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Abstract: Semiconductor quantum dots (QDs) have broad applications in the fields of light-emitting devices, solar cells
and bio-marking technologies, due to their unique photoelectric properties. Although traditional II-VI and III-V group QDs
have been commercialized, their further development is limited owing to their toxicity and harsh experimental conditions. I-I1I-VI
group multiple QDs (such as CulnS,, AgInS,, etc.) have received considerable attentions, because of their low toxicity,
high biocompatibility, low photobleaching, large Stokes shift and long luminescence lifetime. According to the types of solvents
used, multiple QDs can be prepared in organic phase and aqueous phase media. Compared with water phase synthesis, organic
phase synthesis of QDs has obvious advantages, such as high crystallinity, strong dispersion capability and high quantum yield. In
this paper, the progress in the synthesis of multiple QDs in organic phase is overviewed in detail. From the point view of their
structure and composition, the regulation mechanism of their optical properties is elaborated and their applications in the fields of
LED, bioimaging and solar cells are summarized. Finally, the main problems faced in the development of multiple QDs are
analyzed and the development direction is prospected.
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P AR RER Y SRR ik, KR
HEAT 1-10 nm Z [\, 7E=4ERETN, i TaF
SRR 5 ST SR PR AR Y B N, 2 B
FURY T BRIV, B A5 R B R 1) ) B
Al 2 (AN % TS B AT 3R . SOt TR R A
&), s TR TEERCHE . BET, T Cd
F1 Pb 1Y I-VI FEF IV-VI iE ok SR8 7 A0
BEUESE AT T 0 A . K A g HL it A A=
I, X E T AR SR RN ESR
JLE, MAKRFEREEE, FE, kT
SR A T B G SO N ER B , BN T Tl A
FERSAS SR MEE DT R ] T R Y K
FRE B,

HTHRREBOIME . FPOERCR . mfaett .
TR A B e A 705, BHF TAEE TR T RiE
FIF9E TAE . T-II-VI ik = J0 i 1 R R H ok
HPERES [ TRMF TAES ) 2 %, —JtET
JIE H R RR 4 R PH A — B A R,
i AgInS,. CulnS,. CulnSe,!'™'", {H =704 F &
HAKEMBE, FOOCRHCREM. TR
HRSETREE, 85 R FH T BRIN 5 24BN ZnS)
X R T 2 A i T AR S 4 il 1 A,
LR ZS 7R BR i AEAZ 9, AT A R 4 v B
SR RICIERE . BeA, AT Zn HEBA
[-I-VI R 5 5 E L Zn-1-110-VI Pt 3T
SRR AT LA i HUe e e, i i I A R R
SER] L3RS 4 vl JE B4 DY JC i T 45 (A0 Cu-In-Zn-S,
Cu-In-Zn-Se, Ag-In-Zn-S %5 [12'15]) o 2006 4,
Nakamura 25U 38 T 784 WL /\ S (ODE)
A4 JE AT SRR B T A R T T A 4
Cu-In-Zn-S # 7 f, M zZn™ BB A B
T TG RN, SR T R G B 7 A
570-800 nm T ¥, Zn® AT AT L /b 2 T
B I AR S A2 A T) IR0 ol A 65 4 T AR
T A 255 i 4 o o 1 25 1 ek R U i e
TS R S H AR v Y I BE E T S A

HAT, 2w il 32250 R KA R
AW G L . KA R Z Tt T B 2%
IR B R A A BRI s U™, {H KA
BB UK 200 BT 5 45 b AR T R
FHZ T, AP R il 5 0 7 o i
DI JE K e e T R B AR Gissik
TAHVMAE R EZ o TS Ers bR, B

Foh A 22 ) 5 TR PR3 1 G A LB 1 HOE A
RERIEAE, SR %ZTERT AL LED, 49
IR BV P S ST P BRGS0 T 1%
FetmF RUCH AR R EEE, R AR K
JEFEAT T Hi SR

1 ZAET R

1.1

Zu SR R R P E B A R,
WRBNER 1 PR, SHEMEAEEL, G0ORMBHE
A BRI 151 RST RO S 2 Wi B I K
Joj (o L F 30 5 AR AR AT R SR AN R A0 L R RN
S22 YT - BENLLY NI 7S e WA N i e O P
REF, A BRRER DL PERE, T LA
RS KN H RO L. 840, CulnS, BY
PIRAE N 4.1 nm, B EMRS/NF 8 nm B, 18
AR H R SR RN, CulnS, & F A5 ARl & &
TS RE S AEFE AT WG X AT I 38 X R SF R
JINHA 1-6 nm [ EEHAT Y CulnS, & T 458 S5 & 1Y
TREE B RIH5, RI e T BRE AT LA
33 eV 4k 1.7 eVPY, Kameyama 2523
(Agln)Zny Sy HEF LB RT3 00 25 12+ AL AU g
WA R 1), I B BR A RT3
TN ZAE% . CulnS,. CulnSe,. CuGaS, 55 & T it
A DL A 5 ) 52 A5 A AR AR — R AN [R) R F 1 #4
2224

Bl 1Zn &8, BHRT5(Agn)Zny S, HEE KR
Fig. 1 Relationships between the band gap of
(Agln),Zn, (xS, and Zn content and size (21]
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1, CdSe AT LA 35 00 ) 12 OB X3, 350 0 B K
Sy AR B A R A BB T R RE L
CulnZnS; B /& f Cu 3d Fl S 3p B4k, 4
YKk F R Cu' B S AR BT , e (w2
FEAG, M CulnS, 40K M B9H BE AR Y. @t
WFIARE Zn, Cu. In FFIRAAR HoB AT DAGRAS— R 51
Cu-In-Zn-S &5 85, , 450 Fal B AR fb 2 o] S E et
FK R, Cabot 4PN 1Y In/Ga BT SRS H 13k
AR RTIRAARZH 701 Culn Ga S, T4, Bf Ga
TGN, CulngGa S, KA B RIS T 2175
H K Ga KA T b, X—4F
PSR 1-TI-VI R 2 o0 8 skt o 7 X i RT Y
A o 32 PR Ry 3 3k R ARk - RT3 i i kY
WS B SARRE, HEENE, ¥R
Fb 2 T AR S Uk - e T B B R, AT R A AL
RPN BT RO

2 (a) BT &G, (b) RBEHEHH,
(c) FET &M RBREHRERE
Fig. 2 Unit cells of different structures: (a) chalcopyrite,
(b) zinc blende and (c) wurtzite 7

R 1V R P SR K R H B
Tab. 1 Band gaps of group I-11I-VI semiconductor
nanocrystals

CuBC, Band gap (eV) AgBC, Band gap (eV)
CuAlS, 3.49 AgAlS, 3.13
CuGaS, 2.43 AgGas, 2.51-2.73
CulnS, 1.53 AglnS, 1.87
CuAlSe, 2.67 AgAlSe, 2.55
CuGaSe, 1.68 AgGaSe, 1.83
CulnSe, 1.04 AglnSe, 1.24
CuAlTe, 2.06 AgAlTe, 2.27
CuGaTe, 1.23 AgGaTe, 1.10-1.33
CulnTe, 0.96-1.06 AglnTe, 0.96-1.04

1.2 B4l
HAET, WP ) -V % =0 Sk
A I-I-TI-VI % Py SRR i T-VI N B

SER O E AR AR OR, Herb, T A Cu,
AgZEILE, NJEN Zn otHK, %N Ga, In, TI
TR, VIKEN S, Se. Te K., Lt Th
e = FORE Y SR 2548, BOINERR . £FRE0 A1
PUOT B A 454 . L T-I-VI % =JC CulnS, 49K i
FB, FEEB T, CIS (RAHM R B H o454 ; =
MR, CIS &R MAFErT M N 454 . Hrp, AT
DL B4 0 45 49 B RO eh DN B 45 4 AR TR K
(1, A 2(a) s, Zn® &g — MR BH B T Hl e
M A, XFEIR TS5 A XTFREE, i
o IR - 9 R 20 BTSN E] T 8 AR
), T TR0 DU 5 Bravais £, AR FHES 75
BEML A, W BT 5 N 4548, Wil 2(b). 24
Cu'Fl In* BEHL M T BHES 7 T4, BB N7
R EE (R 2 (o7, il it A A
MLEC ARG R4 b ) S g 454, ] LASE BN 1
A5 A R By 128300

BRIGEE LAAL, A B 5 i 5 ) A A 2
A —E I, Lu ZEP SR GE AL Gl T 474
W Z5F %) CulnS, 9K o AT A R FE 1A S5 52 A o
NSNS, MR IMAGEER, i =4,
Y CulnS, HEFERT 4540, MINASGELS ,
PR JE R —Hr, BT NN S5 . ILAk,
R EE B L a] LSBT T-T-TTT- VT % DU G i
TAESSHIEEE . Xiang ZPHRRIITEI, 4
Cu/Zn Bl 1:1 /N2 1:15 i, Cu-In-Zn-S T
SO AR AR S A 25 R 25 BR T 45 0 B AR R B 1 4
¥y, 4 Cu/Zn FRIB/NE 1:20, 51 5005 RN
B GEH
1.3 XZFMURBELNIE

Z ot F A R & B R T Ll 58 . Stokes
(VR 2/ NN | = NI G Y (A0 /0 R =
TR TAEZ W 2 6 ED 5 oonk Sk
FASAHEE, Zonek o SR R S Bt BT
ASAAT DA ik ok ROk R, 8 nT DL A o
PHESF Lb @l b AT 4, 2k S [l e 8 AT I
HIX A 55 BT LN, FE A FH D' Sl
W EL T 18433 Mao 25008 3 451 52 1z st i)
PEH AIS BT pkiAs, HE A AT N 600 nm
P E 750 nm, Wei 2BV T % S0 v 38
i AIS =T, BT In Al Ag RTSRIRT EL
B, AIS &+ SR AT 603 nm 75 2
868 nm.,

YTt AR S, e P E R
HLA K A SR B (an 22 o<, TR] B 0 3 T e
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), REERIE S PR AR B IRIIFE B, T2 o0E T
AR SR ) sk S B A R R A K
I, A3 AR -2 A Y 4 S R R A Al 4 S R
AT RRPY L Cu-In-S 7 4], Hoh S 234
(Vs). Cu [ BB F(Cuy). Cu fi4fg In 7B 1 S Aor
BRBE (Cup) FTREVE AL F, Cu 2507 (Vew) . In [HER
B T(Iny)  In 5 Cu AL A S A7 B (Ingy) AT ES
ZEP BRT, AR, CIS BT A8
U5 T 9K AR ZE A 1 PSR BB S K AL B
KIETHAR-Z XS (DAPYE 45, flin Vs 2 Ve,
o Inc, & Ve, MIEIERIT, X EEHLEREH AL B 5
CIS HYREMT T8 1 S DA 0, Rk, CIS 744
(16 A1 8 S R 5 2 i e B S s AR o6 T SR i ke
AT 2 AP AR LR REAS 22 . Ik, AE
R 0 2 T Bl B S AE 2ot TR I & AR R
R

MIEZItE T AN R TR, iR
BRI E LT a S8 T A RTOEERE 55
FEMERBF I AR AR RS . 7E T-II-VI % =040k
mmRm e K — B RPE, WS E TN,
Al DU A T S SR, T R 2R T AT AE R
Gy, T AR T oS T SR o R A 56 AR 2
UNOE (RN = e R YNBSS N iy o
HI 0 Chang %W 4 T 778N 22%0
AgInS, &1, Wd7E AIS 7SR aE ZnS
sel2, 3T AIS/ZnS ¥-FeditE T b, HET
FEREEE 2 60%, HEEIEH 570 nm 2 520
nm, Li ZEP @5 Ag/In R4 TO6ECE
e TR E A 57%01 AgInS, BT, ] ZnS 7%
EXT AIS & A TR, RIS
AIS/ZnS T ST R P & 2] 72%, KA
JEIL 60 nm BERS . XFELLIHAN T Zn> BT
TE AIS NI Y B, FIRF, X5 4
CulnS,/ZnS * 7 5 Hhr Ll g 2

Han 2505 — 48145 7 CulnS, #1545,
T RGO AE RS R A, #E CIS BTN
RME T ZnS 722, KGR 2= FA I 6
L L, FIRE, ROt REaR T 80 nm AR, &
FreRiRB T 67%. Park %[46]@ﬂfﬁ%iii, X
FPis R LG 2 h BH S Fac s i iy, i TR el
W ZnS FRIEE M, 0B TS BT A
A ALY B T2 A2 SN2 B Zn™ N Z R Cu®
WA ] BEAE R 50 45 R Y N 3R T RRE T K AR AR L
B, L, FUHBHE AT ISl 2 A
Kim 2V 5@ 5 200k AR HITE# 4 T CulnS,/ZnS

B, N—KE = REE, 278N 65%4H
HE 89%. Ye LMWIFSE T LML R B T
SRERALE W, & ZnS F RN,
CulnS,/ZnS K&k B2 FA B R vk, Ttk
S0V B RN il 2 AR

AN, X -II-VI 1 ST Zn* B2y, ffi
HIE A4 Zo-T-10-VI PUIGE TS D
H L EHR . Regulacio WA FIH zn® %}
[-HI-VI i F S 78288 U0 Zo-1-111-VI &
Gt AT S AT AR v BH S TS A VR
W HARRR S R Ao, et TR RS R
B BB AR ROGIERERY, Trizio ZEPE CulnS,
HTAPLIA Zn” B T Cu-In-Zn-S PUICH T
R, RSO R E SIS Y B AR ER, O
Rl ik 80%, Hue el ih £k 5L BT ol 4
RO IR AR

2 ZUETFEAHIGES RIERAR

B Z It T S AT LAy A U A
B 5AKAE BGE, AHE A R S R R
AR, SR KR I A A B a5l T )
ks AL, ARk K, SEG R ET
FUIRBAELZ | ORI AN, E LA 2 Dl
NHRER . MEZ T, ARG B &S
HA RT3, il . fe i 4858
Fidio HAET, AU VAMZERS R Z e 7T
B E LR T RTRIR RS | BOEA R
FIBRE L AR RO A A
2.1 BOFEIIRMEHAEX

BB AR A TR R DL 4 TR A DL S TR
IK Al BB, 3B TR TP AR Y
JURI AL BT 2 4 ok, A BRI A B 7 1 0
L EABAERE | T AL, T
FF RUBLAE A 7= i 05 o HL Rl 5 1% R AT
Ve Vb Ao Y B A5 AR B, A T T
REMAER, 88T R WS LRIk dk Lk
B EHR Tl . Chung %5038 i IR A e i 45 T
AgInS,(AIS) it F 4, i ad I/ 7 A& BUIR E A5 A
Zo* R H T R T S O ERE, R TR R
F| 50%, Torimot 5P L@it7E 180 °C Tt
(AgIn)Zny(1(S2CN(CoHs)y)s BIBRIA, HLT il 4 T
DU A AIZS fF s R 2o R R ]
ATRAS ALZS & i &G, (A OGS
RS B4 eI n i, i 3 Bk,
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B AU AR H A Al m o R
T W 7, R R 1 K AP
MR B — R IR DV VRO, o bR R R R A
A H RE AR A A () AR I S R, TR T 1Y
W, B, TR E 2RI TR,
B F R R ORI R, T AR
BB o 10K T 0 A AR K R B T
o5 8 B AR T AR RS AR — U A KR A
PRI 5 RGP 1 a5 LA LA 14 B2 B 01

Tang Z:P71P) = 3¢ 5L 1B (TOP)F1 OA My Bt 443 51l
ST Ag A In (A RO IS, SR AR S
BT AIS 75, FlJS SRR ImA Zn® S B
WG T Ag-Zn-In-S(AIZS)PU T H: T4, Wit s 2 e
R Zn” BB, BT R S K
iG 520-680 nm, fifey T ik F] 41%; Zhang
AP IR FEE BT Y 45 T Cu-Zn-In-
S(CIZS) & 45, 4 )38 1o ele 28 1 vy B 1] 5 ip 3R 4
B Eb 19 7 v S BN f T A SORE R SE AL 4y i A
A5, H R SHEIERT LIFE 510-750 nm 76 [ (an &l
4), Yang %R Pradhan ZEODR FAATE ATL S5
AR CIZS FIl C1ZSe &1 A5, G F =855
h 40%F1 30%; Zhang 25 AR FIHGE A B4
T CIZS &1, 153 ok As B v i a] {1 7e
600-703 nm A, JFELIET Zn 5 Cu. In BT
RIE, Hl65H T8 E T %3k 56%1) CIZS &
T 45, Yoon 25 NOPHi i B AL A R T 4k (0 ATZS
MLt CIZS T mi, T ek 61%F1 50%,
BT SN T DG LED, 88 T &O6RE R 31.2
Im/W, BAF8%50(CRIER] 97 fIBEHYE LED,
Ruwini 25 TLURI R 42 I8 S AL ER R RS RS, 3 it
VAW P AR & LT CZIS 81k, i iESy
Cw/Zn BIRAAR HL A AT LI 98 K i B 92 ek BE ,

P AT B A BRI AR . RV A 5
T, Hdn] DU F -5 2 oo 7 )
#1145, Renuga Z5ULL Cu(OAc), Fl InCl; K 5k},
111Gt 71 - A L 7y T N 1 B U % Y E -0 v
Bl CulnS, 4K, KEJS, RN A
Mn(OAc), fil Zn(OAc), &, I-BI£52)Z CulnS,/
MnS/ZnS ZHK &, il & B ANK S TR Sk (B R 2T
A X IR AETE B R U ST, 78 A9 AR U
H W /7. Deng ZFWERIR(130 °C) T 18 i 4
HAEA T CulnSy/ZnS #%-H45HET 4, &1
FEAREIE 85%, Ko ZEl0OMR T —Fhp S ol 4%
AlIZS T B mH i, HE 1% ek 87%. b
Ja, B AlZS BT m SR EA RS a AL
WA (WLEDs), HEECHERILS] 72 Im/W, BiE
ol 95,

2.3 mn#RE

TR “—HIR” ), AT
A I Tk . A2 BT R, BT R
N AN A RN, B, NI E R TR
FIRAT=Y), kT AL EARAS T . SR
LU T . Prato ZEPURIE T LU+ T L H R
(DDT) M ECAK [FI B AR AR 5] A& . AL 4R
(Cul) P FRAH (In(Ac)s) W B AT, 7E 230 °C il
#ib CIS P, HETFr=®h 23%, M,
ERETEBERTIMA Zn B, R Zo®tS
Cu' 1 In®* %Az BH B T3 e )R 345 CIZS 74,
AL HEABMANT, EF/m% Lk
7] 80%. Demillo 2575 i ik T 220-240 °C F
AT CIS 45, HAEFELE 650-820 nm i1 [
WRIE, Bl , ] ZnS 72284k W , 15 3] CIS/ZnS
Bi-seait o, HEFrRnlik 80%.

E 3 AR Zn* B E&EH AlZS 2F 58 ()RIIEF(b) & it

Fig. 3 (a) Absorption and (b) emission spectra of the AIZS QDs with different doping contents of Zn

2+ [55]



- 812 -

2020 £ 12 A

& 4 Cu-Zn-In-S EFRH () MULEE, (b) KERXE, () BFFE, () HtFw,
(e) 7E 365 nm ZESMTRET THIR H LY
Fig. 4 (a) Absorption, (b) emission spectra, (¢) PLQY and (d) PL lifetime decays of the Cu-Zn-In-S QDs,

(e) digital photographs of the QDs under a 365 nm UV lamp

[58]

5 (a) CIZS/ZnS #Z-E&EMBF A PL %, (b) ZIMTRE THZ LR A
Fig. 5 (a) PL emission spectra of CIZS/ZnS core-shell QDs, (b) digital photographs of the samples
under the radiation of a UV lamp

Zhang Z587E 590 DAIAR RN 42 )8 B 1 B AR Eh
F RV RTRAAR . DLt e SR EE(DDT) M B .
JZ(OLA) R id A6, il —fikF 220 °C AT
CIZS &+ A, HASTELE 450-810 nm i [l %
a8, A ZnS X & 7 S T A E RS
CIZS/ZnS ¥i-seabkt i+, , HotBUR L IEE

MR S IX Y R B 204 XA (&l 5), Hg 7Rk
ik 85%.
24 BRIHRERE
WRIIA L R R A VLS FIE A BT, —
WEEREST, EHERRPRTIRY) & A R
ERH LG T, SHEEML, ik
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AT DORS 45 i B TR AR L & AR RS a0 A
S AL, A IR A R R A
A RE TS, b AR RO HLEEAR X LS kA T
i, [RIEE, 7% PR ZR ] DU Rk e B
WIFRIFE S o Yang 2R 7 790 Pk a1 2
N BT BB A AR 26616 1Y CulnS,/ZnS T
M. WK 6 Fin, ik 2 h M5 h S5 EI
CulnS,/ZnS HEF MM, HET %4 R 55%FH
91%, JH—K "53] 2.8 g ) CulnS,/ZnS i F 14
AR xS T e R A (DDT) A,
WIERIPIES T CulnS,y/ZnS ¥ -7 4ty 1
S M TAERIN CulnS, 748, 85153
W% -FE L5 F) B T A B e e P AR i, RS
IETE 550-610 nm LRI, 2GR B,
IR E] 81%.

& 6 (a) CIS 1 CIS/ZnS & F =i PL &5 5¢ik,
(b) E & CIS (2h)/ZnS FA#E & CIS (5h)/ZnS 2 F =,
(c) CIS (5h)/ZnS B F S iatEme
Fig. 6 (a) PL emission spectra of the CIS and CIS/ZnS QDs,
(b) yellow CIS (2 h)/ZnS and orange CIS (5 h)/ZnS QDs,
(¢) CIS (5 h)/ZnS QD powders ]

3 ZasFEerA

3.1 &REH‘EEH

TERE SR AR, 9Ot m Akt —
W& (pc-WLEDs) DLHARIIFE . I8 . ARBUN . ffi
HAFmKmZE) ZxE, EEFLIUIEsER
ATV sk, BRI WLED Bubar | 446
XA A5, #vEry i E R E(CR AR, I,
FFRARA . SRR & AR Rk
ATRER A TGNk,
HAZPTRNL . BN AEK . BRI
SR H, DRI £ 32 R ERY LED Mk, 5 =0T
w S, Zoom T AT A RS RS o R

B, FIRREERAR, HHEENLE, Zoa TN
PAE K Stokes 1iF£(>100 nm), A%k T H
BHEYZEE AW, Wik, BHFT/EESCH T
SR PEREL S 1Y 2 ot T AT e L ECR EAERT A
3t LED 458 b it 8 FHTP), Guo 250941 46 1 21 Al
LA K CulnSy/ZnS =T 45 . Wi JHBHE F I
i, T R SHIEAE 630-730 nm YU P S AT
W WSS AR VO AES S, LR &
H 8 & 6 3 (WLEDs), H A MEHE N 23.9
/W, BEFRECH 91, AEA 6347 K. Zhong
SR RET CulnS, M98 K A R e kRl ik
7 TWEgE (Canlel 7)), IR AL, SR AETE
CulnS, YK A, WIEZE T 26K WLED,
e RCR T 70 Im/W ., AAFEHGAF] 95,
L IRAE 4600-5600 K 2[R a] 1, JEEEH ) [ 4 il
o7 FH A3 o

BEJ5 , Lin 287000 4 AR AIS/ZnS T
BB R YAG:Ce LSRR A5 InGaN 4
et 413 s WLED #f4, 5R#h T i i e
S AE LR AN W BRBE (AN 5] 8). % LED 3R
P E R B AR FR, 5 ERRE TR
LED Ml Lt, 7£ 20 mA WSHR F, % LED HA
B I R OERCER (721 Im/W) L R EFEE 1) CIE
LR T
3.2 £

A Gfom T AN AR AL SRR BRIl
Yk FHEEWENLE . Bk, BEEARS
)RR, RIEFERE U R POBE A RE
B AT R AR I ; Hk, Sk
T B SR e . AR R SHEE, et E
T, ROLEGTE, XEWE N IS L 45
[ o BRI, 5 I IRk S A
E AR EEMECE (N Pb. Cd. Hg 1 Se 45), &
R T AR AE B AR iC Y ok i B A . R,
R 75 M 19 22 J0 90K R i DR X — ) RS Ok T A
B [EEE, TR E S, EoIR)E
HAUEAR AR AR T A7

Reiss 27815 10 T i 7= R 1 CIS/ZnS #5%8
YK (PLQY~60%), B, HHFRE] T KM+
NHATF ISR, NE 9 hrlLIEH, HiER
JEAE 24 h NIFRA B, T LIEW S
BT AR BUR & H 2 0 A5 I . Shinchi
VAT ZAIS/ZnS 75, AN EErEr 25
KFE, ZAIS/ZnS I CdTe/CdS Wik [ & (78t
TAERTEE/N, Xiong ZB5 KT CIS/ZnS T
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B7(a) ERRERRA 20 mA TETRAMARK LS KKE CulnS, X BRI RERERZMHE WLED KB, (b) WLED,
(c) EL i, (d) FRELLA 50:1-25:1 MR BRI BE S CulnS, KSR LED 4K CIE i deir
Fig. 7 Photographs of (a) the as-fabricated surface mounted device (SMD) type WLED from two emissive CulnS,-based NCs and
(b) WLED operated at a forward bias current of 20 mA, (c) EL spectrum of the device operated at 20 mA, (d) CIE colour

coordinates of the devices based on the green and red emissive CulnS,-based NCs with weight ratios of 50:1-25:1

[751

8 () REIKSEKT AIS/ZnS BFAMKNLKE, (b) BIEH. BERE. KR AIS/ZnS QDs WLED KISk,
(c) =M ER CIE REsirE"
Fig. 8 (a) Output spectra of the liquid-type QD-WLEDs with different emissive wavelength AIS/ZnS QDs, (b) output spectra of
single phosphor and AIS/ZnS QDs based solid-type and liquid-type WLED, (c) CIE color coordinate diagram 7%
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B 9 (a) WARBEREE KK 633 nm)E7R CIS/ZnS NCs FEBEBRRAIEEB(eq 6.5%10' F 1.3x10" AR F) £ W4 # HIET ]
L, SEAEE 200 ms, FFTE 1850 F 32400 REEEIZE TIHLL, (b) MRHENRARREBEATE K E K
Fig. 9 (a) Fluorescence images (excitation wavelength 633 nm) showing the temporal evolution of the biodistribution of the
CIS/ZnS NCs injected intravenously into the tail of a healthy nude mouse (eq 6.5 x 10" to 1.3 x 10'” copper atoms),
with the integration time to 200 ms and the contrast to be set between 1850 and 32400,

(b) fluorescence images of different parts of the mouse after dissection

By, (HHBEEFEHACR N 2.52%; RS, 7Rt
il b Pan ZPNE CIS B FAHBA Zn” BT
CIZS 15, WM C1zs &7 S ib s b s
HAb R HSCRE S E T 7.04%, 2019 4, Zhang
SOl s Wi T ALS Fl ALZS HEF A5, I B
SO BREAE TiO, A FLIIRE I il 45 2 AU K FHBE
i, BERFEIACE BN 2.46%H 4.5%.

CISe ¥ e H AT H & B FT st e 2
—, Li 25U T CISe SIL A OGRS B 3 s %
K2 6.79%. Du 2885 3o P AEHI45 T CIZSe
H, B T EE R e, e
ERCRATIA 11.6%, WK 10 B, HAET, JERiE
PR T L K PH A MO L S R B
M 25%, BAR, Lot T AR K e
Tt G HL R CR 5 S ak  T B A e —
EWZEE, (HEEE W ARk, T

& 10 CI1ZSe #1 CISe EF = 811L KPHEE

[78]

Z o0t T i BRI R BH BE F 3 nT D figt ke 25 i RE TR
oL e [ R Rk — ol ) SEL
4 % &
LR OIARAY T-TI-VI T 5 DR A R
PEFG R TRMIF AR B2 . M "4 @
R BH R T, ZoiE T RA ST HENE
wJmITR, [F AT KA Stokes fiFs . FKMZE
JedFdn . RAFAYAEMIAR AR LA R R s T 3 58
TN, HiE, 7ERFHBERM . KOt =K
ARG RNEAR AR L A POERRIC A AE AL
BAFGHGRE AR EE IR . AL TR
PRSI oo T i Tr ik, IR T AR
W FRT, 22708 b AT SR i 4 — L8 % £
fifp R ) T2 R

MRS REE M. (a) -V BiZ, (b) IPEC BHZDY

Fig. 10 Photovoltaic performances of the QDSCs sensitized with CIZSe and CISe QDs: (a) J-V curves and (b) IPCE spectra (5%
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