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UK G5, — M RAT7E 1~100 nm o o5 s 2 — Bl i 28U i 2 4 40 K b RE , ELAT AR 5 9 3 R S8y, i (i 75
TS 5B AR A R A R A A 2 T . SR SRR AR AR EL B AU R AT R S
Pl & S 0 e 1 B A% DA Rl A AR AR 351 2088 28— X LED B R 62 A RE . A 20 42 90 4F
RE WA B CdSe = T 8 LK, & F S M BHE S & T2 GRS 0 & rmas & 7K 2k
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T R s B a4 IR A DASBOCTE 2 B R) PN 4 R O S 2016 4F RS AT B TR 2 0 U 0P AT B R U R
—FhAE IR T T RS 2 B HLES £k CsPbX, & F A i % . 2017 4, WET Song 45l 1
FE AT 3R AP 2 3 R AL B (TOAB) JiniE PhBr, B9 i, 78 IR T A 0 — Bl i 20 % L 1) CsPbBr, i 7
S, IT A AR R Y R T N R T (Quantum Dot Light Emitting Diodes, QLED) #%14 . It , W 5% & 1]
A e a2 T I R B b 2 RN A R s ) s Ry G B TRD A T AR S A0 4 JC AL Ak R N A
BT BRI, CsPhX, 1 78 KA i i 25 1 3 A b, Pl i SRR T i o O 29 50 & il A i Y T
SO I PLQY BEAK LA K A 559 W F 1 58 A8 56 S B G2, 1 UM R G2 5 0009 1 B o DRI, dn ol O e 3 45
i1 CsPbX, it s A R A2 PERE L S B4R DA SE 56 58 1) 52 BRI T A9 G — 20

AR SCAE A T 3 2k S 0 TR A R A A T2 A — P RO B 5 Y CsPbBr i S A L.
W £ 7 ¥ AT DA SE B R AL B L T i CsPbBry i F s MR 2R 77 o KAtE i it 19 CsPbBra3 1 i & Ot
7 F 517 nm, - = FERE AL IA B 17 nm, PLQY &35 95% , 2% M BB R A il K A 8w 9 & 7 SR B LT 5 —
o B A 1 CsPbBry i 05 5 W SE 19 B AL 5O TR A 5 GaN i #7418 15 295 Ot 8
JELED #8448 i #8 F7E 20 mA (9 TA/E B 3N AR5 0 B 8334 48.35 Im /W W F1% .

1 SEI§
1.1 ##

F= ER B A TR AR 4 (CsBr, 99.9% , 2 5o Ak 5 ) LR 4L # (PbBr,, 99.9% , 22 38 Mk 7)) L = HH 3% 3
(DMSO0,99.8% , 22 s M) AR (OA, 99 % , 22 se M) il (OAm, 80%6~90% , %2 s Mk i) 78 ik
A (HBr, 48% , Z s M 7)) 80 e i — W R R 4K B (DDAB, 98%6 , 27 o Ak ial 31 ) 5 WY 2L 79 4 12 W g
(PMMA, 4314l , 22 5a M) 2R (o0 B 2l 1 25 42 Ak 24 300 A PR | 20 6098 58 0 (e ot 13 i 7 b
FABRAR) o LA 200 0047 TR R 43 #4606 F I ¥R 5 2 iF— 2D 4l
1.2 #RMER

CsPbBr, 1 5 Aif % 1A 75 92 19 ) 4% < %5 0.5 mmol CsBr i1 0.4 mmol PbBr, ¥ K % T 10 mL #Y = H 3 740
(DMSO) I, B 5 L K — % & 19 HBr i 3 b 7 A B0 Wh DU 2F CsBr 93  Fre i £ 14/ i 2
CsBr fll PbBr, M K 5E & . 535, LR R INA 1.0 mL M ER (OA) F10.2 mL i it (OAm) , 78 4§ £
RAE, OA FOAmM VE N F 18 Be /& FH T PR3 J5 S22 10 FBT H 19 5 45

CsPbBryig F s 94 i A2 N, B H O mL HORAE S ) A8 I 20 R T, B 3R 17 B4 75 W 1 mL R
I E B B 2R R B S RV RR 1 B 2R oA T mL DDAB/F 2£(0.05 mmol/mL) ¥, 580 £ 5 18
ARG T, CsPhBr, 858k 7 76 JE B M 1) B 28 35 790 w2 Sl B2 1 445 s, [ B 00 %3¢ 8] 5 17 Y P A R R %) e
DUEEF R, B CsPbBr, 1 4 . SRR L33 15 min, 38 1 5085 28 B CsPbBr, i1 SR BUH S, B0 R
8 000 r/min, E.CoBF ] 2 min, Rl J5 75 FH 6 19 HH 2R 85005 38 CsPbBry i+ £, SO W Ve E R E 3 Ik &5
P4 UL TE 78 IS 19 CsPbBry 858k ™ 40 HU7E 5 mL H 2K v £ .

WLED g {4 (44 31 - ¥ CsPbBr, 858K 8™ it £ 5 M R L 21 G 5Ot a4 B — 2 LR & . BES , PR
IRA W) — & B it (3R 5 Y PMMA B8 R R b, Fe o 3, 10875 PMMA /R ¥ 22 0.15 g/mL.,
B e PR A VA W A M TR B AR LED M BE 40 b, B a8 T4 vh 70 (CF 17 B 28 TR R 2 WK i PMMA )23
B4k, FRF RN 378 GaN #% LED B A |, 43 21395 68 WLED #844: .

1.3 K FAIRLE

i X SR AT (Bruker-D8) , 7£ 40 kV T /EHL K A1 40 mA T AEHL I T 3k 45 CsPbBry i 7 5 (1 X 4k
i 5 (X Ray Diffraction, XRD) £t 4l . i FH % 5 H + 1 il 5% ( Tecnai-G20) , 7£ W ik 8 £ 80~120 kV T, W
B SR SO T SR . il % B & 6 6 1% X (Varian—Cary Eclipse) i 5% CsPbBr, & ¥ 4 19 & % % it
(Photoluminescence, PL) . i FH X 5 £k 56 H Ffg i (PHI-QUANTERA I i %€ CsPbBr, & F S F It &
LRSSy
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2 HR5U®

Pl 12 FH 8 3l 0 R 285 5 B CsPhBr 85 8k AT it F 5 i /R BB, & 1 7R, B 588 i K 44 CsBr #il
PbBr /8 F IR % £ DMSO R b ,Cs ", Pb*", Br X 85 F 78 DMSO H Ay ¥ 5 /N T2 /114 DMSO H i
R NI EAT S T DMSO A2 I BLUURE o A, 78 52 50 5 B2 o i A — 22 28 49 HBr L i CsBr Al
PbBr, (¥ i, il 43 50 50, DA e & 04 V8 AR Sl i SR AR VA o Y R AR O S 7Ry R il M 3 7R, O 1 AR 5 4K
1 A1 B A S R OR R R o 2 D A IR A R A B R R e, T DMSO FTH R R B Y,
Cs ,Pb*", Br B FAEWER PG M E S 2R NRE A — Db RS . T, B2 & mas
J N H 25 A2 7 CsPbBry i 7 a5, N O F A JLRM i S8 il . O Xk

Cs" + Pb*" + Br —CsPbBr, ¥

@ Precursor solution
\ .

A
» DDAB/Toluene

4

B 1 %A d k4 i CsPbBr, 45 4k 9 & F 8 o+ & H
Fig. 1 The schematic diagram for the supersaturated crystallization reaction procedure of CsPbBr, perovskite QDs

7350 FE 4 I CsPbBr, i 1 8 9 3 A2 e A 1 A 9 XU+ e ik — W SRR AL B2 (DDAB) RAEE 23 AR
TMRERCAR . DDAB A S — i it B0 A4 8% 5) 07 IR O AR, AN nT DL Bt 58 12 A 1R 88 1, el 20 &1 B9 3R T R s R
TEMORHEY i RO . JF B LA Y BE K OE B R SRR B T AR R RR )

R TR R IR T SR AT SE U 4 R A HE B, S IR AT A G U T DUTE FOR T #RAE O B A
P R AR DR 0 o A A R S5 T 1 A% R R TR SN TR A S8 i, X PRI T B AT R R R IR
FE I Tl A= 77 07 2K, 78 AR 1 52 B8 5 1 B A R v o 45 S i — AP e B T HE O CRY SR T 52
By, 52 A5 SRR TH BEAS R A2, ] 1 B il B2 A 2 B i AR R 2 28 2 DA DO i A e LS SR AT 1 0 3K
.

K 2(a) &4 TEHL CsPbBr, i 7 s 7E 7] WG AITE S AN T o2 M o I P AT L& 2, CsPbBr, i 5
TEAT WO T s H IR B (0, 78 50 AN Y RO R s WA SE Y 0 . SR X T A SO T AR (PLQY)
HEAT T, 45 2 R It CsPbBry & 1 & PLQY &3k 95% . #2%& R H13& 5 f F 5 30 8% ( Transmission
Electron Microscope , TEM ) LI L AOWIE 55, 285 SR dn 14l 2(b) i/, CsPbBr, 1 - #8557 FHRIE S, B RoR
TS5 R R R RO — AR R . X TR R T ST TR A gt 45 2R R BT RS 2 0K
Rt 2555 10 nm, a0 iE 2 (o) s o 1B 2(d) J& CsPbBr, i F 45 1Y 85 43 B i 4 1 7 & 3 5% (High-Resolution
Transmission Electron Microscopy, HRTEM) K 1% , il LA & i, CsPbBr, i 1 55 A 1R B & (1) 5 4% S5 80, 3 5 B
HE i HAMRE g, Bl 2] CsPbBr, 1 &0 1§ 1 ) B4 0.58 nm, 3 F1 47 #E 1) B 4L AH CsPbBr,
5K (100) T A9 & T8 45 #4 R A0F = JE W &1

S SR FH S Y AR BT T A TGS R RR I S A 2 T AL R R T R L R R ST T
ROl A M BB AR ME — MR B AU PLQY KT 80%, i 9L 7E 20 nm A A7 s LA . B T e i il , 38
175 BE S 15 T LA™ AR 7, AT 2 7 AR 5 ok o O 1 S Tk A e AR, SE 565 i 4 A CsPbBr, it 1 s 1Y
B 7 6 A ) 2520 [ bR 5, BICKS R 10 mL 9 4 T HLAS SR BT 5 45 2€ 6 88 /K ik A2 77 31 500 mL .
TR A7 1) CsPbBryta 1 i 96 85 7K 78 58 AN MR G R ATh n] & th A i M R A 2801, An 141 3(a) s o [, X ik
R B &7 AT OB PERE BN 18] 3(b) & SRR A 4 JCHLES BT 5 A F At 8 A 7 5 A AL
BB 7 FOGBUR OGBS LA R . IR b a] DU 2, i R AR 77 9 4 TEALES Bk 1 s A G2 P BT 5 R
R A AH F JL T R A A8 A, KOG IS 8 2 /it RO A T U IE RS o 30 5 663 aT LU 1) | ik oK AR 7
JE B CsPbBr, 7 5 & e Wi T 516~517 nm Z 1], H & G & % (Full Width at Half Maxima, FWHW)
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(a) Optical images of CsPbBr, QDs solution under visible
light and UV light
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Size/nm 2 st ) SR S
(c) HRTEM image of CsPbBr, QDs (d) Size distribution of the CsPbBr, QD

B2 CsPbBr, #5467 & F & 89 kW 41
Fig. 2 The morphology of the CsPbBr, QDs
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(a) Optical images of CsPbBr, QDs solution for 50-times (b) Comparison of the photoluminescence spectra between pristine
mass production under visible light and UV light CsPbBr, QDs and mass-produced CsPbBr, QDs

H 3 7%k 50% & & 5 CsPbBr, 45 4k 7 8 F % o oL 2 Mk 8
Fig.3 The optical property of CsPbBr, QDs solution for 50-times mass production
AR 17 nm, #F— 25 %5 AT PLQY M, 25 5 & B PLQY KR AE R 7E 9520 MRCRAE . LA L2453 R I i
KA 75 CsPbBr it F S AR H R 54 UL R A G2 PR fg , ol LU 2 i 1 s i =l AR 2K
X KA P2 S5 B CsPbBry i F 8 B AT 25 F AN R A 9 R 4F o W [&] 4(a) iR, 78 CsPbBry 2 F 45 ) XRD [
T rb B A AT SRR 04, 23 S T 15.49°(100),21.85°(110),30.98°(200) ,38.17°(211) ,44.15°(220) ,
HH B A 36 A3 i 4 R B AR KR 435 4 9 CsPbBr, (JCPDS No. 18-0346 ) AT 5 11 — — e i %, 1d W 41 2 1 45 1 A
CsPbBr, ft + s & LAY 1) B RUAH AR 250, 45 M BEAR =i o 181 4(b) J2 CsPbBry it F a5 19 XPS A SE AL, i+ 5
K Cs, Pb, Briy R 7 B 2% T HAb 2 i b 1013, Hoh Brf 7 B9 Lo 4 B RS s — o5, X R W 7 45
T A BN TR T 05 kU, 0 2 IR R 0T DL S 2 1010 700 R B2 = 1 o RS P R S
Y B TR A Y CsPbBr, it 5 B e ot 2a vh e A 7 R IR 2 —
DL b S0 45 5 3 Bt B A 7 I A TEALAS KT CsPbBr, i 1 5 B 75 1 & O I 2K 5 S8 F & 19 PLQY . 3X
SR o5 A5 B R A S OB R G R B A R R A s . JR AR S R BB R, CsPbBr R SR
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(a) XRD pattern of the CsPbBr, QDs (b) XPS survey spectrum of the CsPbBr, QDs

K4 AFH44F CsPbBr, & ¥ R W TR K /E
Fig. 4 Elemental analysis of the CsPbBr, QDs
S0 R G REVE SR AR AR 0 s BORE Y Y AR B AL TR e
¥ CsPbBr, it T &5 FI1 B 4 % PMMA IR 4 1 % CsPbBr,/ PMMA & 4 W5, F-4% 33 Fh 52 45 T 5 F0 B I 20
TEEBIR A TR GaN 2 B 19 35600 7 f B — 15 0 WLED 2844, i 51 5(a) fir R, o8 1 3R 45 fe 4 R
WIRCR ) WLED #5844, 5255 94 15 2%t CsPbBr, it s £L 858 ok i In A it B 0 S A I A Lb 8] . 151 5(b)
AR TR 2 A AR T A6 Iy W b el LUE 3, X f WLED 75 TARRE T Rt Wl se iy |
o ES5Ce) & TAEHRE R 2.6 VI TAEHE TN 20 mA B #8448 1 F BUE 66 1% KD, IF 0 A5 e B #8440 1) & G R0R
9 48.35 Im/ W, X Wt WLED B A & 1y & OGR0R . IWEH ] LUE h, WLED BOGISHA =4 KOtk
39 GaN 454 nm i ¥ 4 & 6%, CsPbBr, 1 1 &5 517 nm Y 4% €4 & 606 DL K 5 6 620 nm R 2T 64 & G4
OIS AT A T3R5 Bt WLED 78 6 5B b i A2 AR 7 B 2 (0.30, 0.31) , AF % #2305 45 1 1156 (0.33,

(a) Optical images of CsPbBr, QDs solution (b) Optical images of the WLED device
under visible light and UV

Bule chip
CsPbBr,
— Red phosphor

EL intensity/(a.u.)

400 450 500 550 600 650 700 750
4 2R 1 1 1 15 L 1
Werslengthinm % 01 02 03 04 05 06 07 08
X
(c) EL spectrum of the WLED device (d) CIE coordinates of WLED

M5 WLED##
Fig. 5 WLED device
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0.33) By AR AR B, W1 S5(d) frws o LR F A SRR, R A7 J5 19 CsPbBr 1 s HoA L 5 iDL 22 PR fiE
TE T — AR 5O 75 e R B 400 Sl AT B R Y I T g o

3 #ig

AR SRR T U VR TR R A T 2 A S — OGS BE AL 5 1 CsPbBr 85 KA B 1 AN, MG Uy
] DLSE IR & | BT & CsPbBr & F U BRI 2R 77 0 SCgR 45 R R W], it it 5 0 CsPbBr i ¥ sl A AR
B PLQY (~95% ), B % 28 B & Y60 2 7 58 (~17 nm) , IF HAE 5 IR T 2 B 2R G b A 45 A R AE . 3%
T I A B R M ST WLED 8845 i & 19 F1 OB 7E CIE A bRz 8 (0.30, 0.31), A #E T n e 11 e A
F1(0.33,0.33) o A SCTARUEH] T 52 B4t 5 A LAY CsPbBry i - 5 B A A 4 (0 98 6 & S 45 1 | bk JCHL A
BRAT A2 AR A Rt i A O N T RE T IE B RIS T S ERT AR TR — AU RO AN R Y
WAENH .
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Room—-temperature Massive Synthesis of High Quality Inorganic
Perovskite Quantum Dots and Their Application in WLED

SHEN Yalong'?, CHEN Peng', HU Yinqgian', CUI Lei', WANG Yue’
(1 Department of Materials Science and Engineering , Sugian University, Sugian 223800, China)
(2 College of Materials Science and Engineering, Nanjing University of Science and Technology.
Nanjing 210094, China)

Abstract: Over the past decades, big successful developments have been achieved in Quantum Dots
(QDs) materials with unique photonic and electronic properties. In the QDs family, lead Halide
Perovskites (HPs) QDs are especially recognized for excellent Photoluminescence Quantum Yield
(PLQY, 70%~100%) , ambipolar carrier transport, wide color gamut (150% NTSC) and low—cost
solution synthesis process, making them as promising materials for Light-Emitting Diodes (LEDs) toward
high-performance lighting and displays. Compared to the organic—inorganic lead HPs (MAPbX, and
FAPbX,, X=ClI, Br and 1), all-inorganic cesium—-lead HPs (CsPbX;) possess relatively higher stability
and comparable optical properties, are more promising to fabricate devices for practical application. Since
the first LEDs using CsPbBr; Quantum Dots (QDs) emitters, the PLQY and stability of QDs have been
continually increasing. Despite the rapid improvement in terms of PLQY and stability, the mass synthesis
of perovskites QDs has been seldom studied but very crucial for applications. In order to overcome the
performance degradation of inorganic perovskite (CsPbBr,) QDs during materials preparation with large
quantities, a modified supersaturated recrystallization solution—process was proposed to prepare high—
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quality CsPbBr; QDs at room temperature. By adding hydrobromic acid (HBr) to accelerate the dissolution
of the perovskite precursor, and introducing Lewis acid ligand to partially replace oleylamine (OAm), to
realize the effective passivation of surface defect of CsPbBr, QDs. This method enables the synthesis of
highly efficient luminescent CsPbBr, QDs with low cost and mass production. The experiment results show
that the CsPbBr; QDs exhibit an emission peak at 517 nm with a narrow Full Width at Half Maximum
(FWHM) of 17 nm. Meanwhile, the PLQY of the CsPbBr, QDs is measured to be as high as 95%. The
X-Ray Diffraction (XRD) patterns of the CsPbBr, QDs show that its characteristic peaks located at
15.49°(100),21.85°(110),30.98°(200),38.17°(211) ,44.15°(220) , which indicated the typical monoclinic
structure of the CsPbBr, QDs (JCPDS No. 18-0364). The X-ray Photoelectron Spectroscopy (XPS)
implied the CsPbBr;QDs showed Br-rich composition, which the rich Br in CsPbBr,;QDs probably
contributes to the excellent optical properties and good air—stability properties in the ambient environment.
As a proof-of-concept device, a backlit White Light Emitting-Diode (WLED) was fabricated based on the
CsPbBr; QDs. A mixture of the green CsPbBry; QDs and commercially available red phosphor functioned as
the downconverters, and separated high—energy GaN blue light sources for photoexcitation, applied to emit
white light. Consequently, the WLED device shows a luminous efficacy of 48.35 Im/W under an operating
current of 20 mA. Meanwhile, the WLED exhibited a typical Electroluminescence (EL) spectra which
contain three emission peaks, 454 nm peak of blue chip, 517 nm peak of green CsPbBr, and 620 nm peak
of red phosphor, resperctively. Furthermore, we obtained the device with a CIE coordinate value of (0.30,
0.31) in CIE 1931 color space, which is quite close to the standard white color (0.33, 0.33). The WLED
with high efficiency demonstrated the promising potential of CsPbBr,;QDs for domestic lighting, backlit
display, and optical communication applications.
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