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High-Efficiency and Broad-Spectrum Emitting Organic-Inorganic
Metal Halide Photoluminescent Materials

HE Shi-Hui ZHAO Jing®™ LIU Quan-Lin
(College of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Organic - inorganic metal halides, as an emerging photoluminescent material, have received extensive
attention due to their high photoluminescence quantum yield and broad-spectrum emission. This paper focuses on
organic-inorganic metal halide high-efficiency photoluminescent materials, classifies the materials according to the
types of metal cations, discusses their high-efficiency luminescent mechanism, and proposes methods to improve the
luminous efficiency of such materials. In general, the research on such photoluminescent materials is still in its
infancy, its light-emitting mechanism is still controversial, and current mainstream light-emitting mechanisms are
summarized. Finally, the development prospects of organic-inorganic metal halide photoluminescent materials are
prospected, aiming to further promote the application of this type of material in the field of phosphor-converted light-

emitting diodes.
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Fig.1 Crystal structures of (a) C,N,H ,PbBr,""! and (b) (2cepiH)PbBr,"
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Table 1 Inorganic unit structure and main luminescent property parameters of 6s* series OIMHs*

Inorganic unit structure Compound Abbr. A, /nm PLQY Ref.
[PbX, P>~ (X=Cl, Br) C,N,H,,PbBr, — 475 20% [11]
(2cepiH)PhBr; 2cepi 583 16.8% [12]

(EDBE)[PbBr,] EDBE 573 9% [19]

Bmpip,PhBr, Bmpip 520 24% [20]

[PP14],[PbBr,] PP14 470 28.21% [21]

(CsH,oN,),PhBr, — 460 40% [22]

(C4NH,,),PhBr, — 426 15% [23]

(C,H,NH,),PhBr, — 406 26% [24]

[PbX,]* (X=CI, Br) (C4N;H,,0),PbBrg - 4H,0 — 568 9.6% [25]
CH,N,Pb,Br, — 550 10% [26]

[H,BPPIPb,Br, BPP 524 8.1% [27]

[DTHPE], sPhCl, DTHPE 458 6.99% 28]

TMHDAPb,Br, TMHDA 565 12.8% [29]

(CaoH N)(PhsCly) — 682 6.4% 130]

(TDMP)PbBr, TDMP 372 45% [31]

(2.6-dmpz),Pb,Br,, 2,6-dmpz 585 12% [9]

(CoNH,)Pb,Br,, — 522 12% [32]

*Abbr.: abbreviation; 2cepi=1-(2-chloroethyl)-piperidine; EDBE=2,2"-(ethylenedioxy)bis(ethylamine); Bmpip=1-butyl-1-methylpiperidin-
ium; PP14=N-butyl-N-methylpiperidinium; BPP=1,3-bis(4-pyridyl)-propane; DTHPE=C, N,H,s; TMHDA=N,N,N',N'-tetramethyl-1,6-hexane-

diammonium; TDMP=trans-2,5-dimethylpiperazine; 2,6-dmpz=2,6-dimethylpiperazine; A : position of emission peak.
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Fig.2 Crystal structures of (a) (C,,H,N,Cl,)SnCl, - 2H,0%, (b) (C,N,H,,Br),SnBr,*", (c) (C,NH,,),SbC1{**, and (d) (BZTEA),TeCl/*"
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Table 2 Inorganic unit structure and main luminescent property parameters of 5s* series OIMHs

Inorganic unit structure Compound Abbr.* A,/ nm PLQY Ref.
[SnX, > (X=Cl, Br, I) Bmpip,SnBr, Bmpip 665 75% [20]
(OCTAm),SnBr, OCTAm 600 95%+5% [38]

(OCTAm),Snl, OCTAm 670 41% [38]

(C,,H,¢N,CL,)SnCl, - 2H,0 — 639 92.3% [35]

[SnX,]* (X=Cl, Br, I) (C,,H,gN,)SnBr¢-4H,0 — 530 61.7% [35]
(C,N,H ,Br),SnBrg — 570 95%+5% [36]

(C,N,H ,1),Snlg — 620 75%+4% [36]

(CgHgN,);SnBrg — 601 86%+2% [39]

ODASnBr, ODA 570-608 83%+4% [40]

(CgH4N,),SnBrg — 507 36%+4% [41]

[BMIm][Sn(AICL,),] BMIm 448 51% [42]

[BMPyr]|[Sn(AICl,)] BMPyr 453 76% [42]

[SbX]* (X=Cl, Br) (CyNH,),ShCly — 590 98%+2% [36]
(Ph,P),SbCl; Ph,P 648 87% [43]

(TTA),ShCl TTA 625 68% [44]

(TEBA),ShCI TEBA 590 72% [44]

TPP,SbBr; TPP 682 33% [45]

(PPN),ShCl PPN 635 98.1% [46]

[TeX > (X=Cl, Br) (BzTEA),TeCl, BzTEA 610 15% [37]

#*OCTAm=n-Octylamine; ODA=1,8-octanediamine; BMIm=1-butyl-3-methylimidazolium; BMPyr=1-butyl-1-methyl-pyrrolidinium;
Ph,P=tetraphenylphosphonium; TTA=tetraethylammonium; TEBA=benzyltriethylammonium; TPP=tetraphenylpshosphonium; PPN=

bis(triphenylphosphoranylidene)ammoniu; BZTEA=benzyltriethylammonium.
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Fig.3  Crystal structures of (a) (PMA),InBr*", (b) RInBr,**, and (c) (C,H;;N)Cul,”"
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Table 3 Inorganic unit structure and main luminescent property parameters of d"° series OIMHs

Inorganic unit structure Compound Abbr.* A,/ nm PLQY Ref.
[InX4]* (X=CI, Br) (PMA),InBr, PMA 610 35% [47]
[InX,] (X=Cl, Br) RInBr, R 437 16.36% [48]
Multimeric form of Cu* (TBA)CuBr, TBA 511 55% [54]
(C,gHsN)Cul, — 476, 675 54.3% [51]
(DTA),Cu,l, DTA 540 60% [55]
(Gua);Cu,l Gua 481 96% [56]
(18-crown-6),Na,(H,0);Cu,l, 18-crown-6 536 91% [57]
Cu,1,(Ph,P), Ph,P 595 19% [58]
Cu,I,(P(C4H,—OCHS,),), — 558 72% [59]
Cu,L,(P(C(H,—CH,),), — 515 50% [59]
Cu,I,(P(C¢Hy),), — 525 88% [59]
[Cu,l,(PPh,(C,H,CH,0H)),]- CH,CN PPh,(C¢H,CH,0H) 542 73% [60]
[Cu,l,(PPh,(C,H,CH,0H)),]-3C,H,0 PPh,(C¢H,CH,0H) 540 55% [60]
Cu,l,(PPh,Pr), PPh,Pr 560 60% [61]
[ZnX,]*~ (X=Cl, Br) (C,oH 4N,)(ZnCl,) — 595 31.31% [30]
TPP,ZnCl, TPP 353 28.8% [50]
(CsH,N,),ZnBr, 420 19.18% [62]
[(N-AEPz)ZnCl,]Cl N-AEPz 550 11.52% [63]
[HgX, > (X=Cl, Br) (CsH,N,),HgBr, — 560 14.87% [62]
[CdX,]* (X=Cl, Br) (C,oH gN,)(CdCLy) — 583 46.89% [30]
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Multimeric form of Ag* Ag,L,(1,5-naphthyridine) — 566 15% [58]
Hmta[(Hmta)Ag,l,] Hmta 620 18.5% [52]
[HDABCO];Ag,Clg DABCO 585 6.7% [64]
[SnX,]* (X=Cl, Br) (CgN,H (C1),SnCl — 450 8.1% [53]

#*PMA=phenylmethylammonium; R=trimethyl(4-stilbenyl)methylammonium; TBA=tetrabutylammonium; DTA=dodecyl trimethyl ammonium;

Gua=guanidine; 18-crown-6=C ,H,,0; Ph,P=triphenylphosphine; PPh,(C;H,CH,0H)=4

-(diphenylphosphino)phenyl)methanol; PPh,Pr=diphenyl-

propylphosphine; N-AEPz=N-aminoethylpiperazine; Hmta=hexamethylenetetramine; DABCO=1,4-diazabicyclo[2.2.2]octane.
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Fig.4  Crystal structure of (a) [P14],[MnBr,], (b) [PP14],[MnBr,]*", and (c) (CH4N,),MnC1,"*"!
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Table 4 Inorganic unit structure and main luminescent property parameters of Mn series OIMHs

Inorganic unit structure Compound Abbr.* A,/ nm PLQY Ref.

[MnX,]* (X=Cl, Br, I) [P,,1,[MnBr,] P14 520 81% [65]
[PP,],[MnBr,] ppP14 527 55% [65]
[Bu,N],[MnBr,] Bu,N 520 47% [67]
[Ph,P],[MnBr,] Ph,P 520 47% [67]
[CoNH,],[MnBr,] — 528 81.08% [68]
[C;H,(N],[MnCl,] — 523 82% [69]
[C16Py],[MnBr,] C16Py 540 65% [70]
[C16mim],[MnBr,] C16mim 530 61% [70]
(C5oH,,P),MnBr, — 523 93.83% [71]
(TMPEA),MnBr, TMPEA 520 98% [72]
(BTMA),MnBr, BTMA 519 72% [72]
(Bz(Me);N),MnCl, Bz(Me);N 547 78% [73]
(

Bz(Me);N),MnBr,

Bz(Me);N 516 63% [73]
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254
(n-PrBrMe,N),MnCl, n-PrBrMe;N 512 81% [73]
(KC),MnBr, KC 520 38.5% [74]
(C,NOH,),MnCl, — 450 39% [75]
(1-CH,,N,Br),MnBr, — 520 60.7% [76]
(C,H,NH,),Mnl, — 550, 672 68% [77]

[MnX,J* (X=CL, Br. I) (Pyrrolidinium)MnCl, — 640 56% [78]
(3-Pyrrolinium)MnCl, — 635 28% [79]
(C,NOH, )sMn,Cl, - C,H,0H — 620 29% [75]
(CHN),MnCl, — 650 55.9% [66]

*P14=N-butyl-N-methylpyrrolidinium; Bu,N=tetrabutylammonium; C16Py=cetylpyridinium; C16mim=1-methyl-3-hexadecylimidazolium;
TMPEA=trimethylphenylammonium; BTMA=benzyltrimethylammonium; Bz(Me);N=N-benzyl-N,N,N-trimethyl; KC=K(dibenzo-18-crown-6).
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Fig.5 (a) Single-crystal structure of (HMTA),PbMn, (,Sn,;,Bry; (b) Building blocks: PbBr,* (purple tetrahedron),
MnBr,” (green tetrahedron), SnBr,”” (brown tetrahedron), and the organic cation HAMT*®; (¢) Proposed
structural design principle of (C,NH,),Pb,X,,(MX,), highlighting the local structure of [Pb,X,, ]’ block;
(d) [MX,]* block with different M-position cations; (e) Unit cell of (CoNH,),Pb,X,,(MX,),!!
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Table 5 Inorganic unit structure and main luminescent property parameters of multi-component OIMHs

Compound Abbr.* A,/ nm PLQY Ref.
(CoNH,0)o[PbCl,,[(ZnCL,), — 516 90.8% [81]
(CyNH,)o[Pb,Cl,  [(MnCL,), — 519 83.3% [81]
(bmpy)y[SbCLL[Pb,CL, | bmpy 516, 673 >70% 82]
(bmpy)y[ZnBr,|,[Pb;Br, | bmpy 564 7% [83]
(bmpy)y[ZnCL],[PbsCl, ] bmpy 512 ca. 100% [84]
(C,NH )y PbsBr, |(MnBr,), — 528,565 49.8% [85]
(CyNH,),[PbCl,]Pb,Cl,, — 470 83% [86]
(Emim)g[ShCl,[SbCL] Emim 577 112% 87]
[PP141,[Pb;Br,, [[PbBr,], PP14 500 9.54% [21]
(Bmpip),Pby 450 4,Br, Bmpip 470, 670 39% [88]
(HMTA),PbMn, ,Sn, 5, Brg HMTA 460, 550, 650 73% [80]
(CsH,,N,),Pb,MnCl, — 678 32% [89]

*bmpy=1-butyl-1-methylpyrrolidinium; Emim=1-ethyl-3-methylimidazolium; HMTA=N-benzylhexamethylenetetramine.
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Fig.7 (a) Energy band diagram associated with the free ns” ion; (b) Metal-halide molecular orbital diagram where AO represents
atomic orbital ; (c) Configurational coordinate diagram of the simplified STE model in 0D 5s* metal halides; (d) Unified
model with the configurational coordinate diagram, in which the ground and excited states are described using their

atomic character as derived from the active ns> metal ion!""!
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