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High-contrast fluorescent switchable systems are highly coveted dyes for bioimaging. Here, we report a molecular system

that integrates reversible fluorescence modulation and, in addition, radical formation in a series of covalently linked

triphenylamine(TPA)-dimethyldihydropyrene(DHP) photochromic systems. The DHP units having different substitutions

directly alter the electron-density of the photochromic unit, thereby regulating electronic communication TPA.

Photoinduced ring opening of the DHP core activates a charge transfer pathway, resulting in a dramatic enhancement of

fluorescence, as reflected in the enhancement of quantum yield from 0.01 to 0.31. The emission can be reversibly turned-

off by ultraviolet irradiation or heating. Importantly, the bright state is accessed using visible light, making this negative

photochromic system particularly attractive for bioimaging applications. Beyond emission control, irradiation of the same

molecule at 370 nm in chloroform generates a long-lived radical. The coexistence of controlled fluorescence switching and

radical formation highlights the potential of this design strategy to create multifunctional molecular systems. Such

bifunctional platforms open new opportunities for accessing optical readout and chemical activity on demand within a single

molecular scaffold.

Introduction

From the rapid detection of intracellular species to applications
optical fluorescent
materials have attracted considerable attention over the past
decade.l’ Despite the presence of numerous methods for
fluorescent imaging, tracking of analytes is often challenging

in bioimaging, and memory devices,

due to the background interference, which further complicates
identification.® In this regard, fluorescent probes coupled with
photochromic molecules offer excellent improvements.?-15
These systems are capable of reversibly shifting fluorescence
between the ON/OFF states upon exposure to different light
sources within in situ biological environments.16-20 Therefore,
unwanted background signals can be minimized using the
double-check method via the in situ reversible
photoisomerization the states. Another
interesting potential application of photoswitchable fluorescent
material is in single-molecule labelling and super-resolution
imaging.2! Such imaging techniques offer higher resolution by
turning them OFF and ON for recording and distinguishing from
the background.?? Therefore, photoswitchable molecules offer
excellent options for the next generation of super-resolution
imaging techniques. These photoswitchable fluorescent should

between two
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possess: a) high contrast of the on/off state, b) thermal and
photostability of both the isomers. c) high photoconversion.2!
Innovative advancements have been achieved using reversibly
photoswitchable fluorescent dyes facilitated by photochromic
molecules.?326 Among these systems, the “turn-off” mode
fluorescence switches are prevalent, in which the initial state
exhibits fluorescence and the photogenerated coloured state is
non-fluorescent?’-2% and are used in optical memory devices and
RESOLFT-type super-resolution microscopy.3® In contrast, the
“turn-on” mode fluorescence switching finds applications in
super-resolution imaging using photoactivated localization
microscopy (PALM) and stochastic optical reconstruction
microscopy (STORM) techniques.3! To this end, “turn-on” mode
fluorescence switching with positive photochromic molecules
diarylethenes or spirooxazine derivatives was achieved by lIrie
and Raymo.3233 Recently, Hell and coworkers used turn-on type
fluorescence switching in diarylethenes for bioimaging and
single-molecule localization microscopy.?! Upon switching, if
the thermally stable, less colored or colorless isomer generates
a colored isomer, it falls under the category of, azobenzene,
spiropyran, diarylethene, photoswitchable imines.3438
However, the ‘turn on’ type fluorescence switching in positive
photochromic systems, where the stable colorless isomer
generates a colored isomer, has certain disadvantages,
particularly because of the screening effect and fluorescence
quenching due to self-absorption; it can also cause
photobleaching of the dye due to the use of high-energy UV
light.3%40 Negative photochromic systems that switch from a
thermally stable colored state to a less-colored state using long
wavelength light can offer a solution to the problems.#1-4> For in
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vivo imaging, this is important because UV light often causes cell
damage. The decoloration upon switching minimizes the
screening effect and helps to maintain the photochromic
efficiency of the system with high conversion to the other
isomeric state.*¢%®¢ |In addition, for these type
photoactivable fluorescence switches, the colorless form
possesses high fluorescence intensity by reducing the possibility
of self-absorption. examples of reversible
fluorescence switching mediated by negative photochromic
remain exceedingly scarce, underscoring the
inherent challenges associated with achieving efficient emissive
modulation in such systems. Herein, we report a DHP-based
“turn-on” fluorescence switch, coupled with a strong donor,
para-methoxy-triphenylamine (TPA). The negative
photochromic DHP is a highly aromatic system; it acts as a -
switch as the photoisomeric cyclophanediene-form (CPD) has a
large difference in the electronic-conjugation of the m-
framework (Fig. 1a). When attached to the TPA moiety, despite
its extended conjugation and planar geometry, the closed
isomer does not exhibit any noticeable charge transfer band. In
contrast, visible light-induced ring opening generates a charge
transfer-driven emission band in the non-planar step-like open
CPD isomer. Achieving stable radical cations under mild
conditions remains a significant challenge, as most organic
systems undergo rapid recombination or irreversible
degradation following the oxidation.**51 Triphenylamine
derivatives have emerged as a privileged molecular platform for
stabilizing radical cations due to their propeller-like geometry
and efficient delocalization of positive charge across multiple
aromatic rings.52>4 These characteristics suppress localized
reactivity and extend radical lifetimes in solution and solid
states. As a result, TPA-based radical cations have been widely
exploited as hole transport materials and

“turn-on”

However,

molecules

redox-active
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components in organic assemblies.>>>8 However, geperationof
radicals is most commonly achieved through dletF8 ciernicaP of
chemical oxidation, which limits their spatial control and
compatibility with biological applications.>9.60

Light-driven formation of radical cations presents an attractive
alternative, enabling remote, reversible, and localized
within a Integrating
photoresponsive units with redox-active donors provides a
strategy to achieve such control while preserving molecular
stability.64-¢¢ In this context, the DHP scaffold serves as a unique
photochemical trigger that can regulate electronic structure via
reversible aromaticity switching. Coupling this unit with a
triphenylamine donor allows direct access to a photogenerated
radical cation state under irradiation in solution. The resulting
system thus bridges photochromism and radical chemistry,
offering a multifunctional platform relevant to both
optoelectronic devices and super-resolution imaging.

activation molecular system.61-63

Result and discussion

Derivatives 1 and 2 were synthesized by Suzuki-Miyaura C-C
coupling of mono-bromo-dimethyldihydropyrene (DHP-Br) with
the boronic acids of p-methoxy-triarylamine  and
triphenylamine, respectively (Scheme S1 & S2). Compound 3
was synthesized similarly using a coupling reaction between di-
bromo-dimethyldihydropyrene (DHP-Br;) and the boronic acid
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Fig. 1 a) Light-induced isomerization between 1c/10 and emission OFF/ON control. b) molecule with a comparatively lower electron-donating unit. c) Two strong donor units.
d) Push-pull system having para-benzaldehyde as the acceptor. e) Push-pull system having pyridinium cation as the acceptor.
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Table 1 Photophysical data of DHPs 1-5 in toluene.
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DHPs A (nm)/e (Mcm™) %pss at Air (NM) Diso(103) ti2
c o co o:c c—0 (h)
So—S1 So—S2 So—S3 So—Sa So—S1 (525) (370)

1 653/900 486/8700 398/41000 346/57000 371/28400 >99:1 72:28 0.80 77

2 652/1100 486/9400 396/46300 349/49700 352/21800 >99:1 71:29 1.65 38

3 661/8300 498/7600 415/37600 344/28500 367/30600 >99:1 74:28 0.18 36
4 662/1900 496/12700 413/47900 348/45800 352/36600 >99:1 82:18 0.23 25

5 682/4000 562/11100 441/24900 346/42200 389/20200 >99:1 85:18 NA?2 1

aThe photoisomerization of compound 5 is too fast to determine the ®iso with high accuracy.

Table 2 Fluorescence properties of compounds 1-4.

Aem (NM) Dem (%) Brightness?
" (M*cm™?)
< (x10)
=)

c o c o c o
1 664 470 1.02+0.7 31.3+0.5 0.54 | 8.83
2 662 446 1.13+0.6 6.12+0.6 0.69 3.27
3 678 471 0.85+0.7 8.38+0.6 0.23 2.25
4 678 488 0.21+0.8 5.27%0.6 0.09 1.93

aBrightness = € x Qem. For 5 the emission intensity is too weak to be
accurately measured
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of p-methoxy-triarylamine (Scheme S3). For derivatives 4 and 5,
a mono-bromo-mono-iodo-dimethyldihydropyrene (Br-DHP-I)
molecule was synthesized, followed by similar coupling
reactions that yielded the final compounds (Scheme S4 & S5).
All the new compounds were thoroughly characterized by NMR
spectroscopy ('H and ™C) and high-resolution mass
spectrometry (Fig. la-e, see Supporting Information for the
details, Fig. S1-S12). The compounds 1 and 2 were also
characterized by single crystal X-ray analysis (CCDC no. 2507057
and 2507332, respectively; Fig. S40, S41 & Table S7). The
photophysical measurements were performed in toluene
unless otherwise stated (Table 1). We started by investigating
light-induced isomerization in solution. All compounds
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Fig. 2 (a) UV-Vis absorption and (b) PL spectra of compound 1 in toluene solvent. The inset shows the switching cycles under alternating
irradiation of 525 nm and 370 nm. (c) Reduction of PL intensity due to thermal reversal (lo—1c) at 338 K. (d) Images of “turn on”
mode fluorescence switches 1 and 2.

This journal is © The Royal Society of Chemistry 20xx
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exhibiting intense absorbance bands in both the UV and visible
regions possess a deep color in their closed form. Initially, the
green solution of 1, 2, and the brownish-red solution of 3 and 4,
upon illumination with visible light (525 nm, 35 mW/cm?2),
underwent electrocyclic ring-opening isomerization to the
colorless CPD forms. The absorbance peaks of the DHP forms in
the visible region gradually diminished as the CPD forms were
generated (Fig. 2a & Fig. S13-S15). The cationic DHP form 5
displayed a red-shifted band in comparison to the neutral
molecules, which enabled its long wavelength switching with
both 740 nm NIR and 640 nm red light to the CPD form (Fig.
S16). It was remarkable that all the compounds exhibited
almost quantitative ring-opening photoisomerization (c—=>o0)
with a photostationary state (PSS) of >99:1 (o:c). The
photoisomerization quantum yields (®is,, c>0) have been
presented in Table 1. The reverse photoisomerization (o—=>c),
could be achieved by 370 nm light (35 mW/cm?2) for compounds
1-4 and 456 nm (35 mW/cm?2) for 5. Thus, derivative 5 is an all-
visible light-enabled photoswitch where the back-and-forth
switching can be performed without the use of UV light in cycles
(Fig. S16). The PSS of the reverse isomerization (o—>c) was found

0
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diamagnetic anisotropic effect of the 14n aromatic DHPJing
current which upon ring opening (1c—>Lo) QRIY Mo 14928
suggesting breaking of the planar aromatic ring to a step-like
molecule with two discrete 6m-electronic aromatic systems (Fig.
$28). The ring opening (c->0) photoisomerization quantum yield
Diso investigated; however, the ring closing
photoisomerization (o—>c) too fast to allow the
measurement of the ®j,, accurately (Table 1, Fig. S33 & Table
S2). The thermal stability of the photo-generated CPD isomers
were studied by variable-temperature UV-vis studies. The
Arrhenius and Eyring plots thus obtained gave the
thermodynamic parameters for the thermal closing of the
derivatives (Fig. $18—527). The open CPD isomers of 1-5 have
half-lives spanning from 1 to 77 h at 298 K (Table 1 & Table S1),
providing high tunability of the thermal reversal of the ring-
opened isomers.

The photoluminescence emission measurements show that all
the compounds exhibit a characteristic PL band at
approximately 680 nm, attributed to the presence of DHP as a
chromophore unit (Fig. 2b, Fig. $13-S16). While investigating the
isomerization process by PL spectroscopy, an interesting
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* |IRF
@ Hexane (1z=1.37 ns)

) * Toluene (-=2.22 ns)
§ » DMF (1:=3.56 ns)
o 100- Acetone (1:=5.15 ns)
e
0 .
c :
3 10{§ %
(@) '.

o -

@ -

- - r N = Y .\ -~ |

30 40 50
Time (ns)

Fig. 3 (a) Normalized PL spectra of 1o in different solvents and (b) snapshots of 1o solution in different solvents. (c) Solvatochromic Lippert-Mataga plot for 10 showing
the linear fit. (d) Variation in fluorescence decay (TCSPC) of 1o in different organic solvents of different polarity index.

to be 71-74% for compounds 1-3 and 82—85% for 4 and 5. All
the PSS compositions were calculated by using H-NMR
spectroscopy (Fig. S28-532), for example in compound 1 the
internal methyl protons appear around & —3.5 due to the high

4| J. Name., 2012, 00, 1-3

phenomenon was observed: the ring-opening (c>0) of DHP
derivatives (1-5) results in a distinct growth of a strong PL band
around ~470 nm (blue line, Fig. 2b). This emissive state can be
reversibly switched off by exposure to UV light (370 nm) (grey

This journal is © The Royal Society of Chemistry 20xx
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line, Fig. 2b) or by heating (Fig. 2c), thereby promoting the
regeneration of the closed isomer (o—>c) (Table 2, Fig. 2¢,d). To
investigate the nature of this band, we then extended our
emission studies in different solvents for 1c and 1o isomers. The
1o isomer showcased a remarkable positive solvatochromism
with the emission maxima shifting from 446 nm in hexane to
547 acetonitrile, corresponding to
displacement of 101 nm with a visible change in colour (Fig.
3a,b). This solvatochromic nature of the emission band can
easily be understood by an intramolecular charge transfer in the
excited state. To further augment our understanding of the
nature of charge transfer of the excited state, we constructed a
Lippert-Mataga correlation plot. A clear linear increase was
observed upon moving from low polarity to high polarity media,
indicating a dominant charge transfer contribution to the
emissive state (Fig. 3c, S34 & Table S3). From the time-resolved
photoluminescence analysis, we measured delayed PL lifetimes
for 1o in various solvents. With a gradual increase in the solvent
polarity, the fluorescence lifetimes progressively increased
from hexane (tr=1.37 ns), toluene (t¢=2.22 ns), DMF (1= 3.56
ns), to acetone (t¢ = 5.15 ns) (Fig. 3d & Table S4). This steady
increase in lifetime is consistent with the stabilization of a
charge transfer excited state in polar media. Compounds 1 and
2 differ in the electron-donating ability of the triarylamine units,

nm in an overall

Chemical Science

geometry optimization (TD-DFT, CAM-B3LYR/6:3118(c))
revealed a pronounced conformational différéhe@3Betweencthe
closed and open isomers. In the closed form 1c, the interplanar
dihedral angle between the triphenylamine donor and the DHP
unit is approximately ~47°, indicating weak electronic coupling.
Ring opening to 1o reduces this angle to about ~17°, enhancing
planarity and enabling efficient charge transfer, consistent with
the appearance of a new CT band (Fig. 4a,b, & see Table S5 for
the remaining derivatives). To further substantiate the charge-
transfer assignment, the lowest-energy emissive states were
analyzed using TD-DFT with the long-range-corrected CAM-
B3LYP functional, the 6-311G(d) basis set, and PCM (toluene)
(see SI for computational details). The
transition of 1o is predicted at 442 nm with substantial oscillator
strength (f=0.37) and pronounced donor-to-acceptor character
from the triphenylamine unit to the DHP core, as further
supported by natural transition orbital (NTO) analysis, in which
the dominant hole-particle pair (Fig. 4c) accounts for ~67% of
the total transition character, whereas no comparably intense
low-energy transition is found for 1c, with any analogous
excitation carrying negligible oscillator strength (f < 0.05),
consistent with weak electronic coupling in the closed geometry
(Fig. 4c). In addition, the high aromatic stabilization of the
dimethyldihydropyrene core in 1c disfavours charge transfer, as

lowest emissive

" 3
2%
A
J"J_g,)-’ga"‘ -"‘
@ =17°
s ot
@ "J v Reduced dihedral angle between
( donor and acceptor.
il L )

" 3 .
@ ‘ @ _
il — &
o & " % fg ‘
 JPEP AL A 33 & de0
BPCPgT D @ 5 & ‘
S35t i®
- ? v High dihedral angle between J-?
@ donor and acceptor. L
? - 442 nm
b. =037

<

'9;

Fig. 4 TD-DFT-optimized first excited-state geometries of 1c (a) and 1o (b) at the CAM-B3LYP/6-311G(d) level with PCM (toluene); (c) dominant
natural transition orbital (NTO) pair associated with the predicted 442 nm emission, indicating charge-transfer character.

with 1 containing a p-methoxy unit, which is a relatively strong
donor. The closed isomers 1c and 2c, respectively, exhibited
almost no difference in their fluorescent quantum yield (®enm,
1.02% (1c) vs 1.13% (2c). However, the change is notable in the
corresponding open isomers 10 and 20 (®em, 31.3% (10) vs
6.12% (20), indicating a role of charge transfer event, which is
much more effective in the presence of a stronger donor unit
(Table 2). When the fluorescence emission of the closed isomer
1c (540 M-*cm1) was compared to that of 10 (8800 M-1cm-1), we
found an almost 16-fold increase in the brightness. Excited state

This journal is © The Royal Society of Chemistry 20xx

its participation would require loss of aromatic character. In
compound 3, the fluorescent quantum yield for the 3c isomer
(Dem, 0.85% (3c) is almost on par with the 1c and 2c but for
photoisomer 30, a significant drop in the fluorescence (®em,
8.38% (30)) intensity has been observed compared to 1o. This
is anticipated because electron donation from both sides
weakens the acceptor and, overall, reduces the charge-transfer
process. The incorporation of a p-benzaldehyde at the opposite
side of the triaryl substitution position in compound 4 resulted
in minimal changes in the absorption and emission spectra of

J. Name., 2013, 00, 1-3 | 5
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4c. However, for the open isomer 40, a 15 nm red shift in the
emission maximum was observed. The lowering of the
fluorescence QY (Pem, 5.27% (40)) suggests that the electron-
withdrawing nature of p-benzaldehyde diminishes the CT-
induced emission (Table 2). The PL intensity for both the
isomers of compound 5 is too low to measure the quantum yield
error-free (Fig. S16). For completeness, the lowest-energy

closed isomer 1c under exposure to 370 nm UV light.orwhether
it could also occur with the open isomé&?!'16.1G19U85WelFhat
subjected the sample to 525 nm light, which yielded almost
quantitative 1o isomerization, followed by 370 nm exposure,
which also generated a similar broad band in the longer
wavelength region centred around 800 nm, the suggesting
generation of similar radical species (Fig. 5b). In both the cases,

a.,, b. C. m—
10 uM CHClI, Before irradiation 10 uM in CHCI, 1.0 1Bef0r37:rrad1alon
10’5 370 nm —— PSS405 1 = 33 s 273 nm
—— 205370 nm 0.4l ——PSS,,,,,+30s370nm| - R
@ ——305370nm a o
& 0.44 3] -
= © o
O el N
o — H—
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So2 5921 E
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< < =
0.0 0.0 — ; . : 0.0 —/\A\
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Fig. 5 UV-Vis-NIR absorption spectra of (a) 1c (b) 10 and the corresponding PL spectra (c) 1c (d) 10 under 370 nm light irradiation in 10 pM CHCls. EPR spectra

of (e) 1c and (f) 10 under 370 nm light irradiation in 1 mM chloroform solvent.

emissive states were analyzed for all derivatives in both open
and closed forms, and the resulting transition energies and
oscillator strengths are summarized in Table S6. In each case,
the calculated trends in emission energy and relative intensity
between the two isomers are in line with the experimentally
observed differences. Besides the switching of fluorescence
with light, the formation of a stable radical cation species was
also observed with the TPA-DHP derivatives upon exposure to
light. Substituted triphenylamine (TPA) moieties are well known
to generate radical cations. A prime example is magic blue,
which is a commercially available TPA-derivative frequently
used as a one-electron oxidant.6” The substituents at the para
positions are crucial for obtaining stable radicals; otherwise,
benzamidine-type reactions can lead to the quenching of the
radical cations.®® Photoinduced radical formation in
triphenylamine derivatives has emerged only recently, with
only a few reports demonstrating this behavior, mainly in
amide-linked derivatives.6253.69 At first, when the 1c isomer of
compound 1 was exposed to 370 nm light in CHCIs, a broad
absorption band appeared along with a decrease in the
intensities of major absorption bands in the UV region,
suggesting light-mediated radical generation (Fig. 5a). We
wondered whether radical formation occurred only in the ring-

6 | J. Name., 2012, 00, 1-3

a significant decrease in the PL intensity was observed (Fig.
5c,d). We further confirmed the 370 nm light-induced radical
formation by EPR measurements. As expected, before
irradiation, neither isomer 1c nor 1o showed any signal;
however, upon irradiation with 370 nm light, a broad signal with
g=2.0024 began to appear in both cases (Fig. 5e,). The
photoinduced generation of radical cation was investigated by
1H NMR spectroscopy. When we exposed a CDCls solution of
isomer 1c with 370 nm light for 180 seconds, the signals
corresponding to the central photochromic DHP moiety
broadened (Fig. 6a) before finally generating a species that
could not be locked in the NMR instrument. This observation
suggests that the unpaired electron density in 1c** is delocalised
over the photochromic DHP unit. To further substantiate this
interpretation, was
computed in CHClz using a PCM solvation model, indicating

the spin-density distribution of 1c**

pronounced delocalization of the unpaired electron across the
photochromic DHP framework (Fig. 6b). The formation of
radicals upon light irradiation was consistently detected across
all derivatives. In chloroform, the appearance of a broad EPR
resonance provided clear evidence for the generation of
paramagnetic species (Fig. S38). The mechanism of
photoinduced radical cation generation involves one-electron

This journal is © The Royal Society of Chemistry 20xx
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transfer from the TPA unit of the DHP-TPA to chloroform,
followed by the electron donation of the DHP to the TPA moiety,
resulting in the formation of the DHP-based radical cation,
[DHP-TPA]*.53 Next, as a control study, we have examined
whether photoinduced radical cation formation occurs in other
non-chlorinated solvents, namely, toluene, THF, acetonitrile,
DMF, methanol, acetone and DMSO. Interestingly, in none of
the solvents, the characteristic broad absorption bands in the
longer-wavelength region, indicating the formation of the
radical species was observed (Fig. S36). All the samples in these
solvents were EPR silent as well. However, the radical cation can
be generated even in a non-chlorinated solvent, such as
acetonitrile, by chemical oxidation (Fig. S37).

It is crucial to emphasize, as previously discussed in this work,
the ring closing (o->c) isomerization can also be triggered by
370 nm light. Therefore, it is difficult to figure out whether 10
itself generates radical cations to give 1o0°* (option A, see below)
or, first, isomerizes to 1c (lo—>1c), and then generates the 1c**,
i.e., option B.

o->o radical species (option A), or
o—->c-> c radical species (option B)

Thus, we conducted a control experiment where we compared
the photogenerated 1c** and 1lo°** with the same species
generated chemically by using an oxidant.”’® Thus, the radical
cations, 1c** and 1o** were generated chemically by oxidizing
them with Cu(ClO4), . Subsequently, the UV-Vis absorption
profiles of 1c** and 1o°** generated in the chemical and
photochemical methods were compared (Fig. 5a,b & Fig. S35).
For 1c, both photoinduced and chemically generated 1c**
spectra were matched well, but for 10, chemically generated
1o°* absorption spectra showed a clearly different signature. If

This journal is © The Royal Society of Chemistry 20xx

we look closely, the absorption spectrum generated by 370 nm
light closely resembles the spectrum of the 1c** radical cation; a
faint presence of the 336 nm, 398 nm bands, and a broad band
around ~470 nm (absent in chemically generated 1o0°*), are
visible in both the cases. This substantiates that both isomers 1c
and 1o, upon irradiation with 370 nm light, generate 1c**. Next,
the stability of the photogenerated radical cations has been
evaluated. After generating the radical cation by irradiation
with 370 nm light for 180 seconds, the EPR signal intensity was
monitored over time. Except for compound 2, the derivatives
exhibited substantial stability, detectable
paramagnetic character even after 24 hours. In contrast,
compound 2 displayed markedly reduced stability; after 24 h,
the EPR signal completely flattened. This can be attributed to
the unsubstituted para positions of the triphenylamine unit,
where the radical cation species is susceptible to dimerization
through a benzamidine-type intermediate, as discussed
previously (Fig. S39).

retaining

Conclusions

In summary, this work establishes a new paradigm for “turn-on”
fluorescence switching within a negative photochromic DHP
framework. This was accompanied by the formation of a radical
species (Fig. 6¢). The reversible change in aromatic character
governs the emergence of a charge transfer pathway, which in
turn dictates the intensity of the emissive response. Notably,
the bright fluorescent state is accessed using visible light at 525
nm, a wavelength that is compatible with biological
environments and practical optical applications. The origin of
the charge transfer band is rationalized through detailed
theoretical analysis, providing a molecular-level insight into the

J. Name., 2013, 00, 1-3 | 7
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switching mechanism. Beyond fluorescence control, the same
molecular architecture in the closed isomer enables the
formation of a stable radical cation under well-defined
This functionality
highlights the power of molecular design in integrating multiple
photochemical responses within a single system. Such behavior
moves beyond isolated sensing or imaging and points toward
unified platforms capable of performing both the roles
simultaneously. The high-emission state is well suited for super-
resolution imaging strategies that rely on controlled
fluorescence modulation. At the same time, the generation of
stable organic radical cations introduces opportunities in
therapeutic or antimicrobial contexts, given the known
biological activity of radical species. Collectively, this study
demonstrates that multifunctional photoresponsive systems
combining emission control and radical chemistry are both
achievable and highly promising for future applications.

conditions. dual fluorescence-radical
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