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S1 Experimental Section 

S1.1 Measurements and Characterization 
1H and 13C nuclear magnetic resonance (NMR) spectra were recorded on a Bruker 

Avance III spectrometer operating at 400 and 125 MHz using CDCl3 as a solvent and 

tetramethylsilane (TMS) as an internal reference at room temperature. High-resolution 

matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass 

spectroscopy was performed on a Bruker UltrafleXtreme mass spectrometer using 2,5-

dihydroxybenzoic acid (DHB) as a matrix. Ultraviolet-visible-near-infrared (UV-Vis-

NIR) absorption spectroscopy was performed on a UV-2600 spectrophotometer 

(Shimadzu, Japan). Fluorescence spectroscopy was performed on a Cary Eclipse 

fluorescence spectrophotometer (Agilent, USA). Digital photographs were taken by a 

smartphone. The morphology of IID-ThTPA NPs was characterized by transmission 

electron microscopy (TEM) (Hitachi HT7700, Japan). Dynamic light scattering (DLS) 

measurements were conducted on a Zetasizer Nano ZS90 equipment (Malvern 

Instruments, UK). Infrared thermographs were captured by a FLIR A350 thermal 

imaging camera. Photoacoustic imaging (PAI) was conducted on a Vevo LAZR system 

(Vevo 2100) (FUJIFILM VisualSonics, Canada). Confocal laser scanning microscopy 

(CLSM) images were acquired on a FLUOVIEW FV 1000 microscope (Olympus). The 

density functional theory (DFT) calculation was performed with the Gaussian 16 

program package using the B3LYP functional with the 6-31G* basis set [S1]. The use 

of mice in this study was approved by the animal experimental ethics committee from 

Zhejiang University and all procedures were performed in accordance with the 

committee guidelines. 

 

S1.2 Materials 

Unless indicated, all commercially available reagents were used as received. 

Tetrahydrofuran (THF) and toluene were distilled under benzophenone and sodium 

prior to use. All the reactions were carried out under argon atmosphere. 
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Scheme S1 Synthesis of IID-ThTPA 

 

S1.3 Synthesis of ThTPA 

In a 100 mL three-necked flask, 4-bromotriphenylamine (695.4 mg, 2.14 mmol), 2-

(tributylstannyl)thiophene (1.12 g, 3.00 mmol), and Pd(PPh3)2Cl2 (70.7 mg, 0.10 mmol) 

were dissolved in 30 mL dry toluene. After degassing by three freeze-pump-thaw cycles 

and filling back with argon, the reaction mixture was heated to reflux for 6 h. 

Afterwards, cold water was injected to quench the reaction, followed by extracting with 

chloroform/water for several times. All organic layers were collected, dried over 

anhydrous MgSO4, filtered, and concentrated by rotary evaporation in a reduced 

pressure. The residue was subjected to silica gel column using petroleum ether 

(PE)/dichloromethane (DCM) (4/1, V/V) as eluent to get compound ThTPA as a white 

solid. Yield: 498.5 mg (76%). 1H NMR (400 MHz, CDCl3, 25 oC) δ (ppm): 7.48 (d, J 

= 6.8 Hz, 2H), 7.26 (t, J = 6.4 Hz, 4H), 7.22-7.21 (m, 2H), 7.12 (d, J = 6.4 Hz, 4H), 

7.07 (d, J = 6.8 Hz, 2H), 7.05-7.01 (m, 3H). 13C NMR (125 MHz, CDCl3, 25 oC) δ 
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(ppm): 147.48, 147.19, 144.24, 129.27, 128.52, 127.95, 126.70, 124.41, 123.98, 123.75, 

123.01, 122.20. 

 

S1.4 Synthesis of Sn-ThTPA 

ThTPA (325.1 mg, 1.00 mmol) was dissolved in 15 mL dry THF under the protection 

of argon. The solution was cooled down to -78 oC using a dry ice-acetone bath, and n-

BuLi (0.50 mL, 2.5 M in n-hexane, 1.25 mmol) was added dropwise. The solution was 

slowly warmed up to room temperature and stirred for 1 h. Afterwards, the mixture was 

cooled down to -78 oC again, and tributyltin chloride (438.0 mg, 1.35 mmol) was added 

in one portion, and the reaction mixture was allowed to slowly warm up to room 

temperature and stirred overnight. Then, cold water was poured into the flask and the 

mixture was extracted with chloroform. Organic layers were combined, dried over 

anhydrous MgSO4, filtered and concentrated by rotary evaporation in a reduced 

pressure to afford a colorless oil. The obtained crude product was used for the next step 

without further purification. 

 

S1.5 Synthesis of IID-ThTPA 

IID-Br (134.4 mg, 0.23 mmol), Sn-ThTPA (308.3 mg, 0.50 mmol), and Pd(PPh3)2Cl2 

(10.6 mg, 0.02 mmol) were added into a 50 mL flask. 20 mL dry toluene was injected 

into the flask to afford a homogeneous solution. After degassing by three freeze-pump-

thaw cycles and filling back with argon, the solution was heated to reflux for 24 h. Cold 

water was added to quench the reaction and the mixture was extracted with chloroform. 

Organic layers were collected and combined, dried over anhydrous MgSO4, filtered and 

concentrated under reduced pressure to get the crude product, which was purified by 

silica gel column chromatography using PE/DCM (2/1, V/V) as eluent to afford IID-

ThTPA as a dark brown solid. Yield: 174.1 mg (70%). 1H NMR (400 MHz, CDCl3, 25 
oC) δ (ppm): 9.15 (d, J = 6.8 Hz, 2H), 7.49 (d, J = 6.8 Hz, 4H), 7.36 (d, J = 3.2 Hz, 2H), 

7.29-7.25 (m, 10H), 7.19 (d, J = 2.8 Hz, 2H), 7.13 (d, J = 6.0 Hz, 8H), 7.07-7.04 (m, 

8H), 6.89 (s, 2H), 3.79 (t, J = 5.6 Hz, 4H), 1.75-1.69 (m, 4H), 1.44-1.33 (m, 12H), 0.89 

(t, J = 5.6 Hz, 6H). 13C NMR (125 MHz, CDCl3, 25 oC) δ (ppm): 168.25, 147.59, 147.33, 
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145.16, 144.97, 142.18, 137.61, 132.30, 131.55, 130.30, 129.34, 127.81, 126.47, 

125.38, 124.64, 123.37, 123.26, 120.94, 118.75, 104.14, 40.03, 31.51, 27.54, 26.74, 

22.57, 14.08. HRMS (MALDI-TOF): m/z calcd for [C72H64N4O2S2]+: 1080.4471; 

found: 1080.4425. 

 

S1.6 Preparation of IID-ThTPA NPs, IID-ThTPA-RITC NPs, and IID-ThTPA-

ICG NPs 

Water-soluble IID-ThTPA NPs were prepared according to a reported method with 

some modifications [S2]. Typically, 2.0 mg of IID-ThTPA and 30 mg of Pluronic F127 

were dissolved in 2.0 mL of THF and the solution was stirred for 30 min to afford a 

homogeneous solution. 10 mL of deionized water was added to the solution quickly 

and the resulting mixture was left to be stirred vigorously overnight to evaporate THF. 

The IID-ThTPA NPs were separated by centrifugation at 8000 rpm for 10 min to 

remove unencapsulated surfactant and dye and then redispersed in 10 mL of deionized 

water before characterization. The concentration of the IID-ThTPA NPs was 

determined by UV-Vis-NIR spectroscopy. A small amount of the IID-ThTPA NPs 

aqueous solution was 20 times-diluted with THF, then the UV-Vis-NIR absorption 

spectrum was quantified. Based on the calibration curve of IID-ThTPA in THF, the 

concentration of the THF solution is 7.3 µg mL-1. Thus, the concentration of the IID-

ThTPA NPs is 146 µg mL-1 with a dye loading efficiency of 73%. The IID-ThTPA-

RITC NPs and IID-ThTPA-ICG NPs were prepared by the same method as IID-ThTPA 

NPs with addition of 20% (mol%) of RITC (ICG) (molar ratio to IID-ThTPA) as a 

fluorescent label. 

 

S1.7 Measurement of the Photothermal Effect of IID-ThTPA NPs 

The aqueous solutions of IID-ThTPA NPs (1.0 mL) with different concentrations (0, 

10, 20, 40, and 80 µg mL-1) were irradiated by a 671 nm continuous wave (CW) laser 

with a power density of 1.00 W cm-2 for 10 min. For the photothermal effect under 

different laser power densities, the aqueous solutions of IID-ThTPA NPs (1.0 mL, 80 

µg mL-1) were irradiated by a 671 nm CW laser with different power densities (0.25, 
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0.50, 0.75, and 1.00 W cm-2) for 10 min. The temperatures were monitored by a thermal 

imaging camera. 

 

S1.8 Calculation of the Photothermal Conversion Efficiency (η) of IID-ThTPA 

NPs 

According to the work of Roper et al. [S3], the energy balance for the whole system is 

as follows: 

�𝑚𝑚𝑖𝑖𝐶𝐶𝑝𝑝,𝑖𝑖
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 
𝑖𝑖

= 𝑄𝑄𝐼𝐼𝐼𝐼𝐼𝐼−𝑇𝑇ℎ𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑇𝑇𝑁𝑁 + 𝑄𝑄𝐼𝐼𝑖𝑖𝑁𝑁

− 𝑄𝑄𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆                                                        (S1) 

where m and Cp are the mass and heat capacity of solvent (water), T is the solution 

temperature, QIID-ThTPA NPs is the energy input of IID-ThTPA NPs, QDis is the baseline 

energy input of the sample cell, and Qsurr is the heat conducted away from the system 

surface by air. 

The laser induced energy, QIID-ThTPA NPs, represents the heat dissipated by electron-

photon relaxation under the irradiation of a 671 nm laser: 

𝑄𝑄𝐼𝐼𝐼𝐼𝐼𝐼−𝑇𝑇ℎ𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑇𝑇𝑁𝑁

=  𝐼𝐼(1 

− 10−𝑇𝑇𝜆𝜆)𝜂𝜂                                                                                 

where I is the incident energy of the NIR laser (mW), Aλ is the absorbance of the IID-

ThTPA NPs at the NIR laser wavelength (λ) of 671 nm, and η is the photothermal 

conversion efficiency from the incident NIR laser energy to thermal energy. QDis 

represents the heat dissipated from the sample cell and it is measured to be 28.2 mW 

using pure water as control. 

The energy transfer to air, QSurr, is a temperature-dependent parameter, which is linear 

with the output of thermal energy: 

𝑄𝑄𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

=  ℎ𝑆𝑆(𝑑𝑑 

− 𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)                                                                                                  
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where h is the heat transfer coefficient, S is the surface area of the container, T is the 

temperature of the system surface, TSurr is the surrounding temperature (25 oC). 

Once the power density of NIR laser is defined, the heat input (QIID-ThTPA NPs + QDis) 

will be finite. Since the heat output (QSurr) increases along with the rise in temperature 

according to Eq. (S3), the temperature of system will reach a maximum when the heat 

output is equal to heat input: 

𝑄𝑄𝐼𝐼𝐼𝐼𝐼𝐼−𝑇𝑇ℎ𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑇𝑇𝑁𝑁 + 𝑄𝑄𝐼𝐼𝑖𝑖𝑁𝑁 = 𝑄𝑄𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆−𝑀𝑀𝑀𝑀𝑀𝑀

=  ℎ𝑆𝑆(𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀

− 𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)                                     (S4) 

where QSurr-Max represents conducting heat away from the system surface by air when 

the sample cell reaches the equilibrium temperature. TMax is the equilibrium temperature, 

representing no heat conduction away from the system surface by air. η can be obtained 

by substituting Eq. (S2) for QIID-ThTPA NPs into Eq. (S4) and rearranging to get: 

𝜂𝜂 

=  
ℎ𝑆𝑆(𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀 − 𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)  − 𝑄𝑄𝐼𝐼𝑖𝑖𝑁𝑁

𝐼𝐼(1 − 10−𝑇𝑇𝜆𝜆)
                                                                                      

where Aλ is the absorbance of IID-ThTPA NPs at 671 nm. Thus, only hS remains 

unknown for calculating η. 

In order to obtain hS, a dimensionless driving force temperature, θ, is introduced: 

𝜃𝜃 

=  
𝑑𝑑 − 𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀 − 𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

                                                                                                             

and a time constant of sample system, τs: 

𝜏𝜏𝑁𝑁

=  
∑ 𝑚𝑚𝑖𝑖𝐶𝐶𝑝𝑝,𝑖𝑖𝑖𝑖

ℎ𝑆𝑆
                                                                                                                    

which is substituted into Eq. (S1) and rearranged to yield: 
𝑑𝑑𝜃𝜃
𝑑𝑑𝑑𝑑

 

=  
1
𝜏𝜏𝑁𝑁
�
𝑄𝑄𝐼𝐼𝐼𝐼𝐼𝐼−𝑇𝑇ℎ𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑇𝑇𝑁𝑁 +  𝑄𝑄𝐼𝐼𝑖𝑖𝑁𝑁
ℎ𝑆𝑆(𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀 −  𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)

 

−  𝜃𝜃�                                                                      (S8) 
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At the cooling period of IID-ThTPA NPs solution, the laser irradiation ceases, QIID-

ThTPA NPs + QDis = 0, reducing Eq. (S8) to: 

𝑑𝑑𝑑𝑑 

=  −𝜏𝜏𝑁𝑁
𝑑𝑑𝜃𝜃
𝜃𝜃

                                                                                                                     

and integrating gives the following expression: 

𝑑𝑑 

=  −𝜏𝜏𝑁𝑁 ln𝜃𝜃                                                                                                                     

Therefore, the time constant of heat transfer from the system was determined to be 

442.7 s for IID-ThTPA NPs. In addition, m is 1.0 g and C is 4.2 J g-1. Therefore hS can 

be determined. Substituting hS into Eq. (S5), η of the IID-ThTPA NPs can be calculated 

to be 35.4%. 

 

S1.9 Photostability Evaluation of IID-ThTPA NPs 

For photostability evaluation of IID-ThTPA NPs, aqueous solution of IID-ThTPA NPs 

(1.0 mL, 80 µg mL-1) was filled in a cuvette, then it was subjected to five laser (671 nm, 

1.00 W cm-2) on/off cycles and the temperature was monitored by a thermal imaging 

camera. A clinically used photosensitizer indocyanine green (ICG) was used for 

comparison. IID-ThTPA NPs and ICG solutions were subjected to 671 nm laser 

irradiation at a power density of 1.00 W cm-2 for 20 min, and the UV-Vis-NIR 

absorption spectra were recorded every 5 min. 

 

S1.10 Electron Spin Resonance (ESR) Measurement 

ESR measurement was used to identify the type of ROS using 2,2,6,6-

tetramethylpiperidine (TEMP) as the 1O2 indicator and 5-tert-butoxycarbonyl-5-

methyl-1-pyrroline-N-oxide (BMPO) as the hydroxyl radical and superoxide anion 

radical indicator. Samples were prepared by mixing 200 µL of IID-ThTPA NPs (200 

µg mL-1) in water and 200 µL of TEMP or BMPO (100 mM) in water. ESR signals 

were recorded by adding samples through a capillary tube under a 671 nm laser 

irradiation at 1.00 W cm-2 (0, 1, 2, and 3 min). 
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S1.11 Calculation of the Singlet Oxygen Quantum Yield (ΦΔ) of IID-ThTPA NPs 

Calculation of the ΦΔ is based on a reported method [S4]. 1,3-diphenylisobenzofuran 

(DPBF) was used as the 1O2-trapping agent, and methylene blue (MB) was used as the 

standard reference photosensitizer. Typically, 60 µL of DPBF solution in DMF (1.0 mg 

mL-1) was added to 1.5 mL of IID-ThTPA NPs aqueous solution, and a 671 nm laser 

was employed as the irradiation source. The absorbance of IID-ThTPA NPs and MB at 

671 nm was set to be ~0.2. The absorbance of DPBF at 410 nm was recorded at various 

irradiation times to obtain the decay rate of DPBF under oxidation by the generated 

singlet oxygen. The ΦΔ of IID-ThTPA NPs (ΦΔ,IID-ThTPA NPs) was calculated using the 

following formula: 

𝛷𝛷𝛥𝛥,𝐼𝐼𝐼𝐼𝐼𝐼−𝑇𝑇ℎ𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑇𝑇𝑁𝑁

= 𝛷𝛷𝛥𝛥,𝑀𝑀𝑀𝑀
𝑑𝑑𝑀𝑀𝑀𝑀

𝑑𝑑𝐼𝐼𝐼𝐼𝐼𝐼−𝑇𝑇ℎ𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑇𝑇𝑁𝑁
                                                                    

where tMB is the time for the decrease in the absorbance of DPBF in the presence of MB 

free in water adjusted to a first-order exponential decay, tIID-ThTPA NPs is the time for the 

decrease in the absorbance of DPBF in the presence of IID-ThTPA NPs in water 

adjusted to a first-order exponential decay, and ΦΔ,MB is the ΦΔ of MB free in water 

given as 52.0% [S5]. 

 

S1.12 Singlet Oxygen Sensor Green (SOSG) Assay for 1O2 

3 mL aqueous solution containing IID-ThTPA NPs (15 µg mL-1) and SOSG (20 µM) 

was added into a cuvette and irradiated with a 671 nm laser at a power density of 1.00 

W cm-2 for different time intervals. The fluorescence spectrum of the solution was 

acquired in the range of 500-650 nm with the excitation wavelength of 488 nm. 3 mL 

aqueous solution only containing SOSG (20 µM) was treated under the same 

experimental condition for comparison as a control. 

 

S1.13 In Vitro Cytotoxicity Assay 
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4T1 cells (1 × 104 cells per well) were seeded in 96-well plates. After growing for 12 

h, the cells were incubated with increasing concentrations of IID-ThTPA NPs (0, 5, 10, 

20, 40, and 80 µg mL-1) for 24 h. Then MTT solution (31.5 µL per well, 5 mg mL-1 in 

PBS) was added. After incubation for another 4 h, the culture medium was replaced 

with DMSO (200 µL per well). A microplate reader (Bio-Rad, Hercules, California, 

USA) was used to detect the absorbance at 490 nm. 

 

S1.14 In Vitro Phototherapy 

For synergistic PTT/PDT: 4T1 cells (1 × 104 cells per well) were firstly seeded in 96-

well plates for 12 h before treatment. The culture medium was removed, and then IID-

ThTPA NPs with different concentrations (0, 5, 10, 20, 40, and 80 µg mL-1) were added 

into the wells (100 µL per well). After 6 h of incubation, these wells were irradiated for 

5 min under a 671 nm laser with a power density of 1.00 W cm-2. Finally, a standard 

MTT assay was used to evaluate the viability of the cells (n = 6). 

For PTT only: 4T1 cells were co-incubated with a ROS scavenger Vitamin C (Vc) (0.5 

mM) to exclude the PDT effect. 

For PDT only: 4T1 cells were kept at 4 oC during laser irradiation to avoid temperature 

elevation (the cells in cell culture plate were kept on ice and cooled to 4 oC). 

 

S1.15 Cellular Uptake 

4T1 cells were seeded in CLSM dishes and allowed to adhere overnight. Then the cells 

were treated with the medium containing IID-ThTPA-RITC NPs (80 µg mL-1). After 

further incubation for certain time periods (1, 2, 4, and 6 h), the cells in each dish were 

rinsed with PBS for three times and then stained with DAPI (to label nuclei) and finally 

observed under a CLSM instrument. 

 

S1.16 Intracellular ROS Detection 

2’,7’-dichlorofluorescein diacetate (DCFH-DA, 10 µM) was used to stain 4T1 cells 

under different treatments: control (without treatment), IID-ThTPA NPs (IID-ThTPA 

NPs, 80 µg mL-1), laser (671 nm, 1.00 W cm-2, 5 min), and IID-ThTPA NPs + laser 
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(IID-ThTPA NPs, 80 µg mL-1 + 671 nm, 1.00 W cm-2, 5 min) and the cells were 

observed under a CLSM instrument. The green fluorescence intensity of DCF indicates 

the intracellular ROS level. 

 

S1.17 In Vitro and In Vivo PAI 

For in vitro PAI, PA spectra of IID-ThTPA NPs with different concentrations (200, 400, 

600, 800, and 1000 µg mL-1) were acquired between 680-900 nm. The PA intensities 

of these IID-ThTPA NPs with different concentrations at 680 nm were used to evaluate 

the linearity of the PA signal intensity as a function of IID-ThTPA NPs concentration. 

For in vivo PAI, the 4T1 tumor-bearing mice were intravenously injected with IID-

ThTPA NPs (200 µL, 800 µg mL-1). After injection, PA image at tumor site was 

acquired at different time points (0, 2, 4, 6, 12, and 24 h) under 680 nm pulsed laser 

excitation. 

 

S1.18 In Vivo Pharmacokinetics Study 

The mice (n = 3) were intravenously injected with IID-ThTPA-RITC NPs (200 µL, 800 

µg mL-1 based on IID-ThTPA NPs). The blood was taken from mouse eyelids at 

different time points, then the blood was centrifugated to obtain the serum and the 

concentration of IID-ThTPA-RITC NPs in serum (12 times-diluted) was calculated 

according to the calibration curve. The calibration curve was obtained by plotting the 

FL intensity of IID-ThTPA-RITC NPs versus its concentration (based on IID-ThTPA 

NPs) in serum. The FL intensity was determined by a VIEWORKS VISQUE InVivo 

Elite equipment (Republic of Korea). 

 

S1.19 In Vivo Phototherapy 

The male Balb/c nude mice (~17 g) were obtained and raised at the Laboratory Animal 

Center of Zhejiang University. To develop the tumor model, 4T1 cells (1 × 106 cells 

per mouse) suspended in 100 µL PBS were injected into the mice. In vivo phototherapy 

by intravenous administration was performed when the tumor volume reached ~100 

mm3. All mice were anesthetized before NIR laser irradiation. The tumor site was 
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irradiated with a 671 nm laser at 6 h post-injection of IID-ThTPA NPs (1.00 W cm-2, 5 

min for the groups of laser, IID-ThTPA NPs + Vc + laser (PTT), and IID-ThTPA NPs 

+ laser (PTT + PDT)) and the temperature of the tumor site was monitored by a thermal 

imaging camera (the ROS scavenger Vc was given by intratumoral injection at the dose 

of 25.0 µmol kg-1 before laser irradiation). The measurements of mice body weights 

and tumor volumes were conducted by a balance and digital caliper every two days 

during the entire treatment period. The tumor volume was calculated according to the 

following formula: tumor volume = (tumor length) × (tumor width)2 / 2. The weights 

of tumors of the mice in different groups were also measured at the end of treatments. 

Moreover, the hematoxylin and eosin (H&E), Ki-67, and TUNEL staining of the tumors 

was carried out to evaluate the tissue destruction and cell apoptosis after different 

treatments. 

 

S1.20 Biodistribution of IID-ThTPA-ICG NPs 

The mice (n = 3) were intravenously injected with IID-ThTPA-ICG NPs (200 µL, 800 

µg mL-1 based on IID-ThTPA NPs). Ex vivo tissue and tumor fluorescence imaging was 

conducted at 6 h, 1 d, and 3 d post-injection. 

 

S1.21 In Vivo Toxicity Assay 

After 14 days of treatment, the mice in different groups were sacrificed. The major 

organs (heart, liver, spleen, lung, and kidneys) and tumor were excised and fixed in 4% 

formalin. Paraffin embedded sections were prepared and subjected to H&E staining. 

The slices were then examined by a digital microscope (Eclipse, Ti-S, Nikon, Japan). 

For the hematological index and biochemical blood analysis, healthy mice were divided 

into three groups randomly (control group, 7 days post-injection of IID-ThTPA NPs 

group, and 14 days post-injection of IID-ThTPA NPs group (200 µL, 800 µg mL-1), n 

= 3). The blood was collected at 7 and 14 days post-injection for analysis. For 

hematological index analysis, eight blood parameters were tested, including white 

blood cells (WBC), red blood cells (RBC), hemoglobin (HGB), hematocrit (HCT), 

mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration 
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(MCHC), mean corpuscular volume (MCV), and platelets (PLT). For biochemical 

blood analysis, five parameters were tested, including alanine transaminase (ALT), 

aspartate transaminase (AST), blood urea nitrogen (BUN), creatinine (CREA), and total 

bilirubin (TBIL). 
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Fig. S1 1H NMR spectrum of ThTPA (CDCl3, 25 oC) 
 

 
Fig. S2 13C NMR spectrum of ThTPA (CDCl3, 25 oC) 
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Fig. S3 1H NMR spectrum of IID-ThTPA (CDCl3, 25 oC) 
 

 
Fig. S4 13C NMR spectrum of IID-ThTPA (CDCl3, 25 oC) 
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Fig. S5 High-resolution MALDI-TOF mass spectrum of IID-ThTPA 
 

 
Fig. S6 (a) UV-Vis-NIR absorption spectra of IID-ThTPA in THF with different 
concentrations. (b) The calibration curve of IID-ThTPA in THF 
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Fig. S7 Determination of the concentration of IID-ThTPA NPs. (a) UV-Vis-NIR 
absorption spectrum of the 20 times-diluted THF solution of IID-ThTPA NPs. (b) 
Concentration determination of the THF solution based on the calibration curve 
 

 
Fig. S8 Size changes of IID-ThTPA NPs in various mediums during one week’s storage 
at room temperature (the results are presented as mean ± SD, n = 3) 
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Fig. S9 (a) UV-Vis-NIR absorption spectra of IID-ThTPA NPs and ICG solutions after 
671 nm laser irradiation for different times. (b) At/A0 of IID-ThTPA NPs and ICG 
solutions versus 671 nm laser irradiation time (insets are the digital photographs of IID-
ThTPA NPs and ICG solutions after 671 nm laser irradiation for different times) 
 

 
Fig. S10 (a) ESR spectra of TEMP in the presence of IID-ThTPA NPs under laser 
irradiation for different times. (b) ESR spectra of BMPO in the presence of IID-ThTPA 
NPs under laser irradiation for different times 
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Fig. S11 (a) Fluorescence spectra of SOSG in the presence of IID-ThTPA NPs under 
laser irradiation for different times. (b) Fluorescence spectra of SOSG in the absence 
of IID-ThTPA NPs under laser irradiation for different times. (c) Plot of SOSG 
fluorescence intensity at 532 nm versus time in (a) and (b) 
 

 
Fig. S12 (a) PA spectra of IID-ThTPA NPs with different concentrations (200, 400, 
600, 800, and 1000 µg mL-1). (b) Linear plot of PA intensities of IID-ThTPA NPs at 
680 nm versus their concentrations (insets are the PA images of IID-ThTPA NPs at 680 
nm with different concentrations). (c) PA intensities of the tumor sites at 680 nm at 
different time points post-injection (0, 2, 4, 6, 12, and 24 h) (the results are presented 
as mean ± SD, n = 3) 
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Fig. S13 (a) The fitted calibration curve of FL intensity versus concentration of IID-
ThTPA-RITC NPs (based on IID-ThTPA NPs) in serum. (b) Pharmacokinetics profile 
of IID-ThTPA-RITC NPs after intravenous injection into mice (the results are presented 
as mean ± SD, n = 3) 
 

 
Fig. S14 Digital photographs of the mice in control, IID-ThTPA NPs, laser, IID-ThTPA 
NPs + Vc + laser (PTT), and IID-ThTPA NPs + laser (PTT + PDT) groups at 0, 7, and 
14 d 
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Fig. S15 (a) The Ki-67 index in different groups. (b) The apoptosis rate in different 
groups (**P < 0.01) 
 

 
Fig. S16 Ex vivo tissue and tumor fluorescence imaging at different times post-injection 
of IID-ThTPA-ICG NPs 
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Fig. S17 Body weight variations of the mice in different groups during the treatments 
(the results are presented as mean ± SD, n = 5) 
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Table S1 Comparison of monocomponent-based single laser-excited materials for 
synergistic PTT/PDT reported in literature 

Material λex. (nm) η (%) ΦΔ (%) 
DPP-TPA NPs [S6] 660 34.5 33.6 

TBTPNPs [S4] 635 37.1 40.0 
SeDPP-TPA NPs [S7] 660 37.9 40.2 
FDPP-TPA NPs [S8] 660 47.0 40.0 

di-BDP-NPs [S9] 660 32.2 25.0 
tri-BDP-NPs [S9] 785 45.2 18.0 
PDS-PDI [S10] 660 40.0 16.7 

DPP-BDT NPs [S11] 660 23.0 49.3 
P(DPP-BT/DOX) NPs [S12] 730 50.0 27.3 

PDBr NPs [S13] 660 35.7 67.0 
BDPTPA NPs [S14] 808 52.6 35.2 
T-IPIC NPs [S15] 808 39.6 2.30 
IID-ThTPA NPs 671 35.4 84.0 

 
Table S2 Cartesian coordinates of the optimized geometries of IID-ThTPA and DPP-
TPA 

IID-ThTPA 
Electronic Energy: -3948.126188 Hartree 

Tag Symbol X Y Z 
1 C 2.483477 -1.69997 -0.28756 
2 C 3.834176 -1.98608 -0.20674 
3 C 4.746652 -0.92557 -0.01368 
4 C 4.240423 0.383837 0.09225 
5 C 2.878804 0.659518 -0.0003 
6 C 1.958292 -0.38037 -0.20258 
7 C 0.498555 -0.47803 -0.29294 
8 C 0.220084 -1.96412 -0.44686 
9 N 1.443779 -2.61023 -0.46335 
10 C -0.49855 0.478194 -0.29295 
11 C -0.22007 1.964298 -0.44681 
12 N -1.44377 2.610401 -0.46332 
13 C -2.48347 1.700131 -0.28761 
14 C -1.95828 0.380535 -0.20266 
15 C -3.83418 1.986233 -0.20684 
16 C -4.74666 0.925716 -0.01387 
17 C -4.24043 -0.38369 0.09205 
18 C -2.8788 -0.65936 -0.00045 
19 O -0.84187 -2.55805 -0.58455 
20 C 1.564693 -4.05134 -0.62302 
21 C 1.667577 -4.81085 0.707528 
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22 O 0.841887 2.558228 -0.58445 
23 C -1.56468 4.051514 -0.62296 
24 C -1.66761 4.811001 0.707594 
25 C -6.17688 1.206437 0.078291 
26 C 6.176863 -1.20631 0.078539 
27 C 6.804543 -2.38728 0.420178 
28 C 8.21837 -2.30894 0.420964 
29 C 8.709179 -1.06597 0.075371 
30 S 7.379866 0.023428 -0.27051 
31 C -6.8046 2.387456 0.419714 
32 C -8.21842 2.309075 0.420486 
33 C -8.7092 1.066029 0.075097 
34 S -7.37984 -0.02339 -0.27057 
35 C -10.102 0.633091 -0.03275 
36 C 10.102 -0.63309 -0.03254 
37 C 11.12924 -1.57114 -0.25431 
38 C 12.45782 -1.18288 -0.35539 
39 C 12.82174 0.170651 -0.23651 
40 C 11.80447 1.115308 -0.01587 
41 C 10.47686 0.718944 0.079785 
42 N 14.17536 0.570089 -0.3409 
43 C 14.51616 1.78091 -1.00771 
44 C 15.2054 -0.24001 0.21474 
45 C 15.48111 2.643837 -0.46457 
46 C 15.82174 3.821865 -1.12682 
47 C 15.19735 4.16833 -2.3269 
48 C 14.23129 3.315406 -2.86502 
49 C 13.89709 2.126378 -2.21955 
50 C 15.05512 -0.80962 1.489187 
51 C 16.06432 -1.60712 2.025552 
52 C 17.24367 -1.83501 1.313169 
53 C 17.39979 -1.26095 0.049674 
54 C 16.38869 -0.4768 -0.5026 
55 C -11.1293 1.571099 -0.25441 
56 C -12.4579 1.182774 -0.35544 
57 C -12.8217 -0.17078 -0.23661 
58 C -11.8044 -1.11539 -0.01608 
59 C -10.4768 -0.71896 0.07952 
60 N -14.1753 -0.57026 -0.34092 
61 C -14.5162 -1.78116 -1.00755 
62 C -15.2054 0.239873 0.214714 
63 C -15.0551 0.809371 1.489213 
64 C -16.0643 1.606899 2.025564 
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65 C -17.2436 1.834914 1.313104 
66 C -17.3997 1.260967 0.049552 
67 C -16.3886 0.476796 -0.50271 
68 C -15.4812 -2.64396 -0.4643 
69 C -15.8219 -3.82206 -1.12639 
70 C -15.1975 -4.16874 -2.32641 
71 C -14.2314 -3.31594 -2.86464 
72 C -13.8971 -2.12684 -2.21934 
73 C 1.808762 -6.32366 0.499359 
74 C 1.867049 -7.11668 1.811371 
75 C 2.010255 -8.62982 1.603407 
76 C 2.052451 -9.41863 2.91614 
77 C -1.80878 6.323815 0.49945 
78 C -1.86706 7.116813 1.811478 
79 C -2.01023 8.629957 1.603539 
80 C -2.05239 9.418749 2.916287 
81 H 4.192945 -3.00383 -0.31203 
82 H 4.925623 1.207103 0.27107 
83 H 2.530035 1.677541 0.073645 
84 H -4.19293 3.003987 -0.3121 
85 H -4.92563 -1.20697 0.270813 
86 H -2.53004 -1.67739 0.073478 
87 H 0.674433 -4.37522 -1.16913 
88 H 2.437606 -4.25317 -1.25532 
89 H 0.768132 -4.59647 1.29857 
90 H 2.521493 -4.43029 1.284188 
91 H -0.6744 4.375407 -1.16905 
92 H -2.43757 4.253356 -1.25529 
93 H -0.76818 4.596609 1.298659 
94 H -2.52154 4.430432 1.28422 
95 H 6.260205 -3.28049 0.70703 
96 H 8.85995 -3.13548 0.706534 
97 H -6.2603 3.280728 0.706419 
98 H -8.86002 3.135659 0.705899 
99 H 10.8767 -2.6191 -0.38671 
100 H 13.22414 -1.92737 -0.54474 
101 H 12.06273 2.163582 0.092049 
102 H 9.719048 1.471847 0.279611 
103 H 15.95948 2.385009 0.474738 
104 H 16.57077 4.478797 -0.69241 
105 H 15.46039 5.090928 -2.83633 
106 H 13.74221 3.567586 -3.80228 
107 H 13.15617 1.459689 -2.64925 
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108 H 14.14676 -0.62232 2.053131 
109 H 15.93185 -2.03982 3.013777 
110 H 18.0312 -2.45117 1.737506 
111 H 18.30942 -1.43431 -0.51939 
112 H 16.50885 -0.04346 -1.49051 
113 H -10.8768 2.619077 -0.38677 
114 H -13.2242 1.92724 -0.5447 
115 H -12.0626 -2.16369 0.091807 
116 H -9.71894 -1.47185 0.279262 
117 H -14.1468 0.621969 2.053206 
118 H -15.9319 2.039516 3.013831 
119 H -18.0311 2.451099 1.737428 
120 H -18.3092 1.434435 -0.51957 
121 H -16.5087 0.043521 -1.49065 
122 H -15.9596 -2.38498 0.474958 
123 H -16.5709 -4.47889 -0.69189 
124 H -15.4606 -5.09139 -2.83572 
125 H -13.7423 -3.56828 -3.80186 
126 H -13.1562 -1.46025 -2.64912 
127 H 0.964603 -6.68665 -0.10523 
128 H 2.715043 -6.52932 -0.09009 
129 H 0.957821 -6.9155 2.396616 
130 H 2.707216 -6.75265 2.421417 
131 H 1.174617 -8.99016 0.986733 
132 H 2.923202 -8.83124 1.024997 
133 H 2.898054 -9.10526 3.540886 
134 H 1.136414 -9.26528 3.499758 
135 H 2.154473 -10.4944 2.733379 
136 H -0.96461 6.686804 -0.10512 
137 H -2.71505 6.529502 -0.09 
138 H -0.95785 6.9156 2.396728 
139 H -2.70724 6.752784 2.421506 
140 H -1.17459 8.990291 0.986863 
141 H -2.92318 8.831413 1.025142 
142 H -2.89799 9.105395 3.541037 
143 H -1.13635 9.265358 3.499892 
144 H -2.15438 10.49453 2.733545 

 
 
 

DPP-TPA 
Electronic Energy: -3720.642125 Hartree 

Tag Symbol X Y Z 
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1 C -1.3229 -1.14663 -0.86943 
2 C -0.70632 0.090654 -0.7432 
3 C 0.707434 -0.08968 -0.74259 
4 C 0.986214 -1.51309 -0.824 
5 N -0.31457 -2.11801 -0.87775 
6 C -0.98506 1.514059 -0.82503 
7 N 0.315774 2.119003 -0.87752 
8 C 1.324113 1.147618 -0.86835 
9 C 2.725714 1.436612 -1.05944 
10 C -2.72444 -1.43559 -1.06121 
11 C 3.326781 2.44461 -1.79942 
12 C 4.735798 2.378958 -1.80555 
13 C 5.246988 1.323951 -1.06974 
14 S 3.950501 0.389012 -0.36772 
15 C -3.32531 -2.44321 -1.80183 
16 C -4.73435 -2.37769 -1.8081 
17 C -5.24572 -1.32317 -1.07174 
18 S -3.9494 -0.38851 -0.36905 
19 C 6.649208 0.96461 -0.85788 
20 C -6.648 -0.96416 -0.85964 
21 C -7.66145 -1.93624 -0.9669 
22 C -8.99891 -1.61243 -0.78547 
23 C -9.3825 -0.29792 -0.46321 
24 C -8.37655 0.6768 -0.34028 
25 C -7.04259 0.349927 -0.54468 
26 N -10.7438 0.034119 -0.26847 
27 C -11.2468 1.288414 -0.71774 
28 C -11.622 -0.88341 0.374773 
29 C -12.1061 2.042046 0.097009 
30 C -12.6071 3.262802 -0.35164 
31 C -12.248 3.759758 -1.60627 
32 C -11.3868 3.015358 -2.41527 
33 C -10.8955 1.784953 -1.98291 
34 C -11.2144 -1.5713 1.528831 
35 C -12.0779 -2.47033 2.151981 
36 C -13.3633 -2.68463 1.649812 
37 C -13.7745 -1.99395 0.507866 
38 C -12.9116 -1.10666 -0.13283 
39 C 7.662877 1.936458 -0.96521 
40 C 9.000308 1.612286 -0.78418 
41 C 9.383667 0.297633 -0.46226 
42 C 8.377499 -0.67685 -0.3392 
43 C 7.043567 -0.34962 -0.5432 
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44 N 10.74488 -0.0348 -0.26799 
45 C 11.6237 0.882523 0.374768 
46 C 11.24745 -1.28924 -0.71746 
47 C 11.21684 1.570604 1.528971 
48 C 12.08088 2.469432 2.151649 
49 C 13.36614 2.683338 1.648859 
50 C 13.77655 1.992457 0.506772 
51 C 12.91315 1.10537 -0.13346 
52 C 12.10668 -2.04317 0.097032 
53 C 12.6072 -3.26406 -0.35179 
54 C 12.2476 -3.76084 -1.60637 
55 C 11.38643 -3.01614 -2.41512 
56 C 10.89567 -1.7856 -1.98258 
57 O 2.021597 -2.16832 -0.81283 
58 O -2.02048 2.169238 -0.81507 
59 C 0.427535 3.566432 -0.68588 
60 C 0.059152 4.052658 0.737043 
61 C -0.0146 5.594438 0.694205 
62 C -0.46818 6.288172 1.985689 
63 C -0.62758 7.805946 1.82064 
64 C -1.0602 8.511602 3.109744 
65 C -0.42639 -3.56549 -0.68671 
66 C -0.06096 -4.05203 0.73687 
67 C 0.013393 -5.59378 0.693684 
68 C 0.463604 -6.28794 1.986114 
69 C 0.623758 -7.80561 1.820868 
70 C 1.052857 -8.51173 3.110897 
71 C -1.04545 -3.50567 1.800484 
72 C -0.39973 -3.15043 3.146834 
73 C 1.041199 3.505598 1.802572 
74 C 0.392505 3.149982 3.147393 
75 H 2.766728 3.171528 -2.37524 
76 H 5.360435 3.062749 -2.36957 
77 H -2.76512 -3.16977 -2.37798 
78 H -5.35887 -3.06122 -2.37256 
79 H -7.39552 -2.96531 -1.18987 
80 H -9.75759 -2.38162 -0.88489 
81 H -8.6478 1.697175 -0.09074 
82 H -6.2933 1.132817 -0.46404 
83 H -12.3763 1.665573 1.078531 
84 H -13.2712 3.834252 0.29159 
85 H -12.6344 4.715177 -1.94941 
86 H -11.1044 3.385861 -3.39721 
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87 H -10.238 1.202738 -2.62078 
88 H -10.222 -1.39543 1.93185 
89 H -11.7469 -2.99411 3.044944 
90 H -14.0363 -3.38046 2.142678 
91 H -14.7697 -2.15517 0.101905 
92 H -13.2306 -0.58136 -1.02753 
93 H 7.397173 2.965633 -1.18796 
94 H 9.759142 2.381314 -0.88368 
95 H 8.648552 -1.69734 -0.08989 
96 H 6.294122 -1.13235 -0.46249 
97 H 10.22458 1.395047 1.932464 
98 H 11.75045 2.993372 3.04473 
99 H 14.0395 3.379018 2.141359 
100 H 14.77165 2.153365 0.100331 
101 H 13.23152 0.579916 -1.02827 
102 H 12.37727 -1.66682 1.078504 
103 H 13.27124 -3.83575 0.291239 
104 H 12.63368 -4.71637 -1.94965 
105 H 11.10375 -3.38651 -3.39701 
106 H 10.23817 -1.20315 -2.62026 
107 H 1.447668 3.869683 -0.92078 
108 H -0.24352 4.034724 -1.41263 
109 H -0.94679 3.670752 0.950932 
110 H 0.972937 5.990473 0.407746 
111 H -0.70334 5.884816 -0.11267 
112 H 0.252459 6.093388 2.791113 
113 H -1.42477 5.85796 2.316503 
114 H 0.323056 8.233949 1.470996 
115 H -1.36134 8.008378 1.027593 
116 H -2.02405 8.128735 3.467415 
117 H -0.32675 8.358323 3.911091 
118 H -1.1669 9.591955 2.958602 
119 H -1.44586 -3.86905 -0.92407 
120 H 0.246499 -4.03328 -1.41207 
121 H 0.94439 -3.66983 0.953077 
122 H -0.97325 -5.98997 0.404393 
123 H 0.704397 -5.88364 -0.11144 
124 H -0.25927 -6.09363 2.789645 
125 H 1.419201 -5.85768 2.319741 
126 H -0.3258 -8.23363 1.468343 
127 H 1.359805 -8.00758 1.029823 
128 H 2.015586 -8.12879 3.471483 
129 H 0.317084 -8.35897 3.91021 
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130 H 1.160234 -9.59199 2.959592 
131 H -1.53154 -2.60049 1.417511 
132 H -1.85559 -4.23318 1.954314 
133 H 0.086928 -4.01205 3.614872 
134 H 0.36218 -2.37238 3.017281 
135 H -1.14851 -2.76792 3.850409 
136 H 1.527829 2.600421 1.420253 
137 H 1.851213 4.232814 1.958412 
138 H -0.09469 4.011599 3.614875 
139 H -0.36953 2.372389 3.015844 
140 H 1.13964 2.76673 3.852323 
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