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Lead-free copper(I) halides have been demonstrated to exhibit high photoluminescence 

quantum yields with high air and light stability, making them one of the most promising 

semiconductors for next-generation light-emitting diode devices. The low-dimensional 

structures and soft lattices of Cu(I) halides induce the formation of self-trapped excitons (STEs) 

to achieve broadband emissions with high quantum yields. In this study, we review recent 

studies on the electronic and optical properties of Cu(I) halides (i.e., Cs3Cu2X5, CsCu2X3, and 

A2CuX3, where A = K or Rb, X = Cl−, Br−, or I−) and place particular emphasis on the role of 

dimensionality and halide in governing electronic and optical properties (e.g., emission color 

and photoluminescence efficiency) via STEs. Several optoelectronic applications of Cu(I) 

halides are also discussed. In the last section, we outline perspectives and challenges for the 

future development of Cu(I) halides in both optoelectronic and photocatalytic applications. 
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1. Introduction 

Recently, metal halides with highly efficient luminescence have attracted the attention of many 

researchers.[1-3] Due to their tunable emissions, narrow emission linewidths, and high 

photoluminescence quantum yields (PLQYs), perovskites such as CsPbX3 and Cs4PbX6 (X = 

Cl−, Br−, or I−) are considered to be the most promising candidates for next-generation 

optoelectronic devices.[4-9] However, their toxicity and relatively poor stability to moisture and 

ultraviolet light hinder their further applications in operational conditions.[10] To address these 

issues, many studies have searched for alternative lead-free halides, including Cu(I)-, Ag(I)-, 

Sn(II)-, Mn(II)-, Sb(III)-, Bi(III)-, In(III)- and Sn(IV)-based compounds.[11-15] In particular, 

lead-free Cu(I) halides have been shown to produce efficient emissions and exhibit improved 

stability that are comparable to Pb-based perovskites.[16, 17] 

In terms of crystal structures, the well-studied Cu(I) halides can be grouped into two types 

according to their dimensionalities: zero-dimensional (0D) Cs3Cu2X5 and one-dimensional 

(1D) CsCu2X3 and A2CuX3 (A = K or Rb, X = Cl−, Br−, or I−). The former belongs to an 

orthorhombic phase with a Pnma space group, in which the isolated [Cu2X5]
3− units are 

separated by Cs+ cations and a single [Cu2X5]
3− unit contains a [CuX3]

2− trigonal planar unit 

and a [CuX4]
3− tetrahedron that are edge-connected.[17-20] 1D CsCu2X3 belongs to the 

orthorhombic phase with the CmCm space group, where the edge-sharing [Cu2X3]
3− anionic 

chain is separated by Cs+ ions, forming the 1D ribbon-like crystal structure.[18, 21, 22] 1D A2CuX3 

(A = K+ or Rb+) crystallizes in the orthorhombic phase with the Pnma space group, where the 

[CuX4]
3− tetrahedra share a common corner to form 1D [CuX3]

2− chains that are isolated by K+ 

or Rb+ ions.[23, 24] 

Despite their different crystal structures, Cu(I) halides have similar electronic properties. 

Generally, their valence band maximums (VBMs) are primarily contributed by the Cu-3d 

orbital together with the halide-np orbitals (n = 3 for Cl, 4 for Br, and 5 for I), while their 

conduction band minimums (CBMs) are composed of both halide-np and Cu-4s orbitals.[17, 19-
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22] Similar to lead halides, Cs+ ions do not contribute to the band edges of VB and CB. Among 

Cu(I) halides, both 0D Cs3Cu2I5 and 1D CsCu2I3 have been found to exhibit a direct bandgap 

from electronic band structures based on density functional theory (DFT) calculations.[17, 25] 

The formation of self-trapped excitons (STEs) is also currently regarded as the most plausible 

explanation for the large Stokes shift and broadband emissions for Cu(I) halides.[17, 19-22, 26] The 

STE emissions of Cu(I) halides are usually associated with structural deformation at the excited 

state, which has been experimentally and/or theoretically verified in a wide range of low-

dimensional lead halide materials.[27-29] 

In this review, we first discuss recent studies on the synthesis, electronic and optical properties 

of Cu(I) halides (i.e., Cs3Cu2X5, CsCu2X3, and Rb2CuX3), particularly focusing on the 

mechanism of how halides and dimensionality influence the electronic and optical properties, 

such as emission color and photoluminescence efficiency. Then, we describe recent studies of 

the optoelectronic applications of Cu(I) halides, including their performance, advantages and 

limitations. Finally, we share conclusions, perspectives and outlook to describe this field of 

research comprehensively and promote broader scientific interest to advance the development 

of Cu(I) halides as promising semiconducting materials in optoelectronic and photocatalytic 

applications. 

 

2. Synthesis of Cu(I) Halide Single Crystals and Nanocrystals 

 

Many synthetic strategies have been developed to prepare Cu(I) halides, and there are four 

commonly used methods for their crystal growth.[16] The first Cu(I) halide single crystals were 

prepared via an antisolvent-assisted protocol, which relies on the distinct solubility of the metal 

halide precursors in different solvents.[17] The solvent is referred as an antisolvent when the 

targeting material has a poor solubility in it. Once the antisolvent is added into the precursor 

solution, its diffusion gives rise to the supersaturation of the solution, initiating the nucleation 

and crystal growth. If the antisolvent participates the reaction in the form of vapor, precise 
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control on the crystal size can be realized due to the slow diffusion.[30] However, this method is 

time-consuming and the obtained crystal size is limited. Also, the precursor solution can be 

injected into an antisolvent rapidly, enabling a fast crystallization at room temperature.[17, 30] 

Another strategy is to directly evaporate the precursor solution to induce nucleation and crystal 

growth, which is referred to as “solvent evaporation crystallization”. Simple but powerful, this 

method can regulate the size and phase of Cu(I) halide crystals through modifying the 

concentration and molar ratio of precursors.[23] In addition to solvents, one can manipulate the 

crystallization by varying the temperature. Given that metal halides exhibit decreased solubility 

in certain solvents with increasing temperature, the inverse temperature crystallization method 

can be adopted as a simple and fast approach to prepared Cu(I) halide crystals.[25] Last but not 

the least, slow cooling (or temperature-lowering) crystallization is another convenient way to 

fabricate Cu(I) halides. Typically, the saturated solution of metal halides is prepared at a high 

temperature, followed by a slow cooling process to supersaturate the solution and precipitate 

the crystals.[22]  

For colloidal Cu(I) halide nanocrystals, the hot-injection protocol and the antisolvent-assisted 

recrystallization are the typical synthesis methods.[31] The former involves the injection of 

cesium oleate into the solution containing CuX, oleic acid and oleylamine at high temperature, 

where the long chain fatty acid and fatty amine are used to not only regulate the reaction kinetics 

but also passivate the crystal surfaces.[32] By changing the reaction temperature and/or ligand 

proportions, one can achieve precise control on the phase of the formed Cu(I) halide crystals 

(e.g., Cs3Cu2I5 or Cs3Cu2I5).
[32] Similar to the antisolvent-assisted protocol for Cu(I) halide 

crystal growth, the antisolvent-assisted recrystallization is to mix the precursor solution in a 

good polar solvent with a nonpolar antisolvent at ambient conditions. The induced 

supersaturation will instantaneously trigger the nucleation and crystal growth of colloidal Cu(I) 

halides. In certain cases, the same precursors can achieve the same products in both 

approaches.[31] Guo et al. have given a detailed review of these methods.[16]  
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3. Zero-dimensional Cu(I) Halides 

0D Cs3Cu2I5 is the most widely studied Cu(I) halide perovskite, and pioneering work on the 

synthesis of 0D Cs3Cu2I5 single crystals was reported by Jun et al. using an antisolvent 

method.[17] As shown in Figure 1a, Cs3Cu2I5 single crystals show a photoluminescence 

excitation peak (PLE) at 290 nm and a photoluminescence (PL) peak at 445 nm. The former 

can be attributed to excitonic optical absorption, which is consistent with the sharp peak in the 

absorption spectra. In addition, Cs3Cu2I5 single crystals exhibited blue emission and good air 

stability. Similar to 0D Sn-based metal halide perovskites,[13] they proposed that the emission 

originates from structural reorganization at the excited state via Jahn-Teller distortion of the 

[Cu2I5]
3− units rather than direct band recombination. This 0D embedded core/shell structure of 

Cs3Cu2I5 yielded marked improvement in PQLY (90%) by confining the exciton in each 

[Cu2I5]
3− site. A large exciton binding energy (490 meV) for Cs3Cu2I5 was obtained by fitting 

the temperature-dependent PL spectra (Figure 1a, right panel). Using solution-derived 

Cs3Cu2I5 thin films, they also demonstrated blue electroluminescence from a light-emitting 

diode (LED) but weak electroluminescence (maximum luminance was only ~10 cd·m-2). Chen 

et al. also explored the emission behavior of Cs3Cu2I5 at a temperature range of 80-420 K and 

observed the multiple emission peaks of STEs through power-dependent PL measurements.[26] 

The soft crystal lattice was found to contribute to multiple STEs and became the origin of the 

broadband emission in Cs3Cu2I5. 
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Figure 1. (a) Transmission electron microscopy (TEM) image of Cs3Cu2I5 single crystal, PL 

and PLE spectra of the Cs3Cu2I5 thin film, and integrated PL intensity of Cs3Cu2I5 single 

crystals. Reproduced with permission.[17] Copyright 2018, WILEY-VCH. (b) Excitation and 

emission spectra and time-resolved photoluminescence (TRPL) decay of Cs3Cu2X5 at room 

temperature. (c) Charge density distribution of the VBM in pristine and distorted Cs3Cu2Cl5, 

together with the band coupling and configuration coordinate diagram for the STEs in 

Cs3Cu2Cl5. Reproduced with permission.[19] Copyright 2020, American Chemical Society. (d) 

PLE and PL spectra of Cs3Cu2Br5 and Cs3Cu2I5 compounds. Reproduced with permission.[20] 

Copyright 2019, American Chemical Society. 

 

Following these studies, more research regarding 0D Cu(I)-based halides with high PLQYs 

has been reported. Lian et al. synthesized Cs3Cu2X5 (X = Cl−, Br−, or I−) powders by a hot-

injection method and found that the emission peaks of Cs3Cu2X5 can be blue-shifted by 

changing the halogen from Cl to Br and then to I, which differs from the trends found in other 

metal halides.[19] Such abnormal PL change can be attributed to a strong excitonic effect and to 

the marked change in band gaps induced by structural deformations. In addition, highly 

luminescent Cs3Cu2Cl5 was achieved with a large Stokes shift (~195 nm) and a high PLQY 

(~91.3%), as well as a long PL lifetime at room temperature (see Figure 1b, lower panel). They 
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proposed that the structural deformation of Cs3Cu2X5 leads to STE emissions, and upon 

photoexcitation, the hole would be localized in spindle-like [Cu2X5]
3− units, while the electron 

would be delocalized over other lattice sites (see Figure 1c). 

Roccanova et al. further tuned the ratio of halides (i.e., Br/I) and obtained 0D Cs3Cu2Br5−xIx 

(0 ≤ x ≤ 5) polycrystalline powders via a slow cooling method.[20] As shown in Figure 1d, the 

PL measurements indicate clear blue emissions between 456 and 443 nm for Cs3Cu2Br5−xIx and 

the PLQY increases from 50.1% to 98.7% by increasing the x value from 0 to 5. Both power-

dependent PL measurements and DFT calculations suggested that the strong charge localization 

in the 0D units promoted the generation of STEs for broadband emissions. Importantly, they 

suggested that the large Stokes shift together with a near-unity PLQY could result in low self-

absorption as well as a high conversion efficiency. Thus, 0D Cs3Cu2Br5−xIx perovskites are 

expected to serve as efficient blue emitters when mixed with green and red phosphors for white-

light emitting diodes. 
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4. One-dimensional Cu(I) Halides 

 

Figure 2. (a) TEM image of CsCu2I3 single crystals and PL and PLE spectra of the CsCu2I3 

thin film. Reproduced with permission.[25] Copyright 2019, AIP Publishing. (b) High-pressure 

evolution of tetrahedral parameters and Cu1−Cu3−Cu5 bond angle, together with schematic 

illustrations of CsCu2I3 structures at different angles before and after the phase transition. 

Reproduced with permission.[22] Copyright 2019, American Chemical Society. (c) PL and PLE 

spectra of CsCu2Cl3 and CsCu2Cl1.5Br1.5 and CIE plot with the emission colors of CsCu2X3. 

Reproduced with permission.[21] Copyright 2019, American Chemical Society. 

 

Compared to the abovementioned 0D Cs3Cu2X3, 1D CsCu2X3 is shown to have much lower 

PLQYs. Using an inverse temperature solubility method in certain solvents, 1D CsCu2I3 single 

crystals were synthesized and exhibited broadband emission centered at 560 nm (full width at 

half maximum, FWHM = 107 nm) with a large Stokes shift of 245 nm and a low PLQY of ∼8% 

(Figure 2a).[25] That studied also reported white-light emissive thin films by mixing 0D 
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Cs3Cu2I5 and 1D CsCu2I3 using a one-step spin-coating method. At the same time, Lin et al. 

synthesized CsCu2I3 single crystals using the antisolvent vapor-assisted method and achieved 

the PLQY of ~15.7%.[30] Li et al. found that such broadband emission of 1D CsCu2I3 crystals 

can be enhanced via high-pressure compression.[22] Specifically, intertetrahedral distortion can 

induce a marginal emission enhancement of the ambient phase. As shown in Figure 2b (right 

panel), the high-pressure phase-II belongs to the orthorhombic phase with a Pbnm space group, 

adopting a much lower symmetry than that of phase-I (Cmcm). However, in phase II, CsCu2I3 

still retains its 1D ribbon-like structure with edge-shared [CuI4]
3− tetrahedra. The emission 

enhancement of the high-pressure phase may be attributed to the structural distortions of both 

inter- and intratetrahedra in Cs3Cu2I5. Then, Lin et al. reported dual STE emissions (i.e., blue 

emission and yellow emission) in CsCu2I3 single crystals[33] and found that the intensity of the 

STE emission increased by decreasing the temperature, which was attributed to the radiative 

transition of dark STEs accompanied by phonon absorption. 

 

Figure 3. (a) PLE and PL spectra of K2CuCl3 and K2CuBr3 polycrystalline powders. 

Reproduced with permission.[24] Copyright 2020, American Chemical Society. (b) Absorption, 

PLE and PL of polycrystalline powders of Rb2CuBr3 and Rb2CuCl3, with the insets showing 

the blue emission under UV irradiation. Reproduced with permission.[23] Copyright 2019, 

WILEY-VCH. (c) Linear scintillation response of Rb2CuCl3 under X-ray irradiation. 

Reproduced with permission.[34] Copyright 2020, American Chemical Society. 

 

In addition to pristine CsCu2I3 crystals, Roccanova et al. reported a series of CsCu2X3 crystals 

(X = Cl−, Br−, or I−) and their derivatives with detailed optical properties.[21] The optical 

characterizations showed tunable emission ranging from 527 to 587 nm (see Figure 2c) with 
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PLQYs changing from 0.37% for CsCu2Cl1.5Br1.5 to 48.0% for CsCu2Cl3 with improved 

thermal and air stability. The results from the power-dependent and temperature-dependent PL 

measurements also suggested that the structural distortions in the 1D ribbon-like structure led 

to a marked increase in strong charge localizations, thereby facilitating the generation of STEs 

for the emissions of CsCu2X3. 

Conversely, A2CuX3 (A = K+ or Rb+) perovskites also have a 1D crystal structure but show 

relatively high PLQYs. Creason et al. synthesized blue-emitting K2CuX3 (X = Cl− or Br−) 

polycrystalline powders and single crystals using five different synthetic methods (e.g., 

traditional solid-state and solution methods).[24] The PL spectra of K2CuCl3 and K2CuBr3 

exhibited narrow emission peaks centered at 392 and 388 nm, respectively, with FWHM of ∼54 

nm and a high PLQY up to ∼97% (Figure 3a), suggesting that the halide substitutions had 

negligible effects on the optical properties (including emission peak position, FWHM, and 

PLQY) of A2CuX3. This high luminescence of K2CuX3 was attributed to the efficient STEs 

formed in the 1D chains. K2CuCl3 displayed a bright radioluminescence peak at 404 nm upon 

X-ray irradiation. Following this study, the same research group prepared Rb2CuX3 (X = Cl− or 

Br−) polycrystalline powders via solid-state synthesis samples and single crystals via a solvent 

evaporation technique.[23] They achieved highly efficient blue emission and narrow emission 

linewidths: a PLQY of 64% and an FWHM of 54 nm for Rb2CuBr3 and a PLQY of 100% and 

an FWHM of 52 nm for Rb2CuCl3. Unusually small Stokes shifts (85 nm for Rb2CuBr3 and 93 

nm for Rb2CuCl3, see Figure 3b) have been observed in anti-Stokes PL measurements under 

different excitation wavelengths, which can markedly reduce the energy loss between emission 

and excitation in practical applications. Based on the excitation-, time- and power-dependent 

PL results, the blue emission to the STEs were found to be localized around the Cu ion in the 

1D chain; and the enhanced excitonic interactions in Rb2CuBr3 were confirmed via DFT 

calculations. Rb2CuCl3 also showed an anti-Stokes PL that could provide up to 32% optical 

cooling efficiency to improve the up-conversion photoluminescence. 
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Recently, Rb2CuCl3 single crystals have also been synthesized via a one-step reaction 

involving a slow cooling process and exhibited a near-unity PLQY (99.4%) with extended PL 

lifetime (11.3 μs).[34] Using radioluminescence measurements under X-ray excitation, the 

authors also determined the light yield of Rb2CuCl3 to be 16600 photons per megaelectronvolt 

and observed a large scintillation response (a linear range from 48.6 to 15.7 μGyair s-1, see 

Figure 3c). Given that the detection limit of X-rays was as low as 88.5 nGyair s−1, this material 

could significantly reduce the radiation dose to the human body when used in X-ray detectors 

for medical or security screening. More importantly, Rb2CuCl3 crystals exhibited excellent 

stability against moisture and continuous UV-light and X-ray irradiation, suggesting that 

Rb2CuCl3 is a promising scintillator for X-ray detection. 

 

5. Nanostructures of Cu(I) Halides 

To tune optical emissions across a wider spectral range, more efforts have been made to 

diversify the nanocrystalline structures of Cu(I) halide perovskites. For example, Cheng et al. 

reported the colloidal synthesis of Cs3Cu2I5 nanocrystals (NCs) using a hot-injection approach 

and found that temperature is the key parameter to control the synthesized material to be 1D 

CsCu2I3 nanorods (NRs), 0D Cs3Cu2I5 NCs or a mixture of both.[32] The synthesized Cs3Cu2I5 

NCs were nearly spherical shaped and their average diameter was 20 ± 2.5 nm (see TEM image 

in Figure 4a). Similar to the single crystals, 0D Cs3Cu2I5 NCs showed a bright blue emission 

with a high PLQY (67%), while 1D CsCu2I3 NRs exhibited a weak yellow emission with a 

much lower PLQY (5%). Optical characterizations revealed that the large Stokes shift and 

broadband emission of 0D Cs3Cu2I5 NCs originate from the STEs (see Figure 4a). Moreover, 

the PL decay of the Cs3Cu2I5 NCs was almost unchanged by decreasing the temperature, which 

is an indication of phosphorescence. With the help of DFT calculations, they suggested that the 

excitons become more localized when reducing the dimensionality from 1D CsCu2I3 to 0D 

Cs3Cu2I5, leading to the stronger broadband emission of Cs3Cu2I5 NCs. Vashishtha et al. also 
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synthesized blue-emitting Cs3Cu2I5 nanoplates (NPs) and yellow-emitting CsCu2I3 NRs with 

high thermal stability in a hot-injection colloidal method.[35] The mixture of Cs3Cu2I5 NPs and 

CsCu2I3 NRs with a 1:8 molar ratio was found to exhibit a strong white emission via linear 

tuning in CIE coordinates. They also demonstrated that the observed optical features are not 

associated with the oxidation of Cu during the synthesis based on the 133Cs MAS NMR results. 

 

Figure 4. (a) Absorption and PL spectra of CsCu2I3 NRs and Cs3Cu2I5 NCs (left panel), TEM 

image (upper right panel), and PL decays measured at room temperature and 77 K (lower right 

panel) for Cs3Cu2I5 NCs. Reproduced with permission.[32] Copyright 2019, Wiley-VCH. (b) 

Absorption and PL spectra (left panel), photograph of the colloidal solutions in toluene under 

UV excitation (upper right panel), and time-resolved PL decays (lower right panel) of Cs3Cu2X5 

and CsCu2I3 NCs. Reproduced with permission.[31] Copyright 2020, American Chemical 

Society. 

 

Li et al. synthesized Cs3Cu2X5 NCs (X = I−, Br−/I−, Br−, Br−/Cl−, or Cl−) using the room-

temperature antisolvent method.[31] The obtained Cs3Cu2X5 NCs had uniform sizes (< 10 nm) 

and showed tunable optical properties. Particularly, by changing the involved halides or the 

ratio of two halides, the emission centers can vary from 440 to 530 nm (Figure 4b) while 

maintaining large effective Stokes shifts (over 100 nm) and a large FWHM (80−110 nm). In 

addition to an emission center at 520 nm, a high crystallinity, and good stability, a near-unity 

PLQY has been found for Cs3Cu2Cl5, making it a promising material for light-emitting 

applications. The optical properties (including emission peak position, FWHM, and Stokes 

shifts) of Cs3Cu2X5 NCs are similar to those of their single crystals. However, the PLQYs of 
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Cs3Cu2X5 NCs are still lower than their single crystals (e.g., Cs3Cu2I5: 30% vs. 99%), probably 

due to surface defects acting as non-radiative recombination centers. 

 

6. Optoelectronic Applications of Cu(I) Halides 

 

Figure 5. (a) Energy alignment of the LED device (upper left panel), cross-sectional SEM 

image of the LED device (upper right panel), external quantum efficiency (lower left panel), 

and luminance vs. applied voltage characteristics (lower right panel) of the device with the 

Cs3Cu2I5-poly-HEMA emission layer. Reproduced with permission.[26] Copyright 2020, 

American Chemical Society. (b) Schematic illustration of the yellow LED and CIE color 

coordinates of the LED. Reproduced with permission.[31] Copyright 2020, American Chemical 

Society. (c) Schematic of the vertical stack structure of the memristor (left panel) and the cycle 

tests (right panel). Reproduced with permission.[36] Copyright 2020, American Chemical 

Society. (d) Photograph of the pc-LED device based on green-emissive Cs3Cu2Cl5 and blue-

emissive Cs3Cu2I5 (upper left panel), EL spectrum (lower left panel) and CIE chromaticity 

diagram (right panel) of the LED device. Reproduced with permission.[37] Copyright 2020, 

Optical Society of America. 

 

The highly efficient emission of Cu(I) halides provoked great scientific interest regarding their 

applications in optoelectronic devices, particularly LEDs. For example, Chen et al. reported an 

LED device with Cs3Cu2I5 mixed with poly(2-hydroxyethyl methacrylate) as the active layer 

(Figure 5a). Remarkably, a current of ∼180 mA/cm2 was achieved at 15 V with an EQE of 

~0.27% and a luminance as high as 140 cd/m2.[26] Based on the energy band alignment of the 

LED device, they attributed the excellent performance of this Cs3Cu2I5-based LED device to 
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enhanced carrier injection as a benefit of the formation of the Cs3Cu2I5-poly-HEMA 

heterostructure. Ma et al. reported a broadband yellow emission at 550 nm, a maximum 

luminance of 47.5 cd/m2 and an EQE of 0.17% in a multilayered LED device with CsCu2I3 

films (Figure 5b).[31] Importantly, this yellow emissive CsCu2I3-based LED exhibited good 

working stability under continuous current at high temperature, suggesting a superior resistance 

of CsCu2I3 thin films against heat and environmental moisture/oxygen. Zeng and coworkers 

introduced uniform Cs3Cu2I5 perovskite films into a memristor as the active layer and employed 

a layer of ultrathin polymethylmethacrylate (PMMA) to prevent the Cs3Cu2I5 films from 

contacting the Ag electrode (Figure 5c).[36] With such a well-designed construction, the 

memristor enabled a large on/off ratio and bipolar resistive switching at a low operating voltage 

(< ±1 V), as well as long retention (>104 s) and stable endurance (100 cycles). They also 

demonstrated biological synaptic behaviors such as long-term depression and potentiation, and 

the handwritten recognition rate could reach 94% with the MNIST handwritten recognition 

dataset. Recently, Xie et al. obtained a green-yellow emission color from a Cs3Cu2I-based UV-

pumped pc-LED device (Figure 5d).[37] The electroluminescence (EL) spectrum of the UV-

pumped pc-LED exhibited two peaks: the peak at 547 nm was from green-emissive Cs3Cu2Cl5, 

and the peak at 479 nm was from blue-emissive Cs3Cu2I5. The color points for the UV-pumped 

pc-LED were found in the green-yellow region with CIE color coordinates of (0.278, 0.383). 

Recently, Chen et al. achieved warm-white LEDs by mixing Cs3Cu2I5 and CsCu2I3, yielding an 

external quantum efficiency of 3.1% and a luminance of 1570 cd·m-2 at a low voltage of 5.4 

V.[38] The authors found that the chemical interaction between the C–O–C bond in polyethylene 

glycol sorbitan monooleate and Cs was the key to fabricating efficient Cs–Cu–I LED devices 

through multiple roles, including enhanced crystallinity, increased surface potential, enhanced 

charge transport and reduced trap states of the Cs–Cu–I films. Therefore, Cs–Cu–I-based LEDs 

could be enhanced by reducing the electron injection barrier and introducing new additives to 

passivate defects. 
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7. Conclusion 

In this review, we described recent studies of the synthesis and electronic and optical properties 

of Cu(I) halides, particularly focusing on the photoluminescence properties and optoelectronic 

applications of 0D Cs3Cu2X5 and 1D CsCu2X3 and A2CuX3 (A = K+ or Rb+; X = Cl−, Br−, or 

I−). Several sophisticated synthesis methods have been developed, and different LED devices 

have been fabricated and tested to demonstrate the enhanced performance of Cu(I) halides. 

However, this field of research is still in its infancy, and many challenges and perspectives still 

exist. In the following, we share a few prospects regarding the fundamental understanding and 

optimization of Cu(I) halides to attract wider scientific attention and facilitate the advancement 

of their applications in optoelectronic and photocatalytic devices. 

(i) Cu(I) halides typically contain Cs+ cations in A3Cu2X5 and ACu2X3, and K+ or Rb+ cations 

in A2CuX3. Other Cu(I)-based compounds, such as Rb3CuX5 and Cs2CuX3, have not yet 

been reported. Thus, more research is required to describe the relationship between A-site 

cations and the resulting crystal structure, as well as their electronic and optical properties. 

(ii) Although different synthesis methods have been explored to achieve Cu(I) halide single 

crystals, polycrystalline powders and films, the formation of crystal structures appears 

quite random, and purification of the obtained crystals remains difficult. Therefore, 

advanced preparation strategies are highly desirable to allow for precise control over the 

size and nanostructure, and to simplify the purification process of Cu(I) halides. 

(iii) Although Cu(I) halides exhibit excellent optical properties with improved stability, it is 

still challenging to tune their emission bands in a wider spectral region compared to Pb-

based halides. In addition, both experimental and theoretical explanations are required to 

clarify the unusual blueshifts observed in the PL spectra of Cs3Cu2X5 when changing the 

halides from Cl to Br to I. 

(iv) The formation of STEs has become a widely accepted mechanism for the broadband 

emission of Cu(I) halides, and most interpretations of STEs rely on the excited-state 
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geometries obtained by DFT optimizations. However, the current method to optimize the 

excited state involves placing an electron in the unoccupied orbital, which is not accurate, 

even when using a hybrid functional. Therefore, theoretical models and/or methods are 

needed to obtain more reliable excited-state geometry as well as STE energies. 

(v) Identifying Cu(II) halides to improve optoelectronic properties is another important topic. 

To our knowledge, only one study has investigated emissive Cs2CuX4 quantum dots.[39] 

Unfortunately, theoretical predictions suggested that the halide cuprite perovskites (i.e., 

A2CuX4) are metallic due to the spin-polarized bands.[40] To address this contradiction, 

more research of the synthesis and characterization of Cu(II) halides is required to 

understand the electronic and photophysical properties. 

(vi) Given their excellent photophysical properties and enhanced air and light stabilities, Cu(I) 

halide perovskites are promising materials in the photochemical reduction of carbon 

dioxide. For example, Cu(I) species may play a dual role as light absorbers and active sites 

for C-C coupling toward C2+ generation.[41, 42] 
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Recent developments in copper(I) halides as light-emitting semiconductors are reviewed, with 

particular emphasis on the role of dimensionality and halide in governing the emission color 

and photoluminescence efficiency. Additionally, we share conclusions and perspectives to 

facilitate advances in copper(I) halides in optoelectronic and photocatalytic applications. 
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