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Six new heteropoly compounds in the J(#,0),(As;W150s¢)2] 16~ series (M= Cu', Mn", Cd', Ni", zn", Cd"),
previously unknown, were synthesized and characterized by means of IRyigMCV, 183W NMR, TG-DSC,

and elemental analyses. The synthetic method used in preparing this type of heteropoly compounds was different
from that in preparing the corresponding tungstophosphates in that the starting materials were transition metal
chlorides in 1.5 times the stoichiometric amount and the required pH value is lower than 2. The crystal structure
of Nayg Cua(H20)2(As,W150s6)] -47H,0 was solved irtriclinic, P1 symmetry, witha = 12.721(3) Ab = 24.516(5)

A, c=26.450(5) Ao = 89.90(3}, B = 77.32(3}, y = 89.96(3}, V = 8048(3) B, Z = 2, andR = 0.0966. This

anion is isostructural with the previously reported JEO)(P2W150s6)2] 16, having a rhombic tetrameric cluster
CuwOs6 sandwiched by two trivacant DawselVells anions [AsW150s¢|'>~. The range of the bond lengths of

the equatorial CttO bonds is 1.832.05 A, while that of the axial G4O bonds is 2.362.39 A. The distortion

of the CuOss cluster is smaller in the As species than in the P species. Two copper atoms iny@®g Custer

are coordinated by water molecules. The replacement reactions of the coordinated water molecules of this series
of heteropoly compounds in agueous solutions and in selected organic solvents are also reported here for the first
time. The results show that [Fe (GJ\y, [Fe(CN)]3~, H.NCH,CH,NH,, etc., can replace the coordinated water

to form its characteristic color in aqueous solutions, while in organic solvents the coordinated water molecules
are lost, leaving unshared coordination positions that can be occupied by some organic ligands such as pyridine,
lactic acid, and acetone to restore the octahedral coordinatiorfaf e crystallographic morphologies of this

series of heteropolyanions after phase transfer are dependent on different transition metal ions present in the

central MyO4¢ clusters although the anions are isostructural with each other.

Introduction

In 1970, Baker and Figgisestablished a new fundamental

class of heteropoly compounds formulated’[(YM™ OsX*tOy4-

(W or M0)11030] 12>t~ and indicated that a great variety
of ligands can function as Y. In 1984, Pope first showed these
polyoxometalate compounds (POMs) extract into nonpolar

organic solvents for stoichiometric reactichis. 1986, Hill first

showed catalysis by these compleX&is opened up the phase

transfer, nonaqueous chemistry of heteropolyaniofsn our

previous studies on phase transfer, ligand replacement reaction
in substituted polyoxomolybdates, including 9-, 11-, and 17-

series, were carried out by not only small inorganic molecules
but also organic ligands such as pyridine, lactic acid, acetone,
phenol, etc., obtaining significant results concerning nonlinear
optical properties and liquid-crystal behaviors of the studied
polyoxometalates in phase transfer systém&.Previous in-
vestigations of replacement reactions focused mainly on the
substitution of coordinated water attached to the surface of
heteropolyanions. The sandwich-type heteropolyanions have two
coordinated water molecules attached to the central tetrameric
gluster MO16, the replacement of which by other ligands is
also interesting. To our knowledge, investigations of this aspect
are raré* In this paper we report the replacements of the

* To whom correspondence should be addressed. E-mail: wangenbo@CoordInated water molecules, as well as the syntheses and

public.cc.jl.cn.
T Northeast Normal University.
* Nanjing University.
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structural characterization of [l{H20)2(As;W150s¢)2] 16~ (de- Experimental Section

noted siW3e, M = Cu', Mn", Cd', Ni", zn", Cd"),
. MASaWao ) Materials and General Methods. The tetraheptylammonium bro-
previously unknown. .
. . mide and benzene used were of superpure grade, and other reagents

Analogous heteropolyanions with P as the heteroatom were ysed were of analytical grade. Benzene was distilled prior to use and
previously reported by Fink¥, 20 Droegel’~1% Weakley,202 then dried with sodium and stored for usage. Distilled water was used
and Pop& and used in other applications later by Gomez- for all syntheses. The elemental analyses were completed by means of
Garcia2® Hill, 24 and Neuman#¥ et al. This type of heteropoly ~ an ICP-AES analyzer. The IR spectra (2% sample, in KBr pellets) were

compound has many interesting properﬁfésuch as magnetic recorded on an Alpha Centaurt FT/IR spectrometer. The electronic
propertie®’2° catalytic activity?430-35 anti-AIDS activity 36 absorption spectra were measured on a Beckman DU-640 spectrometer.

The cyclic voltammograms (CV) were obtained on a CH Instrument

etc. On the basis of the recognition that the As species genera"y(model 600V) analyzer. A typical three-electrode cell having a glassy

parallel the P species and, further, the As atom, larger than the ; ) ”

. HAA Y moiAat: carbon working electrode, a platinum counter electrode, and a silver/
P atom, has easily ohangeable A&s oxidation state_s, we silver chloride reference electrode was used for the voltammetry
explore novel sandwich-type complexes 0fA8,Wso, aimed experiments. The glassy carbon electrode was polished with 1.0 and
at adding new members to this family and extending the 0.3 ym Al,O; powders in turn and then washed ultrasonicalfw
applications of polyoxometalates. This paper covers pure, NMR spectra were recorded on a Unity-400 NMR system with 10-
isolated As-centered sandwich-type polyoxometalates of the mm sample tubes and N&O, saturated in BO as the external standard
Dawson-Wells class with full synthetic and characterization at room temperature. The crystallographic morphologies were observed
details; the structural characterization of one of the members, by means of an OPTON polarizing microscope equipped with a heating
Nay[Cus(H20)2(AsW150s6)2]-47H,0, which shows a smaller plate and a microscopic photography instrument. TG-DSC measure-
distortion of the central cluster G0y for the As species than ments were carried out on a Perkin-Elemer TG-7, DSC-7 thermal
that for the P species; the unequivocal identity of the ligands at analyzer. ) )
the tetrameric clusters i ¢ (the studies of ligand replacement -KeASW1606214H,0, AsWiK. This preparation was done

i in POM ially in the A . b taccording to literaturé”—2° To 300 mL of a solution containing 220 g
I€actons in S, especially In the As Series, are rare, but ¢ NaWO,-2H,0 was slowly added 150 mL of concentrated arsenic

these are important for oxidation catalysis); an_d crystallographic 4¢iqg (11 M), followed by 100 mL b4 M hydrochloric acid. The
morphologies, formed from a benzene solution and observedsojution was heated fot h and then cooled to room temperature. A
under a polarizing microscope, of #ssW3o containing tetra- 100 g amount of ammonium chloride was added in two steps, 50 g in
n-heptylammonium bromide ((tHA)Br). Research of the mag- each step to isolate isomers: the first addition gave the precipitate A
netic characterizations of the As species to compare with those(38 g, 20%) that was filtered off; the second addition gave the main
of the P analogs is underway. precipitate B that was almost a puceisomer (114 g, 63%). The
precipitate B was dissolved in 200 mL of water and left for 1 day at 5
°C. The resulting precipitate was dissolved in water and treated with
32 g of solid potassium chloride, and then the new precipitate formed

(19) Finke, R. G.; Droege, M. W.; Domaille, P.ldorg. Chem 1987, 26,
3886-3896.

(20) Finke, R.; Weakley, T. J. Rl. Chem. Crystallogri994 24, 123 was isolated and recrystallized from 125 mL of hot water. Anal. Calcd
125. (found) foro-KeAs,W1062214H,0: K, 4.75 (4.78); W, 67.01 (66.82);

(21) Weakley, T. J. R.; Finke, R. Gnorg. Chem 199Q 29, 1235-1241. As, 3.04 (3.02); HO, 5.10 (5.13).

(22) Kim, K. C.; Pope, M. TJ. Am. Chem. S0d.999 121, 8512-8517. a-NayAs;W1s0s6:21H,0, As;W1s-Na. This preparation was done

(23) (a) Gomez-Garcia, C. J.; Borras-Almenar, J. J.; Coronado, E.; O“ahab'according to the literaturé:38 The salto-KsAs;W:160sx 14H,0 (50 g)

éo:gﬂ;gdocgéméjgﬁ_&iségg; 43?%..(20%?;_%”;?&]; a&(;]]gM was dissolved in 180 mL of #D under mild heat. After the solution

Chem 1999 38, 55-63. was cooled to room temperature, 45 g of Naglas added and a
(24) (a) Hill, C. L.;Prosser-Mclartha, C. MCoord. Chem. Re 1995 143 white precipitate of KCIQwas formed immediately. The mixture was

407-455. (b) Zhang, X.; Chen, Q.; Duncan, D. C.; Campana, C. F.; stirred for 1 h, and then KCIQwas removed by filtration. A solution

Hill, C. L. Inorg. Chem 1997 36, 4208-4215. (c) Rhule, J. T.; Hill, of 1 M Na,CO; was added dropwise to the filtrate. At pH 8.5 a white

(25) ﬁetm ‘;ﬂﬂd'R%r (’%Cn]%% %QH elnaigggas’ 43;22_131'70 precipitate formed. More NEO; was added to maintain the solution

(26) (a) Pope, M. T.; Mler, A., Eds. Polyoxometalates: from Platonic &t PH 9 for 1 h. The solid NaAs;W::0s was collected and washed
Solids to Anti-retroiral Actizity; Kluwer: Dordrecht, The Netherlands, ~ With a saturated NaCl solution, 95% ethanol, and diethyl ether,
1994. (b) Hill, C. L.Chem. Re. 1998 98(1). respectively. The solid was dried in a desiccator over concentrated

(27) (a) Gomez-Garcia, C. J.; Casan-Pastor, N.; Coronado, E.; Baker, L. H,S0, for 2 days. The yield was 39.6 g (79.2%). Anal. Calcd (found)

C. W.; Pourray, GJ. Appl. Phys199Q 67, 5995-5997. (b) Gomez- . . . .
Garcia, C. J.; Coronado, E.; Borras-Almenar, Jndrg. Chem1992 ]Egrzl\é?zﬁféwéﬁgﬁ (281?51()1 Na, 6.19 (6.21); W, 61.90 (62.32); As, 3.36

31, 1667-1673. (c) Gomez-Garcia, C. J.; Coronado, E.; Gomez-

Romero, P.; Casan-Pastor, Norg. Chem 1993 32, 3378-3381. Naye[M 4(H20)2(As;W150s6)2], M 4AS;W3ze-Na. NaygCus(H20)2-
(28) Casan-Pastor, N.; Bas, J.; Coronado, E.; Pourroy, G.; Baker, L. C. (As;W150s¢)2] (1). CuCh-2H,O (0.57 g, 3.36 mmol) was dissolved in
W. J. Am. Chem. S0d 992 114 10380-10383. 50 mL of a 1 MNaCl solution; solid NaAs;W150ss (5.0 g, 1.12 mmol)

(29) ﬁ?rgizagaﬁiaoqda tggringﬂoéig %ﬁggg_?poﬁqagri Jz.éllé;_/-;i%ersold, was then added and dissolved by heating and stirring. A 1.2 mL volume
(30) Zt\'ang X_'. CheH Q. DonoanyD. C.- Lachicotte. R. J.- Hill C L. of 6 M HCI was added dropwise to the solution, the color of which

Inorg. Chem 1997, 36, 4381-4386. turned from pale-blue to pale-green. The resulting clear green solution
(31) Xu, L.; Sun, Y. Q.; Wang, E. B.; Shen, E. korg. Chem. Commun was cooled at 5C overnight, from which pale-green crystals were

1998 1, 382-385. then collected. The product was dried at € under vacuum for ca.
(32) Khenkin, A. M.; Hill, C. L. Mendelee Commun 1993 140-141. 0.5 h. The yield was 4.22 g (84.4%). Anal. Calcd (found) forsNa
(33) (a) Neumann, R.; Gata, M. Am. Chem. Socd994 116, 5509- ASW:Clp(H,0)O0ss  Na, 4.46 (4.38): As, 3.63 (3.53): W, 66.69

5510. (b) Neumann, R.; Gara, Nl. Am. Chem. So&995 117, 5066~ ) ; s .

5074. (c) Neumann, R.; Khenkin, A. Nhorg. Chem1995 34, 5753~ (66.48); Cu, 3.08 (3.02); #0 not specifically determined.

5760. Nawg[Mn 4(H20)2(As;W 150s6)7] (2). The preparation procedure was
(34) Peng, J.; Zhou, Y. S.; Wang, E. B.; Xing, J. Mol. Struct.1998 the same as the preparation of8sWs-Na described above except

444, 213-219. that MnCb-4H,0 (0.7 g ) was used. The yield was 4.45 g (89%) of

(35) (a) Hu, C. W.; He, Q. L.; Zhang, Y. H.; Wang, E. Batal. Today
1996 30, 141-143. (b) Hu, C. W.; Hashimoto, M.; Okuhara, J.
Catal. 1993 143 437-439. (¢ ) Hu, C. W.; He, Q. L.; Wang, E..B (37) Acerete, R.; Hammer, C. F.; Baker, L. C. WWorg. Chem 1984 23,
J. Chem. SocChem. Commurl996 2, 121-124. 1478-1482.

(36) Judd, D. A.; Schinazi, R. F.; Hill, C. lAntiziral Chem. Chemother. (38) Contant, R.; Thouvenot, an. J. Chem1991, 69, 1498-1506.
1994 5, 410-414. (39) Contant, R.; Thouvenot, Raorg. Chim. Actal993 212 41-50.
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orange-yellow crystals. Anal. Calcd (found) for & WisMn,-
(H,0)Os¢: Na, 4.22 (4.09); As, 3.44 (3.47); W, 63.09 (63.23); Mn,
2.52 (2.48); HO not specifically determined.

Nayg[Co4(H20)2(As;W150s6)7] (3). The preparation procedure was
the same as the preparation of BsuW3¢-Na described above except
that CoC}-6H,0 (0.8 g) was used. The yield was 4.34 g (86%) of a
green-brown powder. Anal. Calcd (found) for a&;W15C0x(H20)-
Ose: Na, 4.47 (4.27); As, 3.64 (3.48); W, 66.83 (66.65); Co, 2.86 (2.57);
H2O not specifically determined.

Naug[Ni4(H20)2(As;W150s6)2] (4). The preparation procedure was
the same as the preparation of8s,W3¢-Na described above except
that NiCkL-6H,0 (0.8 g) was used. The yield was 3.87 g (77%) of green
crystals. Anal. Calcd (found) for NAs,W1sNi»(H,0)Oss: Na, 4.47
(4.35); As, 3.64 (3.50); W, 66.84 (66.58); Ni, 2.85 ( 2.80)CHnot
specifically determined.

Naye[Zn 4(H20)2(As;W150s6)2] (5). The preparation procedure was
the same as the preparation of 8ssW3e-Na described above except
that ZnC} (0.5 g) was used. The yield was 4.45 g (89%) of white
crystals. Anal. Calcd (found) for NAs;W15Zn,(H20)Oss: Na, 4.45
(4.25); As, 3.63 (3.48); W, 66.63 (66.42); Zn, 3.16 (3.02)0OHnot
specifically determined.

Nayg[Cd4(H20)2(AsW150s6)2] (6). The preparation procedure was
the same as the preparation of Bs:W3¢-Na described above except
that CdC} (0.4 g) was used. The yield was 3.95 g (79%) of white
crystals. Anal. Calcd (found) for NAs,W1sCdx(H,0)Oss: Na, 4.35
(4.18); As, 3.55 (3.33); W, 65.14 (64.95); Cd, 5.32 (5.18)0Hot
specifically determined.

Phase Transfer and Replacement Reaction of Coordinated Water
Molecules for the MsAs;W 30 Anion. (i) Phase Transfer. Transferring
the heteropolyanion [MH20)2(As;W150s6)7]*¢ (M = Cu', Mn", Cd',

Ni", Zn'", Cd") into nonpolar organic solvents was carried out by using
previously described procedurés:mL of an aqueous solution of the

anion (ca. 0.01 M) was mixed with an equal volume of a benzene
solution containing (tHA)Br in an amount equivalent to the polyanion’s
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K 22{C04(L 1)2(AS;W 15056)2], C0sAS;W3e-L1. The preparation pro-
cedure was the same as that for,8s,\Wse-L 1 described above except
that CaAs,W3o-Na was used and the product was a purple powder
(0.43 g). Elemental analyses gave a ratio K:Co:Fe:\¥2.0:4.2:1.9:
30.4 that was consistent with the formula. IR (KBr, ¢n 2118
(v(CN)), 943, 869, 823, 723.

K 22[Ni a(L 1)2(AS;W 150s6)2], NisAssW3o-L 1. The preparation proce-
dure was the same as that for 88,W3q-L1 described above except
that NkAs;W3-Na was used and the product was a yellow-green
powder (0.61 g). Elemental analyses gave a ratio K:Ni:Fe:\®2.0:
3.8:2.0:30.7 that was consistent with the formula. IR (KBr; §m2114
(»(CN)), 941, 869, 819, 722.

K24[CU4(L 2)2(A52W15O56)2], CusAssWzrL o (L2 = [Fe(CN)e]4_). An
8 mL volume of a hot aqueous solution containing 1.0 g ofAGWW 3
Na was mixed with 1 mL of a hot aqueous solution containing 0.08 g
of K4Fe(CNY; the resulting solution was then heated for 0.5 h. A dark-
red precipitate (0.62 g) was isolated from the solution with the addition
of 0.1 g of KCl after cooling it to room temperature and dried at80
under vacuum for ca. 0.5 h. Elemental analyses gave a ratio K:Cu:
Fe:W=24.0:3.8:1.9:30.3 that was consistent with the formula. IR (KBr,
cm1): 2092 ¢(CN)), 940, 876, 815, 723.

K24[Mn 4(L2)2(A52W15056)2], Mn 4As;W3g-Lo. The preparation pro-
cedure was the same as that for,8ssWso-L,» described above except
that Mn/AsWs-Na was used and the product was a yellow-green
powder (0.58 g). Elemental analyses gave a ratio K:Mn:Fe=\24.0:
4.1:1.9:29.7 that was consistent with the formula. IR (KBr, §m2092
(v(CN)), 940, 873, 819, 719.

K 24[C04(L 2)2(AS:W 15056)2], C0sAS:W3e-Lo. The preparation pro-
cedure was the same as that for,8sy\Wse-L, described above except
that CaAssWse-Na was used and the product was a dark-green powder
(0.48 g). Elemental analyses gave a ratio K:Co:Fe:\¥4.0:4.1:2.0:
30.2 that was consistent with the formula. IR (KBr, ©n 2090
(v(CN)), 942, 871, 821, 725.

K 24[Ni 4(L 2)2(As2W 150s6)2], NisAssW3o-Lo. The preparation proce-

charge. The anions were then extracted into the benzene solution. Thedure was the same as that for 88,W30-L, described above except

solution was then dried either by passing d&s through the solution
for several hours or by evaporation.

(ii) Replacement Reaction of Coordinated Water Molecules for
the M4As;W3o Anion. The solid (0.1 g) obtained above was then

dissolved in anhydrous benzene (5 mL). To the benzene solution was
added an organic ligand, such as pyridine, acetonitrile, acetone,

chloroform, or lactic acid, in a stoichiometric amount. Electronic spectra

that NiiZAs;W30-Na was used and the product was a yellow powder
(0.65 g). Elemental analyses gave a ratio K:Co:Nk24.0:3.8:1.7:
30.2 that was consistent with the formula. IR (KBr, ¢ 2089
(v(CN)), 943, 873, 830, 732.

K 16[Cu4(L 3)2(As;W150s6)2], CUusAS;W3e-L3 (Lz = CoHgN3). An 8
mL volume of a hot agueous solution containing 1.0 g ofA3W 3
Na was mixed with 2 drops of liquid £isN2, and the solution changed

and IR spectra were recorded so as to determine the dehydration ofits color from green to violet. The resulting solution was then heated
the heteropolyanions and the substitution of such organic ligands for for 0.5 h. A violet precipitate (0.48 g) was isolated from the solution

the coordinated water.

Replacement Reaction of the Water Molecules Coordinated to
the M4As,W3o Anion in Aqueous Solutions. This experiment was
performed as follows. An aqueous solution ofA8,Ws-Na was mixed
with an aqueous solution of [Fe (C§8, [Fe (CN)]*", C:HsNy
(ethylenediamine), S§, or SCN. By the addition of KCI to the
resulting solution, a precipitate was isolated. The replacement of

with the addition of 0.1 g of KCI after cooling it to room temperature
and dried at 80°C under vacuum for ca. 0.5 h. Elemental analyses
gave a ratio K:Cu:C:N:W= 16.0:3.9:4.1:4.3:30.3 that was consistent
with the formula. IR (KBr, cmi'): 1041 ¢(C—N)), 1642 ((NH,)),
939, 878, 812, 721.

K 16[Ni 4(L 3)2(AS;W 150s6)2], NisAssW3o-L 3. The preparation proce-
dure was the same as that of 88,W3-L3s described above except

coordinated water molecules with selected organic ligands was observedhat NiuAs;W3o-Na was used and the product was a yellow powder
by changes in color and changes in the electronic spectra of the (0.54 g). Elemental analyses gave a ratio K:Ni:C:N-¥\.6.0:3.7:3.9:

corresponding solutiorisThe products were identified by elemental
analyses and IR spectra.

Kzz[CUA(L 1)2(ASQW15056)2], CuzAs;WsoL g (L1 = [Fe(CN)6]3*). An
8 mL volume of a hot aqueous solution containing 1.0 g ofASW3o-

Na was mixed with 1 mL of a hot aqueous solution containing 0.08 g
of KsFe(CNY}; the resulting solution was then heated for 0.5 h. A yellow
precipitate (0.56 g) was isolated from the solution with the addition of
0.1 g of KCI after cooling it to room temperature and dried at’80
under vacuum for ca. 0.5 h. Elemental analyses gave a ratio K:Cu:
Fe:W=22.0:3.8:1.8:30.5 that was consistent with the formula. IR (KBr,
cm): 2115 ¢(CN)), 942, 871, 818, 717.

K 22IMn 4(L 1)2(AS;W 150s6)2], MN 4As:W3o-L 1. The preparation pro-
cedure was the same as that for,&s:\Ws0-L 1 described above except
that MnAssWse-Na was used and the product was a yellow powder
(0.52 g). Elemental analyses gave a ratio K:Mn:Fes\/22.0:4.0:2.1:
30.3 that was consistent with the formula. IR (KBr, ¢ 2117
(v(CN)), 942, 872, 818, 716.

4.0:30.2 that was consistent with the formula. IR (KBr, éjn 1042
(v(C—N)), 1643 O(NHy)), 938, 872, 822, 725.

K20[CU4(L4)2(A52W15056)2], CusAssWagL 4 (L4 = 80327). An 8 mL
volume of a hot aqueous solution containing 1.0 g ofA34W;0-Na
was mixed with 1 mL of a hot aqueous solution containing 0.06 g of
NaS0;s:7H,0; the resulting solution was then heated for 0.5 h. A pale-
green precipitate (0.49 g) was isolated from the solution with the
addition of 0.3 g of KCI after cooling it to room temperature and dried
at 80°C under vacuum for ca. 0.5 h. Elemental analyses gave a ratio
K:Cu:S:W = 20.0:3.7:2.0:30.5 that was consistent with the formula.
IR (KBr, cm™%): 1120 ¢(SO2")), 941, 875, 820, 718.

K 20[Mn 4(L 4)2(As;W 150s6)2], MN 4AssW30-L 4. The preparation pro-
cedure was the same as that ofs8s1\W3¢-L4 described above except
that MniAs,W3-Na was used and the product was a red powder (0.55
g). Elemental analyses gave a ratio K:Mn:S:¥%20.0:4.1:2.3:29.8 that
was consistent with the formula. IR (KBr, c): 1123 ¢(SG?7)),

943, 873, 818, 719.
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K 20[C04(L 4)2(ASW15056)2], C0sAS;W3¢-L 4. The preparation pro- Table 1. Crystallographic Data for
cedure was the same as that ofy8s4\Wso-L4 described above except  Nagg[Cus(H20)2(AS:W150s6)2] -4 7HO (1)

that CoAssWs-Na was used and the prpduct was a purple powder formula HhpAsCuNaO1eWao fw 9111.96

(0.49 g). Elemental analyses gave a ratio K:Co:S:3\20.0:4.3:1.8: a A 12.721(3) space group  P1

29.7 that was consistent with the formula. IR (KBr, ¢ 1123 b, A 24.516(5) T, K 293(2)

(v(SGs?)), 940, 878, 825, 725. c A 26.450(5) A 0.710 73 (Mo Kx)
K 20[Ni 4(L 4)2(As2W 150s6)2], NisAssW3o-L4. The preparation proce- o,deg 89.90(3) Peale, Mg/m® 3.760

dure was the same as that of B8,Ws-L, described above except f,deg 77.32(3) u, cmt 228.33

that NiAs,Waso-Na was used and the product was a pale-green powder ¥, deg  89.96(3) R[l > 20(1)]* 0.0966

(0.56 g). Elemental analyses gave a ratio K:Ni:S220.0:3.6:2.0: Vv, A3 8048(3) wR? 0.2306

30.3 that was consistent with the formula. IR (KBr, ¢ 1125 z 2

(SO )), 943, 870, 828, 728. *Ru = 311l — IFl/3IFol; WRy = { S[W(Fs? = FA/SIWFeH) T} 2

Klg[Mn 4(L5)2(A52W15056)2], Mn 4AS;W 3oL 5 (L5 = SCM) An 8
mL volume of a hot aqueous solution containing 1.0 g ofABW 30
Na was mixed with 1 mL of a hot aqueous solution containing 0.03 g
of KSCN; the resulting solution was then heated for 0.5 h. A yellowish
precipitate (0.55 g) was isolated from the solution with the addition of
0.1 g of KCI after cooling it to room temperature and dried at’80
under vacuum for ca. 0.5 h. Elemental analyses gave a ratio K:Mn:
S:W=18.0:3.8:1.9:29.7 that was consistent with the formula. IR (KBr,
cm1): 2076 ¢(SCN)), 942, 869, 823, 722.

K 1g[C04(L 5)2(AS;W 150s6)2], C0sAS;W3e-Ls. The preparation pro-
cedure was the same as that of Ms,W0-Ls described above except
that CaAs:Ws-Na was used and the product was a white powder (0.42
g). Elemental analyses gave a ratio K:C0:S:3\8.0:4.2:2.3:29.7 that
was consistent with the formula. IR (KBr, c): 2077 ¢(SCNY)),

940, 869, 820, 722.

K18[Ni4(L5)2(A32W15056)2], NisAssWso-Ls. The preparation proce-
dure was the same as that of Ms;W3¢-Ls described above except
that NikAs,W3o-Na was used and the product was a white powder (0.51
g). Elemental analyses gave a ratio K:Ni:S:18.0:3.9:1.7:30.2 that
was consistent with the formula. IR (KBr, ci): 2078 ¢(SCN")),

939, 868, 829, 718.

Crystallographic Morphologies of M4As,;W 3. The solid obtained
from the phase transfer described earlier was dissolved in anhydrous
benzene. The sample crystallized from the benzene solution was put
between glass plates that had been washed with concentrated nitric acid,
deionized water, and acetone, respectively. The morphologies were
observed under a polarizing microscdpe. :

X-ray Crystallography. A hexagonal green crystal of with Figure 1. Polyhedral representation a&f
approximate dimensions of 0.52 mm 0.42 mm x 0.38 mm was
mounted on a glass fiber capillary which was put on a Siemens P4 gcid, and the mixture was refluxed. Then M was added in
four-circle diffractometer equipped with graphite monochromatic Mo two steps. The precipitate obtained from the first addition of
Ka radiation ¢ = 0.710 73 A). A total of 20 958 (17 317 independent, NH,Cl was ag-isomer, while the precipitate isolated from the
Rint = 0.0545) reflections were collected at 293 K in the range k58 o041 addition of NKCI to the filtrate was am-isomer. KCI
0 = 21.09 using anw-scan mode at variable speeds-(&/min). was added to the--isomer solution which was left to grow

The reflection statistics indicated that the crystal lattice was centrosym- -
metric. A semiempirical absorption correction froprscans was X-ray-quality crystals ofi-KeAs,W140e2. The pH value of the

applied. The structure was solved by direct methods (SHELXTE193) ~ Solution was controlled at 9 fd. h during degradationt-Nay-
and refined by the full-matrix least-squares method-amnisotropic As;W150s6 With a high yield was obtained. (ii) All of the
temperature factors were applied to all atoms (W, Cu, As, Q) and transition metal salts used were chlorides. (iii) The molecular
isotropic temperature factors were applied to the sodium cations andratio of M to a-Naj,As,W150s6 is 1.5:1. (iv) Reasonable pH
water molecules of crystallization. Disorder due to thermal motion was value and temperature were applied to avoid the formation of
observed in some of the sodium cations and water molecules. Structurginspluble intermediates.
solution and refinement based on 15 816 reflections with 20(1) Crystal Structure of Na;g[Cua(H20)2(As;W150s6)2]-47H,0
azTﬁ: cl’n Té?ﬁzﬁ??r\?\ggf [g;[vvs('le (V;RZ?Z)](;;?VS(?: (2?2']?39}61(:?;&; (2). The crystal structure df is shown in Figures t4. Figure
data, details of the intensity measurements, and data processing1 shows the s_tructure in polyhed_ral n(_)tatlo_n, Flgu_re 2 gives an
parameters are summarized in Table 1. ORTEP dravylng of the asyr_nmetrlc unitinFigure 3 |IIustra_tes

a ball-and-stick representation of the central@u(H20); unit,

Results and Discussion and Figure 4 exhibits a general view of the [G4,0).-
. _ , (AsW150s¢)5] 16~ anion. Table 2 provides key distances and
SynthesesTetrameric sandwich-type polyoxoanionslef6 angles.
formulated [My(H20)2(As;W150s6)2] 16~ were prepared in high The [Cuy(H20)(As;W150s0)2]16 anion has the general

yields and in high purity. In this procedure, several important girycture proposed earlier for the J#,0)(PaW15Os6)2]™
factors were noted: (i) N&VO,-2H0 was mixed with arsenic  geries and confirmed by Weakl@yFinkel® Gomez-Garcid3a

Hill, 240 and co-workers for the Gy zn'', Mn'", Ni"', and Fé'

(40) g:‘e"susz QB'eijFi'r;ngs;]s?zi X. Jiquid Crystals SuperpolymeiScience  {erjyatives (see Figures 2 and 4): tweAs;W1s0s6'2~ units
(41) SHELXTL PC Siemens Analytical X-ray Instruments, Inc.: Madison, ~©&ch share seven oxygen atoms, including an oxygen atom on

WI, 1990. As(2), with a central set of four edge-sharing Guigtahedra.
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Table 2. Selected Bond Lengths (A) and Bond Angles (deg) ¥or

W(1)-0(14) 1.71(4)  Cu(BrO(59A) 1.98(4)
W(1)—0(94) 1.77(5)  Cu(1-0(29) 2.02(4)
W(1)—O(55) 1.89(5)  Cu(1}yO(100) 2.31(3)
W(1)-0(28) 1.90(4)  Cu(1yO(94A) 1.92(5)
W(1)—0(96) 2.02(4)  Cu(1yO(59) 1.98(3)
W(1)—0(90) 2.27(4)  Cu(ByO(27A) 2.38(5)
W(2)—0(40) 1.72(4)  Cu(4yO(1) 1.94(3)
W(2)-0(67) 1.89(4)  Cu(4yOwW6 2.30(5)
W(2)-0(62) 2.04(3)  Cu(4yO(71) 1.93(4)
W(2)—0(88) 1.84(4)  Cu(4yO(100)#3  2.01(3)
W(2)—0(109) 1.95(4)  Cu(4yO(59) 2.35(4)
W(2)—0(50) 2.24(5)  Cu(t)-(19) 3.52(3)
As(1)-0(50) 1.71(4)  As(2y-Cu(l) 3.268
As(1)-0(46) 1.72(4)  As(2y-Cu(4) 3.536
As(1)-0(8) 1.69(3)  As(2:-Cu(1A) 3.233
As(1)-0(49) 1.72(4)  Cu(4)-Cu(1A) 3.180
Cu(Ly--Cu(4) 3.196 Cu(Z)-Cu(1A) 3.080
Cu(4y--Cu(4A) 5582 Cu(4y0(27)#3 1.94(5)
W(1)-+-W(6) 3.809 Cu(1¥-W(14) 3.781
W(1)-+-W(3) 3.358 Cu(4y-W(15) 3.525
W(1)-+-W(15) 3.672 Cu(4y-W(13) 3.526
W(3)-+-W(14) 3.649 Cu(1Ay-W(1) 3.501
W(3)-+-W(18) 3.807 Cu(4Ay-W(3) 3.446

O(75-W(30)-0(78)  101(3) O(59YAs(2)-0(63)  109(2)
O(75-W(30)-0(97)  171(2) Cu(%)-Cu(d)--Cu(lA) 57.8
O(7)~W(21)-0(106) 97(2) Cu(4)-Cu(ly--Cu(4A) 122.2
O(7)-W(21)-0(92) 168(2) Cu(4)-Cu(ly--Cu(l1A) 60.9
0(97)-As(3)-0(92) 107(2) W(27-W(28)+-W(30) 60.2
CU(4A)+-Cu(1y--Cu(1lA) 61.4 W(27)-W(30)--W(28) 59.6
Cu(4y-As(2)}+-Cu(lA)  55.8 W(28)-W(27)+-W(30) 59.6
W27)+-As@@)yW(28)  57.2 W(15%-As(2}-W(1)  63.5
W(28)--As(3y--W(30)  57.1 W(13)-As(2y--W(15) 56.5

As;W1:0s62~ has not yet been determined but is unlikely to
differ in connectivity from the structure adopted in the present
complex and previously deduced from #§&V NMR spectrum

of the derivative AgW1sM030s°~: namely, the Dawsono¢
As,W150687) structure with one end cap of three edge-sharing
WOgs octahedra missing.

The noncoordinated-As,W15056'2" ligand is presumed to
have 3-fold symmetry, which is lost when it is bonded to Cu.
The symmetry loss is implied by the following two points:

() The first is the deviations of the belt of six W atoms nearest
the Cu atoms from their mean plane. The atoms furthest from,
and related by, the approximate mirror plane of the whole anion
are displaced toward the Cu atoms [W(1) and W(19), 0.0274
and 0.0270 AJ; the other atoms are displaced away from the
Cu atoms [W(3), W(13), W(14), and W(15), 0.0080.0176
A]. Similar displacements occur for the atoms corresponding
to W(1, 19) in the other Whbelt [W(6) and W(21), 0.0245 and
The polyanion1 has Cy, symmetry and approximate axial 0.027 A toward the Cu atoms]. The other atoms are displaced
[As(3)---As(2) direction] and equatorial dimensions of 20.737 away from the Cu atoms [W(11), W(18), W(23), and W(25),
and 10.411 A, respectively. The four Cu atoms lie in the same 0.007-0.0159 A]. The distortion of the heavy-atom framework
plane and form a regular rhomblike cluster with sides of 3.196 in the anion may serve to accommodate the steric requirements
and 3.180 A, a short and long diagonal of 3.080 and 5.582 A, of the Cu atoms.
and angles between Cu atoms of 57.8 and I2gRyure 3). (i) The ligand AsW;50s¢'2~ is capped by three of the central
Each of the seven vertices on both faces of the rhombus, whichCuQs; groups, which share a vertex of the As@trahedron
are all occupied by oxo groups, is corner-shared with two [As(2)]. The Cu atoms, however, are asymmetrically placed with
o-[As;W15056) 12~ units, leaving the remaining one vertex on respect to the normal through As to the,Qlane; this may be
each side of the inversion center located at the midpoint of the seen from the As(2)Cu(1,4,1A) distances (3.268, 3.536, and
Cu4-+Cu4A vector occupied by water molecules (OW6 and 3.233 A), the longest one of which involves the Cu atom on
OWSGA) with a bond (Cu40OWSe) distance of 2.30 A. The water  the local mirror plane of the anion. The JakiFeller distortion
molecules coordinated to the Cu atoms can be replaced by otheof the CuQ groups is predicted and is accommodated by the

Figure 4. General view ofl.

ligands described in the Experimental Section. tungstoarsenate ligand. Each Guigtahedron exhibits marked
The a-As;W15056!2~ ligand, originally regarded as As axial distances (2.312.39 A, mean value 2.35 A) which are
W16059127, results from degradation @f-As;W150s,°~ in an significantly longer than the equatorial ones (802 A, mean

aqueous solution at pH 3. The structure of noncoordinated value 1.95 A).
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Figure 6. Infrared spectra of GiAs;Wsr-Na (a), ZnAsWsr-Na (b), Noteworthily, all the trans-directed bonds along the cluster
and MnAs,Ws-Na (c) (2% sample, in KBr pellets). axial direction, Ct-O—Wpe—O—Wpei—O—Weap have pro-

nounced bond length alternations (average distances 2.09, 1.79,

Additionally, we can also note that in the compound both 2.04, 1.84, 1.98, and 1.88 A). This observation confirms that
As atoms of the trivacant polyoxotungstate are significantly the deviations are produced by the change in the valence sums
displaced, in the same sense, from the mean plane of theirwhen replacing three W atoms of one cap by three Guas
corresponding W belts: As(3) is displaced 0.0945 A away from suggested by Weakley and Finke.
the CuOs cluster, whereas As(2) is displaced 0.1043 Atoward  The above mentioned structural features are more similar to
the CuOgs cluster. The small difference in the displacement of hose for [CU(H20)(PW15056)2] 16~ than to those for [MH20),-
the As(3) atom is expected since the As(3) atom is very far (P.W150s6)2]™ (M = Zn'', Mn'!, Fe!'). However some differ-
from the central cluster. ences are also apparent: (i) The;Ouw(H20); unit in 1 shows

The central Cu atoms, the cap W atoms [W (27), W(28), smaller JahaTeller distortion than that in [CgH2O)x>-
W(30)], and the two sets of belt W atoms [W(6), W(11), W(18), (P,W150s6)2]18 (the axial distances 2.312.61 A and mean
W(21), W(23), W(25) and W(1), W(3), W(13), W(14), W(15), value 2.45 A; the equatorial distances 18908 A and mean
W(19)] form four least-squares planes with a maximum devia- value 1.95 A). (ii) The average As@Cu distance irl is 3.346
tion of 0.0274 A. They are parallel to each other with a A, which is longer than the average P{Zu distance in
maximum dihedral angle of 0?8In comparison, the four least-  [Cus(H20)2(P2W150s6)2] 26~ (3.273 A). (iii) The As(2) atom is
squares planes in-[As,W10g5]8~ (two planes each composed  displaced only 0.1043 A from the @Dy plane, and the As(3)
of three cap W atoms and two planes each composed of sixatom is displaced 0.0945 A toward the &uys unit in 1. In
belt W atoms) have a maximum deviation of 0.041 A and a comparison, the P(2) atom is displaced 0.194 A and P(1) atom
maximum dihedral angle of (?42-24 is displaced 0.186 A in the [G(H20)2(P2W150s¢)5] 16~ anion.
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Table 3. CV Data for MiAs,W3-Na Compounds (\A)

heteropolyanions Epa Epc AE, (mV) heteropolyanions Epa Epc AE, (mV)
0-AsW16062°~ 0.122 0.056 66 CAss W30 —0.310 —0.387 77
—0.06 —0.123 63 —0.464 —0.602 138
—0.432 —0.505 73 —0.680 —0.800 120
—0.669 —0.790 121 ZpAS:W3o —0.349 —0.480 131
0-As;W 1505612~ -0.317 —0.440 123 —0.626 —0.716 90
—0.575 —0.705 130 —-0.772 —0.901 129
CLl4AS4W3o —0.296 —0.352 56 CdAS4W3o —0.313 —0.414 101
—0.348 —-0.417 69 —0.517 —0.583 66
—0.580 —0.640 60 —0.631 —0.738 107
MnsAs, W —0.300 —0.391 91
—0.482 —0.551 69
—0.574 —-0.714 140

a Epa, OXidation potentialE,, reduction potentialAE,, the difference between the pair of redox potentials. Condition: pH 4.0 of a buffer
solution of HAc-NaAc; 25°C; glassy carbon working electrode; scan rate 50-snV potentials recorded vs Ag/AgCI.

Table 4. Colors and States of the Products Isolated from the Replacement Reactions in Aqueous 3olutions

ligands
heteropolyanions [Fe(CNy~ [Fe(CN)]*~ CzHsN2 SO SCN-
CwASsW3o yellow dark-red! violet pale-green no reacn
(brown-yellow) (red-greeny (blue) (yellow V) (dark?)
Mn4AS;W3o yellow yellow-greent no reacn red! yellowish
(brown) (white) (yellowishi) (no reacn) (no reacn)
CosASW3 purple’ dark-greer no reacn purple! white
(dark-red) (greent) (brown) (no reacn) (blue)
NisAsW3o yellow-green yellow | yellow | pale-green white |
(yellow {) (greenish) (blue) (blued) (no reacn)

aThe colors and states of the products isolated from aqueous solutions, in which only corresponding simple transition metal ions and ligands
present, are shown in parentheses.

Table 5. Electronic Spectral Data for the Products Isolated from the Replacement Reactions of the Coordinated Water Molecules in Aqueous
Solutions [cn? (e, M~t-cm™1)]2

heteropoly- ligands
anions [Fe(CNy*~ [Fe(CN)]*~ CoHgN, H,O
CwASs W3 20877 (93) 11 933 (98) 17 668 (89) 11 765 (103)
Mn4ASWao 11 891 (18) 17 301 (38), 12 563 (20) 11 862 (19)
CaASWao 23 641 (15), 16 750 (146) 20 408 (18), 19 231 (32), 18 939 (178), 18 282 (176),
17 241 (143) 17 953 (176)
NisAsWso 17 483 (23), 14 948 (55) 13 459 (62) 21 053 (28), 14 225 (52) 14 388 (38)
a Electronic spectra determined for the KKalt; extinction parameters in parentheses.
Table 6. Colors and Crystallographic Morphologies of,Ms;Wa3o Physical Properties. IR Spectra.lR spectra for MAs;W3o
in Agueous Solutions (Na Salt) and in Benzene (tHA Salt) compared with those of A%/15065~ and AsW;50s¢!2~ are
heteropoly ___@queous solution benzene shown in Figures 5 and 6.
anions colors types colors types The following points can be drawn from the IR spectra: (i)
CwAsWg green hexagonal yellow-green spherical All of thg characteristic vibrational frgqugncieg decrease com-
MnsAs,W3, orange needle red needle pared with those of A#V15065~, which is attributed to the
E%S%Vao grelen-brown fl«’_:}kelet pU”rple ffilifOYm increase of the negative charges of the anf8n@i) The
isAs;W3 pale-green  oi yellow ringe ; i ; ERYVE 6—
ZnASWe  white cubic White microspherical asymmetry stretching vibration of YWO.—W in As;W1¢0¢7

is split into 3 peaks when the anion degrade into a trivacant-
anion AsW1s0s6'2-, but it is split into 2 peaks when the
Obviously, the displacement of As atoms is smaller than that corresponding sandwich species are formed. (i) The vibrational
of P atoms. (iv) Among the six belt W atoms near the central frequency of As-O bonds overlaps that of WO, bonds. (iv)
CwOss group, two W atoms move 0.020.0274 Atoward the  The IR spectra for the WhsWao series are similar to each other.
CuOs plane and four W atoms move 0.0089.0176 A away UV Spectra. All of the UV spectra of the MAs;W3q series

from it. The deviations of the mean plane of the six belt W .
. have two absorption bands. The lower energy band at ca. 50 000
¢ 16—
atoms are less than those in the J¢4:0)x(P2W15Ose)2] cmtis attributed to the charge transfer of © W, and the

series where the corresponding data are 0-@B@47 and hi . :

; .o gher energy band at ca. 37 000 ©his attributed to that of
25%;?5%2%% Srrrf;“r\gﬁé;g ;ggt;?l\]/\r/iﬁusi?jtggosfl}ge l'g éh:n q (OJOp) — W, indicating their similar electronic structurés?3
3.180 A and a shortest diagonal of 3.305 Aliwhereas, with The UV spectrum ofl, as an example, is shown in Figure 7.
sides of 3.05 and 3.19 A, a shortest diagonal of 3.22 A in

[CUs(H20)2(PsW150s0)- 16~ These differences are due to the (42) ggg_ngog T.; Gatehouse, B. Nl. Chem. Sog¢Dalton Trans.1975

larger atomic radius of As (0.335 A) compared with that of P (43) Bi, L. H.: Peng, J.; Chen, Y. G.; Qu, L. Yolyhedron1994 13,
(0.17 A). 24212424,

CdAssW3o  white powder pale-yellow branch
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Table 7. Electronic Spectral Data for Ms,;W3o Containing 0.1 M (tHA)Br in Benzene [cm (e, M~-cm™1)]2

CwASsW3o NisAs;W3o CasAssW3o
H,0 11 765 (103) 14 388 (38) 18 939 (178), 18 282 (176), 17 953 (176)
13 003 (88) 14 065 (22) 18 315 (168), 17 007 (182)
pyridine 11 876 (100) 14 948 (29) 20 408 (151), 19 305 (148), 18 450 (146)
lactic acid 12 346 (107) 14 493 (32) 20 790 (160), 19 608 (158), 17 637 (161)
acetone 12 821 (97) 14 903 (35) 19 231 (170), 18 518 (154)
acetonitrile 12 019 (93) 14 225 (29) 20 833 (141), 20576 (142), 19 305 (145)
chloroform 11 990 (96) 14 451 (33) 19 194 (153), 18 282 (150), 17 036 (148)
phenol 12 077 (108) 14 706 (39) 20 408 (168), 18 382 (162), 17 361 (156)

a Extinction parameter in parentheses.

CV. The CV of MyAssW4owas determined in an HAeNaAc
buffer solution (pH= 4.0), and the data are listed in Table 3.
From Table 3 it can be seen that the redox reaction #3Nso
is three-step pseudoreversible. In comparisongtAes, W05~
anion is reduced in four step%446 The first three steps of
the reduction of W' — WV are reversible, while the fourth
step is pseudoreversible. When the trivacant anieAs,-
W150s6t2~ is formed, four-step reductions become two-step
reductions and all of them are pseudoreversible.

Electrocatalytic Reduction of NO,~. The electrochemical
behavior of ZnAs;W3o and its electrocatalytic reduction for
nitrite in an aqueous solution have also been studied. When

scan rates are changed, the reduction peak currents are ap-

proximately proportional to the square root of the scan rate up
to 500 m\¢s™1, which indicates that the electrode reaction of
ZnyAs;Wyg is diffusion-controlled”4° The direct electro-
reduction of NQ~ requires a large overpotentf&:52 Three
well-defined redox couples can be observed in solutions of pH
4.0 (Figure 8). By addition of N&, the cathodic current of
the third wave of ZwAs;W3o is enhanced remarkably, while
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Figure 10. Electronic spectra of Gés;Wso in an aqueous solution

(a) and in benzene (b), Gds,W3o—phenol in benzene (c), GASW3o—

acetone in benzene (d), @®:Wso—lactic acid in benzene (e), Go

AsW3o—pyridine in benzene (f), CéssWss—acetonitrile in benzene

(9), and CaAs,W3e—chloroform in benzene (h).

Replacement Reaction of the Coordinated Water Mol-

the corresponding anodic current nearly disappears. The resul€cules by Other Ligands in an Aqueous Solution.The

indicates that the Z#\s;W30 anion has a good electrocatalytic
activity for the NG~ reduction33-56

183V NMR. Figure 9 shows thé&#3W NMR spectrum ofl in
D,0. The structure ofl is also confirmed by it$83W NMR
spectrum. Eight'83W NMR resonances at-125.6, —146.1,
—157.5,—-162.4,—-167.7,—210.8,—216.1, and—217.0 ppm
were observed at room temperature (referenced tWWa).
Therefore, eight®W resonances and the dimeric molecular
formula require aC,, symmetry dimer structure as shown in
Figure 1 with the eight types of tungsten atoms labeled with
a, &, &, by, by, bs, c1, and ¢.°

TG-DSC. TG-DSC data show weight loss at 62TC

corresponding to the release of two coordinated water molecules

from the [Cu(H20)2(AsW150s6)2] 16~ anion.

(44) Pope, M. T.; Constantinous, E.IRorg. Chem 1967, 6, 1147-1152.

(45) Preyssler, CBull. Soc. ChimFr. 1970 137-138.

(46) Bourret, P.; Lecuire, J. M.; Gissingdr, M. Electrochim. Actd 972
17, 2353-2361.
(47) Toth, J. E.; Anson, F. Q. Electroanal. Cheml988 256, 361—370.
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experimental results show that, even in an aqueous solution,
many ligands can replace the coordinated water molecules in
the anions. When the replacement reactions take place, the
colors, states, and electronic spectra change noticeably. The
colors and states of the products isolated from the replacement
reactions in aqueous solutions compared with the colors and
states of the products isolated from aqueous solutions in which
only corresponding simple transition metal ions and ligands
present are listed in Table 4. In most cases, the two types of
products differ in their colors. Table 5 gives the data of
electronic spectra of the replacement reaction systems.

In the IR spectra of the products isolated from the replacement
reactions, in addition to the characteristic vibrational peaks of
the heteropolyanions(CN) andv(SCN) at ca. 2100 cni for
M4ASW3o-L1, 2 and for MyAs;Wse-Ls, v(C—N) at ca. 1040
cm! and 6(NHy) at ca. 1640 cm! for MsAs;W3o-L3 and
v(SG:?) at ca. 1120 cmt for MyAs;W3o-L4 Were observed,
indicating that the ligands had indeed participated in the
replacement reactiors®

Phase Transfer and the Loss of the Coordinated Water
Molecules.Aqueous solutions of the heteropolyanions contain-
ing transition metals usually display specific colors. After a
phase transfer followed by the loss of the coordinated water
molecules, the color of the solution changes to some e%tent.
Table 6 lists the colors of the solutions before and after the
loss of the coordinated water molecules.

Table 7 and Figure 10 present the electronic spectral data.
The electronic spectral data prove that the coordinated water
molecules of the heteropolyanions were lost upon phase transfer,
as either the position or the intensity of the peaks was noticeably
changed after undergoing a phase transfer process. In most cases,
addition of a selected organic ligand, such as pyridine, lactic
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Figure 11. Crystallographic morphologies of Ms,Ws3 isolated from benzene solutions: £28:W3o (2); MNAs;Wao (b); CasAssWag (C); Nig-
AsWso (d); ZnuAssWa (€); CASWao (f).

acid, acetone, acetonitrile, chloroform, or phenol, to the distortion than that in [C4H20)2(P2W150s6)5]16~. The devia-
dehydrated benzene solution restored the original spectrum. Wetions of the As and W atoms from their mean plane are smaller
therefore deduce that the spectral changes are due to the losi 1 than in [Cu(H20)2(P.W150s6)2]16~. These differences are
of the coordinated water molecules and the replacement by suchdue to the fact that the atomic radius of As is larger than the

organic ligandg:4-16 atomic radius of P. (3) In organic solvents, and even in aqueous
In the IR spectra of the sample of £As,W3g with pyridine solutions, selected ligands can replace the coordinated water to
or lactic acid, isolated from benzengN=C) at ca. 1650 cm form characteristic-color anions. (4) Crystallographic morphol-
or »(C=0) at ca. 1780 cm* appeared respectively in addition  ogies, formed from a benzene solution and observed under a
to the characteristic vibration peaks of thes8syWso anion, polarizing microscope, of hs;W3o containing tetraa-heptyl-
indicating that the replacement reaction of the coordinated water gmmonium bromide ((tHA)Br) were different, probably depend-
molecules by pyridine or lactic acid indeed took place. ing on the presence of different transition metal ions. We expect
Crystallographic Morphologies of the Heteropoly Com- to identify isostructural polyoxometalates by this method.

pounds. The crystallographic morphologies of the phase transfer However, further structural studies are needed, namely, the
products described in the Experimental Section were sum- crystal structures of the A¥/:50s6!2~ anion itself and the
marized in Table 6 and shown in Figure 11. Their different [\ ,(H,0),(As;W150s0)]16~ anion (e.g. M= zn", Mn'") in

morphologies are probably due to the presence of different \yhich no distortion is expected for the @ groups.
transition metal ions in the anions. We expect this observation

be useful to identify isostructural polyoxometalates. Acknowledgment. The support of National Natural Science
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Conclusions edged

The main points of the conclusions are as follows: (1) Six
new compounds in the series of l(\mzo)z(A52W15056)2]16_ Supporting Information Available: Listings of crystallographic
(M =cu', Mn", Cd', Ni"', zn", Cd') were synthesized for the  data, atomic coordinates agy/Beq anisotropic displacement param-
first time and characterized by all available physical methods. eters, and bond lengths and angles, structure drawings with fully labeled
(2) X-ray single-crystal analysis confirms the structure of the atomic numberlng, paqkmg d_|agrams, and crystallog_raphlc data in CIF
[Cua(H20)2(AsW10s¢) 2]16_ anion and shows that the structure format. This material is available free of charge via the Internet at
closely resembles that of the related jE1pO)2(P2W150s6)2] 16~ hitp://pubs.acs.org.
anion. The CyO14(H20), unitin 1 shows a smaller JakiTeller 1C990596V



