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Supporting text 

Synthesis of the 9T-UNNC 

The synthesis of 9T-UNNC was similar to that of 9T-PUNNC, the only difference 

was that no PEG was added during the synthesis. Specifically, 0.357 g of nickel 

chloride hexahydrate was dissolved in 15 mL ethanol. Then 2.5 mL of hydrazine 

hydrate containing sodium hydroxide (30 mg) was added dropwise into the mixed 

ethanol solution. After being stirred for 20 min, the mixed solution was transferred to 

an autoclave with a volume of 20 mL and heated at 80°C under an external magnetic 

field of 9 T. After 20 h, the autoclave was naturally cooled to room temperature. The 

products were separated by a magnet (0.3 T), and washed with ethanol and deionized 

water three times. The collected black products were placed in an oven at 60°C for 6 

h.  

Chemodynamic calculation method 

The TMB concentration change rate and the H2O2 concentration change rate were 

plotted, respectively. It follows the Michaelis–Menten equation, known as [1, 2]:  

𝜈0 =
𝑉𝑚𝑎𝑥[𝑆]

𝐾𝑀+[𝑆]
                           (S1) 

Where ν0 is the initial speed of the reaction, Vmax is the maximum velocity of the 

reaction, [S] is the substrate concentration, and Km is the Michaelis-Menten constant. 
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The Michaelis-Menten equation describes the relationship between substrate 

conversion rate and substrate concentration. Generally, the Vmax reveals the catalytic 

activity of the enzyme. 

Through a simple conversion, the Michaelis–Menten equation above can be 

converted to be [3]: 

1

𝜈0
=

𝐾𝑀

𝑉𝑚𝑎𝑥
×

1

[𝑆]
+

1

𝑉𝑚𝑎𝑥
                        (S2) 

According to the above formula, the Km and Vmax of the 9T-PUNNC catalytic 

reaction can be determined by the Lineweaver-Burk diagram. When H2O2 was used as 

the substrate, the calculated Km and Vmax of the 9T-PUNNC catalyzed reaction were 

448.51 mM and 0.07676 μM s-1, and the Km and Vmax values were 0.546 mM and 

0.03665 μM s-1 with TMB being the substrate, respectively.  

 

 

 

 

 

 

 

 

 

 

 



Table S1. Comparison of PCE of NIR-II responsive photothermal agent under1064 

nm irradiation. 

Name Morphology PCE (%) References 

MoO3/WO3 Layered 46.9% [4] 

polypyrrole spherical 41.97% [5] 

Ag2S@MSN-TGF spherical 44.7% [6] 

Rh3Se8 nanodot 57.5% [7] 

SiNSs nanosheet 21.4% [8] 

Bi@ZIF-8 cube 24.4% [9] 

Cu2Se hollow 50.89% [10] 

InSe nanosheet 39.5% [11] 

TiN irregular elliptical 22.8% [12] 

9T-PUNNC PEGylated urchin-like 20.93% This work 

 

 

 

 

 

 

 

 

 



Table S2. Comparison of irradiation wavelength of Ni-based photothermal agent. 

Material 
Irradiation 

wavelength (nm) 

Light power density 

(W cm-2) 
PCE (%) References 

mNiO-Tb 785 2.0 48.88 [13] 

NiS2 808 0.75 ~43.8 [14] 

CuS-NiS2 808 1.0 52.2% [15] 

mNiS2 NSs 808 2.0 44.6 [16] 

Ni3C NCs 808 0.5 ~16.9 [17] 

NiPPD NPs 808 1.5 18.5 [18] 

Nickel-bis 940 1.0 ~12 [19] 

Ni8Cn 980 1.62 ~19 [20] 

PDMA-UC

ST-C 
980 0.54 64.9 [21] 

9T-PUNNC 1064 0.8 20.93% This work 

 

 

 

 

 

 

 

 

 

 

 



 

Table S3. Comparison of PCE and catalytic rate constant of PUNNCs synthesized 

under different magnetic field strengths. 

Nanocatalyst PCE (%) Substrate type Vmax (μM s-1) Km (μM) 

0T-PUNNC 8.68 

H2O2 0.0300 2.39105 

TMB 0.0236 660 

1T-PUNNC 10.4 

H2O2 0.0536 8.74105 

TMB 0.0293 462 

5T-PUNNC 13.8 

H2O2 0.0640 6.70105 

TMB 0.0313 568 

9T-PUNNC 20.9 

H2O2 0.0768 4.49105 

TMB 0.0367 547 

9T-PUNNC 

+37℃ 

- 

H2O2 0.0823 4.27105 

TMB 0.0397 308 

 

 

 

 

 

 

 

 



Supplementary Figure 

 

Figure S1. (A) Schematic illustration of the formation of the 0T-PUNNC. TEM and 

corresponding HRTEM images of the PUNNCs synthesized under different magnetic 

field conditions. (B) and (E) for 0T-PUNNC, (C) and (F) for 1T-PUNNC, (D) and (G) 

for 5T-PUNNC. 



 

Figure S2. HAADF and corresponding element mappings (for C, O and Ni) of the 

PUNNCs. The scale bar is 50 nm: (A) 0 T, (B) 1 T and (C) 5 T. 
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Figure S3. FT-IR spectra of as-synthesized PUNNCs synthesized under different 

magnetic field strengths. 



 

Figure S4. Zeta potential of the as-synthesized PUNNCs under different magnetic 

field strengths including (A) 0 T, (B) 1 T, (C) 5 T, (D) 9 T. 

 

 

Figure S5. Photographs of the 9T-PUNNC dispersed in different solutions for 7 days. 

Left: distilled water. Middle: PBS. Right: RPMI-1640+FBS (10%). 
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Figure S6. The hydrodynamic sizes of the 9T-PUNNC and 9T-UNNC within 7 days. 
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Figure S7. NIR absorptions of the as-synthesized PUNNCs under different magnetic 

field strengths including 0 T, 1 T and 5 T. 
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Figure S8. Heating curves of the 9T-PUNNC dispersed in distilled water for five 

cycles. 

 

 

Figure S9. Photothermal characterizations of the PUNNCs. Temperature change of 

pure water and water containing different concentrations of the PUNNCs under 

NIR-II irradiation for 5 min ((A) 0 T, (D) 1 T and (G) 5 T). Temperature changes of 



PUNNCs ((B) 0T, (E) 1T and (H) 5T) in aqueous (200 μg mL-1) under NIR-II 

irradiation, the irradiation was turned off a period of time after initiation of irradiation 

(cooling period). (C), (F) and (I) Linear time data versus –ln θ obtained from the 

cooling period. The irradiation wavelength and power are 1064 nm and 0.8 W cm-2, 

respectively. 

 

 

Figure S10. N2 adsorption-desorption isotherm of the PUNNCs. The inset is the pore 

size distribution of the PUNNCs: (A) 0T-PUNNC, (B) 1T-PUNNC, (C) 5T-PUNNC 

and (D) 9T-PUNNC. 
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Figure S11. The changes of the absorbance intensity of TMB solution catalyzed by 

the 9T-PUNNC at different pH values. 

 

 

Figure S12. The steady-state catalytic kinetics of TMB and H2O2 were studied in a 

reaction system containing different concentrations of samples under acidic 



conditions (pH=5.0) at room temperature: (A) 0T-PUNNC, (B) 1T-PUNNC, (C) 

5T-PUNNC and (D) 9T-PUNNC. 

 

 

Figure S13. The initial linear portion of the reaction–time curves of TMB with 

different concentration were studied in a reaction system containing 6.67 μg mL-1 of 

samples under acidic conditions (pH = 5.0) at room temperature: (A) 0T-PUNNC, (B) 

1T-PUNNC, (C) 5T-PUNNC and (D) 9T-PUNNC. 



 

Figure S14. The initial linear portion of the reaction–time curves of H2O2 with 

different concentration were studied in a reaction system containing 6.67 μg mL-1 of 

samples under acidic conditions (pH = 5.0) at room temperature: (A) 0T-PUNNC, (B) 

1T-PUNNC, (C) 5T-PUNNC and (D) 9T-PUNNC. 



 

Figure S15. The changes of the absorbance intensity of TMB and H2O2 solution 

catalyzed by PUNNCs synthesized under different magnetic field strengths including 

(A) 0T, (B) 1T, (C) 5T and (D) 9T. 

 

 

Figure S16. ESR signals of ·OH generation of the PUNNCs at acidic (pH = 5.0) and 

neutral condition (pH = 7.4) in the presence of DMPO. (A) 0T-PUNNC, (B) 

1T-PUNNC and (C) 5T-PUNNC.  
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Figure S17. The cell viability of 4T1 cells under different pH conditions. Statistical 

analysis was performed using the unpaired Student's t-test with * P < 0.1 considered 

as statistically significant. 

 

 

Figure S18. Representative confocal fluorescence images of DCFH-DA stained 4T1 

cells after co-incubation with the 9T-PUNNC for 20 min at pH = 5.0. The scale bar is 

50 μm. 

 



 

Figure S19. (A) The Michaelis-Menten fitting curves and (C) the Lineweaver-Burke 

fitting of initial ·OH generation velocities versus TMB concentrations under 50 mM 

H2O2 at 37℃. (B) The Michaelis-Menten fitting curves and (D) the 

Lineweaver-Burke fitting of initial ·OH generation velocities versus H2O2 

concentrations under 2.12 mM TMB at 37℃.  

 

 

Figure S20. Representative confocal fluorescence images of 4T1 cells treated by the 



9T-PUNNC at different concentrations at pH = 5.0 without NIR-II irradiation, and 

double co-stained with Calcein-AM/PI. The scale bar is 50 μm. 
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Figure S21. Blood circulation curve of mice treated by 9T-PUNNC for 48 h. 

 

PBS 1 3 5
0

3

6

9

C
o

n
c

e
n

tr
a

ti
o

n
 /
 m

m
o

l/
L

Time / day

BUN

 

Figure S22. Blood urea nitrogen (BUN) levels of mice treated with PBS or 

9T-PUNNC for different times (n = 3). Statistical analysis was performed using the 

unpaired Student's t-test (P > 0.05). 
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Figure S23. RT-qPCR analysis of expression of ER stress response-related genes for 

liver from mice treated with PBS or the 9T-PUNNC for 120 h. Statistical analysis was 

performed using the unpaired Student's t-test with ** P < 0.01 and *** P < 0.001 

considered as statistically significant. 

 

 

Figure 24. The long-term biosafety assessment of the 9T-PUNNC. (A) AST and ALT 

counts of mice treated with PBS or the 9T-PUNNC for 15 days. (B) Measurement of 

the levels of PLT and WBC of mice treated with PBS or the 9T-PUNNC for 15 days. 



(C) RT-PCR analysis of the expression of ER stress response-related genes for main 

organs from mice treated with PBS or 9T-PUNNC for 15 days. (D) Histological 

sections of main organs (heart, liver, spleen, lungs, and kidneys) obtained from PBS 

or 9T-PUNNC-treated mice. The scale bar is 50 μm. Statistical analysis was 

performed using the unpaired Student's t-test (P > 0.05). 
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Figure S25. The average volumes of tumor collected from mice at the end of 

treatments (day 14). Statistical analysis was performed using the unpaired Student's 

t-test with **** P < 0.0001 considered as statistically significant. 

 



 

Figure S26. Representative confocal fluorescence images of O13 ROS fluorescent 

probe-stained tumor section after being treated with PBS (A) and 9T-PUNNC (B) for 

48 h. The scale bar is 50 μm.  
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