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Abstract: Zero-dimensional (0D ) metal halides belong to a new kind of luminescent materials, and
they have the unique “host-guest” structure, in which the isolated anionic metal halide polyhedrons
are regularly distributed in the main body of organic cations or alkali metal ions. Generally, 0D met-
al halides with relatively “soft” lattice usually present broad band emission with large Stokes shift,
and their luminescence mechanism is mainly derived from self-trapped excitons (STEs) recombina-
tion. By screening different metal halide polyhedrons with diversified configurations, one can com-
bine them with appropriate organic cations or alkali metal ions to form new 0D metal halides with dif-
ferent structure types. The obtained 0D metal halides show rich STEs luminescence properties, and
their tunable fluorescence emission can be available to cover the entire visible light region. Moreo-

ver, it can also realize single-phase white light emission or near infrared emission, making them
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become a hot spot in the field of photoluminescence materials. Based on our work and others in this

field, the photoluminescence mechanisms of 0D metal halides are firstly discussed in this review.

Secondly, the luminescence properties and applications of 0D metal halide materials with different

polyhedron configurations are introduced. Finally, the key scientific problems of OD metal halides

during the development are summarized, and the future research direction is briefly proposed.
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Fig. 1

(a)Energy band diagram associated with the free ns® ion. (b)Energy band diagram of the metal-halide molecular orbit-

als. (c¢) Configurational coordinate diagram of the simplified STE model in OD 5s® metal halides. (d) Unified configura-

tion coordinate of the luminescence mechanism of 0D metal halides composed of ns” metal ions, in which the ground and

excited states are described using their atomic character

zation ; the straight and curved arrows represent optical and relaxation transitions
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(a) Diffuse reflectance and photoluminescence( PL) spectra of powdered CTMC(red), CTIC(blue) and CsSnCl;. (b)

Proposed energy-level diagram for the PL of CTMC and CTIC!.
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Fr1 5 (b) CsyMnBry (£ (55248 ) Fl B-SIAION ( Z1 (1 fE 4R B3 & R & 6575 (o) UM B Min®* 19 2 5 9 8 5
Mn?* 34 150 A0 490 P IR0 Y Min-Mn B 85 AR 6042

Fig. 5

(a)Images of TPP,ShCl;, TPPMnCl,, TPPCl, TPP,ZnCl, and TPP,ZnBr, single crystals under UV light(320 nm) and

after the UV light was turned off "', (b)PL and PL excitation( PLE) spectra of Cs,MnBr; ( green solid line) and B-

SiAION(red dotted line) . (¢)Predicted dependences of the emission intensity of Mn®* on the closest Mn-Mn distance

in OD Mn®* -based metal halides"’.
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Fig.6 (a)Images of Cs;Cu,X; under ambient light(top) and ultraviolet light irradiation at 254 nm(bottom). (b)PL and PLE
specira of Cs,Cu,X;'*". (¢)PL and PLE spectra of and ( C,;H,,N,),PbBr,**’. (d) Crystal structure of Bmpip, MBr,.
(e) Disphenoidal coordinations of Pb, Sn and Ge. (f)PL and PLE spectra of Bmpip, PbBr, (blue) , Bmpip,SnBr, (red)
and Bmpip, GeBr, ( yellow) **'.
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Fig.7 PL and PLE spectra of (TTA),SbCl,(a) and ( TE-
BA),SbhCl; (¢). Photographs of (TTA),SbhCl, (b)
and (TEBA),SbCl; (d) powders under daylight(up)
and 365 nm UV light(down) 7.
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E8 (a)Cs, A Sn(Br,I), ¥HRTE 365 nm & FHIBEIE AP (b) Cs,InBry + H,0 ¥ BFER LG () FEEAE
(F)BE TP A M (¢) Cs,InCly - H,0: 5% Sh** B 5 138 % A & 635 5 (d) (CoNHy, ),y [ PhyBr,, ]-
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(C,NH,,),BiBr, + H,0 Fl( C{NH,,),Bi, 5,Sh, ,sBr, « H,0 52 56¢HE ™!

Fig.8 (a)lmage of Cs,_ A Sn(Br,I), powders under 365 nm UV light!®’. (b)Images of Cs,InBr; + H,O single crystals un-
der ambient light( top) and UV light(bottom) "', ('¢)PL and PLE spectra of as-prepared Cs,InCl; - H,0: 5% Sh**
single crystals™'. (d)PL and PLE spectra of (CoNH,,),[ Pb,Br,, ] (MnBr,),"’. (e)Absorption, PL and PLE spec-
tra of (HMTA),PbMn, ,,Sn, 5, Bry !, () PL spectra of ( C4NH,,),BiBr, « H,0(black line) and (C4NH,,),Bij 5;-

Sh, s Br, - H,0™,
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Tab.1 Main luminescence performance parameters of the selected 0D all-inorganic and organic-inorganic hybrid metal halides

with octahedral configuration

&2 ARSI/ nm ML PLQY/ % &% 3k
Cs, PbBr B 520 STEs 92 [64]
(C3N;H,,0),PbBrg + 4H,0 i 568 STEs 9.6 [70]
(CyNHyg) ¢Pby Bry, 2, 522 BRBE (Vp, -2V, B A1) 12 [44]
[ BAPrEDA ] PhCl, - (H,0), Bl 392 [PhCly 4~ =T 21.3 [71]
(DETA)PhCly - H,0 ol 415 STEs + A L4 T 36.8 [69]
Cs, InBry iR 695 STEs 33 [11]
Cs, InCls * H,0: Sb By 580 STEs(Sh** ) 95.5 [32]
(C4H4Ny ), Iny Bryg Bl 670 STEs 3 [14]
(PMA) ;InBrg G 610 STEs 35 [57]
Cs, SnBrg g 540 STEs 15+5 [65]
Cs,SnCl, YK 438 STEs 4.37 [31]
Cs,SnCly: Sh K 615 STEs 8.25 [31]
Cs,SnCly: Te ik 580 Te* B5F 95.4 [4]
Cs, ZrClg K A 446 STEs 60.37 [26]
Cs, ZrCly: Te i 575 Te** BT 49 (5]
Cs,SnCly: Bi 3 455 Bt BT 78.9 [8]
(C,N,H,X),SnBr, AL 570 STEs 95 +5 [18]
(C¢N,HCl),SnCly o 450 STEs 8.1 [27]
(CgH 4N, ), SnBr, ok 507 STEs 36 +4 [62]
(CgNH,, )4 Big 5;Sbg 43Br; « H,0 PR 450/640 FE( HH#T) +STEs 4.5 [72]
(PMA),BiBr B 405/510 STEs <1% [57]
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WG, — e 240y s AL g it A AT
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T FA TR A 3T T 1 B UK
FEHULI (CoNH, ) [ P, Br,, ] (MnBr, ), , iZAP R4,
H45H [ Pb,Br,, ]°~ F1[ MnBr, ]*~ i AL 4 2 THIA LA AT

HLBH B T CoNH,, 2 B HEF 4L 1> . B 8 (d) N
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S5t RGN T 528 nm Ak, 43 BIEE T A FEE T %
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B 5 R BT A B T — Rl B = RO
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LA A FDGRIRE FOERYEEAE, Han BRAIZL
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Fig.9

(a)PL spectra of mixed 0D hybrid metal halides at different CCT'""?. PL spectra of the NUV-pumped white LED based
on (TEBA),ShCL (b) ™ and Cs,InCl; - H,0: Sb** (¢) ™.

PL spectra of the white LEDs devices fabricated with the

green phosphor Cs,MnBr, (d) ", (C,,H, N,),MnBr, ()™ and the commercial red phosphor KSF: Mn** on a blue

LED GaN chip under a current of 20 mA, respectively. (f)Thermographs of white LED device fabricated using ( C, H,-

N, ),MnBr, at different drive currents'?'.
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(a)20.8 pGy - s~ X SHERERHTFI BT, LuAG: Ce FI( CygHy,P,) MnBr, 4RSS XT s ( CyHyy Py ) MnBr, 1l %
(9 MR N R TR AE 2 AN B FE P (b) SN F1 (e) FIZEIER )5 (d) X SR UG5 2 56 110 J5 7 52
BRIE] SRR PR S — A~ X BT UR | — > HL B | Cs, Cu, I NC INRRAR A — 58 RE T AL AR Sk ; i AR 7 7T Dol
(e) Fl X IR () BRI I IR A5 (@) FH s 307 R B 5 DI i 20 A 140 s B o e B, 75 30 182 W T AR S 28 [ 4 R 38 47f
PEARALE AT DL (h) R X SFER (3) MRS B89 B8R 5 75 5 Jas S0 A IR R 25 7 mT DL () A X F 2k (k) BT B9 1R
o
(a) Comparison of RL intensities for the standard reference LuAG: Ce and ( C;3H;, P, ) MnBr, under dose rate of 20. 8
WGy - s~'. The photographs of a flexible scintillator screen based on ( C;H,,P,) MnBr, under UV excitation under flat-
ting(b) and bending stress(¢) . (d)Schematic of the prototype projection system for X-ray imaging, and the se-
quence is an X-ray source, a circuit board, Cs;Cu,ls NC scintillators and a smartphone camera. The photograph of a
circuit board under visible light(e) and X-ray(f). (g) Point spread function of the intensity profile is fitted with Gauss-
ian function, and the FWHM is obtained as the spatial resolution. The photograph of a universal board under visible

light(h) and X-ray(i). The photograph of a ball-point pen with an encapsulated metallic spring under visible light(j)

and X-ray(k) .
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(a) PL spectra recorded immediately after exposing the dehydrated species to air(80% RH). (b) Visualized dual

emission between the hydrated and dehydrated species, fabricated by embedding the materials into an etched butterfly

pattern. (c¢) Cycling tests( recovery of red emission) after water release/uptake processes. (d) Dehydrated mixture in

THF solutions containing different amounts of water(0 —0.05% v/v) i,

il FRATARE L B T B Mn®* 5 0D 4
J& A6 4 ( CoNH,, ) ,MnBr, ™ | H R 4 (4 F 7
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AR ESIR— a5 F B, L&,
(CyNH,, ), MnBr, AYZGHERE N ERZE PP K
PIIEFRATTIRR T AR X — 2 AL B Sk 1 7 7
BB 12 (a)) . FRATKGIN T 2 5 T N i 7895
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FEAED T 50 A5 DAL Xl L 4 i T 04 1 2 S
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AHUBEFIRIME N, 18 12 (c) NTE 365 nm KT,
(CyNH,, ) ,MnBr, 7E A [A]A #HLE I Z8 759 HL 10
min 5 PG, BRI Z£ 1340, 2o HoAth 2%
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Fig. 12

(a)Schematic diagram of the device for gas sensing application. (b) Time-related PL spectra of ( CyNH,,),MnBr, to-

ward acetone vapor. (c¢)Digital photos of ( C4NH,,),MnBr, upon exposure to various organic vapors for 10 min under

365 nm excitation. (d)PL intensity of ( C,NH,,),MnBr, toward acetone vapor for 20 cycles>!.
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Fig. 13

(a) Energy diagram depicting the STE processes: (1) photon absorption, (2)thermalization, (3)trapping, (4 ) radia-

tive recombination. (b) PL lifetime temperature dependence for [ C( NH, ), ],SnBr, ( blue curve), Cs,SnBr, ( green

curve), (C,N,H,I),Snl(red curve). (c¢)Thermographic image of a sample that consists of encapsulated Cs,SnBr,

powder placed between patterned indium tin oxide (ITO) and a glass coverslip, and then acquired with a commercial

LWIR bolometry camera equipped with a ZnSe lensed macro-objective. (d)ToF-FLI thermogram of the same sample un-

der the same heating conditions'"”"’ .
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