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Visible light-driven intermolecular electron transfer was observed S_Fe/CVS

from a reduced species Ru(bpy)s*, photogenerated via a reductive YS~pgllg” | //X

quenching of the ruthenium photosensitizer by a diethyldithiocar- cysgflzs/e\" S8 1o

bamate anion, to bioinspired [2Fe2S] model complexes of the iron- cys>STF; "Fe.,/( ’

only hydrogenase active site. The results indicate that Ru(bpy)s?* OC,GC/ \8/ \CgN

can act as a photoactive functional model of the [4Fe4S] cluster, Figure 1. Structure of the hydrogen cluster in the iron-only hydrogenase
playing the role of an electron-transfer relay. The photogenerated active site.

Fe'Fe? species, which is proposed to be a crucial intermediate for
proton reduction catalyzed electrochemically by the [2Fe2S]
complexes, gives promise in the light-driven dihydrogen evolution
using diiron complexes as surrogates of noble platinum catalysts.

to develop light-driven hydrogen production systems, several
biomimetic models of the iron-only hydrogenase active site
covalently linked to ruthenium photosensitizers were syn-
thesized and the possibility of ET from the photoexcited
ruthenium complex to the dinuclear iron site was investi-
gated®® Unfortunately, the excited states of ruthenium
The X-ray crystallographic studies reveal that the active COMplexes were quenched either by energy transfer or by
site of iron-only hydrogenases, the so-called H-cluster, Unwanted reverse ETand the desired forward ET did not
contains a [2Fe2S] subsite with one of the iron atoms Occur. This is mainly because the reduction potential of the
connecting to a [4Fe4S] cluster via a cysteinyl bridg@he dinuclear iron complex is more negative than that of the
[4Fe4S] cluster is assumed to function as an electron-transfefxcited state of the ruthenium complex, making the direct
(ET) relay (Figure 13 The remarkable catalytic activity of ~ET from the photosensitizer to the catalyst thermodynami-
proton reduction by iron-only hydrogenases inspires scientistsCally unfavorable. To overcome this problem, a stronger
to create electrochemical and photochemical dihydrogen reductant Ru(bpyJ, which can be generated via reductive
production systems based on iron complexes. Recently, ajuenching of the excited state of Ru(bgy)'® might be a
few synthetic [2Fe2S] model complexes of the iron-only Detter candidate because it has a reduction potential close to
hydrogenase active site have proven to be efficient catalyststhat of all-carbony! diiron dithiolate complexes. The Ru-

for electrochemical hydrogen productitr. In an attempt (bpy)s* species has been successfully used in photochemical
hydrogen generation in combination with the reduction
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Figure 2. Bioinspired triad system for photoinduced ET. Figure 3. Transient absorption spectrum obtained asZollowing flash
photolysis of a deoxygenated @EN solution containing Ru(bp3* (5 x

suppressed by rapid dimerization of thiyl radicals, formed 10~°M) and dtc (10-2 M) under an argon atmosphere. Inset: kinetic trace
after ET from dithio anions to the excited state of Ru- & 20 M.
(bpy)?*,'® so that the lifetime of Ru(bpy) can be prolonged
and the expected ET reaction might readily take place.

On the basis of the aforementioned considerations, we
designed a triad reaction system as shown in Figure 2,
composed of Ru(bpy)" as a photosensitizer, a diethyldithio-
carbamate anion (dt¢ as an electron donor, anf{u-
SCHz)QX}[Fe(COk]z (X = CH,, 1; NCH,C¢Hs, 2) as a
catalyst to mimic the diiron subsite. The working principle
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of the triad system is that the excited state of Ru(kyis
quenched reductively by dtcleading to the formation of
Ru(bpy}™. Consequently, one electron transfers from Ru-
(bpy)* to the diiron dithiolate compleg or 2, resulting in

Figure 4. Transient absorption spectra obtained at/s1(a) and 1Qus
(b) following laser flash photolysis of a deoxygenatedsCN solution
containing Ru(bpyf™ (3 x 1075 M), dtc™ (1073 M), and1 (4 x 1074 M)
under an argon atmosphere.

the formation of Fé-€® species, which is proposed to be a
crucial intermediate for the dihydrogen evolution catalyzed Were observed in UV/vis SEC spectra recorded during the
e|ectrochemica"y by the [ZFGZS] Comp|e)@é§_'he designed reduction ofl in N,N'-dimethylformamide under 0.7 MPa
ET processes were unambiguously corroborated by laser flastf CO. The clear distinction in UV/vis absorptions between
photolysis evidence. To the best of our knowledge, the Ru(bpy}™ and Ru(bpy¥* and between FE€ and Fére’
observation of the light-driven ET from a photosensitizer to Species gave us the motivation to explore the related
an iron-only hydrogenase active site model complex is Photoinduced ET process using time-resolved absorption
unprecedented. spectroscopy, that is, the laser flash photolysis technique.
Photoactive complex Ru(bp§) and diiron complexe4 In the absence of complek laser excitation (532 nm,
and2 were synthesized according to literature procediirds.  Pulse width 7 ns) of the deoxygenated solution of Ru(y)
As reported, Ru(bpyd* displays three reversible reduction @nd dtc resulted in the immediate formation of Ru(bpy)
peaks for three bipyridyl ligands in the cyclic voltammogram, Which was characterized by an absorption band at around
with the first reduction peak at1.29 V (Ey,) vs saturated 220 nm (Figure 3}° The inset of Figure 3 shows the decay
calomel electrode (SCEY.Diiron complexesl and2 each ~ Kinetics of Ru(bpyj" at 520 nm, which is a long-lived
display a quasi-reversible reduction peak-4t20 and-1.17 ~ SPecies and decays double exponentially with= 2.3 us
V vs SCE, respectively, assigned to the one-electron- (14%) andr, = 17.0us (86%). Wherl was added to the
reduction process of e to FeF€. Evidently, the redox solutlon_ in a concentratl_on of 4 10 M, the transient
potential Ey;» [Ru(bpy):?] is 90—120 mV more negative abs_orp_tlon spectra obta_uned at 0.1 andy]_sOafter laser
than E,. (FEFE/FEFE), so that the one-electron-reduction excitation were totally different. As shown in Figure 4, the

processes of complexésnd2 by photogenerated Ru(bpy) absorption spectrum of Ru(be)can be clearly seen at 0.1
are thermodynamically feasible. us; however, at 1Qus, the absorption of Ru(bpy) com-

The maximal absorption of in CHiCN is at 329 nm pletely disappears, and synchronously the absorptions at ca.
with a low intense absorption at 458 nm. The UV/,vis 400, 570, a“‘?' 700 nm for a newly generated species_ i CH
spectroelectrochemical (SEC) spectrd dias been reported CN appear in the specj[rum. These new absorptions are
by Pickett et af® Intense absorption bands at 390, 580, and ascribed to the FBe’ species ofl by comparison to the UV/

700 nm, attributed to the one-electron-reduce&especies, V?S _SEC spe_ctrum repor_t ed by Pickett and co-_worl%%'ll'she
similar transient absorption spectra were obtained when flash

photolysis of a deoxygenated @EN solution of Ru(bpyy*,

dtc”, and 1 was made under an argon or CO atmosphere
(Figure S1 in the Supporting Information), indicating that
the photogenerated Fe® species did not lose CO ligand
within the short measuring time scale. Flash photolysis of
Ru(bpy}?*, dtc™, and2 in the deoxygenated GEN solution
gave transient absorption spectra similar to those of complex
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Figure 5. Kinetic traces at 520 nm (a) and 400 nm (b) obtained following
flash photolysis of a deoxygenated ¢EN solution containing Ru(bpyy™
(3 x 1075 M), dtc™ (103 M), and1 (2 x 1074 M).

1 (Figure S2 in the Supporting Information). Moreover,
control experiments showed that there was no direct inter-
action betweer and the excited state of Ru(bg¥/). All of
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Scheme 1. Proposed Light-Driven ET Process of the Triad System
h\‘/‘z\
dtc” Ru(bpy)s?* Fe'Fe?
1/2(dtc), Ru(bpy)s” Fe'Fe!

In conclusion, light-driven ET was successfully observed
from a reduced species of the ruthenium photosensitizer to
[2Fe2S] model complexes of the iron-only hydrogenase
active site. The results indicate that Ru(kpy)may act as
a photoactive functional model of the [4Fe4S] cluster, playing
the role of an ET relay. Ru(bpy), photogenerated via a
reductive quenching, can be used as an effective reductant
for activation of diiron precatalysts. Furthermore, in terms
of light-driven hydrogen production, it could be more

this evidence indicates that one electron has transferred fromPractical to employ an intermolecular system because it is

photogenerated Ru(bpy)to [2Fe2S] complexeg and 2.

The kinetic traces (Figure 5) were measured at a lower
concentration ofl (2 x 104 M) because the absorption of
the ground state of at ca. 450 nm could affect the data
acquisition. In the presence a&f the lifetime of Ru(bpyy"
was dramatically shortened to 1is (Figure 5a). The
concomitant kinetics for the decay of Ru(bpy)and the
buildup of the F¥€® species further support the conclusion
that one-electron transfer from Ru(bpy}o 1 occurs in the
triad system. In addition, a similar result was obtained when
1 was replaced by (¢-SCH,),.NCH,CgHs}[Fe(CO}]. (2;
Figure S3 in the Supporting Information). By variation of
the concentration df from 0.06 to 0.2 mM, the rate constant
of the ET reaction from Ru(bpy) to FEF€ is determined
to be 3.9x 10° Mt st (Figure S4 in the Supporting
Information), which is 1 order of magnitude faster than the
previously reported rate constants for ET from Ru(lpy)
to Cd' [(1.8—4.0) x 10® M1 s71.1312 The photoinduced
ET processes in the designed triad system is summarized i
Scheme 1.

more easily obtained and the unwanted energy-transfer or
reverse-ET reactions can be avoided. The photogenerated
FeFe species can, in principle, interact with protons to form
an active Fé-€'—H specieg;” which is a very important
intermediate for the HH bond formation. The results show
promise in the light-driven proton reduction to molecular
hydrogen using diiron model complexes as surrogates of
noble metal based catalysts. Studies on photochemical
hydrogen production catalyzed by [2Fe2S] complexes are
in progress.
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