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The photoinduced dissociation of a W—=CN bond in [W(CN)g]*~ in an agueous solution under ambient conditions,
in conjunction with the uptake of molecular oxygen, affords the W' mixed-ligand complex anion [W(CN);(%-0,)]*,
conveniently isolable as its [PPh,*] salt. Although research into the chemistry of cyanomolybdates and cyanotungstates
has been pursued with great interest and vigor over several decades, there is a paucity of structurally characterized
cyano—peroxo complexes of Mo and W. The side-on coordination mode of the peroxo moiety in [W(CN)(1%-02)]*~
has been ascertained with X-ray crystal structure determination [d(O—0) = 1.41 A; peroxo bite angle: 41.0°] and
corroborated with vibrational spectroscopy [»(0—-0) = 915 cm™1]. The complex ion exhibits trapezoidal tridecahedral
geometry and represents the new class of nine-coordinate complexes with one bidentate and seven monodentate
ligands. Cyclic voltammetry shows a reversible redox behavior of [W(CN)7(17%0,)]*~ in CH3CN with its standard
reduction potential equal to 1.130 V. Generally, interest in atmospheric oxygen derives from the versatility of this
molecule as a ligand and oxidant and extends to the physicochemical features it imparts to transition metals such
as copper and iron in biological oxygen carriers.

Introduction photolysis are tetracyanooxo- and pentacyanooxometalates;

Despite years of relentless research effort into the chem—the formation of each of these is dependent on the pH and

istry of cyanocomplexes of transition metals, there is still the concentration of the cyanide ions in the reaction mixture.

considerable interest in cyanomolybdates and cyanotungstateg he crystal structures of t_hese mixe_d-ligand complexes, as
I- well as those of the starting materials, [M(GN) (M =

in part because of their interesting properties and applicabi Mo. W), h b q - ad

ity, for instance, as high-temperature magnets and mi- ?’ h) avek een determin .h hesis of .

croporous or gas-storage materia@@ctacyanocomplexes of n this work, we report on the synthesis o (AR
[W(CN)-(2-0,)]-4H,0 effected by the irradiation of an

Mo(1V) and W(IV) are of particular interest because they / X
are thermodynamically stable and kinetically inert, charac- 2d9ueous solution of octacyanotungstate(IV) in the presence
of molecular oxygen and the [PRh ion. The binding of

teristics that make them amenable to studies of reaction lecul b s | | is of
mechanisms. These compounds are known to undergo Iigand—mo ecular oxygen Dby t'r ansition-metal complexes Is o
field photolysis, and the general mechanism for the photo- tremendous Importance |n.that the produpts act as reagents,
chemical reactions involves generation of hepta- or hexacy- catalysts, or key intermediates in selective oxidation reac-

anocomplexes as intermediateBhe final products of this tions. Moreover, small molecules that bind atmospheric
oxygen at the metal center can be treated as models for
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[PPhy]s[W(CN)7(O5)]-4H-0

peroxo liganc However, only a few of these compounds spectrometer operating at the X band. The solid samples were
were obtained by the direct incorporation of atmospheric examined inside the cavity modulated with a frequency of 100 kHz
dioxygen; the majority were synthesized usingas the at—196°C and at room temperature. Cyclic voltammetry measure-
source of the peroxo ligand. The precursor capable of binding Ments were carried outin GBN and CHCI, with [(CaHo)aN]PFs
0,(g) was either MY metallooxoporphyrin [MO(por)] (0.1 M) as the supporting electrolyte using Pt working and counting

h - hvri . | bsti d h and Ag/AgCl reference electrodes on a model EA9 electrochemical
(W ere Hpor = porphyrin or variously substituted porphy- analyzer. The redox potentials were reported versus ferrocene, which
rin)® or an oxocyanometalate(lV), [M(CN),O(L)]>"3~

- L _ was used as an internal potential standard for measurements in
(where M= Mo, W; L = pyrazine, pyridine, or cyanidé)!° organic solvents to avoid the influence of the liquid junction

The strong affinity of these precursors for dioxygen was potential.Ey, values were calculated from the average anodic and
revealed in the solid state and in organic solvents. The cathodic peak potential&;, = 0.5E; + E).

products of reactions with £g), [MoY'O(Qy)(por)] and Synthesis of K[W(CN)g]-2H,0 (1).14 Sodium tungstate(VI)
[MY(CN),0(0,)]?", contain a peroxo ligand cis to the oxo (50.0 g, 0.15 mol), KCN (85.0 g, 1.31 mol), and NaB{10.0 g,

in a distorted pentagonal bipyramidal structtr&!! 0.26 mol) were dissolved in 150 mL of water. To the stirring

our strat in thi K timulated b t " solution was added 120 mL of acetic acid (40%) dropwise in two
ur strategy in this work was stimuiated by recent reports steps: 24 mL within a periodfdl h and the rest within half an

on mixed-ligand cygnoperoxocomplexes of Mo and W'_SUCh hour. The resultant light-green solution was treated wit©OH
compounds are still scarce, and to our knowledge, in the (3004), which was added dropwise until the color changed to orange,
group of cyanoperoxocomplexes of Mo(VI) and W(VI), there and then ethanol (ca. 150 mL) was added. The yellow precipitate
are only four known isolated species: [(GRY" («-Oz)MoV'- of 1 (yield: 61.4 g, 70%) was filtered off, washed with ethanol,
CI(CN)sO1¢~ dimer, [Mo(CN}O(Oy)(hmpa)] (hmpa = and then dried in the air at room temperature. The purity was
hexamethylphosphoramide), [Mo(CI)(O)]2-, and [W- confirmed by IR and UV-vis spectra.

(CN),0(0,)]?".7-812 The latter two complexes were synthe-  Synthesis of [PPRJj[W(CN)7(O2)]-4H,0 (2). To a stirring
sized directly from tetracyano- or pentacyanooxocomplexes Puffered solution (4.0 mL, pH= 7) of KJW(CN)g]-2H,0 (11.7

of M(IV) and molecular oxygef:1° The aim of this work ™% or.]ozolnrwlmol)hwe_\s ad‘:]?d _gm ‘;i”gous soog‘é'fn (2.0| “jl_"r? of
was to investigate the interactions between dioxygen and thetetrap enylphosphonium chioride (24.0 mg, 0. mmol). Then,

. . . a - the reaction mixture was exposed to diffused visible light under
intermediates derived from [M(CHf~ (M = Mo or W). ambient conditions for one fortnight, during which time orange

crystals of2 (yield: 17.5 mg, 59%) were deposited. The crystals
were filtered off, washed with water, and dried in the air at room
temperature. Anal. Calcd for/gHesN-OsPsW: C, 63.76; H, 4.61;

N, 6.59. Found: C, 64.33; H, 4.36; N, 6.69%. IR (KBr, th
voo 915 (M), ven 2146 (S), 2204 (w).

Experimental Section

Potassium octacyanomolybdate(IV) dihydrateNdo(CN)g]+
2H,0, was synthesized according to a literature mefiddl other
chemicals including buffer solutions were of analytical grade and
were used as supplied. Carbon, hydrogen, and nitrogen wereCrystallographic Data Collection and Structure
determined using a Thermo Finnigan FLASH EA1112 elemental Refinement
analyzer. Solid samples for IR spectroscopy were compressed as
KBr pellets, and the IR spectra were recorded on a JASCO MFT-  Orange crystals of [PRR[W(CN)+(O,)]-4H,0 (2) suitable for
2000 FT-IR spectrophotometer. Electronic absorption spectra were X-ray analysis were selected from the material prepared as described
measured with a Shimadzu UV-3100 scanning spectrophotometer.in the Experimental Section. Intensity data were collected on a
Diffuse reflectance spectra were measured in Bagé€lets with Bruker SMART APEX CCD diffractometer using graphite mono-
BaSQ as a reference using a Shimadzu 2101 PC equipped with chromated Mo K radiation. The crystal data and details of data
an ISR-260 attachment. Measurements of electron paramagneti(ﬁonection and structure refinement are summarized in Table 1. The
resonance (EPR) spectra were carried out on a Bruker ELEXSYS positions of the W and P atoms were determined by direct methods,

but the rest of the non-hydrogen atoms were located in successive
(5) Dickman, M. H.; Pope, M. TChem. Re. 1994 94, 569-584. d?fference Fourier syntheses. The largest peaks in the final
(6) (a) Fujihara, T.; Rees, N. H.; Umakoshi, K.; Tachibana, J.; Sasaki, difference map were located near heavy atoms. Because the
Y.; McFarlane, W.; Imamura, Bull. Chem. Soc. Jpi200Q 73, 383~ hydrogen atoms of two water molecules (O5 and O6) were not
%%?,‘1fﬁ&ﬁfgggbﬂ%&iﬁgam“ra' T.; SasakiJYChem. Soc., Chem. |5cated on difference Fourier maps, they were not included in the
(7) Arzoumanian, H.; Petrignani, J. F.; Pierrot, M.; Ridouane, F.; Sanchez, refinement. All other hydrogen atoms were included in the structure
J. Inorg. Chem.1988 27, 3377-3381. factor calculations at idealized positions. All non-hydrogen atoms

(8) Matoga, D.; Szklarzewicz, J.; Samotus, A.; Burgess, J.; Fawcett, J.; were refined anisotropically. Calculations were performed using a
Russell, D. RPolyhedron200Q 19, 1503-1509.
(9) Arzoumanian, H.; Pierrot, M.; Ridouane, F.; SancheZransition
Met. Chem1991, 16, 422—-426.
(10) (a) Szklarzewicz, J.; Matoga, D.; Samotus, A.; Burgess, J.; Fawcett,

(14) The synthesis of YW(CN)g]-2H,0O (1) is the improved method of
its preparation given in the literature by Leipoldt efaFirst of all,

J.; Russell, D. RCroat. Chem. Act2001, 74, 529-544. (b) Matoga,
D.; Szklarzewicz, J.; Samotus, A.; Lewiki, K. J. Chem. Soc., Dalton
Trans.2002 3587-3592.

(11) Fujihara, T.; Rees, N. H.; Umakoshi, K.; Tachibana, J.; Sasaki, Y.;

McFarlane, W.; Imamura, TChem. Lett200Q 102—103.

(12) (a) Arzoumanian, H.; Alvarez, R. L.; Kowalak, A. D.; Metzger,JJ.
Am. Chem. S0d.977, 99, 5175-5176. (b) Arzoumanian, H.; Lai, R.;
Alvarez, R. L.; Petrignani, J. F.; Metzger, J.; Fuhrhopl. Am. Chem.
Soc.198Q 102 845-847.

(13) Leipoldt, J. G.; Bok, L. D. C.; Cilliers, P. Z. Anorg. Allg. Chem.
1974 409, 343-344.

the amount of KCN required per tungsten was considerably reduced
to an almost stoichiometric ratio (from 20:1 to 8.7:1). It is very
important because the excess of KCN must be removed from the
system in an acidic medium as HCN during the synthesis. It has also
been observed that the addition of®3 is required to obtain the pure
product, not contaminated with impurities mentioned in the literature
method (crude product was treated with animal charcoal). The amount
of H,O, depends on KCN and NaBHtoncentrations as well as other
synthesis details such as the temperature and time period of acid
addition. The yield is very reproducible and comparable to that given
in the Leipoldt method.
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Table 1. Crystal Data and Structure Refinement Parameters for
[PPh]3s[W(CN)7(02)]-4H:0 (2)

empirical formula GoHegN70sPsW

fw 1488.15

cryst size (mm) 0.58 0.28x 0.13

cryst syst triclinic

space group P1

a(h) 13.1951(11)

b (A) 13.9814(12)

c(A) 21.5885(18)

o (deg) 77.8710(10)

p (deg) 87.181(2)

y (deg) 62.9770(10)

V (A3) 3463.9(5)

z 2

T(K) 291(2)

Doalcd (Mg/m?®) 1.427

2 (A) 0.71073

u (mm-1) 1.796

reflns measured 21526

reflns unique 15266

reflns observedI[> 20(1)] 12816

Rindices | > 20(1)] R; = 0.0336
wR, = 0.0841

SHELXTL software packag®.Crystallographic data are available
in CIF format in the Supporting Information, and full crystal-
lographic data may be obtained from the Cambridge Crystal-
lographic Data Centre. The CCDC reference number is X.

Results and Discussion

Remarks to the Synthesis of [PPk3[W(CN)+(O2)]-4H0O
(2). Previously, we have observed that both anaerobic an
aerobic irradiation of an aqueous solution of octacyanotung-
state(IV) with visible light under appropriate conditions leads

Matoga et al.

Synthetic Route to [W(CNJ;%-02)]3~
[W(CN)g]*
lh v
“W(CN)gJ*

-CN'U+CN'

Scheme 1.

pK,=9.17

[W(CN),(OH)}* s

e WICN)(HOIF 22 WICN)(O,)F

+H,0

anoaqua complex ion, [W(CND2)]®~ (pKa = 9.17)}" The
substitution of the aqua ligand in heptacyanoaquatungstate-
(IV) has previously been demonstrated with 1,4-diazfe.
When the irradiation was carried out either in strongly
alkaline solution (pH= 13.0) or under argon, no product
was precipitated even in the presence of bulky aromatic
cations. The pH conditions show that the aqua ligand is labile
toward oxidative substitution with dioxygen.

The UV—vis spectra recorded during the aerobic photoly-
sis of solutions (pH= 7) free of any counterion exhibition
are indistinguishable from that observed for the solution
under an inert atmosphef®.This suggests that, in the
absence of [PRh", the desired product is either not formed
at all or formed in minute amounts spectroscopically
undetectable. Clearly, the [PfPhion stabilizes the complex
ion [W(CN)(y2-0,)]3", isolable as [PPfi[W(CN)7(O,)]*
4H,0.

The isolated orange photoprodiis stable in the air and

gin polar organic solvents such as methanol, ethanol, aceto-

nitrile, dichloromethane, and DMF. It is insoluble in water,
THF, n-hexane, 2-propanol, acetone, and xylenes. In an

primarily to the release of a cyano ligand. The resultant €thano-water mixture (1:1, fv), 2 was observed spectro-

heptacyano intermediates are readily converted to penta- o
tetracyanooxotungstates(IV) in high-intensity light, whereas
in the darkness, they are converted reversibly to the original
octacyanotungstate(IV). Our previous investigations have

Iscopically to react with cyanides, giving the octacyanotung-

state(lV) ion. The extent of this process (ca. 50%) was
confirmed spectrophotometrically by monitoring the increas-
ing intensity of the characteristic absorption bands of

47
shown that pentacyanooxo species coexist in substitutionaI[W(C'\')8 '

equilibrium with tetracyanooxo ions and that these photo-
products with a smaller number of cyano ligands (four or
five) have an affinity for molecular oxyge¥® Therefore,

in the synthesis of [W(CNJ»>0.)]*", we used diffused light

of low intensity or ordinary sunlight in order to control the

photodissociation and prevent uncontrolled photodecompo-

sition. The low-intensity light was also found to be essential
for the formation of high-quality crystals d? for X-ray
diffraction. Intense photolyses result in the formation2of
in low yields as a consequence of photodecomposition.

All attempts to obtain the molybdenum analogue under
similar conditions proved to be unsuccessful probably
because of a considerable difference in the redox potentials
of [M(CN)g]3/[M(CN)g]*~ couples. It is more difficult to
oxidize Mo(lV) octacyanide than its W(IV) analogug’[=
0.78 V (Mo), 0.51 V (W)]?°

Structure. The structure of [W(CN)n2-0y)]3" is pre-
sented in Figure 1, and the selected bond lengths and angles
are given in Table 2.

The coordination number of tungsten in [W(G{D2)]3~

A general reaction summary for the ligand-field photolysis is nine. Up until now, four types of nine-coordinate
of an aqueous solution of octacyanotungstate(lV) is shown complexes in general have been reported: [M(IM(LL) s-
in Scheme 1. The oxygenated and oxidized photoproduct, (L)3], [M(LL) 4(L)], and [M(LLL) 5] (where L is monodentate,
[W(CN);(5%-0,)]", is isolated as its tetraphenylphosphonium LL bidentate, and LLL tridentate); [W(CMJO,)]*~ represents
salt. Evidently, the crucial conditions for the synthesis and the first member of the [M(LL)(Lj] class??> The donor

isolation of [PPR|3[W(CN);(O2)]-4H.0, 2, include the

presence of light of appropriate intensity and energy,
molecular oxygen, an appropriate counterion and optimum
pH of the solution. The appropriate pH range is modulated
by the value of the dissociation constant for the heptacy-

(15) Leipoldt, J. G.; Bok, L. D. C.; Cilliers, P. Z. Anorg. Allg. Chem.
1974 407, 350—352.
(16) SHELXTL-NT v. 5.10; Bruker AXS, Inc.: Madison, WI, 1999.

7102 Inorganic Chemistry, Vol. 45, No. 18, 2006

(17) Stasicka, ZZesz. Nauk. Uniw. Jagiello1973 18, 39—79.

(18) Matoga, D.; Szklarzewicz, J.; Samotus, A.; Burgess, J.; Fawcett, J.;
Russell, D. RTransition Met. Chem2001, 26, 404—411.

(19) Samotus, A.; Stasicka, Z.; Dudek, A.; NadziejaRbcz. Chenill 971,

45, 299-308.

Szklarzewicz, J.; Samotus, A.; KanasPolyhedronl986 5, 1733—

1740.

(21) Kepert, D. LComprehensie Coordination ChemistryVilkinson, G.,
Gillard, R. D., McCleverty, J. A., Eds.; Pergamon: Tokyo, 1987; Vol.
1, Chapter 2.6, p 95.

(20)



[PPhy]s[W(CN);(O7)]-4H,0

Figure 1. Structure of the complex anion [W(CND,)]3~ with the atom
labeling scheme and 30% displacement ellipsoids.

Table 2. Selected Bond Lengths (A) and Angles (deg) for
[PPhy]s[W(CN)7(O2)]-4H.0 (2) with Estimated Standard Deviations in
Parentheses

Bond Lengths

w1-01 2.009(2) 002 1.412(4)
W1-02 2.019(2) CEN1 1.130(6)
W1-C1 2.193(5) C2N2 1.141(5)
W1-C2 2.183(4) C3N3 1.142(5)
W1-C3 2.166(4) C4N4 1.137(5)
W1-C4 2.210(4) C5N5 1.140(4)
W1-C5 2.162(3) C6-N6 1.144(4)
W1-C6 2.187(3) C#+N7 1.144(4)
W1-C7 2.184(3)
Bond Angles

01-02-W1 69.10(15) N3-C3—W1 178.8(5)
02-01-W1 69.86(15) N4 C4—-W1 178.5(3)
01-W1-02 41.05(13) N5 C5-W1 175.7(3)
N1-C1-W1 177.7(5) N6-C6—W1 178.6(3)
N2—C2-W1 178.5(4) N7+C7-W1 178.0(3)

atoms in the complex anion & occupy the vertexes of a

Table 3. Dihedral Angles in Nine-Coordination for Idealized Polyhedra
and Complex lon of [PPig[W(CN)7(0)]-4H:0 (2)

corresponding angles

number  dihedral (deg) in2
of edgesangles (deg) observed average

169.5 131.6 169.8 151.4
152.8
118.9
125.9
126.8
107.9
109.7
113.5
116.3
1195 1324
121.4 1343

126.8 144.2 138.9
131.6 152.8
113.5 1324 127.7
1189 1343
1214 1348
1259 1404
109.7 1239 119.7
1195 1259
107.9 1222 1175
116.3 123.7

tricapped trigonal prism 3

134.8 131.8
140.4
144.2
122.2 120.9
123.7
123.9
125.9

6 144.7

12 109.5

capped square antiprism 4 158.6

8 127.5

4 109.5

4 103.8

considerable deviations of the dihedral angleg &bm the
idealized ones are the result of the presence of the bidentate
peroxide with a very small bite angle (41)0Thus, the
structure of the anion can be described generally as a
trapezoidal tridecahedral one taking into account the presence
of one distorted trapezoidal face in the coordination poly-
hedron.

The O-0 bond distance of 1.41 A is typical for the peroxo
ligand, and thus, the formal oxidation state of tungsten is
+6.425 The oxygen atoms of £~ are equidistant from the
metal centerdwi—o: = 2.01 A anddwi—o, = 2.02 A). The
peroxo ligand is located farther from the metal atom~),1
A, and the G-O bond is shorter by-0.04 A compared to
the related tetracyanooxoperoxotungstate(VI) (Figuré® 3).
This could be attributed to greater steric hindrance and higher

tridecahedron with one trapezoidal and 12 triangular faces. repulsion energies between metayano and metaiperoxo
The anion adopts a stereochemistry that cannot be recognizedonds in the nine-coordinate complex. The distance of the
as belonging to any of the five convex polyhedra with nine peroxo ligand from the metal center is consistent with the
vertexes and regular faces. These are nonuniform polyhe-smaller bite angle ir2 (41.C°; cf. 43.1° for Mo and 44.5

dra: tricapped trigonal prism (triaugmented triangular prism); for W in [M(CN)40(0,)]?"). The slightly shorter @O bond
capped square antiprism (gyroelongated square pyramid);in 2 (1.41 A) compared with that in [W(CNP(O,)]2~ (1.45
triangular cupola; capped cube (elongated square pyramid);A) indicates its higher potential reactivity as an oxidant in

and tridiminished icosahedr@f.Because of prohibitively
high repulsion energies between mettigand bonds in the

latter three arrangemernt&?* we have considered the two

radical processes rather than in reactions with oxygen atom
transfer?” The W1-C and G-N bond lengths are normal
(averages:dwi—c = 2.184 A anddc_y = 1.140 A), and the

most stable geometries (tricapped trigonal prism and cappedW1—C—N groups are approximately linear (the average

square antiprism) to be relevant & The three various
projections of the polyhedron i# are shown in Figure 2,

W1—C—N angle is 178.9).28 The structure is stabilized by
two main hydrogen-bonding groups. One group involves four

and the comparison of its dihedral angles with the idealized hydrogen bonds linking water oxygens to cyanide nitrogens
ones is presented in Table 3. This comparison shows that(O3—N7, O3—-N4', O5-N2', and O6-N1, with O—N

the dihedral angles i@ are very different from those of a

tricapped trigonal prism and a capped square antiprism. The(25) Berry, R. EComprehensie Coordination Chemistry jIMcCleverty,

(22) Kepert, D. LInorganic Stereochemistrgpringer-Verlag: Heidelberg,
Germany, 1982.

(23) Johnson, N. WCan. J. Math.1966 18, 169-200.

(24) Guggenberger, L. J.; Muetterties, E.1..Am. Chem. Sod.975 98,
7221-7225.

J. A, Meyer, T. J., Eds.; Elsevier: Oxford, United Kingdom, 2004;
Vol. 1, Chapter 1.32, p 625.

(26) Matoga, D. Ph.D. Thesis; Jagiellonian University: Knak&oland,
2003.

(27) Reynolds, M. S.; Butler, Ainorg. Chem.1996 35, 2378-2383.

(28) Samotus, A.; Szklarzewicz, J.; Matoga,Buill. Pol. Acad. Sci., Chem.
2002 50, 145-164.
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Figure 2. Tridecahedral geometry of the complex anion in [EW(CN)7(O2)]-4H20 (2).

Figure 3. Comparison of selected structural features [bond lengths (A)
and angles (deg) within MOO group] between [BRIW(CN)(O2)]-4H,0
(2) and tetracyanooxoperoxotungstate(VI).

distances of 2.983, 2.969, 2.842, and 3.045 A, respectively),F_ 4 UV_vi . § [PRIW(CN){(O]-4H,O (2)in MeCN
. ijgure 4. —VIS spectrum o . In vie
and the other contains two hydmgen bonds between Wa'ter(solid line). For comparison, the diffL3Jse reﬂe::taznce (ried line) spectrum is
oxygens: 0304 (2.747 A) and 0404 (2.899 A). given.
Spectroscopic PropertiesThe IR spectrum o exhibits

an absorption band at 915 cfrassignable to the stretching formal oxidation statet6 for the metal center as well as

vibrations of the peroxo group bonded side2# The with the presence of molecular oxygen in theT form of thg
absorption of/(O—0) in 2 is considerably higher in energy peroxo ligand. The number of paramagnetic centers in
than that observed in [PEBIW(CN).O(0,)] (871 cnrd), tetracyanoxomolybdates and -tungstates(VI) was also found

indicating that the @0 bond in2 is the stronger on&This to be lower than 1% The existence of paramagnetic centers
is consistent with this bond being shorter. In the-IC indicates that to some extent thermal electron transfer from

stretching region, the IR spectrum shows bands at 2146Wthei O ”Qa“d tq the metal occurs, r_esulting in W(V)Ziand

and 2204vw cmt. Their positions are similar to those Oz formation, as itwas also observed in the [M(GQR(O,)]

observed in [PPf[W(CN).O(Oy)] (2132www, 2154ww, and ~ SYStems. _

2201vvw cnr?) 8 The higher energy of these absorptions in € cyclic voltammograms da were recorded in aceto-
L _ A

comparison with those ofC—N) in related cyanocomplexes ~ Nitrile at various scan speeds (2500 mV s™) over the

of W(IV) (2050—2150 cnrl) can be explained in terms of ~ 'ange from—1400 to 2400 mV. It has been fou_nt_j that the

the decrease afr back-donation upon an increase of the COmplex can be reversibly reduced and oxidized, with

formal oxidation state of the central atom, which shifts the Symmetrical oxidation and reduction peaks whose positions

C—N stretching band toward higher energy. The spectrum Wee independent of the scan speed. The oxidation and
shows also bands characteristic for [FPtcations. reduction peaks separation was found to be 59 mV, which

The reflectance and solution Uis spectra (Figure 4) corresponds to a one-electron process. The standard redox
of 2 contain 7—x* high-intensity charge-transfer bands potential for the [W(CNXO)]* /IW(CN)A(O2)]* couple was

o . . ; . determined as 1.130 V. This relatively high potential
within tetraphenylphosphonium cations in the UV region . . . : o
(<280 nm) as well as bands of relatively low intensity indicates that compleRis the strong oxidant. The oxidation

assigned to ligand-to-metal charge-transfer bands. The Iigand-aCt'VIty of 2 will be the subject of further study.
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