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Research Progresson Zero-dimensional M etal Halide Scintillator stowar ds
Radiation Detection Applications

SUN Lian, ZHANG Leilei, XUE Zexu, WU Kun, CHEN Ye, LI Zhiyuan, WANG Lukai, WANG Zungang

(State Key Laboratory of Chemistry for NBC Hazards Protection, Beijing 102205, China)

Abstract: Scintillators are key materials for radiation detection field. They have wide applications in many fields
such as high-energy physics, medical diagnostics, astronomy, radioactivity exploration, and homeland security.
However, most of the reported scintillators (e.g. Nal:Tl and LaBr;:Ce) can hardly provide a perfect combination of
high light yield and energy resolution, excellent ambient stability and low cost. It is urgent to discover novel
scintillators with outstanding comprehensive performance and ideal cost. Zero-dimensional (0D) metal halides,
possessing abundant advantages such as high light yield, weak self-absorption, strong ambient adaptability, and
considerable stability under irradiation, are good candidates for the next-generation scintillators. This review
consolidates the recent research progress on 0D metal halide scintillators towards applications in radiation detection.
Firstly, the basic properties as well as the scintillation mechanism of 0D metal halides are analyzed at molecular scale,

especially their unique self-trapped exciton emission characteristic. Then, some typical 0D metal halides which show
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excellent radiation detection properties are systematically introduced, containing Pb-, Cu-, Mn-, and Sn-based

structures, and their key scintillation parameters are comprehensively compared. Furthermore, their applications in

X-ray imaging, gamma-ray spectrum measurement, and neutron detection are well discussed. Last, the challenges and

opportunities in development of 0D metal halide scintillators towards radiation detection are prospected. In the future,

researchers should be committed to providing solutions to the issues such as growth of large-scale, defect-less and

highly transparent single crystals, deep and reasonable explanation of scintillation mechanism, and creation of standard

for the methods of performance measurement towards various kinds of scintillators.

K ey wor ds: radiation detection; scintillator; zero-dimensional metal halide; scintillation mechanism; review
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Fig. 4 Formation and luminescence mechanism of STEs

(a) Self-trapping represented by a ball interacting with a rubber sheet'*”); (b) Schematic of typical STEs process (GS represents ground state,

FE represents free exciton state, FC represents free carrier state, STE represents self-trapped exciton state, £, represents bandgap energy,
E, represents exciton binding energy, E represents self-trapping energy, E4 represents lattice deformation energy,
and Ep; represents emission energy)“®’; (c) Schematic of the luminescence processes in 0D perovskites (LD represents lattice distortion,
EpLs represents singlet state emission energy, and Ep; 1 represents triplet state emission energy)??”)
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(a, b) Crystal structures of (a) CsPbBr3 and (b) Cs;PbBrs; (c) Photo of large-scale CsPbBr;@Cs,PbBr*; (d) PL spectra of Cs,PbBr ,Cl, single
crystal and application for X-ray imaging”; (e) CIE chromaticity coordinates (0.14, 0.19) of the blue emission from
(C9NHa)7(PbCl4)Pb;Cl,;-CH;CN single crystals*”
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Fig. 7 Cu-based 0D metal halides®® 3 66-67]
(a) Crystal structure of Cs;Cu,Is"; (b) As-grown 7 mm diameter Cs;Cu,l; crystal ingot, a polished sample, and '*’Cs gamma-ray spectra of
#7 mmx1 mm Cs;Cu,ls single crystal®; (c) Photograph of colloidal solution of Cs;Cu,Xs (X=CI, Br, I) nanocrystals (NCs) in hexane and their thin
films under UV light (1=254 nm)'®®; (d) An ideal model method used for quantitative analysis of structural deformation for Cs;Cu, X"
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Fig. 8 Mn-based 0D metal halides!’® 755!
(a) Crystal structure of Cs;MnBrs"%); (b) Photography of flexible Cs;MnBrs@PDMS film under ambient light,
UV light and bending, with X-ray images of chip using Cs;MnBrs@PDMS film["®;
(c) Ilustration of the closest Mn—Mn distance and luminescent efficiency for the
selected 0D Mn*'-based metal halides'”; (d) Images of a (C3sH3,P,)MnBr, single crystal under daylight and UV light®;
(e) Ilustration of bulky molecules at A site in A,MnBry4, and images of a (Gua),MnBry

bulk single crystal under ambient light and UV irradiation (365 nm)'

81]
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Fig. 9 Other 0D metal halides®® - 1%
(a) Crystal structure of Cs;,KzSnBrs determined by Rietveld refinement, change in a and c lattice parameters upon Cs* substitution by Rb* and K*,
and image of Cs,;_,A,Sn(Br,I)s powders under 365 nm UV light[“]; (b) Radioluminescence (RL)/PL spectra of Gua;SbCls powders as a function of

temperature!®”’; (c) Picture of 12-mm diameter as-grown Cs,EuBr single crystal and '*’Cs pulse height spectra measured with Cs;EuBr

[105]
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Fig. 10 Applications of 0D metal halides in radiation detection fields

iﬁﬁ‘]ﬁj}fﬁ[w' 112, 118, 122, 127, 129]

[60, 112, 118, 122, 127, 129]

(a) Crystal structure and X-ray radioluminescence of (PPN),SbCls!"'?; (b) Optical images of Cs;Cu,Cl; films, and schematic diagram
of the sample upright and attached on the Cs;Cu,Cls film!"'®); (c) Comparison of Cs;Cu,ls and other scintillators for y-ray dosimetry!'??;

(d) Crystal structure, picture of as-grown crystal and pulse height spectra of Cs;Cu,I5:T1!*°
(f) Crystal structure and photos of (Ci9H34N),MnBr4 under B-ray irradiation
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Tablel Scintillation properties of typical OD metal halides

Type Luminescence emission peak/nm Light yield/(ph-MeV™")  Decay time/ns Ref.
Cs3Cu,l5:Mn 445° 95772° 3? [29]
(C3N3H;,0),PbBrg-4H,0 568° - 15.4° [45]
Cs4PbBr 523° 19000° 179.6° [47]
CsPbBr;@Cs,PbBrg 523° 64000° 2.1° [48]
CsPbBr;Cl 518° ~4426° 0.62° [49]
bMOF DMAPbBr; 517° - 37.7° [50]
Cs3Cu,l5: Tl 440° 87000° 807.5% [60]
[AEPipz]CuBr;Br-H,0 500° 62400° 1.2x10% [68]
Cs;Cu,l;s single crystal 436° 32695? 39¢ [69]
(TBA)CuBr, 498° 24134° 2.3%10% [70]
(Bmpip),Cu,Br, ~650° 16000° 56.2° **'Am) [71]
[BzTPP],Cu,l, 529¢ 27706° 1.9x10% [72]
(CsHoN),Cu,Bry 468° 91300° 1.4x10% [73]
CssMnl; 540° 33600° 4.0x10° [77]
(C1oH 6N),;MnBr, 518° - 3.3x10% [79]
(C35H34P2)MnBry 517° ~80000° 3.2x10% [80]
(Gua),MnBr, 520° 21061° 2.0x10%® [81]
(ETP),MnBr, 520° ~35000+2000° 3.0x10% [82]
Mn(ttpo)Br, - 12840° 6x10 [83]

a: Excited by y-ray source ('*’Cs without specific notes); b: Excited by X-ray source; c: Excited by Xe lamp
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