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Abstract

Red-emitting oil-phase CulnSz/ZnS core/shell quantum dots are synthesized by colloidal chemistry.
The oil-phase CulnSz/ZnS core/shell quantum dots are converted to water-phase quantum dots
through ligand exchange with 3-mercaptopropionic acid. They are then combined with hydrophilic
green-emitting carbon dots to suppress the solid-state aggregation quenching of carbon dots. By in-
troducing the green emission of carbon dots, a near-white-emitting composite phosphor of CulnSz/ZnS
core/shell quantum dots and carbon dots is prepared. The structure and composition of the phos-
phor are characterized by Fourier transform infrared spectroscopy and X-ray photoelectron spec-
troscopy. The near-white-emitting composite phosphor is then applied to the fabrication of LED
lighting devices, resulting in a warm white light-emitting device with a color coordinate of (0.4146,
0.4101).
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1. 5|

AR, -V AR T RSOy BT R 1 RUROeR R, o CdSe &1/ BAT RS ]
W s R TR MRS Z L], (H2 Cd TR IHAFESORBMER, X AEBE—Ef
&, XM T CdSe E T mBIFEDNLALN RS MHMI--VIRE 7 RS, EA a8 RE
K, [FFERA CdSe B1 mMPERR, (EVFZ WUV BH B A [1]-[3].

L-I-VIR 3 B RIS . POURMRR . Friri. AOGIEALR RS AT & BURAR A
FERICTME . AR XS AR . KBH REI W] S5 YU A R L3 [3]-[5]. M, CulnS, & ¥ miiR 4
M E BE AN R AT LA /KA B s A B 7 e KA T R BAR G UR AR B, ARG RO A
VIR, (HRTCEN BT R A A RS AT AT . AR, AR T RS RO E RO T
WETCHIHA R B TEIE S A VEY) B AR KRR E PR 1 FL R HI[6] [7]. CulnS, ¥ riARIZ R I A B A74E
IR RN, XG2S R T RCEN R ENEZR A, FIREA S SORERA S, MR TEMH K Zns
FRBATOE, BURIERE. SREE, BRI REICRSRTS]. Hoh, FFERATOL
PER I8 i, I EAT R E VRS« AR ZF RSO0 s, T DM E ARG SRR e i sk (R
B L E RIS, AR AR, B R AR 18] (AR ELAE I3 9, R Ao ™ B RO K,
BRI 25 T ' FU B T [8]-[14]

RSCHET F AL 1 4 F CulnS, B A, i ZnS #EAT 7 26078 , 19 BIZ06 R (#17lAH CulnS2/ZnS
Wl Fe T s M 3-3E A RREEAT BCR B, KA CulnSo/ZnS #/5¢ & 1 RUR LR B SRR TE
Rell, PRI H 5806 R SRR SR &, H% CulnS/ZnS /7¢ & T M SR MR S 455k,
i B [ A BRSO, Rl SINBR RSO R [12]-[14], B+ =I5B, 45 35 AL A S
HEHEMBIH -
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2. SKEMB 5
2.1 UER5HRH

S T HHRT, BOOPHEIAE, BBObl, B EkE, RAH K, MR
SR (Nicolet iS20), X B2k 6L T (K Alpha), 3663 (F-7000), 51 - AT L4366 R HH(UV-
5500PC).

SRR BISEREE, b R, MU, REERHH, DUEZKE, TEL SSETER, B i
R, R, R

22. EWAE

2.2.1. RIIRMERYSIE

HI R EFR AT ERAA . 750 mg TEARERAE 5 12 mL IE+ BRSNS 50 mL =Fipeii; B iy
B E . BESRSFL 8min J5, JFHINASH:, FHEZE 100°C, FELE 15 min, HREVERASSETE; K
SIIN TOC IR KR, BiIEAH G REA, DMESE AN &1 s E R A .

2.22. HEERFREHIE

H AL A ZnS WA & T A K 113 mg (0.6 mmol) [\flifk V4, 175 mg (0.6 mmol) B ER£H Al 8 mL
B+ ZHEER A NS 50 mL =30 EE MBS MR ARHRER IR, AR I#AE 130CE
FFEE 10 min, ERNERESENE: ¥ N2 E R T 3] 215 CLREFE 50 min, % CulnS, #A% &1 &,
W 2.2.1 4 BBERT IR IR AR HH Y 6 mL JE A BIBAZ BT s, FRRREEmRE S, IR T = F] 215°C
JEURHF 4 h, WIAEE 1 h I 6 mL BERTIRARA AR, i %435 CulnSo/ZnS #/5¢ 8 1 1.

2.2.3. KHEEFAEE

BT AHECAASS e K 2.2.2 PHIFG R T A 0.5 mL A 1 mL A ZEERE), o
MARERES G, ARSI ET S, B2 ERE=R: ¥ ERERNE TSI 3-HER
BRI IR, R AR AR B 1S YL 75 A0 2 20 min,  SERRECAARSSHe, il 50 f3 27K A CulnS/ZnS #%/5%
BT A

2.2.4.CulnS/ZnS IR EF R 5ka 8 A& AR HHI&

SRR SRR S A B ATRRIR . PRI 1:2 (BRI S 25 mL P R R A K 30 mg/miL [
T RO IR AR A, )RR I A KR B T v B 160 CHELL A 8 h,  £3 BISRE RS AR
R

S BRI I 4% K 2.2.3 1l % FIZK A CulnSo/ZnS A% /75 1 i 5 3Bt £ DA 24 1) i 2 Eh (115,
1:6, L7)RAHE /KA, FE THEE 120, B md s of 2 yiiey, MR R T84 FHR 2] 60°C %
24 h, HIFEEEHIOLM (4N C-Q-1, C-Q-2, C-Q-3).

2.2.5. A% LED FRRASRRYSI&
B A BRI MER AR ISR L 1:1 (R R LIRS, TIRTE 365 nm RSTIEE4ME LED &4 |,
HIAFIE 6 & 5T LED FRBH %44,

3. IWERS A
3.1. CulnSy/ZnS ¥/REF R RFRAE
TEHi 2% CulnSy/ZnS /7 & F M A2, 1B+ “mEEAUE A R BT, RN EF SR KRA
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BRUE, HAE I RO A 7 B B T R T o A SOR] 75 A BRAS /K VA PR AR 7 7 3-ZR AL N IR IV &
TR MR A T IE+ B, 52K CulnS/ZnS #%/7E & T Ai[12]. ¥ 1@ M & 1(b)FixAN
CulnS/ZnS #%/5¢ & F mAEF A 3-F05E IR T BO AR AS e i )5 B SO e Ao 1% . T LLE R, A
CulnS,/ZnS #/5e & F mi RGN T 625 nm &b, TERCASCH G, KON KARE, XR&FN 3-5ikk
WIS F RS/ TR LR IE+ B 7, &7 s KRR R oAk, X PP R T T - &
RIEE, bl RAERICER R . K 1(c) NERSZH AT 5 CulnS/ZnS # /7% & ¥ riAE 365 nm 2541
WOR TSR fr, ol DUE BIRCARAS e G &7 s ROGBR B F IR I 208055 , R IG BRI AE e i AH bL 4L,
LRI EA AT .
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Figure 1. The (a) photoluminescence spectra; (b) absorption spectra and (c) real picture (the left part before ligand exchange,
the right part after ligand exchange) under 365 nm UV lamp of CulnS2/ZnS core/shell quantum dots before (black line) and

after (red line) ligand exchange
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Figure 2. The X-ray photoelectron spectroscopy (a)~(e) high-resolution spectra and (f) full spectrum of CulnS2/ZnS core/shell
quantum dots after ligand exchange

& 2. BLiASZ#R/E CulnS2/ZnS #/R B F R i) X STt Fik(a)~(e) ma#nEm() £ik

DOI: 10.12677/ms.2025.152036 311 PR R


https://doi.org/10.12677/ms.2025.152036

i &

P 2 AFARAZ I JG CulnSL/ZnS #5081 55 i X B2l 7k o B P 2(F) ml 1, FCARAZ e f5 i =1 0
44 Cy Oy Sy Cu. Iny Zn AMTE.

3.2. RRB9TRAE

W R RO AR G B P RS RUEME, FrUAE e @i iF . BRGS0 2N, Bk
RAERE S TR AERR, SO KAEHAEREA T IERAO[138] [14]. FEIE, FA TR il Pk Mok 206 AN 1)
JKAH CulnSo/ZnS #/7e BT RSSO R R R 5, LAl = [ &S 96K, il % CulnS/ZnS #/
FeRT R SR IE AR S R S SR TOR . B 3 R NSO RS R R B ARG IE AR O T, %
Bk s AE 400~600 nm B RAEIRIIAD, 5 CulnS/ZnS #/7¢ T ML A EAb, AT 53] B8 i 1 F
TR -

~
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Figure 3. The (a) photoluminescence spectra and (b) absorption spectra of green light emitting carbon dots

3. BREFTRAEN() LHFER(D) UKL
3.3. EAGEMTAMIIFRIE
BFARAZHG 1 CulnS/ZnS #% /5% & 7 A5 _Fab ek 4 LS 24 1 T & Eb (105, 1:6, L7)IR &R T/K+, 8
EHRE. B0, RIS EASSHR (a4 A C-Q-1, C-Q-2, C-Q-3). HIE 4 WTLIEZR|, FEE
CulnS,/ZnS #/5t & s S5k AR & LB ek Ay, B &S5k RO A R R el t, Hi st
1:6 12 6 FE A oAt LA 7 365 nm 28 4T T R 6 BT 116 .

Figure 4. The real pictures of composite structure phosphors under natural and ultraviolet light (from left to right are samples
C-Q-1, C-Q-2, and C-Q-3)
E 4. EEEHVMEBRAMEIIATHME(NEZL D5 AMM C-Q-1, C-Q-2, C-Q-3)

K 5 Fis N=ME G GOk L AR ZLADEE, TR Ea Y stAT (e 2 2 A e k7.
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Figure 5. The Fourier transform infrared spectra of composite structure phosphors
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Figure 6. The X-ray photoelectron spectroscopy (a)~(e) high-resolution spectra and (f) full spectrum of composite structure

phosphors

6. ERLEHMTIHE X HLEARTFik()~(e) BOPHEM(T) ik

K 6 NE AT X ot Tk, 9 6(f) 4R tHBL T Cls. N1s. Ols. S2p. In3d. Zn2p.
Cu2p g, (FAE-LMITE, MLILT CulnS/zZnS #%/Fe&T A X & B Fik(& 2), #rdl 7 HEr
N1s i, UEEH T E&YHhEx mAEE. &l 6(a)H Cls A/ Mg, 43 JI1E 284.8 eV H1 282.5 eV; 4] 6(g)H
Cu2p HEH WA, 73J7E 932.6eV A1 952.2eV; BRILLIAN, N1s A =AM, 73704 397.2eV. 398.4eV
F1398.8 eV; Ols HHFLFHANIE, 4351 582.8 eV. 530.3 eV; In3d 7 440.7 eV 1 450.3 eV fir & HHLHA
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3.4. LED FRRASEHAYTRAE
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Figure 7. The chromaticity diagrams and emission spectra of LED lighting devices based on composite structure phosphors
(from left to right are based on C-Q-1, C-Q-2, and C-Q-3)
E 7. £TE&HEWVIHE LED RIASHNE REMAFIEMN LET AR C-Q-1, C-Q-2, C-Q-3H#m)

B =ME S SO MR AN R L 11 BB RS, TIRTE 365 nm RS HIELSME LED
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b, HIFFIE EOEA ST LED MBS fF. 151 7 Fion sy LED MBS ARG i AR, Herp e TR &4
Fy 9ty C-Q-2 #E Ak ¥y LED BB 881 HOU A S i iR O, taAA4R09(0.4146, 0.4101), RUIIZE 45
K9y B N T FDG LED TR B U9 7 -

4. BR5TVHE

AR SCRNFH A 24154 B CulnS, &7 5, B %8 1 BT ZnS e 7 i 3R, Hl#& 13 21400k
SHRHIAR CulnSo/ZnS & /5T & T il R 3-FiHE R AT i AH CulnSo/ZnS #%/5¢ &1 s AT Rl Ac 4, 1531
RO REAR (7K A CulnSo/ZnS /55 8T £, FR I 5 GRS sRK MR S 2 &, Hil# H CulnS/ZnS
il T A S N A0 ey, MR AN G X SR P45 R H T CulnSa/ZnS
Bl T R 5 AR E & T A5, 06T B A RS R DO K, TN Rt
KA, 5L FOC R E G ERRR . BE, T AR IR A SO0 B Tl % LED f# 8
AE, MRE| T AR (0.4146, 0.4101) 1 DGR R RRBA S8 4F, R HEA N T E% LED [ B s
77

B oW

BRI TAES 2 T B RIT A B 8 S R S AR L 45 9% 101 H (14512D007) , 41 FHT MG 27 B BT 5 5
(GP2021003) Fl HE VLA H SRR} 5L G IC & B 3 B Ui H (PL2024F024) 1) 3 HF
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