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Fig. 1. CH3NH;3PbCl; single crystal grown by seed-induced inverse temperature crystallization method: (a) Schematic diagram of
principle; (b) temperature-dependent solubility curve of CH;NH;PbCl; in DMF+DMSO mixed solution.
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Fig. 2. CH3NH;3PbCl; single crystal growth: (a) Temperature control curve of single crystal growth; (b) macroscopic morphology of

single crystal (Size: 11 mm x 11 mm X 2 mm).
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Fig. 3. CH3NH3PbCl; single crystal grown by seed-induced
inverse temperature crystallization method: (a) XRD pat-
tern of single crystal; (b) powder XRD and standard XRD
pattern simulated by Material studio; (¢) Rietveld result of
powder XRD pattern (R, = 12.6%, R, = 18.5%).

Jy i) (RPEE BT 6 W ay ) KR R A iy A=
K7 205 B WO ES A4 A G, T S BE S A 4
A R AT G E S, XFT CH;NH,PbCl, 58
M5, HAE (BVSHE) o0 oo Fm, A
REEA 2 M IMA, BSR4 R 2805 7 E B
AR PR aE s . R, DA CH3NH3PbC,
BRI A AL Lo S S BUB L, B
IR TIEAZBE Ty, WS TR T 3B B8 BIFF b 0 17 T o5 14

138101-3



#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 13 (2023)

138101

BHAL, DL B K a0 S A L M
SEIRK R AR, Bl CH;NH;PbCl 55K KR
T ST ) 5 BT A R BLR. kA, ML 4(b) B
SRR T LR, B KA B A IR BEANSE, ik
FrA ARSI ANEL Dy T, RIAL & By
(i g 5 ). B, 2K 65 W 0 ) 6 32 i A A ol
SR, T A A R TR R I BT S R
HGHRIX 2 AN R ILFPE. IEH, B oS
D 5B T Z I 24850 e, /i

D = Dyexp (—AH/RT), (1)
Hh Dy BYBFEE, AH RV BEIERE, REX
K% %50 (R = 8.314 J-mol LK 1). I, 43 T
PR R AT HAp Hos R, T AT, LRI
Th i R K R, 45 5l 123 Rk 45
R ft ARt ot T 1) A, R A e R R R
BB LA A% 5 K GE R ek, RAE AR
AU AN S AR A IR T2 06, IR
A AT R, BB A KR I, &
MU BB 5 L A kRS

A 4

CH;NHPbCly i (14 i S i OE 551 [5

&l 5 f& CH3NH3PbCly 5 By 28407 W3 21
#h (UV-Vis-NIR) M IOG 3% == EOEECR Ot (PL)
i, Horh PL gt i & E IR 375 nm. A
Kl 5(a) ATLAE HY, ST SR PL 3% AR 1547
T 450 nm &b, F§K T H UV-Vis-NIR B IBOETE H
AW 1 (B K 442 nm), X FE 5EE T
FHIHHEFIEAX. T CH;NH;PbCly J&
F R B AR R, DR B 3 nT DA i
BEHEAR IR Tauc JFEL A58 29, R ISOAEE N
Alhv — E,)”
oo X - e) 7 @)
Hr, o HRIRE, A RFEE, w G FRRER,
E, R RFRYHTBR, v R R . AR (2) =%t
(ahv)? HOGFRER ho SEATERAEILA, Bk X A1
SR L ) AR R b R SR T AR SR (Y
Bl) E,, ZR 40K 5(b) . E i S G152
CH;3NH;PbCly FIZ5H SEE 20 2.93 eV, iZ[EFH K
FICHR [26] 38 15— PR RIS A (A5 v
J# 2.34 eV). Zhang 55 P11\ CH;NH;PbX; 5%

[110]

ahvigaliie

e

(a) HAREEIR; (b) R R TR I

Fig. 4. Polarizing micromorphology of CH;NH;PbCl; single crystal: (a) Whole crystal; (b) partial magnification of single crystal.
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Fig. 5. (a) UV-Vis-NIR absorption and PL spectra of CH3NH;PbCl; single crystal; (b) band gap obtained by fitting (Blue scatter
dots are the experimental data, and the black solid line is the fitting result of E, = 2.93 eV).
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Fig. 6. Temperature-dependent Raman spectra of CH3NH3PbCl single crystal: (a), (b) 80-300 K; (c), (d) 150-170 K; (e) 158 K;
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Abstract

According to the phenomenon that the solubility of CH3NH3;PbCl; decreases with the increase of
temperature in different solvents, CH;NH3;PbCl; perovskite single crystal with a maximum dimension of 11 mm X
11 mm x 2 mm is grown by introducing a high-quality seed crystal via the seed-induced inverse temperature
crystallization method in this work. X-ray diffraction and Rietveld refinements show that the full widths at half
maximum (FWHM) of CH;NH3PbCl; single crystal diffraction peaks are 0.1527°, 0.1353°, 0.2295° and 0.3452°,
corresponding to the crystal plane indices of (100), (200), (300) and (400), respectively. And there are no
miscellaneous peaks, indicating a good crystal quality. As a result, CH3NH3;PbCl; single crystal is of cubic phase
at room temperature, its space group belongs to Pm3m, and the lattice constant is a = 0.56877 nm. The
surface morphology and growth mechanism of CH3NH3;PbCl; crystal are investigated by using a polarizing
microscope. It is found that its growth mechanism follows the step horizontal growing mechanism of smooth
interface, and its growth direction (that is, step movement direction) is along the outward normal direction of
the step. The structural symmetry of CH3;NH3;PbCl; crystal is studied by variable temperature Raman
spectroscopy, which reveals an orthogonal-tetragonal phase transition at 160 K. But the tetragonal phase
structure is not stable, and its temperature range is very narrow. As temperature rises gradually, the tetragonal
phase again transforms into a cubic phase (Pm3m). Results of UV-Vis-NIR absorption and photoluminescence
spectra show that the absorption cutoff of CH3;NH3PbCl; crystal is about 442 nm, and the photoluminescence
peak is 450 nm. Thereupon, its band gap is obtained to be about 2.93 eV by a linear fit of Tauc formula, which
is slightly higher than the theoretical value of 2.55 eV calculated by first principles simulation. We believe that
it is related to the seed crystal, which is introduced into the crystal growth process as the core of heterogeneous
nucleation and thus making the lattice more distorted. The lower the lattice symmetry of CH;NH;PbCl;, the
larger the band gap is, that is, the lattice symmetry determines the degree of distortion for inorganic PbClg

octahedral frameworks, resulting in an increase of band gap for CH3NH3;PbCl.

Keywords: CH;NH;PbCl; single crystal, seed-induced inverse temperature crystallization method, step

horizontal growing mechanism, first-principles calculations
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