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Visible Region Photooxidation on TiQ, with a Chromophore—Catalyst Molecular Assembly
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Nanocrystalline films of TiQ derivatized by adsorption of 3.0
polypyridyl complexes of Ruhave provided a basis for a family
of solution photoelectrochemical devicesAt the molecular level, 0.6+ =
a key feature in these devices is irreversible photoinjection into 2
the TiO, conduction band following metal-to-ligand charge- 4
transfer (MLCT) excitation giving Rli. Reduction of RU by I~ 0.4+
followed by k™ reduction at the anode completes the cell. It should a I
be possible to exploit this basic scheme for the photoproduction © ] “\
of high-energy chemicals, and we report preliminary results on 0.2+ -~
such an example based on an adsorbed chromoplbaiéant
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The work was based on the dpp-bridged molecular assembly 0.0

[(4,4-(CO:H)zbpy)(4,4-Mezbpy)Ru (dpp)Ru' (tpy) (OH)]** (1)

(4,4-Meybpy is 4,4-dimethyl-2,2-bipyridine, 4,4-(CO,H),bpy is

2,2-bipyridine-4,4-dicarboxylic acid, dpp is 2,3-bis(2-pyridyl)- 0.50
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Figure 1. (A) UV —visible spectrum ofl adsorbed onto optically
assembly is structurally analogous to [Rpy)(bpy)(OH)]?t (bpy transparent Ti@ before ) and after {-+) pvernight phot_olysis while
= 2,2-bipyridine), which has an extensive and well-defined |n_qmer3edﬂ|n pf?py:]enelcgrbomﬁte_o.l M mdN_ag:Zl(B) As |nIATbhefqre
catalytic oxidation chemistry _following twq-electron oxidation to gh())v‘rﬂhea; erefsﬂrgdo.;(ﬁZféiuvfre'rism&Tr?@eménsa'nﬁ?Ezﬂgas. e insets
[RuV(tpy)(bpy)(O)F".2 The tris(heteroleptic) chromophore was
prepared by a recently devised stratedgr preparing black
absorbers which absorb light broadly throughout the visitite.
this case, the MLCT absorption of the complex is spread across
the visible by utilizing the relatively electron rich 4-Me,bpy
ligand to stabilize the MLCT excited-state hole at *Rwhile
the dpp bridge provides a low-lying* acceptor level. Additional
MLCT transitions to tpy, 4,4Me,bpy, and 4,4(CO.H),bpy fill
in the mid-visible. As shown in Figure 1, the assembly absorbs
broadly through much of the visible region.

Synthetic details are given in the Supporting Information. For
the intermediate [(4,4Me;bpy)(4,4-(COEL)bpy)Ru(dpp)Ru-
(tpy)CIP" (Amax = 626 nm), cyclic voltammetry in acetonitrile
0.1 M in tetrabutylammonium hexafluorophosphate revealed
metal-based oxidations &, = +0.88 andg, .= +1.56 V and
a ligand-based reduction at0.82 V versus SSCE. FAr(Anax=
518 nm), at a glassy carbon electrode, a wave appe&ig,at
+0.69 V (0.1 M HCIQ) corresponding to overlapping(dpp)-
(tpy)RU'(OH)*" — —(dpp)(tpy)RU' (OHY** and—(dpp)(tpy)RU'-
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Scheme 1 OH,?* complex alone followed by photoinjection would result
in RU"—OH?2", which does not absorb in the visible to an
appreciable degree. I, oxidation to —Ru'(dpp)RU'(OH)—
causes loss of the Bu— tpy MLCT absorption in the visible,

i) TiOa|-[Ru"-Ruy"-OH,}*" + H'(Pt) L NN
TiO, | [-Ru."-Ru,™-OH]*" + H' + 4H,(Pt)

if) TiO; | -[Rus"™Ruy™-OHJ* + H*(Pt) AL but this also lowers the energy of the remaining/RMLCT
TiO; | -[Ru,"-Ruy™-OHT™" + % H,(Pt) transition to the dpp bridge.
iii) TiO; | [Rus"-Ru,"-OH]"* ——> TiO; | -[Ru;"RuyV=0)*" + H' When propylene carbonate was replaced with 2-propanol as

solvent, a different behavior was observed. The'{Rpy)(bpy)-
(O)J*" analogue has been shown to oxidize 2-propanol to acetone
by a hydride transfer mechanismOxidation of 2-propanol
apparently also occurs on the surface. As shown in Figure 1B,
The molecular assembly was added to the annealed electrode byhotocurrents actuallincreasewith time although they are of
immersion of the electrode into a saturated ethanolic solution lower magnitudé®!* Over the photolysis period, the absorption
overnight. spectrum blue-shifts slightly with negligible loss of absorbance,

The goal of the present study was to devigghatoelectrosyn- perhaps due to the presence of some isolated sites which are slow
theticcell based on adsorption @fonto TiO,. A two-compartment to rereducé? GC—MS analysis of the 2-propanol solution showed
cell was utilized with the dye-derivatized Ti@lectrode in one an ~10-fold increase in the concentration of acetone relative to
compartment and a platinized Pt electrode immersed in 1 M the solution from an underivatized Ti®lank. The conclusion
aqueous HCIQin the second. In this configuration, the photo- that the acetone produced in this cell was formed by the reaction
injected electrons are delivered through the circuit to the platinized of 2-propanol with the R4=0 site in Scheme 1 is reasonable.
Pt electrode for reduction of protons to dihydrogen although we Compared to [RY(tpy)(bpy)(O)F" in solution, oxidation of

iv) TiO, | -[Rus"-Ru,V=OT* + H'(Pt) — > ——>
TiO, | -[Ru,"-Ru,V=071"* + %H,(Pt)

have made no attempt to measure its production. 2-propanol by [RU (tpy)(bpy)(OH)F" is slower by a factor of
When the TiQ electrode was irradiated (250 W Bausch and 4002
Lomb mercury lamp with a 460 nm UV cutoff filter to prevent The net reaction in the cell appears to be the visible light driven

direct semiconductor band-gap excitation), photocurrents were dehydrogenation of 2-propanol,
measured in the external circuit. As shown in the inset in Figure
1A, with the assembly-derivatized electrode immersed in propyl-
ene carbonate 0.1 M in NaCJCthe photocurrent decreased with
time as the dye was oxidized on the surface. Photooxidatidn of

(CH,),CHOH " (CH,),C=0 + H,

on the surface (Ti@1) occurs to give TiQ[(4,4-(COH).bpy)- a reaction which is nonspontaneous by 0.64 eV.
(4,4-Mezbpy)Ru" (dpp)Rw" (tpy)(O)F which is only weakly This is very preliminary work, and important studies remain.
absorbing in the visible. Because of the high'Rupotential for Nevertheless, the results presented demonstrate that a molecular

Ru, in 1 relative to the Rgf"" and RyV" potentials, the total assembly consisting of a broadly absorbing visible chromophore,
loss of Rl MLCT absorption in the visible shows that the initial & redox center capable of multiple oxidation to an oxo form, and
RU'—OH,?" site is fully oxidized to RIY=0?". attachment points for surface adsorption can be constructed and

We envision that three-electron oxidation of FjDoccurs by utilized to effect net chemical conversion by utilizing long-
the series of stepwise reactions in Schenié In the scheme, ~ wavelength light.
photooxidation of the complex occurs at Tiénd H, production
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mixed-valence transition dependent in related systems as well (ref 11). The difference here may
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