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The complex dication of the diruthenium(ll) compound { (¢-tppz)[Ru(bik)Cl]z} (CIO4), can be oxidized and reduced
in two one-electron steps each. In CHsCN/0.1 M BusNPFs, the odd-electron intermediates{ (u-tppz)[Ru(bik)CI],} ™,
n=1and 3, have comproportionation constants of 7 x 108 and 1 x 10°, respectively. Both exhibit near-infrared
absorptions, in the case of n = 3 the 1640 nm hand (¢ = 1200 M~ cm™%, Avy, = 1560 cm™) is attributed to
an intervalence charge-transfer transition. While the mixed-valent intermediate (n = 3) is EPR silent even at 4 K,
the n = 1 form shows g(ll) 2.005 and g([J) 1.994 at that temperature, signifying a diruthenium(ll) complex of the
tppze~ radical anion. The variation of energy and intensity of vco and of the ring vibration band around 1590 cm™!
has been monitored not only for { (u-tppz)[Ru(bik)Cl].} ™, n = 0—4, but also for the mononuclear { (tppz)Ru(bik)-
Cl}™, n = 0-2. In the dinuclear complex the carbonyl stretching bands of the spectator ligand bik are shifted by
about 15 cm™! on each one-electron-transfer step, increasing with the positive charge. The mixed-valent { (u-
tppz)[Ru(bik)Cl],} ** shows a perceptibly broader vco band, suggesting incomplete valence averaging (partial
localization).

Introduction of (1) its relation to unsubstituted pyrazine of Cretifaube
. , ) o ion (1a) fame!*>(2) its potential bis(tridentate) (“bis-terpy-
The 2,3,5,6-tetrakis(2-pyridyl)pyrazine (tppz) bridging yynem coordinatiof2¢6(promising enhanced stability), and
ligand has been popular in mixed-valence reséafdecause (3) its low-lying * acceptor orbitaf3

In general, pyrazines have long been recognized
potentially noninnocent, active components of special co-
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reported:—3 One special feature of complexes with tppz is
the inability of the potentially conjugated ligandsystem

affect the electronic coupling. Such competition between
bridging and ancillary ligands has been studied also in the
diruthenium-pyrazine serie¥’ including the cyanide ana-
logue1b of the CreutzTaube ion'® Conversely, the use of
bik in the new{ (u-tppz)[Ru(bik)CIp}"* was expected to
provide altered electronic interaction and stability as well
as further insight into the mixed-valent intermediate=f
3) and into additional oxidation states, including the other
odd-electron form wittn = 1. For comparison and referenc-
ing, we also studied the mononuclear analo§(ippz)Ru-
(bik)CI}" (3™), n = 0—2.

Monitoring the carbonyl band during stepwise oxidation
or reduction provides information on the symmetry of the

to adopt a coplanar conformation because of steric repulsionSYStem on the vibrational time scale o1 ps:* While most
between the hydrogen substituents in the 3-position of the Studies using this approach have involved metal carbonyl

pyridyl groups!2246Twisting of the pyridyl rings to allow

functions!! 13 the use of ancillary ligands is also possible,

bismeridionat-tridentate binding has been observed, e.g., for provided that sufficient redox-induced shift is observed.

coppefaPand ruthenium complexéad

In this work we describe results obtained for {lje-tppz)-
[Ru(bik)CI]z}™ (2") redox systemr(= 0, 1, 2, 3, 4), where
bik is the establishéd2,2-bis(1-methylimidazolyl)ketone

Mixed-valent complexes such §&u-tppz)[Ruls],} ™ have
often been investigatédvith the emphasis on establishing
the extent of valence delocalization (or valence averaging),
associated with a certain classification according to Robin

chelate ligand which contains both electron-rich N-donor and Day!* However, detailed analyses have shown a
heterocycles (for stabilizing higher metal oxidation states) medium-dependent continuum of valence exchange rates
and an electron-accepting carbonyl function, usable as anwhich has given rise to designations of some systems as
indicator of complex symmetry via the strong, well-separated “porderline” or class Il or 1]t

vco band. The latter approach has been employed by us

recently? for { (u-tppz)[Ru(dpk)CI}} " (4"") where dpk is
the betterr-accepting 2,2dipyridylketone. Since the electron-

0
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P9 c
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Additionally, the electrochemical potential splitting of the
two separated redox processes involving the mixed-valent
intermediate as translated into the comproportionation con-
stantK. = 1070059 has often been taken as another piece
of evidence for weak or strong metahetal coupling®
However, many examples have demonstrated meanthile
that the electrochemical metainetal interaction gives a
different kind of information, depending on quite a number
of factors!’ and may thus bear little relation to the results

transfer mechanism rather than the hole-transfer alternativeobtained for the actual rate of valence exchange or from
is believed to be operating for valence exchange in diruthe- spectroscopic measurements. Spectroscopic data may thus

nium(lll,Il) complexes bridged byt-accepting pyrazine-type
ligands? the competition between tppz and dpk for the
m-electron donor capacity of ruthenium(ll) is expected to
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Figure 1. Syn and anti isomers of dinuclear compleXés-tppz)[Ru-
(N—=N)CI]Z} .

(bidentate)-bridged systeffishe bis(tridentate)-bridged com-
plexes such as those witty%173-tppz exhibit well-detectable
narrow intervalence charge-transfer (IVCT) absorptions,
while the K. values remain relatively mode'st319

Another method to study mixed-valent intermediates is

electron paramagnetic resonance (EPR) which can provide

information via hyperfine coupling, via the g factor and
its anisotropy?! or via the relaxation as apparent from the
EPR line width!%.210

The following contains a report on the synthesis, electro-
chemical, and spectroelectrochemical (B¥s—NIR—IR,
EPR) studies of the redox systef{(g-tppz)[Ru(bik)CIL} "
(2"), n = 0—4, and{(tppz)Ru(bik)C}"* (3""), n = 0—2.

Results and Discussion

Preparation and Characterization. The mononuclear and
diruthenium(ll) complexes{ (tppz)Ru(bik)C}(CIO,;) and
{ (u-tppz)[Ru(bik)CIL} (CIO4), were obtained by reacting
[CIsRU" (u-tppz)RU' Cl3] and bik in refluxing ethanol under

Koley et al.

1/ pA

1.0

0:5 0:0 —OI.5 —1I.0
E/V vs. SCE
Figure 2. Cyclic voltammogram o£2" in CH3CN/0.1 M BuNPFRs.

1.5

Table 1. Electrochemical Dafa

Eozng (AEp/mV)
complex ox 1 ox 2 red 1 red 2
2%+ 0.89 (66) 1.19(68) —0.62(60) —1.14 (66)
3* 0.85 (60) —1.13 (60) —1.40

aFrom cyclic voltammetry in CECN/0.1 M BuNPFs vs SCE.AE:
peak potential differencé.Cathodic peak potential; the reduction step is
coupled to an irreversible chemical reaction.

the partial overlapping expected for 20 protons in the
aromatic region and an NGHignal at 3.89 ppm (see the
Experimental Section). The appearance of 24 severely
overlapping proton signals in the aromatic region and of 4
NCH; signals from 22t (see the Experimental Section)
suggests a lack of symmetry due to the nonplanarity of tppz
and of the bik ligands and/or the presence of a mixture of
two diastereoisomeric forms in solution.

Electrochemistry. While the dinucleaf (u-tppz)[Ru(bik)-

dinitrogen atmosphere in the presence of excess LiCl. MassC/12 (ClO04)2 can be oxidized and reduced in two reversible
spectroscopy, elemental analysis, and conductivity measureONne-electron steps each (Figure 2), the mononuclear analogue

ments confirmed their composition (see the Experimental
Section). Similar as related complex iof(®-tppz)[Ru(N-
N)CI]2} 2", N—N = bpy!*@ or pap= 2-phenylazopyridiné

the dinuclear dication may exist as syn or anti (cis or trans)
isomers with respect to the position of the chloride ligands
relative to the approximate2Ru(tppz)Ru plane (Figure 1).
The presence of only ong(C=0) band in P](ClO,), in
corroboration with a single RuCl vibration band at 302
cm! signifies a single isomer, identified as the anti
compound, with respect to the position of the two chloride
groups. The!H NMR spectrum of3* in (CD3),SO shows
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Chodorowski-Kimmes, S.; Collin, J.-P.; Lain®.; Launay, J.-P.;
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{ (tppz)Ru(bik)C} (ClO4) shows just one reversible oxidation
and reduction. A second reduction in cyclic voltammetry
appears without an anodic counter peak and is coupled to
an irreversible chemical change as supported also by spec-
troelectrochemistry (Table 1). Expectedly, the potentials for
the dinuclear compound are shifted to lower values after
replacement of 2/ Aipyridylketone (dpkyin 4" by the less
m-accepting bik in2"*", the effect being significant for the
(metal-centered) oxidation steps and only slight for the (tppz-
based) reduction processes (cf. the following). The compro-
portionation constant. for the mixed-valent intermediates
43t and 23" are virtually unchanged, amounting to a typi-
cally?® modesté 1 x 10 for the one-electron oxidize2*".

The K, value for the one-electron reduced, a radical
complex (see below), is higher atx¥ 1, a value found
similarly for other complexes of tppz?2 In comparison to
the mononuclead* the dinuclea2?" is oxidized and reduced
at higher potentials (Table 1), reflecting the increased positive
charge.

EPR SpectroscopyThe paramagnetic forms (one-electron
reduced or oxidized in situ in GJEN/0.1 M BuNPF;) have
been studied by X-band EPR (9.5 GHz) at various temper-
atures. Remarkably low temperatures were necessary to study
not only the oxidized but also the reduced species. Zhe
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Figure 3. EPR spectrum of electrogenerat2t in CH;CN/0.1 M Bu-
NPFs at 4 K.

ion, for instance, did not exhibit a signal at 110 K in frozen
solution but only &4 K (Figure 3), although the data((),
2.005;9(0), 1.994:0ay, 1.998) clearly indicate (tppz) ligand-
centered spin, i.e., a radical anion compteof coordinated
low-spin ruthenium(ll), typically havinggs, < 2.2%° Such
rapid EPR relaxation effects for radical complexes of
diruthenium(ll) have been noted before, e.g.,{fr-bptz)-
[RU(NH3)4]2} 3t, bptz= 3,6-bis(2-pyridyl)-1,2,4,5-tetraziré?

Figure 4. UV—vis—NIR spectroelectrochemical responses of sys2&m
in CH3CN/0.1 M BuNPFs: (a) 22+ — 23 (inset shows the expanded spectra
between 1200 and 2000 nm), @ — 24+, (c) 22+ — 2+, and (d)2t —

They may be caused by the presence of one or more stateé

lying very close to the radical ground state.
Reduction of the mononuclear complex id@7" to

Table 2. UV—Vis—NIR Data of2" [n =0, 1, 2, 3, 4] and" [n = 0,
1, 2] from Spectroelectrochemistry

{(tppz")RU'(biK)CI} vieldsg(ll) = 2.019 andy(L)) = 1.995

complex Amax (M) (€ (M~1cm™1))

at 110 K. Oxidation of the mononuclear precursor3fo
yields a low-spin ésystem{ (tppz)RU" (bik)CI} >+ with rather
pronounced factor anisotropy aty; =2.564,g, = 2.406,

03 =1.645,Ag = 0.919,0.y = 2.24. This largeAg is likely

to be caused by the distortion imposed by the lig&td?e
the initially mentioned inability of tppz to adopt a coplanar
conformation is reflected also in the coordination geometry
of bonded metal ions.

The further increased strain in the monooxidized dinuclear
complex may contribute to the absence of detectable EPR
response for mixed-vale@é*, even at 4 K. The relategft
showed a relatively weak signal at 4°KEPR silence is not
uncommon for &d® mixed-valent compounds; it has been
observed, e.g., for the pentacyano-substituted analdgue
of the CreutzTaube iont? for diosmium(lll,Il) specie¥ as
well as for diiron(l11,11) complexe$2 In addition to the effect
from large spir-orbit coupling through the heavier transition

2 1750 (1900), 1030 (16900), 905 (11100), 665 (27200),438,

409 (40600), 342 (42800), 312 (41900), 270 (38900), 241 (35000)

2 1120 (7400), 87%,805b 590 (23200), 430 (34800), 402 (36100),
341 (43300), 311 (43800), 268 (38600), 242 (34400)

22+ 795D 612 (32500), 453 (15500), 357 (52300), 307 (49700),
270'(42600), 243 (38900)

23+ 1637 (1200; 1565 crrh) © 585 (21200), 388,355 (49300),
308 (48800), 271 (41300), 242 (37300)

2% 525 (13200), 450,390 365 (46500), 307 (45900), 269 (39900),
241 (35400)
925 (1800), 840 (2200), 627 (5000), 539 (5300), 428 (8000),°395,
335(26500), 309 (28300), 237 (18300)

3+ 740 534 (6200), 398,340 (25500), 310 (27400), 272sh,
240 '(17500)

32+ 525(1900), 428,348 (25000), 310 (25400), 2PRA0

2 Measurements in G4€N/0.1 M BuNPFs (OTTLE spectroelectro-
chemistry).? Shoulder ¢ Bandwidth at half-heightAvy,; in cm™2).

0—2, using an optically transparent thin-layer electrode
(OTTLE) cell and CHCN/0.1 M BuNPF; solutions (Figure
4, Table 2@

The mononuclear systefit shows the behavior expected

metal the presence of close-lying excited states with nonzeroffom the EPR results: The metal-to-ligand charge-transfer

angular momentum can be made responsible for EPR silence

The absence of detectable EPR response thus confirm
the diruthenium(lll,Il) character oR®t, as supported by
electronic spectroscopic (see below). In this context it may
be noted that the molecular rectangle JRRO,CMe)(u-
tppzp(MeOH)]*" was reported with an EPR signal git=
2.003, compatible with a radical formulation (),(tppz-)2
instead of a mixed-valent description (RH.(tppz).* As
stated in ref 4, the RRRh distance of 2.6060(11) A does
not allow a clear assignment to either Rhor Rh'"!
oxidation states.

UV —Vis—NIR Spectroelectrochemistry.Absorption spec-
tra were obtained for all stat&s*, n = 0—4, and3"", n =

(22) (a) Kaim, W.Coord. Chem. Re 1987, 76, 187. (b) Kaim, W.; Ernst,
S.; Kasack, V.J. Am. Chem. Sod.99q 112, 173.

(23) Inniss, D.; Soltis, S. M.; Strouse, C. E.Am. Chem. S0d.988 110,
5644 and references therein.

(MLCT) band in the visible (534 nm) for the allowed

dransition d(Rt) — z*(tppz)' 2 disappears on oxidation,

while reduction leads to a decrease and shift of that band in
addition to the intraligand features of tppzadical anion
which extend into the near-infrared (NIR) region (Table 2).
Continuing the reduction at more negative potentials (second
peak) causes instability of the complex; the product formed
cannot be reoxidized back to the original compound.

The dinuclear redox syste@' also starts with the an
intense MLCT band at 612 nm for the isolated € 2)
species; the additional long-wavelength shoulder may be due
to forbidden MLCT transitions, and additional absorptions
at higher energies can be assigned as MLCT transitions to
unoccupieds* orbitals lying higher than the tppz-based
LUMO. One-electron oxidation produces a weak{1200

(24) Krejcik, M.; Danek, M.; Hartl, FJ. Electroanal Chem 1991, 317,
179.
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Table 3. Carbonyl (bik) and Ring (tppz) Vibration Band Energies
(cm™) from IR Spectroelectrochemistry

complex veoik) (Avir) Vring(tppz)
2 1604 1570 vs
2t 1625 (26) 1576 s
22+ 1637 (26) 1598 w
28+ 1646 (39) 1597 m
) . ‘ . 24+ 1660 (27) 1597's
1720 1680 1640 1600 1720 1680 1640 1600 3 1640 1572 m
(d) 3t 1639 (25) 1589 w
32+ 1670 (23) 1600 w
aIn CHzCN/0.1 M BwNPFs. ° Partial overlap betweenco and viing.
information about the equivalence of the tfRu(bik)Cl}
moieties on one-electron oxidation, whereas the latter
. e absorptions may include symmetrical bridge moté&in
1720 1680 1640 1600 1560 1680 1640 1600 1560 pyrazine-bridged mixed-valent complexes of iFdmythen-
viem™! viem™! ium,**1%and osmiur the intensity of such bands has been
Figure 5. IR spectroelectrochemical responses of sys#éfrin CHsCN/ used to assess the valence (de)localization. However, Lon-

dergan and Kubiak have clearly shown that higher band
intensity, often greater than in related asymmetric non-mixed-
M-1 cm™?) but clearly detectable (Figure 4a) slightly yalent complexes,. may be caused by vib_ronic eqhancement
unsymmetrical band in the NIR dfa = 1640 nm, which instead of eIe.ctromc asymmeﬁ%?.The.practlce of using such
disappears after the second oxidation. It is attributed to anPands to assign near-delocalized mixed-valent complexes to
intervalence charge-transfer (IVCT) transition and has simi- €1ass Il has thus been called into questi&n.

0.1 M BwuNPFRs;: (a) 22+ — 23*, (b) 23F — 24*, (c) 22" — 2, and (d)2*
— 2.

larly been observed for3" and other such oxidized In the present series &' the energy of the tppz ring
speciegad vibration band clearly reflects the location of the electron-
Although the IVCT band fo2** appears to be broader tra_nsfgr process; there is Iitt_Ie change on metal-cente_red
than for43, the experimental bandwidth at half-height;y,, oxidation but a low-energy sh|ft on tppz-centered re_dqctlon
of 1560 cntl is still much smaller than the value of 3754 (Table 3). More unexpected is the pronounced variation of
cm! calculated from the Hush approximationyy, = the iqtensity of that band, peing low for the “nati.\/é?*. but
(231" (Avy, = bandwidth at half-height ani,, = growing strongly and continuously for both oxidation and

energy of the IVCT band) for a valence-trapped situation reductioh (Figure 5, Tablel 3). Bqth effects rule out a simple
(class 11)25 This result already indicates a high degree of connection between the intensity of that band and mixed

valence delocalization i@+ albeit not as complete as for valency:?*°either through asymmetry or vibronic coupling.
43+, As compared to the single ring pyrazine bridge the tppz
ligand with its five six-membered rings can be expected to
display a more complicated vibrational pattern which ap-
parently does not lend itself to ready correlations with
existing concepts. This result also demonstrates how impera-

niec? by the appearance of intraligand (IL) bands in the near- tive it can be (i) to study all three states relevant to a mixed-

infrared, including a very characteristic narrow band around valency situation and (ii) to consider the ligand-based
1100 nm for2* and one weak broad.fa= 1750 nm) and electron-transfer processes as well. Remarkably, the (unsym-

one enhanced narrow band systetp.{ = 1030, 905 nm) metric_al) mononuc_lear systedfi" show§ reIativer Wegk ring
for 2 (Figure 4, Table 2). The band at 590 nm @ may wbrauongl bands in the 1590 crhregion. At thls_ point we
contain a ligand-to-metal charge-transfer (LMCT) absorption cannot give explanations for the strong intensity variations
71(bik) — d(Ru') which is also invoked for the 665 nm band  ©" both reduction and oxidation of the dinuclear sys&m

of 2. The energy of the carbonyl stretching band of the

IR Spectroelectrochemistry. Vibrational spectra were spectator/reporter ligand bik reflects foremost the charge,

obtained from OTTLE spectroelectrochemistry in 4O/ decreasing by a ca. 15 criincrement on each one-electron
0.1 M BuNPFs in the infrared region 15661720 cnr* for reduction step fo"* (Tf?lb|e 3).. The mopongclear compound
all eight redox states in the seri@s", n = 0—4, and3"™, n 3" shows a rather high shift on oxidation Re- Ru"
= 0—2 (Figure 5, Table 3). because no R mixed-valent intermediate has to be
encountered for metal-coordinated bik. The intensity&f
(bik) for 2"t is rather invariant in contrast to that of the tppz

The MLCT band is diminished and slightly high-energy
shifted through one-electron oxidation 28'; it disappears
on the second oxidation to the all-ruthenium(lll) complex
ion 24, The tppz-centered reduction is typically accompa-

Not only thevco band of the terminal spectator ligands
bik but also the ring vibration band around 1590¢éns of
interest. The former is expected to provide independent

(26) Ketterle, M.; Kaim, W.; Olabe, J. A.; Parise, A. R.; Fiedlernarg.
Chim. Actal999 291, 66.

(25) (a) Hush, N. SProg. Inorg. Chem 1967 8, 391. (b) Hush, N. S. (27) Hornung, F.; Baumann, F.; Kaim, W.; Olabe, J. A.; Slep, L. D.; Fiedler,
Coord Chem Rev. 1985 64, 135. J.Inorg. Chem.1998 37, 311 and 5402.
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Probing Mixed Valence in a New Diruthenium(lll,Il) Complex

ring vibration band (Figure 5). There is one remarkable a PAR model 273A electrochemistry system. A platinum wire
feature, however: the bandwidth at half-heightyy;, is working electrode, a platinum wire auxiliary electrode, and a
rather constant at 25 crhexcept for the mixed-valent form saturated calomel reference electrode (SCE) were used in a standard
23+ (39 cnTY). This small but detectable broadening ac- three-electrode configuration. Tetrabutylammonium hexafluoro-
companied by a distinctive decrease of the band maximum phosphate was the supporting electrolyte, and the solution concen-
(Figure 5a) indicates a partially incomplete averaging of the tration was ca. 16° M; the scan rate used was 50 mv:sUnder
metal valence under the experimental conditions; it was not these conditions the ferrocenetg/couple was located at0.40
observed for the dpk analogué*.2 Nevertheless, the V. A platinum gauze working electrode was used in the coulometric

appearance of only one, albeit slightly broadeneg, (bik) glxptenments. All elec:roche;]nlcal_I(?;:perllmentst vlvere Icarrled out und'erd
band for the mixed-valent intermediaf8™ between the Initrogen or argon atmosphere. The elemental analyses were carrie

. . . out with a Perkin-Elmer 240C elemental analyzer. Electrospray
values of the homovalent neighboring redox states indicates

an essentially valence-averaged, i e-tpz)Ru?® situation mass spectra were recorded on a Micromass Q-ToF mass spec-
y ged, 1&-Ipz)Ru ) trometer. Solution electrical conductivity was checked using a

Conclusion. Within the much studield?® class of tppz- Systronic conductivity bridge 305.
bridged diruthenium complexes, the redox sys@&(n = SynthesesThe precursor complex [GRU' (u-tppz)RW Cls] was
0—4) presented here is distinguished through the amount Ofprepared following the reported proceddfeBis(1-methyl-2-
information available from spectroelectrochemistry. The imidazolyl)ketone was synthesized according to the reported

redox pOten_tia|5 anq the derived comproportionation CON- proceduré Other chemicals and solvents were reagent grade and
stantsK, for intermediates are not very different from those ysed as received. For spectroscopic and electrochemical studies

of analogue$? and the IVCT band of the mixed-valeft* HPLC grade solvents were used.
shows similar features as those of p"eV|0U_S|y repérted CAUTION! Perchlorate salts of metal complexes are generally
exampleg (u-tppz)[Ru(N=-N)CI]2}**, (symmetrical band at  explosie. Care should be taken while handling such complexes.

1640 nm maximumg = 1200 M+ cm, Avy, = 1560 cm* Synthesis of { (biK)CIRU "} »(u-tpp2)](CIO 22, [2](CIO 4)s, and
smaller than calculated value from the Hush approximation). (hik)cIRu ! (tppz)](ClO.), [3](CIO.). The precursor complex [@]
However, the EPR results are more unusual: the’(tb_jﬁzz”v" RU'" (u-tppz)RU'Cl3] (100 mg, 0.12 mmol) and the free ligand L
radical complex2™ shows a signal aroungi= 2 for ligand- = bik (50 mg, 0.26 mmol) were dissolved in ethanol (15 mL) and

centered spin only at 4 K, and the mixed-val@fit is even refluxed fa 3 h under dinitrogen atmosphere in the presence of
EPR silent at this temperature, suggesting rapid relaxation.excess LiCl (50 mg, 1.2 mmol). The initial light green solution

The most revealing kind of information comes from IR gradually changed to greenish blue. A saturated agueous solution
spectroelectrochemistry of the complete se2iggn = 0—4) of NaClO, was then added to the concentrated acetonitrile solution
and from studies of the mononuclear analogue. The tppz ring©f the product. The solid precipitate thus obtained was filtered and
vibrations around 1590 cm reflect nicely the charge washed thoroughly by cold ethanol followed by ice-cold water. The
location, but their intensity variation cannot be simply dried product was then purified by using a neutral alumipa column.
explained through symmetry or vibronic coupling effects. 1€ Violet mononuclear complex3|(CIO,) and greenish-blue
The veo band from bik, on the other hand, shows little dinuclear complexd)(CIO.), were eluted by 4:1 ChCl~CHCN

intensity change but a charge-dependent shift; its distinctly and 2:3 CHCl,~CH,CN mixtures, re.SpeCt'Vely' Evaporation of
- . . o solvent under reduced pressure yielded the pure compounds
visible broadening foonly the mixed-valent statg*" is a :
L [3](ClO,) and R](ClO4),, respectively.

clear indication of a not yet completely averaged metal o .
valence situation. In comparison with the related system C|[§l]((€)|o;\’)2. -che:ldal,osgsm%sgsl@H Agagzc"gcgé'_:?\l””fg g&'lg"'gs
43+ 2a the mixed-valent2®* appears to show slightly de- 4N14D10R . L . (7' ) o (2.98); N, 15.80 (15.98).

. ; - Molar conductivity An/Q~1 cn? M1 in acetonitrile at 298 K:
creased metalmetal interaction as evident from the lower 245. The positive ion electrospray mass spectrumiEjOy), in
IVCT band intensity, from the EPR silenégand from the \ P pray P vz

free band splitti Th | q fh acetonitrile exhibited molecular ion peak/z at 1142.88 corre-
onset ofvco band splitting. The recently reported use of the sponding tof [2](ClO,)}* (calculated molecular mass, 1141.34).

(tppz)/Ru combination in electroactive polym@iis a further 1H NMR [(CD2),SO, 8(JH2)]: 8.76 (d, 8.1, 4H), 8.58 (s, 1H),
incentive to continue these studies and to extend the rangeg 51 (s, 1H), 8.30 (m, 8H), 8.01 (m, 4H), 7.67 (multiplet, 4H)

of vibrationally active reporter ligandis'?for analyzing (de)- 7,57 (s, 1H), 7.46 (s, 1H), 4.46 (s, 3H, NQH4.44 (s, 3H, NCH),

localization in mixed valency. 4.05 (s, 3H, NCH), 3.96 (s, 3H, NCH). IR (KBr disk): »(CIOs")/
. . cm1, 1099/623. IR (Nujol mull): v(Ru—Cl)/cm™?, 302.
Experimental Section [3](CIO.). Yield: 15 mg (15%). Anal. Calcd (Found) forgH.e

Instrumentation. Infrared spectra were taken on a Nicolet Cl2N1OsRu: C, 48.66 (48.22); H, 3.22 (3.13); N, 17.19 (17.44).

spectrophotometer with samples prepared as KBr peliétslMR Molar conductivity jAw/€2™* cm? M~ in acetonitrile at 298 K:
spectra were recorded for (GBSO solutions using a 300 MHz ~ 120. The positive ion electrospray mass spectrunBiCIOy) in
Varian FT spectrometer. The EPR measurements were made in sacetonitrile exhibited molecular ion signals centeredn&tvalue
two-electrode capillary tuB&@with an X-band Bruker EMX system. ~ ©f 715.08 corresponding t§3}* (calculated molecular mass,
UV—vis—NIR and IR spectroelectrochemical studies were per- 715.16).*H NMR [(CD3).SO, 8(J/Hz)]: 8.74 (d, 4.8, 1H), 8.32
formed in CHCN/0.1 M BuNPF; at 298 K using an OTTLE cell ~ (d, 4.5, 1H), 8.24 (m, 3H), 8.04 (d, 7.5, 1H), 7.98 (d, 6.3, 1H),
mounted in the sample compartments of a J&M Tidas spectropho- 7.94 (t, 6.6/6.9, 1H), 7.72 (m, 4H), 7.51 (m, 4H), 7.37 (t, 7.2/6.0,
tometer or a Nicolet 6700 FTIR instrument, respectivéIgZyclic 1H), 7.22 (d, 8.2, 1H), 7.12 (broad, 2H), 3.89 (6H, N{LHR (KBr
voltammetric and coulometric measurements were carried out usingdisk): v(CIO,~)/cm™1, 1078/623.
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