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Recent advances in coordinated copper halide luminescent
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Abstract: The new generation of light-emitting devices requires luminescent materials to possess advantages
such as high photoluminescence quantum yield, broadly tunable spectra, excellent solution processability,
readily accessible raw materials, and environmental friendliness. However, high-performance lead halide
perovskites and cadmium-based quantum dots currently pose threats to human health, necessitating the
development of low-toxic luminescent materials with comparable performance. Coordinated copper halides

represent a class of luminescent materials for novel display and lighting applications. Among lead- and
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cadmium-free metal halide emitters, they demonstrate leading luminescence properties, positioning them
as strong competitors to lead halide perovskites and cadmium-based quantum dots in the field of light-
emitting devices. In recent years, significant progress has been made in the research of coordination-type
copper(I) halide luminescent materials. Researchers have designed and synthesized a series of coordinated
copper halides with diverse ligands and inorganic units, achieving tunable photoluminescence across the
visible spectrum and photoluminescence quantum yields approaching unity. Electroluminescent devices
based on coordinated copper halides have realized external quantum efficiencies up to 23. 5% and maximum
luminance exceeding 60 000 cd+m *, demonstrating considerable application potential. This review summarizes
the crystal structures, synthesis methods, and photophysical properties of coordinated copper halides, and

discusses their advancements in electroluminescent devices. Finally, the structures, properties, and

applications of coordinated copper halides are concluded and future perspectives are provided.
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Fig. 1 Structures of zero-dimensional CCH clusters (Cu, orange; I, purple; organic ligands donor atoms, blue). (a) Cu,l,

rhomboid dimer; (b) Cu,l, trimer; (c¢) Cu,l, cubane tetramer; (d) Cu,l, staircase tetramer; (e) Cugl; eared cubane
hexamer; (f) Cugl; staircase hexamer; (g) Cu,l, pinwheel heptamer; (h) Cu,l, heptamer; (i) Cul; staircase octamer;

(j) Cugl, double-cubane octamer; (k) A pie chart showing their percentage contributions'’.
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Fig. 2 Fabrication of CCH films. (a) Schematic of the (i) vapour deposition and (ii) co-deposition method, (iii) photo-
graph of a (CPPyC) ,Cu,l, (CPPyC=3-(carbazol-9-yl) -5- ( (3-carbazol-9-yl) phenyl) pyridine) complex film under

UV light and (iv) the corresponding OLED fabricated by vapour co-deposition method"”; (b) Schematic fabrication

procedure of highly luminescent Cul-Pyrphos thin film by spin coating Cul-Pyrphos in DMF on a PVK layer with

subsequent thermal annealing treatment ™",
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Fig. 3

(a) Contours of the highest occupied (“hole”) and the lowest unoccupied ( “particle”) nature transition orbitals for

the S, and T, states of (DPACDBFDP),Cu,l,, &, f, and E represent the contribution weight, oscillator strength,

and excited-state energy level™; (b) Schematic diagram of TADF and PH emission of coordinated copper halides

(¢) Schematic illustration showing the systematic tuning of band gap of 1D-1.Cul by using ligands; (d) Photolumi-

nescence spectra of 1D-LCul based on different ligands. Photographs on the right were taken under daylight (top)

and 365 nm UV light (down)"*.
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TEZE RN, i T - 37 7 R B A B W
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FPHM AR . EAEZMNE, L6y 85k
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CCHH ,CTHER MM A BB TAILBRIANZS S,
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5 BFeAL A 4R p AL b Bk R B

LED 1B by — ol 25 280 52 90 L BB 21 6 REFe 1k 1)
I LB SR Y R OB ROR (REFE(L M 1% 42
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B LA ) DA B PR s e Ry 47 7 8 A R L © OB
N s NI DR 6 oW B A N
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ELWMAET —RLED R EMBAE S35 4%
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2 5 i5 _Se S G e - P i E 2l ~
5 | Anode E —6 1 : 54545454 55 5T Seas b | = ) ) ..
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/
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*[BCzDppyL.Cuil; » 4
0 400 %80, . . ~DMAC-DPS - —
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X

Luminance/(cd-m2?)

Fl4 () BBUOGHIER TAREIEE ; (b) —oe WA kR OER PR HTL ETL A5 & 62 MR Be g
(¢) T CzACcSF : 30 % M4 (< £k 42 119 o 80K S6 4 18 1Y R0 -8 BE il 28 (R o fn g e 28 43 il 6 7= (1BCzDPPy ) ,Cu,],
F(DPPy) ,Cu,ly) , # 42 A8 2 % F 4l CzAcSF By % B4 2% 14 ; (d) CzAcSF: 30% (DPPy) ,Cu,l,. CzAcSF: %
(tBCzDPPy),Cu,L,(x=10,20,30,40) 4l CzAcSF 1Y HLEUE 34 W 1 CIE 1931 At bi , A7 M &l F & CzAcSF:
2% (tBCzDPPy),Cu, I, Y HL 8L L IR (e) #TF Cul-Mepyrphos . Cul-Mepenpyrphos F1 Cul-nme,pyrphos Y H1 £
KICEEE EQE-L ¢ & M £, 1 K 432 17 b 1 Cul-Mepyrphos (22 ) . Cul-Mepenpyrphos ( 41 ) Al Cul-nme,pyrphos
() B EUR G E# 5 (1) 2T Cul-Pyrphos A 6 cm X 6 em A 1 B SO G E £

Fig.4 (a) Schematic diagram of electroluminescent devices; (b) Energy level alignment of electrodes, HTL, ETL, and some

emissive layer materials of ternary copper halide-based electroluminescent devices™™”; (¢) Efficiencies vs. luminance

relationships of CzAcSF:30% cluster based devices (orange lines and green lines represent (tBCzDPPy),Cu,l, and

(DPPy) ,Cu,l,, respectively) , the data of neat CzAcSF based control device (blue lines) are also presented for
comparison; (d) CIE 1931 coordinates of electroluminescent spectra of CzAcSF: 30% (DPPy),Cu,l,, CzAcSF:x%
(tBCzDPPy) ,Cu,I,(z=10, 20, 30, 40) and neat CzAcSF, phtographs on the right side show the electroluminescence
of CzAcSF: 2% (tBCzDPPy) ,Cu,I, " ; (e) EQE-L curves of electroluminescent devices based on undoped Cul-

Mepyrphos, Cul-Mepenpyrphos, and Cul-nme,pyrphos, the insets show the electroluminescence of Cul-Mepyrphos

(left) , Cul-Mepenpyrphos (middle) , and Cul-nme,pyrphos (right) ; (f) Electroluminescence of a 6 cm X6 cm

large-area device based on Cul-Pyrphos™’.
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Gy MT, LAAS B85 15 10 L-V iy 28 50 e 3508 66 3E .
CEM & L A T35S 2 . EQE W AR 4 51 i & 1
D S & LRGN UE = A7 A B i 3 i R G
5.2 BHEZXSRGMRHIRE
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