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Abstract: In recent years, low-dimensional metal halide perovskites/quasi-perovskites with high photoluminescence
quantum yield have shown potential application prospects in nuclear radiation detection. In this paper, centimeter-
sized zero-dimensional perovskite Cs;Cu,ls single crystals with high optical quality was grown by the anti solvent
diffusion method. The optical absorption, transmittance photoluminescence excitation (PLE) and emission (PL),
time-resolved photoluminescence, X-ray excited radioluminescence (XEL), afterglow, thermoluminescence (TL) and

y-ray detection performance of Cs;Cuyls single crystals were comprehensively investigated. The optical bandgap of
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as-prepared Cs;Cu,ls single crystals is 3.68 eV. Under the excitation of X-ray, Cs;Cu,l;s single crystals show blue

emission peaking at 448 nm originated from self-trapped exciton emission, and the principal scintillation decay time is

947 ns (96%). The afterglow level of Cs;Cuyls single crystals is comparable to that of commercial BGO crystal. In

addition, Cs;Cu,ls single crystals exhibit a high light yield of 29000 photons/MeV as p-ray scintillators, and their

scintillation properties are comparable to that of Cs;Cu,ls single crystals prepared by the melt growth method.

Therefore, this work demonstrates the feasibility of low-cost crystal growth of high-performance Cs;Cu,ls single

crystals.
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Fig. 1 Schematic diagram of Cs;Cu,l;s crystal grown by anti-solvent diffusion method
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Fig. 2 Photographs and structures of Cs;Cu,ls crystals
(a-b) Photographs of millimeter-sized rod-like Cs;Cu,l;s crystals and centimeter-sized bulk Cs;Cuyls crystals grown by solution method
under sunlight and 254 nm ultraviolet light; (c) Photographs of Cs;Cuyls crystals grown by solution method for comparative study;
(d) Photographs of Cs;Cu,ls crystals grown by melt method for comparative study; (e) Structure of [Cu,Is]*~ where blue and purple
spheres represent Cu and I atoms, respectively; (f) X-ray powder diffraction (XRD) pattern of crystals grown by solution method
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Fig. 3 Optical properties of Cs;Cu,ls crystals
(a) Absorption spectra of Cs;Cuyl;s crystals grown by solution method; (b) Transmittance spectra of Cs;Cu,ls crystals grown by solution method;
(c) Photoluminescence excitation (PLE) and emission (PL) spectra of Cs;Cu,ls crystals grown by solution method; (d) PL and PLE contour
mappings of Cs;Cu,ls crystals grown by solution method; (e) Photoluminescence decay profiles of Cs;Cu,ls crystals grown by
solution method when 4.,=308 nm and A.,=448 nm excited by nanoLED
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Fig. 4 Scintillation properties of Cs;Cu,l; crystals
(a) X-ray excited RL spectra of Cs;Cu,l;s crystals grown by solution method and melt method with BGO as reference sample;
(b) X-ray afterglow curves of Cs;Cu,ls grown by solution method and melt method compared with that of BGO and CsI:Tl;
(c) Thermoluminescence glow curves of Cs;Cu,ls grown by solution method and melt method compared with that of CsI: Tl;
(d) Pulse height spectra of Cs;Cu,Is grown by solution method and melt method under '*’Cs gamma-ray radiation as well as that of BGO;
(e) Scintillation decay profiles of Cs;Cu,ls grown by solution method and melt method under *’Cs gamma-ray radiation
Colorful figures are available on website

HRIEHREELE CsETI K N E L. X ULEH S
CsL'Tl HEaAHLL, WHE S BAEHI &1 CssCuls
i B AR A SRR .

N T BB H R IIER % Cs;Cuyls fARTE N
7 LR N R BRI MR RE, R o S 2k kb
B g5 A b T IR VE AN BT B R A &
Cs3Cupls s A% H =% ] 4(d) AV A AE R
ERI& 1 Cs;Cunls dl A LA A B H BGOOE 7= 4l A
8000 photons/ MeV)E N2 ELRE S AE P7Cs SR TR Bk
MR, T EASBIEIE SIB R K CssCuyls
g R BI85 e 4379 9(29000+3000) photons/MeV
A1(30000+3000) photons/MeV . &l 4(e) NIEIE 515
RIEAEKI Cs;Cunls B E TCs PR NN RS
PRI T) b 2 o ) FH OBUHR B30 9 ek B A T W 5
LK CssCupls H i RN 8], 1531 3 77 =
34 947 ns (96%)F1 932 ns (97%). E4r& 55k
T T AH AT, % R RO SRIE T B BA B RO,
Py BokiEg ik — S ar .

3
AR AR SRR T3 HIGER AR H JEUOR 2 HUR

R CssCuols Hidh. 1K1 5 B A LR 1
JeiE UL INERIERE, W T XA p S 2 5R300 . %

an VA B W' B AR, SRUE T B BRI RO,
IWWEA 1.37 eV FIRMIFEwififg . 12 X S 4ia
BT, %5564 32000 photons/MeV. 7 *Cs
TR T, BWIBEAKN CssCusls B 1L =50
29000 photons/MeV, FZLINFRIEIHI 6] 947 ns. X it
LT RO SRR, WL AEK
Cs;Cupls i B AR ISR FE K o IX— B e 45 2R
ESE TARBAS T WE AT ] £ R RS i PEE CssCuals
NN

S L Hk:

[11 ZHOU G J, SU B B, HUANG J L, et al. Broad-band emission in
metal halide perovskites: mechanism, materials, and applications.
Materials Science and Engineering: R: Reports, 2020, 141: 100548.

PROTESESCU L, YAKUNIN S, BODNARCHUK M 1, et al.
Nanocrystals of cesium lead halide perovskites (CsPbX;, X = Cl,

[2]

Br, and I): novel optoelectronic materials showing bright emission
with wide color gamut. Nano Letters, 2015, 15(6): 3692-3696.
KOVALENKO M V, PROTESESCU L, BODNARCHUK M I, et al.
Properties and potential optoelectronic applications of lead halide
perovskite nanocrystals. Science, 2017, 358(6364): 745-750.
ZHANG Q, SU R, DU W, et al. Advances in small perovskite-
based lasers. Small Methods, 2017, 1(9): 1700163.

ZHOU Y, CHEN J, BAKR O M, ef al. Metal halide perovskites for
X-ray imaging scintillators and detectors. ACS Energy Letters,
2021, 6(2): 739-768.

ZHOU C K, LIN H R, HE Q Q, ef al. Low dimensional metal
halide perovskites and hybrids. Materials Science and Engineering:
R: Reports, 2019, 137: 38-65.

[3]

(4]

[5]

(6]



1134

AL M OB IR

¥37%

(7]

(8]

(9]

[10]

(1]

[12]

CHEN Q S, WU J, OUYANG X P, ef al. All-inorganic perovskite
nanocrystal scintillators. Nature, 2018, 561: 88-93.

WEBER M J. Inorganic scintillators: today and tomorrow. Journal
of Luminescence, 2002, 100(1): 35-45.

RABIN O, MANUEL P J, GRIMM I, et al, An X-ray computed
tomography imaging agent based on long-circulating bismuth sulphide
nanoparticles. Nature Materials, 2006, 5. 118—122.

LIY,SHAO WY, OUYANG X P, ef al. Scintillation properties of
perovskite single crystals. Journal of Physical Chemistry C, 2019,
123(28): 17449-17453.

CHENG S, BEITLEROVA A, KUCERKOVA R, et al. Zero-
dimensional Cs;Cuyls perovskite single crystal as sensitive X-ray
and y-ray scintillator. Physica Status Solidi-Rapid Research Letters,
2020, 14(11): 2000374.

STAND L, RUTSTROM D, KOSCHAN M, et al. Crystal growth
and scintillation properties of pure and Tl-doped Cs;Cu,ls. Nuclear
Instruments and Methods in Physics Research Section A: Accele-

rators, Spectrometers, Detectors and Associated Equipment, 2021,

[13]

[14]

[15]

[16]

[17]

(18]

991: 164963.

XU Q, WANG J, ZHANG Q D, et al. Solution-processed lead-free
bulk 0D Cs;Cu,ls single crystal for indirect gamma-ray spectros-
copy application. Photonics Research, 2021, 3(9): 351-356.
TAEHWAN J, KIHYUNG S, SOSHI 1, et al. Lead-free highly
efficient blue-emitting Cs;Cu,ls with 0D electronic structure.
Advanced Materials, 2018, 43(30): 1804547.

YEVGENY R, NIR K, SATYAIJIT G, et al, Low-temperature
solution-grown CsPbBr; single crystals and their characterization.
Crystal Growth & Design, 2016, 16(10): 5717-5725.

DANG Y, JU D, WANG L, et al, Recent progress in the synthesis
of hybrid halide perovskite single crystals. CrystEngComm, 2016,
24(18): 4476-4484.

DONG Q, FANG Y, SHAO Y, et al. Electron-hole diffusion
lengths > 175 pm in solution-grown CH;NH;PbI; single crystals.
Science, 2015, 347(6225): 967-970.

Pzery. SARAERCIER. SAE. o ERRE R IR, 1995
24-57.



