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Diseases associated with bacterial infection, especially those caused by gram-negative bacteria, have been
posing a serious threat to human health. Photodynamic therapy based on aggregation-induced emis-
sion (AIE) photosensitizer have recently emerged and provided a promising approach for bacterial dis-
crimination and efficient photodynamic antimicrobial applications. However, they often suffer from the
shorter excitation wavelength and lower molar extinction coefficients in the visible region, severely limit-
ing their further applications. Herein, three novel BF,-curcuminoid-based AIE photosensitizers, TBBC, TBC
and TBBC-C8, have been rationally designed and successfully developed, in which OCH3- and OCgH17-
substituted tetraphenylethene (TPE) groups serve as both electron donor (D) and AIE active moieties,
BF,bdk group functions as electron acceptor (A), and styrene (or ethylene) group as r-bridge in this D-r-
A-m-D system, respectively. As expected, these resulting BF,-curcuminoids presented solvent-dependent
photophysical properties with large molar extinction coefficients in solutions and excellent AIE prop-
erties. Notably, TBBC showed an effective singlet oxygen generation efficiency thanks to the smaller
singlet-triplet energy gap (AEsr), and remarkable photostability under green light exposure at 530 nm
(8.9 mW/cm?). More importantly, TBBC was demonstrated effectiveness in selective staining and photo-
dynamic killing of Escherichia coli (E. coli) in vitro probably due to its optimal molecular size compared
with TBC and TBBC-C8. Therefore, TBBC will have great potential as a novel AIE photosensitizer to apply

in the discrimination and selective sterilization between Gram-positive and Gram-negative bacteria.
© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia
Medica, Chinese Academy of Medical Sciences.

The traditional antibiotic medications for bacterial infections
have confronted increasing challenges with the emergence and
widespread of multidrug-resistant bacteria, posing a serious threat
to global human health and led to millions of deaths worldwide
[1-5]. In particular, infectious caused by Gram-negative (G(-))
bacteria are extremely difficult to treat compared to Gram-positive
(G(+)) bacterial infection resulted from their natural outer mem-
brane, highly selective porins, and abundant efflux pumps, which
confers intrinsically resistance to G(—) bacteria to many antibi-
otics or other antibacterial materials [6]. Therefore, this poses a
serious challenge to the existing antibiotics and an urgent need to
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develop new antibiotics to defend against G(—) bacteria-associated
infections. However, the development of new antibiotics has far
behind the outbreak of antibiotic-resistant bacteria. Thus, it is of
great significance to explore novel antibacterial strategies to cope
with antibiotic resistance. Among them, photodynamic therapy
(PDT) provides a promising bactericidal approach that is not prone
to resistance, which employs the photosensitizer (PS) to generate
reactive oxygen species (ROS), especially singlet oxygen (10,),
upon exposure to light at specific wavelength [7-9]. As the most
important component in PDT, a large number of PSs have been
extensively exploited and applied in recent years. Nevertheless,
most of these PSs suffer from insufficient '0, generation and
fluorescence quenching in the aggregated state or a hydrophilic
physiological environment, which severely limits their applications
in the imaging-guided PDT. In this context, PSs with aggregation-
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Fig. 1. (a) Simplified Jablonski diagram of singlet oxygen generation for AIE pho-
tosensitizer. (b) Simplified Jablonski diagram of singlet oxygen generation for AIE
photosensitizer based on BF,-curcuminoid. (c) Chemical structures of AIE photo-
sensitizer based on BF,-curcuminoid (TBBC, TBC and TBBC-C8). (d) The calculated
spatial distributions of HOMO and LUMO of TBBC (left) and TBC (right). A: absorp-
tion, NR: nonradiative decay, FL: fluorescence, So: ground state, S;: excited singlet
state, T;: excited triplet state, 30,: normal oxygen, '0,: singlet oxygen, ISC: inter-
system crossing.

induced emission (AIE) features have been recently emerged
[10-15]. As expected, these AIE PSs showed strong fluorescence
and efficient 10, generation in the aggregated state owing to
the minimized nonradiative decay (NR) via restriction of in-
tramolecular motion (Fig. 1a). However, the lower molar extinction
coefficients in the visible region and the shorter excitation wave-
length for most AIE PSs still need to be addressed for their further
applications because they have the narrow light-harvesting ability.

Fortunately, a class of highly luminescent organoboron com-
plexes with large molar extinction coefficients, i.e., difluoroboron
pB-diketonate (BF,bdk) complexes [16,17], may provide a possible
solution to the above issues. Recently, the BF,bdk complexes have
shown extensive applications in bioimaging, organic electronics,
and photovoltaics due to their rich photophysical properties. How-
ever, a common limitation of these complexes is their tendency
to exhibit shorter absorption and emission wavelengths, constrain-
ing their broader application. To address this, researchers have ex-
plored the integration of BF, into curcumin analogues, creating
BF,-curcuminoid complexes. This modification not only shifts the
absorption and emission wavelengths towards the red end of the
spectrum but also increases molecular rigidity and enhances pho-
tostability. BF,-curcuminoid complexes have been utilized in vari-
ous technologies, including near-infrared (NIR) fluorescent probes
[18-23], photoacoustic imaging [24-28], NIR thermally activated
delayed fluorescence (TADF) photosensitizers [29], TADF switches
[30], and NIR TADF organic light-emitting diodes (OLEDs) [31,32].
This innovation in BF,-curcuminoid design is particularly inspiring
in the context of AIE PSs. By incorporating the strong electron-
withdrawing BF,bdk group into tetraphenylethene (TPE)-type AIE
PSs, it is anticipated that this approach will yield novel AIE PSs that
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are excited by longer wavelength visible light and possess large
molar extinction coefficients. Additionally, this strategy is expected
to endow BF,-curcuminoid complexes with unique AIE character-
istics, enhancing their potential for broader applications.

To validate this hypothesis, we have rationally designed and
prepared two BF,-curcuminoid-based AIE PSs (TBBC and TBC)
(Figs. 1b and c), in which methoxy-substituted TPE (MTPE) groups
serve as both electron donor (D) and AIE active moieties, BF,bdk
group functions as electron acceptor (A), and styrene (or ethylene)
group as sr-bridge in this D-7-A-7-D system, respectively. For con-
trast, the bulky C8 alkyl chains-substituted analogue (TBBC-C8)
was also designed and synthesized to verify the speculation about
the mechanism of admirable antibacterial action towards E. coli.
As expected, the as-prepared TBBC, TBC and TBBC-C8 presented
solvent-dependent photophysical properties with large molar ex-
tinction coefficients in solutions, and excellent AIE properties in
mixtures of toluene/DMSO. Remarkably, TBBC was particularly ef-
fective in generating singlet oxygen (10,) when exposed to green
light at 530nm. It also showed a notable capability for selective
staining and photodynamic inactivation of E. coli, indicating its po-
tential as an innovative antibacterial PDT agent in the fight against
drug-resistant bacterial infections.

In such photosensitive system, the molecular design principles
for incorporating BF,bdk group into the AIE PSs are primarily fo-
cused on the following aspects (Fig. 1): (I) Enhancing molar extinc-
tion coefficients in favor of light-harvesting ability of AIE PSs; (II)
Extending excitation wavelength to achieve long wavelength visible
light excitation of AIE PSs; (IlI) Promoting the intersystem cross-
ing (ISC) because active nonbonding p electrons on the BF,bdk
group are devoted to enhancing the spin-orbital coupling (SOC);
(IV) Separating the highest occupied molecular orbital (HOMO)-
lowest unoccupied molecular orbital (LUMO) distribution to reduce
AEst (Es; —Eqq) for higher ISC [33], which is achieved by insert-
ing a benzene ring between the donor and acceptor for TBBC to
fine-tune their distance and torsional angle compared to the ana-
logue TBC. As shown in Fig. 1d, the HOMO distribution of TBBC
is positioned at two MTPE groups and LUMO is mainly fixed at
central BF,-curcuminoid skeleton. This indicates an efficient sepa-
ration of HOMO and LUMO, thus resulting in a small AEst value
(0.360 eV). For contrast, another AIE PS (TBC) without benzene
ring bridging is designed and synthesized, which shows a much
bigger AEsr (0.429 eV) compared to TBBC resulting from its par-
tially overlapped HOMO and LUMO (Fig. 1d and Table S1 in Sup-
porting information). In addition, the bulky C8-substituted ana-
logue (TBBC-C8) of TBBC is also obtained to verify the speculation
about the mechanism of admirable antibacterial action towards E.
coli. Unsurprisingly, no appreciable differences in the HOMO and
LUMO orbital distribution and its AEsr (0.349 eV) for TBBC-C8 are
observed compared with TBBC (Fig. S1 and Table S1 in Supporting
information), further implying that the incorporation of C8 alkyl
chain may have insignificant influence on the generation of sin-
glet oxygen. As depicted in Scheme S1 (Supporting information),
TBBC and TBC were prepared by the Knoevenagel condensation re-
action between MTPE-CHO (2 or 3) and BF, complex of pentane-
2,4-dione (4) using n-BuNH, as the catalysis in anhydrous toluene
in the yield of 48% and 57%, respectively. A similar approach was
used to synthesize TBBC-C8 in the yield of 36%. Their chemical
structures were well characterized by 'H NMR, 13C NMR and high-
resolution mass spectrometry (HRMS) (Figs. S25-S39 in Supporting
information). From 'H NMR spectrum of TBBC, the coupling con-
stants of double bonds were ca. 15.5 Hz, suggesting a stable trans-
configuration for both ethylene bonds in TBBC.

With these curcuminoid-BF, complexes in hand, their photo-
physical properties were investigated in solvents with different
polarity. As depicted in Fig. 2a and Table S2 (Supporting infor-
mation), TBBC clearly showed a maximum absorption band rang-
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Fig. 2. (a) The UV-vis absorption spectra of TBBC in different solvents (2.0 x 10~ mol/L). (b) The UV-vis absorption spectra of TBBC, TBC and TBBC-C8 in toluene (2.0 x 10>
mol/L). (c) The fluorescence spectra of TBBC and TBC in toluene (2.0 x 105 mol/L) (Aex =498 nm and 517 nm, respectively). (d, e) The fluorescence spectra of TBBC (d) and
TBC (e) in different mixtures of toluene/DMSO (v/v) (2.0 x 10~> mol/L) (Aex =500nm and 520 nm, respectively). Insert: their corresponding photographs in 0% and 90%
toluene solutions under 365nm UV light. (f) The dependence of the emission intensity on the toluene fraction (f;). (g) The fluorescence spectra of TBBC-C8 in different
mixtures of toluene/THF (v/v) (2.0 x 10~5 mol/L) (Aex =500nm). Insert: their corresponding photographs in 0% and 90% toluene solutions under 365nm UV light. (h) The
dependence of the emission intensity on the toluene fraction (f;). (i) Time-resolved decay profiles of TBBC, TBC and TBBC-C8 in the aggregated state.

ing from 498 nm to 508 nm in four various solvents, which is at-
tributable to intramolecular charge transfer (ICT) transition from
TPE groups to the central difluoroboron S-diketonate moiety [34].
The perceptible redshift was observed with increasing solvent po-
larity. More importantly, TBBC showed high extinction coefficients
(¢ = 631 x 10*-7.02x 10* L mol~! cm~!) in the visible region,
which indicates the outstanding visible light-harvesting capability
for TBBC. Compared with TBBC, the maximum absorption wave-
length of TBC revealed an obvious redshift (AA =ca. 20nm) in the
same solvent (Figs. S2, S4-S6 and Table S2 in Supporting informa-
tion), which is attributed to increased m-conjugation for TBC with-
out the benzene ring acting as a bridge linker. As expected, TBBC-
C8 bearing four alkyl chains displayed negligible changes in ultra-
violet (UV) absorption because alkyl chains have no obvious effect
on the conjugated system (Figs. S3-S6 and Table S2 in Support-
ing information). As illustrated in Fig. 2c, Figs. S7-S9 and Table S2
(Supporting information), TBBC presented an intense orange fluo-
rescence with high fluorescence quantum yield (@ =0.23) in weak
polar toluene (poor solvent), while relatively inefficient emission
with lower @ (from 0.06 to 0.008) was detected in the larger po-
lar solvents (good solvents: CH,Cl,, CHCl; and DMSO). Compara-
tively speaking, TBC emitted a strong red fluorescence and showed
red-shifted changes (Alem =24-51nm) in fluorescence emission
in solvents with different polarity (Table S2). In addition, TBBC-C8
exhibited a similar fluorescence performance to TBBC under the
same conditions (Fig. S10 and Table S2 in Supporting information).

Whereafter, their AIE performance was evaluated in the mixed
solvents (toluene/DMSO). As depicted in Figs. 2d and f, TBBC
showed a weak emission in pure DMSO. As toluene fraction (f;)
increased from 0% to 20%, negligible fluorescence change was de-

tected. When f; was greater than 20%, the emission peak at 562 nm
(fw=30%) was gradually red-shifted to 570nm (f; =90%), and its
emission intensity significantly increased and reached the maxi-
mum value at f, =90% due to the formation of the aggregates,
which was accompanied by the appearance of an intense orange
fluorescence (insert in Fig. 2d). Furthermore, a much higher quan-
tum yield (&;=0.19) for TBBC was obtained in 90% water mixed
solutions compared with that in pure DMSO (&;=0.008), as well
as fluorescence lifetimes ranging from 0 ns to 0.55 ns (Fig. 2i).
Moreover, similar AIE properties for TBC (Aem =624 nm, @;=0.27,
t=0.36 ns) and TBBC-C8 (Aem =608 nm, @;=0.30, T =156 ns)
were observed with the increase of f; from 0% to 90% (Figs. 2e-
i and Fig. S11 in Supporting information). Therefore, these results
clearly implied that the incorporation of curcuminoid-BF;, did not
affect the AIE characteristics of OCH3- and OCgHq7-substituted TPE
moieties.

In consideration of their excellent luminescent properties in
the aggregated state, the bacteria imaging capabilities for these
BF,-curcuminoids were further explored. Firstly, the hydropho-
bic TBBC was made into water-soluble nanoparticles (abbreviated
as TBBC NPs) by encapsulation of the amphiphilic Pluronic F-
127, as illustrated in Fig. 3a. The dynamic light scattering (DLS)
experiment showed that the average hydrodynamic diameter of
the resulting nanoparticles (TBBC NPs) was determined to be ca.
109 nm (Fig. 3c), which favors efficient accumulation at the bac-
terial sites for fluorescence imaging and antibacterial PDT. Subse-
quently, TBC NPs (average size =83 nm) and TBBC-C8 NPs (average
size=122nm) were also successfully fabricated through the same
bottom-up approach using F-127 as the doping matrix (Figs. S12
and S13 in Supporting information).
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Fig. 3. (a) Schematic representation of the preparation of the nanoparticles by
using an amphiphilic Pluronic F-127 as the doping matrix (TBBC NPs, TBC NPs
and TBBC-C8 NPs). (b) The absorption and emission spectra of TBBC NPs in wa-
ter (2.0 x 10~ mol/L, Aex =488 nm). (c) DLS profiles of TBBC NPs. (d) Fluorescence
and merged images of bacteria (S. aureus and E. coli) incubated with TBBC NPs for
20 min.

The shape and size of these prepared nanoparticles were con-
firmed by transmission electron microscopy (TEM), manifesting
uniform spheres with the different size for TBC NPs, TBBC NPs,
and TBBC-C8 NPs (Fig. S14 in Supporting information). More im-
portantly, the as-prepared TBBC NPs displayed a broad visible light
absorption ranging from 390nm to 675nm (Fig. 3b). The aque-
ous suspension of TBBC NPs emitted a bright red fluorescence
(Aem =640nm, @;=0.08) under irradiation with 365nm UV light
(Fig. 3b and Table S2), which is beneficial for fluorescence imag-
ing in biomedical fields. In comparison, TBC NPs showed a red-
shifted fluorescence emission (Aem =668 nm, @;=0.05) in aque-
ous solution (Fig. S15 and Table S2 in Supporting information) due
to the extended conjugated system compared with TBBC. Besides,
TBBC-C8 NPs exhibited a similar maximum emission wavelength
at 642nm in water, as well as a stronger red fluorescence emis-
sion than TBBC NPs (Fig. S16 and Table S2 in Supporting informa-
tion), suggesting incorporation of C8 alkyl chains can prevent the
intermolecular stacking to enhance the AIE effect.

Encouraged by the remarkable AIE performance and red emis-
sion in nanoaqueous solution, we selected Gram-positive S. aureus
and Gram-negative E. coli as representatives to preliminarily assess
the bacteria staining capabilities of these BF,-curcuminoids. As de-
picted in Fig. 3d, when two kinds of bacteria were incubated with
TBBC NPs, almost no fluorescence signal was detected for S. au-
reus, while the distinct fluorescence signal was accidentally visu-
alized in E. coli. To the best of our knowledge, most previously
reported AIE photosensitizer molecules exhibited selective imag-
ing for Gram-positive bacteria through hydrophobic and electro-
static interactions [35-38], which is attributable to the distinctive
multilayer outer membrane structures possessed by Gram-negative
bacteria [39]. Additionally, the poring channels in the outer en-
velope of Gram-negative bacteria can expel small dye molecules.
Therefore, the experimental result that TBBC NPs displayed a se-
lective bacteria imaging for Gram-negative E. coli was very surpris-
ing to us. However, when both S. aureus and E. coli were incu-
bated with TBC NPs and TBBC-C8 NPs under the same conditions,
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no fluorescence signals were detected in neither S. aureus nor E.
coli, which may be attributed to the fact that the smaller TBC and
larger TBBC-C8 do not readily bind to the bacterial cell membrane.
Consequently, these bacterial staining results implied that TBBC as
a novel AIE fluorescent dyes has great potential for application in
discriminating between Gram-positive and Gram-negative bacteria.

To speculate on the reason for the differences in their ability to
target S. aureus and E. coli, zeta potentials (¢) usually reflecting the
electrical charge on the bacterial surface were subsequently deter-
mined to investigate interactions between the bacteria and these
BF,-curcuminoids. As illustrated in Fig. S17 (Supporting informa-
tion), after S. aureus was incubated with TBBC, TBC and TBBC-C8,
the corresponding ¢ potentials of S. aureus exhibited an obvious
negative shift in contrast with that of S. aureus alone, which im-
plies no electrostatic interactions between these BF,-curcuminoids
and the negatively charged bacterial surface. Thus, no fluorescence
signals for TBBC, TBC and TBBC-C8 were detected in S. aureus.
Moreover, an apparent positive shift (A¢ =4.44 eV) for the ¢ po-
tential of E. coli when incubated with TBBC compared with that
of E. coli alone, which can be attributed to the electrostatic inter-
actions between the negatively charged bacterial surface and the
AIE PS TBBC, thus leading to neutralization of the negative charge
on the surface of E. coli. However, the ¢ potentials of E. coli dis-
played a negligible change after incubated with smaller TBC and
larger TBBC-C8 with C8 alkyl chains compared to E. coli alone. This
may be because TBC can effectively insert into the outer mem-
brane on E. coli, thereby the positive charge was concealed inside
the bacteria instead of being exposed to the surface [40,41]. There-
fore, no effect on the potentials of E. coli was detected for smaller
TBC. In contrast, TBBC-C8 with C8 alkyl chains may be hindered
by their interaction with bacteria due to larger steric hindrance
[42,43], thus attenuating the bacteria imaging capability of TBBC-
C8. Accordingly, zeta potentials results indicated that a significant
impact of the size of the AIE PS molecules on the selective bacteria
imaging.

Encouraged by the small AEsr value of these BF,-curcuminoids
(TBBC, TBC and TBBC-C8), we further evaluated their '0,
generation ability in water under irradiation with green
light (A=530nm). The commercial 9,10-anthracenediyl-bis-
(methylene)-dimalonic acid (ABDA) was utilized as an 10, indica-
tor to monitor the process of 10, generation. As shown in Fig. 4a,
upon irradiation with 530nm green light (8.9 mW/cm?), the
absorbance intensity of ABDA gradually weakened in the presence
of TBBC NPs, which is resulted from the decomposition by the
increasing 10, generation (Scheme S2 in Supporting information).
As illustrated in Figs. S18 and S19 (Supporting information), the
presence of the other two BF,-curcuminoids NPs (TBC NPs and
TBBC-C8 NPs) also caused different degrees of decrease in the
absorption intensity of ABDA, while that of ABDA alone changed
slightly (Fig. S20 in Supporting information). Moreover, under the
treatment of these BF,-curcuminoids NPs (TBBC NPs, TBC NPs
and TBBC-C8 NPs), the higher decomposition rate of ABDA was
detected compared with that of RB by monitoring the attenuation
of absorption at 378 nm (Fig. 4b and Fig. S21 in Supporting infor-
mation), indicating the superior 10, generation performance of
these BF,-curcuminoids under 530nm green light irradiation. In
addition, the absorbance of ABDA was decreased by 57.0% in the
presence of TBBC NPs upon irradiation with 530nm green light
for 80 s, suggesting that 713 pmol of ABDA was consumed per
20 s when 5 nmol/L of TBBC NPs was exposed to 530nm green
light. In contrast, 1.07 pmol and 4.45 pnmol of ABDA were depleted
per 20 s for 5 pmol/L of TBC NPs and TBBC-C8 NPs under the
same irradiation conditions, respectively. It was demonstrated that
the 10, generation efficiency of TBBC NPs was superior to that
of TBC NPs, which is mainly attributed to the smaller AEsy value
for TBBC compared with TBC. Unexpectedly, 10, generation per-
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formance for TBBC-C8 with a smaller AEst was inferior to TBBC
probably due to the influence of the hydrophobic C8 alkyl chains.
Subsequently, the 10, quantum yields of these BF,-curcuminoids
(TBBC, TBC and TBBC-C8) NPs in water were determined as 19%,
6%, 11% by using RB as the standard reference [44], respectively.
Besides, it was noteworthy that TBBC NPs and TBC NPs displayed
an excellent photostability in comparison with the commercial PS
(RB) when exposed to green light probably because they were not
easily oxidized by '0,, as depicted in Fig. 4a and Figs. S18 and
S21, whereas TBBC-C8 NPs showed a relatively poor photostability
(Fig. S19), which may be attributed to the perturbation of the
flexible C8 alkyl chains on the nanoparticles under green-light
irradiation.

Inspired by the outstanding performance of 10, generation and
bacterial discrimination of the presented BF,-curcuminoids, we
further evaluated their photodynamic antibacterial activity by the
classical plate colony-counting method [45,46]. Gram-positive S.
aureus and Gram-negative E. coli were utilized as representative
bacteria to probe their in vitro photodynamic antimicrobial proper-
ties under green light (8.9 mW/cm?) irradiation, respectively. From
Fig. 4c, both S. aureus and E. coli grew and reproduced smoothly
on the agar plates in dark or green-light irradiation conditions
when not treated with TBBC NPs. When both bacterial strains were
treated with TBBC NPs and then stored in the dark, the colony-
forming unit (CFU) of S. aureus and E. coli decreased by approxi-
mately 8% and 6% (Fig. 4d), respectively, implying its inconspicu-
ous dark toxicity toward S. aureus and E. coli. In the presence of
both TBBC NPs (2.0 pmol/L) and green light irradiation, E. coli was
killed effectively with a nearly 100% CFU reduction rate of (Figs. 4c
and d), while the photodynamic antimicrobial effect on S. aureus
was negligible, and only ca. 9% CFU reduction rate was detected in
comparison with the control groups. The photodynamic antimicro-
bial results thus indicated that TBBC NPs can eliminate selectively
E. coli over S. aureus via antibacterial PDT. Subsequently, photody-
namic antibacterial effects of TBBC NPs have been tested at two
lower concentrations (i.e., 1.0, 0.5 pmol/L). As shown in Fig. S22
(Supporting information), under the treatment of green light irra-
diation, about 60% of E. coli were killed at the concentration of
1.0 pmol/L, and almost 100% of E. coli survived when the concen-
tration of TBBC NPs was decreased 0.5 pmol/L. Whereafter, scan-
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ning electron microscopy (SEM) was further employed to explore
the detailed morphological changes of E. coli upon treatment with
TBBC NPs and green light irradiation. As illustrated in Fig. 4e, the
morphology of E. coli remained intact with smooth bodies when
treated with only green light, while the treatment with TBBC NPs
made the originally smooth bodies of E. coli become partially wrin-
kled probably owing to strong electrostatic interactions between
TBBC NPs and E. coli. After E. coli was treated with both TBBC NPs
and green light, the bacterial shape changed dramatically along
with the fusion and shrinkage of cell walls, which definitely pro-
vided evidence that '0, generated by TBBC NPs exerted toxic-
ity to E. coli. These SEM results also revealed that the destruc-
tion of bacterial cell might be the main cause of the death of
E. coli. By comparison, TBC NPs showed only almost 90% bacte-
ricidal rate against E. coli and an unconspicuous antimicrobial ef-
fect on S. aureus (Fig. S23 in Supporting information), suggesting a
similar selective photodynamic antimicrobial activity to TBBC NPs.
However, TBBC-C8 NPs with four C8 alkyl chains hardly presented
any photodynamic antimicrobial activity against E. coli and S. au-
reus (Fig. S24 in Supporting information). According to the previ-
ous reports [47-49], for TBBC, TBC and TBBC-C8, reasons for the
discrepancy in photodynamic antimicrobial activity against E. coli
may be attributed to the difference in molecular size of these AIE
PSs. As was mentioned above, the poring channels in the outer
envelope of Gram-negative bacteria (E. coli) can expel small dye
molecules. Therefore, for the smaller-size TBC which showed par-
tial photodynamic antimicrobial activity against E. coli, some of the
PS molecules (TBC) may be pumped by the poring channels in the
outer envelope of E. coli after exerting the photodynamic antibacte-
rial effect to some extent, thus resulting in ca. 90% bactericidal rate
against E. coli. As for C8 alkyl chains-functionalized TBBC-C8, the
outer envelope of E. coli may not be crossed due to its larger size,
leading to almost no photodynamic antimicrobial activity against
E. coli.

To summarize, we successfully prepared three D-w-A-mw-D
type AIE photosensitizers (TBBC, TBC and TBBC-C8) based on
BF,-curcuminoid with yields ranging from 36% to 57%. These
molecules incorporated substituted TPE groups as electron donors
and AIE active moieties, BF,bdk group as an electron acceptor, and
a styrene (or ethylene) group as a m-bridge. Initial assessment
of their photophysical properties revealed solvent-dependent
behavior with large molar extinction coefficients in solvents of
varying polarity and excellent AIE properties in mixed solvents,
indicating that the inclusion of curcuminoid-BF, moieties did
not compromise their AIE performance. Following this, the hy-
drophobic BF,-curcuminoids were assembled into water-soluble
nanoparticles (TBBC NPs, TBC NPs, and TBBC-C8 NPs) with av-
erage hydrodynamic diameters ranging from 83nm to 122nm,
emitting bright red fluorescence (640-668nm) under 365nm
UV light. Surprisingly, bacterial staining experiments revealed
that TBBC NPs selectively imaged Gram-negative E. coli, while no
fluorescence signals were detected for TBC NPs and TBBC-C8 NPs
in either S. aureus or E. coli. Zeta potential (¢) results indicated
a significant impact of the AIE PS molecule size on selective
bacteria imaging. Moreover, TBBC demonstrated efficient singlet
oxygen generation when exposed to green light at 530nm (8.9
mW/cm?), attributed to its smaller singlet-triplet energy gap
(AEst). Notably, it was noteworthy that TBBC NPs and TBC NPs
displayed an excellent photostability compared with the RB under
green-light irradiation, whereas TBBC-C8 NPs showed a relatively
poor photostability. More importantly, TBBC showed effective in
vitro selective photodynamic killing of E. coli, likely due to its
appropriate molecular size compared to TBC and TBBC-C8. In
brief, TBBC holds great potential as a novel green light-excited
AIE photosensitizer for discriminating and selectively sterilizing
Gram-positive and Gram-negative bacteria.
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