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Sulfur—capped Triangular Tungsten (IV) Aqua lon, W303S** and
X—ray Structure of K:[Ws03S(N (CH2CO:H) (CH2CO2)2)3] - 9H:0

Much attention has been paid to the incomplete cubane - type Mo (IV)
aqua ion with an oxygen bridge, MosO04**(1]). Recently, a series of
aqua ion*t with sulphur bridge (s), Mo3O4-,S,** (m=1—4), have been
obtained and characterized (2—12), and the core structures have been
elucidated by X-ray structure analyses of compounds derived from
them. Corresponding tungsten (IV) aqua ions, W3O04 -, Sp*" (n=0 2, 3, 4),
have also been prepared and characterized(13—17 ). However, the aqua
ion, W303S**, has not yet been characterized, though the preparation
and structure of (W303S (NCS), J° having a sulfur- capped Ws03S core
have been reported (18 ).

A new triangular tungsten (IV) aqua ion, W3Q03S** (1), has been
prepared by the reaction of (NH,), WS, (19) with Ks(W:Cle J(20) in 3
M HCIl. After the reaction mixture was heated, Sephadex G-15 column
chromatography (1 M HC1) was applied to the solution. The orange —
red solution (Apax =465 nm in 2 M HC1) was purified by use of a
Dowex 60W - X4 cation exchanger (2 M HPTS : p- toluenesulfonic acid).
The aqua ion 1is stable towards air oxidation. A derivative complex,
K,( W303S ( Hnta)s J - 9H,0 (2) was prepared from the aqua ion ( Hanta;
nitrilotriacetic acid). Anal. Found (Calc.) : K, 521 (5.43); N, 2.86 (2.91); C,
14.80 (15.02); H, 1.88 (2.73)%. Thiocyanato complex (W303S (NCS)s)®  can also
be easily prepared by the reaction of 1 with SCN'".

X -ray crystal structure analysis# of 2 revealed the existence of
a sulfur- capped trinuclear tungsten core, W; (u2-0)3 (u3-S). A perspec-
tive view of the complex anion 1is shown in Fig. 1 together with the

selected bond distances, the symmetry of C; being imposed. The core
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Fig. 1. Perspective view of [W303S(Hnta)3)?™ with selected
bond distances (A): W-W"', 2.596(2); W-S, 2.380(8); W-0,
1.947(16); W'-0, 1.951(16); W-01, 2.073(17); W-03,
2.118(17); W=N, 2.236(20).
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Fig. 2. Electronic spectra of tungsten(IV) aqua ions,
W304_,S,** (n=1—4), in 2 M HPTS and [W50,S-
(Hnta)3)®~ in water. —-—, W30358%; wo , W30,85%;
-_——— ‘V30534*; —_— W3S44+; - - [“’3035(}11‘113)3} -,

dimensions are not so different from those of [(W3;0;S (NCS) )5~ (W-W,
2.612(6) 5 W—S, 234(2);W—0, 1.98(2)A)(18) and from those of the corres-
ponding molybdenum complex, (Mo303S (Hnta)s)2" (Mo— Mo, 2.589 (6) 5 Mo —S,
2360 (7) 5 Mo— 0, 1917 (9) A )(2).

Electronic spectra of tungsten (IV) aqua ions, W3O, -,S,* (n=1, 2
3 4) and 2 are shown in Fig. 2. Peak positions of the absorption
spectra of tungsten aqua ions are listed in Table [ together with

those of the corresponding molybdenum aqua ions **.
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TABLE I. Absorption Maxima2 and Valuesb of Aqua Ions,
M3;O4-n,Sp*" (M=Mo or W; n=0—4), in HPTS in the
Visible RegionC€

M304 MsOaS MgOzSg MaOSg MsS4
M=Mo A max 505 512 572 588 602
189 153 202 263 351
Reference la 2 3 4 5
M=W Aax 455 457 506 535 557
375 361 380 407 446
Reference 13b this work 14 15 16d

anm. DbPMTlcm 'per trimer. CAll the sulphur-bridging clusters have

us -S. dPeak positions and values have been revised.

Substitution of w3 - S (forus -0O) induces little change in the peak
positions for both series, while the introduction of &, =S produces a

rather large red shift.

* Author to whom correspondence should be addressed.

tTThe term ‘aqua ion’  is used here for species in which bridging
sulfur and oxygen atom (s) exist and other ligands are only water.

#Crystal data : hexagonal system, space group Rg, va:17.347(9), c =
23532 (5) A, V=16130(5) A}, Z=6, Dp=235, D,=234g cm™3. Intensity data
were collected on an automated four-circle diffractometer by use of
graphitemonochromated Mo Ka radiation on the 260 50° range. The coor-
dinate of W was determined by means of MULTAN, and the remaining
non-hydrogen atoms were located from difference maps. The current R
value is 0.058 for 1622 reflections (Fy ) 6o (Fy)).

* Table I includes the only clusters whose core structures have

been determined by X-ray structure analyses ; cf. ref. 8.
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Tables of atomic coordinates, thermal parameters, and bond distan-

ces and angles are available from the author (T. S.) on request.
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+x Depth profiling and Stoichiometric
Changes due to High — Flux
Ion Bombardments x x
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JRFOART, ZOEHEETANVF K I TREE»SMRIHETEOBD Y, EEGHICETS
IALVE—DOLEXMVEDNS W OBRTHEENKHIN) sRsnz( 2), 3ok, AR
BA4 ML 5T, 2ERASOATMICHERRFO—HORFUBROCEHBE IS 5729 »
FE2HEL 585 (Stoichiometric change ) (3, 4) BdhHb, v

BEDBEROR S EES trigger LB 20OV BEARERITH T B BIRMWR v /2 Y L5 Thb, L
U, TOBRRIRAN &) T EAHAF L OBRMNYBEHROEEEY (I 27— F) L5 HE®
@ ) oaTEBETET, » 2y — FNCORTHHKOME (Radiation induced di-
ffusion) HEETHB EancTunsg (6)

R adiation induced diffusionid, BRI O +HENCEECTIMEEL LY > %, €L |
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B 5 TN 2K, KORIEEBEEmodelicky, XEWHIEWang modelick b, #i#l% 30
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EWVSDY, 2MHEORTREIERFL, ZES U IFBELERER2EL TBEL, 2 12RAICE2EH
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HHEBHEETHTHAI Db,

L L Tid Stoichiometric change »#@thd2icdtz 5T, “EHrORFOEHE+EFDIL
B EVS 227y TORBERZKEL, BHEOBMB@EEIC, Radiation induced diffusion
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T F I
(ACAT-DIFFUSE Program)
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CWTTDHZWINAREZTM S 2 2 VF - L EBBICGEUT, BES L IIERELET » B
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