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Table S1. Relevant parameters for Cu-doped Zn-In-Se QDs under different nominal Zn/In ratios by ICP-OES 

measurement.

Nominal Zn/In Ratios Samples Zn/atom.% In/atom.% Cu/atom.%

core 59.7 35.1 5.2
Zn/In=7:3

core shell (sample 1 ) 76.9 19.5 3.6

core 42.8 51.5 5.7
Zn/In=5:5

core shell (sample 2 ) 61.1 34.8 4.1

core 32.3 62.3      5.5
Zn/In=4:6

core shell (sample 3 ) 55.2 41.2 3.6

core 23.1 71.4 5.5
Zn/In=3:7

core shell (sample 4 ) 48.2 47.1 4.2
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Fig. S1. PL decay curves of the Cu-doped Zn-In-Se QDs with nominal Zn/In precursor molar ratios of 7:3 (sample 1, 

black), 5:5 (sample 2, red), 4:6 (sample 3, green) and 3:7 (sample 4, blue).

Table S2. The fitted parameters of PL dynamics of Cu-doped Zn-In-Se QDs with different Zn/In molar ratios

Zn/In ratio A1 τ1/ns A2 τ2/ns τave/ns PL QY
7/3 0.72 52.9 0.43 359.1 298.4 23
5/5 0.54 59.3 0.523 249.3 211.9 38
4/6 0.51 38.5 0.52 221.2 194.2 35
3/7 0.61 61.1 0.48 342.4 290.5 32

Notes:

The PL decay curves were analyzed using DAS6 software. The lifetime data were fitted by the 

biexponential function:
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Where τ1 and τ2 are the time constants, respectively, A1 and A2 are the normalized amplitudes of the 

components, respectively. The average lifetime was calculated by:
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Fig. S2. EDX spectra of Cu-doped Zn-In-Se QDs with different Zn/In molar ratios

Table S3. Chemical compositions of Cu-doped Zn-In-Se QDs with different Zn/In molar ratios by EDX measurement

Nominal Zn/In Ratios Samples Se/at.% Zn/at.% In/at.% Cu/at.%
core 42.6 27.52 27.64 2.24

7/3
core shell 35.2 46.08 16.82 1.9

core 45.74 18.78 33.35 2.13
5/5

core shell 27.68 39.87 30.44 2.01
core 44.18 16.15 37.59 2.08

4/6
core shell 40.27 29.52 28.38 1.83

core 39.76 13.19 44.80 2.25
3/7

core shell 50.47 23.67 23.90 1.96
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Fig. S3. Raman spectra of Cu-doped Zn-In-Se QDs (sample 2). λex=532 nm. No strong Raman peak at 351 cm-1 from 

ZnSe is found,1, 2 and three peaks at 112.7, 149.7 and 246.8 cm-1 should be ascribed to Zn–In–Se NCs.
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Fig. S4. XPS spectra of Cu-doped Zn-In-Se QDs with nominal Zn/In precursor molar ratios of 5:5 (sample 2): 

(a) Se3d, (b) In3d, (c) Cu2p, and (d) Zn2p.
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Fig. S5. A typical CV curve of the electrolyte blank, without depositing the Cu doped Zn-In-Se NCs on the working 

electrodes.
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Fig. S6. Cross-sectional SEM image of our multilayer-structured QD-LED. The thicknesses of PEDOT:PSS 

layer, poly-TPD layer, Cu-doped Zn-In-Se QDs layer, ZnO NPs layer and Al layer are estimated to be about 30, 35, 30, 

and 30 nm, respectively.
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Table S4. Detailed information of the PL and EL spectra of Cu doped Zn-In-Se QDs

PL EL

peak/nm fwhm/nm peak/nm fwhm/nm

sample 2 590 93 597 114

sample 3 621 115 647 117

sample 4 673 143 697 150
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Fig. S7. The evolution of the EL data for the QD-LEDs based on samples 3 (a) and 4 (b). (a1, b1) Evolution of the EL 

spectra for the QD-LED at various voltages. (a2, b2) Current density and luminance of the devices vs driving voltage. 

(a3, b3) Current efficiency and power efficiency vs luminance. 
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