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Abstract; Ag-In-Zn-S quaternary semiconductor nanocrystals( AIZS NCs) not only have the excel-
lent luminescent proeprties including the tunable optical band gap and high photoluminescence quan-
tum yield and so on, but also possess low toxicity and simple synthesis technique. These NCs were
widely used in the fields of light-emitting diodes, biomedicine, photoelectric conversion devices and
so on, which was regarded as one of the substitutes for cadmium-based nanomaterials. In this paper,
highly luminescent Ag-In-Zn-S NCs were synthesized by one-step reaction method, and the emission
region was tuned effectively by varying the element ratios, which led to the emission color from green
to red. On the basis of the reaction, the formation mechanism of AIZS NCs was studied through a
hot-injection method, indicating that the partial cation exchange dominated the formation of AIZS
NCs. In order to further optimize the luminescence performance, the alloyed AIZS-ZnS NCs were
obtained by further incorporation of Zn source into AIZS NCs through a seeded-mediated growth
method, which exhibited a high photoluminescent quantum yield of 47% . Finally, red, yellow and
green electroluminescent light-emitting diodes were fabricated by using AIZS-ZnS NCs as the emis-

sive layer, and the yellow device exhibited a current efficiency of 1.07 ¢d + A™".
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Fig. 1

Green(Ag-1.5), yellow( Ag-3) and red( Ag-6) AIZS NCs obtained by varying the Ag precursors dosage. (a) Absorption

spectra, and insets show the digital picture of three AIZS NCs solutions under UV irradiation. (b ) Photoluminescence

(PL) spectra. (c¢)XRD patterns. (d) Experimental ( point) and theoretical fitting (line) results of time-resolved PL

spectra.
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Tab.1 Summary of the parameters of different-colored AIZS NCs obtained from the time-resolved PL decay curves
T,/ns o,/ % T,/ns o,/ % T,/ns o/ % T, /ns
Ag-1.5 18.8 9.4 79 39.3 265.2 51.3 168.9
Ag-3 18.6 4.1 104.5 28.9 363.4 67.0 274.4
Ag-6 16.8 0.5 174.3 7.8 729.6 91.7 682.7

3.2 AIZS NCs B RIS FRIR R

T HRIE AIZS NCs BIE it 72, JAT TR FHIvE
SHEA L AIZS NCs, BISETE 160 °C F il 5 1 ALS
NCs, 88 J5 2R FHVE S0 Zn 15 90K 440 975 ¥ 1 A %)
AIS NCs H153)] AIZS NCs, HAth 5445 — 2 &
PG AIZS NCs AR, B2 (a) 450 T ST Zn
TSI P85 YR s o g RS () 2 T AR it )
JEECE S, B AT LA 35 Zn AT IR AR

W5, WG TR I T i DG BUR R
W, MIRETHE 2 230 °C g, Fs ] ZE K 20
min JEAER IR A B ER, K 2(b) &
it AN Hh 26 A 2 R 4 (ahw ) 15 B ALS
NCs( 160 °C ) Fl AIZS NCs(230 °C) B B bt
Bl ARG 2o RO AOGE A B B
Jn. AR XRD B 3% B, G Zn 57 SR TR
Jei , B TR T i B o PR AT PRI AR 26 1 B

(a) fe-asis0 (b) (e) (d) 10°F
. [hsis0 T i 7.,=293.2 ns
= 230 2.89 eV Z 5
: [—~—230 “C-20 min . . < 107
= T A0 C 2 = AlS-160 C
B - 27TV oy g B : 107
= B || SICPDSNo2g AT
v, AIZ8-230 C [0S 1CPDS No77-2100, AIZ8-230 ‘
400 500 600 700 800 2.0 24 2.8 32 20 30 40 50 60 0 1000 2000 3000
A/nm Photon energy/eV 20/ (°) t/ns
K2 (a)f Zn FIEKPREAF] AIS NCs J5 FHS R BOEEUROEEHE ; (b) i SMEBOEIE 244 389 AIS NCs 5 AIZS
NCs G2 B L EE 5 () AIS NCs 58 [ BE R i f AIZS NCs 9 XRD % ; (d) AIS NCs (160 C) 55 AIZS NCs
(230 °C) KIS IR] ZpPOCBOR G A9 9250 () MBS LG (2k) 25
Fig.2 (a)PL spectra of the samples after injection of Zn precursors into AIS NCs. (b) Optical band gap of AIS NCs and AIZS

NCs obtained by extrapolating the linear part of the absorption spectra curve. (¢)XRD patterns of AIS NCs(160 °C) and
AIZS NCs obtaiend at different reation temperatures. (d) Experimental ( point) and theoretical fitting (line) results of
time-resolved PL spectra of AIS NCs and AIZS NCs.
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tained at different temperatures
SIS Ag/% In/% In/%
AIS-160 °C 13 87 0
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Tab.3 Summary of fitting data of time-resolved PL decay curve of AIS NCs(160 C) and AIZS NCs(230 °C)
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Fig.3  (a)PL spectra of different-colored AIZS NCs and AIZS-

ZnS NCs (dotted line). (b) Experimental ( point) and

theoretical fitting ( line) results of time-resolved PL
spectra of green AIZS NCs and AIZS-ZnS NCs. (c¢)
Corresponding XRD patterns.
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Fig. 4

(a)Schematic device structure of electroluminescent light-emitting diodes. (b) EL spectra of different-colored devices,

and the digital pictures of the devices operated under the driving voltage of 5 V. (¢) Current density-luminance-voltage

characteristic curves of different devices. (d)External quantum efficiency and current efficiency versus luminance of dif-

ferent devices.
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