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S1 Supplementary Methods 

S1.1 Synthesis of Fe3O4 NPs 

Firstly, FeCl3·6H2O and FeSO4·7H2O (molar ratio = 2:1) were added into 5 mL of DI 

water. Then, 170 μL hydrochloric acid (37%) was introduced into the mixture. The 

obtained reactant was added dropwise into 50 mL NaOH aqueous solution (1.5 M) under 

vigorous mechanical stirring at 80 °C. As-synthesized magnetic Fe3O4 NPs were washed 

with DI water three times and collected using an external magnet. 

S1.2 Synthesis of Fe3O4 @PB NPs 

Briefly, 10 mL of Fe3O4 NP dispersion (1 mg mL-1) were mixed with 20 mL of 

K4[Fe(CN)6] solution (50 mM, pH = 3). The mixture was stirred for 15 min until the 

color changed from brown to dark green. Next, 1 mL of FeCl3 solution (50 mM) was 

added dropwise into the mixture. The color of the mixture gradually became light green. 

The products were rinsed with DI water five times and separated using a magnet. 

S1.3 Calculation of the Photothermal Conversion Efficiency [S1] 

The total energy balance between the input and dissipation for the system is presented as 

Eq. S1: 

∑ 𝑀𝑖𝐶𝑖
𝑑𝑇

𝑑𝑡
= 𝑄𝑁𝑃 + 𝑄𝑠𝑦𝑠 − 𝑄𝑜𝑢𝑡𝑖                                       (S1) 
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where M and C donates the mass and heat capacity of water, respectively; T represents 

the medium temperature; QNP is the energy absorbed by NPs; Qsys donates the energy 

from the pure water system; Qout is heat dissipation of the system.  

The heat absorbed by FPPI NPs can be calculated as Eq. S2: 

𝑄𝑁𝑃 = 𝐼(1 − 10−𝐴808)𝜂                                               (S2) 

where I is the power of NIR laser, 𝜂 indicates the photothermal conversion efficiency, 

and A808 donates the absorbance of FPPI NPs at 808 nm. 

Heat dissipation is linear to the system temperature, shown as Eq. S3: 

 𝑄𝑜𝑢𝑡  = ℎ𝑆( 𝑇 − 𝑇𝑠𝑢𝑟𝑟 )                                               (S3) 

where h is the heat transfer coefficient, S is surface area of the container, and Tsurr is the 

ambient temperature.  

After reaching a steady state temperature (Tmax), the input and output of heat are in 

equilibrium. 

𝑄𝑁𝑃 + 𝑄𝑠𝑦𝑠 =  𝑄𝑜𝑢𝑡 =  ℎ𝑆( 𝑇𝑚𝑎𝑥 − 𝑇𝑠𝑢𝑟𝑟 )                         (S4) 

After the removal of laser, QNP + Qsys = 0, Eq. S1 can be converted to 

∑  𝑀𝑖𝐶𝑖  
𝑑𝑇

𝑑𝑡
= −𝑄𝑜𝑢𝑡 =  − ℎ𝑆( 𝑇 − 𝑇𝑠𝑢𝑟𝑟 ) 𝑖                            (S5) 

𝑑𝑡 =  
∑ 𝑀𝑖𝐶𝑖𝑖

ℎ𝑆

𝑑𝑇

( 𝑇−𝑇𝑠𝑢𝑟𝑟 )
                                                            (S6) 

𝑡 =  −
∑ 𝑀𝑖𝐶𝑖𝑖

ℎ𝑆
ln

𝑇−𝑇𝑠𝑢𝑟𝑟

( 𝑇𝑚𝑎𝑥−𝑇𝑠𝑢𝑟𝑟 )
                                                     (S7) 

A system time constant 𝜏𝑠 can be defined as 

𝜏𝑠 =  −
∑ 𝑀𝑖𝐶𝑖𝑖

ℎ𝑆
                                                                    (S8) 

and 𝜃 is introduced for substitution,  

𝜃 =  
𝑇−𝑇𝑠𝑢𝑟𝑟

( 𝑇𝑚𝑎𝑥−𝑇𝑠𝑢𝑟𝑟 )
                                                               (S9) 

which transforms Eqs. 8 and 9 into: 

t =  − 𝜏𝑠 ln 𝜃                                                                    (S10) 

Since Qsys can be calculated based on 

𝑄𝑠𝑦𝑠 = ℎ𝑆( 𝑇𝑚𝑎𝑥,𝐻2𝑂 − 𝑇𝑠𝑢𝑟𝑟 )                                           (S11) 
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Eq. S4 can be expressed as 

𝑄𝑁𝑃 =  𝐼(1 − 10−𝐴808)𝜂 =  ℎ𝑆(  𝑇𝑚𝑎𝑥 −  𝑇𝑚𝑎𝑥,𝐻2𝑂 )                     (S12) 

ℎ𝑆 =  −
∑ 𝑀𝑖𝐶𝑖𝑖

𝜏𝑠
                                                                                (S13) 

where τs is equal to 203.2 s, m is3.0 g and c is 4.2 J g-1, hS can be calculated as 0.04466 

W/°C. Substituting I = 2.0 W, A808 = 0.693, Tmax − Tsurr = 22.4 °C into Eq. S12, the 

photothermal conversion efficiency of FPPI NPs can be determined as 51.53%. 

S1.4 Quantification of Drug Loading Capacity and Encapsulation Efficiency 

The calibration curves of ICG optical absorbance intensity at 780 nm was determined by 

measuring the corresponding vis-NIR spectrum of ICG. The discarded solution were 

retained and used for calculating ICG loading capacity (LC) and encapsulation efficiency 

(EE) based on the calibration curve and according to the following equations,  

            LC (%) = (weight of devoted ICG-weight of ICG in discarded solution) / (Weight 

of FPPI NPs) × 100% 

EE (%) = (weight of devoted ICG-weight of ICG in discarded solution) / (Weight 

of devoted ICG) × 100% 

S1.5 Cellular Uptake and Internalization 

Cellular uptake and internalization of NPs were investigated using fluorescence 

microscopy. Briefly, HeLa cells were seeded in a 12-well cell culture plate at a density of 

2×105 cells per well overnight. Afterwards, 1 mL of old medium in each well was 

discarded and replenished with medium containing free ICG or FPPI NPs at an 

equivalent concentration of 6 μg mL-1. After further incubation for 2 or 4 h, the cells were 

stained with DAPI (1 µg mL-1) for 1 min and rinsed with 1×PBS three times. The cells 

were observed under a fluorescent microscope (IX73, Olympus). 

S1.6 Tumor Models in vivo 

All the animal experiments were carried out in compliance with the National Guide for 

Care and Use of Laboratory Animals and approved by the Institutional Animal Care and 

Use Committee (IACUC) of Southwest University. BALB/c nude female mice were 

obtained from Chengdu Dossy Experimental Animals Co. Ltd. Tumors were induced by 

subcutaneous injection of 1×107 murine breast carcinoma 4T1 cells dispersed in 100 µL 

of PBS buffer. The tumor volume was monitored post-injection and calculated based on 

Eq. 14. When the tumor volume exceeded 100 mm3, the tumor-bearing mice were used 

for evaluating the combinatorial tumor therapy by PDT/PTT in vivo. 

Tumor volume = (Tumor length) × (Tumor width)2 ×0.5                (S14) 

S1.7 Evaluation of Biocompatibility 
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Human umbilical vein endothelial cells (HUVECs) were used to evaluate the 

biocompatibility of FPPI NPs in vitro. Firstly, HUVECs with initial seeding density at 

1×104 per well were cultured in a 96-well cell culture plate at 37 °C for 24 h. Then, old 

medium in each well was replaced with a fresh medium containing gradient 

concentrations of FPPI NPs (0-200 µg mL-1). After 24 h of incubation, cell viability was 

measured according to a standard MTT assay. Hemolysis assay was performed using the 

blood sample collected from the lateral tail vein of KM mice. Afterwards, mouse whole 

blood was centrifuged at 3000 rpm for 5 min, and the obtained precipitate was washed 

four times with 1×PBS to harvest erythrocytes. Then, 0.25 mL of 4% erythrocytes (v/v) 

was mixed with 0.25 mL of FPPI NPs dispersed in 1×PBS at various concentrations (80, 

120, 160, and 200 µg mL-1) and co-incubated at 37 °C for 4 h. Erythrocyte suspensions in 

DI water and 1×PBS served as the positive and negative control groups, respectively. The 

samples were centrifuged at 12,000 rpm for 10 min, and the optical absorbance intensity 

of the supernatants was measured at 570 nm. 

In vivo biocompatibility of FPPI NPs was also explored by histological analysis. Normal 

BALB/c mice were injected with FPPI NP suspension at the ICG concentration of 8 µg 

mL-1. Then, the major organs, including heart, liver, spleen, lung and kidney, were 

excised at day 14 post-injection. The obtained organs were fixed with 10% formalin and 

then sliced into paraffin embedded sections. After standard hematoxylin and eosin (H&E) 

staining, systemic toxicity of FPPI NPs were examined under a fluorescent microscope. 

S1.8 Statistical Analysis 

Statistical analyses were conducted using one-way analysis of variance (ANOVA) 

provided by OriginPro 9.0 software (OriginLab, MA, USA). A p-value less than 0.05 

(*p<0.05, n = 4) was considered as statistically significant. 

S2 Supplementary Figures 

 

Fig. S1 TEM images of as-synthesized a Fe3O4 NPs, b Fe3O4@PB NPs and c 

Fe3O4@PB/PEI NPs (scale bars: 50 nm) 
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Fig. S2 Size distribution of a Fe3O4 NPs, b Fe3O4@PB NPs and c Fe3O4@PB/PEI NPs 

measured by dynamic light scattering 

 

 

Fig. S3 Photographs of various samples after reaction with ninhydrin reagent. The optical 

absorbance at 570 nm is positively correlated to the concentration of ethanolamine 
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Fig. S4 Photographs of FPPI NPs dispersed in a DMEM, c 1×PBS or e 10% FBS; Vis-

NIR absorbance spectra of the FPPI NP dispersions in b DMEM, d 1×PBS or f 10% FBS 

at various concentrations 

 

Fig. S5 a Fluorescence spectra of NP dispersions at various concentrations (Em: 765nm); 

b fluorescence spectra of FPPI aqueous dispersion (200 μg mL-1) before and after NIR 

irradiation (2 W cm-2, 5 min) 
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Fig. S6 Fitting curve of the time versus -ln(θ) derived from the cooling period of Fig. 3e 

 

Fig. S7 Temperature variation of FPPI NP aqueous dispersion (200 µg mL-1) irradiated 

by the NIR laser with various output power density 

 

Fig. S8 Relative viability of HeLa cells incubated under different concentration of FPPI 

NPs subject to individual or combination treatments 
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Fig. S9 Decay of DPBF absorbance at the presence of a Fe3O4@PB/PEI NPs or b free 

ICG under NIR laser irradiation (808nm, 2 W cm-2) for 1~10 min 

 

Fig. S10 a In vivo blood pharmacokinetics over 24 h after intravenous injection of FPPI 

NPs; b biodistribution of FPPI NPs in major organs at 24 h post-injection 

 

Fig. S11 Weight of the excised tumors in each group at day 14 post-injection 
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Fig. S12 a Hemolysis rate of RBCs incubated with FPPI NPs at various concentrations; b 

images of RBC suspensions co-incubated with FPPI NPs under various concentrations 

(positive control: RBCs in DI water; negative control: RBCs in 1×PBS) 

 

Fig. S13 Complete blood count of health female KM mice. The mice were pre-injected 

with saline or FPPI NPs. Reference ranges of hematology data of healthy female KM 

mice (orange hatched area) were obtained from Chongqing Tengxin biotechnology Co. 

LTD. 
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