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CssM05024(0OH)2As04:2H,0 and CsM0g026AsO4: Two Novel Molybdenum(VI) Arsenates
Containing Heteropolyanions [AsMaO3z0H2]°~ and [AsMogOsq] "~
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Two novel molybdenum(VI) arsenates, s80g0,4(OH),AsO,-2H,0 and CsMogO,6AsO,, have been prepared
and their structures determined. s¥®s0.4(OH),AsO4:2H,0 was synthesized by a high-temperature, high-pressure
hydrothermal method and characterized by single-crystal X-ray diffraction, IR spectroscopy, and thermogravimetric
analysis. Diffraction measurements were performed on a CCD area detector system. It crystallizes in the
orthorhombic space groupmcmwith a = 8.8048(3) A b = 23.4314(9) Ac = 16.0499(6) A, and& = 4. The
structure consists of [AsM®30H]°~ cluster anions which are made up of two tetranuc{@do,O;sH} cores
linked by an arsenic(V) atom. Upon heating, half of the structural unit first transforms;Mdg®,6AsO,, and

the other half decomposes to 8s0, and MoQ at higher temperature. @d0g0,6AsO;, crystallizes in the
orthorhombic space groujpca with a = 12.1247(4) Ab = 22.9153(7) Ac = 24.3777(7) A, anZ = 8. It
possesses [AsMOsq '~ cluster anions resembling to those found in the original structureM@©,6AsO, may

be viewed as a dehydrated form of s@®50,4(OH),AsO,2H,0 from which the lability of [AsSM@OzoH2]>~

with respect to dissociation of As® is first shown in the solid state. Structural differences between
[AsMogO30H]>~ and [AsM@Ozq”~ are closely correlated with the cesium cations and water molecules present
in the crystals. The title compounds are also the first structurally characterized examples in-le-€4s—0O
system.

Introduction These cluster anions are formed of edge- and corner-shared

.. MoOg octahedra. By employing hydrothermal reactions under
'3‘ Iatrgetnurﬂberhof netvv _cor(rilpou?r(]js_gﬂavig_e(e)n syntthe5|zedm”d conditions, we had obtained the Mo(VI) compoundH&

ar;] S rxc_ura y characterized in the tqé Th Syshetrpt’ NH)2(M0,0s)(HASOy)2°H,0.f which contained the cluster an-

w er;e_ '? an olr%amc or |I?orga3|c calfn. e%/ 'e)t( : It ions [(M04010)(HASO4)4]*~ made up of two pairs of binuclear

varieties of novel frameworks and are of much interest as [M0,Ox>~ cores without Me-Mo bonds. In an attempt to

catalysts or as ionic exchang@rsin contrast to the rich -
. prepare structures containing larger metaygen clusters, a
structural chemistry of molybdenum phosphates, the Mo/As/O new molybdenum(VI) arsenate, £84050,4(OH),AsO5+2H,0,

system remeluns _rﬁlatlvelly undeveloped. .In an e_ffort to °bt?"” has been obtained under more rigorous hydrothermal conditions.
new matelrla s W||t ngvs (;{strur(]:turesl and rllntsrefs'“n?] proper:tle's, The structure consists of [AsN@3H2]5~ cluster anions which
V\:ce relcebno'lfy employed hydrot elrrgg methods (I)Irkt € syr;t ©SIS are formed of two{ Mo4O45H} cores linked by an arsenic(V)
of molybdenum arsenates. Molybdenum is well-known for its atom. The tetranuclear core was first characterized in the well-

ability to adopt different ox?dation states. Many reported known anion [RAsMo,014(OH)J2~.7 Interestingly, the dialkyl
phosphates have M.O in oxidation states below VI, where tetramolybdoarsinate anion consists of dié¢o,0,5H} core
polyanion clusters W'th MeMo bon\ijs qften occif. On th_e whereas the [AsMgDsoH]%~ cluster anion has two. Such a
other hand, th_e chemistry of M&X"/0 |n_a4ci1ueous SOllét_'on dimer structure is unprecedented in the heteropolyoxometalates.
has been dominated by the so-called (5 eggin’igi® 12040X] ", Furthermore{Mo4O1sH} cores lose protons in the solid state
and Dawson polyanioRgMo16062X2]"", where X= P, As. to form the higher negatively charged [Asb@sg’~ anion as
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Experimental Section Table 1. Crystallographic Data for G80gO24(OH),AsO4-2H,0 (1)

. . . and CsMogOz6ASOs (2)
Synthesis. Hydrothermal reactions were performed in gold ampules

contained in a Leco Tem-Pres autoclave where pressure was provided 1 2

by water. Chemicals of reagent grade or better were used as received. empirical formula HASCsM05Os2 AsCsM0gOso
CsHAsO, was prepared from a solution of &3 dissolved in HO, a A 8.8048(3) 12.1247(4)
with cesium hydroxide. Colorless chunk crystals 0§MgsO.4 (OH),- b, A 23.4314(9) 22.9153(7)
AsOy-2H,0 were obtained by reacting Cs&s0;, (0.2728 g, 1.0 mmol), c, A 16.0499(6) 24.3777(7)
MoO; (0.0512 g, 0.4 mmo))3 M HzAsO, (0.334 mL, 1.0 mmol), and Vv, A3 3311.2(9) 6773.1(14)
H,O (0.084 mL) in sealed gold ampules (0.234 cm inside diameter) Z 4 8

with 65% filling and heated at 5560C and an estimated pressure of fw 2025.0 2252.9

33 000 psi for 8 h. The autoclave was first cooled 4C#h to 250°C S oage group %ncm ;%ca

and then cooled to room temperature by turning off the power of the /1’ A 0.710 73 0.710 73
furnace. The product was filtered off, washed with water, rinsed with P::alcd gcnm? 4:058 4.' 418
ethanol, and dried in a desiccator at ambient temperature. The reaction 1, cm—1 94.42 113.45
product obtained was a pure phase ofMis024(OH),AsO,2H,0. The R(Fo)? 0.0237 0.0554
X-ray powder diffraction pattern of the product compared well with Ru(Fo)P 0.0294 0.080

that calculated from the single-crystal data. Energy-dispersive X-ray am — ) 2
fluorescence analysis on several crystals showed that the Cs:Mo:As__ F; = 2 |IFdl _7|1FC||/_Z|F0‘- Ry = [X(IFol — IFe)YwW|Fo[? 2 w
mole ratio was close to 5:8:1, which is in accord with the structural — [0%(Fo) + gFs] ™%, g = 0.0005 forl and 0.0024 for2.

analysis results (see below). ) . .
Thermal Analysis. Thermogravimetric (TG) and differential ther- ~ coordinates and thermal parameters are listed in Table 2 and selected

mal (DT) analysis (a DuPont thermal analyzer) were performed on a bond lengths and bond valence sums in Table 3.
powder sample of GM0gO24(OH)AsO,-2H,0 in flowing N,. The ) ]
weight loss occurs in two steps betweei10 and~450°C. Two Results and Discussion

endothermic peaks occurred at ca. 385 and %2t the DTA curve. .
The latter one has no counterpart in the TGA curve. In order to The structure of G10g024(OH)> AsO,-2H,0 (1) consists

characterize the decomposition products, two experiments were per-Of [ASM0gOsoH:]°~ cluster anions, cesium cations, and water
formed in which crystals of GM0os0,(OH),AsOs2H;0 were sepa- ~ Mmolecules, while C810g0,6AsO4 (2) consists of cesium cations
rately heated in flowing Mat 450 and 550C for 12 h followed by and the more negatively charged [AspMBg]’~ cluster anions
furnace cooling to room temperature. Both reactions yielded poly- with atomic connectivities nearly identical with those of
crystalline products. One pale-green crystal was obtained from the [AsMogOzH,]>~. Perspective views of the two structures along
product of the thermal treatment at 530. Single-crystal structural thea axis are shown in Figure 1, and ORTEP drawings of cluster
analysis revealed that the crystal was;\08s026AsO, (vide infra). anions are shown in Figure 2. In structdrghe [AsMaOsgH]>
Powder X-ray diffraction measurements identified the bulk product as anion is formed of two crystallographically independent

a mixture of three phases, i.e., Mgand CsAsO,° together with . . .
CsM0gO,6AsO;.  FT-IR absorption spectra for the samples o&-Cs {Mo,O15H} cores linked by an arsenic(V) atom. The anion

Mo0gO24 (OH)]2AsO4:2H,0 and its thermal treatments in KBr pellets possessemZm symmetry in that all four molybdenum atoms
were recorded in the range 568000 cntt with a resolution of 4 cmt in the {Mo4O,sH} core are coplanar. On the other hand, the
(BOMEM Michelson spectrophotometer). [AsMogOz¢]”~ anion in structure2 contains symmetry-related
Single-Crystal X-ray Structure Analysis. Two crystals of dimen- ~ {Mo04Oss} cores linked by the atom As residing on a 2-fold
sions 0.20x 0.20 x 0.33 mm for CsM0gO.4 (OH)]2AsOs2H,0 and axis. The{Mo4O;s} core possesses no symmetry, but the four
0.13 x 0.18 x 0.23 for CsMogO26ASO, were selected for indexing Mo atoms are nearly coplanar. As depicted in Figure 2, both
and intensity data collection on a Siemens Smart-CCD diffractometer the { Mo,O15H} and{Mo04O1s} cores are composed of two pairs
system equipped with a normal focus, 3 kW sealed tube X-ray source of confacial bioctahedrg]Mo,Og} units with theu,-O atoms
(A =0.710 73 A). Intensity data were collected in 1271 frames with out of the Ma least-squares planes by0.56-0.75 A. Face-
increasingw (width of 0.3/frame). The intensity data for the two sharing bioctahedra are uncommon structural motifs in molyb-

crystals were corrected fdup and absorption effects. Corrections for . o 714
absorption effects were based on symmetry-equivalent reflections usingdenum chemistry. Other than the salts o/ABM0,O1sH]*~ *

the program SAINT! On the basis of the systematic absences and and [(GHsAS):M0sO,sH,]*, " the two molybdenum(ill) sili-
statistics of intensity distribution, the space group was determined to COphosphates M@sSiO19'® and MaPsSi:Ozs'” are the only

be Cmcmfor CgM0ogO24(OH),AsO,2H,0 and Ibca for Cs;MogOs26 known examples in which isolated face-sharing binuclear
AsOQ;,. Direct methods were used to locate the Mo, the As, and a few {M0,Og} units exist.

oxygen atoms with the remaining non-hydrogen atoms being found  |n both structures, connections between cluster anions are
from successive difference maps. Bond-valence calculdfiovsre primarily provided by the ©Cs—0 bonds. In structurg, three
used to identify hydroxo and water oxygen atoms. All of the hydrogen ¢y stajiographically distinct Cs sites are all in 10-fold coordina-
atoms could be located from difference maps calculated at the final tion.8 The [AsMaOscH5]5- cluster anions are bridged together

stage of structure refinements. Both structures were refined by full- by Cs(1) int di . | stri . llel to 1100
matrix least-squares refinement basedFomalues. All of the non- y Cs(1) into one-dimensional strings running parallel to [100]

hydrogen atoms were refined with anisotropic temperature factors. The (Figure 3). The anioncation interactions are further extended
atomic coordinates and isotropic thermal parameters for the hydrogeninto a three-dimensional architecture by cations Cs(2) and Cs-
atoms were fixed. Corrections for secondary extinction and anomalous (3) with each linking four cluster anions and one water molecule.
dispersion were applied. Neutral-atom scattering factors for all atoms In turn, the water molecules also connect cluster anions by

were taken from standard sources. Calculations were performed on aforming hydrogen bonds with the hydroxo groups of [AsMo
DEC VAX 4000/90 workstation using the SHELXTL-Plus prograths.

The summary of crystallographic data is listed in Table 1, and atomic (14) Rosenheim, A.; Bilecki, RChem. Ber1913 4, 543.
(15) Matsumoto, KBull. Chem. Soc. Jpri978 51, 492.

(9) Parise, J. B.; Mccarron, E. M.; Sleight, A. Mater. Res. Bull1987, (16) Wang, S. L.; Wang, C. C.; Lii, K. HJ. Solid State Cheni.988 74,
22, 803. 403.
(10) Hay, W. J.; Nelmes, R. J. Phys.1981, C14, 1043. (17) Leclaire, A.; Lamire, M.; Raveau, BActa Crystallogr.1988 C44,
(11) SAINT, Version 4; Siemens Analytical X-ray Instruments: Madison, 1181.
WI, 1995. (18) The coordination number of the Cs atom was determined on the basis
(12) Brown, |. D.; Altrmatt, D.Acta Crystallogr.1985 B41, 244. of the maximum gap in the GO distance ranked in increasing order.
(13) Sheldrick, G. MSHELXTL-Plus Crystallographic Systerelease 4.21; The maximum catiorroxygen distancel.max according to Donnay

Siemens Analytical X-ray Instruments: Madison, WI, 1991. and Allmann inAm. Mineral, 197Q 55, 1003, was also considered.
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Table 2. Atomic Coordinates and Thermal Parameterd) far 1 and2

Inorganic Chemistry, Vol. 36, No. 14, 1993051

atom x/a y/b Zc Ued? atom x/a y/b Zc Ue?
1 2

Cs(1) 0.50000 0.12047(3)  0.75000 0.0330(2) Cs(1) 0.00000 0.25000 0.12482(8)  0.0378(5)
Cs(2) 0.00000 0.38421(2) 0.53924(3) 0.0287(2) Cs(2) 0.25000 0.00441(6) 0.00000 0.0447(6)
Cs(3) 0.00000 0.14096(2) 0.47368(3) 0.0298(2) Cs(3) 0.25000 0.24091(7) 0.00000 0.0455(6)
Mo(1)  0.19016(5) 0.01461(2) 0.65054(3) 0.0192(2) Cs(4) 0.2409(1) 0.00000 0.25000 0.0452(7)
Mo(2)  0.18102(5) 0.24035(2)  0.64588(3) 0.0204(2) Cs(5) 0.25000 0.25000 0.25000 0.0484(7)
As(1) 0.00000 0.12728(4)  0.75000 0.0145(3)  Cs(6) —0.0037(1) 0.0394(1) 0.12437(7)  0.0785(7)
o(1) 0.1560(5) 0.0849(2) 0.7500 0.020(1) Mo(1) 0.5064(1) 0.12955(7) 0.21785(6)  0.0344(5)
0(2) 0.0000 0.1706(2) 0.6655(3) 0.018(1) Mo(2) 0.6865(1) 0.12946(6) 0.12686(5)  0.0344(5)
0O(3) 0.0000 0.0428(2) 0.6104(3) 0.025(1) Mo(3) 0.50083(8)  0.12939(7) 0.03385(7)  0.0341(5)
O(4) 0.3032(5) —0.0052(2) 0.7500 0.025(1) Mo(4) 0.3190(1) 0.12867(6) 0.12340(5)  0.0341(5)
O(5) 0.3155(4) 0.0570(2) 0.5977(2) 0.033(1) As(1) 0.50000 0.25000 0.1253(1) 0.0260(6)
O(6) 0.1996(4) —0.0502(2) 0.6024(2) 0.035(1) o(1) 0.5832(8) 0.2070(4) 0.1657(4) 0.038(3)
o(7) 0.0000 —0.0162(3) 0.7500 0.020(2) 0(2) 0.4217(8) 0.2068(4) 0.0863(4) 0.035(3)
0O(8) 0.0000 0.2724(3) 0.7500 0.022(2) 0O(3) 0.3720(8) 0.1582(5) 0.1918(4) 0.047(4)
0(9) 0.0000 0.2581(2) 0.5835(3) 0.024(1) O(4) 0.6583(9) 0.1131(5) 0.2030(4) 0.047(4)
0O(10) 0.2529(6) 0.2114(2) 0.7500 0.024(1) O(5) 0.4712(10)  0.0638(5) 0.2431(5) 0.058(4)
O(11) 0.2852(4) 0.2006(2) 0.5779(2) 0.036(1) O(6) 0.5203(9) 0.1702(7) 0.2755(6) 0.059(5)
0(12) 0.2624(5) 0.3067(2) 0.6441(2) 0.038(1) o(7) 0.5037(7) 0.1046(5) 0.1220(5) 0.040(4)
0(13) 0.0000 0.1322(3) 0.2500 0.038(3) O(8) 0.8019(9) 0.1709(6) 0.1338(5) 0.054(5)
0(14) 0.0000 0.3950(4) 0.7500 0.040(3) 0(9) 0.736(1) 0.0628(5) 0.1078(4) 0.056(4)
H(7) 0.0000 —0.0653 0.7500 0.050 0O(10) 0.6380(8) 0.1599(5) 0.0594(4) 0.047(4)
H(8) 0.0000 0.3123 0.7500 0.050 0O(11) 0.5379(10)  0.0628(5) 0.0096(5) 0.062(5)
H(13) 0.1106 0.1284 0.2500 0.050 0(12) 0.4884(8) 0.1735(7) —0.0214(6) 0.053(5)
H(14) 0.0765 0.4217 0.7500 0.050 0(13) 0.3500(8) 0.1125(5) 0.0477(4) 0.044(4)

0O(14) 0.2056(9) 0.1699(6) 0.1172(4) 0.048(4)

0O(15) 0.2726(11)  0.0618(5) 0.1415(5) 0.062(5)

@ Ueq is defined as one-third of the trace of the orthogonalidgdensor.
Table 3. Selected Bond Lengths (A) and Bond Valence Sulns) for 1 and2
Compoundl
Cs(1)-0(10) 3.046(4) (x2) Cs(H0(1) 3.141(4) (x2) Cs(H0O(5) 3.291(4) (x4)
Cs(1)-0(4) 3.417(5) (x2) Y9Cs(1)-0O]=1.16
Cs(2)-0(9) 3.040(5) Cs(2y0(5) 3.061(4) (x2) Cs(2y0(6) 3.222(4) (x2)
Cs(2)-0(11) 3.326(4) (x2) Cs(2)0(12) 3.386(4) (x2) Cs(2)0(14) 3.392(1)
Y9Cs(2-0] =1.15
Cs(3)-0(6) 3.017(4) (x2) Cs(3)0(12) 3.075(4) (x2) Cs(3)0(2) 3.156(4)
Cs(3)-0(3) 3.178(5) Cs(3y0(9) 3.261(5) Cs(3y0(11) 3.325(4) (x2)
Cs(3)-0(13) 3.596(1) Y9Cs(3-0]=1.31
Mo(1)—O(6) 1.706(4) Mo(1)-0O(3) 1.912(2) Mo(1)0(1) 2.314(3)
Mo(1)—O(5) 1.710(4) Mo(1)-0(4) 1.938(3) Mo(1)-0(7) 2.423(2)
YsMo(1)—-0] =5.91
Mo(2)—0(11) 1.703(4) Mo(2)0(10) 1.911(2) Mo(2r0(2) 2.304(3)
Mo(2)—0(12) 1.712(4) Mo(2)0(9) 1.928(4) Mo(2)-0(8) 2.428(4)
YsMo(2)—0] =5.95
As(1)-0(1) 1.695(5) (x2)  As(1yO(2) 1.694(4) (x2)  YHAs(1)-0]=4.97
O(7)—H(7) 1.150(6) O(13yH(13) 0.978(1) (x2) H(7}-0(13) 1.569
O(8)—H(8) 0.935(6) O(14yH(14) 0.921(6) (x2) H(8)-0(14) 1.935
O(7)---0(13) 2.719 0(8)-0(14) 2.871
Compound?

Cs(1)-0(8) 3.017(13) (x2) Cs(10O(6) 3.052(15) (x2) Cs(H0(12) 3.074(14) (x2)
Cs(1)-0(14) 3.101(12) Y9Cs(1-0]=1.41
Cs(2)-0(13) 2.992(11) Cs(2)0(11) 3.007(12) (x2) Cs(2)0(9) 3.052(11) (x2)
Y9Cs(2-0]=1.31
Cs(3)-0(10) 3.017(11) (x2) Cs(3)0(2) 3.062(10) (x2) Cs(3)0(12) 3.318(11) (x2)
Cs(3)-0(14) 3.332(12) Cs(3)0(13) 3.388(11) (x2) YSCs(3y-0]=1.32
Cs(4)-0(4) 3.006(11) (x2) Cs(4)0(15) 3.025(13) (x2) Cs(4)O(5) 3.157(12) (x2)
Y9Cs(4-0] =1.20
Cs(5)-0(3) 2.937(11) (x2) Cs(5)0(1) 3.047(10) (x2) Cs(5)0(6) 3.390(13) (x2)
Cs(5)-0(8) 3.421(12) (x2) Cs(50(4) 3.519(11) (x2) Y9Cs(5)-0]=1.33
Cs(6)-0(9) 3.225(13) Cs(6)0O(5) 3.293(13) Cs(6)0(7) 3.302(11)
Cs(6)-0(11) 3.335(14) Cs(6)0(15) 3.415(14) Y s[Cs(6)-0] = 0.65
Mo(1)—O(5) 1.682(12) Mo(1}O(3) 1.868(10) Mo(1}O(1) 2.374(9)
Mo(1)—O(6) 1.693(15) Mo(1}O(4) 1.915(11) Mo(1}O(7) 2.405(12)
YsMo(1)—QO] = 6.25
Mo(2)—0(8) 1.699(13) Mo(2)-0(10) 1.880(10) Mo(2)0(7) 2.292(9)
Mo(2)—0(9) 1.705(13) Mo(2)r0(4) 1.923(10) Mo(2r0(1) 2.372(10)
YsMo(2)—0] = 6.15
Mo(3)—0(12) 1.690(14) Mo(3)0(13) 1.901(10) Mo(3)}0(7) 2.224(12)
Mo(3)—0(11) 1.696(13) Mo(3)0(10) 1.909(10) Mo(3)0(2) 2.388(10)
YsMo(3)—0] = 6.27
Mo(4)—0(2) 2.360(10) Mo(4)0O(3) 1.910(11) Mo(4)0O(7) 2.308(9)
Mo(4)—0(13) 1.920(10) Mo(4)0(14) 1.674(12) Mo(4y0(2) 2.3608(10)
> Mo(4)—0] = 6.26
As(1)-0(1) 1.719(10) x2)  As(H0(2) 1.669(10) (x2)  Y9As(1)-0] =4.88
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Table 4. Comparison of the [AsMgDsH;]>~ and [ASMaOsq "~
Cluster Aniond

[ASMOsogon] 5- [ASM08030] -

anion symmetry m2m 2

core symmetry m2min {Mo4O:sH}  1in {M04O;s}

Mo---Mo (bw face-sharing)  3.193, 3.188 A 3.113A

Mo---Mo (bw edge-sharing)  3.510, 3.342 A 3.235 A

Mo---Mo (bw two cores) 5.350 A 5532 A

1a-O-+*Moy, plane 0.722,0.751 A 0.566 A
apw = between.

distance greater than 3.3 A. From a structural point of view,
the cation Cs(6) ir2 occupies the same site as water molecules
in 1 (Figures 1 and 2). By excluding two cations associated
with the Cs(6) sites, the content @fbecomes “CsgM0gOy¢
AsQy,", differing from 1 by only two hydroxo H atoms. It is
also noticed that readily dissolves in basic solutions. There-
fore, taking into account the possibility of breaking twe-8
bonds by heating, transformation fralrto 2 can take place at
a higher temperature. The unit cell»keeps the sameaxial
length as that inl whereas the other two axes are altered
according to the relatiors = a; — ¢1/2 andc, = 2a; + ¢;. It
is worth mentioning that the five-coordinated Cs(6) in a square-
pyramidal geometry is rarely observed. Because of the fifth
coordination of theus-O(7) atom, the presence of the larger
Cs(6) instead of a hydroxo H apparently compresseguiHe
atom more toward the Maplane, i.e..~0.74 A in1 and 0.56
Ain 2. In addition, the Me:-Mo distances (Table 4) vary
significantly from the anions [AsMgz0H2]>~ to [AsMogOzq] ",
indicating different effects of cesium cations relative to water
molecules and hydrogen bonds. Variations in the-Mdo
distances due to the influence of hydroxo hydrod&msd
different cation structures have been observed in other poly-
oxoanions??

A three-stage weight-loss scheme was observed on the TGA
curve ofl (Figure 4). The first stage, which occurs freri10
to ~320 °C, is attributed to the loss of the two lattice water
molecules. The second stage, which is not resolved well from

2 the first step, occurs between temperatures- 820 and~450
) o °C. During this stage one water molecule is released from the
Figure 1. Perspective views of @¥0s024(OH),AsOx2H;0 (1) and [AsMogO3cH,]5~ cluster anion as the observed total weight loss

CsMogO26AS0; (2) along thea axis. In these representations the corners . .
of polyhedra are O atoms and the Mo and As atoms are at the center(3'44%) of the first two stages can be compared well with the

of each octahedron and tetrahedron, respectively. The dark stippledcalculated value (3.46%) based on the above interpretation.

polyhedra represent Mathe dotted tetrahedra AsQhe letter “W” Powder X-ray diffraction measusrements reveal that compound
H20; the large open, dotted, and stippled circles Cs; the smallest open2 exists in the product of the thermal treatment of compoiind
circles H. at 450°C. It is proposed that the [AsM®soH2]> cluster

anions may lose Hcations to form [AsMg@Osq]"~, from which

OsoH]°>". The hydroxo oxygen O(7) is a stronger hydrogen- the structure o2 emerges. The [AsM@®seH,]5~ anions may
bond donor than O(8) as indicated by less saturation in its bond as well lose OH groups to give{ AsMogOxg}, an intermediate
valence ps = 1.47 for O(7) vs 1.84 v.u. for O(8)] and the  species that decomposes 850, and MoQ by a prolonged
shorter G--H (1.569 vs 1.935 A) and @O distances (2.719  heating to 55°C. The small endothermic peak at ¢a385
vs 2.871 A) The H-bonding interactions are also evidenced °C on the DTA curve may account for the breaking of Mo
by IR data. Three broad bands centered at 3072, 3288, andoH and O-H bonds. Considering bonding interactions (see
3440 cnt! are due to the ©H stretchings for two water  Taple 3), the [AsM@OsH2]5~ anion may be alternatively
molecules and one hydroxo group (O(#) involved in the  described as an As® group linking two MaO:- rings with
stronger H-bonding. The relatively sharper band at 3578'cm  two OH~ groups on the opposite sides of the rings by weak
is due to O(8)-H stretchings involved in the weaker H-bonding. (>2.3 A) Mo—O bonds, vyielding the structural formula
In cases where the water molecules are missing, the structurqAsO,3-)[(M04012)(OH")],, which in turn implies potential
may require more cations in order to “hold” cluster anions in |ability with respect to dissociation of As€ .21 Furthermore,
place. This explains why the cesium content increases from the M0, ring is composed of four distorted Ma@etrahedra
the structures ot to 2 upon dehydration. sharing cornerd? Along with the dissociation of Asg, the

In contrast tdl, structure2 consists of six crystallographically
independent Cs sites with coordination numbers ranging from (19) ozeki, T.; Yamase, T.; Naruke, H.; Sasaki,Ball. Chem. Soc. Jpn
5to 10. According to the bond-length bond-strength calcula- 1994 67, 3249. _
tons! the valence sums for all Cs cations except C(6) are (20 Khan M | Chep, 0 2ule borg. emiosd 32 5408,
greater than 1, indicating that five Cs sites are tightly bound to Chem. Soc1977 99, 952.
anions. Cs(6) is only loosely bound to anions with an average (22) Kihlborg, L.Ark. Kemi1963 21, 357.
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Figure 2. ORTEP drawings with atomic labeling of the cluster anions and their componentdes: (a){Mo4sO1sH} (top) and{Mo4O:s}
(bottom); (b) [AsM@OsqH]>~ with hydrogen-bonded water oxygens (top) and [As®g]’~ with the cation Cs(6) in a square-pyramidal geometry

(bottom). Thermal ellipsoids are shown at the 50% probability level.
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Figure 3. Cluster anions are connected by Cs cations. Left: The [A€Mibi;]>~ anions are bridged together into 1-D strings running along the
a axis. Right: The [AsMgOs¢”~ anions are connected by cations Cs(1), Cs(3), and Cs(5) to form a-eatiton 2-D net perpendicular to tie

axis.

cyclic Mo4O;42 ring is dissected into Mo®by breaking the
stronger Mo-O bonds. This bond-breaking process accounts
for the large endothermic peak at ca. 52Don the DTA curve
which has no counterpart on the TGA curves. Finally, the sharp
fall in weight loss on the TGA curve suggests vaporization of
MoOs beyond 78C0C. Taking into account all our experiments,
the following decomposition path fdr is proposed:

~230°C

2C§M040,,(OH), AsO,-2H,0
2“Cs;M050,,(OH), AsO,” + 4H,0(!)

~385°C

Cs;M040,6AsO, + 2H,0(f) +
“Csy(ASO,)(M0,0,,),"

~520°C

Cs;Mog0,AsO, + Cs;AsO, + 8MoO,

~780°C
Mooy MoO4(!)

-

°
=

| | | | | ] | | | |

25

200 400 600 800
TEMP °C

1000 1200

Figure 4. Thermal analysis of GM0gO,4(OH),AsO,2H,0: TGA and
DTA curves.
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In conclusion, two molybdenum(lV) arsenates containing The hydrothermal technigue that we have employed is useful
unprecedented polyheteroanions [As)@gH2]>~ and [AsMa- for the crystal growth of novel metal arsenates. Further research
Os0]”~ have been prepared and their structures characterized.on the hydrothermal synthesis of new molybdenum(VI) arsen-
Structurel was synthesized by a high-temperature, high-pressureates is in progress.
hydrothermal method, while structutewas obtained from the
dehydration product of at 550°C. Our study shows that the Acknowledgment. We are grateful to the National Science
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