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Organic-inorganic hybrid compounds demonstrate a number of 
outstanding optoelectronic properties, including photo
luminescence, electroluminescence, thermochromic and 
nonlinear optical properties.1–3 The incredible success of lead 
halide perovskites in the last decade gave birth to a new direction 
in photovoltaics and optoelectronics,4–7 while attempts to replace 
lead in the structure with non-toxic metals have contributed to 
the progress in the synthesis and investigation of other hybrid 
compounds for optoelectronic applications.8–10 As a result, 
dozens of new lead-free hybrid compounds with promising 
optoelectronic properties have recently been discovered.11,12 
While Bi and Sb-based hybrid halides have been extensively 
explored in the last five years,13–20 hybrid halocuprates are still 
poorly understood.

Halocuprates(i) of organic cations are natural low-dimensional 
semiconductors that exhibit bright luminescence and 
phosphorescence,21–23 as well as thermochromic and photo
chromic properties.24 At the same time, it was found that 
halocuprates of large inorganic cations such as Rb2CuCl3, 
CsCu2I3 and Cs3Cu2I5 demonstrate outstanding luminescence 
intensity. In particular, single crystals of Rb2CuCl3 were 
reported,25 giving a photoluminescence quantum yield of 99.4%, 
and they were proposed as an X-ray scintillator without self-
absorption, showing a light yield of 16 600 photons per 
megaelectronvolt and a large linear scintillation response in the 
range from 48.6 nGyair s−1 to 15.7 μGyair s−1.

The CsCu2I3 phase demonstrated high-intensity photo
luminescence attributed to self-trapped excitons26,27 and was 
used to make high-speed UV and UV-VIS broadband 
photodetectors.28,29 Another cesium iodocuprate, Cs3Cu2I5, 
has also been successfully applied to create not only a 
broadband photodetector30 but also a deep-blue LED.31 While 
many theoretical and experimental studies on the optical 

properties and electronic structure of cesium copper 
halide  CsCu2I3 have been published lately,26–29,32–38 the 
optoelectronic properties of the recently reported39 hybrid 
copper halide (MeNH3)Cu2I3 have not yet been investigated. 
Here, we discuss the optical properties of (MeNH3)Cu2I3, 
report on its radioluminescence and analyze its electronic 
structure.

Single crystals of (MeNH3)Cu2I3 [Figure 1(a)] were 
obtained from a 0.7 m acetonitrile solution by slow evaporation 
of the solvent in an inert atmosphere to avoid oxidation of I– 
to I0. It was confirmed that the crystals are composed of 
(MeNH3)Cu2I3 which crystallizes† in the monoclinic space 
group P21/m with unit cell parameters a  =  8.9069(1), 
b  =  5.9605(1) and c  =  9.1012(2) Å, a = 90°, b = 112.51° 
and  g = 90° in agreement with the known structure39 
[Figures 1(b),(c)].

The diffuse reflectance spectrum‡ of the powdered crystals of 
(MeNH3)Cu2I3 in Tauc coordinates [Figure 1(d )] exhibits a steep 
absorption edge at 3.62 eV, which is close to that obtained from 
the Tauc plot for CsCu2I3 (3.77 eV).33,36 In the UV absorption 
region, three maxima are observed at 325, 316 and 301 nm (3.82, 
3.92 and 4.12 eV, respectively), which can be of excitonic origin 
due to the low electronic dimensionality and quantum 
confinement.
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(MeNH3)Cu2I3The optical and radioluminescent properties as well as the 
electronic structure of the recently discovered phase  
(MeNH3)Cu2I3 are reported for the first time. Single crystals 
of (MeNH3)Cu2I3 were obtained by crystallization from 
solution and demonstrated photoluminescence and 
radioluminescence at 100 K. DFT analysis of both the 
electronic structure and the partial density of states revealed 
that (MeNH3)Cu2I3 has a direct bandgap.

†	 Powder X-ray diffraction (XRD) analysis was performed on a Rigaku 
D/MAX 2500 diffractometer (Japan) with a rotating copper anode using 
CuKα radiation in the range 2q = 5−60° with a step of 0.02°. The obtained 
single crystals were ground in a mortar, and then the XRD pattern of the 
powder was measured. The profile analysis was carried out using the Jana 
2006 software to refine the unit cell parameters.
‡	 The absorption spectra of the ground crystals were recorded in the 
diffuse reflectance mode on a Perkin Elmer Lambda 950 UV-VIS 
spectrophotometer.
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Interestingly, during the X-ray measurement of the  
(MeNH3)Cu2I3 crystal at the synchrotron radiation source§ 

(l  =  0.9699 Å), the radioluminescence of the sample was 
observed [Figures 2(a)–(c)]. The glow of a crystal 200 μm in size 
was so bright that even the naked eye could determine its color 
as yellowish-orange. Next, we varied the X-ray energy from 

9  keV (0.138 nm) to 18 keV (0.069 nm) and found that the 
position of the peak does not depend on the radiation energy, 
while the luminescence intensity increases with increasing 
radiation energy from 9 to 18 keV. Whereas the radioluminescent 
Rb2CuCl3 and the most cognate compound CsCu2I3 exhibit 
intense luminescence, this is not the case for (MeNH3)Cu2I3. The 
photoluminescence of the latter was observed only after cooling 
to ~100 K with excitation at 254 nm. The peak position is the 
same as for the radioluminescence, while the FWHM is larger 
for radioluminescence. In contrast to the ground single crystals, 
the (MeNH3)Cu2I3 powder, obtained by rapid crystallization 
using a rotary evaporator, exhibits faint luminescence at 690 nm 
at room temperature [Figure 2(d )] with excitation at 405 nm. 
Interestingly, we found that this broad red luminescence also 
appears after the treatment of the ground single crystals with 
water vapor [Figure 2( f )] and, apparently, arises due to CuI 
formed as a result of the reaction:

(MeNH3)Cu2I3 + H2O ® 2 CuI + HI (g) + MeNH2 (g).

This assumption is confirmed by the published data40 that 
nanocrystalline CuI gives a bright visible luminescence in the 
deep red region (lmax = 688 nm) upon excitation at wavelengths 
of 254, 365 and 405 nm. The shoulder at 550 nm can correspond 
to the defect states in (MeNH3)Cu2I3.

To understand the electronic structure of (MeNH3)Cu2I3, we 
performed a theoretical calculation of the band structure using 
the DFT method based on the published crystallographic data.39 
Electronic properties of (MeNH3)Cu2I3 were studied using the 
DMol3 module of the Materials Studio software based on DNP 
(Double Numerical plus polarization) atomic functions and an 
all-electron approach.41,42 The electronic structure, including the 
density of states (DoS) for (MeNH3)Cu2I3, was calculated using 
six different functionals. The band gap varied from 2.75 eV for 
LDA-PWC to 3.44 eV for HCTH (Table 1). The best agreement 
of the calculation (3.44 eV) with experimental data (3.62 eV) 
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Figure  1  (a) Single crystals, (b) crystal structure, (c) powder XRD pattern 
and (d) diffuse reflectance spectrum of (MeNH3)Cu2I3. 

§	 The experiment was performed at the beamline ‘RKFM’ of the 
Kurchatov specialized source of synchrotron radiation ‘KISI-Kurchatov’. 
The crystal was secured with a conductive double-sided carbon tape and 
exposed at an angle of 45° to the beamline. To maintain a temperature of 
100 K during the experiments, a Cryostream cooler was used. The spectra 
were recorded using an optical fiber connected to a Flame-T-VIS-NIR-ES 
spectrometer (Ocean Optics).
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Figure  2  (a) Spectra of (1) radioluminescence and (2) photoluminescence; 
(b, c) the appearance of a single crystal of (MeNH3)Cu2I3 (b) without and 
(c)  with X-ray irradiation; (d) photoluminescence spectrum and 
(e, f, g) photographs of powdered (MeNH3)Cu2I3 in (e) visible light and UV 
light at 405 nm ( f ) before and (g) after treatment with water vapor. 
Photographs (b) and (c) were taken through a Kapton film to filter out UV 
radiation. 

Table  1  Band gap energy of (MeNH3)Cu2I3 calculated using various 
functionals. 

Functional LDA-PWC PBE PW91 BLYP BOP HCTH

DEg/eV 2.75 2.94 3.08 2.97 3.08 3.44
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Figure  3  (a) Band structure and (b) partial density of states of  
(MeNH3)Cu2I3. 
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was found for the HCTH functional. The calculations show that 
the (MeNH3)Cu2I3 phase is a direct-gap semiconductor with a 
bandgap at the G point [Figure 3(a)]. The density of states 
indicates [Figure 3(b)] that the VBM consists mainly of Cu 3d 
and I 5p orbitals, while the CBM consists of Cu 4s and I 5p 
orbitals, which is the same as for CsCu2I3.29,32 It can be seen that 
the energy levels of the methylammonium cations lie deep below 
the valence band and do not contribute to the VBM. However, 
they also contribute to the conduction band but not to the CBM. 
Compared to CsCu2I3, (MeNH3)Cu2I3 has a similar dispersion of 
the VBM, but a more flat CBM indicates a larger electron 
effective mass.

In summary, a simple procedure is proposed for growing 
large single crystals of (MeNH3)Cu2I3 from acetonitrile solution. 
The optical properties and electronic structure of (MeNH3)Cu2I3, 
investigated for the first time, reveal the optical band gap of 
(MeNH3)Cu2I3 equal to 3.62 eV, which is slightly lower than that 
of the cesium analog CsCu2I3 (3.77 eV). An analysis of the 
electronic structure confirmed that (MeNH3)Cu2I3 has a direct 
band gap, with VBM consisting mainly of Cu 3d and I 5p 
orbitals, and CBM consisting of Cu 4s and I 5p orbitals.  
(MeNH3)Cu2I3 has been found to exhibit radioluminescence in 
the soft X-ray region, which makes it a possible candidate for 
use in scintillators.

This research was supported by the Russian Foundation for 
Basic Research (project no. 20-33-70265). We thank colleagues 
from the Joint Research Center for Physical Methods of Research 
of IGIC RAS for their valuable assistance in sample analysis. 
The radioluminescence experiments were performed at the 
beamline ‘RKFM’ of the Kurchatov specialized source of 
synchrotron radiation ‘KISI-Kurchatov’. DFT calculations were 
carried out using computational resources provided by Resource 
Center ‘Computer Center of SPbU’ (http://cc.spbu.ru).
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