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Fig. S1. XPS spectra of CdSe-TBP QDs: (A) Survey spectrum; (B) Cd2+ 3d; (C) Se2‒ 3d; (D) P 2p; 

(E) C 1s.

Fig. S1A shows the survey spectrum, while Figs. S1B–E display the high‑resolution spectra of 

Cd2+ 3d, Se2‒ 3d, P 2p, and C 1s, respectively. In Fig. S1B, the characteristic peaks at 405.1 eV and 

411.9 eV correspond to the Cd2+ 3d5/2 and Cd2+ 3d3/2, respectively [S1]. The Se 3d spectrum in Fig. 

S1C can be fitted with a doublet located at 53.9 eV and 54.7 eV, corresponding to Se2– 3d5/2 and Se2–

 3d3/2, respectively [S2]. In Fig. S1D, the two peaks at 138.4 eV and 139.1 eV, is attributed to the 

P 2p1/2 and P 2p3/2 of TBP, respectively. Additionally, due to the facile oxidation of TBP, a shoulder 

peak near 135.1 eV is observed, which is consistent with the formation of P=O bonds and indicates 

partial oxidation of the surface phosphine ligands. As shown in Fig. S1E, the peak at 284.8 eV 

corresponds to alkyl carbon. The signal at 285.7 eV is associated with carbon in C-P bond, 

confirming the successful surface modification of the QDs with TBP [S3, S4, S5].
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Fig. S2. XPS spectra of CdSe-MPA QDs: (A) Survey spectrum; (B) Cd2+ 3d; (C) Se2‒ 3d; (D) S 2p; 

(E) C 1s.

To further investigate the elemental composition and chemical structure of CdSe-MPA QDs, 

XPS characterization was systematically performed as shown in Fig. S2A, with corresponding 

high‑resolution spectra presented in Fig. S2A-S2B. In Fig. S2B, the characteristic peaks observe at 

405.1 eV and 411.9 eV correspond to the Cd 3d5/2 and Cd 3d3/2 orbitals, respectively [S1]. The Se 3d 

spectrum in Fig. S2C can be fitted with a doublet, where the peaks locate at 53.8 eV and 54.6 eV 

correspond to the Se 3d5/2 and Se 3d3/2 orbitals [S2]. As shown in Fig. S2D, the doublet at 163.2 eV 

and 161.8 eV correspond to the S 2p3/2 and S 2p1/2 orbitals, respectively. Additionally, a peak at 

164.3 eV indicates the presence of C-S bonds, while another peak at 159.7 eV correspond to S-Cd 

bonds. In the Fig. S2E, peaks are identified at 287.2 eV for C=O bonds, at 286.3 eV for both C-S 

and C-O bonds, and at 284.8 eV for C-C bonds. These results collectively confirm the successful 

surface modification of the QDs with MPA [S3, S6, S7].
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Fig. S3. Absorption and fluorescence emission spectra of (A) CdSe-SA QDs in toluene, (B) CdSe-

SA QDs in n-hexane, (C) CdSe-TBP QDs in toluene, (D) CdSe-TBP QDs in n-hexane, (E) CdSe-

MPA QDs in ethanol, and (F) CdSe-MPA in QDs water.
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Fig. S4. UV–Vis absorption spectra of different CdSe QDs measured under dark conditions: (A) 

CdSe-SA QDs in n-hexane; (B) CdSe-SA QDs in toluene; (C) CdSe-TBP QDs in n-hexane; (D) 

CdSe-SA QDs in toluene; (E) CdSe-MPA QDs in water; (F) CdSe-MPA QDs in ethanol.



S6

Fig. S5. Time-dependent absorption spectra of CdSe QDs in different O₂-saturated solvents under 

Xe lamp irradiation: (A) CdSe-SA QDs in n-hexane; (B) CdSe-SA QDs in toluene; (C) CdSe-TBP 

QDs in n-hexane; (D) CdSe-SA QDs in toluene; (E) CdSe-MPA QDs in water; (F) CdSe-MPA QDs 

in ethanol. 
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Fig. S6. EPR spectra of 1O2 (•O2
‒) in TEMP(DMPO) and different CdSe QDs in the dark: (a) 

CdSe-MPA QDs in water; (b) CdSe-MPA QDs in ethanol; (c) CdSe-TBP QDs in n-hexane; (d) 

CdSe-SA QDs in toluene; (e) CdSe-SA QDs in n-hexane; (f) CdSe-SA QDs in toluene. 
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Fig. S7. UV–Vis absorption spectra of CdSe QDs + DPBF measured under dark conditions: (A) 

CdSe-SA QDs in n-hexane; (B) CdSe-SA QDs in toluene; (C) CdSe-TBP QDs in n-hexane; (D) 

CdSe-SA QDs in toluene; (E) CdSe-MPA QDs in water; (F) CdSe-MPA QDs in ethanol.
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Fig. S8. UV–Vis absorption spectra of DPBF measured in different solvents under light irradiation 

in the absence of CdSe QDs: (A) n-hexane; (B) toluene; (C) water; (D) ethanol.
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Fig. S9. Time-dependent absorption spectra of CdSe QDs solutions containing DPBF under Xe 

lamp irradiation: (A) CdSe-SA QDs in n-hexane; (B) CdSe-SA QDs in toluene; (C) CdSe-TBP QDs 

in n-hexane; (D) CdSe-SA QDs in toluene; (E) CdSe-MPA QDs in water; (F) CdSe-MPA QDs in 

ethanol.


