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Q Introduction
‘ R20 hv In the field of artificial photosynthesis,’* the coupling of photocatalytic and enzymatic
y OR, processes has recently gained increasing attention.3>~’ One possible merging point is the
N combination of photocatalytic cofactor reduction steps with enzymatic carbon dioxide
R0 B reduction.8-?
W polymer 7 ~orR,  NAD * + 2e- + H* . - .
E"rl' , | coated I 1 A bipyridine-containing poly(arylene-ethynylene)-alt-poly(arylene-vinylene) copolymer
.ri\ I8 : | glass with a redox-active rhodium cyclopentadienyl-complex as the active site for catalytic
hd ' bead ) cpr substrate conversion is presented!® and applied in photochemical regeneration of NADH.
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| /N oH It works as both immobilizing agent and photosensitizer and thus, in contrast to similar
NADH systems with free rhodium complexes in solution, could minimize the contact of the
| catalyst compound with the NADH-binding site of enzymes applied in photoenzymatic
"OP j redox systems!!-13and enables separation of the catalyst from the reaction solution and
Y Tor, reusability of the precious metal compound.
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| Spectroscopic ellipsometry of the spin-coated
- pristine polymer film of BipyE-PVab shows two HOMO <:_/_/
main absorption maxima at 460 nm (2.7 eV) and -_—

348 nm (3.5 eV), respectively. An additional

Rh-BipyE-PVab broad absorption band can be found at 218 nm (Sacrificial) Photosensi-

(5.7 eV). The optical bandgap is found at 2.1 eV. (Rh-)Catalyst Cofactor Oxidoreductase

5,5'-Bis (4-formyl-2, 5-dioctyloxyphenyl- Donor tizer (PS)
ethynyl) 2,2’-bipyridine (3) (~55 % yield)

through Sonogashira coupling reaction of

4-formyl-2,5-dioctyloxyphenyl-acetylene CO“C'USiOnS

(1) with 5,5’-dibromo-2,2’-bipyridine (2).
Horner-Wadsworth-Emmons olefination
of 3 with 2,5-bis(2-ethylhexyloxy)-p-
xylylene-bis(diethylphosphonate) (4) using
potassium tert-butoxide in excess to form
BipyE-PVab.'°

 Two probable catalytic pathways proposed for the reaction:

* The first possibility (I) involves direct excitation of the rhodium subunit or energy
transfer from the irradiated polymer BipyE-PVab to the Rh centre in Rh-BipyE-
PVab and subsequent reductive quenching of the excited state by TEOA. This would
have to occur twice at the same Rh-site for later reduction of NAD* to NADH.
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(PhOtO)EIECtrOChem|Stry spectra (dashed line) of the BipyE-PVab
o polymer (black) and the metallated polymer Rh- _
@ BipyE-PVab (red) in dichloromethane solution.
§ The metallated polymer Rh-BipyE-PVab shows a OR;
; = red shift in absorbance by about 50 nm and a 7 \\_— _,
= ! much broader absorption as the bare BipyE- — \\—N
o PVab polymer. Upon complexation, the polymer R,0 ‘
SRR emission is quenched almost completely. L HO™  Ncpr .-~ TEOA “. 1,
Evs.SHE/V ,:, . . R _
: \ : 08 ‘  The second one (II) involves (oxidative) quenching of the photoexcited polymer
= El - °'6';4_." chain by a rhodium centre. This is accompanied by electron transfer to the rhodium
N YT 4

active site, possibly also involving a different polymer chain. As iodine vapor with
S an estimated redox potential of 0.35 + 0.1 V!¢ is sufficient to oxidize the BipyE-
Cyclic voltammetry (a) and photocurrent ro00 6000 30 4o 5000 2000 1000 PVab polymer backbone and the bandgap measured by ellipsometry with 2.1 eV
;nfstillerleegfgzhegi)cal()fs c:;?n}i,r]f-gpvgfoplz Hem rank this pathway the most probable one. After two electron transfer steps to the
cell microscopy!*!5 shows irreversible rhodium centre a proton can be taken up from the solution and the active Rh-

hydride complex is formed at the active bipyridyl-coordination site of the rhodium
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ATR-FTIR measurement of the chemical doping-
process of BipyE-PVab by iodine vapour. With

oxidation at 1.22 V vs. SHE and a ; . . .
increasing time of exposure, the formation of a

photocurrent effect upon irradiation with a broad polaron absorption can be observed. polymer. The hydride is then transferred to NAD".
laser diode at 532 nm (153 mW cm?).
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