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The novel dimeric silicotungstate§JiMWgOs4(H20)} 2]~ (M = Mn?*, Cl?*, Zn?*) have been synthesized
and characterized by IR spectroscopy, elemental analysis, and magnetic measurements. X-ray single-crystal analyses
were carried out on NasMn[{ SiMn,WgOz4(H20)} 2] -33H,0 (1), which crystallizes in the triclinic system, space
groupP1, with a = 12.2376(7) A = 13.6764(8) Ac = 15.6177(9) Ao = 70.2860(10), B = 79.9150(10),

y = 70.2760(10), andZ = 1; K3Nas[{ SiClpWO34(H20)} 2] - 26H0 (2) crystallizes in the triclinic system, space
groupP1, with a = 11.4271(12) Ap = 12.5956(13) Ac = 15.3223(16) Ao = 80.456(23, B = 76.383(23, y

= 76.968(2}, andZ = 1; K4Nag[{ SiZnWyO34(H20)} 2]-34H,0 (3) crystallizes also in the triclinic system, space
groupP1, with a = 12.2596(14) Ap = 13.2555(15) Ac = 16.2892(18) A = 96.431(2), f = 100.944(2),

y = 110.404(2), andZ = 1. The polyanions consist of two lacunaryoBfSiW¢0s4]1%~ Keggin moieties linked

via a rhomblike MOs6 (M = Mn, Cu, Zn) group leading to a sandwich-type structure. Magnetic measurements
show that the central Myunit in 1 exhibits antiferromagnetid(= —1.77(5) cn?) as well as weak ferromagnetic

(J = 0.08(2) cnTl) MN—Mn exchange interactions. lithe Cu-Cu exchange interactions are antiferromagnetic
(J = —0.10(2) cnTi, J = —0.29(2) cnr?).

Introduction Lacunary polyoxometalates are usually synthesized from

Polyoxometalates constitute a unique class of inorganic complete precursor ions by loss of one or mored\@etahedra.
compounds due to the structural variety as well as interesting Réaction of a stable, lacunary polyoxometalate with transition
and often unexpected properties in fields as diverse as catalysismetal ions usually leads to a product with the heteropolyanion
medicine, and magnetochemistry. At the same time it must ~ framework unchanged. Depending upon the coordination re-
be pointed out that the mechanism of formation of polyoxo- duirement and the size of a given transition metal ion, the
metalates is not well understood and commonly described asgeometry of the reaction product can therefore often be
self-assembly. Nevertheless the synthesis of polyoxometalatesPredicted.
is mostly rather simple and straightforward, once the proper  Trying to understand the interaction of metastable, lacunary
reaction conditions have been identified. polyoxoanions (e.g.£SiW1¢0s¢®") with transition metal ions

Transition metal substituted polyoxometalates can also be of represents more of a challenge, because dissolution of the
interest for their magnetic properties. Structures that contain lacunary polyanion in water initiates isomerization. The behavior
more than one paramagnetic transition metal ion in close Of silicotungstates in agueous solution has been extensively
proximity may exhibit exchange-coupled spins leading to large Studied by Tee et al. and is quite well understoddThe
spin ground states, one of the goals in molecular magnétfsm.  interaction ofy-decatungstosilicatey{SiW0Os¢®~, with several
The polyoxometalate matrix may be considered a diamagneticmetal ions has recently been studied, and reaction with, Cr
host encapsulating and thereby isolating magnetic clusters ofMn®"**, F&*, and VQ~ ions led to disubstituted, monomeric
transition metals. y-Keggin ions?@d However, reaction with phenyltin trichloride
(CeHsSNCB) resulted in a dimeric species where two phenyltin
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(2) Polyoxometalates: from Platonic Solids to Anti-Retral Activity; (7) Tezg A.; Herve G. Inorganic Synthesesdohn Wiley & Sons: New
Pope, M. T., Milier, A., Eds.; Kluwer: Dordrecht, The Netherlands, York, 1990; Vol. 27, p 85.
1994. (8) (a) Wassermann, K.; Lunk, H.-J.; Palm, R.; Fuchs, J.; Steinfeldt, N.;

(3) Pope, M. T.; Mller, A. Angew. Chem., Int. Ed. Endl991, 30, 34— Stosser, R.; Pope, M. Tinorg. Chem.1996 35, 3273. (b) Zhang,
48. X.-Y.; O'Connor, C. J.; Jameson, G. B.; Pope, M.lforg. Chem.

(4) Pope, M. T Heteropoly and Isopoly Oxometalajepringer-Verlag: 1996 35, 30. (c) Mizuno, N.; Nozaki, C.; Kiyoto, I.; Misono, MI.
Berlin, 1983. Am. Chem. S0d.998 120, 9267. (d) Canny, J.; Thouvenot, R.;Ze

(5) Gatteschi, DAdv. Mater. 1994 6, 635. A.; Herve G.; Leparulo-Loftus, M.; Pope, M. Tnorg. Chem1991,

(6) Magnetic Molecular MaterialsGatteschi, D., Kahn, O., Miller, J. S., 30, 976.
Palacio, F., Eds.; Kluwer: Dordrecht, The Netherlands, 1991. (9) Xin, F.; Pope, M. TInorg. Chem.1996 35, 5693.

10.1021/ic000078g CCC: $19.00 © 2000 American Chemical Society
Published on Web 06/07/2000



2916 Inorganic Chemistry, Vol. 39, No. 13, 2000 Kortz et al.

Table 1. Crystal Data and Structure Refinement foN&Mn[{ SiMnWgOs34(H20)} 2]-33H0 (1), KsNas[{ SICbWgO34(H20)} 2]-26H0 (2), and
KaNag[{ SiZnWeOs4(H20)} 2]-34H,0 (3)

1 2 3
empirical formula KMnsNagO103SbW g CuwK3NasOgeSirW1g K4NasO104SibW1eZ Ny
fw 5582.5 5387.9 5585.3
space group (No.) P1(2) P1(2) P1(2)

a, 12.2376(7) 11.4271(12) 12.2596(14)
b, A 13.6764(8) 12.5956(13) 13.2555(15)
c, A 15.6177(9) 15.3223(16) 16.2892(18)
o, deg 70.2860(10) 80.456(2) 96.431(2)
B, deg 79.9150(10) 76.383(2) 100.944(2)
y, deg 70.2760(10) 76.968(2) 110.404(2)
vol, A3 2310.8(2) 2073.3(4) 2389.8(5)

V4 1 1 1

temp,°C -70 -70 —-100
wavelength, A 0.71073 0.71073 0.71073
density (calcd), g/cfh 4.01 4.32 3.88

abs coeff, mm?! 23.315 26.189 22.895
R(Fo)2 0.041 0.057 0.053
Ru(Fo)P 0.097 0.129 0.135

dR=}||Fd — ‘FCH/Z|F0|- PRy = [ZW(FO2 - Fcz)zle(Foz)z]llz-

B-Keggin units, { 8-SiNiaW10036(OH)2(H20)} 2]. 22710 In order

to find out if the same structure could be formed with other
first-row transition metals we investigated the interaction of
[y-SiW1003¢]®~ with Mn2*, CU#*, and Zi* in some detail.

Experimental Section

Synthesis. Kg[y-SiW:1¢0s6]-12H,0 was prepared according to a
published procedure by “Ze and Herveand confirmed by infrared
spectroscopy? All other reagents were used as purchased without
further purification.

K4Na6Mn[{SiMn2W9034(H zo)} 2] +33H,0 (l) A223g (075 mmol)
sample of K[y-SiW,10036] was added with stirring to a solution of 0.36
g (2.25 mmol) MnC}-2H,O in 100 mL of a 1.0 M sodium acetate
buffer (pH 4.8). This solution was heated to 9D for 40 min and then
cooled to room temperature. Addition of solid KCI (10 g) led to a yellow
product, which was filtered off and air-dried. Yield: 0.39 g (20%).
Single crystals suitable for X-ray crystallography were obtained by slow
evaporation of the above solution. IR: 984 (w), 948 (s), 904 (vs), 876
(vs), 849 (sh), 758 (vs), 720 (vs), 535 (w), 509 (w), 485 (w)&m
Anal. Calcd for kK NNay 2Mng { SIMnW¢Os34(H,0)} 5] -35H,0: K, 2.34;

Na, 2.92; W, 58.29; Mn, 4.55; Si, 0.99. Found: K, 2.29; Na, 2.87; W,
58.51; Mn, 4.56; Si, 0.63.

K sNas[{ SiCuW¢O34(H20)} 2]-26H,0 (2). The synthetic procedure
above was followed using 0.38 g (2.25 mmol) Cu@H,0 instead of
MnCl,*2H,0. Addition of solid KCI (10 g) to the solution led to a
light-green product, which was filtered off and air-dried. Yield: 0.53

X-ray Crystallography. A yellow block of 1 with dimensions 0.10
x 0.16 x 0.24 mn? was mounted on a glass fiber for indexing and
intensity data collection at 203 K on a Siemens SMART-CCD single-
crystal diffractometer using Mo & radiation § = 0.71073 A). Of
the 11022 unique reflections §g.x = 56.68), 9204 reflections
(Rint = 0.051) were considered observed>( 20(l)). Direct methods
were used to solve the structure and to locate the tungsten atoms
(SHELXS86). Then the remaining atoms were found from succes-
sive difference maps (SHELXL93). The final cycle of refinement,
including the atomic coordinates, anisotropic thermal parameters (all
metal atoms), and isotropic thermal parameters (silicon and oxygen
atoms) converged & = 0.041 andR, = 0.097 ( > 20(l)). In the
final difference map the deepest hole w&3.382 e A2 and the highest
peak 2.372 e A3

A green column of with dimensions 0.06 0.10 x 0.38 mn? was
used for data collection at 203 K on a Siemens SMART-CCD
diffractometer. Of the 9942 unique reflection®{2« = 56.92), 6982
reflections Rt = 0.087) were considered observed>( 2o(1)). The
procedure followed for structure solution and refinement was analogous
to that followed forl. The final cycle of refinement convergedRt=
0.057 andRy = 0.129 ( > 20¢(l)). In the final difference map the
deepest hole was4.246 e A2 and the highest peak 3.956 e

A colorless block of3 with dimensions 0.10< 0.32 x 0.48 mn#
was used for data collection at 173 K on a Siemens SMART-CCD
diffractometer. Of the 11377 unique reflection§ = 56.7C), 10156
reflections Rt = 0.064) were considered observed>( 2¢(l)). The
procedure followed for structure solution and refinement was analogous

g (27%). Single crystals were obtained by slow evaporation of the above to that followed forl. The final cycle of refinement convergedrRt=

solution. IR: 986 (w), 949 (s), 899 (vs), 881 (vs), 849 (sh), 761 (vs),
724 (vs), 534 (w), 509 (w), 491 (w) cma Anal. Calcd for KNae-
[{ SICWwLWg034(H20)}2]-23H,0: K, 2.84; Na, 3.34; W, 60.19; Cu, 4.62;
Si, 1.02. Found: K, 3.07; Na, 3.38; W, 60.25; Cu, 4.60; Si, 0.62.

K aNag[{ SiZn,WoO34(H20)} 2]-34H,0 (3). The procedure above was
followed using 0.31 g (2.25 mmol) ZngIAddition of solid KCI (10
g) to the solution led to a white product, which was filtered off and
air-dried. Yield: 0.31 g (16%). Single crystals were obtained by slow
evaporation of the above solution. IR: 985 (w), 948 (s), 906 (vs), 895
(vs), 848 (sh), 757 (vs), 725 (vs), 538 (w), 513 (w), 493 (w) ém
Anal. Calcd for KNag[{ SiZnWgOsz4(H20)}2]-34H,0: K, 2.06; Na,
3.64; W, 58.18; Zn, 4.60; Si, 0.99. Found: K, 2.00; Na, 3.66; W, 58.13;

Zn, 4.37; Si, 1.10. All elemental analyses were performed by the Service

Central d’Analyse of CNRS at 69390 Vernaison, France.

(10) Kortz, U.; Jeannin, Y. P.;" & A.; Herve G.; Isber, Sinorg. Chem.
1999 38, 3670.

(11) Tezg A.; Herve G. Inorganic Synthesedohn Wiley & Sons: New
York, 1990; Vol. 27, p 88.

(12) Sheldrick, G. M.SADABS Siemens Analytical X-ray Instrument
Division: Madison, WI, 1995.

0.053 andrR, = 0.135 ( > 20(l)). In the final difference map the
deepest hole was5.107 e A2 and the highest peak 4.255 e

Routine Lorentz and polarization corrections were applied to all
structures, and an absorption correction was performed using the
SADABSrogram®? Crystallographic data are summarized in Table 1,
and the positional parameters are shown in Tabted.2

Spectral and Magnetic Measurements.The IR spectra were
recorded on a Nicolet Avatar FTIR spectrophotometer in a KBr pellet.
The magnetic measurements were carried out with a VSM magnetom-
eter in the temperature range-250 K up to 9 T.

Results and Discussion

Structures. The novel dimeric silicotungstateg §iMn,-
W9034(H20)} 2] 12- (SiMI”Ing), [{ SiCL!zW9034(H20)} 2] 12-
(SiCuWy), and [ SiZnsWgOs4(H20)}2]*2~ (SiZn,Wo) consist
of two lacunary Be-[SiWgO34'% Keggin moieties linked
via a rhomblike MO (M = Mn, Cu, Zn) group leading
to a sandwich-type structure (see Figures 1 and 2). This
structural type had first been described by Weakley et al. for
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Table 2. Fractional Atomic Coordinates<(L0%) and Equivalent Isotropic Displacement ParametersxAL0%) for

KaNasMn[{ SiMnWgOs4(H20)} 2]33H,0 (1)

atom xla yib zc U(eqp atom xla yib zc U(egp
W(1) 551(1) 7387(1) 4333(1) 15(1) Mn(1)  —1970(1) 9681(1) 1102(1) 14(1)
W(2) 2567(1) 9065(1) 3317(1) 15(1) Mn(2) —243(1) 11137(1) 209(1) 13(2)
W(3) 3150(1) 6431(1) 2841(1) 15(1) Mnf3)  —4392(3) 10991(3) 4852(3) 26(1)
W(4) —1721(1) 9579(1) 3404(1) 14(1) K(1) 241(4) 14103(3) 3003(2) 55(1)
W(5) 283(1) 11243(1) 2373(1) 14(1) K(2) 0 10000 5000 25(1)
W(6) 2640(1) 10373(1) 1037(1) 13(1) KE3) —2027(9) 13640(7) 978(6) 79(3)
W(7) 3207(1) 7767(1) 562(1) 13(1) Na(1) 3659(4) 12835(4) —452(4) 38(1)
W(8) 1341(1) 6286(1) 1485(1) 14(1) Na(2) 5416(4) 7183(3) —1570(3) 22(1)
W(9) —1221(1) 7210(1) 2970(1) 15(1) Na(3) 5000 5000 5000 44(2)
Na(4y —3520(12) 5774(13) 2938(9) 63(4)
atom xla ylb zc U(iso) atom xla yib zc U(iso)

Si 689(2) 8792(2) 1901(2) 11(1) 0O(78) 2733(6) 6517(6) 669(5) 17(2)
O(1Si) —145(6) 8403(5) 2814(5) 14(1) O(7Mn) 2091(6) 8681(5) —204(5) 14(1)
0O(2Si) 1312(6) 9584(5) 2090(5) 14(1) o(7T) 4448(6) 7564(6) —168(5) 20(2)
O(3Si) 1718(6) 7700(5) 1740(5) 14(1) 0(89) 212(6) 6348(6) 2480(5) 18(2)
O(4Si) —89(5) 9430(5) 1013(5) 13(1) O(8M2) 412(6) 7262(6) 634(5) 17(2)
0(12) 1430(6) 8407(6) 4043(5) 19(2) O(8T) 1396(6) 5050(6) 1367(5) 21(2)
0(13) 1851(6) 6577(6) 3710(5) 17(2) O(9M1) —1696(6) 8034(6) 1862(5) 18(2)
0(14) —783(6) 8547(5) 4480(5) 16(1) O(9T) —2022(7) 6295(6) 3305(6) 26(2)
0(19) —368(6) 6639(6) 4140(5) 20(2) o(1w) —4304(9) 12583(8) 3772(8) 49(3)
O(1MW) —3846(6) 9852(6) 1188(5) 20(2) o(2w) 4273(8) 12188(8) —1837(7) 42(2)
o(1T) 858(7) 6694(6) 5449(6) 26(2) o(3w) 1772(9) 13257(9) —809(8) 54(3)
0(23) 3231(6) 7737(6) 3018(5) 21(2) O(4wW) 1541(8) 14301(8) 4246(7) 41(2)
0(25) 1484(6) 10436(5) 3321(5) 16(1) O(5w) 3777(11) 14576(10)—1485(9) 64(3)
0(26) 3344(6) 9743(6) 2253(5) 19(2) o(ewW) 6661(13) 4030(12) 4197(11) 84(4)
0O(2T) 3461(6) 8875(6) 4134(6) 24(2) o(7w) 7211(7) 6868(6) —1000(6) 25(2)
0(37) 3985(6) 6799(6) 1722(5) 19(2) o(8wW) 5273(7) 9050(7) —2364(6) 29(2)
0(38) 2545(6) 5576(6) 2440(5) 18(2) ow) 2089(7) 11959(7) 3847(6) 30(2)
O(3T) 4239(7) 5447(6) 3500(6) 26(2) o(10w) 6430(7) 6651(7) —2916(6) 33(2)
0(45) —673(6) 10424(6) 3219(5) 17(2) O(11w) —5602(8) 10643(7) 4147(7) 36(2)
0(49) —2178(6) 8292(6) 3547(5) 17(2) o(12w) 3504(8) 7646(8) —2078(7) 41(2)
O(4M1) —2209(6) 10206(5) 2269(5) 17(1) o(13w) 5364(8) 5363(8) —934(7) 42(2)
O(4T) —2846(6) 10201(6) 4068(5) 20(2) O(14%v) —5970(20) 11980(20) 5391(19) 66(7)
0O(56) 1652(6) 11483(6) 1562(5) 19(2) O(15W) —6447(13) 12563(13) 5025(11) 22(3)
O(5M2) —535(6) 11550(6) 1435(5) 17(2) O(16W) 5386(14) 6624(13) 4107(12) 30(4)
O(5T) —197(6) 12442(6) 2663(5) 21(2) O(17%W) 6550(20) 5920(20) 4770(20) 75(7)
0(67) 3334(6) 8935(5) 921(5) 16(1) O(18wW) —100(40) 4670(30) 220(30) 124(14)
O(6Mn) 1640(6) 10729(5) 174(5) 14(1) O(19W) —1710(30) 14720(30) 2320(30) 104(10)
O(6T) 3705(6) 10981(6) 452(5) 17(2) O(20%W) —980(40) 4750(30) 1510(30) 134(14)

2U(eq) is defined as one-third of the trace of the orthogonallzgdensor.” Occupancy 0.5.

[Cos(H20)2(PWoO34)2] 19, which is a phosphotungstate derived  silicotungstate,{[3-SiNiW1¢0s6(OH)2(H20)} 2112 (SiNixW 1),

from the lacunary Keggin iof? Later Finke et al. reported on

recently reported by Kortz et &. The anionSiNi;W 1o was

an analogous structural type based on the lacunary Wells synthesized by reacting Ni ions with [y-SiW;003¢®~ under

Dawson ion, [M(H20)(P.W150s6)]16~ (M = Co?*", CU#,
Zn?t).14 By now the interaction of a variety of first-row
transition metals with both the lacunary Keggin and Wells

conditions very similar to those used for the synthesis of
SiMn,Wo, SiCu,Wg, andSiZn,Wg. However, we were not able
to synthesize {{SiNi;WqO34(H20)} 22~ (SiNi;Wg) under the

Dawson anions has been studied leading to a family of conditions studied. Nevertheless, it can be helpful to imagine

sandwich-type phosphotungstates.

rearrangement o8iNi;W1o accompanied by loss of two W

The synthesis of these structures is based on reaction ofatoms leading to{[SiNiWoOs4(H20)} 2]*2~ (SiNi,Wg) according
transition metal ions with the trivacant B-type phosphotung- to the following equation: {[3-SiNiW1¢036(OH)2(H20)} 2] 12~

states Be-[PWgO34]° and Bo-[PaW1s0s¢] 12, respectively.
Since the analogous lacunary silicotungstates [$iWgOz4] 1%

and Bo-[Si;W1:0s6) 13", respectively, have not been isolated
yet, a rational synthesis of sandwich-type silicotungstates could
not be envisioned. It was therefore surprising tha®, and3
could be synthesized starting witpBiW,¢O03¢) 8, which means
that the mechanism of the metal insertion reaction must be
accompanied by isomerization y{SiW;10036]®~ — B-a-
[SiWg034]197) and dimerization as well as loss of tungsten. It
may be possible to learn more about the mechanism of formation
of SiMn,Wg, SiCu,We, and SiZzn,Wg by comparing their
structure with that of the dimeric Ni-substitutggtKeggin

(13) Weakley, T. J. R.; Evans, H. T., Jr.; Showell, J. S.; ToueF.;
Tourne C. M. J. Chem. Soc., Chem. Commu®873 139.
(14) Finke, R. G.; Droege, M. Wnorg. Chem.1983 22, 1006.

(15) (a) Finke, R. G.; Droege, M.; Hutchinson, J. R.; Gansow].CAm.

Chem. Soc1981, 103 1587. (b) Evans, H. T.; Toufpn€. M.; Tourne

G. F.; Weakley, T. J. Rl. Chem. Soc., Dalton Tran$986 2699. (c)
Finke, R. G.; Droege, M. W.; Domaille, P. lhorg. Chem1987, 26,
3886. (d) Wasfi, S. H.; Rheingold, A. L.; Kokoszka, G. F.; Goldstein,
A. S.Inorg. Chem.1987, 26, 2934. (e) Weakley, T. J. R.; Finke, R.
G. Inorg. Chem199Q 29, 1235. (f) Ganez-Garéa, C. J.; Coronado,
E.; Borras-Almenar, J. Jinorg. Chem.1992 31, 1667. (g) Casan
Pastor, N.; Bas-Serra, J.; Coronado, E.; Pourroy, G.; Baker, L. C. W.
J. Am. Chem. Socl1992 114, 10380. (h) Gmez-Garca, C. J;
Coronado, E.; Gmez-Romero, P.; CaSdPastor, N.Inorg. Chem.
1993 32, 3378. (i) Ganez-Garca, C. J.; Borfa-Almenar, J. J.;
Coronado, E.; Ouahab, lnorg. Chem.1994 33, 4016. (j) Zhang,
X.-Y.; Jameson, G. B.; O’Connor, C. J.; Pope, MPblyhedron1996

15, 917. (k) Zhang, X.; Chen, Q.; Duncan, D. C.; Campana, C.; Hill,
C. L. Inorg. Chem1997, 36, 4208. (I) Zhang, X.; Chen, Q.; Duncan,
D. C.; Lachicotte, R. J.; Hill, C. Linorg. Chem1997, 36, 4381. (m)
Clemente-Juan, J. M.; Coronado, E.; GaMascars, J. R.; Gmez-
Garca, C. J.Inorg. Chem.1999 38, 55.
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Table 3. Fractional Atomic Coordinates<(L0%) and Equivalent Isotropic Displacement ParametersxAL0%) for

KaNas[{ SICWO34(H20)} 2] 26H;0 (2)
atom xla y/b zc U(eqp atom xla ylb zc U(eqp
W(1) 2133(1) 5130(1) 4106(1) 17(1) Cu(1) 4724(2) 2978(2) 1009(1) 16(1)
wW(2) 1022(1) 7594(1) 2582(1) 16(1) Cu(2) 3822(2) 5086(2) —280(1) 14(1)
W(3) 3988(1) 7331(1) 3296(1) 16(1) K(1) 5000 5000 5000 31(1)
W(4) 1992(1) 3438(1) 2628(1) 16(1) K(2) —850(4) 3583(4) 1338(4) 40(1)
W(5) 926(1) 5872(1) 1100(1) 15(1) Na(1) 687(6) 4432(6) 6654(5) 28(2)
W(6) 2463(1) 7926(1) 372(1) 15(1) Na(2) 8155(6) 8977(6) —113(6) 32(2)
W(7) 5364(1) 7711(1) 1078(1) 15(1) Naf3) —251(19) 1455(18) 4063(19) 86(9)
W(8) 6421(1) 5445(1) 2398(1) 15(1)
W(9) 4628(1) 3246(1) 3276(1) 17(1)

atom xla y/b zc U(iso) atom xla y/b zc U(iso)

Si 3676(3) 5567(3) 1762(3) 10(1) O(7Cu) 5724(9) 6893(8) 185(8) 15(2)
O(1Si) 3261(9) 4661(8) 2611(8) 14(2) o(7T) 6026(10) 8833(9) 590(9) 23(3)
O(2Si) 2442(9) 6434(9) 1547(8) 18(2) 0(89) 5561(9) 4379(9) 3178(8) 17(2)
O(3Si) 4549(9) 6256(9) 2057(8) 20(2) 0(8C2) 6685(9) 4753(8) 1437(8) 16(2)
0O(4si) 4418(9) 4954(9) 862(8) 18(2) O(8T) 7828(10) 5072(9) 2735(9) 25(3)
0(12) 1151(9) 6297(8) 3477(8) 15(2) 0(9C1) 5262(9) 2916(9) 2135(8) 18(2)
0(13) 3241(9) 6124(8) 3930(8) 16(2) 0O(9T) 5429(10) 2199(9) 3924(9) 25(3)
0(14) 1326(10) 4146(9) 3788(8) 21(3) o(1w) 2469(13) 2972(12) 6128(11) 43(4)
0(19) 3450(9) 3982(9) 4312(8) 17(2) o(2w) 8487(10) 7180(9) —447(9) 24(3)
o(1cw) 4898(11) 1023(10) 1252(9) 30(3) o(3w) 7386(11) 9623(10) —1518(10) 31(3)
o(1T) 1404(10) 5253(9) 5189(9) 22(3) O(4w) 8200(11) 8360(10) 1451(10) 31(3)
0(23) 2435(9) 7834(9) 2909(8) 20(2) O(5w) 10019(12) 9442(11) —1038(11) 40(3)
0O(25) 107(9) 6868(9) 2053(8) 17(2) o)  250(30) 730(30) 2760(30) 58(9)
0(26) 1323(9) 8498(8) 1514(8) 16(2) Oo(7W)  —2230(20) 2070(20) 2205(18) 28(6)
O(2T) —129(10) 8465(9) 3204(9) 22(3) o(8W)  4110(20) 9340(20) 4980(20) 40(7)
0(37) 4670(9) 8230(8) 2303(8) 16(2) O(9W)  7920(20) 2850(20) 4010(20) 33(6)
0(38) 5561(9) 6429(9) 3367(8) 19(2) O(10w) 740(30) 2340(30) 4990(20) 54(9)
O(3T) 3780(10) 8094(9) 4172(9) 26(3) O(11w) —2160(30) 8800(20) 4000(20) 49(8)
0O(45) 1002(9) 4719(9) 2093(8) 18(2) O(12w) 1440(40) 30(40) 3590(40) 104(16)
0(49) 3193(10) 2623(9) 3308(8) 20(3) O(13wW) —2840(40) 10100(40) 2570(30) 88(14)
0O(4C1) 2991(9) 3109(9) 1580(8) 18(2) O(14w) —5340(30) 10170(30) 3050(30) 61(9)
o(4T) 984(10) 2542(9) 2842(9) 25(3) O(15%) 3750(30) 10370(30) 3470(30) 55(9)
O(56) 1137(10) 7257(9) 331(8) 21(3) O(16wW) 2810(30) 10730(30) 4350(30) 68(10)
O(5C2) 2128(10) 5129(9) 342(8) 22(3) O(17™V) —1520(40) 610(30) 3450(30) 82(12)
O(5T) —393(9) 5706(8) 796(8) 17(2) O(18W) 5940(50) 9200(50) 4280(40) 130(20)
0(67) 3705(9) 8212(9) 907(8) 17(2) O(19%) —180(30) 2610(30) 4770(30) 61(10)
O(6Cu) 3584(9) 7037(8)  —342(8) 17(2) o(ow) —3480(50) 10000(50) 2290(40) 130(20)
O(6T) 2166(9) 9154(9) —339(8) 19(2) 021wy 1120(50) —400(50) 4270(40) 125(19)
0(78) 6662(9) 6833(9) 1666(8) 19(2)

2U(eq) is defined as one-third of the trace of the orthogonallzgdensor.” Occupancy 0.5.

— [{ SiNi;WgO34(H20)} ]2~ + 2H,WO,. Based on experimen-  fully satisfied as a result of single-crystal X-ray crystallography.
tal work SiNioWg is less stable thaBiNi;W 1, but the situation It is of interest to note that in addition to four potassium and
is the reverse for manganese, copper, and zinc. Apparentlysix sodium ions there is one Mhion present as a countercation
SiMn,W,, SiCuW,, andSiZn,Wg are more stable than their  besides the four MA ions bound within eac8iMn,Wg. This
respective intermediates] f-SiMnyW1¢O03z6(OH)2(H20)} 2] 12~ observation was confirmed by elemental analysis and by
(SiMN W 1), [{ B-SICW10036(0OH)2(H20)} 212~ (SiCuW 1), magnetic studies of. In the case oR and 3 not all cations
and [ 3-SiZnpW;003¢(OH)2(H20)} 5] 12~ (SiZn,W ), for which could be identified crystallographically, most likely because of
we have spectroscopic evidence. However, we could not disorder, which is not uncommon for these kinds of compounds.
crystallize SiMn,W 10, SiCu,W 10, and SiZn,Wio due to rear- However, the quality of the elemental analysesZand 3 is
rangement t&iMn,W,, SiCu,Wo, andSiZn,Wo, respectively. good enough to indicate that potassium and sodium are the only
Tungstic acid being released according to the above equationcations present in both compounds. Rahis is confirmed by
most likely leads to the formation of isopolytungstates. the magnetic data, which do not give any indication foPCu
The dimericSiMn,Wg, SiCu,Wg, andSiZn,W are structur- countercations to be present.
ally equivalent to their phosphorus-containing analogues Magnetic Properties.SinceSiMn,Wg andSiCu,Wg contain
[{ PMmWgOs4(H20)}2]1%,  [{PCyWgOz4(H20)}2]%, and a well-isolated central ¥Dig (M = Mn2*, CL?") unit, it is of
[{PZneWoOs34(H20)}2]1%". The main difference is the charge, interest to investigate the magnetic propertiesloand 2.
and sinceSiMn,Wo, SiCuWe, andSiZn,Wg are 12- ions, it Magnetization and magnetic susceptibility measurements are
was expected to find the appropriate number of cations for efficient methods to obtain information about the magnetic
charge-balance considerations. Bond-valence sum calculationsnteractions in spin clusters. The results of the magnetic
for SiMnyW,, SiCu;We, and SiZn,Wy indicated that the measurements fat and 2 are displayed in Figures-3%. The
terminal oxygen atoms associated with two of the four transition magnetization ofl at 2 K shows a steep increase up to about 2
metal ions in the belt are the only protonation sites of the T and then continues linearly without reaching saturation up to
polyanionst® However, only in the case dfis charge balance 9 T (see Figure 3). The temperature dependence of the magnetic
susceptibility of1 shows an almost constant value of 1x9
1073 emu/g with a slight increase going from 250 to 100 K

(16) Brown, I. D.; Altermatt, D Acta Crystallogr.1985 B41, 244.
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Table 4. Fractional Atomic Coordinates<(L0%) and Equivalent Isotropic Displacement Parametesx(A0®) for
KaNaeg[{ SiZnpWoOs4(H20)} 2]-34H:0 (3)

atom x/a y/b zc U(egp atom xla ylb zc U(eqp
W(1) 986(1) 3178(1) 1427(1) 12(2) Zn(1) 2679(1) 4646(1) 5004(1) 11(2)
W(2) 3453(1) 2147(1) 1527(1) 10(1) Zn(2) 4765(1) 3806(1) 5108(1) 10(1)
W(3) 3966(1) 5021(1) 1250(1) 9(1) K(1) 6404(3) 3803(2) 1116(2) 18(1)
W(4) 626(1) 2491(1) 3340(1) 15(1) K)  4542(11) 9949(8) 2117(7) 61(3)
W(5) 3063(1) 1480(1) 3445(1) 13(2) K(3) —927(8) 3411(8) 4817(6) 47(2)
w(6) 5787(1) 3091(1) 3278(1) 10(1) Na(1) 3499(5) 1103(4) —835(4) 20(1)
W(7) 6321(1) 5922(1) 2994(1) 9(1) Na(2) —262(5) —2577(5) 2825(4) 23(1)
W(8) 4108(1) 6867(1) 2942(1) 10(2) Na(3) —949(5) 2247(4) —1036(4) 21(1)
W(9) 1072(2) 5058(1) 3069(1) 13(2)
atom xla y/b zc U(iso) atom xla yib zc U(iso)

Si(1) 3530(3) 4186(2) 3249(2) 8(1) O(7zn) 6366(7) 5986(7) 4118(6) 11(2)
O(1Si) 2076(7) 3849(7) 2887(6) 11(2) o(7T) 7803(8) 6586(7) 2997(6) 18(2)
0(2Si) 3839(7) 3109(7) 2974(6) 12(2) 0(89) 2413(7) 6091(7) 2738(6) 12(2)
0O(3Si) 4232(7) 5159(6) 2766(5) 7(1) 0(8z2) 4381(7) 6883(7) 4055(6) 14(2)
0(4Si) 3947(7) 4603(6) 4285(5) 9(2) O(8T) 4181(8) 8187(8) 2911(7) 20(2)
0(12) 1935(8) 2306(7) 1391(6) 15(2) 0(921) 1952(8) 5461(7) 4190(6) 15(2)
0(13) 2321(8) 4315(7) 1230(6) 15(2) o(9T) 156(8) 5790(8) 3058(7) 21(2)
0(14) 78(8) 2264(7) 2059(6) 18(2) o@aw) 4238(10) —338(9) —855(8) 31(2)
0(19) 502(8) 4329(7) 1848(6) 18(2) o(2w) —2668(10) 1211(9) —534(8) 31(2)
0o(1zwW) 1404(8) 4693(7) 5710(6) 19(2) o3Bw) —599(10) —887(10) 2656(8) 34(3)
O(1T) 15(8) 2713(7) 437(6) 17(2) o@w)  —1451(9) 3824(8) —915(7) 22(2)
0(23) 3993(7) 3560(7) 1220(6) 10(2) o(swW) 1378(9) 5369(8) —789(7) 24(2)
0(25) 2897(8) 1087(7) 2172(6) 15(2) o(6wW) 7618(10) 2454(10) 1719(8) 35(3)
0(26) 5045(7) 2387(7) 2051(6) 13(2) o(7W) 963(9) 3172(8) —1319(7) 25(2)
o(2T) 3251(8) 1327(7) 574(6) 19(2) o(8w) 5646(9) 2266(9) —447(7) 27(2)
0(37) 5648(7) 5592(7) 1719(6) 12(2) o(9w) 1677(9) —365(9) —891(7) 28(2)
0(38) 3875(7) 6382(7) 1668(6) 11(2) Oo(10w) —1669(8) 1918(8) —2559(7) 20(2)
O(3T) 3920(8) 5132(7) 208(6) 15(2) o@11iw) 3005(10) 1058(9) —2319(8) 32(2)
0(45) 1551(8) 1619(7) 3139(6) 17(2) o(12w) 3166(8) 2818(8) —780(7) 20(2)
0(49) 63(8) 3700(7) 3280(6) 18(2) o@13w) 684(9) —594(8) 1421(7) 27(2)
0(4z1) 1507(7) 3104(7) 4407(6) 13(2) O(14w) 590(20) —1724(19) 4335(16) 35(5)
o(4T) —636(9) 1494(8) 3486(7) 26(2) O(15W) 3015(17) —600(16) 6490(13) 21(4)
0(56) 4761(8) 1722(7) 3463(6) 15(2) o(16W) 327(19) 416(17) 97(15) 29(5)
0(522) 3507(8) 2305(7) 4469(6) 15(2) O(17W) 5843(15) 9287(14) 4589(12) 15(3)
O(5T) 2609(8) 160(7) 3643(6) 17(2) O(18%v) 2710(19) —398(17) 5002(14) 27(4)
0(67) 6215(7) 4449(6) 2844(6) 10(2) O(19W) 3680(20) 8540(20) 4887(18) 42(6)
0(62Zn) 5975(7) 3821(7) 4327(6) 13(2) O(20W) 1770(20) 1210(20) 5495(17) 37(5)
O(6T) 7084(8) 2837(7) 3346(6) 16(2) O(21w) —20(40) —140(30) 4130(30) 87(12)
0(78) 5788(7) 7135(7) 2959(6) 13(2)

2U(eq) is defined as one-third of the trace of the orthogonallzgdensor.” Occupancy 0.5.

N4
e

‘;>O3T 021 \; 01T

Figure 2. Ball and stick representation of a half-unit §5§iMn;WqOss-
(H20)}2]*? (SiMn W) showing 50% probability ellipsoids and the
labeling scheme.

Figure 1. Polyhedral representation of$iM,WgOz4(H,0)} ]2~ (M
= Mn?t, C&*, Zr?"). The small, empty spheres represent water
molecules.

K, and below 15 K there is a sharp increase to reach a value of
3.7 x 102 emu/g at 2 K.

The magnetic behavior & is clearly different from that of
(see Figure 4). This tendency becomes more pronounced belowl. The magnetization df reaches saturatiort & T due to weak
100 K, leading to an exponential increase between 50 and 15antiferromagnetic coupling (see Figure 5). The magnetic
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Figure 3. Plot of magnetization of iNasMn[{ SiMnWgOz4(H,0)} 2]
33H,0 (1) at 2 K.

Figure 6. Plot of the effective magnetic moment as a function of
temperature for KNas[{ SICwLW¢Os4(H20)} 2] 26H,0 (2) in a constant
magnetic field of 1 T.

Table 5. Selected Distances (A), Angles (deg), and Exchange
0.04 1 Parameters within the Tetramerics®hs (M = Mn, Cu, Zn) Units
of K4NaeMn[{SiMn2W9034(H20)} 2]‘33Hzo (1),

KaNas[{ SiCbW9Os4(H20)} 2] 26H:0 (2),

° 0.03 — Theoretical ‘{ KaNag[{ SIZnWgOs34(H20)} 2]-34H,0 (3),
g o Experimental K1o[Mn4(H20)2(PWsO3z4)2] - 20H,0 (1), and
% KgNBQ[CU4(Hzo)2(PW9034)2]'lGHzO (2a)
| 12 1ab 22 2ed R
M1—-04xe (A) 2.196(6) 2.27 2.414(11) 2.55(1) 2.128(8)
N M1—06M (A) 2.184(7) 2.18 1.960(10) 1.96(1) 2.126(9)
M1—07M (A) 2.176(7) 2.14 1.984(12) 1.94(1) 2.106(8)
M2—-04X (A) 2.207(7) 2.34 1.992(12) 2.05(1) 2.113(8)
M2—04X* (A) 2.218(7) 2.32 1.991(10) 2.05(1) 2.130(8)
0 50 100 150 200 250 M2—06M (A) 2.176(7) 2.13 2.399(10) 2.35(1) 2.126(9)
Temperature (K) M2—07M (A) 2.191(7) 2.14 2.416(10) 2.36(1) 2.108(8)

cee = Koo *
Figure 4. Plot of the effective magnetic moment as a function of '(\IA&% M2=M1*--M2* 3.212(2) 3.294 3.162(3) 3.246(4) 3.111(2)

temperature for ENasMn[{ SiMN;WeOs4(H-0)}2]-33H:0 (1) in a M1--M2*=M1*---M2 3.216(2) 3.290 3.163(3) 3.263(4) 3.144(2)
constant magnetic field of 1 T. R)
M2---M2* (R) 3.232(3) 3.447 2.965(4) 3.087(4) 3.089(3)
5 - : . T - T : M1--M1* (R) 5.556(4) 5.609 5.588(5) 5.724  5.439(4)
T=20K M1-04X—M2 (deg) 93.7(2) 91.4 91.2(4) 89.2 94.4(3)
Al M1-04X—M2* (deg) 93.5(3) 91.6 91.2(4) 89.6 95.2(3)
_ M2—-04X—M2* (deg) 93.8(3) 955 96.2(5) 97.6 93.4(3)
2 M1-06M—M2 (deg) 95.0(3) 99.6 92.5(4) 98.2 95.4(4)
§sf o M1-07M—M2 (deg) 94.7(3) 100.6 91.4(4) 97.6 95.2(4)
g — Simulation J(emY —1.77(5) —1.7 —0.10(2) —3.5
H , °  Experimental J (cmrh) 0.08(2) 0.3 -—0.29(2) —12.5
s aThis work. ? Reference 15H. Reference 15€¢! Reference 15f¢ X
g =Si (L2 3 X = P (la 23,
1+
M—0O—M angles, and four types of MM distances. The bond
0 . . . . , lengths and angles of this /s (M = Mn2", CW#") core
0 2 4 6 8 10 determine the magnetic properties of the polyoxoanion (see
Magnetic Field (T) Table 5).
Figure 5. Plot of magnetization of KNas[{ SiCWgOz4(H,0)}2]* In order to analyze the observed magnetic propertie$ of
26H0 (2) at 2 K. and2 the following exchange scheme has been used:

susceptibility of2 shows an almost constant value of 25
1074 emu/g between 300 and 50 K (see Figure 6). There is an
exponential increase between 50 and 20 K leading to a sharp
increase below 20 K to reach a value of k31072 emu/g at
5 K.

The exchange interaction between the individual metal ions
of each tetrameric My©O1¢ unit in SiMn>Wg and CuO16 unit
in SiCu,Wg is mediated through MO—M (M = Mn2*, CL2*")
linkages. In each D16 unit (M = Mn2*, Cl?*) there are two
uz-0x0 bridges (04Si and O4'$and fouru,-oxo bridges (O6M, The corners of the rhomb with the numbers 1, 2, 3, and 4
O6M', O7M, O7M) linking the four transition metal ions. This  symbolize the transition metal ions Mn1, Mn2, Mpand Mn2
results in seven types of MO bond distances, five types of as well as Cul, Cu2, Ctland Cu2 respectively. The
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interaction between M1 and M2 and between’'Mhd M2 is 200 . : .
described by the coupling constaintaind the interaction between
M2 and M2 is given by the coupling constadt
In the presence of an external magnetic field the spin
Hamiltonian for the tetrameric cluster is given by 100

H=gug(S§+ S+ S+ §)H - 2ISS, —
2SS+ S5t S5+ 58) (1)
whereg is the Landeactor (2.0 for M@+ and 2.3 for Cé&™),1”

us is the Bohr magneton anid is the external magnetic field.
The energy levels of the spin Hamiltonian of eq 1 are given by

E(S1,S12$4S,,mN) = —(m+ m)gugH +
J[Sy(S, 1t 1) — 28S+ )] + J(SH(S + 1) —

E/|
o

-100

SiASt 1) =SS+ 1)] (2) -200, 0 5 E— -
J'N
whereSr =S + S + S+ S andSa = S+ § with kI = 1,
2, 3, 4. For the MOg core inSiMn,Wg we haveS, = S =S Figure 7. Energy level diagram versus the ratigd for KNaMn-
=$="%,0=<8,<50=Ss=5and|S— S = S = [{ SiMnWgOz4(H-0)} 2]-33H0 (1). The energy levels are labeled

E(Sr,S13,54) WhereSr = Siz3+ S, Si3=S + SandSu=S + S,

i —g_—g—g—1
Siz + Ses, and forSiCuWo we have$, = S = § = § =, The vertical broken line indicates the experimerdtal value.

0=<S2=<1,0=Su=land|S2— S =S =< S22+ S
The value of the magnetization was then calculated by using 10 . . T T .
its thermodynamic definition:

M = —kgN,T(d In(Z2)/oH) 3)
whereZ is the partition function given by

z=Yen 4
D]

The magnetization measurementd @nd?2 at 2 K are shown
in Figures 3 and 5, respectively. The experimental data were
fitted using eq 3, and the values of the exchange interactions
were determined to bé = —1.77(5) cnt! andJ = 0.08(2)
cm ! for 1 andJ = —0.10(2) cm! andJ = —0.29(2) cnr?!
for 2.

Fitting of the magnetization data farsuggests the existence
of isolated M#* ions. Based on the magnetic results 16.3(5)% 0 2 4 6 8 10
of all the manganese ions thare present as countercations, N
W_hlch is in good agreement with elemepta! analysis (14.9%). Figure 8. Energy level diagram versus the ratblJ for KiNas-
Single-crystal X-ray crystallography also indicated the presence SICLWOs(H:0)}2]-26H0 (2). The energy levels are labeled
of isolated MiR* cations (20.0%). The theoretical magnetization E(Sr,S1554) WhereSr = Sis + S, Sz =S+ S andSu=S + S
of isolated M (Mnisoiated is proportional to the Brillouin  The vertical broken line indicates the experimeral value.
function «&):

_ J/J = 3, the ground state is a mixture of a singlet state (0, O,
Mnisoratea= NiugdP(E) ®) 0) and a triplet state (1, 1, 0).

The magnetic susceptibility per mole is given by Gladfelter
BLE) = 282; L cot 232; 15) - 2%00”(2% (6) et al.i8

where& = SqugH/(ksT) andks is the Boltzmann constant. Xcluster —
Figures 7 and 8 show the energy level diagrams versus the 2(25+ 1)S(S+ 1)e EkeT
ratioJ'/J for 1 and2, respectively. The energy levels are labeled |
E(Sr,S13.S4) WhereSy = Sis+ S, Siz= S + S andSu=S (AN, GPug Bk T)S(S + 1) (7
+ S In the case ofl the total spin of the M§Os6 unit is a z(zs+ 1)e_Ei/kBT
I

good quantum numbef§(= %, withi=1,2,3,4,5=5 +

S + S+ S). The dimension of the spin Hamiltonian matrix

iS 1296 x 1296, Ieading to SiX Sing|et5, 15 trip|etS, 21 quintetS, The Cont”buuon Of |Solated Mﬂ' |0ns to the magne“c
24 septets, 24 9-folds, 21 11-folds, 15 13-folds, 10 15-folds, 6 sysceptibility ofl is given by

17-folds, 3 19-folds and one 21-fold. The ratiodf] for 1 is

—0.04, indicating that the ground state is a singlet state (0, 5, (17) Ginsberg, A. Pnorg. Chim. Acta Re 1971 5, 45

5). F_0r2 the spir_1 Hamiltonian matrix dimension iS_]>6 16, _ (18) Gladfelter, W. L.; Lynch, M. W.; Schaefer, W. P.; Hendrickson, D.
leading to two singlets, three triplets, and one quintet. Since N.; Gray, H. B.Inorg. Chem.1981, 20, 2390.
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Yisolated™= (NaQ 15 13Kg) S(S+ 1) (8) are the same for both, which does not explain why the magnetic
sowte exchange interaction is so much more efficientZarthan for

. . . 2. Coronado et al. pointed out that the efficient magnetic
Figures 4 and 6 show the magnetic susceptibility fand2, exchange along the diagonal of the rhomt2anis a result of

respectively, in the temperature range250 K. Dotted lines the Jaha-Teller distorted C&" ions15f The distortion leads to

represent the best fit to the experimental data. The exchange ood overlap of the half-filled,d.,2 orbitals of the two central

- - _ 1 — 9
ggnrlslt?;rtsl%t;tg?ij ng %39(2) %:r?rll(z)ngr\;r :allchJZS (5)(121(721) copper ions. Since the respective G24—Cu2* angles are

for 2. In order to account for intercluster interactions we included 96.Z for 2 and 97.8 for 2a, it could be expected tha; was
the mean field correction, which was found to be weakly larger thanJ'za but the exact opposite is observethdJz =

antiferromagneticd = —0.41 cntl 43.1).
Itis of intgrest o comp.are the rnagnetic propertied ahd These results indicate that it can be possible to predict the
2 with those of their phosphorus-containing analoguegin:- correct sign of the exchange constants for transition metal

substituted polyoxometalates by comparison with structurally
(H20)2(PWeO34)2]-20H,0 (18) and KgNag[Cua(H20)(PWeOs2)2]* i : ;
16H,0 (23), respectively, reported by Coronado efZh As related species. However, in order to determine the correct orders

shown in Table 5 the respective coupling constants (im%m of magnitude of the exchange constants experimental work is

ared = —1.77(5) @), —1.7 (1a), —0.10(2) @), 3.5 @a) and  SSSeNtial

3 =0.08(2) @), 0.3 (1a), —0.29(2) @), ~12.5 @a). The type  Conclusions
of magnetic exchange interaction as represented by the sign of L o
the coupling constants and J is the same forl and la Three r;gvel d|+mer|c+S|Ilcotungstate{§ﬁMZV\(9034(H?O)}2]
(antiferromagnetic and weakly ferromagnetic) andfand2a (M = Mn?*, Cl?*, Zn?*) have been synthesized. Single-crystal
(antiferromagnetic), respectively. However, with respect to the X-ray diffraction re_vealed that the polyanions have a sandwich-
magnitude of the respective coupling constants some differencedYP€ structure, which so far had only been known for phospho-
are apparent. Coupling along the sides of the rhomb (Seetungstates. Furthermore they represent only the second structural

exchange scheme) is very similar foand1a (Ji4J = 0.96) type of silicotungstates containing four transition metal ions.
but with respect to coupling along the short diagonal the Magnetic measurements show that the central Mmt in 1
exchange is more efficient fdia (31471 = 3.8). The differences exhibits antiferromagnetic as well as weak ferromagnetic
are more pronounced for the copper derivatigemd2a. For exchange interactions whereasdrthe exchange interactions
2aboth coupling constantsandJ are significantly larger than ~ &'€ antiferromagnetic. . . .
for 2 (JoJo = 35.0,0'24J» = 43.1), indicating weaker exchange Formation of the title anions is accomplished by interaction

interaction in the copper-substituted silicotungstate compared©f the divalent transition metal ions ¥ (M = Mn, Cu, Zn)
to the phosphotungstate. with the divacant -SiW;0036]8~. Therefore the reaction

Since the magnetic M (M = Mn2", C?*) units in mechgnisr_n is_complex since it involves insertion, isor_neriz_ation,
neighboring polyoxoanions in the crystalline state are well and dimerization as well as loss of tungsten. There is e_wdence
isolated from each other, intercluster magnetic exchange is verythat the structural type B-SiMaW1¢Ose(OH)o(H-0)} 2] 2~ which
weak compared to intracluster exchange. The observed differ-1as beer; isolated fozr M= Ni2* represents an intermediate for
ences in the magnetic propertiesiofind 1a and especially2 M = Mn2", CL*, Zn*" during the synthesis df, 2, and3.
and2ashould therefore be predominantly due to differences in It has been demonstrated that reaction of the metastable
the geometry of the central ;6 units. The SO bond lengths ~ [7-SiW10Os¢]®~ with first-row transition metal ions can lead to
in 1 and2 are approximately 0.1 A longer than the relatee® polyoxo.anlons wlth unexpected structures .ar.Id interesting
bond lengths ifaand2a, leading to M-O(Si) (M = Mn, Cu) magnetic properties. More work on this topic is in progress.
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