 1 showing tungsten (light-gray
polyhedra), potassium (light-gray ball), vanadium (black), silicon
(white) and oxygen (small black) atoms.
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Table 1
Bond-valence sum calculations of oxygen atoms bound to vanadium

and potassium in the complex 1 [{KV,0,(H,0) }(Si, W O_)] and to

18 66 10

iron, potassium or sodium in the complex 2 [{F eA(OH)b}(Si W 0 )]

271866

Polyanion Atoms Bond-valence sum

1 067 1.91
068 2.07
069 0.49
070 2.01
071 0.47

2 067 1.23
068 1.08
069 1.20
070 0.97
071 1.14
072 1.20

V2-071-K5 (79.3°) on the one hand and V1-067-K5
(98.9°), V2-070-K5 (99.5°) on the other hand are in
agreement with H,O and O bridging ligands between
vanadium and potassium, respectively. The polyoxometal-
lic cluster included in the cavity of [Si, W, ¢066]'®” can be
written [KV,05(H,0),]>".

In the crystal, the anions are associated by their open
faces through three potassium cations K5, K6 and KS8.
These two anions are related by an inversion center K1
and these inversion pairs are linked in linear chains by
potassium cations K4, K10 and K12 (Fig. 3).

Polyanion 2 [{Fes(OH)s}(Si-W5046)]'®" has been
synthesized by addition of FeCls to
Ki60-[Si;W13066]-25 H,O. No potassium cation but
four iron atoms are included in the pocket as a
{Fe4(OH)s}" fragment in which the iron atoms are
coordinated to only one half-anion as V atoms in 1
(Fig. 4). Bond-valence sum calculations (Table 1)

Fig. 4. Combined polyhedral/ball and stick representation of
[{Fe4(OH)4}(SiaW15066)]'"” 2 showing tungsten (light-gray polyhe-
dra), sodium (medium-gray ball), iron (black), silicon (white) and
oxygen (small black) atoms.

reveal that Fe atoms are linked by either single hydroxo
(Fel-OH-Fe2, Fe3—OH-Fe4) or double hydroxo
bridges (Fel—(OH),—Fe4, Fe2—(OH),—Fe3). The Fe—
OH bond lengths range from 1.93 to 2.04 A and the
Fe—-OH-Fe angles from 134.9 to 140.1° for the single
bridges and from 96.4 to 98.8° for the double bridges.
Moreover, the cationic assembly is achieved by two
sodium ions Na3 and Na5 which bridged the two
{SiWy} half-units. However, the two Na are not
equivalent since Na3 is bound to {Fe,(OH)s}®" by an
OH ligand in the interior of the pocket but Na5 to an
OH ligand in the exterior of the pocket. Without Na

) 2l

Fig. 3. Combined polyhedral/ball and stick representation of K;a-[{KV,03(H,0),}(Si,W;30¢6)] 1 chains in the lattice side view showing tungsten
(light-gray polyhedra), potassium (light-gray ball), vanadium (black) and oxygen (small black) atoms.
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Fig. 5. Polarograms of the anion 2 (5.6 x 10~ mol 1"") (a) and of
0-[{K(H50),}(SizW15066)]">~ (5.7 x 10~* mol I'") (b) in acetic acid/
sodium acetate buffer, pH 4.8, vs. the saturated AgCl/Ag reference
electrode.

cations, the symmetry of the complex would be C,,, but
the non-equivalence of the Na atoms leads to a lack of
all symmetry elements in the crystal.

In the crystal, two [{Fes(OH)s}(SizW,5066)]'""
anions are associated by their open faces through one
potassium cation K1 bound to terminal oxygen atoms
of the pocket. These two anions are related by an inver-
sion center and these inversion pairs are linked in linear
chains by a potassium cation K2 and one sodium cation
Na4.

Anion 2 can be characterized in solution by its polar-
ogram (Fig. 5). In acetic acid/sodium acetate buffer, pH
4.8, it shows four successive waves of 4, 2, 4 and 2
electrons, at —0.50, —0.70, —0.82 and —0.93 V, vs. the
saturated AgCl/Ag reference electrode. The polarogram
of the ligand a-[SiZWIgO“]IG* in the same medium
shows three waves of 2, 4, 2 electrons, at —0.68,
—0.81 and —0.93 V. So, the three last waves are attrib-
uted to the reduction of tungsten atoms of the polyanion
and the first one to the reduction of the iron cluster

[Fes(OH)6]®" in one step from Fe to Fe'. This simul-

taneous reduction of iron atoms is irreversible since the
{Fe,(OH)s} fragment is not stable with Fe" as observed
in polyoxotungstic complexes when, as in 2, all the iron
are equivalent. Aqueous solution of 2 is stable during at
least 24 h since there is no evolution of the polarogram
during this time.

4. Supplementary material

Two X-ray crystallographic files in CIF format. This
material can be obtained from the Fachinformationszen-
trum Karlsruhe, Abt. PROKA, 76344 Eggenstein-
Leopoldshafen, Germany (fax: +49 7247 808 666; e-
mail: crysdata@fiz-karlsruhe.de), on quoting the
depository number CSD-416411, 416412, respectively.
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