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The syntheses and charactetization of organmic salvent squb%e hew lefrg- - burylammonium salts of
[GeW 0 (Ru - OH;}]*~and [BW,,0,(Ru » OH,) J*~ ate reported. UV-Vis and IR spectra confirm that
the ruthenium cation has occupied the lacuna site of the precursor polyoxoanions, and the strucrure of these
substituted derivatives maintains the Keggin type. The sensitive changes in "W NMR. which caused by the
paramagnetism amdd nuclear quadiupolar moment of ruthenjum. are discussed in detail. The octahedral weak
feld coordination of the ruthenium cation. as indicated by EPR, is consistent with the dara from UV-wis spec-
tra. The substituted polyanions display two reversible one-electton redox waves in acetonitrile, which are as-
cribed o the W{ N — V) process of tungsten-oxo framework.

Keywords; rutheniium substituted heteropolytungstate 1By NMR

BCHE R, 15960618, sk A M. 1997-01-13,
HFXARAHEEEFHTRL.

» IERBE A
B-fEE . NEE. B0 W EERA B RS



http://www.cqvip.com

» 252 . Ok ¥ ¥ o EL13E

0 Introduction

Heteropoly complexes resemble discrete fragments of metal oxide structures of definite sizes and
shapes. They maintain their identities in agqueous and nonaqueous solutions as well as in ionic ctytals.
Many hetetopoly complexes which contain various combinations of J-transition metals at specific sites
have been synthesized. In recent yeats considerable attention has been ditected towards the chemistry
and potential applications of heteropolyanions. especially with respect to catalysis''). One particular ex-
citing development concerning the use of polyoxocanions of the Keggin type [ XW,,03M « (OH;) | is
the “surface™ M atom can be dehydrated and become coordinately unsaturated. The resulting anion
[ W, 0;sM]"~ is quite reactive and then consideted as an inorganic metalloporphyrin analogue. Neu-
mann and Abu-Gnim have demonstrated hydrocarbon oxidation starting with a polyoxotungstate hav-
ing the composition of [SiW,;05Ru + (OH.) J*~ and a verity of axidants'!. Rong and Pope have stud-
ied the redox properties and atom-transfer reactivity of the [PW,,05Ru » (OH;) |'~ anion®. Poly-
oxoanions which contain ruthenium element also bring additional interest for two reasons: because of
the activation of dioxygen by these metallopotphyrin and other complexes and because of the rich and
extensive multielectron redox chemistry displayed by tuthenium!*). Herein we report the synthesis, 1so-
lation and chatactetization of two tuthenium- substituted Keggin type complexes a- [ XW, O Ru -«
(OH:)]*~, whete X =Ge and B. These complexes have been characierized by elemental analysis.
IR, UV-vis, CV, EPR and "W NMR. Although these complexes are based on the well-known mono-
substituted Keggin anion, we ate in the process of exploring. some of these species in mote detail, with

emphasis on those that might be expected 1o display significant tedox and potential catalytic activity-

1 Experiment

1.1 Reagents

The lacunary salts of a-K;GeW 0y « 13H;0 and o-K,BW, 0y « 10H;0 were prepared accord-
ing to the literature!™ and identified by IR spectra. Analytical grade n-Bu,NBr. a-Bu,NCIO,, CHs;CN,
CDyCN and RuCl: » xH,O(Ru; 37. 0% ) from commercial source were used without further purifica-
tion.
1.2 Synthesis

1.2.1  a-tBuN);GeW ;Ru{OH, ) Oy

To a stirting solution of 3. 2 gt 1. 0 mmol) of a-K;GeW ;04 » 13H;0 in 20 mL of hot water was
added dropwise a solution of 0. 30 g RuCl; » xH,0 (1.1 mmal, 10 mL). The solution was maintained
at 90°C with stirring for about 30 min, then the suspension was cooled to about 50°C and filtered.,
leaving a brown product on the filter. Addition a solution of 2. 0 g (6. 2 mmol) »-Bu,NBr in 10 mL
water to the lukewarm filtrate with vigerous stirring provoked the immediate precipitation of a black
ruthenium substituted heteropolyrungstate salt. The yield was about 70% based on the lacunary

polyanion. Elemental analysis calculated (found); C;23.72%¢23.59); H. 4.50%(4.33); N,
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1 73%(1.65); Ge: 1.79%(1.83); W 49.95% (48.97): Ru: 2. 5043 (2. 60); H,0: 0. 44
€0.50). UV-vis{im,nm, CH.CN): 263(Ige~4); 465(1ge~2). "™W NMR (4 in ppm, CH,CN/
CD:CN), —39.6, —84.7. —89.5, —108.5.

1.2.2  a-(BuN):BW  Ru{OH:) 04

Since the relative instability of the BW,;,0% anion, the order of addition was inversed. To a hot
(90 C) solution of 0. 30 (1. 1 mmol) RuCly » xH;0 in 20 mL water was added in one time 3.2 g
(1.0 mmol) of a-K,BW,, 0y » 10H:O with vigorous stirring. For about 30 min the solation was
cocled to ca. 50 C and fltered off -the remaining soild {a mixture of paradodecatungstate which was
unavoidable impurity contained in the K,BW;, Oy salt, and a brown product). To the lukewarm fil-
trate was added 2. 0 g{6. 2 mmol)-»-Bu,NBr in 10 ml water with vigotons stirring, leaded to precipi-
tate a black salt of rutheninm substituted heteropolytungstate. The precipitate was filtered and washed
with water, then recrystallized from acetonitrile. The yield was about 609%; based on the lacunary
polyanion. Elemental analysis calculated (found}, C. 27.25%(27.18); H. 5. 16% (5. 02): N,
1.99%(1.91); B; 0.26% (0.28); W. 47.82% (47.66); Ru, 2.39% (2.45); H,0. 0. 43
(0. 50). UV-vis(lnenm, CH,CND ; 257 (1ge~4); 485(1ge~2). **W NMR {4 in ppm, CH,CN/
CD;CN), —52.1, —78.4, —89.2, —112. 3
1.3 Physical Measurements

The elemental analysis was performed on a Perkin-Elmer 240C Analyzer. The number of H,0
was identified by a LCT-2 thermogravimetric analyzer (Beijing Optical Instrument Factory ). Atomic
absorptions were obtained on a Jarrell-Ash Division Atomscan 2000 ICP Analyzer. UV-visible spectra
were Measured from 190 nm to 700 nm on a Shimadzu UV-240 spectrophotometer in acetonitrile solu-
tion using 1. 0 cm guartz cells. IR spectra were recorded on a TJ270-30 IR specirophotometer using
KBr pellets. Cyclic voltammetry were carried out by 0.5 mmol » 17! of sample in 0. 1 mmeol « 17!
#-Bu,NC]O, acetonitrile solution from 0. 5V to¢ — 1. 5V at room temperature on MF-1A Polentiostat
(Jiangsu Electroanalysis Instrument Factory) ., the working eletrode was glassy carbon and ail poten-
tials were measured relative to a silver chloride-coated silver wire reference electrode, the anxiliary
clecttode was Pt wire and the scan rate was 50 mV » 37! X band EPR spectra were registered on a
Bruker ER200D-SRC spectrometer at 100K and g-values were determined by calibration to DPPH. &
W NMR spectra were run on a Bruker MSL-300 NMR spectro-meter in CH,CN /CDyCN at 20 C, oper-
ating at 7. 05T (300. 13 MHz for proton), resonance fregquencies were 12. 51 MHz of "W with 10
mm tubes. Chemical shifts were given with respect to saturated Na, WO, in DO and the positive ¢hemi-

cal shift was referred to downfield.
2 Resuits and Discussion

For the commercial available “RuCl; » xH;0" is known to be a mixture of Ru" and Ru* complex-
es'™, therefore the separation of Ru*-and Ru" -substituted derivative is crucial to synthesis. The Ru*
cation is proved to form the oxo-bridge-dimer anion [O{Ru® Cl(a;-P;W 704, ) }, 1"®~ when the commer-

cial “RuCly » xH,0” solution Teacts with analogous lacunary precursor z-P,W ;05, in the similar con-
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dition as we Jdescribe  here''’; however, the Ru' cation forms monomer anion

“P.W:0uRu? (OH.) ]~ only™). The similarities of the lacunary precursor [P:W 0s |\+ 10— and

TGeW 0y % as well ag _BW0: ", lead us to presume that the analogous oxo- bridge-dimer of

Ru®-substituted detivatives also may exist in our synthesis process {the brown product on the filter,

see Experiment Section ), and the jon-charge of dimer polyanion is much higher than that of the rela-
tive monomer. Therefore, the temperature dependence of solubility curve of the mono-or dimer species

may be used w sepatate the Ru® -and Ru® -substituted derivatives. The ultimate goal of these syntheses
and chatacterization studies is to prepare pute XW 03\ Ru? + OH. )" as their organic selvent soluble
r-Bu,N~ salts. because most catalyss reactions are carried out in the urganic phase.

The UV-vis spectra of both ruthenium-substituted compounds are characterized by a strong absorp-
tion band at about 260 nm and a weak shoulder band at about 460~ 490 nm , respectively. {see Experi-
ment Section) The maximum at about 260 nm is attributed to the O—W charge-transfer band, almost
wdentical with that of the parental lacunary compounds, which infers the expected Keggin structure of
the substituted derivatives. The lower energy band at about 460~430 nm probably corresponds to a
L, ~'4, transition of Ru®™ and indicates an approximate octahedral weak field coordination of the
rutheninm cation in the pseudo-porphyrin environmentt's,

The infrared spectra of rutheninm-substituted derivatives are similar to those of the first row tran-
sition-metal-substituted homologues. Their spectra data in the X — 0O and W — O stretching regicn are
surmmarized in Table 1, along with those of a-[ BW ;04 |, a-[GeW ;04 '~ and a-[ GeW, 0y *~
anions as their Bu,N ™ salis. The similarity of the spectra of all 12-nucleate anions strongly indicates
that they have the same structure as o- [ GeW Oy |'” (Figure 1). The lacunary anions such as
[GeW, 05 " are known to have the same structure minus a WO*'™ group from one of the four W,0,:
units. Compare with the lacunary precursor. the whole structure becomes integral again after the va-

cancy is inserted by a transition metal cation. which caused the disappearance of v{W —0.—0) split-

nng.
Table | Infrared Data for Ge-and B-centered Heteropolyanions{em '}

compaund X0y ) VEW—0g) v OW o Oy — W W —Qe—0)
a-GeW 2050081 830Cws) 965(s) 895(ws) 780(vs)
a-GeW ) Oag 848 (ws) B580s% 8841vs) 79B(s), T16(s)
a-GeW Oy R 8321ws) 964rs) BB6{vs) T86(vs)
a-BW,a0,,f4] 9061 s) 95015} - B17(vs)
a-BW,Qy,Ru 900¢5) 94815) - 826(ws)

The **W NMR results also confirm the incorparation of the ruthensum atom in the polyoxoanions
by refilling the lacuna. (Figure 2) Since the mong-substituted o-Keggin derivative displays the antici-
pated ", structure, therefore six possible reschances would be expected in the W NMR specirum. We
note that only four of the six posible lines appear in the ‘**W NMR specira of these Tuthenium-substitut-
ed derivatives, and the relative intensity of the lines for tungsten nuclei does not ceincide with the num-
ber of the tungsten atoms. The substitution of ruthenium atom is responsible for the changes of 'MW

NMR spectra. The signals from the four tungsten nuclei in sites adjacent to the ruthenium atom are not
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observed. presumably owing to their sighals
having been breoadened into nonobservation. Both
the patamagnetic Ru’* cation and the nuclear
guadrupolar moment of **Ru, '""Ru can provide a
strong mechanism for the rapid relaxation of the
LBIW nuclei closest to the substituted Ru atom-*+*J.
As a result of short relaxation time, the lines for
those W' s should became broad and eventually
could not be observed; furthermore, they should
be highly deshielded, since the d-zlectrons of Ru®*
delocalize partially into vacant d-orbitals of the ad-

jacent tungsten atoms'!, which cause an increase

in electronic anisotropy of W's near the substituted

site and produce a counterbalancing downfield

R Fig. | Structure of o- XW,; 0,"" (Keggin structure ) .
shift for the resonances of those tungstensm. On Each vertex of a polyhedron locates the center of
the other hand. relaxation time of the other tung- a close-packed O atom. The X atom 1s located at
the interjor {hatched) tetrahedra. Every actahe-

dron contamns 2 W atom. There are four kinds of

sten nuclei which are not directly adjacent to the

i i i ! be short-
ruthenium atom in polyvanion also would oXygen atom in this structure, which are labeled

ened 1o some extent consequently ., based on the dis- with O,y On, O, O, respectively. The a-XW,,
Qu"~ has a structure identical with that illustrated
except that one W atom (labeled “v" in the fig-
ure) and 1ts unshated O atom have been removed
fore also partial broadened while the relative inten- from the threefald WOy, cap on the top of the

sities of lines should decrease as a result of shoft- complex. The structurzlly unmque W in [1-
tungsto derivarives 1s labeled “u"” in the figure.

tance between these tungsten nuclei and substituted

ruthenium atom. The resonance signals are there-

ened relaxation time. Unfortunately, our hope 1o Each member of a pair of structurally equivalent
solve the number of tungsten nuclei just by study- W's in the | [-tungsto derivatives 1s designated by
ing the relative intensities of lines in ‘W NMR 2 given letter, identical for those two W's.
pattern is vanished. since it is difficult to obtain the accurate relaxation time for each kind of tungsten
nuclei in polyanion. Further discussion of the '"*W NMR line broadening and chemical shifis, al-
though tempting ,is not warranted because the assignments of tungsten signals in the paramagnetic
species would have to be very speculative“"]. Finally, our observation is consistent with Rong and
Pope's phenomenon in "*W NMR of [ PW, O (Ru « OH,) ]+

The EPR spectra of both ruthenium-substituted derivatives in acetonitrile selution show a peak at
g.=2.04 and a minum at g. =1, 83, which is typical of a ruthenium( T ) octahedral metal center co-
ordinated by oxo or agua ligand with a low-spin d° elecironic configuration. and this observation is sim-

ilat to the value repotted for [[SiW,,05Ru(0OH;)] in dichloromethane solutiont®],
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D —Tao — 20D —400 —500
Fig. 2 '"™W NMR spectra of ruthenium-substituted derivatives
L]
(a} &-GeW, ,05Ru(0H,;) (b)a-BW,,0yRu [OH:)
Table 2 Cyclic Voltammogram Data of Ruthenium-substituted Derivatives
compound Em(V) Fpe (V) JE(mVY) Bl foc/lom =
[BW ;04 ]~ —0. 97 —1.05 80+2 —1.01 -
—1. 46 —1.58 120+2 —1.52 —
[BW, 05Ru ]~ —1.13 —1.25 12042 —1.19 1.04+0. 04
—1.8D —1.68 9042 —1.65 0. 9840 04 *
[Gew 2014~ —0. 48 —0. 64 16D+2 —0.56
—0. 59 —1.15 160+ 2 1.47
MGeW O Ru 5 —0. 66 —0.74 80+2 —0.70 1.02+0. 04 .-
—1.10 —1.18 80t2 —1.14 0.584+0. 04

Cyclic voltammogram data of ruthenium-substituted derivatives are summerized in Table 2. The

[GeW,,0:(Ru « OH;) ]°~ anion shows two well-defined one-electron reversible waves with mid-point

potentials {(£:,) equal to —0. 70V and — 1. 14V respectively; where Brn={(Ex+E.) /2, while E_.

and &, are the cathodic and anodic peak potentials. These waves correspond to the reduction and reoxi-
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dation of the tungsten-oxo cage. which parallel the W( Vl— V ) processes in [ XW ;04 "~ anions.

Each peak current depends oh the square root of the scan rate (20~ 100 mV/s), indicating that the
electrode process is diffusion-iimiting. Coutometric studies show that each reduction wave corresponds
to an one-electron transfer. The K, and £, values are independent of the scan rate, and the separation
of the peak potential for each redox couple remains constant throughout at 8042 mV, indicating the
reversible nature of each wave. In a similar manner, [BW;; 0% (Ru » OH.) ]~ also exhibits two re-
versible cne-electron redox waves. We note that the reduction or oxidation of Ru( I ) in the substitut-
ed polyanions is not observed in the cyclic voltammoegram, presumably owning to the absence of pro-

ton in acetonitrile solution since the Ru®’™ redox potential is pH dependent in agueocus setutiont™,
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