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SYNTH. REACT. INORG. MET.-ORG. CHEM., 29(6), 951-965 (1999) 

NEW ORGANOTIN AND ORGANOSILICON DERIVATIVES OF PIAslSblBi- 
POLY OXOTUNGSTATES 

Mariana Rusu, Adrian R. Tomqa, Dan Rusu and Ionel Haiduc* 

Chemistry Drpartment, "Uahe.y-Bolyai" (Iniversity, RO-3400 Uuj-Napoca, Romania 

ABSTRACT 

Mono- or bis(organoe1ement)-substituted Keggin molybdotungstophosphates 

K4[C6HSSnPMo2W9039].14H20. K4[C4H9SnPMo2W90~9].14H20, K,[(CzH3Si)2 

PM~W904(1].17H20, tris(organoe1ement)-substituted Keggin tungstophosphates and 

tungstoarsenates C S ~ ~ [ ( C ~ H ~ S ~ O H ) ~ ( P W ~ O ~ ~ ) ~ ] . I ~ H ~ ~ .  K I I H [ ( C ~ H $ ~ O H ) ~ ( P W ~ O M ) ~ ]  

.1 4H20. Cs12[(C4H9SnOH)3(AsW90~3)2]~43H20, Cs12[(C2H~SiOH)3(AsW90~~)21 

. l  2H20. and mono- or bis(organoe1ement)-substituted pseudo-Keggin 

tungstoantimonates and tungstobismutates ~ ~ [ ( C ~ H ~ S ~ O H ) S ~ W I I O ~ ~ H ] . ~ ~ H ~ ~ ,  

K ~ [ ( C ~ H ~ S ~ ) ~ S ~ W I  1039H]. 1 6H20, K4[(C4H9SnOH)BiWI 1018H]. 10H2O) and 

K2[(C2H3Si)2BiW110;9H]. 14H20, have been prepared by reaction of organoelernent 

trichlorides with [PMozW9039]'-, [PW9034]9-, [HASW~O~~]",  [HSbW 11038]6-  and 

[HBiW 1 , 0 3 ~ ] ~ - ,  respectively. The products were characterized by elemental and thermal 

analyses, UV, IR and 'H. I3C, "P NMR spectroscopy The results of these studies 

suggest that the compounds obtained from Keggin trilacunary anions are 2:3 sandwich- 

type complexes, and those obtained from monolacunary Keggin anions are I :  I open- 

type complexes. 

95 1 

Copyrighi 0 1999 by Marcel Dekker. Inc. www dehker corn 
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952 RUSU ET AL. 

1NTRODUCTION 

Polyoxometallates are typical examples of supramolecular inorganic 

compounds. Their versatility for applications in environmentally benign catalytic 

processes. in medicine and in many other fields. stimulates the continuous interest of 

many laboratories i n  their study and sustained activity was observed in recent years. 

Currently, areas of particular interest are the biological activity exhibited by 

polyoxometallates and potential chemotherapy involving such species. as well as their 

versatility as catalysts In each of these fields it is desirable to modifL the polyoxoanion 

surface in order to develop specific anion-substrate recognition. and, in the area of 

possible chemotherapy, to achieve membrane permeability. The derivatives of 

polyoxometallates with organometallic fragments*" seem to be promising from this 

point of view. 

Among the great diversity of polyoxometallate structures. the so-called cube- 

octahedral XW12OJ;- (X = B, Si, Ge, P. As. Sb. Bi) Keggin-type is the best known* 

and by derivatization can give rise to "lacunary" anions of various compositions in 

which one or more octahedral units of the parent anion were lost. Examples are the 

monolacunary XWI 1 0 3 9 " .  and trilacunary XW,O;,"' anions. The structural vacancies of 

these anions can be filled with a broad variety of heteroatoms resulting in the formation 

of novel types. Organometallic fragments can serve for ths  purpose. 

The reaction of Keggin and pseudo-Keggin type polyoxometallates with 

organometallic chlorides REC1, (E = Sn, R = Bu, Ph and E = Si, K = vinyl) in 

aqueous media leads to complexes of the type [[PIERI"~ where IPI are  

[PMo,W,O,,I'~ (PI), a-A-[PW,O,]'~ (P'), a-B-[HAsWg0,18~ (P') (a-XM,, is the a- 

isomer of the Keggm anion; the A-XM, lacunary structure corresponds to loss of a 

corner-shared group of [MO,) octahedra; the B-XM, lacunary structure 

corresponds to loss of an edge-shared group. Note that  in the B-type anion, in 

contrast to the A-XM, type anion, the central tetrahedrally coordinated 

heteroatom has an unshared terminal oxygen atom', [HSbW,,O,,l" (P'f, and 

[HBiW,,O,]fi (P). Elemental analyses, thermal analyses, IR, UV and 'H, I3C, 3'P 

NMR spectra were used to characterise the new compounds. 
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ORGANOTIN POLYOXOTUNGSTATES 953 

RESULTS AND DISCUSSION 

Monolacunary Keggin and pseudo-Keggin polyoxometallate anions and 

organotin trichlorides react in 1 : 1 molar ratio and with organotrichlorosilanes in 1 :2 

ratio, while the trilacunary Keggin polyoxometallate anions react with organotin and 

organosilicon trichlorides in 2:3 molar ratio conform to the following equations: 

Pp + nREC13 + [(RE),(0),P]'p'"'3k + 3nCI- 

P = PI.  p4. P'. E = Si; R = vinyl; n = 2; x = I 

P = PI, P4, P'; E = Sn, R = Bu. Ph; n = I ;  x = 0 

2Pp + 3RECI3 + 3H20 + [(REOH)3(P)2]""' + 3HCI + 6Cl 

P = P', P3; E = Si; R = vinyl. 

P = Pz. P'; E =  Sn; R = Bu. Ph 

The stoichiometric amounts of solid polyoxometallate were added to the 

aquoues solution of organometallic compounds under vigorous stirring for obtaining 

compounds ( I ) .  ( 2). (3), (S), (9). (10) and (11). The compounds (4), (5).  ( 6 )  and (7)  

were synthesized in an "one-pot reaction" from commercially available reagents 

The following compounds were obtained: 

K~[C~H~SIIE'MO~W~O-(~]. 14H20 (l) ,  

K4[ CSI~SIIPMO~W~O~~]  14H2O (2), 

K ~ [ ( C ~ H ~ S ~ ~ P M ~ W ~ O W ] .  I 7H20 (3), 

Cslr[ (CJH6nOH)3(PW903J)7]. 1 9Hz0 (4), 

KI IH[(C:H3SiOH)3(PW9034)2]. I 4H20 ( S ) ,  

C~I~[(C.JHYS~OH)~(ASW~O~;)~].~~H~~ ( 6 ) ,  

C S I ~ [ ( C L H ; S ~ O H ) ~ ( A S W ~ ~ ~ ~ ) ~ ~ .  1 2H20 (7), 

K4[(C4H~SnOH)SbWIIOIsH]. 12H20 (S), 

K ~ [ ( C ~ H ~ S ~ ) ~ S ~ W I ~ O ~ Y H ] .  I 6H20 ( 9 ) ,  

K4[(C4H~SnOH)BiW~~O~~H].  10H20) (lo),  

K ~ [ ( C ~ H . I S ~ ) ~ B ~ W ~ I O - ( ~ H ] .  141120 ( I  1) 
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954 RUSU ET AL. 

The organometallic derivatives were separated as cesium and potassium salts 

The compositions of the new compounds was establised on the basis of 

chemical and thermal analyses and is in agreement with the suggested formulae (see 

EXPERIMENTAL). 

Thermogravimetric curves were recorded for all of the new polyoxometallates 

prepared. The first important process is the weight loss accompanied by an endothermal 

effect at temperatures in the range 40-240” C .  This corresponds to the elimination of 

water molecules, with the loss of lattice water and the loss of structural water, without 

the possibility to evaluate in a quantitative way their individual contribution. Therefore, 

the weight loss noticed in this part of the curves was used to calculate the total water 

content. 

The next important process observed at 200-350” C is related to changes in the 

polyanionic architecture, as reported for other representatives of this class of 

compounds. Above 380” C in all cases, after the combustion of the organic 

components, the inorganic residue exhibits some minor exothermal effect probably due 

to a polymorphic transformation 

All of the prepared compounds present characteristic IR spectral bands for the 

polyoxometallates’” in the range 700- 1000 cm-’. These bands are shifted by comparison 

with lacunary polyoxometallates because of the structural changes caused by the 

coordination of the organometallic fragments (see Fig. 1 .) Also. new bands assigned to 

the vibrations of C-E-0 and E-0-E bonds (E = Sn. Si) can be observed 

The chemical individuality of the newly-formed species is supported by UV 

spectra in solutions containing both the ligands and the complexes. Thus LJV-electronic 

spectra exibit two characteristic bands at -46.000 cm-’ and -38.000 cm-I. 

respectively”.12 (see Fig. 2). In both “sandwich” and “open” polyoxometallates these 

bands are shifted by comparison with the ligand bands, but in the first case the shift is to 

lower frequencies, while in the second case the shift is to higher Frequencies. 

NMR spectra were recorded only in the case of (n-Bu)tin derivatives of 

[PMO~W~OB]’-. c(-A-[PW~OM]~-, and a-B-[HAsW903;]” because of the low solubily of 
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ORGANOTIN POLYOXOTUNGSTATES 
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Fig. 1. IR Spectra of Compounds (1)-(11) Compared with those of the Ligands (I”)-(@). 
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956 RUSU ET AL 

v cm-' 

Fig. 2. UV Spectra of Compounds (1)-(11) Compared with those of the Ligands (P')-(P5). 
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ORGANOHN POLYOXOTUNGSTATES 957 

the other derivatives. The ’H NMR and “C NMR spectra show four signals typical for 

the butyl group but these signals are shifted relative to n-BuSnCl3 (see Tables I and 11.). 

The “P NMR spectra may be explained in terms of changes in electron density 

surrounding the phosphorus atom. The oxygen atoms of the central PO4 tetrahedron 

may be assumed to have the highest influence on this electron density The occurrence 

of a vacancy leads to a weakening of the P-0 bond, as shown by the change of mean 

v(P0) frequencies, and induces a decrease of the 6 value. 

The 7’P Nh4R spectrum of K4[C4H9SnPMqW9039].14H20 shows two peaks 

(6 = 9.67 ppm and 6 = 10.65 ppm) suggesting the presence of two isomers. The ”P 

Nh4R spectrum of CS~~[(C~H~S~OH)~(PW~O~~)~]. 19H20 shows one signal upfield 

relativ to the free ligands (From 6 = -9 45 to 6 = - 10.11) 

The proposed structures for monolacunary Keggin polyoxometallates with 

organoelement frameworks are “open”-type. The structures of the anions ( I ) ,  (2) and (3) 

are based on the well-known monolacunary Keggin anion [XMllO.c9IP with one of the 

“cap” W04* group replaced by (SnR)’* or { (RSi)20)4’ groups (Fig. 3).  

The proposed structures for the trilacunary Keggin polyoxometallates with 

organoelement frameworks are “sandwich”-type. In the structures of (4), (5 ) .  ( 6 )  and (7) 

anions the tin or silicon atoms act as the filling in a two X W 9  sandwich (Fig. 4). 

Because the structure of XWIIO:J-?- (X = Sb. Bi) polyoxometallates are not 

yet known we can’t suggest the structures of these complexeses with organoelements, 

but, in many respects these anions resemble lacunary Keggin species” 

EXPERIMENTAL 

The polyoxometallates K ~ [ P M o ~ W ~ O ~ ~ ] .  l3Hz0, NG[SbW, 1038H].  1 4H20 and 

Na,j[BiW, 1038H]. 14H20, were prepared according to literature data’‘.” and were 

identified by infrared spectroscopy Organotin chlorides. organotrichlorosilanes. 

Na2WO4.2H2O. NaHP04.7H20 and As203 were commercial samples (Aldrich). 

Thermal analyses were performed using a Paulik-Erdely OD- I02 system 

derivatograph. UV spectra were recorded on a SPECORD UV/VIS-75 in aqueous 
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RUSU ET AL. 958 

BuSnCI; 

33 s4 

26 93 

25 74 

13 44 

Table I. 'H N M R Chemical Shifts (ppm) of KJ3uSnPMqW9039]-14H20 (2), 

Cs12[(BuSnOH)3(PW~0~)~~.19H~0 (4), C~IZI(BUS~OH)J(ASW~O~J~~.~~H~O 

(6).  

(2) (4) (6)  

30 09 32 07 

27 38 27 80 

2s 47 26 2s 

13 34 13 48 

Table n "C NMR Chemical Shifts (ppm) of &[BuSnPMqW90~9].14H20 (2). 

Cs12[(B~SnOH)~(PW9034)~~.lgHZ0 (4), Cs12[(BuSnOH)3(AsW9033h]-43H20 

(6).  

solution. IR spectra using a SPECORD IR-75 spectrophotometer on KBr pellets and 

multinuclear NMR spectra using a Varian Gemini 300 spectrophotometer Atomic 

absorption was used to  determine the composition of synthesized compounds (Cs, K. 

Mo, W, P. Si. Sn). The water content was determined o n  the basis ofthermal analysis 

The new polyoxometallate derivatives with organometallic fragments were 

prepared as described below. 
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ORGANOTIN POLYOXOTUNGSTATES 959 

a b 

Fig. 3. The Probable Structures of [RSnPMoZW9039I4- (a), [(RSihPMsW90,l3' (b) 

Fig. 4. The Probable Structure of [(REOH)3(P)21"p~L' (E = Sn, Si) Anions. 
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960 RUSU ET AL. 

To a solution of 0 2 mL ( 1  mmol) of C6H5SnCli in SO mL of water at room 

temperature was added sodium acetate to adjust the pH to 1.5 At this stage the 

solution is slightly turbid. Powdered K7[PMo2W9039]. I3H20 (3 g, I mmol) was added 

quickly to this solution under stirring. Within a few seconds most of the dimolybdo-9 

tungstophosphate had dissolved and the solution had clarified The final pH was 5 0. 

Traces of unreacted molybdotungstophosphate were filtered out after 10 min. 

Potassium chloride was added to the filtrate in small portions until no more 

precipitation was observed. The precipitate was collected on a fine glass frit. dried 

under water aspirator vacuum for 1 h, washed with saturated KCI solution and dried 

overnight under vacuum to give a yield of 1.79 g (62%). White crystals of this solid 

were obtained by the method of vapor diffusion with ethanol. 

Calcd. for CsH33K$vlo20s$W9Sn (M 3 106.6): K. 5.02; W. 53.28; Mo, 6.18; P, 0.99; 

Sn. 3.82; H2O. 8.18. Found: K. 5 20; W, 50.45; Mo, 589;  P. 0.68; Sn, 3.86; H20. 

8.02.%. 

Svnthesis of K41C4R9SnPMo2W90391~lqa20 (2) 

& [ C ~ H ~ S ~ P M O ~ W ~ O W ] .  14H20 was prepared analogously to (1) using n- 

C4H9SnCl3 instead of C6H5SnC13 and the same quantities of the other reactants. Yield. 

1.9 g (62%). Calcd. for CsH3&MozOs5PW9Sn (M 3086.6): K. 5.06; W, 53.63; Mo. 6 22. 

P, 1.00; Sn, 3.25; H2O. 8.23. Found. K. 5.15;  W, 51.10; Mo. 6.02; P. 0.89; Sn. 3.90; H2O. 

8.10 ?Lo 

Svnthesis of KJI(C2H~SihPMo~W90~1.17Hz0 (3) 

KI[(C~H$~)ZPMOIW~ON]. 1 7H20 was obtained analogously to (1) using the sanie 

quantities as above except vinyltriclllorosilane (0.3 mL; 0 2 mmol) instead of C6HSSnCl3 

Yield, I 86 g (61%). Calcd. for C&X3M020$W9Si2 (M 305 1.9): K. 4 27: W. 60 28. 
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ORGANOTIN POLYOXOTUNGSTATES 96 1 

Mo. 6 99, P. 1 13, SI. 2 04. H20. I 1  IS Found K. 4 40. W. 58 26, Mo, 6 80. P, 1 06, Si, 

I 98, H20. I 1  oo yo 

To a solution of 1.04 g (2.5 mmol) Na2HP04-7H20 in 10 mL of water at 60-70 

"C was added I S  g (45.5 rnmol) Na2W04.2H20 in SO mL of water and 5 mL conc. HCI 

under stirring at this temperature for 15 min. Then I 5 mL (7.6 mmol) C4HPSnCI3 was 

added quickly to this solution under stirring. The final pH was adjusted to S with conc. 

HCI. The traces of unreacted tungstophosphate were filtered after 10 min Finely 

powdered CsCl was added to the filtrate until no more precipitation was observed. The 

precipitate was collected on a fine glass frit, dried under water aspirator vacuum for 2 

hours, washed with saturated CsCl solution and dried overnight under vacuum to give a 

yield of 12.7 g (72%). Recrystallization from warm water gave white 

rnicrocrystals.Yield, 10.2 g.(s7%). Calcd. for Cl2H6sCsl2OWP2W1~Sn~ ( M 6974 8): P, 

0 89; Sn, S. l  I ;  Cs. 22 87. W, 47.45; H20. 4.90. Found: P. 0.67; Sn, 5.24. Cs. 22 90; W, 

46 97; H20, 5.00 Yo. 

KIIH[(C~H~SiOH)3(PWyO~~)2]~ 14H:O was prepared analogously using the 

same quantities as above except vinyltrichlorosilane (0.96 mL, 7 6 rnrnol). It was 

precipitated by adding KCI instead of CsCl because this compound was less soluble 

than the butyltin analog. Yield. 9.34 g (69%) Calcd. for C~KlKI IOXrP2WIXSi3  (M 

5358.5). Si, 1.57; P. I. 16; K. 8 00; W. 61.79. 1 4 ~ 0 .  4 77 Found: Si. 1 47. P. I 07: K. 

8.33; W, 62.52; H2O. S 00 9 4 .  

To a solution of 0.5 g (2.5 mmol) As203 in 10 mL of water and S mL conc. HCI 

was added 15 g (45.5 mrnol) Na*WO4.2H20 in SO mL of water warmed at 60-70 "C. 
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962 RUSU ET AL. 

under stirring at this temperature for 30 min. Then 1.5 mL (7.6 mmol) CdH9SnCI7 was 

added quickly to this solution with stirring The final pH was adjusted to 5 with conc. 

HCI. Traces of unreacted tungstoarsenate were filtered after 10 min Finely powdered 

CsCl was added to the filtrate until no more precipitation was observed The precipitate 

was collected on a fine glass frit. dried under a water aspirator vacuum for 2 h. washed 

with saturated CsCl solution and dried overnight under vacuum. to give a yield of 

13.38 g (71%).Calcd. for C I ~ H X ~ C S ~ ~ O ~ ~ ~ A S ~ W ~ ~ S ~ ~  (M 7463.1): As. 2.01; Sn. 4 77; 

Cs. 21.37. W. 44.34; H20. 10.37 Found: As. 198; Sn, 4.94; Cs, 21.15; W. 44.08, 

H20, 10.5 Yo 

C S , ~ [ ( C ~ H ~ S ~ O H ) ~ ( A S W ~ ~ ~ ~ ) ~ ] .  12H20 was prepared analogously using the 

same quantities as above except vinyltrichlorosilane, (0.96 mL. 7.6 mmol). It was 

precipitated by adding CsCI. Yield, 11.96 g (73%) Calcd. for C ~ H ~ ~ C S I ~ O X ~ A S ~ W , ~ S ~ ~  

(M 6486.4): Si. 0.43; As. 2.31; Cs, 24 59; W. 51 02; H20, 3.33. Found: Si. 0.38, As, 

2.52; CS, 24.29; W, 50.98; HzO, 3 S 910 

Synthesis of K41(C4H9SnOH)SbWI I03sHI.12H20 (8) 

To a solution of 0 2 mL ( I  niinol) of C4H9SnCl; was added sodium acetate to 

adjust the pH to 1.5. At this stage the solution is slightly turbid. Powdered 

N ~ [ S b W 1 1 0 2 8 H ] ~ 1 4 H 2 0  (3.1 g. I mmol) was added quickly to this solution under 

stirring Within a few seconds most of the tungstoantimonate had dissolved and the 

solution became clear The final pH was S 0. Traces of unreacted tungstoantirnonate 

were filtered out after 10 min. KCI was added to the filtrate in small portions until no  

more precipitation was observed. The precipitate was collected on a fine glass frit. 

dried under water aspirator vacuum for I h. washed with saturated KCI solution and 

dried overnight under vacuum, to give a yield of 2.2 g (65 YO) Long. needle-like yellow 

crystals of this solid were obtained by the method of vapor diffusion with ethanol; yield. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ita
et

sb
ib

lio
th

ek
 G

ie
ss

en
] 

at
 0

2:
16

 0
1 

N
ov

em
be

r 
20

14
 



ORGANOTM POLYOXOTUNGSTATES 963 

1 8 g (53 YO) Calcd for C4H~&0~1SbWIISn (M 3302 5) K. 4 74, Sn. 3 59, Sb, 3 69, 

W, 61 24, H20.6 05 Found K, 4 54. Sn, 3 75, Sb. 3 50. W. 61 07. H20. 6 75 Yo 

Svnthesis of K21~C2H13Si~~SbW11039H1~16H20 (9) 

K2[(C2H3Si)ZSbW11039H]. 16H20 was prepared analogously using the same 

quantities as above except vinyltrichlorosilane. C2H3SiCI; (0.3 mL; 2 mmol) It was 

precipitated by adding KCI Yield, 1.98 g (60%). Calcd for C J H T ~ K ~ O ~ ~ S ~ W ~ ~ S ~  (M 

3245 8): Si, 1.73; K. 2.41; Sb. 3.75; W. 62.31: HLO. 8 87 Found. Si. 1.67. K. 2 52; Sb. 

3.65; W, 62.14; H20, 9.00 Yo. 

Synthesis of ~1~C~HsSnOH~BiWI~O~sH1~10H20 (10) 

To a solution of 0.2 mL (1  mmol) of C4H9SnC13 was added sodium acetate to 

adjust the pH to 1.5. At this stage the solution is slightly turbid. Powdered 

N&[BiWllO3gH].14HJl (3.1 g; I mmol) was added quickly to this solution under 

stirring. Within a few seconds most of the tungstobismutate had dissolved and the 

solution became clear. The final pH was 5.0. Traces of unreacted tungstobismutate 

were filtered out after 10 min. KCI was added to the filtrate in small portions until no 

more precipitation was observed The precipitate was collected on a fine glass frit, 

dried under water aspirator vacuum for 1 h. washed with saturated KCI solution and 

dried overnight under vacuum to give a yield of 2.27 8 (68%). A white powder of this 

solid was obtained by the method of vapor difision with ethanol; yield. 1.9 g(S9 YO). 

Calcd. for C4H31K4049BiWllSn (M 3369 7): K. 4 64. Sn. 3 52; W, 60 02; Bi. 6 20: 

HzO, S 34 Found: K. 4 64: Sn. 3.52; W. 60.02; Bi. 6.20. HzO. S 34 YO 

K z [ ( C ~ H ~ S ~ ) ~ B ~ W I I O ~ ~ H ] .  14H20 was prepared analogously to (10) using the 

same quantities as above except vinyltrichlorosilane ( 0 3  mL<, 2 mmol), instead of 
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C.&SnCl It was precipitated by adding KCI Yield. 2 g (62%) Calcd for 

C ~ H ~ S K ~ O ~ ; R I W I I S I ~  (M 3296 9) SI. I 70. K. 2 36. W. 61 37. BI. 6 34. H20 7 64 

Found SI, 1 56. K. 2 48. W, 61 05, Bi. 6 04. H20. 7 64 ?h 

ACKNOWLEDGEMENT 

This work was performed under Grant No 6010/1996 from the National 

Council of Academic Research. which is gratehlly acknowledged. We also thank Dr. 

Cristian Silvestru for recording the NMR spectra 

REFERENCES 

1. A. MiiUer. H. Reuter and S Dillinger. Angew Chem., 107. 2505 (1995): Angew Chem. 
Int. Ed. Engl.. 34.2328 (1995). 

2. F. Xin and M. Pope. Organometallics. 13,4881 (1994). 

3. F Xin and M. Pope. Inorg. Chern., 3. 1207 (1996) 

4. B.H. Rapko. M. Pohl and R. Finke. Inorg. Chem.. 33. 3625 (1994) 

5. A. Mazeaud, N. Ammari. F. Robert and R Thouvenot. Angew Chem Int Ed. 
Engl., 5. 1961 (1996) 

6. M. PoN, I. Lin. T. Weakley, K. Nomiya. M. Kaneko, H. Weiner. and R Finke. Inorg. 
Chem.. j4. 767 (199.5). 

7 F Xm and M Pope, Inorg Chem ,s. 5693 ( 1  996) 

8 M Pope and A Muller, Angew Chem, 103. 56 (1991). Angew Chein Int Ed Engl . 
- 30,34(1991) 

9. A. MuUer. F Peters. M. T. Pope and D. Gatteschi. Chem. Rev.. 98.253 (1998) 

10. N. Colthup. L Daly and S. Wiberley. “Introduction to lnfiared and Raman 
Spectroscopy’‘. Acadeinic Press. New York and London (1 964) 

I I .  G. Varga. E. Papaconstantinou and M Pope, Inorg Chem.. 2,662 (1970) 

12. E. Papaconstantinou and M. Pope, Inorg.Chem.. 9. 667 (1970). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ita
et

sb
ib

lio
th

ek
 G

ie
ss

en
] 

at
 0

2:
16

 0
1 

N
ov

em
be

r 
20

14
 



ORGANOTM POLYOXOTUNGSTATES 965 

13. M. T. Pope, “Heteropoly and Isopoly Oxometalates”. Springer-Verlag, Berlin 
Heidelberg New York Tokyo (1983). p 87. 

I4 R Contant, J Fruchart. G Herve and A Teze. C r hebd Seanc Acad Sci Paris, C 
278, 199 (1974) 

IS J Massart. R Contant. J Fruchart. J Ciabrini and M Fourier. Inorg C‘hem .B. 2916 
( 1977) 

Received: 12 February 1998 Accepted 7 January 1999 
Referee I :  L. Francesconi Referee 11: H. T. Evans, Jr. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ita
et

sb
ib

lio
th

ek
 G

ie
ss

en
] 

at
 0

2:
16

 0
1 

N
ov

em
be

r 
20

14
 




