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3 3 P A 5 A B 3 1] CsPbBrg 858K 40 K & oo A - DU BE SE B2 (OLA-TDPA) (iR A B ik 2k 45
T CsPbBry-Cs,PbBrg IR &4 8. 7E &AL F (CsPbBry, TDPA 5 OLA (#0819 1 g 1:1:15) 45 1Y
CsPbBry-Cs,PbBrg £5 4k 44 K fh IR A 4 B G EUR G &8 777 R 1l 1k 78%, 2 51 ik 476 ns, HHAE IR
B AR R E ME Z A 25 d, 7F 293 K A1 328 K Z (A1 5 N INAR-14 E006 30 b BAT R A et IR B 9k &
BTG RS T T 26 T Ak /5 ik R0 ER 45 S B B RS 1 BBt (¢ < 1 h), OLA-TDPA IR A BAIE M T (RNH;),
PO; X HI LR 55 900K i 2 T & A B AR S He, 3840 I B B A BB 5 400K A 3R THT 19 Po>r B35 0 25 & L& B4k
BEAR T 98K b R 1T A BB A B, B8 T CsPbBrg RERTE 5 LB 40K i (9 12 7 7= R RO F i 1658 2 BBk,
1 F#B4) PbBr, B CsPbBry NCs Ml &4 T HZE G, AL T /0575774 Cs,PbBrg 49K i, 243513 CsPbBry
1 CsPbBrg XU AT (1 40K fih, MATTH2 55 17 98 K S (0 8% P . AR T4 Xt 4 o v 28R 190 605 B 494 oK 1 g
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745 T 3K A I R Y B L EE A BT CsPbBry I
Cs,PbBrg NCs 442K ;. Peng 25 23 3 1 i L $0E
$1% (Hot Injection, HI) ¥ A WA 8] T CsPbBry
1 Cs,PbBrg NCs ARG 9K A, 5 CsPbBry
NCs #H I, CsPbBrs-Cs,PbBrg NCsHA H 5 15
JEr AL BRI, A — 2D B R A K B TR
PR A Ak 2 i L e AR ). PR, Su % 24 2R
FH 5 Ak B vk 25 1) 1 45 4F 19 CsPbBry NCs Hfm A
ZnBr, #4153 T CsPbBry fil Cs,PbBrg NCs L7719
REAKM, 23K CsPbBrs-Cs,PbBrg NCs
AAHGR 100% 1Y@ 2008 FROR. WFERBINTr
FH I Cs,PbXg NCs 7 df g HL A 58 42 45 B B A~
[PbBre]* /N4, WM EAT DLBR AR 1 29, H 3
Wit A R CsPbBry #1 Cs,PbBrg NCsH: A7 iif
AIPEREELL T CsPbBry NCsl26l, o] I, i3 7E CsPb
Bry NCs J5 b3t #H5] A Cs,PbBrg 49K i, &
XoF 5 BT A0 K 4T LV RE R M R R
], (A DG T FobDRH a7 55 A SO G FR 1Y
FFEATIIR LD

FT I, AR SCR HBCAR 5 4 35 FE CsPbBr;
NCs A+ DU PR (tetradecylphosphonic
acid, TDPA) Fljl}i% (oleylamine, OLA) A1 A B
& (OLA-TDPA), 313 T CsPbBrs-Cs,PbBrg A&
YK i (OLA-TDPA-PNCs), RGHF5T T 40K
AR TS 2 eI R, R T4k
ARG RIS E PR AR TR A, X Bt R E A 7
BT

2 EREs

2.1 HR5RF

RALH: (CsBr, 99.9%) . IR1LHT (PbBry, 99%) .

+ DU S BERR (CpuH;,05P, 98%) . N, N- - HI JLH
Wt (DMF, 99.9%). i (OLA, 80%—90%) ¥
KT Aladdin 23 A5 R (oleic acid, OA, 90%)
KIgT Sigma-Aldrich 287l HI2R | 4R BRI
T 25 b 2 A R A .

2.2 CsPbBr; NCs HI& R

FREL 0.4 mmol FJ CsBr #1 0.4 mmol % PbBr,
T B $E 9 10 mL DMF % W, B S fn A
0.5 mL OLA H1 1 mL OA e 7 Fn 2 i 6 s
F, B AR IR TPl L 2R 2 i 8 eV R

BT ARAS AT ORAA. f5HC 0.1 mL BSR4 PR i A 2
JEZUSFERY 1 mL R, RRRY 10 s J5, IR
R T SR ZU 4 (5, 45 1k B Pk R0 3k A5
CsPbBry NCs. J5 FRIE 580 90K st 1 r4life, )
CsPbBry NCs ¥ FAINA 3 AR R H 2 12
B, #£ 7000 r/min T B0 4 min J5EH_FIHR,
AR P TTED), # AR = IR A 4 T4 12 b

2.3 OLA-TDPA-PNCs B &%

¥ T H:#9 CsPbBry NCs 387 70 B B 28 4
W 0.5 mL A9 ER (1.72x 1073 mol /L f#) Pb)
5 0.5 mL MIREEAEE (% TDPA FIJok OLA
Iy EAE R P, CsPbBry, TDPA 5 OLA 1
YRR 1:1:15), IR G WTE S IR F i HE
1 min, JF#E 24 h, PR3 BFE w4 4 OLA-TD
PA-PNCs. J T XF LB A5, HA S50 25 A AS
A5 AXAE CsPbBry NCs FHZREE R I A S 5 1)
)2 — TDPA FCIAFIE— OLA FCiR, #5435l an
%5 TDPA-PNCs A1 OLA-PNCs. X5 /A 3 mL
1 LR B8, 7E 7000 t/min T 5.0 4 min J5 {52
IE W, MR TR DTVE D), 4 H R S A R
AT — D ERAE.

24 HmHORIESEENR

FH X B AT (XRD, 3 [ 15 & 78, DS
discover) XJAE & 1) f AR 25 4 R AIE ;SR FH a5 3 HL 1
5 (TEM, [, FEI Talos F200x) #1712 H
TESEAE; 3L 501 WL AT (UV-vis, H
ALy, UV-2700) MR & R WBOERE; RIS
I RS (PL, 3£, Maya 2000Pro) Il 44
Kb RS R B SFR A YOLEIE YL
(DE[E & T, FLS1000) M358y fue 't w1
PR (PL QY) 5 M E AR S (FTIR,
i [E 1% 52, VERTEX 70) T4 EREN R %
F X BHROGH TREREN (XPS, 35 EFEE K, ESC-
ALAB 250Xi) MliA755] XPS Kl

3 #ER 5
3.1 OLA-TDPA-PNCs By R LE1FnH 50

A SR BEAA % Bl P DLUE (ligand-assisted
reprecipitation, LARP) 3 L1 OA fl OLA i &1
BCiAA B CsPbBry #9K i A B IR iG 7 U £
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iR O R PRI KB 2 R BRI R N FI= 4, TG
PO BE FE A T 349 CsPbBry NCs, 57
IR F5IA TDPA 5 OLA iR A& R 75 4b
B, 3543 OLA-TDPA-PNCs.

¥ 14 CsPbBry NCs fl OLA-TDPA-PNCs
) XRD i, CsPbBry NCs 1 OLA-TDPA-PNCs
FEAR R AT 58 R b BT AT S0, JLRR IR I T
20 = 15.2°, 21.4°, 30.4°, 34.2°F1 37.6°, 43 5| %} )i
F#HH CsPbBry NCs £ (001), (100), (200), (120)
1 (211) 77 5} 1. T OLA-TDPA-PNCs K f, &
TAAE Bk AT S 64N, 7E 20 = 12.8°, 22.4°,
25.6°, 27.7°, 28.8°, 31.2°H1 39.1°4bif H B T 87 1)
fii i, S5hRUE PDF R E 47 Lo, & ik 20
IAJ&@ T/ J5 % Cs,PbBrg NCs B4 AEAT ST, 73
SIXEREF (110), (113), (300), (024), (131), (223)
A (134) B AT S TE . R T AL A Cs,PbBry
NCs FAH & b BRI 8%. BRI, XRD K%
945 B8 € T OLA-TDPA-PNCs k¢ 5 77 75 9 Fh
ANIF AR SR , 530 R S RHE Y CsPbBry NCs i
NHTHIR Cs,PbBrg NCs. MilRA BRI AR S
T Cs,PbBrg NCs H4 AL

\ 18-0364
N
2
£ 73-2478
=
£ Ll
5 | NI N T
~
13 M_TDPA_PNCS
z
: N
E L s
Jk CsPbBr; NCs
A T T T
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20/(°)

E 1 CsPbBry NCs fil OLA-TDPA-PNCs fY X kA7 5 &
Fig. 1. X-ray diffraction patterns of CsPbBry NCs and
OLA-TDPA-PNCs.

T 55 OLA-TDPA iR A B /& X} CsPbBr,
NCs ISR 0, FIH TEM X g4k &
BESIEAT T 3RAE, 255N 2 s, ME 2(a) AT LA
FHili, CsPbBry NCs [ EEIHU NGRS ik, H
FEIRGFTE 16 nm ZiAy (WANSERFEHE] ST (online)).
2(b) i7" A CsPbBry NCs f 15 43 B35 I B F
BiEEE (HRTEM), H A% S8 ml#E -k 0.29 nm,
XPRE 4K F ) (200) FHTAT.

~/ 029 nm
>0

Te
0.68 nm
(110)

[& 2 CsPbBry NCs (1§ TEM &4 (a) S H:x i HRTEM
& (b); OLA-TDPA-PNCs f§ TEM E{% (c) S Hxt 5 i) HR
TEM [& (d) 1 (e)

Fig. 2. TEM image of CsPbBrs NCs (a) and the correspond-
ing HRTEM image (b); TEM image of OLA-TDPA-PNCs
(c) and the corresponding HRTEM images (d) and (e).

*MA OLA-TDPA Fitf&f5, OLA-TDPA-PNCs
RS LT BB TEARGK A (ANE 2(c) Fim),
SRR A R, EEAEAE 19 nm A2 47 (WA
FupPEHE S2 (online)). LKl 2(d) i HRTEM 4%
RN, BROIE 9K Y AlA% 2R SRR 0.29 nm,
5§ CsPbBry NCs Y (200) f i A0 — 2, i B X 2
K AR T CsPbBry. B S M ST Jr Bt AR sk
W, FEZ M T RECAR A B OK SR AT T
2\, EARSCZ s i~y S b f BT 2L 7). OLA-
TDPA-PNCs # it i B 7 RSP 294 130 nm,
HEHSTIBILAR G (WE 2(c) iR ). 8
SCik [28] iR, ALK Cs,PbBrg NCs.
J T 2P EE, MSHIEAUK 1T T HRTEM
W, Gl 2(e) Fros. B BoR, IIEAK G
i T 18] B 8 0.68 nm, 5 Cs,PbBrg NCs 1) (110)
fl T AH—2. 7F OLA-TDPA-PNCs ki i Hi 3t
T NS, 2 /N RS RS R 3.53 nm,
Am I EIFE A 0.29 nm, WkbFERKHE S3 (online) fir
. A SCHR [29] #E, X/ RS AR AT RE TR T 5
774 PbBr,. TEM £55%0H, OLA-TDPA-PNCs ##
i PAETE RO R ARSS ), 5 XRD 4558 — 2
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Ul 38 o i A J5 AR FARAS T CsPbBry #il Cs,PbBry
NCs BUHIE A BIZIK .

PR

g (UV Vls) Fadwd

OLA-TDPA-PNCs 32
K 2 Ah-n] W6

3.2

FokiE{L (PL) . PLQY %uﬁ}%ﬁ T OLA-
TDPA-PNCs £ 5 16251 Ti’%ﬁ w3

fin. &l 3(a) 78 T CsPbBry NCs %n OLA-TDPA-
PNCs 730 HI7E H O FIEEAMT B R 59758 & 5 52
Y . AEE HOEIRYT T, CsPbBry NCs Y
P € D S, 117 OLA-TDPA-PNCs HY ¥ W 2 (2, 5
TnzRsk; MEEERIMTIRET T, OLA-TDPA-PNCs K
HEEH A e CsPbBry NCs 8 # AR, 8B
PR AR . Bl 3(b) 9 PL SL55 &, CsPbBry
NCs B 2¢ Y & B 7 F 516 nm &b, 2 & 1 58
(FWHM) 4 22 nm; AT 5, OLA-TDPA-PNCs
9 R A B A L0857 T 517 nm, FWHM
WA BRI, J920.6 nm (8 3(b)); AME LI,
5 CsPbBr; NCs 4, OLA-TDPA-PNCs %656

(a)

Ambient light

CsPbBr3 NCs OLA-TDPA-PNCs

UV irradiation

0.8
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(a) CsPbBry NCs 1 OLA-TDPA-PNCs 7& H Y6 IR &) (|
TDPA-PNCs i PL &3 (b). UV-vis &3 (c) FI ] 22kt 28 (d)

) Al 365 nm 55 HRGF T (T

SREEPE ST T 2.7 4%, MBS RS I AE X oo+
% (photoluminescence quantum yield, PLQY)
MR &, OLA-TDPA-PNCs FES 4% PLQY
M 15%(CsPbBry NCs) T F w2 78%. N T
WA DO EER A PLQY A9 & 1T SRR AR
XK F, 7E CsPbBrg NCs 1435l A H.—#) OLA
1 TDPA (43 %ich OLA-PNCs Fil TDPA-PNCs),
FES B ERIME I (UV-vis) Yilk R s & 5 (PL)
&35 an b 544 B S4(a) F1 S4(b) (online) FT7R.
MIE S4(a) A%, CsPbBry NCs 7£ 504 nm Z= 4
BT, %055 i CsPbBry NCs [W4F#1F
W, %F & B, 4 H7E CsPbBry NCs H Bl 5]
A OLA FefAF1 TDPA Bk miAHgs, £
i AR R, T RIS OLA 1 TDPA R A
BeARJS, B T 7E 504 nm 2247 H BEH R /%) CsPbBry
NCs W5 541, 75 315 nm A0 H LT 357 B M i,
ZAF 5 1 LR IR i P A AE— € 1t 1Y Cs,PbBry
NCs®I([E 3(c)), B4 5 XRD Ml TEM K45 5 A
—5. A, OLA Fil TDPA 3 ¥ e {4 fit s

6o L(P) — CsPbBrg NCs
— OLA-TDPA-PNCs
12}
8
= 501
3
< 40
3
~
Z
= 30
g
3
2 201
A
[al)
10
0 1
450 500 550 600
Wavelength /nm
104
(d) ¢ CsPbBr3 NCs — Fit
+ OLA-TDPA-PNCs — Fit
2
g 103f
E
el Tavg = 476 ns
o
3
~
2 10%f
k7
g
3
=
S 10'f
[al)
100 :
0 0 1k 2k

Time/ns

) 9529 B8 H; CsPbBry NCs Hl OLA-

Fig. 3. (a) Photographs of CsPbBry NCs and OLA-TDPA-PNCs under ambient light (top) and 365 nm UV irradiation (bottom);
PL spectra (b), UV-vis absorption spectra (c), and time-resolved PL decay curves (d) of pristine CsPbBrs NCs and OLA-TDPA-

PNCs in hexane.
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X CsPbBrsy NCs 2GR B PLQY 520174
BB ANE], anghse it BHE S4(b) (online) iz, OLA
i 1 B2 4% CsPbBry NCs By 216 38 B i (i 4
5, B PLQY 28 T 39%; i TDPA fY5] A4
SO B TR, FEF PLQY R T 40%.
PRSBG0S T R [ ot A7 7 AR 5 4
R ESERET AR b DGR EE A PLQY 4.

T 3T OLA-TDPA BRG] A JG 40K 74
ST R Y R R FH RS 2R S O
CsPbBr; NCs #il OLA-TDPA-PNCs #17&1E, 3k
53 T IpEl o> PL it 2k, 25 R an &l 3(d) s,
Wt =R ER NS T TRPL 2 th <k, 153 7
FEERE 0K TS 1Y PL e FA S8, 45580
1 ). BlA Rk B

I(t) = Ajexp <_7_1>+A26Xp (—T2>+A36Xp <_T3>,
(1)

Hrp I Ay, Ay Ay WG ) AARAMEFL T 5k
B, 5N TR A A my Ay 23R
WA 2Z 8] A B L S AR T R 2 ]
MIAHEAE T, 5ok A TR AR 2 G AHC. 90
K f -2 754 T Rom

AT+ AgTd + A3

p— . 2
Tave A1 + Aoy + AsTs @

X T A 2 W AR Ab B Y CsPbBry NCs #E 5, #8615
3ATHE, 7y, o A 75 FIXTRE N 6.83 ns, 42.13 ns
1 277.42 ns, FHF 1A 155 ns, B 27
v (>10 ns) FrRYK S AOSE TR, AR
/b 5 CsPbBry NCs # kb, OLA-TDPA R A& Btk
15| Affif% OLA-TDPA-PNCs ¢ 5 °EY) PL 7
i AE K & 476 ns. ¥E PLQY F1°F14 PL A avit
BT RS A R R AL K, AR A
WAL K, P2, gk 1 iR, CsPbBry NCs [ K, il
K, 53518 0.97x 106 s Fl 5.48x100 s, Tfif OLA-
TDPA-PNCs 1 K, 1 K, 735 1.64x106 s il
0.47x10 s 1. X He & B, 40K 48 ad XUC A Ak B

&, K AER KT 1A%, [ K, 182950 10/11,
ULIBT B RE A R sl A SR T BB, PEAS S+ 19k
WA A, IINEE R AR 5Ot Fam.

AN, ATAEEST OLA-PNCs #1 TDPA-PNCs
FEa#EAT T TRPL WA RAS T B ] 23 3F PL 3
I L, T BRI SE, OLA-PNCs Al TDPA-PNCs
B T A 04 0 6 9 K R R TR [ o, 3
TRPL 25 R WA AN A, PRI 43 530 s 7 4D 7o 61
& S4(c) Fl S4(d) (online) H. [FIFER T (1) X
MZHEAT T =8l G, UESEnsh e p kLR S1
F1 S2 (online) ¥, 5ARZA Y CsPbBry NCs
#H L, TDPA-PNCs ¥ i [ F- ¥ PL 7% fiy 29 B A%
2/3, K, fH¥ K 3 1%, Uil TDPA BCiR Ay i 91 5
3 CsPbBry NCs KA R G ML H I R ;
1M OLA-PNCs # i 1 V-2 PL 75 i 29728 K 1 4%,
K, AEW0/) 50%. S48 OLA 0 H IR 1540 K i 1y
AL IE A Prinl, 15 OLA-TDPA-PNCs #f
an AH EL, 5 RIS I A EC AR, Bl AR RICR 3
F. NI AT Ll $%E OLA-TDPA AR [R5
ABEAR 13075 35 CsPbBry NCs FUE T B[4, (1154
RIS BE ] W0/, AR IR R I 2 A, R
EAK Y PLQY.

3.3 OLA-TDPA- PNCs HJfaE R

BIRER T A0 K A 1A R P B I R 1) S
Fd FH F A AJFJEIAL, CsPbBry NCs BA B T4
P, Y AbF A s ) G R IR AN B A AR, 4
K ARG 23 T8 B IR, ™ H R 40K AR E
PE. T AARSCGE S PO EEUTSE T CsPbBry NCs
1 OLA-TDPA-PNCs fpefese v | iffi s tEm
PAE M, g5 WA 4 fos.

& 4(a) Fi7r A CsPbBry NCs fil OLA-TDPA-
PNCs 7£ 365 nm $55MT ELLE T PL A X5
FERERT R AR LA 2 (MAXF PL SR E ST I/, 1
W SRR PR R — B 20 PL SR BE, THE 4K i
FIRIER PLSIREE). SEI & BR, 7E2RAMT 3% 22 HR i

# 1 CsPbBr; NCs #ll OLA-TDPA-PNCs (3t Harl &
Table 1.  Lifetime and fractional contribution of different decay channels for samples of CsPbBr; NCs and OLA-TDPA-

PNCs.
Sample Ti/ns  To/ns  Ts/ns K,./(10°s 1) K./(10°s™) Ku/K:  Tag/ns  PLQY/%
CsPbBr; NCs 6.83 42,13  277.42 0.97 5.65 155 15
OLA-TDPA-PNCs 12.56  79.07 824.81 1.64 0.29 476 78

097801-5


http://doi.org/10.7498/aps.72.20230066
http://doi.org/10.7498/aps.72.20230066
http://doi.org/10.7498/aps.72.20230066

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 9 (2023) 097801
1.2 1.2
(a) —a— CsPbBr3 NCs (b) —a— CsPbBr3 NCs
10 —eo— OLA-TDPA-PNCs 1.0 —eo— OLA-TDPA-PNCs
0.8 0.8
I I
3 0.6 3 0.6 |
0.4 0.4
0.2 0.2+
o L— . . . . . . oL . . . . . .
0 10 20 30 40 50 60 0 5 10 15 20 25 30
Time/min Time/d
1.2 1.2
(c) —a— CsPbBr3 NCs (d)
—eo— OLA-TDPA-PNCs
1.0 1.0 I\-\.
0.81 0.8} T —
~ ~
= 0.6 > 0.6
= =
0.4 0.4
0.2 0.2
0 . . . . 0 . . . . . .
290 300 310 320 330 0 1 2 3 4 5

Temperature/K

Number of cycle

Bl 4 (a) 7EEAMTHYELEIR S T, CsPbBry NCs Al OLA-TDPA-PNCs FIAHXF PL 50 5 B G IR 18] B9 25 4k ; (b) ZE W IR B H KT
% 22 I M CsPbBry NCs il OLA-TDPA-PNCs Y AH %F PL 3 B, £ 22 i [a] 4 3% 26 d; (c) CsPbBry NCs Fl OLA-TDPA-PNCs 7&
298328 K WAy AHXt PL 88 481k ; (d) OLA-TDPA-PNCs 7E4 7 5 YN # -1 HIPE 3 i 41 %5 PL 58 B A8 {k

Fig. 4. Variations of relative PL intensity of pristine CsPbBr; NCs and OLA-TDPA-PNCs under continuous UV 365 nm illumina-
tion (a); and stored under ambient conditions with sealing (b). Change of relative PL intensity of CsPbBry NCs and OLA-TDPA-
PNCs between 298 and 328 K (c); change of relative PL intensity of OLA-TDPA-PNCs recorded during 5 heating-cooling cycles

between 298 and 328 K (d).

T, s RS CsPbBry NCs Y PL 38 F7E 60 min
Je DU R B S R 5 B 9 19%, 1 OLA-TDPA-
PNCs (1) PL % B 7E 60 min J5 AT AEAR- 35400 1h o
1) 72%, RN ESFCRREYE. B 4(b) Fs Ak
MPEH R R AAE T 1 H 1) PL R AR A
A[LIAH, OLA-TDPA-PNCs A PL #BEE/EES 10 K
H1 31 RATBRE S MR FFTE 91% F1 88%, HAE 31 K
Jii OLA-TDPA-PNCs /i) PL W43 f1 FWHM 4351
TE 517 nm F1 21 nm &b, JLFPREEAAE (kb FE M 8
&1 S5 fi7s (online)). HIAHR HY/2&, CsPbBry NCs
DFESS 1 RSO EHREE RN 1% 2GR E Y 44%,
F 5 26 REUA TR 14%. 458 %W, OLA-
TDPA JRABAXT CsPbBry NCs R3] 7 1R 4
MIEEAEVE R, (EAR90K TS TE B D ATIR 2 B0 5
HA RS E PR AT e .

 4(c) 4 T CsPbBry NCs il OLA-TDPA-
PNCs [ PL 5B SRR, FTLUEH, CsPb

Bry NCs BYAHXT PL 5% B 7E i B M 293 K Tt = 2]
318 K B B T 9 6 #E K, 1fii OLA-TDPA-PNCs
TEIR T3 2 328 K BT Al LR 45700 4 PL 5 FE (1)
79%. TEL T M 293 K TH i & 328 K 1y i #-%
H 5 IG5, OLA-TDPA-PNCs f4H % PL 38
JEEAE B UM IR H1AE B - R B 3.64%,
& 4(d) frs. SE8636 0, OLA-TDPA JR&BIA MY
SIS CsPbBry 442K f BEFE 293—328 K [k
FEJO I, OREE T3 AER e v, Ak, 5T
OLA-TDPA-PNCs 7£ 5 K9 T/E IR FE A PL
R R AR AL R AR S — 2 TR 2 383 K BT,
OLA-TDPA-PNCs #4411 PL 58 LT R, 568
SELTER (RPFEMELE S6 (online)), 1HA #R K2,
R RER A B EE, LR E K E 2]
B 85%, PL Wi F1 FWHM )28 fE A K. OLA-
TDPA-PNCs 19 =i fee M ] e & 4 TDPA #E
Y oK i 3% T Y B R ORI B PR A R e
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% 68.01 1 69.01 eV, N 1s W JL PR AL i
BT P 2p g, HAVETE 133.49 eV, 1K TR
1 AR, BT BC AR 5 3 A AR s ;
1M OLA-TDPA-PNCs # i ' i Br 3d W it — 2P

OLA-TDPA

Transmittance/arb. units

TDPA-PNCs

LiocH,

(b) CHZ*: :

CsPbBr3 NCs
2000 2400 2800 3200
Wavenumber/cm !

{5 OLA,TDPA,OLA-TDPA , OLA-TDPA-PNCs, TDPA-PNCs il CsPbBry NCs iy FTIR Y6  (a) 8001800 cm; (b) 2000

3500 cm !

Fig. 5. FTIR spectra of OLA, TDPA, OLA-TDPA , OLA-TDPA-PNCs, TDPA-PNCs and CsPbBry NCs at 800-1800 cm ! (a) and

(b) 2000-3500 cm .
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Fig. 6. Survey XPS spectra (a), XPS core level spectra of Cs 3d (b), Pb 4f (c), Br 3d (d), N 1s (e) and P 2p (f) of OLA-TDPA-

PNCs (top), TDPA-PNCs (middle) and CsPbBrs NCs (bottom).
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Fig. 7. Optical monitoring of the OLA-TDPA- PNCs over time: (a) UV-vis absorption spectra; (b) PL spectra, inset shows the PL

spectra of OLA-TDPA- PNCs between 1 and 96 h.
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Preparation and formation process of high efficient and stable
CsPbBr;-Cs,PbBrg nanocrystals with mixed phase’
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Abstract

CsPbBr;-Cs,PbBrg dual-phase nanocrystals are prepared by adding the mixture ligand of oleylamine and
tetradecyl-phosphonic acid (OLA-TDPA) to CsPbBrj perovskite nanocrystals through ligand post-treatment.
The structure, the morphology, optical property and the stability of CsPbBr;-Cs,PbBrg dual-phase nanocrystals
are characterized by X-ray diffraction, transmission electron microscopy (high-resolution TEM), UV-vis
spectrophotometer, fluorescence spectrophotometer, and transient fluorescence spectrophotometer. The as-
obtained nanocrystals have a high photoluminescence quantum yield of 78% and long fluorescence lifetime of
476 ns when prepared at the optimal molar ratio of CsPbBrj, TDPA and OLA (1:1:15). Moreover, the
nanocrystal is quite stable at room temperature for at least 25 days, and has a good thermal stability in five
heating-cooling cycles at temperature in a range between 293 K and 328 K. The formation of dual-phase
nanocrystals go through two stages of surface passivation/dissolution and recrystallization to generate CsPbBrs;-
Cs,PbBrg nanocrystals. In the first stage (¢ < 1 h), the m OLA-TDPA mixing ligand can form (RNH;),PO; X
type ligand and exchanges with [RNH;3]™-[RCOO] at the surface of CsPbBr; nanocrystals, which can effectively
passivate surface defects by strong interaction with Pb?* and high ligand content at surface, thus improving the
quantum yield and fluorescence life of CsPbBr; nanocrystals with spherical shape. In the second stage, with the
increase of reaction time, PbBr, partially dissolves from the surface of CsPbBr; nanocrystals, then some
CsPbBr; nanocrystals transform into lead-depleted Cs,PbBrg nanocrystals with hexagonal phase, thus
improving the stability of nanocrystals. This work has a certain reference value for promoting the applications

of high efficient and stable perovskite nanocrystals.

Keywords: perovskite nanocrystals, CsPbBr;-Cs,PbBrg mixture, highly efficient and stable, ligand exchange,

dissolution-recrystallization
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