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Molecular photo-switches have significant potential for use in smart materials that can be controlled by
light. Photo-switches function due to lowering or complete removal of the barrier to switching in the
excited state. This constraint on the ground and excited state potential energy surfaces means that
relatively few photo-switching molecules are known, and fewer that only utilise visible photons. Here,
we report the unanticipated visible-light photo switching behavior of a conformationally strained
electron acceptor molecule, NIDCS-A, which consists of an anthracene core linked via vinylic double
bonds to two thiophene-naphthalamide substituents. Using a combination of spectroscopic techniques,
we find that NIDCS-A exhibits an unusual dual photo-switching mechanism via both singlet and triplet
excited states. In the singlet state, photoisomerisation precedes geometric relaxation, which enables the
molecule to overcome a surprisingly large energy barrier. At later times, photoisomerisation is mediated
by long-lived triplet states. We draw several lessons for future work. First, photo-switching of

Received 22nd May 2025 vibrationally excited molecules is able to outcompete geometry relaxation. Second, our work reveals
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intrinsic molecular ISC as a complementary strategy to intramolecular triplet energy transfer for triplet-
DOI 10.1039/d55c03702f mediated photo-switching. Finally, we suggest that NIDCS-A may provide a template for the

rsc.li/chemical-science construction of all-optical three state molecular photo-switches.

biological media.*>"* This has led to significant efforts to develop
photo-switches that function using visible and/or NIR
light.%*1>141% A range of creative optical tuning and energy
transfer approaches have been explored,>”'>''*?* but an

Introduction

Photo-switches are molecules that can reversibly interconvert
between two or more states through the absorption of light.">

This behaviour, combined with the fine spatial, temporal, and
spectral precision of modern light sources, means that photo-
switches show great promise to enable light-mediated control
over a wide range of processes.® Applications span fields as
diverse as medicine, catalysis, and optoelectronics.**°
Molecular photo-switches often require the use of high-
energy UV photons to isomerise in at least one switching
direction.*'*** This is problematic for materials science appli-
cations and in medicinal contexts, because of the damaging
nature of UV photons and their low penetration depth in
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expansion of the space of visible/NIR-light photo-switching
motifs is still needed.

Here, we describe the unanticipated visible light photo-
switching of a novel geometrically strained molecular electron
acceptor, NIDCS-A (Fig. 1).>>** This compound was prepared
following our recent work examining the role of intersystem
crossing (ISC) in organic photovoltaic materials.>® However,
unlike the other molecules in the NIDCS family, the geometric
strain induced by the anthracene core in NIDCS-A induces
wavelength-dependent photoisomerisation, leading to distinct
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Fig. 1 Molecular structure of NIDCS-A (reported herein) and the
parent molecule, NIDCS.

isomeric compositions as a function of excitation wavelength. A
combination of triplet sensitisation and quenching experi-
ments reveal that the isomerisation process can be induced by
triplet sensitisation but also occurs directly via the singlet
excited state. Ultrafast spectroscopy and quantum chemical
calculations reveal that photoisomerisation of NIDCS-A
proceeds despite a significant energy barrier. The observed
photo-switching behaviour is much faster than would be ex-

View Article Online

Edge Article

isomerisation. It therefore appears that photo-switching is
mediated by excess vibrational energy in the singlet excited
state, in addition to proceeding thermally via long-lived triplet
excited states. This bifurcating pathway is closest to that seen in
diarylethylene, which switches between open and closed
configurations via both singlets and ISC-derived triplets.”® The
mechanism also shares similarity to intramolecular energy
transfer systems®*?® and triplet-sensitisation of other well-
known E < Z photoswitches such as azobenzene and
stilbene.?”** Finally, we discuss the potential for NIDCS-A as
a structural template for the design of three-state molecular
switches driven by visible light.

Results and discussion
Photo-switching

NIDCS-A was prepared via Knoevenagel condensation of
anthracene-9,10-dialdehyde following the previously described
synthetic sequence (see SI).>>** The UV-vis absorption spectrum
of freshly synthesised (isomerically pure) NIDCS-A shows
a strong absorption band spanning 350-500 nm (Fig. 2a).
Photoluminescence spectra under 405 nm and 520 nm excita-
tion both lead to similar, broad emission peaked at ~600 nm.
The large Stokes shift of ~180 nm points to significant

pected if relaxation of the molecular geometry were to precede geometric rearrangement in the excited state. The
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Fig. 2 (a) Steady state UV-vis absorption spectra of NIDCS-A (10~° M in dichloromethane) in isomerically pure form and photoluminescence
spectra under 405 nm and 520 nm excitation. (b) UV-vis absorption spectra corresponding to photo-stationary states under 405 nm and 520 nm
excitation, showing stability over 5 cycles. (c) Photo-switching monitored via absorbance at 447 nm under alternating 405 nm and 520 nm
excitation. (d) Key changes in *H NMR spectra of NIDCS-A in CDCls in isomerically pure form immediately following synthesis (bottom), photo-
stationary state (PSS) under 405 nm photoexcitation (middle), and PSS under 520 nm excitation. Colored bands highlight diagnostic peaks
associated with structural elements circled on the structure of NIDCS-A.
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photoluminescence quantum efficiency (PLQE) was measured
to be 2.1% under 405 nm excitation, and 1.8% under 520 nm.

The absorption spectrum of NIDCS-A was found to change
upon exposure to ambient light, prompting an investigation of
its optical properties. Fig. 2b shows the absorption spectra at
photo-stationary states (PSS) formed upon 405 nm and 520 nm
irradiation (PSS,s and PSSs,,, respectively). PSS,o5s and PSSsy,
have an isosbestic point at 411 nm that is not shared with the
isomerically pure species in Fig. 2a. This indicates that PSS,
and PSSs,, likely involve mixtures of more than two species,
since the starting material is not completely consumed (see
below). Switching between PSS,os and PSSs,, is highly revers-
ible, with no photodegradation observed over repeated excita-
tion cycles (Fig. 2b and c).

NMR spectroscopy reveals that PSS,05 and PSSs,, correspond
to different ratios of isomeric species (Fig. 2d). This suggests
photoisomerisation of the two alkene double bonds to yield
mixtures of EE, EZ/ZE and ZZ isomers (c.f. Fig. 1), in a similar
manner to the Congo Red dianion.*® High resolution mass
spectrometry showed no new m/z peaks following illumination,
which also points towards photoisomerisation.

Specifically confirming alkene isomerisation is difficult in
NIDCS-A due to the trisubstituted alkene linkages (i.e. neither
the Karplus relation or NOESY correlations between vicinal
hydrogens can be used), and the complex spectra of the pho-
tostationary mixtures. However, the NMR data support alkene
isomerisation in several key ways. First, in the EE and ZZ
isomers, the corresponding protons on the two substituents
attached to anthracene are equivalent due to molecular
symmetry. This symmetry is observed by NMR in the as-
synthesised material, which we assign as the EE isomer. This
conclusion is further supported by a NOESY correlation
(Fig. S12) between the alkene proton resonance at 8.4 ppm and
those of the closest anthracene protons at 7.65 ppm which is
expected based on the DFT optimised geometry (see below). In
the EZ isomer, the molecular symmetry is lost, which leads to
two sets of resonances for the substituents. The unchanged E
substituent is expected to exhibit peaks that are slightly shifted
from their original positions (see Fig. S10), while the resonances
from the Z substituent should be more significantly altered.
This is the pattern seen in the NMR spectrum of PSS,4s, which
we assign as a mixture of the EE and EZ isomers. This is also
supported by NOESY spectroscopy. A new singlet resonance (i.e.
alkene proton) associated with the isomerised substituent
develops at 8.15 ppm. However, this resonance no longer shows
correlations to the anthracene protons in the NOESY spectrum.
This strongly suggests isomerisation, because the DFT-
optimised geometry shows that the internuclear distance in
the E configuration is 2.37 A, while in the Z configuration, this
distance increases to 2.75 A, consistent with the loss of NOESY
interaction. Similar features can be observed in the 2D spectra
of PSSs,0.

We expect that PSSs,, represents a mixture of EE, EZ, and ZZ
isomers, but the complexity of the spectrum precludes a simple
determination. This is in part because rotational isomerisation
likely complicates the NMR analysis. Rotation around the single
bonds directly linking the substituents to the anthracene core is

© 2025 The Author(s). Published by the Royal Society of Chemistry
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expected to be relatively free when the substituents adopt an E
configuration. But in the ZZ isomer rotation is prohibited due to
steric interactions between the substituents and anthracene (c.f.
DFT-calculated structures in Fig. 6). This means that rotamers
placing the substituents on the same, or opposing, sides of the
anthracene are possible, depending on the conformation
during the isomerisation event. Nonetheless, the reversion of
this mixture to the EE and EZ isomers under 405 nm excitation
is strongly suggestive of alkene isomerisation.

Sensitisation and quenching experiments show that singlet
and triplet excited states can both mediate isomerisation

To determine whether the triplet formation commonly observed
in NIDCS materials was responsible for photo-switching, we
performed triplet sensitisation experiments with platinum octa-
ethyl porphyrin (PtOEP, Fig. 3a). Because PtOEP has significant
absorption at both 405 nm and 520 nm, excitation at 405 nm was
substituted for 450 nm, where PtOEP absorption is negligible.
This ensures that we have one wavelength (450 nm) that only
excites NIDCS-A and the other (520 nm) mainly excites the PtOEP.
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Fig. 3 Photosensitisation pathway for photo-switching of NIDCS-A
via excitation of platinum octaethylporphyrin (PtOEP), followed by
triplet energy transfer. (a) Proposed reaction pathway. (b) UV-vis
absorption spectra of a mixture of NIDCS-A (2 x 107> M) and PtOEP in
dichloromethane, showing photo-stationary states under 450 nm and
520 nm excitation. An absorption spectrum of PtOEP normalised to
match the peak at ~535 nm is also shown for comparison. (c) ‘Pure’
NIDCS-A spectra obtained from those in part (b) by subtraction of the
PtOEP spectrum. Grey bar covers a region where the spectral differ-
ence profile is compromised by strong absorption of the PtOEP Soret
band.
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Selective excitation of PtOEP at 520 nm induces switching of
NIDCS-A. Importantly, the resulting PSS has a different
absorption spectrum than when an NIDCS-A-only solution is
excited at the same wavelength (PSSs,,). This behaviour is
consistent with rapid ISC (*PtOEP* — *PtOEP*) followed by
collision-mediated triplet energy transfer to NIDCS-A mole-
cules, which can then isomerise. Because triplet transfer is
unlikely to be isomer selective, triplet-sensitised photo-
switching results in a distinct isomeric distribution from
PSSs,0 when PtOEP is not present. In contrast, when NIDCS-A is
selectively excited at 450 nm, the absorption spectrum of the
mixture resembles that of pure NIDCS-A excited at 520 nm
(Fig. 3b and c). The reason for this resemblance is that for a pure
NIDCS-A solution, no switching is observed under alternating
450 and 520 nm (i.e. PSS;50 = PSSs, for pure NIDCS-A).

View Article Online
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While this experiment demonstrates that the triplet excited
state of NIDCS-A can mediate isomerisation, it does not prove
that triplet formation is necessary. We therefore examined the
effect of two triplet quenchers on the photo-switching of NIDCS-
A: oxygen (singlet energy 0.98 eV) and cyclooctatetraene (COT),
which can accept triplets from molecules with T; = 0.8 eV.>*¥’
Interestingly, isomerisation is retained in the presence of both
quenchers (Fig. S6 and S7). These experiments therefore bound
the timescale over which T;-mediated photoisomerisation
could be occurring, because any isomerisation via T; would
need to occur faster than the collision rate between NIDCS-A
and quencher molecules. We find that photo-switching of
NIDCS-A is still observed even when collisions with a triplet
quencher occur every 20 ps (see the SI for detailed analysis). We
therefore conclude that photoisomerisation via triplet states
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Fig. 4 Transient absorption (TA) spectra of NIDCS-A solutions in dichloromethane compared with NIDCS solution (concentration ~10~% M). (a)
Visible wavelength spectra of NIDCS-A, following excitation at 400 nm. (b) Near-IR wavelength spectra of NIDCS-A, following excitation at
400 nm. (c) TA kinetics of NIDCS-A and wavelength-integrated (500-650 nm) transient grating photoluminescence (PL) kinetics following
excitation at 343 nm, normalised to signal intensity at 10 ps. (d) Visible wavelength spectra of NIDCS-A, following excitation at 515 nm. Grey bar
covers a region of data where the spectral shape is compromised by 515 nm pump scatter. (e) Near-IR wavelength spectra of NIDCS-A, following
excitation at 515 nm. (f) TA kinetics of NIDCS-A following excitation at 515 nm, and wavelength-integrated (550-650 nm) transient grating PL
kinetics following excitation at 343 nm, normalised to signal intensity at 10 ps. (g) Visible wavelength spectra of NIDCS, following excitation at
400 nm. (h) Near-IR wavelength spectra of NIDCS following excitation at 400 nm. (i) TA kinetics of NIDCS following excitation at 400 nm,
normalised to signal intensity at 10 ps.
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formed by ISC is an additional photo-switching mechanism for
NIDCS-A, rather than the only pathway.

Ultrafast spectroscopy reveals singlet photo-switching and
triplet formation through ISC

To better understand the photo-switching behaviour of NIDCS-
A, we performed a series of ultrafast transient absorption (TA)
and transient grating photoluminescence (TGPL) measure-
ments. In TA measurements (Fig. 4a-f), the initially formed
NIDCS-A singlet exhibits a positive (AT/T > 0) ground state
bleach (GSB) at 400-500 nm and stimulated emission (SE) at
520-600 nm, which resemble the steady state absorption and
photoluminescence spectra, respectively. The singlet is also
characterised by a broad negative (AT/T < 0) photoinduced
absorption (PIA) at ~1050 nm (Fig. 4b and e). Different TA
spectra are observed using different excitation wavelengths. The
GSB shapes confirm that distinct subsets of NIDCS-A isomers
are photo-selected by the two pump wavelengths. Excitation at
400 nm gives a GSB closer to the absorption spectrum of PSSs,,
while the GSB under 515 nm excitation resembles the absorp-
tion profile of the freshly synthesised NIDCS-A (Fig. 4d and e).
Excitation at 400 nm also leads to stronger SE and PIA features
compared to excitation at 515 nm, reflecting the differences in
the excited state populations generated under different wave-
length excitation. The singlet PIA (1000-1100 nm) tracks the
isomerisation: a dynamic red shift of the peak is observed when
exciting with 400 nm, while a blue shift is observed when
exciting with 515 nm. These shifts suggest that interconversion
between isomeric species occurs over the timescale of these
experiments (i.e. within the singlet lifetime).

The TA spectra of NIDCS-A exhibit pronounced early pico-
second dynamics.”*** Significant spectral evolution occurs
within 10-20 ps with decay of the SE accompanied by the
development of a negative signal at 500-550 nm. This change is
due to an underlying PIA combined with dynamic red shifting of
the SE from ~560 nm to ~600 nm. After this time, the excited
state absorption spectrum attains a relatively steady shape, with
similar decay kinetics at all probe wavelengths. From ~100 ps
onwards, the appearance of a long-lived species becomes
apparent. In this new state, the GSB remains, but the singlet PIA
at 1050 nm and SE peak at 600 nm are replaced by a new PIA
centred at 530 nm. Intensity dependent measurements
confirmed that all kinetics are not fluence dependent (SI,
Fig. S14), which means that aggregation effects are not
responsible for the dynamics.

The fluorescence dynamics probed by TGPL spectroscopy
(overlaid on Fig. 4c) closely match those of the singlet PIA at
1050 nm from the TA measurements. This confirms that the
excited state population is dominated by emissive singlet
excited states for the first ~100 ps after photoexcitation. The
non-emissive species remaining at late time is therefore
assigned as the NIDCS-A triplet, formed via ISC. This assign-
ment is motivated by the spectral similarity to triplets in other
NIDCS derivatives* and is also supported by triplet sensitisa-
tion experiments (see Fig. S16). Similar amounts of triplets are
formed regardless of excitation wavelength (Fig. S13), with an

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 Ultrafast transient absorption spectra and kinetics of an NIDCS-
A film. (@) TA spectra (400 nm, 100 fs pump pulse), showing the
evolution of spectra from singlet (blue) to triplet (yellow). (b) Kinetics at
different regions normalized at 0.5 ps.

estimated triplet yield of 27% as determined by triplet sensiti-
sation experiments (see SI). Importantly, while the singlet and
triplet TA spectra of NIDCS-A resemble those of the parent
compound NIDCS (provided for comparison in Fig. 4g-i) and
other analogues, the early picosecond dynamics are not
observed in other members of the NIDCS family.** This also
suggests a connection between the photoisomerisation and the
structural rearrangements observed via TA.

TA measurements of NIDCS-A thin films exhibit key differ-
ences with the solution measurements that are consistent with
suppressed photoisomerisation (Fig. 5). The spectral features in
the film state are initially similar to the solution measurements.
However, the SE in the film grows and red shifts over the first 1-
2 ps, without the development of the strong overlapping PIA
that is seen in the solution measurements. This change in
photophysical behaviour strongly suggests that the dynamics
observed in solution involve significant changes in molecular
geometry, that are suppressed in the rigid environment of
a solid-state film. That is, photoisomerisation occurs in solu-
tion, while the film is characterised by a more typical geometry
relaxation/planarisation process. As with the solution
measurements and other compounds in the NIDCS series,
a small triplet population is observed at later time delays.

In summary, we interpret our ultrafast spectroscopy results
as follows. In solution, photoexcitation populates the S, state,
which undergoes a E/Z photoisomerisation over 10-20 ps. These
dynamics are absent in other members of the NIDCS family and
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are suppressed in the solid state, which is consistent with
photoisomerisation. We also observe triplet formation via ISC
in NIDCS-A, likely mediated by conformational disorder and
possibly also the anthracene core. The triplet sensitisation
measurements in the previous section show that these triplets
also mediate isomerisation.

DFT calculations

To understand the mechanism of photoisomerisation, we
examined the potential energy surfaces for E/Z alkene photo-
isomerisation (Fig. 6). In Sy, DFT calculations yield an insur-
mountable barrier at room temperature, with relaxed potential
energy scans of the alkene dihedral angle giving an estimated
activation energy of ~50 kcal mol . These calculations were
unable to yield a smooth trajectory due to sudden changes in
geometry as the molecule passes close to the transition state,
even with a small step size of 1°. In S;, a transition state cor-
responding to a barrier of 9.2 kcal mol~" was found. Propaga-
tion of the molecular geometry along the intrinsic reaction
coordinate starting from this transition state leads to an
apparent avoided surface crossing with S,. Potential energy
scans were also performed for the parent compound, NIDCS (c.f.
Fig. 1). These revealed a significantly increased isomerisation
barrier in S; of ~15 kcal mol ?, consistent with the lack of
photo-switching observed for the other compounds in the
NIDCS family. That is, the strain introduced by the bulky
anthracene core prevents planarisation and destabilises the
molecule, lowering the energy barrier to switching.

The isomerisation barrier height of 9.2 kcal mol™" for
NIDCS-A corresponds to a predicted rate of 1.2 x 10° s™*
according to the Eyring equation,® which means that thermally
activated photo-switching cannot explain the spectral evolution
occurring in the first 10-20 ps. Combining an isomerisation rate
constant of 1.2 x 10° s™* with a singlet lifetime of ~100 ps
yields an estimated quantum yield of 0.02% in the S; state.
Under the laser power used for our photo-switching experi-
ments (11.4 mW at 405 nm), this would yield a maximum of
~2.3 x 107'° mol successful reactions within 10 minutes,

S, Transition state
3.08

S, Geometry
S, Geometry

Energy (eV)

Fig. 6 TD-DFT-calculated singlet/triplet energy levels for NIDCS-A.
Calculations were performed using the CAM-B3LYP exchange—
correlation functional, 6-31G(d,p) basis set, and polarisable continuum
solvation with the parameters of CH,Cl,.3*4° Excited state calculations
were performed using the Tamm-Dankoff approximation.
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which is negligible compared to the number of NIDCS-A
molecules in solution (~10~7 mol).

These considerations inform the mechanism of photo-
switching. Our triplet quenching and ultrafast spectroscopy
experiments show that photoisomerisation occurs in the singlet
state but is accelerated over what would be expected based on
DFT if the molecule is assumed to undergo geometric relaxation
in the excited state prior to isomerisation. We therefore
conclude that excess vibrational energy following photoexcita-
tion enables NIDCS-A to cross the isomerisation barrier before
vibrational relaxation is complete. This hypothesis is consistent
with the large Stokes shift (1.2 eV for NIDCS-A c.f 0.6 eV for
NIDCS), the pronounced early time dynamics observed by TA,
and DFT calculations showing significant molecular reorgan-
isation following excitation to S;. In the triplet excited state,
there is more time for photoisomerisation to occur as the triplet
lifetime is expected to be on the ns-ps timescale, and a higher
isomerisation yield is therefore expected. Though the proba-
bility of forming a triplet is ~27% for a given singlet, over
multiple excitation events many molecules eventually form
triplets and can isomerise via this pathway.

Another question is whether a single photoexcitation is
capable of inducing isomerisation of both substituents, in
a similar manner to the multi-step switching mechanism of
donor-acceptor Stenhouse adducts.*** In the case of DA Sten-
house adducts, the initial alkene isomerisation is photochem-
ically driven, followed by thermal rotation and
electrocyclisation.*>** This is different to NIDCS-A, where two
non-thermal alkene isomerisation events are required. Based
on our DFT calculations, double switching appears unlikely in
the S, state. The presence of an avoided crossing along the
isomerisation coordinate means that molecules that isomerise
are also likely to undergo rapid decay to the ground state,
necessitating absorption of a second photon for isomerisation
of the remaining substituent. However, double switching may
indeed be possible in the triplet state. The best way to test this
question experimentally would be to use ion mobility mass
spectrometry on a charged analogue*** of NIDCS-A, which is
suggested as an avenue for future work.

Discussion

The photo-switching of NIDCS-A suggests several interesting
pathways for further exploration. First, the ability of this mole-
cule to overcome an appreciable energy barrier in less than
a nanosecond by using excess vibrational energy may enable
photo-switching of a wider variety of structures. Perhaps, by
designing molecules to undergo large structural changes in the
excited state, large barriers to photoisomerisation can be over-
come by enabling isomerisation to outcompete geometric relax-
ation (Fig. 7a). These large amplitude nuclear motions, which are
reflected in the low PLQE (~2%), may also be a key driver of the
significant ISC yield (27%) as found in other NIDCS-based
materials.> That is, structural deformation appears to assist
photoswitching via both singlet and triplet pathways.

Second, with its three possible configurational isomers,
NIDCS-A may provide a useful structural template for the

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 7 (a) Photo-isomerisation using excess vibrational energy to

overcome an appreciable barrier in the excited state. (b) Concept for
three-state molecular photo-switches using geometry-dependent
interactions between transition dipole moments.

construction of three state optical switches. By replacing the
terminal naphthalene diimide end groups with more sophisti-
cated chromophores, it should be possible to extend the
absorption further into the visible spectrum. Both electronic
and excitonic interactions between the chromophores are ex-
pected to be highly sensitive to the molecular geometry, which
may lead to differences in absorption profile that can be utilised
for photo-switching (Fig. 7b). For example, a colinear J-type
aggregate would be expected to yield red-shifted absorption
and increase intensity of the 0-0 vibronic transition relative to
uncoupled chromophores.** Conversely, a cofacial H-type
aggregate would show blue-shifted absorption, with increased
intensity of the 0-1 vibronic transition.

Finally, although triplets are not needed for photo-
isomerisation in NIDCS-A, the use of ISC to extend excited state
lifetimes through the formation of triplets still appears to be
a promising avenue for investigation. Recent years have seen
considerable success in studies of triplet-sensitised photo-
switching, including intramolecular variants. The present
study suggests that ISC mediated by conformational motion of
motifs such as thiophene may also be a useful way to initiate
photo-switching, without the need for a traditional triplet sen-
sitising unit.

Conclusions

A conformationally strained electron acceptor material NIDCS-A
was synthesised and found to function as a visible light photo-
switch. A combination of spectroscopic experiments and theo-
retical calculations showed significant structural changes

© 2025 The Author(s). Published by the Royal Society of Chemistry
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occurring within the singlet lifetime, and the formation of
triplets through ISC. In the singlet excited state, photo-
isomerisation proceeds in S; due to the excess vibrational
energy available immediately following light absorption. Triplet
sensitisation experiments that photoisomerisation can occur
via the triplet excited state, while studies using triplet
quenchers (O, and cyclooctatetraene) demonstrated that trip-
lets are not required for photo-switching upon direct photoex-
citation. This unusual dual mode photoisomerisation
mechanism suggests that structural relaxation and ISC may be
useful effects to inform the design of unconventional and three
state molecular photoswitches.
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