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(a) —schematic mechanism of the X-ray-induced scintillation process in organic scintillators

(ISC—intersystem crossing, RISC—reversed intersystem crossing, S—singlet, T—triplet) ; (b) —

production ratio of S and T excited states in an organic scintillator under X-ray irradiation.
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Figure 2 Schematic mechanism of the X-ray-induced scintillation process in organic scintillators
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(a) —schematic representation of X-ray-induced luminescence generated in an all-inorganic perovskite lattice with a
cubic crystal; (b)—transmission electron microscopy ( TEM) image of the as-synthesized CsPbBr3 nanocrystals; (¢)—
tunable luminescence spectra of the perovskite QDs under X-ray irradiation; (d) —comparison of the optical sensitivity
of various scintillator materials in response to exposure to X-rays produced at a voltage of 10 kV; (e) —CIE
(commission Internationale de 1’ eclairage) chromaticity coordinates of the X-ray-induced visible emissions measured for
samples 1 - 12; (f)—multicolour X-ray scintillation (left, bright-field imaging; right, X-ray illumination at a voltage of
50 kV) from three types of perovskite nanocrystal scintillator (orange, CsPbBr,I; green, CsPbBr,; blue, CsPbCIBr,).
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Figure 3 Tunable luminescence spectra of the CsPbX3 (X=I" , Br , ClI , or mixed halides)

nanocrystals under X-ray radiation
2.2 mU KLY AGERE
F T P P I ) 7 5 T 5 ) TN R AT e X e
WA R R S D TS0 SR e A Ot TR R I T A T T
B R ), A RO R S B R St b g Rz
Mo oGV . A Kirakel 8 IE T A A 0K K JpE i

Mtk W T 1A% A 57 77 Joe 0 DY A% Al AL R T A 4 CuyL-

(Pphy), (1) Al CuLpy,(2a) 76 X G £k F B 48 5 & 6
PEBE S L 55 T i Ak 4 7 5L E A W 0% DR R A 1 12 e
Ko X3k R ICHLPRWT 78 BURAR Rtk . xifb i
] 755 R T 5 0 %) TR O R 30 5 3 3 17 b R 5 O
W B8N W7 i A ML E A B R A5 2, I B G AL AT BLY
533 5 CuN/P/S Be o7 B % 42, Y8k % 55 i S5 0% By
AT T X2 bbb 8 ks, 1

5 SR VR B K 5 JC LA e A AT ML AR 56 1 LA BE
EHE R LR B 4 A IR e R R (MLCT) (4 Ak
Wy - AR L 7 i B (XLCT) | e A J5y 38 i % 25 (LLE)
FTEC A P o 7 75 4% (ILCT) A 139 5 AL He s
PUEC AR A 56 EFE H e CCC) BRI AL K ki Ak W1 4 3
R SR T R Ak I R IR ORI e i £
SEROEBUREH A (M+X)LCT B4 &, 1 2% 45
A Cu,L 37 758 U B A, Y 45 4 B s /N T 2. 8 At G
KT 1 XLCT #MPCC RS, SR, BE
() X I 2k & s 22 h ok H A HLEC AR 1 46 9 2
AW 4 Bt A 3 v 0 R A7 2 B 22 T A S 4 R o Hu 261
il 2 5 B — b i 25k 0 LAk IV A A R T A 0 K SR
(DBA),CuL,(DBA N %) , i & S 450 &
2N % 4 JE A BV 9 D R VR RO A 9 B R



1064

BRI SR 20234F%5 17 445 6 i

M S EAEE RN O AR FRCRE
94.9%) , W i (DBA) ,Cul, N kK £ H £ & F
IX 1096 F-MeV =M 2 5. 0 Ipsmm " B9 25 1]
SR WoR T HAE SR X LR R N P E R
W o XufESEGE T B Cugly sz 7 R 58 2 Fn Y e
B ORE b OB BE B AR A L AR L BC A W I R IR
([DDPACDBFDP |,Cu,l,) X X 5 £ HE G 2 30 H3 5 24

K BR (77 nGy-s ") i 2 1] 43 9 5 X SR % (12
lprmm ") . AL Tolk K 2% Huang %6438 o & i #40E
NI ] B A5 380 — 2R 1 BRL 43 IR I A 7 T T
X 2R N KR AR (Culs (pr-ted ) ,, pr-ted = 1-4 3 -1, 4-
TRZROR[2. 2. 2]2E85) T AR B 4K A X G 2k
I W 2 0 ORI BR AT % 22 nGyes Y,
JERE B LS AW R XS 2R SRR e . I Ak, R

WO R K e (LI 4) , 45 R W ik 26 Pl ] LAY
200 W S S L B 0 A s OR s AR Al
Hh E R B S 1 23 DN R R RS B A L S B

Copper lodide Cluster

T A A 3R DGR A 5 AR 7 TS A W) RE
FH XOFFERBUR 1) =R ASWT, M 2 H oG TE ™

(a)  Electric field X-ray source

/ ~—P \
% : § 2 e E

: &

H ~

: \

B~/
N
&
"EBG‘@@ v .eee@ : ~ 'Pj /’@ngh energy electrons
(E@/\CB‘ ee@, . \ hermahzatmn@
. . (MADLCT (M+I)LCT °CC I e
Recombination — ISC I Lo e
'ﬂ‘ 1t i S : onization [Ligand]
v 00 ™ CTexcitons N——— | (nLer .
Singlets Triplets : “ E—— i % dhapat
1 : o x-3 _ RISC T 1 : k-3
’ Phos. 3
NR NR '
} } I :
Electroluminescence N . Radioluminescence
(b)
Q @ ®Hole ®Electron
Ar,
" \ gl
N—-Cu
0 \
\

I/MLCT + Intraligand CT (£,= 0.0156) 8
[DDPACDBFDP],Cu,l,

Ar=H "

[DBFDP2Cusls [DDPACDBFDP]:Cusls

I/MLCT + MICT (f,= 0.0086)
[DBFDP],Cu,,
(a)—Cu, L7 7 B A ) B 6 E0UR 6 B BUR YL B X SR & & EHLEE (L p (MDD LCT 1 CC 435145 £ J& At
£ 4 30 T R 149 B g 2 B R v o 4 3 LA 0 1 B AT 3 RS (MLICT) B R 45, AT 4350 #E Cuy L, 2 J5 PR A4 R R 44 1375

Y BB TE LA AT GG ) 5 (b)— XURE AR E
L TECY O
(a) —photo-, electro- and radio-luminescence mechanisms from Cu,l, cubic scintillators ( (M+1) LCT and CC refer to
metal and iodide-to-ligand charge transfer and cluster centered metal-to-iodide charge transfer (MICT) excited states,

1 Cu I, 57 TR AL 4549 (Ar=9,9- — 2K JL0 iE , DPAC) ; (¢)— MM

respectively, which induce separated positive and negative charges respectively on Cudl4 cube and peripheral ligands) ;
(b)—chemical structures of biphosphine stabilized Cu414 cubes(Ar=9, 9-diphenylacridine, DPAC) ; (¢)—single crystal
structures of the clusters.
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Figure 4 Photoluminescence, electroluminescence, and X-ray excited luminescence mechanism and
molecular structure of Cu,l, cluster-based complexes
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(a)—a schematic representation of the rational design and the relative XEL processes of Ln-Cu,[; MOFs; (b)—

bright-field photo (left) and X-ray image (right) of a standard resolution test pattern plate; (¢)—a targeted chip

on Tb-Cu,l, MOFs scintillator films under daylight and X-ray irradiation; (d)—a crab and needle under the shell

based on Tb-Cu,l, MOFs scintillator films under daylight and X-ray irradiation.
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Figure 5 Application of heterogeneous metal-organic framework based on lanthanide and Cu,l,

clusters in X-ray imaging
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(a) —the X-ray excitation luminescence spectra and photographs (insets) of an ionic crystal (TPOI) , co-crystals
(NIFB and PIFB) and a doped system (C3BrA) ; (b) —a CIE chromaticity coordinate diagram of the X-ray
excitation luminescence of the organic molecules; (¢)—a plot of maximum emission wavelengths versus the average
lifetimes of the organic molecules; (d)—a schematic of the radiography set-up(a polydimethylsiloxane film (diameter
=6 c¢m) containing O-ITC was used as the luminescent background and a crab specimen was placed between the X-
ray source and a digital camera) ; (e) —bright- (left) and dark-field (right) photographs of the specimen, recorded
before and after X-ray exposure; (f) —bright- (top) and dark-field (bottom) photographs of a capsule containing a
metallic spring and a cylinder, recorded before and after X-ray exposure.
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Figure 6 The X-ray excitation luminescence spectra and scintillation performance of several heavy atom
substituted pure organic phosphors (lonic crystal (TPOI) , cocrystal (NIFB and PIFB) and
doping system (C3BrA)), and the X-ray imaging photos of different imaging objects (such as
crabs and spring capsules) at room temperature
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Research Progress on the Preparation and Application
of New X-ray Scintillators

TAN Chao
(Changjun Xiangfu High School, Changsha 410114, China)

Abstract: X-ray scintillators can convert high-energy X-rays or particles into low-energy visible photons. As critical parts of X-
ray imaging systems, they have attracted extensive attention in space exploration, industrial nondestructive testing, national
defense security inspection, medical diagnosis, and other fields. This article reviews the research progress on the luminescence
mechanism and application of new X-ray scintillator materials and looks forward to their future development trends.

Keywords: X-ray scintillator;perovskite scintillator; cuprous halide cluster-based complex; X-ray imaging
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