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Materials and Methods 

Hydrogen peroxide (30%), zirconium chloride (99%), copper chloride (98%), and sodium 
hydroxide (99%) were purchased from Sigma-Aldrich. Succinic anhydride (99%), 
polyvinylpyrrolidone (99%), and cisplatin (99%) were purchased from Nova Materials Co., LTD. 
Acetic Acid (98%) and tris(2,2-bipyridyl) ruthenium (II) chloride hexahydrate (98%) were 
purchased from Thermo Fisher Scientific. Triethylamine (99%) was purchased from Tedia High 
Purity Solvents. N,N-Dimethylformamide (99%) and dimethyl sulfoxide (99%) were purchased 
from Macron Fin Chemicals. Ethanol (95%), dichloromethane, and acetone were purchased from 
Echo Chemical. Fourier transform infrared (FT-IR) spectroscopy data were collected on a 
PerkinElmer Frontier MIR Spectrometer. Powder X-ray diffraction (PXRD) patterns were collected 
on Bruker D8 Advance ECO with Cu Kα radiation. Scanning electron microscopy (SEM) images and 
energy dispersive X-ray spectroscopy (EDS) for elemental analysis were performed on SU8010 
HR-FESEM. Zeta potential was measured on Beckman Coulter Delsa Nano C. Inductively coupled 
plasma atomic emission spectroscopy (ICP-AES) was performed on Thermo Scientific iCAP™ PRO. 
X-ray photoelectron spectroscopy (XPS) data were collected at room temperature using a ULVAC 
PHI 5000 VersaProbe III, equipped with an Al Kα (1487 eV) radiation source. The 3-(4,5-dimethyl 
thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay absorbance was detected on the 
microplate reader SpectraMax i5x. The pH value measurements were taken using a Suntex SP-
2100 pH meter. Oxygen generation was measured at Milwaukee MW600. The N2 adsorption 
isotherms at 77 K were measured on a Micromeritics 3Flex Adsorption Analyzer.  

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. S1 SEM image of MOF.  

 

 

Fig. S2 SEM image of synthesized MOF@Cu.            



                             

Fig. S3 SEM image of MOF@Cu/Ru.                             

   

Fig. S4 The particle size distribution of MOF nanoparticles calculated from the SEM image.  



 

Fig. S5 The particle size distribution of MOF@Cu calculated from the SEM image. 

 

Fig. S6 The particle size distribution of MOF@Cu/Ru calculated from the SEM image. 



  

Fig. S7 Nitrogen sorption isotherms at 77 K for MOF, MOF@Cu, MOF@Cu/Ru, and 
MOF@Cu/Ru/Pt (filled: adsorption; empty: desorption). 

 

 

 

 

 

                             

 

 

 

  



 

Fig. S8 Cu 2P XPS spectra of MOF and MOF@Cu. 



 

Fig. S9 C 1s XPS spectra of MOF and MOF@Cu.   

 



 

Fig. S10 N 1s XPS spectra of MOF and MOF@Cu. 

 

                     

 

 



 

Fig. S11 Ru 3p XPS spectrum of MOF@Cu/Ru/Pt. The Ru 3p spectrum is used for analysis as the 
Ru 3d peak overlaps with the C 1s peak. 

 

Fig. S12 Pt 4f XPS spectrum of MOF@Cu/Ru/Pt. A small amount of Pt(II) (Pt 4f7/2 binding energy 
at 71−73 eV) is observed, probably due to the photoactivation of Pt(IV) prodrug to Pt(II), in the 
presence of Ru(II) photosensitizer.1 



 

Fig. S13 Cu and Ru release of MOF@Cu/Ru in PBS solution (pH = 7.4). 

 

 

                             

Fig. S14 Cu and Pt release of MOF@Cu/Ru/Pt in PBS solution (pH = 7.4). 

  



                 

Fig. S15 Metal release of MOF@Cu/Ru/Pt in PBS solution (pH = 5.5).  

 

Fig. S16 Heating and cooling curves of MOF@Cu/Ru/Pt for continuous five cycles.  



 

Fig. S17 MTT assays of L929 cells upon incubation with MOF@Cu/Ru/Pt without laser treatment.   

                                           

               

Fig. S18 MTT assays of L929 cells upon incubation with MOF@Cu/Ru/Pt with 808 nm laser 
irradiation.   

 

 

 

 

 

 



 

 

Fig. S19 IC50 values of CuO2, Cisplatin, and MOF@Cu/Ru/Pt.   

 

 

 

 

 

 

 

 

 

 

 

 



   

Fig. S20 Live and dead cell assay of 4T1 cells incubated with control, MOF, MOF@Cu, 
MOF@Cu/Ru, and MOF@Cu/Ru/Pt without laser irradiation, followed by staining with DAPI, 
DCFDA, and PI.  



 

Fig. S21 Fluorescence intensity calculated from Fig. 4b. Statistical significance is indicated as 
follows: *p < 0.05 (significant), **p < 0.01 (highly significant), *** p < 0.001 (very highly 
significant). 

 



 

 

Fig. S22 Fluorescence intensity calculated from Fig. 5. Statistical significance is indicated as 
follows: *p < 0.05 (significant), **p < 0.01 (highly significant), *** p < 0.001 (very highly 
significant). 

 

 

 

 

 

                    

    

  



 

Fig. S23 Hemolysis ratios of MOF, MOF@Cu, MOF@Cu/Ru, and MOF@Cu/Ru/Pt.   

 

 

 

 

 



 

Fig. S24 Temperature rise and fall curves of MOF@Cu/Ru/Pt.  

 

 

Fig. S25 Plot of cooling time versus -ln(θ) of MOF@Cu/Ru/Pt. 

 



Table S1 Elemental distribution of MOF@Cu/Ru/Pt from SEM-EDS. 

Element Weight % Atomic % 
Cu 23.2 47.5 
Ru 2.1 2.7 
Pt 74.7 49.9 

 

Table S2 Elemental distribution of MOF@Cu/Ru/Pt from ICP-MS. 

Element Weight % Atomic % 
Cu 50.3 70.5 
Ru 16.3 14.3 
Pt 33.4 15.2 

                        

Table S3 Photothermal conversion efficiency of reported nanomaterials for comparison.  

Materials  Light wavelength (nm) Efficiency (%) Reference 

RuNPs 808  53.2 2 

AuNRs 808  87.5 2 

Fe3O4 NPs 808  19.23  3 

CFO@PDA@UiO 808  17.13 4 

PDA NPs 665  60.4  5 

PDA@UiO-66 808  33.6 6 

TiO2-x@POMs 808  37.3 7 

GdNDs 808  43.99 8 

Cy@ZIF-8 808  33.2 9 

LA-AuNR/ZIF-8 808  33 10 

CuO2@MPDA  808  - 11 

MOF@Cu/Ru/Pt 808  47 This work 
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