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in the S-bonded complex is 1.6 V (vs Ag/AgCI in GEN).4
This potential is more positive than that of [Ru(bg§)?" (E°

= 1.25V)}5in accord with Ru(ll) stabilization by dmso. A lower-
potential couple, only observed following oxidation at 1.6 V, is
at 1.1V (vs Ag/AgCl in CHCN); it is likely that Ru-S— Ru—O
isomerizatiof® accompanies oxidation of [Ru(tpy)(bpy)(dmsgo)]
Simulations of the voltammograms suggest that the ® rate
constant is 100 3 in the Ru(lll) complex; Re-O — Ru—S
isomerization in the Ru(1l) ion is much slower (0.0%)s

Upon irradiation at 441.6 nm, crystalline [Ru(tpy)(bpy)(dmso)]-

Photochromic materials are of interest because of their potential (SO,CFs), undergoes aimmediatecolor change from yellow to

applications in optical information storage deviéesSMeasure-
ments on photochromic sodium nitroprusside {Na(CN}(NO)])

red; the original color returns after several minutes. In solution
(acetone, tetrahydrofuran, dmso) and poly(methyl methacrylate)

indicate that two metastable states are formed by irradiations of (pmma) films, 436-450 nm irradiation of [Ru(tpy)(bpy)(dms8)]

the crystalline solid: the first is an isonitrosyl (O-bonded NO);
the second is am?NO (side-on) complex® Phototriggered
linkage isomerizations also occur in dimethylsulfoxide (dmso)
complexes: notably, both photochemical-Rsi— Ru—O and
thermal Ru-O — Ru—S reactions are observed in dmso solutions
of [Ru(bpyk(dmso}]?* (bpy = 2,2-bipyridine)¢ and, as reported
here, we find photochromism attributable to R8 — Ru—0O
rearrangement upon visible excitation of [Ru(tpy)(bpy)(dm&o)]
(tpy = 2,2:6',2"-terpyridine) in single crystals and films as well
as in solutiort.

Crystal structure analysief [Ru(tpy)(bpy)(dmso)](SECF:),
gives Ru-S and S-O distances of 2.282(1) and 1.467(3) A,
respectively (vs 1.492(2) A-SO distance for free dms8pn
increase in the SO bond strength inferred from IR data(§0)
= 1102 cm%;% uncomplexed dmsoy(SO) = 1055 cmt)it is
typical of S-bonded Radmso complexe¥ Despite the short
S=0 distance and the relatively high stretching frequency, the
blue-shifted MLCT band (CECN: 412 nm, 24 390 cri; € =
8080 M* cm™) relative to that of [Ru(tpy)(bpy)(CECN)J**
(CHCN: 454 nm, 22030 cnmt; e = 10900 M? cm™3)13
indicates that Ru(ll) is stabilized bywd— dmso back-bonding.

Cyclic voltammograms of [Ru(tpy)(bpy)(dmsé)]reveal two
irreversible electron-transfer procesigénalysis based on an
ECEC mechanism indicates that the Ru(lll/1l) reduction potential
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produces a new species with an absorption maximum at 496 nm.
The wavelength of this absorption maximum is close to that
reported for the product formed in the reaction of (8 with
[(tpy)(bpy)Ru(O)F" (486 nm}® and is consistent with O-bonded
Ru—dmso.

Crystals and pmma films containing [Ru(tpy)(bpy)(dm3b)]
are luminescent at room and low temperatures (Figuré Aj}.
room temperature, 441.6-nm excitation produces a weak lumi-
nescence band at 720 nm. Upon cooling the sample to 170 K,
the 720-nm luminescence intensity increases, and a new feature
appears at 625 nf{.The far-red luminescence must arise from a
photoproduct, and O-bonded Rdmso is the most likely
candidate. At low temperatures, both the 625 and 720-nm
luminescence profiles display vibrational structure with peak
spacings of lower energy~©Q00 cn1?) than those typically
observed in Rerpolypyridine complexes+¢1300 cn1t).?! Single-
crystal luminescence decay kinetics (135 K) reveal that the two
emitting states have different lifetimes; = 550 ns at 720 nm;

75 = 100 ns at 625 nr¥?

The 625-nm luminescence band in [Ru(tpy)(bpy)(dniso)§
shifted farther to the red than would be expected on the basis of
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Figure 1. Emission spectra of [Ru(tpy)(bpy)(dmso)](8F), in a pmma
film at 298 and 170 K (uncorrected for instrument response). Inset:
structure of the Ru(ll) cation.

its absorption spectrum. The high Ru(llI/Il) reduction potential 412nm

(E° = 1.84 V) leads to an MLCT absorption maximum for the

S-bonded complex (412 nm) that is substantially higher in energy

than that of [Ru(bpy?" (Amax (@bs)= 450 nm) or [Ru(tpy)]*"

(E° = 1.26 V, Amax (@bs)= 470 nm)*® Interestingly, luminescence

from [Ru(tpy)(bpy)(dmsofjt (625 nm) is not similarly blue-

shifted ([Ru(bpy)]?", Amax (€M)= 620 nm; [RU(tpy]>", Amax (€M)

= 628 nm), and the vibronic structure that appears in the low-

temperature spectrum has a reduced peak spacing. These observa-

tions suggest that the 625-nm luminescence arises from a

structurally distorted form of [Ru(tpy)(bpy)(dms&)] One in-

triguing possibility is that the reduced electron density at the Ru

center in the MLCT excited state induces a ligand slip, producing

ann? coordination geometry for the dmso ligand. F‘”“S\\
The photochromism observed in films and single crystals of

[Ru(tpy)(bpy)(dmsof}* can arise only fronmtramolecularRu—S

— Ru—O isomerization of the dmso ligand (Figure 2). Since the

lifetime of the3MLCT state in the RS isomer is<100 ns, the a ()

rate constant for the excited-state isomerization process must beFigure 2. Excitation of the Re-S isomer of [Ru(tpy)(bpy)(dms&)j

at least 18s71.22 This rate is 18times higher than thermal Rt produces aMLCT state, which decays rapidly<(L0 ns) to form emissive

— Ru—0 rearrangement in [Ru(tpy)(bpy)(dms®)]100 s'), and speci_es on théMLCT poten_tial surface. The distortemyzédmso) state

>10® times that of the corresponding Ru(ll) ground-state reac- o0 this surfa_ce can decay directly to the-R&iground state (radl_atlvely,

tion 23 If the SMLCT excited state is highly distorted along a-R8 625 nm), or it can rearrange to produce an electronically excited@u

— Ru—0 reaction coordinate (e.gj2-dmso), then the barrier to ~ ISOmer that luminesces at 720 nm.

formation of O-bonded dmso could be substantially reduced

(Figure 2)* Alternatively, the impetus for such a reaction could mic materials. The substituents on the sulfur of theCBunit

be provided by a*MLCT nonradiative decay channel that can be varied widely to modulate barrier heights of isomerizations.

populates a ligand-field (LF) excited state. Weakening of the Ru  In addition, the ancillary imine ligands in complexes such as [Ru-

dmso bond in a a* LF state undoubtedly would promote rapid  (tpy)(bpy)(dmso)i* can be modified both sterically and electroni-

isomerization to the O-bonded form. cally. Exploiting these chemical modifications could lead to

Intramolecular photochemical linkage isomerizations are un- photoactive materials with variable wavelength responses as well
common transformations; most of the known examples involve a5 selectively tunable dynamics properties.

metal nitrosylst>2>26 Qur finding that irradiation of [Ru(tpy)-
(bpy)(dmso)i' induces Ru-S to Ru-O rearrangement in crystals
and films opens new avenues for the development of photochro-
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