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Abstract

Vibrational Strong Coupling (VSC) can modulate molecular energy levels and reaction barriers through
light-matter interactions, thereby regulating biochemical reactions. Although electrochemistry is
highly sensitive to electron transfer at electrode interfaces, studies combining VSC with electrochem-
istry to control biocatalytic reactions remain limited. Here, glucose oxidation catalyzed by Glucose
Oxidase (GOD) within a Fabry-Pérot (FP) cavity was used as a model system, and an electrochemical
FP-cavity platform was established to investigate the effect of coupling between the FP cavity and
the O-H stretching vibration of water (3409 cm-1). By tuning the coupling strength, GOD catalytic
activity was suppressed to as low as 37% of its original rate (maximum inhibition of 63%), and the
catalytic rate showed a clear correlation with the water O-H stretching band under different cou-
pling conditions. These findings reveal the regulatory effect of VSC on bioelectrochemical reactions
and demonstrate that electrochemistry can be used for real-time monitoring of reactions within the
FP cavity, providing new experimental evidence for the application of VSC in bioelectrochemical
systems.
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PRBRE S AU (Ui A B - I ) e AR AT R AR . TR R A6 - MRS (L),
FESGTE BRI I AR AL TR, 2350008 P+A P— [1]. IXFPRER FA AL 208 0 T RS MR
SHREERD A, AR IR PO IS RE 42, AR 2 SN KR R i e . TR, VSC O
JZ BT EE AL . ATP KA. DNA B A% AR EY 2 RE R (2]-[4], FRIUH LR N5 712
P LUK e B A% 3 R 5 K BRI 7T

AL T SO TR R TR, @ AR AN A T A IR I B R, AT S il
SRNERERE A (AR IEAT O, BAT R R B e TR 2 TR Gp 5 K RLAF IR R P [5] A FAL A SR
PR ARV Z AR R FR (PR EERT ATP & 80 A% 0, AR AR U A I A i
M SE P S B A [ 6]-[8]. KL R G SIS & ML - LA T 6, SR E
PR AR T 7 R S M I A 4 SR A4 TR K T e, (ELH BT SRBT FEARGE T3 A AT B
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Figure 1. Schematic diagram generated by VSC. (a) Coupling of the O-H stretching vibration of water with the cavity mode;
(b) Schematic diagram of the resonance coupling of O-H vibration with frequency ®, and cavity mode with frequency ,
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in the FP cavity
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Figure 2. Working principle diagram of the FP cavity. (a) Electrochemical FP structure under resonant coupling conditions;
(b) Electrochemical FP structure under non-resonant coupling
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FC T 3409 cm ™ AL O-H RBN(LLANE S 6l W S3). ARG AXMQ)FTH, N KRG 58K 7

DOI: 10.12677/bp.2025.154040 319 R


https://doi.org/10.12677/bp.2025.154040

INKIR 4%

TE ARG, FSR MIAIEE 909 cm™, X RIFIFEREZN 5.5 um, BI4RZNSRAE & 5. TR T,

HIB’JQI%@T;‘@ S 3(a) s, RIVGHEEEEEE T MENRNRSE, Ko TS50k ER

S hﬂfﬁ‘ﬂﬁ/\mﬂc%*(miﬁﬂp ), HEAR A ZEEE] 720 cm™ (K 3(b)), #EiL T O-H FRahiil
E@éﬂ%mu(439 em ™!, FrEmne), RHET O-H FfHHEsN1 VSC CLRIh [ 12].

16 4
14}
—_ FSR .
3 12 —
E 10 |
@ 8f
&
g 6f
o
= a4}
2 - i
0 T A C T T T — 0
7000 6000 5000 4000 3000 2000 4000 3500 3000 2500
Wavenumber (cm™) BH (cm™)
(@) (b)

Figure 3. Rabi splitting under VSC. (a) IR transmission spectrum of the cavity at a cavity distance of 5.5 um; (b) IR transmis-
sion spectrum of Rabi splitting produced by injecting water into the FP cavity
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Figure 4. Comparison of IT curves before and after adding GOD. (a) IT curves under resonant coupling condition with cavity
spacing of 5.5 um; (b) IT curves under non-resonant coupling condition with cavity spacing of 5.5 pm
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Figure 5. Modulation of GOD catalytic activity by VSC. (a) IT results at 5.1~5.9 um lumen spacing under resonant coupling.
(b) IT results at 5.1~5.9 pm lumen spacing under non-resonant coupling. (c) Al values after adding GOD at different cavity
pitches. (d) Catalytic rate of GOD at different cavity mode wave numbers
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Figure S1. FP cavity component diagram
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Figure S2. Electrochemical-FP cavity diagram
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Figure S3. Infrared transmission spectrum of pure water
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