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Molecular Wires
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Electron transfer (ET) is a fundamental process in chemistry, electrochemistry,
and biological systems. It governs the behaviour of various reactions,
influencing redox properties, energy conversion, and biological functions.
Understanding the mechanisms behind electron transfer is essential for
advancing fields such as catalysis, energy storage, and medical biochemistry.
Here, surface anchorage in combination with electrochemistry and
spectroelectrochemistry is used as a strategy to understand the electron transfer
chemistry in small molecules important for energy applications and of
fundamental relevance to biological reactions. Indium Tin Oxide (ITO) was
selected as the main electrode material for its adjustable enhanced surface area
(IO-mesolTO) and compatibility with various systems.
A series of highly conjugated molecular wires (oligo(phenylene-ethynylene)
(OPE)-type) were synthesized and functionalized onto IO-mesolTO electrode
surfaces. Cyclic voltammetry was used to study the thermodynamic and
kinetic characteristics of molecular wires on the ITO surface. We demonstrate
that the electrode's characteristics induce a change in the ET mechanism from
tunnelling to hopping by reducing the energy gap between the electron donor
and acceptor. When used as hole-selective contacts in tin perovskite solar cells,
these anchored molecular wires achieved a solar-to-electrical conversion
efficiency nearing 10% and greater stability under ambient conditions. Further,
the electronic structure of molecular wire with ferrocene was interrogated
using several spectroscopies including electron paramagnetic resonance,
Maéssbauer spectroscopy and Superconducting quantum interference device.
The mimics of essential biological cofactors, Nicotinamide adenine
dinucleotide (NAD") and flavine adenine dinucleotide (FAD), were covalently
anchored to ITO electrodes. Highly reversible and stable electrochemical
regeneration of NADH and FADH, was achieved with a clear two electron
transfer process observed by cyclic voltammetry. Operando Raman and
infrared spectroelectrochemistry were utilized to capture and provide structural
information on intermediates in the NAD"/NADH redox process, leading to
understanding of the stepwise electron and proton transfer steps.
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HET, WM IER IR ZWCER PR, MEHA T HERRA 5= MA
(CCS Chemistry 2022, 4, 2874-2887): (1) B B FF KA EER IS T
(ROMs) FEEIRLRES 5 RAENER BN ERER, BmiElRett; ) A&k
R RFERREBRNEE, THEKRERY, SBHEEFEEEK
THRGHENLIE RSN EN; (3) MABHEEREX K BFHEBI 1B RAEE,
R R ARG MBI AR R MR . B, BT R BFHI Tt
SKHE, DASRHN ZRTAPRMAE R RR .

EEHRRGY, b FEREREDNEERRBRRSL, LI 1L
4 5 RE B B0 B B A0S & (Nat Commun 2023, 14, 5207), 9 NADH:Z FREEE
B (FPIRESSE D EAREAD, BB EMPDZZEMEERENSEMR NADH [H
FMN. #BifE (Fe-S clusters) BERE (Q) KRB FEHITE. X—E&ME
MR TR EAMERMERA TEWE R RRA T EEF K.

AT TN LRI IR % IR R, Wi BT REE R, BER
BT FRIERHEFINFIENEERS B R, HEEFRMGEBRASETF
BIFRILHIfENT, BESIBRMERNEREE. BRMIIZESREEEERD
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AT AATHEABIAE L T A E; (1) Frigit e RS T RAEEW
KT euE, REWHBRS TR Emgm L, FEAACERLHBR
HAPRIEHER RIFRKEHE. TEERBRNEBFEBREN. B8 ETHE
RE B TR RS, FSEBE R AZ B TFIBHEMEIE, ARBEEREMHERNM
RS SEMRE; (2) AAELHB O AGRERF T B 1 #E KR
1%, RFMESFEIRABEL R RZEER, @ REREIS TS Bk AmEE
ZILECEE, SLIRNE. KL BEMMETFEBRERE, NNEBESRERMNII%S
ERfa . ZREEERAGRPREERNRIE, BEREERRBEBRSENER
HEA: (3) ABFAKFEZECERANEFSIRRS TRt, BAEMERR RIS T
(ImjRAr#%. DFT B FHHMNLGENE, SRETR ARG LK 5
KRS, BAMRTFERE, REBREBIRRS, RILRMERE, AR
TAER R R S S B 3R 3R AL
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BRPEN. TEBEMBETEBRE. BA5IARESHHEEAHEIER, ZER
BRISE T ZBTFER (AR OfF, ARRATRNEEEE, FEFRLT
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