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We report the structure, spectroscopy, and electrochemistry of cis-
[Os(bpy)2(DMSO)2](OTf)2, where bpy is 2,2′-bipyridine, DMSO is
dimethyl sulfoxide, and OTf is trifluoromethanesulfonate. Electro-
chemical measurements are consistent with S-to-O isomerization
following the oxidation of Os2+ (1.8 V vs Ag/AgCl). Visible irradiation
of the metal-to-ligand charge-transfer transition (355 nm) of [Os-
(bpy)2(DMSO)2]2+ in the solid state and solution yields an emissive
S-bonded excited state and S-to-O excited-state isomerization on
a subnanosecond time scale. These results and a comparison to
the nonphotoactive [Os(bpy)2Cl(DMSO)]+ are discussed.

The development of photochemical molecular devices
requires strict control of the electronic structure of molecular
units. As a result, synthetic strategies that minimize non-
productive excited-state deactivation pathways while enhanc-
ing desirable features are valued. For example, ligand-field
deactivation of charge-transfer excited states in ruthenium
polypyridine complexes is a predominant relaxation pathway
that sometimes limits their effectiveness in photochemical
molecular devices.1 To combat this effect, osmium is often
favored over ruthenium because of the larger ligand-field
energy gap exhibited by osmium. In an effort to examine
the role of ligand-field states in ruthenium-dimethyl
sulfoxide (DMSO) photochromic complexes,2-5 we have
chosen to examine phototriggered excited-state isomerization
in osmium-polypyridyl complexes containing DMSO.

Few osmium complexes feature photoisomerizable ligands.6

The best studied examples are [Os(CN)5(NO)]2- and [Os-
(NH3)5(N2)]2+.7,8 In the former example, infrared spectra
show evidence for isonitrosyl (O-bonded) andη2-NO bond-
ing modes following irradiation of the crystalline complex
at low temperature. In the latter example, Coppens et al.
showed the first crystallographic evidence for side-on bond-
ing of N2 in [Os(NH3)5(N2)]2+ formed from irradiation of
the solid at low temperature.8 These examples provide
precedence for phototriggered linkage isomerization in
osmium complexes. Herein, we report the spectroscopic and
electrochemical data for photochromic action in a simple
osmium-DMSO coordination complex.

The molecular structure of [Os(bpy)2(DMSO)2]2+ features
two S-bonded DMSO ligands in a cis geometry (Figure 1).9

There are two unique molecules in the unit cell (triclinic;
P1h), which show only subtle differences between the two
structures. Only one molecule is depicted in Figure 1. The
Os-S bond distances of 2.279(1), 2.281(1) and 2.268(1),
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Figure 1. Molecular structure of [Os(bpy)2(DMSO)2]2+. Ellipsoids are
displayed at 50% probability. All hydrogen atoms have been removed for
clarity. The N1 atom label has been omitted for clarity.
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2.276(1) Å and S-O bond distances of 1.474(2), 1.470(2)
and 1.477(3), 1.471(1) Å are in accord with that observed
for other OsII-DMSO complexes.10,11 For example, incis-
[OsCl2(DMSO)4], the four Os-S bond distances range from
2.275(1) to 2.355(1) Å, while the S-O bond distances range
from 1.467(4) to 1.483(3) Å.10 The Os-N bond distances
are typical [2.092(3)-2.101(3) Å] and show characteristic
asymmetric metal-N bond distances for coordinated bipy-
ridine. The complexes also feature large torsion angles that
are represented as a rotation of DMSO about the Os-S bond.
The angles are 34° for O1-S1-Os1-N3 and 37° for O2-
S2-Os1-N2. The corresponding angles in the second
molecule are both 44°. Large torsion angles are typical of
photochromic ruthenium-DMSO compounds.2

Cyclic voltammograms of [Os(bpy)2(DMSO)2]2+ are con-
sistent with Sf O isomerization following oxidation of Os2+

(Supporting Information). The S-bonded Os3+/2+ couple
occurs at 1.8 V vs Ag/AgCl. Similar to [Ru(bpy)2-
(DMSO)2]2+, voltammograms indicate that isomerization
rates are on the order of 50-100 s-1.4,12 A new Os3+/2+

couple is observed at 1.0 V vs Ag/AgCl and is consistent
with an O-bonded DMSO. There is no evidence for room-
temperature Of S isomerization following reduction of
Os3+. The bis-O-bonded couple in the ruthenium analogue
is observed at 0.8 V vs Ag/AgCl. The more positive osmium
couple is not suggestive of a bis-O-bonded structure but
rather a mixed S- and O-bonded structure. Interestingly,
voltammograms of [Os(bpy)2(DMSO)Cl]+ do not show
evidence of isomerization following oxidation of Os2+ or
Os3+ (Supporting Information). Indeed, two reversible one-
electron couples are observed in the voltammogram of this
complex. The first couple is assigned to Os3+/2+ (0.1 V vs
Ag/AgCl), while the second couple is assigned to Os4+/3+

(1.5 V vs Ag/AgCl). The presence of the chloride has a
dramatic effect on the electronic structure of the complex.

The electronic spectra of [Os(bpy)2(DMSO)2]2+ are shown
in Figure 2. The high-energy absorption band at 355 nm is
assigned to a metal-to-ligand charge-transfer (MLCT) transi-
tion. A similar band appears at 348 nm in the corresponding
ruthenium complex.4,12 The related osmium complex, [Os-
(bpy)2(DMSO)Cl]+, exhibits a high-energy band at 408 nm.
Given the spectral similarities of Cl- and O-bonded DMSO,
isomerization of just one DMSO should yield a similar
maximum in the electronic spectrum.

Irradiation of bis-S-bonded [Os(bpy)2(DMSO)2]2+ in or-
ganic solvents (e.g., propylene carbonate, acetonitrile, and
dichloromethane) causes substantial changes in the absorption
spectrum (Figure 2). The absorption maximum at 355 nm
decreases, and a new peak at 403 nm appears. The isomer-
ization quantum yield (ΦSfO) was determined to be 0.042
( 0.002, utilizing ferrioxalate actinometry (Supporting
Information).2 The absorption maximum and shape are
similar to those of [Os(bpy)2(DMSO)Cl]+, yet they are in

stark contrast to those of the bis-O-bonded [Ru(bpy)2-
(DMSO)2]2+, which features two absorption maxima at 347
and 496 nm.4,12 Furthermore, while [Ru(bpy)2(DMSO)2]2+

features two separate Of S isomerization rates (∼10-3 and
∼10-4 s-1) at room temperature, thermal reversion toS,S-
[Os(bpy)2(DMSO)2]2+ is monophasic but only at higher
temperatures (T > 50 °C). The absorption and electrochemi-
cal data strongly support an assignment of one S-bonded
DMSO and one O-bonded DMSO in the metastable state of
[Os(bpy)2(DMSO)2]2+ formed following irradiation and
electrochemical oxidation.

Emission studies of photochromic [Os(bpy)2(DMSO)2]2+

reveal a room-temperature excited-state lifetime of 1.28µs
in acetonitrile. The steady-state spectrum is shown in Figure
2. The inset shows the single-wavelength decay kinetics at
565 nm, the emission maximum. The decay is well fit by a
simple monoexponential equation. There were no other
observable emissive features at lower energy. Irradiation of
the S,O-bonded [Os(bpy)2(DMSO)2]2+ formed from photo-
conversion shows that this complex is nonemissive. As a
result, the complex giving rise to the emission at 565 nm is
assigned to the bis-S-bonded [Os(bpy)2(DMSO)2]2+. The
emission quantum yield (Φem) was found to be 0.23( 0.02,
utilizing [Ru(bpy)3]2+ as an actinometer.

Nanosecond transient absorption spectroscopy was per-
formed to correlate ground-state formation with excited-state
deactivation. Monitoring at the isosbestic point (375 nm) of
the S,S- and S,O-bonded [Os(bpy)2(DMSO)2]2+, 355-nm
excitation shows the formation of an absorption within the
laser pulse and its decay (Figure 3). The lifetime of this signal
is 1.33 µs and matches well the emission lifetime ofS,S-
[Os(bpy)2(DMSO)2]2+*. The correspondence of the emission
lifetime with the 375-nm decay lifetime indicates that this
signal is due to the reduced bipyridine ligand of the3MLCT
excited state.13,14 The 500-ns transient absorption spectrum
shows a narrow peak at 375 nm and a less intense broad
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Figure 2. Absorption spectra (left abscissa) ofS,S-[Os(bpy)2(DMSO)2]2+

(black) and S,O-[Os(bpy)2(DMSO)2]2+ (red) complexes. The emission
spectrum (right abscissa) and lifetime decay (inset) correspond to those of
S,S-[Os(bpy)2(DMSO)2]2+.
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shoulder between 390 and 410 nm. The 375-nm peak
corresponds well with that observed for a reduced bipyridine
ligand, while the lower energy shoulder is likely due to the
S,O-[Os(bpy)2(DMSO)2]2+ photoproduct.13,14 This indicates
that the S,O ground state has formed while the S,S excited
state has yet to decay.

The kinetic trace at 390 nm, which corresponds to the
wavelength of greatest absorption difference betweenS,S-
andS,O-[Os(bpy)2(DMSO)2]2+ (Figure 4; 355-nm excitation),
shows the rapid formation of an absorption and its decay.
The decay lifetime of this monoexponential signal is 1.23

µs, which is in accord with the 375-nm kinetic signal and
the emission measurements (565 nm) and as such is due to
decay of the3MLCT of S,S-[Os(bpy)2(DMSO)2]2+. The
presence of a nonzero signal in this trace indicates the
formation of a photoproduct prior to the3MLCT S,S-[Os-
(bpy)2(DMSO)2]2+ decay. Isomerization is expected to be
relatively slow (∼30µs) if it occurs from an emissive3MLCT
S,S-[Os(bpy)2(DMSO)2]2+ state. This slow kinetic phase is
not observed at any wavelength. In independent experiments,
excitation of photoconvertedS,O-[Os(bpy)2(DMSO)2]2+ sug-
gests an excited-state lifetime of less than 3.5 ns (the response
time of our instrument).

Our interpretation of these data is subnanosecond excited-
state isomerization of DMSO on osmium. TheΦSfO ) 0.042
value represents the branching ratio from an initial excited
state, which yields distinct3MLCT S,S-[Os(bpy)2(DMSO)2]2+

and S,O-[Os(bpy)2(DMSO)2]2+ excited states on different
surfaces (see the synopsis figure). From the respective
3MLCT states, ground-state formation of the S,S complex
is relatively slow (∼1.3µs), whereas ground-state formation
of the S,O complex is rapid (<3.5 ns). The metastable S,O
complex reverts to ground-stateS,S-[Os(bpy)2(DMSO)2]2+

only at elevated temperatures. That DMSO isomerization
occurs on osmium strongly suggests that this reaction does
not require intervention of photoreactive ligand-field states.
Future efforts will focus on the direct measurement of S-to-O
isomerization rates and the development of other osmium-
DMSO photochromic complexes. In addition to picosecond
intramolecular ligand substitution reactions in organometallic
complexes,15,16 this study provides further evidence that
dramatic molecular rearrangements can occur on a fast time
scale in transition-metal complexes.
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Figure 3. Single-wavelength transient absorption decay kinetics observed
at 375 nm following 355-nm excitation. The initial absorption is due to the
reduced bipyridine ligand. The inset shows the spectrum of reduced
bipyridine at 500 ns after the laser pulse. The decay corresponds to the
bleaching of the MLCT excited state. The residuals from the monoexpo-
nential fit (red) are shown at the bottom.

Figure 4. Single-wavelength transient absorption decay kinetics observed
at 390 nm following 355-nm excitation. The initial absorption is due to the
reduced bipyridine ligand. The decay corresponds to ground-state recovery
of S,S-[Os(bpy)2(DMSO)2]2+. The long-lived absorption corresponds to the
formation ofS,O-[Os(bpy)2(DMSO)2]2+. The residuals from the monoex-
ponential fit are shown at the bottom.
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