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Abstract: Cu(I)-based metal halides, as a new generation of environment-friendly luminescent materials, have at-
tracted extensive attention. Herein, a novel zero-dimensional Cu( I )-based metal halide (C;H,,04) NaCuBr, was
prepared by solution assisted crystallization method. Under 365 nm excitation, (C;,H,,0¢)NaCuBr, single crystal ex-
hibits ultra-broadband orange red emission with the full width at half maximum of 346 nm and the photoluminescence
quantum yield of 42. 6%. Theoretical calculation and experimental studies on the low temperature and excitation-de-
pendent emission spectra show that the ultra-broadband emission peaking at 700 nm is derived from the formation of a
degenerate energy level by the interaction between the 3d orbital of the Cu” ion and the 4p orbital of the Br ion. At
low temperature, the degeneracy of the energy level is reduced due to the lattice distortion, and the emission peak at
700 nm is split into two emission peaks at 629 nm and 735 nm, respectively. In addition, the electron is excited to a

higher energy level of S; for (C;,H,,04) NaCuBr, under high energy excitation, which corresponds to the emission
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peak at 480 nm observed at 77 K. The white light-emitting diode (LED) device prepared using (C;,H,,04) NaCuBr,

possesses a color rendering index as high as 90. 6, indicating their potential application in the field of full-spectrum

lighting.
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%1 (C,H,O0,)NaCuBr,® BRI EREFHIE
Tab. 1 Main crystallographic data for (C,H,,0,) NaCuBr, single crystal

Chemical formula  Molecular weight T/IK Crystal system  Space group, Z a/nm b/nm
NaCuBr,(C,,H,,0,) 510. 66 293 Monoclinic P2n, 2 0.862 14(4) 0.828 07(3)
c/nm BI(*) V/nm® p.. /(g ecm™) 26, /(%) R [F>40(F)] wR, GOF
1.391 01 (7) 101. 638 (5) 0.972 64 (8) 1. 744 58.83 0.0376 0.0777 0.985

[zl 1 (a) \(b)(C12H2406)NaCuBr2¢EEéE/‘J%1$ét$@m§[§[ 5 (C)(C]2H2406)N3CUBPZ$EEI‘EI E'jﬁm[gﬁ%%(C12H2406)N3+Eg%$@

RER .

Fig.1 (a), (b) Schematic crystal structure diagram of (C,,H,,04) NaCuBr,. (¢) Structure of organic cation (C;,H,,04) Na™ in

(C,H,,06)NaCuBr,.
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Fig.2 (a)Comparison of experimental and simulated PXRD patterns of (C;,H,,04) NaCuBr,. (b) Photoluminescence excitation
(PLE) and photoluminescence (PL) spectra of (C;,H,,04) NaCuBr,. Inset: photographs of (C,,H,,04) NaCuBr, crystal
under daylight (left) and UV light(right). (¢) Absorption and diffuse reflectance spectra of (C,,H,,04) NaCuBr,. (d) PL
spectra of (C,H,,04) NaCuBr, under different excitation wavelength. (e) PLE spectra of (C;,H,,04) NaCuBr, monitored
by different wavelengths. (f) Amplification of the PLE spectrum of (C,,H,,04) NaCuBr, monitored under 470 nm excita-

tion.
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Fig.3 (a) PL spectra of (C;,H,,0¢) NaCuBr, single crystal depending on different temperatures. (b) PL spectra at 77 K of

(C,H,406) NaCuBr, under different excitation. (¢), (d) PL decay spectra of (C;,H,,04) NaCuBr, single crystal under dif-

ferent excitation and emission wavelength at 77 K.
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Fig.4 (a)Schematic diagram of conduction band maximum (CBM) and valence band minimum (VBM) of (C,,H,,04) NaCuBr,.

(b)Density of state(DOS) and electronic energy band structure of (C,,H,,0¢) NaCuBr, (c)Pseudo color mapping of exci-

tation-dependent PL spectra of (C;,H,,04) NaCuBr, at 77 K. (d) Diagram of the transition mechanism of the 700 nm emis-

sion from the formation of the degenerate energy level by the interaction between the 3d orbital of the Cu” ion and the 4p

orbital of the Br™ ion at room temperature. (e)Schematic diagram of the electron transition and energy transfer from the S1

(629 nm emission) and S2(735 nm emission) energy levels at low temperature. (f) Luminescent mechanism of emission

from higher energy levels S3 of (C;,H,,04)NaCuBr, under high energy excitation.
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Tab.2 Comparison of color rendering index and color temperature of LED devices prepared from Cu( I )-based halides or nitro-

gen/oxide as red powders
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