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SUPPLEMENTARY FIGURES 

 

Figure S1. XPS spectra of BCG. (a) Original spectrum. (b) Characteristic peaks of O 

1s (−COOH and −OH in BSA: 532.9 ev, Gd(OH)3: 531.7 ev, Gd2O3: 529.8 ev). (c) 

Characteristic peaks of S 2p (CuSO4: 170.1 ev and 167.3 ev, CuS: 163.8 ev and 161.2 

ev). (d) Characteristic peaks of Cu 2p (CuS: 933.2 ev). (e) Characteristic peaks of Gd 

4d (Gd2O3: 143.9 ev, Gd(OH)3: 141.6 ev).1, 2 

 

 

Figure S2. The EDS analysis of BCG and wt% for O, S, Cu and Gd elements. 
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Figure S3. Powder XRD patterns of BCG, as referenced by the standard hexagonal 

CuS (JCPDS 06-0464) and cubic Gd2O3 (JCPDS 12-0797), in which 1/8 of the 

original mass of BSA was used to synthesize BCG to reduce the interference towards 

the signal of CuS and Gd2O3. 

 

 

Figure S4. Absorption spectra of CuS capped by BSA, Gd2O3 capped by BSA and 

BCG (20 mg/mL) with similar synthesis conditions. 
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Figure S5. Cartoon diagrams of BSA-CuS-Gd2O3 (BCG), BSA-CuS-Gd2O3-Cy5.5 

(BCGC) and BSA-CuS-Gd2O3-Cy5.5-RGD (BCGCR). 

 

 

Figure S6. Zeta potentials of BCG, BCGC and BCGCR. 

 

  

Figure S7. A long-term size investigation of BCGCR in PBS (pH 7.4), PBS (pH 6.8) 

and DMEM using a DLS analysis. 
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Figure S8. IR thermal images and average temperature variations of BCGCR solution 

under 980 nm laser irradiation for 5 min. (a & c) Different concentrations of BCGCR 

(0~1.0 mM Cu2+) with a power density of 0.8 W/cm2. (b & d) BCGCR (0.5 mM Cu2+) 

with different laser power densities (lpd) (0~1 W/cm2). 

 

Figure S9. PCE evaluation of BCGCR. (a) Temperature variation of BCGCR solution 

(1 mM Cu2+) under 980 nm laser irradiation (0.8 W/cm2) for 7 min followed by 

natural cooling. (b) Measurement of the thermal time constant (τs) by linear fit of the 

time point t vs (- Lnθ) during the natural cooling period. The PCE was calculated as 

30.3% according to Note S1. 
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Figure S10. Absorption spectra of (10 μg/mL) MB with H2O2 (20 mM), GSH (1 mM) 

or H2O2 + GSH at pH 5.4 for 5 min. 

 

 

Figure S11. The extent of MB (10 μg/mL) degradation reflected by decreased 

absorbance after incubation with BCG-GSH (0.5 mM Cu2+) and H2O2 (20 mM) at 

varying pH values and temperatures for 20 min. 
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Figure S12. Fluorescence images of U87MG cells after incubation with BCGCR (100 

μg/mL) for 1, 2, 3, 4, and 6 h. 

 

 

Figure S13. A set of confocal fluorescence images at different depths of U87MG 

cells incubated with BCGCR (50 μg/mL) (red) for 2 h, followed by co-staining with 

0.1 μg/mL Hoechst 33342 (blue) and 300 nM Alexa Fluor™ 488 Phalloidin (green) 

for 30 min. 
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Figure S14. Colocalization study of U87MG cells after incubation with BCGCR (50 

μg/mL) (red) for 2 h, followed by co-staining with 0.1 μg/mL Hoechst 33342 (blue) 

and 200 nM Lysotracker (green) for 20 min. 

 

Figure S15. The GSH level in U87MG cells (untreated, incubated with 100 μg/mL 

BCGC or BCGCR, 6 h). 

 

Figure S16. HEK293T cell viability after incubation with different concentrations of 

BCGCR for 24 h.  
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Figure S17. Fluorescence images of live (green) and dead (red) U87MG cells. Cells 

were incubated with BCGC or BCGCR (200 μg/mL) for 24 h followed by exposure 

under laser irradiation (or non-exposure) (980 nm, 0.8 W/cm2) for 5 min, and stained 

with Calcein AM and PI for 30 min. 

 

 

Figure S18. Fluorescence images of tumor tissue slices resected from U87MG tumor 

bearing mice at 2 days after (I) i.v. injection of BCGCR (5 mg/kg, 100 μL), (II) i.t. 

injection of free cRGDfk (2 mM, 100 μL) followed by i.v. injection of BCGCR (5 

mg/kg, 100 μL) 1 h later, (III) i.v. injection of BCGC (5 mg/kg, 100 μL). 
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Figure S19. T1-weighted multi-slice MR images of mice at 2 days after the i.v. 

injection of BCGCR (20 μmol/kg Gd3+, 200 μL) (TR/TE = 500/9.0 ms at 1.5 T). Red 

arrows indicate tumor locations in mice. 

 

Figure S20. Study of fluorescence distribution in U87MG tumors and main organs. (a) 

Fluorescence images of tumors and main organs resected from mice at 2 days after i.v. 

injection of BCGC or BCGCR (2 mg/kg, 50 μL) (Ex: 675 nm, Em: 720 nm). Tu: 

tumor; Ki: kidneys; Li: liver; He: heart; Sp: spleen; St: stomach; In: intestines; Lu: 

lungs. (b) Statistics of average FL intensity of tumors and main organs in (a). Values 

denote the mean ± SD (n = 3, *P < 0.05). 
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Figure S21. H&E-stained images of major organs including the heart, lungs, liver, 

spleen and kidneys resected from mice on the 15th day after the indicated treatments. 

 

 

Figure S22. Blood routine examinations of mice at 15 days post-injection of 100 μL 

PBS or BCGCR (5 mg/kg Cu2+).  
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TABLES 

Table S1. PCE Comparison between reported CuS NPs and BCGCR 

CuS NPs 
Irradiation 

wavelength (nm) 
PCE (%) Reference 

Gd:CuS@BSA 980 32.3 1 

Gd2O3/CuS NDs 785 45.5 3 

T-MAN 808 70.1 4 

PFN 1064 30.17 5 

BSA@CuS@DOX 1064 52.81 6 

Gd/CuS@PEI-FA-PS 1064 26.7 7 

IONF@CuS 1064 42 8 

RGD-CuS DENPs 1064 49.8 9 

CuSCDs 808 39.7 10 

CuS-MnS2 808 67.5 11 

Cu2MnS2 1064 49.4 12 

HCuS@Cu2S@Au 808 35 13 

BCGCR 980 30.3 This work 
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Table S2. Comparison of treatment conditions between reported CuS NPs and 

BCGCR for tumor therapy. 

CuS NPs Therapy 
Tumor 

cell line 

Dose 

(mg/kg) 

Irradiation  Power 

density 

(W/cm2) 

Reference λa 

(nm) 

Time 

(min) 

Gd:CuS@BSA PTT 
SK-OV-

3 
10 980 5 0.8 1 

Gd2O3/CuS 

NDs 
PTT 4T1 4.8 785 5 1.5 3 

T-MAN PTT MKN45 5 808 10 0.8 4 

PFN PTT/CDT Panc02 20 1064 5 1.0 5 

BSA@CuS@D

OX 
PTT/CTb 4T1 

3 for 

DOX 
1064 6 1.2 6 

Gd/CuS@PEI-

FA-PS 
PTT 

KB-LFA

R 
~3.5 1064 10 0.6 7 

IONF@CuS MHTc/PTT PC3 ~0.32d 1064 10 1.0 8 

RGD-CuS 

DENPs 
PTT/gene 

MDA-M

B-231 
~1.4 1064 5 0.6 9 

CuSCDs PTT 4T1 5e 808 5 0.3 10 

CuS-MnS2 PDT/PTT A2780 ~0.56d 808 10 1.0 11 

Cu2MnS2 PTT S180 20 1064 10 0.6 12 

HCuS@Cu2S@

Au 
PTT U87MG 13 808 5 0.8 13 

BCGCR PTT/CDT U87MG 5 980 10 0.8 
This 

work 

 

aλ: wavelength; bCT: chemotherapy; cMHT: magnetic hyperthermia; di.t. injection; 

einjection every two days.  
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NOTE S1. PCE Evaluation of BCGCR 

PCE (η) is used to evaluate the extent of conversion of absorbed light into 

temperature increase, which can be calculated according to the method of previous 

reports14-16 with the modified formula: 

η = 
hS(Tmax,mix - Tmax,s)

I(1 - 10
-Aλ)

 × 100% 

where h is the heat transfer coefficient; S is the surface area of the cuvette; Tmax,mix is 

the maximum temperature of solvent with nanoparticles (54.8°C from Figure S9a), 

while Tmax,s is that of solvent alone after irradiation for the same time (31.2°C); I is 

the laser power (0.8 W/cm2 × π × (0.5 cm)2 = 0.628 W); Aλ is the absorbance of 

nanoparticles at the wavelength λ (A980 = 0.86). hS can be calculated as follows: 

hS = 
mCwater

τs

 

τs = -
t

lnθ
 = -

t

ln
T - Tsur

Tmax,mix - Tsur

 

where m is the mass of the sample solution (0.3 g); Cwater is the heat capacity of water 

(4.2 J g-1 K-1); τs is the thermal time constant that can be determined as the slope by 

linear fit of the time point t vs (- Lnθ) during the natural cooling period; T is the 

temperature at the time point t; Tsur is the temperature of the surroundings. 

According to Figure S9b, τs is calculated as 181.6 s. Hence, 

hS = 
mCwater

τs

 = 
0.3 g × 4.2 J g-1 K-1

181.6 s
 = 0.00694 W K-1 

η = 
hS(Tmax,mix - Tmax,s)

I(1 - 10
-Aλ)

 × 100% = 
0.00694 W K-1 × (327.95 K - 304.35 K)

0.628 W × (1 - 10
-0.86

)
 × 100%  

    = 
0.1638 W

0.5413 W
 × 100% = 30.3% 
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