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Photo-induced oxidation-enhancement in biomimetic bridged
Ru(in)—Mo(vi) photo-catalyst is unexpectedly photo-activated in ps
timescales. One-photon absorption generates an excited state
where both photo-oxidized and photo-reduced catalytic centres
are activated simultaneously and independently.

Metalloenzymes often regenerate their active sites via efficient
electron transfer (eT) between spatially separated eT units."
Thus, the comprehension of electronic relays between these
components in bioinspired redox catalysts is attracting increasing
interest.>” Electrochemical approaches to mimic this process
include for instance the attachment of reversible eT components
to metalloenzyme mimics.*™®

Photo-induced eT processes have also been explored to harness
solar energy and to accelerate redox catalysis. For example,
ruthenium-based photosensitizers linked to manganese-based
photosystem II models were used to mimic the four-electron
oxidation of two water molecules by light-induced eT.” Similarly,
hydrogenase mimics with attached reversible photosensitizers have
been investigated with the aim of catalysing the light-driven
production of H,.*° Photoredox processes'’®™* have also been
used to catalyse oxygenation reactions with environmentally
benign O-atom sources, in particular >0, or H,0."* Enemark
and Kirk et al demonstrated that oxo-molybdenum(v)
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can be photoactivated via an antenna-mediated eT process
by covalently linking the oxo-Mo(v) unit to porphyrin-Fe(i)
or Zn(n) complexes.**"*?

Recently, Duhme-Klair et al. developed biomimetic molyb-
denum complexes'® with appended ruthenium-based photo-
active units to facilitate oxygen atom transfer (OAT) catalysis
via photo-induced eT (Fig. 1). They found that the attachment
of a bis(bipyridyl)-phenanthroline ruthenium complex to a cis-
dioxo Mo(vi) thiosemicarbazone allows the OAT from dimethyl
sulfoxide to triphenyl phosphine (PPh;) to be accelerated
upon irradiation with visible light. To explain their findings,

DL Rrea+o

Fig. 1 Photo-induced oxidation-enhancing (PIOE) effect in a Ru(i)—Mo(vi)
dyad [Ru(bpy),(LIMoO,(MeOH)I?*, as proposed in ref. 17: (1) the Ru(n) is
photo-oxidized to Ru(i) and one of the bpy is reduced upon excitation to
the lowest metal-to-ligand charge transfer excited state; (2) the photo-
reduced bpy~ is oxidized by a diffusion-limited reaction with an oxidizing
agent (OxA), (3) the Mo(vi) unit is activated by the back-reduction of Ru(in)
to Ru(i); (4) a reducing agent (ReA) is oxidized via oxygen atom transfer
(OAT) from the activated cis-dioxo molybdenum unit.
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specifically the photo-induced oxidation-enhancing (PIOE)
effect,’” they proposed the scheme illustrated in Fig. 1: the
Ru(i) is first photo-oxidized and one 2,2 Lbipyridine(bpy) ligand
is photo-reduced (1); the latter is then oxidized by an oxidizing
agent (e.g.methyl viologen) (2), leading to the production of a
highly reactive, one-electron oxidized catalytic Mo(vi) unit via
an intramolecular eT toward the Ru(m) (3). Eventually a reducing
agent, as for instance PPh, is oxidized via the OAT from the
activated cis-dioxo molybdenum unit (4).

Since the oxidative quenching process of the photo-excited bpy
is di usion-limited, the production of a highly reactive one-electron
oxidized Mo(vi) unit is expected to happen on ns to ms timescale.

It is worth noting that the formal oxidation state of the
molybdenum is already 6+ and cannot increase further. Thus,
the eT following the oxidative quenching is most likely from the
non-innocent phenol-thiosemicarbazone ligand system on the
catalytic molybdenum unit, towards the photo-oxidized Ru( m)
unit. As this kinetic model was proposed based on catalytic
studies and steady-state measurements, a further validation
with time-resolved techniques is highly desirable. With this
motivation we carried out femtosecond (fs) transient absorp-
tion (TA) studies of the Ru(in)...Mo({) dyad upon photoexcitation
of the Metal-to-Ligand Charge Transfer (MLCT) states of the
ruthenium unit (for experimental details see ESI 1). Addition-
ally, we investigated the reference system [Ru(bpy)(phen-
NH,)]** (see ESt for the molecular structures) to disentangle
the dynamics of Ru(m)...bpy/phen MLCT states from those of
the catalytic molybdenum unit, and ultimately to identify the
initial steps of the PIOE process (see ESI).

Fig. 2A shows a representative selection of TA spectra of
the Ru(n)...Mo¢) dyad. We observed, immediately after
excitation, the characteristic signatures of a Ru(in)-to-bpy MLCT
transition. *® In addition, at |pope 4 500 nm we found a
picosecond (ps) dynamics which is absent in the reference
(Fig. S2, ESt). To quantify the timescale of these dynamics
and to disentangle the spectral contributions from each dyad
moiety, we did global analysis using singular value decomposi-
tion; the outcome (decay associated spectra, DASs, and life-
times, t) is reported in Fig. 2B (fittings of kinetics at
representative wavelengths are shown in Fig. S3, ES).

The comparison with the reference system [Ru(bpyk(phen-
NH,)]?* (see ESt) indicates that both the Ru(m)...phen and the
Ru(mn)...bpy MLCT states are excited at 425 nm and that the
former is followed by a biphasic ligand-to-ligand charge trans-
fer from the phen to one of the neutral bpy in 130 fs and
1.74 ps (DA%, and DAS ). This implies that the final excited
state of the photoactive ruthenium unit is a [Ru( m)(bpy )
(bpy)(phen)P?" state, regardless of the excited MLCT transition
and therefore of the excitation wavelength within the lowest OA
band. The long-lived ground state bleach (GSB) signal at 450 nm
in Fig. 2A and the DAS s with ts B N reveals that this state, and
accordingly the charge density on the bpy ligand, stays popu-
lated well beyond the investigated time window (0...200 ps), as
also observed in the reference (see ESi).

The dynamics at | prope 4 500 Nm is distinctive of the dyad,
and therefore of the catalytic Mo(vi) unit and the bridging
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Fig. 2 fs-TA spectroscopy of the dyad. (A) A representative selection of
TA spectra upon photoexcitation at 425 nm. The inverted steady-state
optical absorption (OA) of the dyad and of the reference [Ru(bpy) »(phen-
NH,)J?* are also shown. (B) Time-spectrum decomposition analysis, decay
associated spectra (DASs) and the relevant decay time constants are
reported. The spectral range contaminated by pump scattering is masked
by a grey box. TA measurements and analysis of the reference compound
are reported in the ESI.t

ligand. We can isolate their spectral signature by subtracting
the spectrum obtained at the earliest time (200 fs), which
primarily contains the signals from the photoactive ruthenium
unit only (Fig. 3A).

The di erence TA spectrum <200 ps...200 fsee and the difference
spectrum obtained during spectro -electrochemical oxidation of
the catalytic control compound ([MoO »(LM®)MeOH]),}” resemble
each other closely and over an extended spectral range, after
applying a shift of 0.65 eV (Fig. 3B). This spectral shift is justified
since the global charge of the electrochemically oxidized control
compound [MoO»(LM®)MeOH] and the photoexcited dyad are
different. Therefore, we can infer that (i) the early signals at | prone
4 500 nm originate from transitions of the neutral catalytic
Mo(vi) unit, which are red-shifted by the strong electrostatic field
of the dipole photo-induced on the Ru moiety, **2°and (ji) the ps
dynamics are due to an oxidative process of the chromo-
phoric part of the Mo unit, i.e. the conjugated phenolate-
thiosemicarbazone ligand.?* The latter is due to a decrease of
the charge on the ligand, induced by the photooxidized Ru(i) in
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