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keto tautomerism at the single-
molecule level with a confined optical field
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Xueyan Zhao,ac Min Tan,ad Surong Zhang,a Xiaona Xu,ae Lichuan Chen,a

Chuankui Wang,b Zongliang Li *b and Dong Xiang *a

The keto–enol tautomerism, involving a reversible isomerization of the molecule, plays a critical role in

organic synthesis, biological activity, and molecular-scale charge transport. It is therefore essential to

manipulate the process of keto–enol tautomerism. Unlike typical ketones, b-diketones exist dominantly

in the enol form and it is a great challenge to realize enol–keto tautomerism due to the formation of

intramolecular hydrogen bonds in the enol form. Here, via in situ monitoring of the conductance

evolution of thousands of single-molecule junctions, we demonstrated that the enol / keto

transformation can be significantly promoted by confined ultraviolet (UV) irradiation at an extremely low

intensity (1& of sunshine) employing antenna electrodes. Our study reveals that the conductance of the

enol form is an order of magnitude larger than that of the keto form although both have similar

molecular lengths and identical anchoring groups, and the enol form shows a current rectification

behaviour which is completely absent in the keto form. Supported by UV-vis measurements,

wavelength-dependent conductance measurements, and theoretical calculations, the mechanism for

the enol / keto transformation promoted by the gap-electrode-confined optical field was elucidated,

offering a new strategy to regulate the tautomerism processes at the single molecule level, and implying

a potential multi-functional application of b-diketones in the fabrication of rectifiers and synchronous

switches.
Introduction

Keto–enol tautomerism has played an important role in the
elds of organic synthesis, pharmacy, photocatalysis, and
biomarker detection.1–6 Typically, the process of keto–enol
tautomerism can be promoted or controlled by chemical
modulation, e.g., catalytic agents and pH value,7,8 or by redox
control.9 However, the chemical modulations are limited for
wide application since the addition of chemical components
might change the chemical/physiological environment and
damage the target molecular functions, and thus a physical
modulation strategy, such as light irradiation, is highly desired.
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However, the modulation of tautomerism by light at the indi-
vidual level, to the best of our knowledge, is rarely reported,
mainly because (1) the energy supplied by a normal light source
cannot overcome the energy barrier for tautomerism,10 and the
change of wavelength to achieve high energy typically leads to
side effects; and (2) the eld distribution of a typical light source
is uniform and it is difficult to conne the light energy into
a molecule-scale space;11 thus it is great challenge to regulate
the enol–keto tautomerism by light at the single molecule level.
Therefore, it is important to nd a class of molecules and an
appropriate light incident strategy to trigger the tautomerism
processes with normal or low-power light irradiation. Unlike
general ketones, b-diketones exhibit a much higher proportion
of the enol form, which is attributed to the stabilizing effect of
intramolecular hydrogen bonds.1,8 Non-covalent hydrogen
bonds can be cleaved by photon-absorption-enhanced vibra-
tion,12 which makes b-diketones a promising candidate to be
regulated by light irradiation.

In this study, we explore the in situ conductance evolution of
b-diketone derivatives upon UV irradiation employing the
scanning tunnelling microscopy break-junction (STM-BJ)
technique,13–15 in which a nanocavity and localized surface
plasmon (LSP) are generated between two electrodes upon light
irradiation.11,16 LSP can conne the optical eld to dimensions
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Conductance of BPPD single-molecule junctions in two kinds
of solvents with two favourable forms. (a) Schematic of single-mole-
cule junctions in the enol and keto form. (b) Conductance histograms
of BPPD junctions with the favourable enol (green) and keto form
(blue) measured in TCB and water. (Inset) Typical conductance–
displacement traces of BPPD in two solvents. (c and d) Two-dimen-
sional conductance histograms of BPPD molecular junctions with the
favourable (c) enol form and (d) keto form. (Insets) The distributions of
relative stretching distances of the single-molecule junctions in TCB
and water.
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much smaller than the free-space optical wavelength, breaking
the limitation of optical diffraction.11 Our experimental and
theoretical study demonstrated that the transformation of b-
diketone from the enol to keto form inside the nanocavity can
be greatly promoted by p-polarized UV illumination with a low
power density (three orders of magnitude smaller than that of
solar power17) due to the enhanced light eld exerted on the
photo-excited b-diketone which breaks the intramolecular
hydrogen bonds and thus promotes the enol to keto
transformation.

We found that the conductance of b-diketone in the enol
form is an order of magnitude higher than that of the keto form,
which can mainly be attributed to the hydrogen bond in the
enol form providing an additional charge transport channel in
the molecular junction, thus greatly facilitating the charge
transport through the molecule junctions.18–20 This result
implies that, on one hand, conductance measurements can be
used to distinguish the tautomer at the single-molecule level,
enabling detection at extremely low concentrations.21 On the
other hand, the disparate conductance indicates that single-
molecule conductance switches can potentially be fabricated
based on the keto–enol tautomer viaUV stimulation,9,22 which is
a great challenge for most photochromic molecules due to the
quenching of the excited state of the molecules in the presence
of the Au electrodes.23–25 In addition to the UV-modulated
switching behaviour, the enol form shows rectication behav-
iour which disappears aer the transformation to the ketone
form, implying a potential multi-functional application in
rectiers and synchronous switches.

Results and discussion
Determining the conductance of single molecules in two
forms

b-Diketone derivative 1,3-bis(pyridine-4-yl) propane-1,3-dione
(denoted as BPPD) with pyridine anchoring groups at both
ends was selected as the target molecule. Conductance
measurements were conducted using the STM-BJ technique in
solution with gold electrodes, see the Method section for
details. Fig. 1a schematically illustrates the congurations of
BPPD in enol and keto forms. In the enol form, a stable six-
membered ring (chelate ring) within the molecular skeleton is
formed via an intramolecular hydrogen bond, which is the
predominant form in non-polar solvents.1 In contrast, the keto
form is favoured in protic solvents due to the fact that the
hydrogen bond donor and acceptor groups of the BPPD mole-
cule can form intermolecular hydrogen bonds with solvent
molecules,20,26,27 which shis the equilibrium towards the keto
form.

To demonstrate that the enol / keto transformation can be
promoted by light illumination in the nanocavity, we rst
measured the conductance of BPPD in 1,2,4-trichlorobenzene
(TCB, a non-polar solvent) which favours the enol conguration
and in water (protic solvent) which prefers the keto congura-
tion.26 Fig. 1b presents the 1D conductance histograms for
BPPD in the two solvents, and each histogram was built from
approximately 3000 traces without data selection, revealing
© 2025 The Author(s). Published by the Royal Society of Chemistry
a signicantly higher conductance in TCB (10−3.47 G0)
compared to that in water (10−4.25 G0). Here, G0 is the quantum
of conductance, ∼77.5 mS. Fig. 1c and d show two-dimensional
(2D) conductance histograms of BPPD in TCB and water. The
insets of Fig. 1c and d show the probable length of the
conductance plateau. Adding 0.5 nm for the snap-back distance
of gold atoms,28,29 we obtain conductance plateaus of 0.80 nm
and 0.86 nm in the two solvents, which is consistent with the
molecular length in the enol and keto form. In contrast, these
evident peaks are completely absent in the histograms when the
experiments are performed in pure solvent without BPPD, see SI
S1 for details.

To conrm that BPPD adopts different congurations in TCB
and water, we performed ultraviolet-visible (UV-vis) spectros-
copy measurements in the two solvents, as depicted in Fig. S4.
The UV-vis spectrum of BPPD in TCB, reveals an enol-type peak
at 341 nm, conrming the presence of the enol form of BPPD in
TCB.30 In contrast, an absorption peak at 265 nm is observed in
water, indicating the keto form's predominance.30 The
measured UV-vis spectrum conrms that BPPD adopts the
dominant enol form in TCB but the keto form in water.

Compared with the keto form, the much higher conductance
of BPPD in the enol form can be attributed to three factors: (i)
the enol form's molecular skeleton, featuring carbon–carbon
double bonds in the middle of the molecule, enhances conju-
gation and aromaticity compared to the keto form's s bridge,
thereby enhancing the conductance.31 (ii) Intramolecular
Chem. Sci., 2025, 16, 17850–17858 | 17851
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hydrogen bonds in the enol form act as non-covalent confor-
mational locks, aligning the two terminal pyridine rings in the
same plane and thus promoting the planarization of the
molecules.32–34 A smaller the dihedral angle between the two
benzene rings leads to a higher degree of conjugation and thus
higher conductance.31,35 (iii) Intramolecular hydrogen bonds
offer an additional pathway for charge transport, enhancing the
conductance of the enol form molecular junctions.
Flicker noise and current–voltage characterization

It is well established that the feature of icker noise reects the
electronic coupling state between molecule and electrode36 and
can be employed to diagnose the charge transport
pathway.14,37,38 The icker noise power (PSD) shows a power–law
dependence on the junction average conductance (G), PSD f

Gn, where the scaling exponent n is used as an indication for the
coupling type: n close to 1.0 indicates through-bond coupling; n
close to 2.0 indicates through-space coupling.36 For PSD char-
acterization, we suspended the tip for 150 ms during the tip
retraction process when the molecular junction was formed.
More than 10 000 conductance–time (G–t) traces under a xed
bias voltage were collected and used to build the PSD. The
typical G–t traces recorded during the suspension period are
shown in Fig. 2a. Analysis of the PSD revealed that the noise
power scales as G1.9 for BPPD-enol in TCB (Fig. 2b), suggesting
the dominance of through-space transport and thus conrming
that the non-covalent hydrogen bonds was truly formed. In
Fig. 2 Flicker noise and current–voltage characterization of BPPD m
conductance–time traces of BPPDmolecular junctions recorded during t
flicker noise power versus average conductance (GAVG) of BPPD junctions
I–V curves of BPPD molecular junctions in enol and keto forms. (e and

17852 | Chem. Sci., 2025, 16, 17850–17858
contrast, the noise power scales as G1.3 for BPPD-keto in water
(Fig. 2c) indicative of dominant through-bond transport. The
PSD features indicate that the intramolecular hydrogen bond
actively participates in electron transport in the BPPD-enol form
molecular junction, signicantly enhancing the molecular
conductance.

To further explore the role of intramolecular hydrogen bonds
in charge transport, thousands of I–V curves of the molecular
junctions were recorded. For this purpose, the movement of the
top electrode was suspended automatically via a feedback
system once a stable molecular junction was formed. Subse-
quently, the voltage sweeping mode was triggered, and the
corresponding I–V curves were recorded and collected to build
a two-dimensional (2D) I–V density map.39 Fig. 2d displays the
typical individual I–V curves, and Fig. 2e and f present the 2D I–
V density maps of BPPD molecular junctions in enol and keto
forms. Interestingly, the typical I–V curves and the 2D density
map of BPPD in the enol form show obvious asymmetric char-
acteristics (rectication feature). In contrast, the rectication
behaviour almost completely disappears in the keto form. This
rectication property can be attributed to the asymmetrical
structure of the enol form.40–42 The calculation of the electro-
static potential (ESP) further reveals that the ESP changes
asymmetrically upon a reversed external electric eld (Fig. S5),
which also leads to a rectication behaviour.

The dipole moment is also a crucial parameter affecting the
rectication properties of molecular junctions.18 It has been
demonstrated that the charge transport direction can be
olecular junctions with enol/keto forms in two solvents. (a) Typical
he suspension process of the tip. (b and c) 2D histograms of normalized
with the (b) enol form in TCB and the (c) keto form in water. (d) Typical

f) 2D I–V histogram for BPPD in the (e) enol form and (f) keto form.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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controlled by the dipole orientation of the molecules.40,43 The
calculation of the dipole moment shows that BPPD-enol has
a non-zero dipole moment and asymmetrically changes upon
an external eld (Table S1 and Fig. S6), which results in recti-
cation behaviour in the single-molecule junction. Notably, the
observation of the statistical rectifying behaviour of the enol
form indicates that BPPD-enol has a favourable adsorption
orientation with respect to the biased electrodes,44–46 otherwise
the rectifying feature would disappear in the 2D I–V density
map, which was built with thousands of random molecular
junctions. Interestingly, the enol form possesses only a trivial
asymmetry in structure with respect to the electrodes, i.e., the
anchoring group and the molecular backbone are symmetric
and only the central single hydrogen bond is spatially asym-
metric with respect to the two electrodes. However, the recti-
cation ratio can reach 2 within a small bias window, indicating
that the hydrogen bond plays a critical role in determining the
rectication feature.
Regulation of keto–enol tautomerism by UV irradiation

The signicant conductance disparity in BPPD isomers signies
that they are promising candidates for molecular functional
devices. To harness this potential, we should nd ways to
interconvert these congurations effectively. Since ultraviolet
light, in principle, has the ability to break hydrogen bonds by
enhancing vibrations,47 we assume that UV irradiation may
promote the transition of BPPD from the enol to the keto form.
With this speculation, we applied in situ UV irradiation to BPPD
in TCB. UV light with a central wavelength of 365 nm (full width
at half maximum: 14.2 nm) was used as the incident light
source. Notably, the power density of the incident light is quite
small, ∼0.01 mW cm−2, which is three orders of magnitude
Fig. 3 Conductance evolution of BPPD-enol molecular junctions upon
technique performed in dark in which BPPD exists in the enol form, and
nanogap was transformed to BPPD-keto. (c) 1D conductance histog
conductance evolution of BPPD-enol junctions upon UV irradiation.

© 2025 The Author(s). Published by the Royal Society of Chemistry
smaller than the typical solar power density (50 mW cm−2) on
the Earth0s surface.17

Fig. 3a shows schematically the molecular junctions formed
in dark employing the STM-BJ technique. Fig. 3b shows the
scheme of a molecular junction upon light illumination under
a small incidence angle (5 ± 2°) with respect to the substrate
plane and polarized parallel to the incident plane (p-polariza-
tion). A gradual shi in the conductance peak position from the
BPPD-enol dominated position to the BPPD-keto dominated
position was observed upon UV irradiation, as depicted in
Fig. 3c. The peak in Fig. 3c at 0.0 h, signies that the most
probable conductance of BPPD-enol junctions is approximately
10−3.4 G0 before light irradiation. The peak at 3.0 h indicates
that the most probable conductance of the molecular junctions
recorded during the irradiation period from 2.5 to 3.0 h is 10−4.2

G0, which agrees well with the probable conductance of BPPD-
keto measured in water as presented in Fig. 1b. Beside the main
peak, a small shoulder peak with a lower conductance value can
be observed in each histogram of Fig. 3c, which can be attrib-
uted to varied contact geometries of the pyridine anchoring
group.39,48 The corresponding 2D conductance histograms
recorded at different irradiation periods are shown in Fig. S7,
which conrm the conductance evolution trend (gradually
decreases upon UV irradiation) as presented in 1D conductance
histograms.

Fig. 3d shows the 2D conductance evolution in situ upon
continuous UV irradiation, in which a gradual shi of the
probable conductance can be clearly observed, i.e., the
conductance shis from a TCB terminated value to a water
terminated value as presented in Fig. 1. We proposed that UV
irradiation with a greatly enhanced optical eld inside the
nanocavity breaks the intramolecular hydrogen bonds in BPPD-
in situ UV irradiation in TCB. (a) Schematic diagram of the STM-BJ
(b) under p-polarized laser irradiation in which BPPD-enol inside the
rams of BPPD-enol junctions during in situ UV irradiation. (d) 2D

Chem. Sci., 2025, 16, 17850–17858 | 17853
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enol, triggering photoisomerization between the enol and keto
forms. Notably, Fig. 3d shows a small uctuation around 2.7 h,
which can be attributed to the rened interval used for data
statistics. The gradual conductance shi presented in Fig. 3c
and d reects the statistical mixture of junction states. Upon UV
irradiation, more molecules were transformed from the enol-
form (high-conductance) to the keto-form (low-conductance).
Therefore, the probable conductance determined from the
conductance histogram gradually shis to a low value. The
icker noise measurement upon UV irradiation (2.5 h–3.0 h)
shows that noise power scales as G1.3, indicating a dominant
through-bond transport mechanism, the same as for BPPD-
keto, see SI Fig. S8. The conductance evolution and icker noise
features signify that the enol form is gradually transformed to
the keto from upon light irradiation. The hypothesis that more
molecules in the enol form are transformed to the keto form
was conrmed by in situ UV-vis measurements, see Fig. S9 for
details.

To clarify whether the conductance change is due to the
photoisomerization of b-diketone or originates from the exci-
tation of the pyridine anchor group,15 we constructed control
molecular junctions with 4,40-trimethylenedipyridine (PY-3C),
which has a structure similar to BPPD with two pyridine anchor
groups but without the b-diketone core group. The conductance
measurements show that the probable conductance of PY-3C
remains unaffected upon UV irradiation, see SI Fig. S10 for
details. This control experiment suggests that the pyridine
anchor groups do not play a critical role in determining the
conductance evolution upon light illumination under such low-
power UV (365 nm) irradiation. We further conducted a wave-
length dependent experiment on BPPD-enol molecular junc-
tions by exposing them to blue and red light (450 nm and 633
nm) with equivalent intensity to UV light, see SI Fig. S11. No
change was observed in the position of the conductance peak,
indicating that light irradiation with longer wavelengths does
not induce isomerization of BPPD molecules.
Mechanism for promoted transformation

To clarify why the enol and keto forms show large differences in
conductance, we performed calculations based on density
functional theory (DFT) combined with the nonequilibrium
Green's function (NEGF) method.49–51 Considering that a gold
ball fabricated by burning one end of a gold wire is used as the
top electrode and a substrate with a sputtered gold layer is used
as the bottom electrode in which an atomic protrusion typically
exists, the two electrodes are modelled with tip vs. plane
congurations. Fig. 4a shows the corresponding electron
transmission spectra of the molecular junctions in enol and
keto forms aer structural optimization, see Fig. S12 for
detailed information. It shows that no molecular orbital enters
the bias window for either BPPD-enol or BPPD-keto molecular
junctions, and it is the tail of the lowest unoccupied molecular
orbital (LUMO) that dominates the conductance of the molec-
ular junctions. The LUMO of the enol isomer is located closer to
the bias window compared to the keto isomer, resulting in
a higher conductance of the enol isomer. To evaluate the effect
17854 | Chem. Sci., 2025, 16, 17850–17858
of electrode geometry, we performed additional transport
calculations using two tip-shaped Au electrodes (Fig. S13),
showing a conclusion consistent with that for the planar
substrate. Additionally, the transmission pathways for electrons
transporting from the le to the right electrode at EF show that
the reection of electrons at the right electrode–molecule
contact for the enol form is evidently smaller than that of the
keto form (Fig. S14), which results in the larger conductance of
the enol form and conrms our experimental observations. To
further clarify the rectication behaviour of BPPD in the enol
form, we carried out bias-dependent transport calculations (Fig.
S15). The LUMO of BPPD in the keto form shis symmetrically
under both bias polarities. In contrast, the LUMO of BPPD in
the enol form exhibits an asymmetry feature, leading to the
rectication behaviour.

To provide a straightforward visualization, we further
calculated the spatial distributions of the transmission eigen-
states of the molecular junctions in the two forms, as shown in
Fig. 4b. The transmission eigenstate of the enol form shows
amore delocalized distribution, which evidently enters the right
electrode. In contrast, the transmission eigenstate of the keto
form shows a relatively localized distribution around the le
electrode and the molecule backbone, and scarcely extends to
the right electrode, leading to the low conductance of the keto
form.With a close examination of the phase of the transmission
eigenstate, we can obtain a deeper understanding of the
transmission eigenstate distributions and the conductance of
the two molecular junctions. It shows that, due to the existence
of the hydrogen bond in the enol form, a 2p phase shi occurs
for a small proportion of the transmission eigenstate at the
right electrode–molecule contact of the molecular junction,
which results in partial constructive interference of the trans-
mission eigenstates and promotes the electron transport into
the right electrode. However, for the keto form, the trans-
mission eigenstate is superposed only by two states with a p

phase difference at the right electrode–molecule contact.
Therefore, destructive interference takes place at the right end
of the molecule, hindering electrons from entering the right
electrode and thus decreasing the conductance of the molecular
junction. A more detailed analysis of the physical origin of this
specic phase modulation can be found in Fig. S16.

To uncover the mechanism of the light-promoted enol–keto
tautomerization observed in b-diketone derivative BPPD, the
potential energy prole (PEB) was further calculated. As shown
in Fig. 4c, the enol form is highly stable in its ground state E (S0),
with a high energy barrier (61.46 kcal mol−1) for transformation
to the keto tautomer. Upon 365 nm UV irradiation, the enol
form is photoexcited to its rst singlet excited state E* (S1) at
76.57 kcal mol−1 by adsorbing the photon energy. In this excited
state, the intramolecular hydrogen bond is broken with the
assistance of eld-enhanced vibrations upon light absorption,
enabling a facile proton transfer from the hydroxyl to themethyl
group as marked by the red colour in BPPD structure through
a transition state located at 102.72 kcal mol−1. Despite the high
absolute energy of the transition state, the activation barrier
from E* (S1) is signicantly reduced, allowing the system to
evolve efficiently toward the excited-state keto form (K* (S1),
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Theoretical calculations of BPPD single-molecule junctions and the simulation of the optical field distribution upon light irradiation. (a)
Transmission spectra of single molecular junctions with sandwiched BPPD in the enol form and keto form. The grey rectangle indicates the bias
window of the molecular junctions. (b) The transmission eigenstates of BPPDmolecular junctions in the enol form and keto form with optimized
structures. The red dashed arrow indicates the point where the wavefunction with 0 phase (blue colour) overlaps with the wavefunction with 2p
phase (red colour), resulting in constructive interference. (c) Potential energy profile for the photoinduced enol–keto tautomerization of BPPD
via intramolecular proton transfer in TCB solution. (d) Spatial distribution of the electric field enhancement factor (E/E0) in the nanogap upon p-
polarized light and (e) upon s-polarized light (365 nm) irradiation.
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73.88 kcal mol−1). Subsequent internal conversion brings the
system down to the ground-state keto tautomer (K (S0), 0.62 kcal
mol−1). These results demonstrate that UV light is essential for
enabling the enol / keto transformation via excited-state
intramolecular proton transfer,22 and that the product is effec-
tively trapped in the keto form due to an energetically asym-
metric pathway.

It has been extensively reported that a localized surface
plasmon is generated and the optical eld is greatly enhanced
within the nanogap upon light irradiation.11,52,53 To evaluate the
plasmon-mediated mechanism, we performed numerical
simulations of the electromagnetic eld intensity in the nano-
gap using the nite element method (FEM), see SI methods for
details. The junction was modelled with a planar gold electrode
as the bottom electrode and a spherical gold electrode as the top
electrode separated by 0.8 nm. Fig. 4d and f show the spatial
eld distributions upon p-polarized and s-polarized light illu-
mination, respectively. Under p-polarized light, a pronounced
eld enhancement is observed at the centre of the gap, forming
a localized plasmonic “hot spot” between the two electrodes
even with a smoothed surface. Fig. 4d shows that the intensity
of incident p-polarized light was greatly enhanced (jE/E0j2 ∼
100) in the nanogap between the two antenna electrodes, which
would strongly excite the molecule and accelerate hydrogen
bond breaking, promoting the localized enol / keto
transformation.

Depending on the wavelength of incident light and the
atomic-scale morphology of the electrode, we have demon-
strated previously that the optical eld can be enhanced by
© 2025 The Author(s). Published by the Royal Society of Chemistry
three orders of magnitude inside the nanocavity.16,54 Therefore,
the strongly enhanced optical eld plays an important role in
promoting the enol / keto transformation in addition to
inducing changes in the energy landscape: (1) the strongly
enhanced optical eld increases photon absorption, leading to
the enhancement of molecular vibrations, a mechanism similar
to surface-enhanced Raman spectroscopy.55 The enhanced
vibrations in the nanogap facilitate the breaking of hydrogen
bonds, thus promoting the enol/ keto transformation; (2) the
plasmon-induced vibration of the molecule breaks the hydron
bond. It has been demonstrated that molecules adsorbed on
metal surfaces can be dissociated by the optically excited plas-
mon at the STM–BJ junction.56 The dissociation of the molecule
can be realized via either the direct intramolecular excitation of
electrons from the HOMO to the LUMO through the decay of the
optically excited LSP in the nanogap56 or the indirect transfer of
hot electrons from the electrode to the molecule, accompanied
by vibrational excitation.57 Similarly, the hydrogen bonds with
weak bond energy are highly likely to be broken by the plasmon-
induced vibrations, thereby lowering the barrier for proton
transfer and promoting enol-to-keto transformation within the
conned and enhanced optical eld.
Conclusions

We explored the keto–enol tautomerism of b-diketone deriva-
tives (BPPD). Utilizing in situ conductance measurements of
thousands of single-molecule junctions, optical spectroscopy,
and icker noise analysis, we demonstrated that BPPD in the
Chem. Sci., 2025, 16, 17850–17858 | 17855
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enol form can be transformed to the keto form upon ultralow
power UV irradiation using antenna electrodes. Assisted by
FEM-based simulations, it is revealed that the intensity of
incident p-polarized light is greatly enhanced in the nanogap
between the two antenna electrodes, which makes it feasible to
trigger the localized enol / keto transformation by acceler-
ating hydrogen bond breaking and intramolecular proton
transfer upon light irradiation. Correspondingly, we revealed
that the conductance of BPPD in the enol form is one order of
magnitude higher than in the keto form, and the enol form
presents a rectifying feature which is completely absent in the
keto form, even though both have the same anchoring group
and identical length, thereby demonstrating that the intra-
molecular hydron bond plays a critical role in determining
electron transport. Our study claried the mechanism for the
conned optical eld regulated enol–keto tautomerism,
provided a strategy to distinguish the two forms at the single-
molecule level, and offered a potential approach to manipulate
the enol–keto tautomerism one by one beyond chemical
stimulations.
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