
Mendeleev Commun., 2022, 32, 495–497

Mendeleev
Communications
Methylammonium bromocuprate (MeNH3)2CuBr3  
as a new self-absorption-free solution-processable X-ray scintillator
–  495  –© 2022 Mendeleev Communications. Published by ELSEVIER B.V.  
on behalf of the N. D. Zelinsky Institute of Organic Chemistry of the  
Russian Academy of Sciences.

Keywords: hybrid copper halides, bromocuprate, scintillator, radioluminescence, photoluminescence, X‑ray imaging.

Scintillation detectors are indispensable components of state-of-
the-art devices used for X-ray imaging in computed tomography, 
radiography, security inspection systems, as well as for the 
detection of ionizing radiation.1,2 However, most commercial 
scintillation materials3 such as CsI:Tl and LaBr3:Ce are 
extremely hygroscopic or expensive due to the use of energy-
consuming single crystal growth techniques (e.g., the widely 
used Czochralski method), rare elements or both.4 Recently, in 
connection with the growing interest in lead halide perovskites, 
a new concept of polycrystalline scintillation screens has 
emerged, which implies the fabrication of a composite based on 
emitting scintillator nanocrystals in a transparent matrix.5,6 The 
implementation of this concept facilitates the deposition of large 
area flexible scintillation screens using simple and cheap 
techniques such as blade coating. Despite impressive progress in 
achieving low X-ray detection limits (down to 13 nGy s−1),5 the 
application of scintillators based on lead halide perovskites is 
hindered by the high toxicity of lead, as well as rather low light 
yields (LYs).

The newest research suggests that copper halide-based 
semiconductors can overcome both of these disadvantages of 
lead halide perovskites. Over the past two years, numerous 
studies have demonstrated superior luminescence quantum 
yields for these compounds in the form of single crystals, 
nanocrystals and powders.7,8 Having a large Stokes shift of 
luminescence, low-dimensional halocuprates are characterized 
by a negligible level of self-absorption.9,10 Therefore, they can 
be successfully used in the form of thick millimeter-scale 
coatings necessary for efficient absorption of X-rays. As a result, 
high and even record-breaking LYs have been found for many 

halocuprates, including Rb2CuBr3 single crystals (LY 91 056 
photons MeV−1),9 Cs3Cu2I5 nanocrystals (LY 79 279 photons 
MeV−1)11 and K2CuBr3 single crystals (LY 23 806 photons 
MeV−1).12

Surprisingly, according to Lian et al.,13 even low-density 
hybrid halocuprate compounds with large tetrabutylammonium 
(TBA) cations demonstrate LY at the same level as the well-
known dense inorganic scintillator LYSO: for example, the 
reported LY of (TBA)CuBr2 is 24 134 photons MeV−1. At the 
same time, the scintillation properties of hybrid halocuprates 
with small size cations are still poorly explored. As far as we 
know, the sole example is (MeNH3)Cu2I3, which exhibits 
photoluminescence (PL) and radioluminescence (RL) only at 
low temperatures.14,15 Herein we describe the scintillation and 
optical properties of the recently discovered16 methylammonium 
bromocuprate (MeNH3)2CuBr3 and propose a facile technique 
for its preparation as robust composites in a polymer matrix.

The (MeNH3)2CuBr3 powder was obtained by the reaction 
of two finely ground powders of CuBr and (MeNH3)Br 
precursors in an isopropanol solution upon prolonged stirring.‡ 
According to XRD data§ [Figure 1(a)], the resulting white 

‡	 CuBr (143.5 mg) and (MeNH3)Br (224 mg) were added to a saturated 
solution of (MeNH3)Br in isopropanol (2 ml) followed by addition of 
HBr (24 μl) and H3PO2 (5 μl) and stirred for 10 h.
§	 Powder X-ray diffraction (XRD) patterns were recorded on a Bruker 
Advance D8 diffractometer with CuKα radiation in the Bragg–Brentano 
geometry for 2q in the range of 5–50° with a step of 0.02°.
	 PL and PL excitation (PLE) spectra were measured on a FluoroMax 
Plus spectrophotometer with xenon lamp excitation using an integrating 
sphere. The PL spectrum at 77 K was recorded on an Ocean Optics 
FLAME-T-VIS-NIR-ES CCD spectrometer using a UV lamp (l = 254 nm) 
as an excitation source.
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We report the radioluminescent properties of the recently 
discovered hybrid bromocuprate (MeNH3)2CuBr3 in a 
poly(methyl methacrylate) matrix in the form of solution-
produced composite thick films. The obtained films 
demonstrate bright turquoise photoluminescence in UV light 
and intense radioluminescence due to CuKa and AgKa 
radiation at room temperature, exceeding the 
radioluminescence intensity of Cs4PbBr6@CsPbBr3 films by 
more than an order of magnitude.
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powder contains a single triclinic (space group P1
–
) phase of the 

recently discovered16 methylammonium bromocuprate 
(MeNH3)4Cu2Br6 [Figure 1(a), inset] and has a noticeable 
texturing in the [001] direction. It is interesting that even when 
irradiated with an X-ray tube with a Cu anode (lCuKa1 = 1.540562 Å 
and lCuKa2 = 1.544398 Å), the (MeNH3)2CuBr3 powder exhibits 
green RL visible to the naked eye [Figure 1(b)]. This same bright 
turquoise PL is exhibited by the (MeNH3)2CuBr3 powder when 
illuminated with a UV lamp (l = 254 nm).

For the convenience of measurements, the finely ground 
powder was dispersed in a solution of poly(methyl methacrylate) 
(PMMA) in toluene and cast onto the surface of quartz glasses.¶ 
The obtained composite films of (MeNH3)2CuBr3 in the PMMA 
polymer matrix (hereinafter MA213) are characterized by 
mechanical durability and a good protection of the material from 
degradation under the action of moisture. The PL spectrum of 
the MA213 film at room temperature exhibits the peak centered 
at 513 nm (2.42 eV) with a full width at half maximum (FWHM) 
of about 104 nm (42 meV) [Figure 2(a)], which is in good 
agreement with the spectroscopic data of the corresponding 
single crystals.16 Upon cooling to liquid nitrogen temperature 
(~77 K), the MA213 film exhibits a slight redshift of the PL 
maximum (~536 nm) with a simultaneous significant narrowing 
of the peak (FWHM ~25 meV). Such a change in PL coincides 
with that for single crystals and is characteristic of radiative 
recombination through self-trapped excitons.13,17

The PLE spectrum‡ of (MeNH3)2CuBr3 has a sharp absorption 
edge and a well-pronounced excitonic absorption band centered 
at 290 nm, which indicates a large Stokes shift of 223 nm and 
additionally confirms the self-trapped mechanism of 
luminescence. According to the Tauc plot fitting assuming a 
direct transition, the optical bandgap of (MeNH3)2CuBr3 is  
3.97 eV [Figure 2(b), inset]. Thus, the use of optical methods 
revealed the absence of self-absorption and impurity absorption 
or emission in the obtained polycrystalline composite material, 
which makes it promising for X-ray scintillation.

Like the (MeNH3)2CuBr3 powder, the PMMA-based 
composite film under non-monochromatic radiation from X-ray 
tubes with both Cu and Ag anodes exhibits RL visible in the 
dark.‡ As in the PL spectrum, the peak in the RL spectrum is 
centered at 514 nm, but has a slightly smaller FWHM (~85 nm) 
[Figure 3(a)]. The position and shape of the peak remain 
unchanged for different X-ray sources and at different voltages 
for the tube with a silver anode [Figure 3(c)]. At the same time, 

 All RL spectra were obtained using a glass X-ray diffraction tube 
(XRD Eigenmann GmbH) with a Be window suppressing radiation 
below 4 keV as an X-ray source. The size of the radiation spot on the 
samples was about 6 × 6 mm. The spectra were recorded using an Ocean 
Optics USB4000+ spectrometer equipped with an optical fiber.
¶ (MeNH3)2CuBr3 powder (200 mg) was dispersed in a PMMA solution 
(200 mg ml−1) in toluene and cast onto quartz glass to form a 200 μm 
thick solid film.

the integral RL intensity increases almost linearly with increasing 
voltage [Figure 3(d)]. The slowdown in the RL intensity growth 
at high powers may be due to the partial degradation of the 
material upon exposure to a high dose of radiation.

To quantify the RL of the MA213 film, we compared it with 
that of a composite consisting of the ‘0D@3D’ halide perovskite 
Cs4PbBr6@CsPbBr3 in a PMMA matrix (hereinafter Cs416), a 
material characterized by bright PL with a quantum yield of 
60%, LY ~6000 photons MeV−1 and high reproducibility of 
synthesis.6 The PL quantum yield of Cs416 films measured with 
an integrating sphere was calculated to be about 49%. This is 
slightly less than originally reported (60%) and indicates a close 
and relatively low degree of non-radiative recombination. At the 
same time, it may be expected that, at a much higher linear 
attenuation coefficient [Figure 3(b)] and the same film thickness, 
Cs416 should absorb a much larger fraction of radiation and, 
therefore, have a higher light output than (MeNH3)2CuBr3. 
Nevertheless, the MA213 films exhibited an integrated RL 
intensity 13–25 times higher than that of Cs416, depending on 
the X-ray tube voltage at which the measurements were made 
[see Figure 3(d)]. It should be noted that, although the 
(MeNH3)2CuBr3 phase does not contain heavy elements, its 
linear attenuation coefficient is comparable to that of silicon, 
which is widely used in semiconductor X-ray detectors, and in 
the region up to 33 keV exceeds the value for the efficient 
commercial NaI:Tl scintillator.
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Figure 1 (a) Powder XRD pattern of (MeNH3)2CuBr3. Inset: crystal 
structure of the (MeNH3)4Cu2Br6 phase. (b) Photograph of the powdered 
(MeNH3)2CuBr3 sample emitting RL induced by CuKa radiation.

Figure 2 (a) PL spectra of the MA213 film measured (1) in an integrating 
sphere at room temperature and (2) under UV lamp at 77 K (peaks near 365 
and 405 nm are emission lines of the mercury UV lamp). Inset: photographs 
of the MA213 composite film in daylight and under UV illumination.  
(b) PLE spectrum of the MA213 film recorded at an emission wavelength of 
513 nm and the corresponding Tauc plot in the inset.
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Figure 3 (a) Raw (dots) and smoothed (solid line) RL spectra of 
(MeNH3)2CuBr3 compared to the PL spectrum (dashed line). (b) Linear 
attenuation coefficient of (1) (MeNH3)2CuBr3 compared to conventional 
X-ray detector materials: (2) Cs4PbBr6, (3) CsI, (4) NaI and (5) Si.  
(c) MA213 RL spectra measured at different X-ray tube voltages: (1) 10,  
(2) 15, (3) 25, (4) 35 and (5) 40 kV. (d) Voltage dependence of the integrated 
RL peak area for (1) MA213 and (2) Cs416 films.
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To estimate the LY of the new scintillator, the RL intensity of 
the obtained MA213 films with a thickness of ~200 µm was 
compared with that of a commercial ceramic X-ray phosphor 
made of gadolinium oxysulfide (Gd2O2S) with a LY of about 
50 000 photons MeV−1.18 The integrated intensity of the X-ray 
luminescence peak of the (MeNH3)2CuBr3 powder was about 
30% of that for Gd2O2S:Tb. Since the Gd2O2S:Tb material has 
the same polycrystalline state as (MeNH3)2CuBr3 in the polymer 
matrix, the measurements of the RL intensity of Gd2O2S:Tb and 
MA213 were carried out in the same geometry with irradiation 
of equal areas with X-rays and registration of luminescence from 
above the sample. Under such conditions, we assume a direct 
proportionality between the measured integrated RL intensity 
for both materials and estimate the LY for (MeNH3)2CuBr3 at 
13 700 photons MeV−1, which is comparable with the other 
hybrid13 and inorganic12 bromocuprates.

In summary, we propose simple procedures for the synthesis 
of (MeNH3)2CuBr3 powder and the fabrication of robust thick 
films based on its fine powder in a PMMA matrix. The resulting 
composite films are characterized by intense PL, a large Stokes 
shift (~223 nm) and a negligible level of self-absorption. For the 
first time, the phenomenon of intense RL of the hybrid 
bromocuprate (MeNH3)2CuBr3 at room temperature is observed. 
The position of the maximum and the shape of the RL spectrum 
almost coincide with those of the PL spectrum, which indicates 
a similar mechanism of radiative recombination. The RL 
intensity of (MeNH3)2CuBr3 composite films is more than an 
order of magnitude higher than that of similarly prepared 
Cs4PbBr6@CsPbBr3 films, which previously proved to be a 
promising material for X-ray imaging. Finally, the 
(MeNH3)2CuBr3 phase may be of interest for the fabrication of 
cheap scintillation screens and opens up prospects for studying 
the scintillation properties of other hybrid halocuprates.
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