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Application of TEM in the characterization of perovskite quantum dots
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Abstract: Perovskite quantum dots (PeQDs) have come into public view owing to excellent
electroluminescence, high charge maobility, long carrier lifetime, and high photoluminescence
guantum vyield. Transmission electron microscopy (TEM) is an excellent characterization method
to analyze the size, morphology, crystalline state, and microstructure of PeQDs. Nevertheless, the
electron beam of TEM as an illumination source provides high energy, which causes
morphological variation (fusion and melting) and recession of the crystalline structure in low
radiolysis tolerance specimens. CsPbBr; and CsPbls quantum dots were irradiated with different
electron beam dose to explore the effect of electron beam on morphology and crystal structure of
PeQDs. TEM and scan transmission electron microscopy(STEM) tests indicate that the sample

can be characterized within a certain period of time at appropriate electron beam dose. This



method provides a guideline for TEM characterization of PeQDs.
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JRAE PeQDs X AT R AR BURK, (E 1 T2 A RHE REIRHT TR AR B, Iy sEaxg
PeQDs FHRHKITEA . RidE LA K A i RS AP IO RAE A L E B . H AT S A1]
KRS RS B TR . B BT BRI B A DAV BRI TT 1261
BHOOR SR, SR EE G E . Yu &\l R IR B, 72 80 kv Ini i & R
PRZEMIEEYT BT B 5 (AC-TEM)HE R T CsPbBrs (M 4514129, Dos Reis Fi i > R AT H
AT (CBED)IESE | CsPbBrs & i (N0 AHAS K, JFHEIMES & 1 B2 ATH &, RS
A NG T Br IBUE, ATEHL AL SR R AR SR T B ey 2. L
5 N FARIEL-32 5 F 5 Tl 3R A5 MAPDIs 15 S5 M AT SRR P2, Cail 25 AFEAS BRI 23 4F
MR RE i VTR T — 2R L5 10 nm (FARSBRIK, F54K0 76 STEM FEiE T — Bunf ARk
S RUEATIRAG, AR AR BRI T DA B R 85460 2 12,



A 5 B R B S R (MO RALHEAT 732 5 IR FC, (X A AN AR
B SWFEOR IR R, HEEE AT . T LR B R BURA R TR A2
R DL R 45 SRAS , R 5 T AR R VE X8 35 6 R B 1) PR R AR 178, R e &
HRI S AR O I A L BB o ATAEFFR T —FFi Al 51 TEM J7ik,
i YR TR R 4G CsPbXs & i (CsPbBrs Al CsPbls) FF&hBEATHAMGALHE, X
FEIEE S L F T GRS PeQDs TR R S5 ISR, 9 PeQDs H) TEM AL T AR $2 4t
a5 k.
1. SRR 5 78k
1.1 RAH 4

Cs2C03(99.9%, Bl T A BRA 7], i) HER(85%, Fil+i T A R A, LiF); % (80-90%,
ffhr THBRAR, L¥#F); PbBry(99.999%, Rl T HRAR, LifE)s Pbl(99.999%, KiHiT
AR A, bifg); IECki(97.0%, FIHi T HMRAA, FifF); 1-1/\s(ODE, 90%, Fi+i]
ARATR, L) CRTER(99%, Bl THRAR, i) JBUOGEIEIX(PL, Horiba,
FluoroMax-4); “&4ha] WIS 4L (UV-vis, Thermo Fisher, Thermo Evolution 300); %4
HL4%(TEM, JEOL, JEM-F200).
1.2 Fm i &

Cs-RIIRVE I %: K5 0.20 g Cs,COs, 1 mL R, 10 mL +/\f# & A 100 mL = 155
W, R N E A RERKERE 15 min, [ /EIRETFE 120 °C, 4KZEH A% 15 min.
PEFF22 150 °C, 3 Cs2CO3 Sl FRTE A SN, S AVRTEIEIE I o [ B4 TR 5 1 LA IR A
JRAR AT WV SRR, 3 Gl R e L, S P AR R R 2 90 C .

CsPbBr; &4k &1 4 K glitk: F 102.7 mg PbBr2, 7.5mL + /U, 0.75mL J
M2, 0.75 mL W&, S 100 mL =G, IR TR T 15 min, BEJ57THE 120 °C
ZFTH TR AR, PAFRFIRAE 10 mine SRJEIBAGRY, KIRETHE 160 °C, f5iE
JERSE S5, B 0.8 mi Yl H BT S BE AN BRAGE P AT IR & . V10 s Je, OB T
RSB ARG ETEM, MRRET ROEAR. K =IE 9500 rpm 1S & O HL
FEG 5 min, KBRASERME. BRE RS, BUUESEE 10 mL ESkEEmT.
SR FE LA 9500 rpm (L TEES0 5 min, BRIVRATR P2 RIVER . . T \JEE IR SR
(FITiE SR, BUE e

CsPbl; 85650 B F A IS Rtk : % 92.2 mg Pbly, 10 mL + /U, 1 mL R, 1mL



JAZ, TEON 100 mL = FUREHRH, SR B S TR 15 min, BEJS R 120 °C EFTH LHLEL 4
AR, DRERIREE 10 min. ARSEENESRY, KEET R 170°C, FrfERES, 04
ml A AT SRR E N BB B A TR S . O 10 s J5,  ROSITR FRVEIE RS B A 4L
BV, BIRRET R OCEAM. FH = Y7E 9500 rpm (1 /Ed 25 0L 5.0 5 min, 225
ASE RPN, BREEHRE, BITEHE 10 mL E kst . 485 LL 9500 rpm
(IR ES 0 5 min, BRERAWT 2 RIGHMER. MG, T UBIEB AR K e ok, B
R H -

1.3 TEM METTEMSEHA

£ 200 KV HLFHOIEEET, H TEM Xf 1.2 3431 CsPbBrs 1 CsPbls & 1 fiiAT
MG ERHTRER m R O R BROBBOE BN IE . HF A L H s A
P SR BEL MBS B TR TR IE A ERIE. SAEXF TEM #1 STEM
WS TTERAT AL, B AT AR

TEM ME: 1% 8 FOLBOERA 15 (FLEEAEN 200 um) , R FA L5 CRBEE
BEIN10m) , SEMLAN5S (75.6 mrad) . TEM B RER G A 05s, HLT A
HIR L4 30, 60 pAlcm?,

STEM ME:F5IHE i B AEMh X 3, 1% Ronchigram. B8 mELLEIE T (PLA) |
OB BB IR (CLSTIG) « BuBuil (CL) “52%, W H probe size 7y 5, %
BN 35 (FLAREAR 40 pm) , HIHLFHCY 300 mm, HLFIRIZIJN 0.16 nA. STEM H]
DS (BF) BUClmfs /i EAE 0~8 mrads [(IE T W5 (DF) 4RI A2 s £ 5 7
4y 20.1 ~ 73.6 mrads (¥ HL 1.
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1 CsPbBrs#l CsPb | $55KH BT 5 (a) « (b) I AT MIRHTEIEFIZ ST K IE, (o) \ (e) TEM EH&RF (d)
(f) &47%% TEM (HRTEM) Ei%.

AR BTEND, PLANUSEEMER . M Rk % 1406 CsPbBrs F1ZL0t CsPbls
PHERT 5T . T IO R AT 7 84 T IDOG AR S TG o, i 1
fiizr. UV (E 1a Al 1b) W HOERER 1] CsPhBrs F54kH &1~ M 74E 485 nm AbAT — /I S i
I CsPbls $58KH BT mAE 645 nm AbA — IR, hFasuOEGE AT 1, CsPbBrs
BEARTT B T PO S IAE 510 nm;  CsPbls £54KH & 1 5 98 Kk SR 7E 688 nm.,

N It —BERAE CsPhBrrs Al CsPhls #5ERT & 1 s R LA, % k4T TEMIR .
M\ CsPbBrs Fl CsPbls £54kH " &7 £ TEM JESRE HH ] LIE i, & SR RS 4150, 433
FE 7-10 nm (IR CPEPRARLE 11 nm) AT 9-14 nm (TSR CPERIZATE 12 nm) .
Kl 1c F11& 1e 7w, CsPbBrs Al CsPbls & MR MAIRZ 2 nm KRB m”, XETET
B ) THI B o 1 A2 DR R 2 T B3 I A7 7E , CsPbBrrs A1 CsPbls &1 £ 1 PLQY 43 R 47 49.56 %



TR (1100 &4 . B 1f <2 5 i ST (A FE > 0.285nm, 4T Pb ) (111) &,
hTH [A]EE 0.309 nm *if .- CsPbls &1 A (200) Fhifi.
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Aem FWHM  PLQY Tave
us) f (%) w0s) f(%)
(nm) (nm) (%) (ns)
CsPbBrs 508 21 49.56 21.4 44,26 5.8 55.74 8.6
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B3 60 pA/cm2 BLF R EIZBFEIRTEIAY CsPbBr3 $EELH & F 5% TEM El{K (a) - (c) # CsPb |3 $BELH &
F 5 TEM % (d) - (F) .
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4 STEM #XTH TREBAGIAFEIRI CsPbBr3 =F & BF Elf% (a)—(c), DF E{% (a1)-(c1) ; CsPbI3 &=
Fr BF E{& (d)-(f), DF B (d1)-(f1).
N T HE— B UE AT S AT CsPbBrs A1 CsPblz =T A4 li#47T 7 STEM MR (T

MR FMRBUA AR 2. B 4a, dar, 4d fl 4dy ATDAEH, BT AREGERES
[PoBre]* AT HLJit P B[ AT id B2 5. STEM MIR4SE H KM (Kl 4b, ¢, by, c1s e, f, e,
F1) [ S ) 0386 i 21 25 2 T FR [POBre] 1 BB P BBk BT T2 J < S s iR Tk /b s 24
RME AN NE] 50 s 5, <EArEA EEAeIEK, RS TEM 81 2.
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PeQDs /& 244 BEVEAT BRI 7 U 1 B b BE 2, SHZA BT Tl 2 F AR AL ) 75 SR
KRR o A ERAT X L AR IR BURR, AN TR (LB AR 2R 1 N H TR S S BRE A
AT 2 3 S0P b i S P DU DR b= A g 5405 B D iR - AR S8 CsPbBrrs A1 CsPbls 21
RAEAN A BT AR R T A TEM RALHET 7R, TEM 45 R3E W] 2 i1 TR 4B PeQDs
FEEL IS, H 7R AER SR T Cs™ 5 [PhBre]* /\ T AEK Pb 8] f11F H] /1 2K [PbBre]* A1 Pb M
TR RIERE, PR MR IF B MRRE Al D 1 BRAR A T SRR A 5, PRI ) EL R
(]S PR R e — A R A% o AR SO I S F B R A IR BB AR TR ) AR — 5
RS E 3 WX PeQDs MMM A5t RALSE M —E KIS H i fE .
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