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Abstract: Perovskite scintillator materials are widely used in the fields of medical CT, industrial safety and non-
destructive testing. As a new generation of high-performance perovskite materials, copper-based (1) metal halides
have received widespread attention from researchers. This paper uses a simple antisolvent method to prepare a new
type of copper-based scintillator (C,,H,oP) Cul, (C,yH,,P = tetraphenylphosphine). (C,,H,P) Cul, displays broad-
band yellow luminescence with a high photoluminescence quantum yield (PLQY) of 45. 84% and a large Stokes shift
of 148 nm under blue light excitation at 414 nm. High PLQY and negligible self-absorption enable ( C,,H,,P)Cul, to
exhibit impressive scintillation performance under X-ray excitation, with a light yield of ~21 000 photons/MeV and a
detection limit as low as 0. 869 wGy/s, which is less than the medical radiation limit of 5.5 wGy/s. In addition,

(C,4H,oP) Cul, exhibits extraordinary thermal stability and can withstand high temperatures up to 415 “C. The excellent
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luminescence properties ensure that (C,,H,P) Cul,-based flexible films can be prepared by mixing it with poly -

dimethylsiloxane (PDMS) for X-ray imaging, which has a great potential in the field of X-ray detection and imaging.

This work highlights the multiple advantages of hybrid copper iodide halide as a highly desirable X-ray scintillator

with low toxicity and cost, high light yields and good thermal stability, providing a promising solution for copper-

based iodide scintillators in high-quality X-ray imaging.
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Fig.1 (a)Schematic crystal structure diagram of (C,,H,P) Cul,. (b)=(c) Structure of organic cation (C,4H,oP)* and inorganic

cation Cu,l,” in (CyyHyoP) Cul,. (d)=(g) The SEM micrographs of (C,,H,0P) Cul,. (h) Powder X-ray diffraction diagram

of (Cy4H,0P) Cul,



572 K b/

¥R 545 &

AL I8 B A R T AL 43 [CupL ], HAH 28 P A
[Cu,L 7 BA B ¥ Z 8] Y f /N BE 25 24 0. 776 69 nm,
CoyHooP' FHES T8 B A HLJZ A1 [CuL P B B F
T WL B TEHLJZE 58 By, 52 BRI T A BF 85 A 28 i L ]
R I B e Ay O A N AR N S E S SR Al
fUBE (SEM) W52 db AR T AL, i 1(d) ~(g) T,
(CouHooP) Cul, PR 215045 . h T — 25
TIE i R 25 4, B o B S A R R AT R R X 4%
5 5 (PXRD) 32k, N 1(h) 7] LAE H, PXRD i
5B SRR B DL ) XRD 3% e 3 B AR W) 4, 9286 32
g 5 452 400 3 I 19 DG i E BA T 49 31 14k & 1 B 3R
AR Al

(a)

I3d

Cu 2p

Counts

Cu LMM

1200 1000 800 600 400 200 0
Binding energy/eV

(c)

Cu LMM
570.73 eV

Counts

585 580 575 570 565 560 555
Binding energy/eV

3.2 FEEMERE

HJ T Hi 58 (CagHogP) Cul, 1T 2 WAL 24 1 25
FATHAT T XPS I & (41 & 2(a) TR ) o AR
932.35 eV (2psn) A1 952. 1 (2p,,) eV &k 7T 73 ¥ By
XPS WX R F— il (T i fE 5 (B 2(b)), AT
PE— 2 Co fFE IR Cu™, AR B Cu LMM 3% (&
2(e¢)) 7R T Cu 570. 73 eV BG5S, B IR 5 16 FE 5
B B R I AR S Y A T DL Z B AN T T
3d % AE 618. 74 eV (3dsp) M1 630. 25 eV (3dy,) 2 A
WIS T R 29 11,51 eV(E 2(d)) , X 51—
Mo+ (1) —5. a8 RRHUTENNER
G

(b)

Cu 2p,,
932.35 eV

Counts

Cu2p,,
952.14 eV

960 950 940 930

Binding energy/eV

(d)

13d,,

13d,, 618.74 eV

= 630.25 eV

=
=
(=]
o

635 630 625 620 615
Binding energy/eV

52 (CyHaoP)Culy(a) .Cu 2p(h) .Cu LMM () FT3d(d) [ X 528 iy T BE 1%
Fig.2 X-ray photoelectron spectroscopy diagram of (C,,H,oP)Cul,(a), Cu2p(b), Cu LMM(c) and I 3d(d)
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Fig.3 (a)Photoluminescence excitation and photoluminescence spectra of (C,,H,,P) Cul,. Inset: photographs of (Cy,H,oP) Cul,

crystal under UV excitation at 365 nm. (b) PL spectra of (C,,H,,P) Cul, monitored by different excitation wavelengths.

(c¢) The emission spectra of (CyHyP) Cul, were observed at various time intervals (Inset: photoluminescence quantum

yield spectra of (C,yH,oP)Cul,). (d)PL decay spectra of (CyHyP)Cul, single crystal. (e) The thermogravimetry analysis

and differential scanning calorimetry curve spectra of (C,,Hy0P)Cul,. (f) Powder X-ray diffraction diagrams were obtained

for (Cy4HyoP) Cul, under various time conditions
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