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Abstract; In recent years, all-inorganic cesium lead halide ( CsPbX,, X = Cl, Br, 1) perovskite
quantum dots have attracted much attention due to their high color purity, tunable emission wave-
length (410 =760 nm) , narrow full width at half maximum (12 —42 nm) , high photoluminescence
quantum yield (up to 95% or more) and solution process ability. They have exhibited promising po-
tential applications in displays and lightening. In this review, we firstly introduce the developing lig-
uid-phase synthetic methods of all-inorganic cesium lead halide, such as high-temperature injection
strategy, one-pot method, anion exchange approach, supersaturated re-crystallization method, and
so on. Secondly, we present the influencing factors, such as size, morphology and crystal tailoring
as well as the effects of composition, reaction temperature and dopants, on the photoluminescence
properties, and the progress on all-inorganic lead-free perovskite quantum dots. We also summarize
the advances in the light-emitting diodes based on all-inorganic quantum dots. Finally, the challen-

ges and opportunities in the future are also highlighted.
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Fig. 1 Photographs under UV lamp(a) and PL spectra(b)

of perovskite synthesized by hot-injection method
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W ARG F i A 3, SEE i 42 7, Chen
SN I N A R R 20 A5 RTINS R T
BT R SR AL LS R A 5 (4
2(b)), XA IER T AL 4T F T RS
BEal

(a)
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K2 (a)CsPbX, & T & (X =Cl,Br,I,Cl/Br,I/Br) f%¢
T ;5 (b) — 28 SOk U SO RZL DG 55 R

w AR,
Fig.2 (a) PL spectra of the obtained colloidal perovskite
CsPbX; quantum dots (X =Cl, Br, I, ClI/Br and I/
Br) with emission wavelengths spanning from the UV
to the NIR region. (b) Photographs of green- and
red-emitting quantum dots prepared in a single batch

reaction.
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Fig.3  Overview of different routes and precursors for the an-

ion exchange reactions on CsPbX; quantum dots
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1, FIFH CsPbBr, 78 RS IR rh B A VS A B2 4%
L IRTTERAAR S O AR B R BV AT ZE LR B S
RAFEROC a0 8 kAR B R R L

B, AT LARAGEL g GEASEkY &=, HoOhm 1
PR 80% 95% \10% , W% 554351 M 35,
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80% L L1 CsPbX, f— s, 38 o MUAE (<7 25 1) Ff
FEN A A B W v 7)1 L E T i 2 S e DA 380
nm P75 % 693 nm; 53 Fhk FIAS [A] 0 A7 HIL IR Fi i
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OAm
0A

K4 R85 T 5 (CsPhX, (X = C1,Br,T) ) JE
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Schematic of room-temperature formation of inorganic

perovskite quantum dots (CsPbX; (X =Cl, Br, 1) ).

Fig. 4

(a) The reaction can be finished within 10 s through
transferring the Cs*, Pb>* | and X~ ions from the
soluble to insoluble solvents at room temperature
without any protecting atmosphere and heating. C':
ion concentration in different solvents. Cj: saturated
solubilities in DMF, toluene, or mixed solvents
(DMF + toluene). (b) Clear toluene under a UV
light. Snapshots of four typical samples after the ad-
dition of precursor ion solutions for 3 s, blue(ec, Cl:
Br=1:1), green(d, pure Br), yellow(e, I: Br =
1:1), and red(f, I: Br=1:1.5), respectively.



2 XETF, & RTS8 6 B R e A A R 121

K5 AFEFESESBRE R A

Fig.5 Perovskite quantum dots with different morphologies
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Fig.6  Schematic illustration of the synthetic process of colloidal CsPbX; perovskite quantum dots by microwave irradiation
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PC AR B L 1A 35 5 T JEE FE AN 32 i S U B2 i, 7]
I AE A B AR A B C AR (S TR R )
A BEBCAAR (Il W2 A e ) EAT IR 5, 75 R BE T
PRAH SR AR AR T 0. 67 BY-A R, JEEJE 5K
PR BAEETE 3 nm, BB LU, 50k 2 T X R B
R O T LLWLEE B> 220 Y IR R 4341, an Al
9 FR.

2

(5.1£0.5) nm
(g)

1 L L
40 50 6.0
Width/nm

20 3.0 40 50
Width/nm

Bl 7 BN R IR S5 e FL A 1Y L% CsPbBry 44K4R T8 B H52 I, 588431120 10 nm(a,d) \5.1 nm(b,f) F13.4 nm
(c,h) BI9AKRLE ) BF-TEM F1 HAADF-STEM [&145: DL K T %6 7 68 7 20 A 6 (e g, 1) o
Fig.7 Effects of increasing the ratio of short chain carboxylic acid to amine ligands on controlling the width of the CsPbBr,

nanowires. Representative BF-TEM and HAADF-STEM images for 10 nm(a, d), 5.1 nm(b, f) and 3.4 nm(c, h)

width nanowires and their respective size distributions(e, g, i). Short chain carboxylic acid to alkyl amines volume rati-

os are 0(a), 0.1(b), 0.3(c), respectively. Scale bars are 200 nm in all images.
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B8 RFETEKAEET CsPh, _ Sn I, KA SEM &l
Fig.8 Typical SEM images of CsPb, _ Sn I, nanoribbon at different magnification
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Fig.9 Effect of increasing the ratio of short to long ligands on controlling the lateral size of CsPbBr, nanoplates. Representative

TEM images(a —d) , lateral size distribution(e, g, i, k), and emission spectra(f, h, j, 1) of CsPbBr, nanosheets pre-
pared with short-to-long ligands molar ratios equal to X =0.33(a, e, {), X=0.40(b, g, h), X=0.52(c, i, j), and
X=0.67(d, k, ). Scale bars in all TEM images are 1 pm.
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Fig. 10

(a) Schematic of the formation of 2-D CsPbX, nanoplates (NPLs) and nanosheets (NSs) by the oriented attachment of

CsPbX, nanorods. TEM images of CsPbCl, (b) and CsPbBr, (f) nanorods synthesized in three-neck round bottom flasks
under atmospheric pressure. TEM image of 2-D CsPbCl, quantum dots grown at 160 °C for 2.0 h(c¢) (NPLs), 2.5 h
(d) (large NPLs), and 3.0 h(e) (NSs). TEM images of CsPbBr; quantum dots grown at 160 °C for 3.0 h(g)

(NPLs), 4.0 h(h) (large NPLs), and 5.0 h(i) (NSs).
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Fig. 11 Four typical TEM images of colloidal CsPbBr; quantum dots synthesized at 120(a), 140(b), 160(c), 180(d) C and

their corresponding size distribution. Inset of (d) is HRTEM image of one typical CsPbBr; quantum dots.
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Fig. 12 Crystal structure of perovskite
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Fig. 13 Powder X-ray diffraction( XRD) patterns of the par-
ent CsPbBry, quantum dots and anion-exchanged

samples (using PbCl, and Pbl, as halide sources)
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Fig. 14 Temperature-dependent PL spectra of the CsPbBr,
quantum dots taken from 10 K to 300 K
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Fig. 15 (a)Schematic illustration showing the crystal structures of cubic perovskite CsPbX; and CsMnX,. (b)Schematic illustration
showing the lattice contraction in cubic perovskite CsPhX; crystal after the substitution of Pb>* with smaller Mn®*.
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Fig. 16  (a) Temperature-dependent PL intensities for excitonic luminescence of CsPbBr;: Mn (4.3% ) and pure CsPbBr; quan-

tum dots via three heating/cooling cycles at 100, 150, 200 °C, respectively. (b)PL emission photographs for CsPbBr;: Mn

quantum dots coated on the surface of a glass slide with different Mn

under UV irradiation at indicated time period.

AMUAEARIR T RERS O 45— iU E M, 7E R iR T
WHEAS ARG MR IR E . J30h, 4l CsPbX, IRAEZ
HESHER R0 d 25, CEILTPFEAE TR
N6, M T A ) Mn® " 8421 CsPbX, BEARAF 120 d
J& , KGR BEATSRE R FFTE IR 1Y 60% LA 1 (4nf&l
16(b)) .

534k, Chen %550 il 46 TS [l i/ 5 5 i 1Y
HhAB 2R CsPbBr, FHEKH i1 RUFHFSE 1T HOLEL
RICHET, K ILFEE Mn/Pb L9341, CsPbBr, -
Mn i F SO 7 R B N, 24 Mn/Pb
LAy 20 1B HAO i R R K, i85 62% , H
Bl 2 I 3 ) T i, R iR B A T K W R AR

BRT Mn® " 740, Sn’ " Fl AL T #5247 3|
THIEEMIMEE, Bl4an,2017 4, Wang 257

>* contents from 0 1o 6.2% laken at daylight or

fiff AR RE P T = A9 Sn TR R ER 4 HUC Ph, IR
W — Nk, BT R TR A
83% 1 CsPb, _ Sn Br, f+ s, JFHIX Le i+ fi A
SRR EITE T RO

FHh, AP B4R RE A CsPbBr, & F 2511
BRI KA RS 13 2R A e & 5
(& 17) o XATRESE T (1) AP B 445I A
TR B R R ST Y el AR 5 R ) BRIk
ARG ETE R WA 5 (2) AIBry BI5IASTE
RIE, BRI ICIEMER, AT BRI
CsPbBr, 5 s I L 4% CsPhBr, i F SR BLH
TR AR E I, I B R 2 & R, D' CsPbBr,
P OGRS P AT LA, AL
BN CsPbBr, & TS AR AR E



128 SN S a1 %
(a) —Doped (b) —Doped () —+—Doped Br
—Undoped = —Undoped = «—Doped Br/l
5 g % —Fit curves
& s £
=~ = =
g Br/l=1 M
2 = =
B S S
: : :
= 5 5 ,e
Br “ | Br “
1 1 1 1 1 | 1 1 1 1 1 ‘
400 500 600 700 400 500 600 700 800 0 500 1000 1500 2000
A/nm A/nm t/ns
® ° ? ° s 2 3 s M °
(d) % 2 %o ° ° ® D . Br Br 2 ° ? o &2 %
DL e T S L 1 Ve o W O L e S W e
Al = Al Al
% & % % X %% L % /N 2N N o0, ¥ o °, ¥ o, o,
Br Br Br Br Br @ Cs
PR g . . Lo . - . ;
Identical Terminal Bridging Terminal y .
% 1 % °s % X % e L % % X % % 7 Pb—Br
L Tk o A VY. V.v.. e e o L A *Al—Br
o, X o, = J’ P 0, s % ‘ - " . '. ) : - O ’ % L 9% % X % % #‘ Pb—I
A e A M o M W . [ . v
By W g W 8y W 8y T Ty R ‘ % ¥ % « ¥ % % )
X -
Al:CsPbBr; CsPbBr; CsPh(Br/l)s Al:CsPh(Br/I)s
17 $BAHITE CsPbBry Al CsPh(Br/1) , &7 m BRSO (a) (I (b) FIS ] 73 BEZOLOEHE (¢) , (b) K A H
FURFE RN TE S AN IS T RO IR 5 (d) SRS 5 BRA RO A 25 5 O S AR AL

Fig. 17  Absorption spectra(a) , photoluminescence spectra(b) and temperature-dependent PL intensities(c¢) of Al-doped and

undoped CsPbBr; and CsPb(Br/1); quantum dots. Insets of (b) are photographs of the sample under UV excitation.

(d) Schematics showing the Al bound to host lattice constituents in cluster form.
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