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Experimental

Reagents and instruments

Indium(III) acetate (In(CH3COO)3, 99.99%), sodium borohydride (NaBH4, 99%), D-

penicillamine (D-PA, ≥ 98%) were purchased from Shanghai Aladdin Bio-Chem 

Technology Co., Ltd (Shanghai, China). Sodium sulfide nonahydrate (Na2S·9H2O, ≥ 

99.5%), zinc(II) acetate (Zn(CH3COO)2), copper(II) acetate monohydrate 

(Cu(CH3COO)2·H2O), 3-mercaptopropionic acid (MPA, ≥ 99.5%), selenium powder 

(Se, 99.9%), iron(II) chloride (FeCl2, 99.5%) were purchased from Shanghai Macklin 

Biochemical Co., Ltd (Shanghai, China).

The fluorescent spectra were recorded by a Lengguang F96Pro fluorescence 

spectrofluorometer (Shanghai, China). Fluorescence lifetime was collected by an 

Edinburgh FLS1000 spectrofluorometer. The ultraviolet-visible (UV-Vis) absorption 

spectra were obtained using a Thermo Fisher Scientific Gensys 150 

spectrophotometer. The X-ray photoelectron spectroscopy (XPS) was taken with a 

Thermo Fisher Scientific K-Alpha+ X-ray photoelectron spectrometer. The Fourier 

transform infrared spectrum (FTIR) was recorded by a Thermo Fisher Scientific 

Nicolet IS50 Fourier infrared spectrometer.
1.2 Computational methods
All the density functional theory (DFT) calculations were performed by using the 

Gaussian 16 program.1 Geometric optimization and frequency calculations have been 

performed at the PBE0/6-31+G(d)&LANL2DZ level. The binding energy ((Eb) was 

calculated at the SMD-PBE0/def2TZVP level by considering the solvent effect of 

water via the solvation model based on density (SMD) [2] and dispersion correction of 

D3(BJ) [3]. The Eb values of complexes were calculated by the following equation,

b (M) (D-PA)- (complex)E E E E 



Results
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Fig. S1 (A) UV-Vis absorption spectra of CuInSeS QDs with different Cu/In ratios, (B) UV-Vis 

absorption spectra of CuInSeS QDs with different S/Se ratios
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Fig. S2 The intensity of CuInSeS QDs for different days
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Fig. S3 FTIR spectra of CuInSeS QDs and MPA
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Fig. S4 The simulated and practical absorption spectra, the inset is the optimized geometric 

structure of complex with Fe2+



Table S1 Comparison of the results of different materials used for the detection of D-PA

Materials Linear range LOD Reference

Au NCs-Cu2+ 1 ~ 10.5 μM 0.08 μM [4]

CDs-Cu2+ 0.1 ~ 1.0 and 1.0 ~ 50 μg/mL 0.09 μg/mL [5]

GQDs-Pb2+ 0.6 ~ 50 μM 0.47 μM [6]

CDs-Hg2+ 2 ~ 24 μM 0.6 μM [7]

SiQDs 1 ~ 20 and 2 ~ 20 μM 0.48 and 0.68 μM [8]

AuAg@AuNPs
0.0166 ~ 1.66 and 0.33 ~ 26.6 

μg/mL
6.64×10-3 and 0.1 μg/mL [9]

Cu-NC 3.6 ~ 94 μM 1.2 μM [10]

CuInSeS-Fe2+ 18 ~ 1000 μM 5.42 μM This work

Table S2 Binding energy (Eb) between Fe2+ and D-PA of complex.

Complexes Eb (kcal/mol)

Fe2++D-PA 126.74
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