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Experimental

Photothermal effect of BSA@Gd2O3/IrO2 NPs: 1 mL of BSA@Gd2O3/IrO2 NPs 

aqueous solution with different Ir concentrations (0, 0.5, 1.0, 3.0, 6.0 mM) was added 

into a quartz and exposed to an 808 nm laser (1.5 W cm-2) for 10 min. An ultra-sensitive 

thermometer is used to record the temperature change every 15 seconds. To evaluate 

the thermal stability of BSA@Gd2O3/IrO2 NPs, 1 mL BSA@Gd2O3/IrO2 NPs (6 mM: 

respect to Ir) aqueous solution was irradiated with an 808 nm laser (1.5 W cm-2) for 10 

min, the temperature is cooled to room temperature in the natural environment. Repeat 

the above process five times and record the temperature with a sensitive thermometer 

every 15 seconds. 

The photothermal conversion efficiency (η) is calculated by the following equations.1

𝜃 = (𝑇 ‒ 𝑇𝑠𝑢𝑟𝑟) ÷ (𝑇𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟)                                                                        (1)

𝑡 = 𝜏𝑠 × ( ‒ 𝐼𝑛𝜃)                                                                                                         (2)

ℎ𝑆 = (∑𝑚𝑖 𝐶𝑝,𝑖) ÷ 𝜏𝑠                                                                                           (3)

𝑄𝐷𝑖𝑠 = ℎ𝑆 × (𝑇(𝐻2𝑂)𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟)                                                                       (4)

𝜂 = [ℎ𝑆 × (𝑇𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟) ‒ 𝑄𝐷𝑖𝑠] ÷ [𝐼 × (1 ‒ 10 ‒ 𝐴808)] × 100%              (5)

h (mW m-2 ℃-1): Heat transfer coefficient;

S (m2): Surface area of container;

Tmax (℃): Equilibrium temperature during laser irradiation;

Tsurr (℃): Ambient temperature of the surrounding;

QDis (mW): The heat from light absorbed by the quartz cuvette walls itself and was 

measured independently using a quarte cuvette containing aqueous solution without 

BSA@Gd2O3/IrO2 NPs;



I: The irradiated laser power density;

A808: The absorbance of BSA@Gd2O3/IrO2 NPs (6 mM with respect to Ir) at 808 nm.

Biocompatibility: The cytotoxicity of BSA@Gd2O3/IrO2 NPs was evaluated against 

HepG2, 4T1 and L02 cells using a standard MTT assay. In brief, the cells were cultured 

in 96-well plates at a density of 3×103 cells per well and allowed to adhere overnight. 

Then the cells were treated with BSA@Gd2O3/IrO2 NPs at various concentrations (0, 

0.25, 0.5, 1, 2, 4, 6, 8, 10 mM with respect to Ir) for 24h, the cell viabilities were 

measured by MTT assay. 

The hemolytic test was performed using mouse blood cells. 0.5 mL BSA@Gd2O3/IrO2 

NPs with different concentrations (0, 50, 100, 150, 200, 250, 300, 350, 400 μg mL-1) 

for 2 h at room temperature under mild shake. The samples were centrifuged at 1000 

rpm for 10 min, and then, the upper supernatant was collected for measuring its 

absorbance at 541 nm to calculate the hemolysis rate by the following equation:

𝐻𝑒𝑚𝑜𝑙𝑦𝑠𝑖𝑠(%) =
𝐴 ‒ 𝐴𝑃𝐵𝑆

𝐴𝑇𝑟𝑖𝑡𝑜𝑛𝑋 ‒ 100 ‒ 𝐴𝑃𝐵𝑆
× 100%

In the hemolysis assay, 0.5 mL of PBS and Triton-X 100 were used as negative and 

positive control, respectively. Besides, the sediments were re-dissolved in PBS for 

erythrocyte morphology observation.

Tumor models: All animal experiments were operated on the basis of national 

guidelines and approved by the Animal Experimentation Ethics Committee of Sun Yat-

Sen University for animal treatment. To establish 4T1 tumor-bearing mice models, 100 

μL of 4T1 cell suspension (1×107 cells mL-1 ) were subcutaneously injected in the right 



back of Balb/c mice (4-5 weeks, 15-20 g) and the tumors were allowed to grow to a 

uniform size around 150-200 mm3. 

Histology and HIF-1α staining: After different treatments, the mice were sacrificed 

and the tumor tissues, heart, Liver, spleen, lung and kidney were dissected from mice 

in different treatment schemes and fixed in 4% paraformaldehyde and processed 

routinely into paraffin. Then, the tumors and normal organs were sliced to 4 μm 

thickness for hematoxylin and eosin (H&E), TUNEL and HIF-1α staining, and the 

slices were observed by a digital microscope.

Blood routine and blood biochemical tests: On the 24th day, the tumor-bearing mice 

in above treatment schemes were collected and their blood was drawn from the eye 

socket. The blood biochemical indexes of normal mice were set as control. The levels 

of alanine transaminase (ALT), alkaline phosphatase (ALP), creatinine (CREA), 

Albumin (ALB), Aspartate aminotransferase (AST), Urea nitrogen (BUN) and total 

protein (TP) were measured.



Figure S1. The X-ray diffraction pattern of BSA@Gd2O3/IrO2 NPs.



Figure S2. The EDS analysis of BSA@Gd2O3/IrO2 NPs.



Figure S3. (A) UV-vis absorption spectrum of BSA@Gd2O3/IrO2 NPs in aqueous 

solution; (B) Temperature records of BSA@Gd2O3/IrO2 NPs aqueous solution (Ir 

equivalent concentration: 6 mM) under five cycles of laser on/off; (C) Photothermal 

effect of BSA@Gd2O3/IrO2 NPs aqueous solution (Ir equivalent concentration: 6 mM) 

under irradiation of an 808 laser and the laser was turned off after irradiation for 10 

min. (D) The time constant for heat transfer from the system was determined to be τs = 

239.03 s by applying the linear time data from the cooling period (after 10 min) versus 

negative natural logarithm of the driving force temperature obtained from the cooling 

stage of (C).



Figure S4. Gas bubbles observed after incubation of 1.0 mM H2O2 with phosphate 

buffered solution (0.1 M, pH = 6.2) (Left) and BSA@Gd2O3/IrO2 NPs (Ir equivalent 

concentration: 2.0 mM) (Right) for 5 min.



Figure S5. The size change of BSA@Gd2O3/IrO2 NPs after incubation with PBS, 

serum, and culture medium for 7 days.



Figure S6. Morphology of mice red blood cells upon treatment with PBS, Triton X-

100, and BSA@Gd2O3/IrO2 NPs (50, 400 μg mL-1) for 2 h.



Figure S7. Blood biochemical tests on mice with various treatments. 



Figure S8. Cumulative clearance measurements of BSA@Gd2O3/IrO2 NPs in urine at 

various post-injection time points to show the renal clearance.



Figure S9. In vivo MR imaging of 4T1 tumor-bearing mice upon treatment with 

BSA@Gd2O3/IrO2 NPs (Gd equivalent concentration: 1.5 mM).



Figure S10. In vivo tumor temperature monitoring of the mouse injected with PBS and 

BSA@Gd2O3/IrO2 NPs.
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