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Comparison Study of Two Near‐Infrared Coumarin‐BODIPY Dyes 
for Bioimaging and Photothermal Therapy of Cancer 
Yuandong Zhang,a Nan Song,a Yuanyuan Li,c Zhiyu Yang,a Li Chen,*a Tingting Sun, b Zhigang Xie*b  

Near‐infrared (NIR) responsive agents for cancer bioimaging and photothermal therapy are available and significant. Herein, 
we employed two easily available dyes, boron‐dipyrromethane and coumarin, to synthesize a pair of 
coumarin‐borondipyrromethane dyes with different conjugate degrees (BDC and BSC). The difference of conjugate degree 
made their photophysical properties poles apart. After self‐assembling of BDC and BSC, the newly constructed nanoparticles 
(BDC NPs and BSC NPs) demonstrated good biocompatibility. Moreover, BDC NPs exhibited a good photothermal effect 
under irradiation of 808 nm laser which could effectively inhibit the growth of HeLa cells, and BSC NPs could quickly show a 
conspicuous fluorescence in the HeLa cells. The exploration demonstrates that the two organic dyes prepared with different 
conjugation degrees could provide new options for photothermal therapy of cancer and rapid bioimaging. 

Introduction 
Non‐invasive treatment and bioimaging have attracted the 
researchers’ interest. Photothermal therapy (PTT) is one of the 
emerging non‐invasive treatment methods of cancer with low 
toxicity, high selectivity, and perfect biological adaptability1‐8. 
Photothermal agents could convert the irradiated photon into heat, 
and the increasing temperature would induce the heat susceptive 
cancer cells apoptosis9‐12. Near‐infrared (NIR) light could penetrate 
deep tissues effectively, as a result, the absorption of photothermal 
agents in this interval is of great significance. Photothermal agents 
are commonly classified into inorganic nanomaterials such as gold 
nanomaterials13‐15 and metal‐organic frameworks (MOFs)16‐19, and 
organic 
nanomaterials like porphyrin derivatives20‐22, cyanine dyes23‐25, and 
boron‐dipyrromethenes (BODIPYs)26‐31. Organic photothermal agents 
possess many advantages in terms of biocompatibility, metabolism, 
and potential biodegradability. Non‐invasive bioimaging has been 
validated as a widely 
applicable tool for clinical diagnostics and laboratory studies32, 33. 
Today, a wide variety of bioimaging techniques such as ultrasound 
imaging (US)34, 35, CT imaging36, 37, magnetic resonance imaging 
(MRI)38‐40 and positron emission computed tomography (PET)41, 42 
and fluorescence imaging43, 44 are deeply developed. Fluorescence 
imaging holds numbers of advantages such as nontoxicity, rapid 
feedback and high sensitivity. NIR 
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fluorescence bioimaging agents with a strong competitive 

advantage are widely expanded in the fields of carbon dots45‐47, 
quantum dots48, fluorescent proteins49, 50, and organic dyes51‐55. 
BODIPY and its derivatives have certain advantages, such as high 
molar extinction coefficient and photochemical stability56, 57. The 
core of BODIPY is easily modified, in particular, the 3,5positions are 
regularly employed to introduce the vinyl group which could broaden 
the conjugation degree of the molecule and cause the red shift of 
absorption wavelength to the NIR region. Coumarin, a common 
heterocyclic compound, owns an easily modified structure, as a 
result, it has a wide variety of derivatives and is always applied as 
bioluminescent probe58‐60.  

Knoevenagel condensation reaction was typically a series of 
reactions which carbonyl compounds and the compounds with active 
methyl group under a base catalyzed condition were dehydrated to 
afford the α, β‐ unsaturated compounds. In synthesis of BODIPY 
derivatives, Knoevenagel condensation reaction was facilely and 
versatilely employed to efficiently tune BODIPY dyes for near‐infrared 
absorption or emission61‐63.  

Currently, the researchers usually use coumarin‐BODIPY 
derivatives as sensitive fluorescent probes64‐67. Nevertheless, the 
coumarin‐BODIPY derivatives with near‐infrared absorption and 
employed as a photothermal agent or a rapid fluorescence 
bioimaging agent have not been reported yet. 

In this work, we synthesized two coumarin‐BODIPY derivatives 
(BDC and BSC) by Knoevenagel condensation reaction with 
acetonitrile as solvent (Scheme 1). The difference between BDC and 
BSC is a 7‐diethylaminocoumarin, which is linked to BODIPY by a π‐π 
double bond. This dissimilarity has generated many differences 
between BDC and BSC in their photophysical properties, as well as 
their nanoparticles in photothermal effects, bioimaging, and 
photothermal toxicity. BSC possessed more excellent fluorescence 
performance, which laid a foundation for BSC NPs in bioimaging. BDC 
retained a longer absorption wavelength and a low fluorescence 
quantum 
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Scheme 1 Schematic illustration of BDC NPs and BSC NPs for their synthesis and different 
applications. 

yield, which provided the precondition for BDC NPs to be applied in 
PTT tumor cells. 

Experimental section 
Synthesis of BDC and BSC 
To increase the absorbance wavelength of BODIPY, we designed and 
synthesized the coumarin‐BODIPY conjugate compounds. The 
synthesis routes of BDC and BSC were shown in Scheme 1, and the 
compounds 1 and 2 were detailed in Scheme S1, and S2 (ESI†). We 
confirmed BDC and BSC by 1H NMR spectroscopy, 13C 
NMR spectroscopy, and MS in Fig. S1 and S2 (ESI†). 
BDC  
Compound 1 (184 mg, 0.5 mM) and compound 2 (382 mg, 1.5 mM) 
were stirred in a solution of 30 mL acetonitrile, 1.0 mL piperidine and 
0.8mL glacial acetic with a Dean‐Stark apparatus at 90 oC for 8h under 
an argon atmosphere. Cooled, filtered, and washed with methanol 
then the solid was subjected to column chromatography through a 
silica gel column and eluted with DCM: EtOAc (100: 1) and finally 
dried in vacuum, a brown solid was afforded. Yield = 32% (124.5 mg, 
0.16 mM); 1H NMR (400 MHz, CHCl3) δ 8.04 (s, 2H), 7.70 (d, J = 16.4 
Hz, 2H), 7.49 ‐ 7.46 (m, 4H), 7.43 (s, 1H), 7.39 (d, J = 9.2 Hz, 2H), 7.32 
‐ 7.29 (m, 2H), 
6.67 (s, 2H), 6.60 (dd, J = 8.8, 2.4 Hz, 2H), 6.48 (d, J = 2.4 Hz, 2H), 3.43 
(q, J = 7.2 Hz, 8H), 1.41 (s, 6H), 1.22 (t, J = 7.0 Hz, 12H). 13C NMR (500 
MHz, CHCl3) δ 161.81, 156.25, 152.42, 150.97, 141.97, 137.49, 133.76, 
129.69, 129.54, 129.07, 128.97, 128.53, 118.48, 118.44, 117.02, 
109.41, 109.39, 97.27, 44.99, 14.62, 
12.56. MALDI‐TOF/MS for [BDC]+: 778.35 calcd, 778.4 found. BSC 
As a by‐product of BDC, BSC was present in the filtrate solution of 
BDC. Then collected and dried in vacuum, the mixture was subjected 
to column chromatography through a silica gel column and eluted 
with DCM, a deep green crystal was afforded. Yield = 8% (22 mg, 0.04 
mM); 1H NMR (400 MHz, CHCl3) δ 7.99 (s, 1H), 7.62 (d, J = 16.6 Hz, 
2H), 7.49 ‐ 7.43 (m, 4H), 7.35 (d, J = 8.8 Hz, 2H), 7.30 ‐ 7.27 (m, 4H), 
6.65 (s, 1H), 6.60 (dd, J = 8.8, 2.4 Hz, 2H), 6.47 (d, J = 2.0 Hz, 1H), 5.99 
(s, 1H), 3.41 (q, J = 7.2 Hz, 4H), 2.61 (s, 3H), 1.38 (d, J = 9.2 Hz, 6H), 
1.22 (t, J = 7.2 Hz, 6H). 13C NMR (500 MHz, CHCl3) δ 161.87, 156.27, 
154.90, 152.89, 151.00, 142.63, 140.10, 137.36, 135.08, 131.91, 
129.66, 129.62, 129.11, 128.97, 128.22, 121.24, 118.28, 118.19, 

116.87, 109.46, 109.27, 97.24, 44.97, 14.61, 14.37, 12.54. 
MALDI‐TOF/MS for [BSC]+: 551.26 calcd, 551.3 found. Preparation of 
BDC nanoparticles and BSC nanoparticles (BDC NPs and BSC NPs) 
By slowly adding, a 3 mL BDC‐THF solution was dropped into a rapid 
stirring 10 ml water in 20 min. After addition, the mixed solution was 
further stirred at room temperature for another 16 hours, with the 
intention that THF in the mixture was diffused to the external 
environment, and the nanoparticles were uniformly and stably 
present in aqueous solution. With the same program, acetone was 
more suitable as a solvent for BSC to prepare a more concentrated 
BSC NPs solution. Photothermal Activity and Photothermal 
Conversion Efficiency 

The BDC NPs and BSC NPs (65.0 μM, 200 μL) were under the 
irradiation of an 808 nm laser at the intensity of 0.70 W cm‐2 for a 
period of 300 s with DI water as a control. To affirm the promising 
photothermal activity, we measured the different concentrations of 
BDC NPs were adopted and irradiated by an 808 nm laser (0.70 W 
cm−2) for 300 s, and the 65.0 μM BDC NPs were under the irradiation 
of the 808 nm laser with different power densities for 300 s. The 
concentrations of BDC NPs we chose were 16.3 μM, 32.5 μM, 65.0 
μM, the chose different power densities of 808 nm laser were 0.23 W 
cm−2, 0.48 W cm−2 and 0.70 W cm−2, the used amount of BDC NPs for 
each sample was 200 μL. The temperature recorder probe was hired 
to monitor the temperature changes and recorded 10 s a period. The 
808 nm laser was in employment to irradiate the 70.0 μM BDC NPs 
until the temperature formed a plateau, then insulated the laser, 
recorded the whole temperature interval 10 s a count until the 
temperature restored to room temperature again. Then calculated 
photothermal conversion efficiency. The main text of the article 
should appear here with headings as 
appropriate. 
Cell Imaging and Flow Cytometry 

The HeLa cells were cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM; GIBCO) which composed by 10% fetal bovine serum (FBS) 
and 100X Penicillin/Streptomycin Solution under a mixed humidified 
atmosphere which 5% CO2 contained at 37 oC. After a 12h culture, the 
HeLa cells were incubated with the nanoparticles (20.0 μM) for 
different time periods. Flow cytometry was hired with a flow 
cytometer by the method of 
cell imaging treatment process. MTT 
assay 

The HeLa cells were planted at a density of 105 cells per well in 96‐well 
plates then cultured in DMEM for 12 hours to allow cell adhesion. By 
engaging 200 µL of DMEM contained various concentrations BDC NPs 
instead of the medium, 6 hours later, a NIR 808 nm laser (0.70 W cm‐2) 
was hired to irradiate the cells for 5 min at 37 oC and culture for an 
additional 24 h. Then 20 μL MTT (5 mg mL‐1) assays were added to 
cells in each well and incubated for another 4 hours. Finally, removed 
the medium cleanly, and DMSO (150 μL) was added. The 
characteristic absorption at λ = 490 nm was determined and recorded 
by a 
microplate analyzer. Live−Dead 
Cell Staining To more directly 
demonstrate the efficiency of 
BDC NPs in photothermal toxicity 
for HeLa cells, calcein AM and 
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propidium iodide (PI) were 
employed to identify live (green) 
and dead (red) cells, respectively. 
The HeLa cells were treated with 
the same method in MTT assays, 
while the untreated cells as a 
control. The cells were incubated 
under a humidified 5% CO2 
contained mixed atmosphere at 
37 oC for 24 h. Subsequently, the 
calceinAM/PI solution was 
employed to stain the cells for 40 
min at room temperature. 
Finally, the cell staining results 
were 
acquired by a fluorescence microscope. Cell 
apoptosis test 

To investigate the anticancer mechanism of BDC NPs, flow cytometry 
experiments were performed to demonstrate the process of 
apoptosis, in this experiment 5×103 cells were collected for each 
sample. In 6‐well plates, the HeLa cells were cultured in 1.5 mL 
medium for 12 h to obtain 3×105 cells per well. With the same 
method of live‐dead cell staining, after a 24 h incubation discarded 
the medium in each well. The cells were washed by 1 mL PBS, then 
0.5 mL trypsin was treated to disperse the cells. The harvested 
suspended cells were centrifuged at 2000 rpm for 5 min, discarded 
the supernatant and washed by PBS. Then repeated centrifugation 
and discarding, Annexin V‐FITC and PI were employed to co‐stain the 
cells in dark for 20 min. Finally, the cells were collected and evaluated 
by a flow cytometer. 

Results and discussion 
By employing UV‐vis spectrophotometer and fluorescence 
spectrophotometer, the photophysical properties of BDC and BSC 
were recorded. BDC and BSC were synthesized from BODIPY and 
7‐diethylaminocoumarin via Knoevenagel condensation reaction. 
The newly generated π‐π double bond and the one at the 3,4‐position 
of 7‐diethylaminocoumarin moiety formed conjugated double bonds, 
generated the conjugate effect, increased the degree of conjugation 
and caused red‐shift of the maximum absorption wavelength. As 
exhibited in Fig. 1a, the, absorption spectrum of BDC in CHCl3 
disclosed two main peaks at 490 and 732 nm, as well as a weak hillock 
shape peak at 392 nm, while BSC owned two main peaks at 623 and 
443 nm. In the fluorescence spectra, BDC and BSC possessed a 772 
and 665 nm emission wavelength (Fig. 1b), and the relative 
fluorescence quantum yield (Φf) of BSC was 0.322, almost ten times 
higher than that of BDC (Φf = 0.037). The Stock shift (Δλ) of BDC and 
BSC was 40 and 42 nm, respectively. The photophysical data of BDC 
and BSC measured in CHCl3 were 
presented in Table 1. 

Both coumarin and BODIPY can achieve intramolecular charge 
transfer (ICT) by changing the substituents at different sites. In order 
to apprehend the charges transfer in BDC and BSC, we appointed the 
density functional theory (DFT) with B3LYP/6‐31G(d) level of the 
Gaussian 09 program to calculate of the highest occupied molecular 

orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) 
energy levels of BDC and BSC (Fig. 1c). 
Table 1 Photophysical data of BDC and BSC (a) measured in CHCl3, (b) measured for the 
nanoparticles of BDC and BSC in water. 

Comp. 
a λmax, Abs a λmax, Em 

(nm) (nm) 

a Δλ  

(nm) 
a Φf 

b λmax, Abs 
(nm) 

BDC 732 772 40 0.037 759 

BSC 623 665 42 0.322 635 
 

For BDC, we could unearth the charges distributed on HOMO and 
LUMO were different, and they had an apparent charge transfer 
tendency from the 7‐diethylaminocoumarin moieties to the BODIPY 
core, which confirmed BDC possessed an ICT process. While the 
charge of BSC was regularly distributed on HOMO and LUMO, which 
indicated that the BSC molecule dominated a rarely ICT tendency.  

Evidenced by transmission electron microscopy (TEM), the 
self‐assembled BDC NPs and BSC NPs were confirmed as uniform solid 
spheres, and their sizes were about 160 and 100 nm respectively (Fig. 
2a, S3 and S4). Dynamic light scattering (DLS) was usually used to 
support the results of TEM, the average hydrodynamic diameter and 
the polydispersity index (PDI) of BDC NPs were about 232 nm and 
0.129 for each, and BSC NPs owned 197 nm and 0.134, respectively 
(Fig. S3 and S4). The stability in aqueous solution is one of the 
essential indicators for nanoparticles. In Fig. S3, BDC NPs and BSC NPs 
were given eight days tested of hydrodynamic diameter and PDI in 
aqueous solution, and they did not exhibit a significant amplitude. 

After characterizing the morphology of BDC NPs and BSC NPs, we 
determined their absorption spectra (Fig. 2b). Compared with the 
absorption spectra of their respective molecules in chloroform, the 
absorption peak shape of nanoparticles was 

Fig. 1 The normalized absorption spectra (a) and fluorescence spectra (b) of BDC and BSC 
in CHCl3 with the built‐in images of BDC and BSC in CHCl 3 under daylight (a) and upon 
excitation by 365 nm lamp (b). (c) Electron density contours and orbital energies
calculated for the HOMO and LUMO of BDC and BSC at the Beck3LYP/DZP level in 
vacuum.
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Fig. 2 The Basic physical properties of BDC NPs and BSC NPs. (a) The TEM images of BDC 
NPs and BSC NPs. (b) The normalized absorbance spectra of BDC NPs and BSC NPs.

basically the same. However, the maximum absorption wavelengths 
of BDC NPs and BSC NPs had a specific red shift than the molecular 
ones. The λmax of BDC NPs was 759 nm, a 27 nm red shift than BDC in 
chloroform, in contrast, the red shift degree of BSC NPs was much 
lower as a 12 nm red shift (635 nm). The longer maximum absorption 
wavelength of BDC NPs forecasted a higher absorption intensity in 
the near‐infrared region. 

To investigate the photothermal properties of BDC NPs and BSC 
NPs, firstly, we recorded and compared the photothermal heating 
curves of 65.0 μM BDC NPs, BSC NPs and water with an 808 nm laser 
(0.70 W cm‐2) irradiation for 300 s (Fig. 3a). Only BDC NPs were 
prompted a remarkable temperature change (ΔT: 35.6 oC), while BSC 
NPs and water had little temperature changes, which might be 
determined by whether the absorption wavelength located at 808 
nm. Then the photothermal performance of BDC NPs with different 
laser power intensities and concentrations was tested. In Fig. 3b and 
3c, we investigated the heating effect of BDC NPs under 808 nm laser 
irradiation for 300 s and the result showed that the heating effect was 
not only laser‐power intensity dependent but also concentration 

dependent. To measure the photothermal conversion efficiency of 
BDC NPs, a 300 s heating curve was collected from the nanoparticles 
(70.0 μM) under 808 nm laser irradiation at a power density of 0.70 
W cm‐2 (Fig. 3d). Then we removed the irradiation and recorded a 
cooling time plot versus negative natural logarithm of the 
temperature as revealed in Fig. 3e (τ= 183 s) to evaluate the 
photothermal conversion efficiency (η), and the calculated value was 
25%. After five cycles of heating and cooling, BDC NPs still had an 
apparent photothermal effect, which represented good 
photothermal stability. 

The cellular uptake for BDC NPs and BSC NPs was explored by 
confocal laser scanning microscopy (CLSM). HeLa cells were 
incubated with BDC NPs and BSC NPs with different time at 37 oC. As 
revealed in Fig. 4a and 5a, the green and red fluorescence were found 
in the cytoplasm around the nuclei of the cells under 488 nm (green 
channel) and 555 nm (red channel) laser 
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excitation after the incubation with BDC NPs and BSC NPs, which 
confirmed BDC NPs and BSC NPs could be gradually endocytosed and 
enriched in the cytoplasm. By comparing with the fluorescence 
intensities under red channel laser excitation in different time 
periods, a clear tendency of enhancement could be observed from 
the cells incubated with BDC NPs from 1 to 6 h, signifying that the 
BDC NPs could be continuous internalized by HeLa cells (Fig. 4b and 
4c). Surprisingly, with the same concentration of BDC NPs, BSC NPs 
only needed 1 minute incubation with the HeLa cells to show a similar 
fluorescence intensity as BDC NPs incubated with the cells for 6 hours 
(Fig. 4b, 4c, 5b and 5c). This phenomenon meant BSC NPs could 
quickly stain the HeLa cells in a very short time (1 minute). With the 
incubation time of BSC NPs going to 10 minutes, the fluorescence 
intensity in HeLa cells was times higher than the incubation of 1 
minute (Fig. 5b and 5c). It probably because BSC NPs owned a small 
size and superior photophysical properties. With the same 
conditions, the flow cytometry results could also demonstrate that 
both BDC NPs and BSC NPs could have a tendency to accumulate in 
HeLa cells (Fig. 4d and 5d). The consequences established that BSC 
NPs could not only be 

internalized by cells in a very short time but also be supported as a 
rapid cell imaging agent.  
To appraise the phototherapy efficacy of BDC NPs for cancer and the 

biocompatibility of BSC NPs for bioimaging, the cytotoxicity of BDC 
NPs and BSC NPs toward HeLa and L929 cells were 

measured by 
3‐(4,5‐dimethylthiazol‐2‐yl)‐2,5‐

diphenyltetrazolium bromide (MTT) assays. No cytotoxicity was 
observed from HeLa and L929 cells incubated with BDC NPs and BSC 
NPs in the dark (Fig. 6a and S5), which demonstrated that BDC NPs 
and BSC NPs were biocompatible. Compared with the 
biocompatibility in dark, BDC NPs possessed a concentration 
dependent cytotoxicity toward HeLa and L929 cells under 808 nm 
laser irradiation (0.70 W cm−2, 5 min). The concentration of 26.0 μM 
BDC NPs was sufficient to eradicate the vast majority of the 
co‐incubated HeLa cells under the irradiation. By calculation, a half 
maximal inhibitory concentration (IC50) value of BDC NPs was 14.4 
μM. Such good biocompatibility and superior phototoxicity proved 
BDC NPs had great potential as a photothermal agent to be applied 
in the field of cancer photothermal clinical treatment. 

To intuitively define the phototoxicity of BDC NPs toward the HeLa 
cells, the live‐dead cell staining experiment was established. For 

Fig. 5 The CLSM images of (a) HeLa cells incubated with BSC (20.0 μM) for 10 min under 
the excitation of different channels, Scale bars: 20 μm. (b) HeLa cells incubated with BSC 
(20.0 μM)  for different periods in the red channel, Scale bars: 20 μm. (c) Relative 
fluorescence intensity of HeLa cells incubated with BSC NPs under the same condition as 
the CLSM images for different periods in the red channel. (d) The flow cytometry analysis 
of the HeLa cells incubated with BSC NPs under the same condition of the CLSM images 
for different periods with control of untreated cells by flow cytometry.

Fig. 4 The CLSM images of (a) HeLa cells incubated with BDC NPs (20.0 μM) for 6 h under
the excitation of different channels, Scale bars: 20 μm. (b) HeLa cells incubated with BDC
(20.0 μM)  for different periods in the red channel, Scale bars: 20 μm. (c) Relative
fluorescence intensity of HeLa cells incubated with BDC NPs under the same condition
as the CLSM images for different periods in the red channel. (d) The flow cytometry
analysis of the HeLa cells incubated with BDC NPs under the same condition as the CLSM
images for different periods by flow cytometry. 
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authenticating BDC NPs and laser irradiation was the triggering of the cell death, calcein‐acetoxymethyl (AM) 

Fig. 6  Cytotoxicity against HeLa cells. (a) The viability of the cells exposed under the
irradiation of 808 nm laser (0.70 W cm ‐2) for 5 min. (b) The live (green) and dead (red )
fluorescence images of the cells co‐stained with calcein‐AM and PI after different
treatments, Scale bars: 100 μm. (c) The flow cytometry apoptosis analysis of the HeLa
cells treated with different conditions; the four regions represent different stages, Q1:
cell necrosis, Q2: late apoptosis, Q3: early apoptosis, and Q4: survival. 

and propidium iodide (PI) were imposed on making a distinction 
between the living cells with green fluorescence and the dead ones 
with red fluorescence (Fig. 6b). The cells treated with laser irradiation 
or BDC NPs in dark could maintain the normal morphology, which 
indicated they were as healthy as the ones in the control group with 
apparent green fluorescence. Contrariwise, the cells incubated with 
BDC NPs and irradiated with laser were demonstrated a garish red 
fluorescence, and the cell morphology was irreversibly destroyed. 

To ascertain the evolution of the cell death, flow cytometry 
apoptosis analysis was taken advantage to clarify the approach which 
BDC NPs and the 808 nm laser involved in cancer treatment. The 
fluoresceine isothiocyanate (Annexin V‐FITC) and PI were utilized in 
double‐labeled HeLa cells to single out the process of the cells such 
as early apoptotic cells, late apoptotic cells, necrotic cells, and live 
cells. In Fig. 6c, a safe rate of cell apoptosis (Q1+Q2+Q3) exhibited in 
the control group, the cells incubated with BDC NPs group and the 
cells under 808 nm laser irradiation group. The group of the cells 
treated with BDC NPs and laser irradiation demonstrated a perfect 
necrotic cell rate (Q1) of 89.3%, which explained the collaboration of 
BDC NPs and laser irradiation produced heat and caused the necrosis 
of cells. As expected, the flow cytometry analysis results were 
practically consistent with the MTT consequences and validated that 
the progress of BDC NPs and laser irradiation anticancer was 
achieved by photothermal toxicity caused cell necrosis. 

Conclusions 
In summary, we designed and synthesized a pair of novel 
nearinfrared coumarin‐BODIPY dyes, which could self‐assemble into 
organic nanoparticles. BDC and BSC presented different conjugation 
degree, absorption wavelength, and fluorescence characteristics. 
The differences between BDC and BSC were expanded on their 

nanoparticles. BDC NPs and BSC NPs exhibited a good 
biocompatibility in dark. BDC NPs demonstrated the phototoxicity by 
the irradiation of 808 nm laser toward the HeLa cells and BSC NPs 
could be employed as a rapid cell imaging agent. Consequently, we 
can assert that BDC NPs could be applied as a photothermal agent in 
cancer treatment and BSC NPs could be a rapid bioimaging agent. 
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Graphic Abstract

Herein, two novel NIR Coumarin BODIPYs with different conjugation degrees were 

comparatively investigated for photothermal therapy and fluorescent bioimaging. 
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