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1.  Characterizations. 

Field-emission scanning electron microscope (FE-SEM, FEI, Sirion 200), transmission electron 

microscope (TEM, Talos-200s), X-ray powder diffraction (XRD, AXS D8-Advanced 

diffractometer), X-ray photoelectron spectroscopy (XPS) measurements were investigated on a 

PHI-5702 multifunctional spectrometer using Al Kα radiation. Emission spectra were recorded on 

a Shimadzu RF-5301 spectrophotometer. characterize the morphology and composition of the 

material. FT-IR spectra were performed on a Nicolet FT-170SX spectrometer. Diffuse reflectance 

UV–Vis spectra of samples is analyzed by UV-vis diffuse reflectance spectra (DRS) with BaSO4 

as the reference by Shimadzu UV-1750 spectrophotometer. Steady-state fluorescence 

measurements were detected by Shimadzu RF-5301 spectrofluorometer with an excitation 
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wavelength of 380 nm. Fluorescence lifetimes were determined using the time-correlated single 

photon counting (TCSPC) mode. The sample was excited with a NanoLED-330 (Horiba) with an 

excitation wavelength of 380 nm.

2.  DFT Calculation.

In this work, the conformational search is performed using the CREST1 program combined with 

meta-dynamics and genetic algorithms.2 GFN-FF performs first coarse conformational filtering, 

and then the GFN2-XTB3 method is used for preferential selection. Finally, the B3LYP4 

functional and def2-TZVP5 basis set are used to optimize the final structure. The ellipsoidal 

potential6 is used in the protonation and deprotonation calculations to test the solution. The IR 

spectra are performed by B3LYP functional and 6-31++G* basis sets and the NMR spectra has 

calculated by MP2 with cc-pVDZ basis sets. Excited-state calculations are performed using the 

time-dependent density functional theory (TDDFT) method combined with CAM-B3LYP7 general 

function and def2-TZVP basis set. The electron-hole pair analysis is implemented by Multiwfn 

3.78 and plotted by VMD-1.9.3.9 The X-ray PES are performed by QTP17 functional10 and aug-

cc-pVDZ basis sets8.



Figure S1. The calculated structure of Pd(II)CPs.

Figure S2. Calculated 13C MAS NMR spectra: (a) Rh6G; (b) Pd(II)CPs. 

Figure S3. (a, b) FT-IR spectra and (c) magnified view of FT-IR spectra of Pd/Pd(II)CPs.



Figure S4. Calculated (a, b) FT-IR spectra and (c) magnified view of FT-IR spectra of Pd(II)CPs.

Figure S5. (a) SEM image and (b) TEM image of Pd(II)CPs. (c) SEM images and (d) TEM image 

of Pd/Pd(II)CPs. 

Figure S6. Size distribution of Pd nanoparticles encapsulated within Pd/Pd(II)CPs.



Figure S7. EDX spectrum of Pd/Pd(II)CPs.

Figure S8. Time-dependent SEM image of Pd/Pd(II)CPs. SEM images of Pd/Pd(II)CPs fabricated 

under various conditions: ethanol/water with NaBr (a1-a4), water with NaBr (b1-b4), and water 

without NaBr (c1-c4). 



Figure S9. Survey XPS spectra of (a) Pd(II)CPs and (b) Pd/Pd(II)CPs. 

Figure S10. Pd 3d XPS spectra of Pd(II)CPs.

Figure S11. O 1s XPS spectra of Rh6G and Pd/Pd(II)CPs.



Figure S12. (a) UV−vis diffuse reflectance spectra, (b) luminescence spectral of EY upon 

excitation at 380 nm of Pd/Pd(II)CPs.

Figure S13. Photocatalytic hydrogen production on EY-sensitized Pd/Pd(II)CPs , Pd/Pd(II)CPRs , 

and Pd(II) iron mixed with Rh6G(500 mW cm-2).

Figure S14. PXRD patterns of Pd/Pd(II)CPs after soaked in seawater of different hours.



Figure S15. Wavelength-dependent apparent quantum efficiency (AQE) of H2 evolution. 

Figure S16. Cycling test (100 mW cm−2) over Pd/Pd(II)CPs.

Figure S17. (a) SEM and (b) TEM image of Pd/Pd(II)CPs collected after five cycles.



 

Figure S18. PXRD patterns of Pd/Pd(II)CPs collected from the reaction solution.

Figure S19. Steady-state PL emission spectra (λex=380 nm) of Pd/Pd(II)CPs and Pd/Pd(II)CPRs.

Figure S20. Photocatalytic hydrogen production performance of different amounts of EY.



Figure S21. The theoretical absorption spectra of Pd(II)CPs calculated by TDDFT method based 

on the Pd(II)CPs structure searched by MTD-GC. 

Table S1. Chemical shift changes of carbon on Rh6G and Pd/Pd(Ⅱ)CPs.

Name
Chemical shift 
of Rh6G (ppm)

Chemical 
shift of 

Pd/Pd(Ⅱ)CP
s (ppm)

Differen
ce (ppm)

Calculated 
chemical shift 

of Rh6G (ppm)

Calculated 
chemical shift of 

Pd/Pd(Ⅱ)CPs 
(ppm)

C20 166.7 165.7 -1.0 149.9 148.8
C9 114.6 113.2 -1.4 101.2 99.6
C21 59.4 62.2 2.8 58.5 61.6
C22 13.6 16.2 2.6 27.8 33.9

Table S2. FT-IR spectra changes of Rh6G and Pd/Pd(Ⅱ)CPs.

Name Wavelength of 
Rh6G (cm-1) 

Wavelength of 
Pd/Pd(Ⅱ)CPs 

(cm-1)

Calculated 
wavelength 

of Rh6G 
(cm-1)

Calculated 
wavelength of 

Pd/Pd(Ⅱ)CPs (cm-1)

C-O 1088 1079 1036 1029
Pd-O 0 505 0 455

Table S3. Performance comparison of different photocatalysts reported in literature.

Photocatalyst H2 production rate Sacrificial agent Light source Ref.



(μmol h-1g-1)
EY-sensitized
CuRSH

7880 10 vol% TEOA λ≥420 nm
9

EY-sensitized NH2-
MIL-
125(Ti)/0.75CN/Ni1

5.8

53050 1 vol% TEOA visible-light source
10

EY-sensitized 
MoS2 QDs /UiO-66-
NH2/G

75.1 10 vol% TEOA λ≥420 nm
11

EY-sensitized 
NiMo@MIL-10

740.2 10 vol% TEOA λ≥420 nm
12

EY-sensitized
Ni@MOF-5

30.22 10 vol% TEOA λ≥420 nm
13

EY-sensitized
Ag@Ag-Pd alloy

41.64 HCHO 0.75 mol/L 420 nm cut-off filter
14

EY-sensitized
1%Ni:Fe3S4

3260 10 vol% TEOA visible light (>420 nm)
15

EY-sensitized
1%Pt:Fe3S4

2256 10 vol% TEOA visible light (>420 nm)
15

EY-sensitized
MIL-53(Fe)

315 10 vol% TEOA 300W Xe lamp

100 mW cm−2

16

Pt-doped PdTAPP–
TFPT gel

1970 sodium ascorbate λ>420 nm
17

Pd0.75/TiO2 53640 25 vol% methanol 300W Xe lamp

200 mW cm−2

18

PdSA+C/TiO2-VO 18196.6 methanol aqueous 
solution (20 vol%)

365 nm
19

Pd/CoP@CoNiP
superstructures

3845 10 vol% TEOA 300W Xe lamp 

250-900 nm

20

EY-sensitized
Pd/Pd(II)CPs.

112340 8 vol% TEOA 300W Xe lamp  400-780 
nm

This 
work

EY-sensitized
Pd/Pd(II)CPRs.

86730 8 vol% TEOA 300W Xe lamp  400-780 
nm

This 
work
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