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A cationic conjugated polymer with high 808 nm
NIR-triggered photothermal conversion for
antibacterial treatmentf
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A light-triggered treatment strategy has been considered as a powerful therapeutic modality for
sterilization due to its attractive properties including noninvasiveness, negligible drug resistance and
minimized adverse side effects. Herein, a cationic water-soluble conjugated polymer PDTPBT based on
a donor—acceptor (D-A) structure is designed and synthesized for photothermal antibacterial therapy under
near-infrared light irradiation. The electron-rich dithieno-pyrrole and electron-deficient benzothiadiazole
served as the electron donor and acceptor, respectively. Also, quaternary ammonium groups are modified
on the side chain to enhance the water solubility of PDTPBT, promoting the effective combination of
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PDTPBT with bacteria. PDTPBT demonstrates a strong absorption in the near-infrared region, excellent
photostability and a high photothermal conversion efficiency of up to 71.1%. High bacterial mortality rates
are obtained upon 808 nm laser irradiation. Consequently, the new cationic conjugated polymer PDTPBT
with excellent photothermal performance exhibited effective antibacterial ability, serving as a promising
agent for light-triggered treatment.
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1. Introduction

Diseases caused by pathogenic bacteria have posed a serious
global challenge, which badly threatens public health
security. Antibiotics play an extremely important role in anti-
bacterial treatment over the last few decades,'™ which mainly
depends on blocking the key process of microbial growth and
reproduction.””® However, due to the uncontrolled overuse of
antibiotics, various drug-resistant bacteria emerged and have
become another vital threat to human health. Resistance
mechanisms developed by bacteria mainly include pumping
out intracellular antibiotics or enzymatic degradation of
antibiotics.*® Besides, the dose of antibiotics needed to satisfy
the sterilization effect has increased to 100 times or even 1000
times since drug-resistant genes are exchanged between bacter-
ial populations. Although multi-antibiotic concomitant treat-
ment achieved a better therapeutic effect in a short time, it
made the problem of bacterial resistance even more serious.*
Additionally, new antibiotics to deal with drug-resistant bac-
teria, such as cephalosporins and polymyxin, will eventually
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become ineffective."”” Therefore, it is urgent to develop new
antibacterial agents and methods to kill bacteria.

In recent years, light-triggered treatment strategies have
been considered as an alternative therapeutic modality for
sterilization, such as photothermal therapy (PTT), which is
attributed to its attractive properties including noninvasive-
ness, negligible drug resistance, locally selective treatment and
minimized adverse side effects.””®° Some photothermal agents
using near infrared light (NIR) as the excitation light source
have been studied, which can cause a high environmental
temperature, leading to protein denaturation and cell death
during heat shock."®™* Compared with traditional inorganic
metal materials,">* organic photothermal agents with good
biocompatibility, low toxicity and targeted functions allow
them to obtain better bactericidal performance, 123723

It is worth noting that conjugated polymers (CPs) have been
developed as promising photothermal agents for sterilization
owing to their excellent optical properties, and good light
stability and light harvesting capability.”****> Among them,
conjugated polymers with a D-A structure exhibit strong
absorption in the NIR region due to the narrow band gap,
and the low optical radiation also enables them to possess
remarkable photothermal conversion efficiency.>® However, a few
water-soluble conjugated polymers in photothermal antibacterial
applications have been reported.”>*” Additionally, it is still urgent
to improve the photothermal conversion efficiency of conjugated
polymers for high photothermal therapy efficiency.

This journal is © The Royal Society of Chemistry 2022
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Fig. 1 The schematic photothermal antibacterial therapy mechanism of the cationic conjugated polymer PDTPBT.

Herein, a new water-soluble conjugated polymer PDTPBT
with a D-A structure was designed and synthesized as a photo-
thermal antibacterial agent, in which the electron-deficient
benzothiadiazole served as the electron acceptor while the
electron-rich dithieno[3,2-b:2',3"-d]pyrrole (DTP) served as the
electron donor (Fig. 1). DTP and its derivatives have also been
used as important units in the construction of photovoltaic
materials, which played a vital role in achieving highly efficient
organic and hybrid solar cells.>* Meanwhile, quaternary ammo-
nium groups were modified on the side chains of conjugated
polymers for better water solubility, which leads to effective
contact between cationic PDTPBT and the negatively charged
bacterial membrane. Importantly, PDTPBT demonstrated
strong absorption in the NIR region and a remarkable photo-
thermal conversion efficiency of up to 71.1%. Thus, the sig-
nificant anti-bacterial performance towards both E.coli and
MRSA under 808 nm laser irradiation was observed, making
it a promising photothermal agent for sterilization.

2. Experimental
2.1 Materials and measurements

The reagents used in organic synthesis were purchased from
Aladdin and J&K. Bacterial culture medium was obtained from
Sangon Biotech. The reagents were analytically pure and used
without further purification unless otherwise specified. The
bacterial dyes, including Syto 9 and Syto 24, were bought from
Thermo Fisher Scientific Corporation, and propidium iodide
(PI) was obtained from Solarbio Life Science Corporation. The
'H NMR and "*C NMR spectra of the compounds were recorded

This journal is © The Royal Society of Chemistry 2022

using Bruker Ascend 300 or 400 MHz spectrometers. Mass
spectra were recorded using a Bruker maXis II mass spectro-
meter (ESIT). The UV-vis spectra and fluorescence spectra were
recorded on a SHIMADZU UV-2600 spectrophotometer and a
Hitachi F-7000 spectrophotometer, respectively. The morphol-
ogy was observed using a Hitachi SU8220 field-emission scan-
ning electron microscope or an FEI Tecnai G2 F20 field
emission transmission electron microscope. The molecular
weight of the polymer was measured using a laser light scatter-
ing gel chromatography system (VISCOTEK TM, Malvern). The
size distribution was measured by dynamic light scattering
(DLS) (Malvern Zetasizer 3000HS). The heating processes were
recorded using a thermal imager (Fluke 480 pro). The near
infrared light source was bought from Changchun New Indus-
try Optoelectronic Technology company.

2.2 Investigation of photothermal properties

808 nm laser irradiation (1 W cm™2) was selected to investigate
the relationship between the concentration of PDTPBT (10, 20,
50, 100, 200 pM) and the temperature of the solution within
10 min. The PDTPBT solution at 50 pM was utilized to evaluate
the change in solution temperature under different irradiation
conditions (0.2, 0.5, 1.0, 1.5, 2.0 W cm ™ 2). The photothermal
conversion efficiency was calculated from the lifting and cool-
ing curves. The concentration of the PDTPBT solution used was
100 puM, and the irradiation light intensity was 1 W cm™>. The
heating stage under laser irradiation lasted for 7 min, and the
cooling stage lasted until the solution temperature dropped to
room temperature. The thermal stability of PDTPBT was ver-
ified by repeating the process above 5 times consecutively.
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To compare the photothermal effect between Au nano-
particles and PDTPBT, the concentration of gold nanoparticle
solution was modulated to obtain the same absorbance as that
of PDTPBT solution at 100 uM. The temperature changes of the
two materials were recorded under the same laser intensity
irradiation (1 W cm™?) to obtain the lifting and cooling curves.
All the heating processes can be recorded using a thermal
imager.

2.3 Cytotoxicity experiments

The cytotoxicity of PDTPBT was investigated using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. MCF-7 cells and 3T3 cells were selected as the represen-
tatives of tumor cells and normal cells, respectively. The
suspended cells were inoculated in 96-well plates and incu-
bated in a CO, incubator for 12 h. The medium was replaced
with fresh full medium containing the polymer at the corres-
ponding concentration, and the cells were cultured for 24 h.
Then MTT solution (5 mg mL ™) was added to each well and the
cells were incubated for 4 h. After incubation, the medium was
replaced by dimethyl sulfoxide (DMSO). The absorbance value
of the solution in each well was read using a microplate reader
at a wavelength of 490 nm.

2.4 Antibacterial experiments

The procedures of bacterial culture are shown in the ESI.{ The
obtained bacterial solution was centrifuged at 8000 rpm and
dispersed in 0.9% NacCl solution to prepare an original bacterial
solution. Then the original bacterial solution was diluted to a
working concentration of 2 x 10° CFU mL ™" for subsequent
use. The bacteria were incubated with the PDTPBT solution at
different concentrations for 10 min, followed by laser irradia-
tion for 6 min, while the control group was treated without laser
irradiation. Then, mixed dyes of syto (green fluorescence) and
PI (red fluorescence) were added into the solution and incu-
bated for 15 min. The dead and live bacteria could be observed
by inverted fluorescence microscopy and the bacterial mortality
was measured by flow cytometry and the standard plate count
method.

2.5 Study of the antibacterial mechanism

The zeta potential change of bacteria before and after photo-
thermal treatment was examined using a nanoscale potenti-
ometer. The bacteria were incubated with PDTPBT solution for
10 min before measurement, while the bacterial solution at a
working concentration was treated without conjugated poly-
mers as the control. A scanning electron microscope (SEM) was
employed to observe the morphology of bacteria in the photo-
thermal process to explore the bactericidal mechanism. The
mixed solution was centrifuged at 8000 rpm after the steriliza-
tion step and then suspended to 2.5% glutaraldehyde solution
to immobilize the cells at 4 °C overnight. The solution was
centrifuged at 8000 rpm and washed with 10 mM PBS buffer.
The mixed solution was dehydrated using ethanol solution
(50-100%) at 4 °C for 15 min, and then dispersed in tert-butyl
alcohol after centrifugation. Finally, a dry powder was obtained
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by freeze-drying and placed on the conductive adhesive for
observation using a SEM.

3. Results and discussion

The synthetic route of PDTPBT is demonstrated in Fig. 2a.
Compound 1 was synthesized through the Buchwald-Hartwig
reaction of BINAP with 3,3’-dibromo-2,2’-bi-thiophene accord-
ing to a previous report.>***” Monomer 1 was prepared by
treating compound 1 with NBS (Fig. S1, ESIt). PDTPBT-pre was
obtained by the Suzuki coupling reaction between monomer 1
and the bis-boronic ester of benzothiadiazole (monomer 2).*%3°
Furthermore, quaternary ammonium groups were introduced
to the side chain of PDTPBT-pre by a quaternization reaction to
obtain PDTPBT (Fig. S2, ESIf), enabling PDTPBT possessing
better solubility. Due to the hydrophobic interactions between
conjugated polymer backbones, the polymers in aqueous
solution inevitably formed very loose aggregates at higher
concentrations that could be affected easily by the microenvir-
onment. The size distribution was measured by dynamic light
scattering. The size was around 50-60 nm when the concen-
tration of PDTPBT was over 10 uM (Fig. S3, ESI{). The spherical
and amorphous nanoparticles can be observed from TEM
images (Fig. S4, ESIT). As shown in Fig. 2b, PDTPBT showed
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Fig. 2 (a) The synthesis of PDTPBT. (b) Absorption spectrum of PDTPBT
(10> M) in aqueous solution. (c) Fluorescence spectrum of PDTPBT
(107° M) in aqueous solution (iex. 700 nm). (d) Absorption spectra of
PDTPBT solution at different concentrations (10 uM to 100 pM). (e) Linear
relationship between the absorbance of PDTPBT at 808 nm and PDTPBT
concentrations.
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an NIR absorption peak centered at 700 nm due to the D-A
structure. However, as shown in Fig. 2c, no distinct emission
peak can be measured, which brings the great possibility of
high thermal conversion efficiency. Also, the UV-vis absorption
spectra of PDTPBT at different concentrations were recorded in
aqueous medium (Fig. 2d). As shown in Fig. 2e, the absorbance
of the solution at 808 nm was linearly dependent on the
concentration of PDTPBT in the range of 0-100 uM, enabling
PDTPBT as a potential PTT agent with excellent water solubility.

The in vitro photothermal capability of PDTPBT was inves-
tigated at different PDTPBT concentrations. As shown in Fig. 3a
and c, the temperature of the solution dramatically increased
with the increase of PDTPBT concentration and irradiation
time (808 nm laser) at a power density of 1 W cm ™2, while no
remarkable temperature change was observed when pure water
was exposed to the laser under the same conditions, demon-
strating the potential of PDTPBT as a photothermal agent. To
further examine the effect of irradiation power density on the
temperature of the solution, a solution containing 50 pM
PDTPBT was irradiated for 10 min with an 808 nm laser at
different power intensities from 0.2 to 2 W cm 2. Fig. 3b and d
show that the solution temperature was dependent on the laser
power and irradiation time. It reached a plateau after illumina-
tion for 6 min. The 6 min and a laser power of 1 W cm >
were thus chosen as irradiation conditions for antibac-
terial experiments. These results demonstrated that PDTPBT
can be utilized as a promising photothermal agent by control-
ling PDTPBT concentration or laser power to regulate the
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Fig. 3 (a) Temperature curves of PDTPBT at different concentrations in
aqueous solutions under 808 nm laser irradiation (1 W cm™2) for 10 min. (b)
Temperature curves of PDTPBT (50 uM, repeated unit) in aqueous solu-
tions under 808 nm laser irradiation at different power densities. (c)
Thermographs of the PDTPBT aqueous solutions at different concentra-
tions (ranging from 10 to 200 uM) under a NIR laser (808 nm, 1 W cm™2)
irradiation. (d) Thermographs of the PDTPBT aqueous (50 puM) solutions
under 808 nm NIR laser irradiation at different power densities (ranging
from 0.2 to 2.0 W cm ™).
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temperature of the solution, achieving effective photothermal
therapy with antimicrobial and antitumor properties.
Furthermore, the photothermal conversion efficiency of
PDTPBT was examined. As shown in Fig. 4a, the temperature
increased up to 57 °C when PDTPBT solution was irradiated
under 808 nm laser irradiation (1 W cm™2). Then the tempera-
ture gradually decreased to room temperature. The thermal
conversion efficiency was calculated using equation (1) and
equation (2-4) (ESIt) reported in the literature as follows:****

_ hSATmax — Qdis (1)
1= (=10 )

n denotes the photothermal conversion efficiency, 4 represents
the heat transfer coefficient, S means the surface area of the
container, ATy« is the temperature change between the max-
imum temperature reached by the sample and the ambient
temperature of the surroundings. In this array, the AT, was
32.4 °C. The container heat loss (Qg;s) and Aggs were found to be
0.0454 W and 0.726, respectively. The T means the slope of the
cooling time versus the negative natural logarithm of the
temperature. As shown in Fig. 4b, T was obtained as 221.6 s.
The other values were showed in detail in ESIf{. Thus, the
photothermal conversion efficiency was calculated to be
71.1%, which was higher than that of existing photothermal
materials.**?7**%® presumably, the high photothermal conver-
sion of PDTPBT may benefit from their zero radiative transition
rates of the high electron-deficiency benzothiadiazole. A strong
bipolaron that can decay to a phonon band may result from it,
producing the thermal effect via nonradiative transition. There-
fore, PDTPBT presents strong NIR absorption and excellent
photothermal conversion efficiency, serving as a potential
agent for PTT.

Photothermal stability is an important property of photo-
thermal agents to meet the requirement of biomedical applica-
tions. The ability of PDTPBT to maintain temperature
enhancement was investigated. As shown in Fig. 4c, there was
no obvious change in the rising and cooling trend of the
solution temperature during the five cycles of the laser
(808 nm, 1 W cm™?) on/off treatments. The maximum tempera-
ture of the solution increased to 57 °C during the measurement
process. The results demonstrated that PDTPBT can resist long-
term laser irradiation, suggesting its remarkable photothermal
stability.

To compare the photothermal conversion ability, the Au
nanoparticles were selected as representatives of inorganic
photothermal agents. As shown in Fig. 4d, to ensure the same
experimental conditions, the absorption of Au NPs and
PDTPBT solution was monitored at 808 nm and was found to
be the same with a value of 0.726. Then five cycles of heating
and cooling processes were carried out under the same condi-
tions. As shown in Fig. 4e and f, the solution temperature of
PDTPBT increased by 33.2 °C, which was higher than that of Au
NPs (22.1 °C), indicating the greater photothermal conversion
capability of PDTPBT compared to Au nanoparticles.

Good biocompatibility is one of the key characteristics of
photothermal agents for application in biomedical fields. As
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Fig. 4 (a) Photothermal effect of PDTPBT in aqueous solution (100 pM) under 808 nm laser irradiation (1 W cm~2). (b) The cooling time versus the
negative natural logarithm of the temperature obtained from the cooling stage. (c) Temperature rising and cooling profiles of the PDTPBT solution (100
uM) with irradiation on/off for five cycles. (d) UV-vis spectra of the Au NPs and PDTPBT solutions with the same absorbance at 808 nm. Temperature
change (AT) profile of the Au NPs and PDTPBT solutions for (e) one cycle or (f) five cycles of the laser (808 nm, 1 W cm™~2) on/off treatments.

shown in Fig. 5a and b, the cell viability maintained over 84%
against both MCF-7 and 3T3 cells under the experimental
conditions, which indicated that PDTPBT has excellent
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Fig. 5 Cell viability of (a) MCF-7 and (b) 3T3 incubated with PDTPBT at
different concentrations in the dark for 24 h. Antibacterial activity of
PDTPBT against (c) E.coli and (d) MRSA at different concentrations under
a laser (1 W cm™) or in the dark for 6 min. The error bars represent the
standard deviations of three parallel measurements. (e) Thermographs of a
mixed solution of PDTPBT at different concentrations (ranging from 0 to
60 uM) and bacteria during the 6 min NIR laser (808 nm, 1 W cm™2)
irradiation.
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biocompatibility. In order to explore the antibacterial activities
of conjugated polymers PDTPBT against bacteria, MRSA
(methicillin-resistant Staphylococcus aureus) and E.coli (Escher-
ichia coli) were selected as the representatives of Gram-positive
and Gram-negative bacteria, respectively. According to the
reports, the enhanced temperature may cause irreversible cell
damage in virtue of disrupting metabolic signals, denaturing
proteins, and rupturing cell walls.>”*” Once bacteria were
incubated with PDTPBT, the cationic PDTPBT will bind with
bacteria by electrostatic interactions. When the solution was
exposed to laser irradiation for 6 min or kept in the dark, the
viabilities of the two bacteria were determined. As shown in
Fig. 5c, almost all E.coli bacteria were alive without laser
excitation. However, the bacterial death rate significantly
increased with the increase of polymer concentrations at an
excitation light intensity of 1 W cm ™2, which resulted from lots
of heat being produced by PDTPBT due to its high photother-
mal conversion efficiency. Fig. 5¢ shows that the mortality rates
of E.coli were 75.0% and 92.8% with PDTPBT concentrations of
30 uM and 40 pM, respectively. However, the MRSA mortality
rates were measured to be 8.4%, 38.2% and 92.2%, when the
concentration of PDTPBT was 30 pM, 45 pM, and 60 pM,
respectively (Fig. 5d). The corresponding half inhibitory
concentration (ICs,) values of PDTPBT against E.coli and MRSA
were 26.6 UM and 47.4 pM, respectively. Notably, the lethal
concentration against E.coli was lower than that against MRSA
due to its lower heat-resistance than MRSA.*> These results
demonstrated the remarkable sterilization effect of PDTPBT
under NIR irradiation, which is promising for the treatment of
pathogen infection in deep tissue.

Also, the temperature of the mixed solution of different
concentrations of PDTPBT and bacteria under laser excitation
was recorded by thermography. As shown in Fig. 5e, the
temperature reached 63.6 °C when the concentration increased
to 35 uM. In this case, E.coli was almost completely dead, while
the mortality rate of MRSA was only 15.0% under the same

This journal is © The Royal Society of Chemistry 2022
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conditions. When the maximum temperature of the solution
increased to 73.7 °C, MRSA was completely inactive in the
presence of 60 pM PDTPBT. These results further demonstrated
that MRSA is more heat-resistant than E. coli. Additionally, the
temperature of the bacteria under laser irradiation should be
higher than that measured by thermography due to the direct
contact between PDTPBT and bacteria, which indicated that the
bacterial activity could be effectively suppressed in a brief
time.>®

In addition, the antibacterial effect of the PDTPBT polymer
was investigated by the standard plate count method accord-
ingly. After 808 nm laser illumination for 6 min, PDTPBT
exhibited outstanding toxicity to E. coli. The number of E.coli
colonies formed in the Petri dishes continuously decreased
with an increase of the PDTPBT concentration (Fig. 6a). when
the concentration of PDTPBT was 15 puM, there was no sig-
nificant difference in bacterial viability between the control
group and the treated group. Interestingly, the number of
colonies formed in the Petri dishes decreased sharply when
the concentration increased to 25 pM. Only a few colonies were
observed when the PDTPBT concentration increased to 35 uM,
indicating the effective inactivation of E. coli by PDTPBT. The
corresponding experiments on MRSA were conducted (Fig. S5a,
ESIt). The viability of MRSA decreased significantly when the

Fig. 6 (a) E.coli growth on Petri dishes at different concentrations of
PDTPBT (ranging from O to 40 uM) after NIR laser (808 nm, 1 W cm™)
irradiation for 6 min. Fluorescence microscopy images of E.coli incubated
with PDTPBT under the 808 nm laser irradiation (1 W cm™2) (c and e) or in
the dark for 6 min (b and d). Scale bar: 100 um (b and ¢), 50 um (d and e),
[PDTPBT] = 35 uM.

This journal is © The Royal Society of Chemistry 2022
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Table 1 The zeta potential change of E.coli and MRSA before and after
incubation with PDTPBT

Zeta potential (mV)

Sample MRSA E.coli
Blank —343+1.3 —40.6 £ 0.5
PDTPBT —16.0 £ 0.8 —5.3 £ 0.6

PDTPBT concentration increased to 50 pM. These results were
in accordance with the flow cytometry results (Fig. S6, ESIT).

The photothermal antibacterial performance of PDTPBT
against two kinds of bacteria was also investigated through
confocal laser scanning microscopy. In this case, syto 9 (green)
and PI (red) were used to indicate live bacteria and dead
bacteria, respectively. As shown in Fig. 6b and d, the bacteria
were all alive and emit green fluorescence without laser irradia-
tion, whereas all cells emit red fluorescence when the solution
was exposed to an 808 nm laser for 6 min (Fig. 6¢c and e),
indicating dead bacteria. The same trend was found in the
antibacterial investigation against MRSA (Fig. S5b-e, ESIY),
indicating the remarkable PTT antibacterial effect of PDTPBT
towards both Gram-positive and -negative bacteria.

To explore the mechanism of conjugated polymer steriliza-
tion, the zeta potential of bacteria before and after incubation
with PDTPBT was also measured. In general, the surface of the
bacteria is negatively charged due to the phospholipid coating,
while PDTPBT is positively charged due to modification with
quaternary ammonium groups. As shown in Table 1, before the
combination with PDTPBT, the zeta potentials of E.coli and
MRSA were —40.6 mV and —34.4 mV, respectively. After incuba-
tion with PDTPBT for 10 min, the potentials of E.coli and MRSA
changed to —5.3 mV and —16.0 mV, respectively, which demon-
strated that the zeta potential of bacteria became positive after
combining with PDTPBT by dominant electrostatic interac-
tions. It is worth noting that the zeta potential of E.coli changed
more than MRSA, resulting from the greater binding of
PDTPBT to E.coli cells. Thus, the stronger attachment with
the polymer and poor heat resistance of E.coli led to a lower
IC5, value.

Fig. 7 SEM images of E.coli and MRSA incubated with PDTPBT under
808 nm laser irradiation (1 W cm™2) or in the dark for 6 min. The
concentrations of PDTPBT were 35 uM and 55 uM for E.coli and MRSA,
respectively. Scale bar: 2 um.
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Additionally, scanning electron microscopy was employed to
investigate the damage degree of PDTPBT to the bacteria. Fig. 7
shows that the bacterial cells both in the control groups and
dark groups presented a smooth surface and complete shape.
In contrast, it was clearly observed that the bacterial surface
became rough and the broken cells were stuck together. Due to
the large amount of heat produced by PDTPBT under laser light
irradiation, the proteins in bacteria can be denatured and cell
walls can be disrupted, leading to irreversible damage to the
bacteria. The results illustrated that PDTPBT can efficiently kill
bacteria under NIR excitation, serving as a promising PTT agent
with antibacterial and antitumor properties.

4. Conclusions

In conclusion, a novel water-soluble conjugated polymer
PDTPBT with a D-A structure was designed and synthesized
for antibacterial therapy in this study. PDTPBT exhibited strong
absorption in the near-infrared region, a remarkable photo-
thermal conversion efficiency of up to 71.1% and excellent
thermal stability. When the conjugated polymer was incubated
with bacteria, PDTPBT can closely combine with bacteria by
electrostatic interactions. Under 808 nm NIR laser irradiation,
PDTPBT generated a large amount of heat, which caused the
lysis and fusion of the cell membrane, leading to the death of
bacteria. Compared with traditional photothermal materials,
PDTPBT possesses excellent photothermal conversion effi-
ciency and biocompatibility, showing a remarkable bacteri-
cidal effect. This work provides a feasible strategy for the
construction of organic photothermal agents and for NIR
light-controlled biomedical applications in sterilization and
antitumor therapy.
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