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Abstract— Methylammonium lead tribromide (MAPbBr3) has
attracted great attention within the field of metal-organic halide
perovskite research due to its potential optoelectronic applications,
as well as offering higher stability compared to iodine-based
perovskites. In this work we report the preparation of MAPbBr3
perovskite thin films, using a one-step spin-coating deposition
process using different molar concentration ratios of the PbBr2
and MABr precursors, dissolved in dimethyl sulfoxide and
dimethylformamide at ambient conditions. The transmittance
measurement by UV-Vis allowed the determination of an effective
bandgap in the range of 2.23 eV to 2.29 eV. Scanning electron
microscopy analysis showed that the excess of any of the
precursors causes a larger crystallite size compared to the
equimolar solution, but at the expense of an increase in the film
inhomogeneity. Then, it is concluded that, in this case, the 1:1
precursor concentration ratio is the best since it allows the
deposition of stable, compact, and homogeneous layers with high
photoluminescence (at room temperature) in the “green”
wavelength region.
Keywords— Hybrid metal-organic halide perovskites, MAPbBr3.
Photoluminescence, Degradation

I. INTRODUCTION
The discovery of the mineral calcium titanate (CaTiO3) in
1839, and the subsequent study of its crystal structure (type
ABX3), lead to the formation of different perovskite-type
materials that share this typical structure. Through
experimentation, by modifying their components (A and B
cations, and X anion), it has been possible to synthesize
materials with different physical and chemical properties, and
with a wide range of applications [1].
In the last decade, hybrid (organic-inorganic) metal-organic
halide perovskites have become a topic of great interest due to
their use in solar cells, achieving an efficiency increase from
3.8% to more than 25% [2],[3]. CH3NH3PbI3 (MAPbI3)
perovskite is the most widely used in photovoltaic applications,
due to its reported band gap of 1.5 to 1.6 eV, which has allowed
it to achieve high efficiencies [4].
Several investigations have been carried out using metalorganic halide perovskites with MAPbX3 structure [5], [6],
focusing mainly on the use and combination of different halides
(X = iodine, bromine or chlorine) [7], [8], [9]. Within this group,
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MAPbBr3 perovskites have shown photon emission with
wavelengths within the visible spectrum of light, due to their
bandgap of 2.3 eV, making their application in (green) lightemitting diodes possible [10],[11]. At the same time, these
bromine halide perovskites exhibit a reduced degradation rate
than perovskites such as MAPbI3 [12].
On the other hand, they help to produce a high open-circuit
voltage in photovoltaic devices [13], [14], although the
maximum efficiency reported is only 10.4 % [15], as a
consequence of its bandgap which differs from the ideal,
according to the Shockley-Queisser model [16]. Some
researches [17], [18] have shown that the appropriate way to
take advantage of the different properties of the MAPbBr3
perovskite corresponds to the integration with other halides
such as iodine, forming the crystalline structure MAPb(I1-x
Brx)3, in such a way that efficiencies achieved can compete with
those of other solar cell devices.
In this research, the effect of modifying the PbBr2 and MABr
(CH3NH3Br or CH3NH2HBr) relative concentrations in the
precursor solution, on the optical, structural and morphological
properties of MAPbBr3 perovskite layers deposited via a onestep spin-coating process is studied.
II. EXPERIMENTAL PROCEDURE AND CHARACTERIZATION
A. Deposition of MAPbBr3 Thin Films via a One-Step SpinCoating Process
A one-step spin-coating method was used for the synthesis
of MAPbBr3 for 5 relative molar concentration levels of the
precursors PbBr2:MABr (1:1, 1:0.667, 1:0.5, 1:1.5 and 1:2),
with 5 replicates for each level. The precursors were mixed in a
1 ml solution of dimethylformamide (DMF) and dimethyl
sulfoxide (DMSO), in a 7 to 3 volume ratio, respectively [19].
Stirring was carried out on a hot plate at 60°C, for a period of
16 to 24 min. In a (glove) chamber, the relative humidity was
reduced to ≤ 20% by introducing industrial nitrogen (98%). 200
µl of the previously prepared solution was deposited on a
corning glass substrate previously cleaned, using a spinner.
Subsequently, the substrate was rotated at 3000 RPM during 40
s. Immediately thereafter, the samples were placed on a hot
plate at a preset temperature of 100 °C for 20 min.

B. Characterization of the MAPbBr3 Films
X-ray diffraction (XRD) patterns from the films were
obtained using a PANalytical X'Pert Pro Diffractometer with
Cu Kα radiation (wavelength of 1.542512 Å). The film
thickness was measured with a Tencor KLA model p-15
profilometer. The morphology of the films was evaluated by
means of a JEOL JSM-6360LV scanning electron microscope
(SEM) with an accelerating voltage of 10 kV. Using the same
microscope, the atomic concentrations in the films were
determined by X-ray energy dispersive spectroscopy (EDS)
using 16 kV and 1 nA probe current. Optical transmittance was
measured using a UV-vis spectrophotometer (Jasco V-670).
The bandgap (Eg) was determined by using the classical Tauc
plots (fitting to a direct band semiconductor model in the linear
region of the plot). Photoluminescence spectra of the films were
obtained using a SPEX 1404 dual monochromator spectrometer
with an excitation wavelength of 450 nm.
III. RESULTS DISCUSSION AND ANALYSIS
A. X- Ray Diffraction
The different XRD patterns of the MAPbBr3 films as the
PbBr2: MABr relative molar concentration varies are shown in
Figure 1. Notice that the MAPbBr3 films are polycrystalline.
The presence of previously reported diffraction peaks [14], [20]
are observed, corresponding to planes (100), (200), (210), (211)
and (300) of the MAPbBr3 cubic phase.
The cubic (100), (200), (210) and (300) planes appear for all
the samples, except for the 1:2 concentration, for which the
(210) plane does not appear. In turn, the concentration ratios
1:0.667 and 1:0.5 manifest an additional plane, corresponding
to the (211) plane [2θ 37.6°] of the cubic phase, slightly shifted
0.3° with respect to the peaks previously reported, which is
associated with some difference for the crystallite lattice
parameter in each case.
Additional diffraction peaks were identified using the
powder diffraction files (PDF) in the High Score Plus software
database [21]. PbBr2 with orthorhombic crystalline structure is
observed, in the (002), (101), (143) and (155) planes [2θ of
18.7°, 21°, 57°, and 81° respectively]. This fact is attributed to
the existence of remaining PbBr2 that was not completely
dissolved in the precursor solution and does not participate in
the crystallization of MAPbBr3. Another identified compound
is (CH3)2NH2Br, with the monoclinic crystalline phase in the (511), (-315), (425), (714) and (910) planes [2θ of 36.6°, 41.5°
55.8° 57.9° and 63°, respectively], being a consequence of the
chemical reactions during the perovskite formation, and after
the layer deposition. Similar compounds with an amine (NH2)
in their structure have been previously observed [12],[22], [23],
within the perovskite formation and degradation process.
The degradation observed (Table V) is attributed either to
the lack of ambient isolation during the precursor reaction or to
the presence of morphological imperfections in the MAPbBr3
films. In addition, the presence of PbBr2 and (CH3)2NH2Br
compounds may cause low carrier mobility and decreased
electrical conductivity in the material.

Fig. 1. X-ray diffraction of MAPbBr3 films for different molar concentration
of the PbBr2:MABr precursors.

The Scherrer Debye equation was used to estimate the
crystallite sizes [24]:
(1)

τ

Where τ is crystallite size, K is shape factor, λ is X-ray
wavelength, β is the full width at half maximum (FWHM) and
θ is the Bragg angle.
TABLE I.
CHARACTERISTIC X-RAY DIFRACCION PEAKS AND
CRYSTALLITE SIZES OF MAPBBR3 FILMS FOR DIFFERENT MOLAR
CONCENTRATIONS RATIOS OF THE PBBR2:MABR PRECURSORS.

55.91nm
70.91nm
45.90 nm

2θ (degree)
33.7 °
37.6 °
Orientation (hkl)
(200)
(210)
(211)
Crystallite size
40.19 nm 23.11 nm 36.12 nm
44.43 nm 42.26 nm 36.05 nm
37.43 nm 31.71 nm

31.67 nm
33.68 nm
34.39 nm

44.98 nm
54.48 nm

38.46 nm
39.31 nm

35.44 nm
35.85 nm

Samples
(PbBr2:
MABr)

14.9 °

1:0.5
1:0.667
1:1
1:1.5
1:2

(100)

30.1 °

36.79 nm

45.8 °
(300)

As it can be seen in Table I, the obtained MAPbBr3
perovskites have the largest cubic crystallite size in the (100)
plane. A better crystallization could be possible when there is a
relative high concentration of PbBr2 in the solution (1:0.5),
since the inorganic Pb would generate an extended bond
network that allows the formation of a crystalline structure [25].
However, the results in Table I show the complexity for this
type of reactions in solution, since a good crystallinity is also
observed when having the lowest relative concentration of
PbBr2 (1:2) in the solution, which is not an expected behavior,
based on the above explanation.
B. Profilometry
The MAPbBr3 films thicknesses are shown in Table II and
Figure 2. The average thicknesses are between 349 and 792 nm
as the relative molar precursor concentration PbBr2: MABr is
modified. Furthermore, as it can be seen in Table 2, when the
concentrations are different from 1:1, the average film thickness
tends to decrease. This means that part of the precursors in
excess are possibly evaporated. Figure 2 shows the surface
morphology of the different layers. It happens that during the
crystallization process at 100 °C, for 20 minutes, there is surface
diffusion as it crystallizes [26]. This phenomenon manifests
itself in very rough MAPbBr3 films showing mounts that reach
1.5 µm, 3 µm and even up to 4 µm in height.
As it can also be seen in Figure 2, for the 1:1 concentration
the crystallized layer is more or less compact and homogeneous,
while the opposite occurs for the concentrations with one of the
precursors in excess since, in this case, the layers present a
roughness increase. The morphology for the 1:0.667 and 1:0.5
ratios show even empty zones. This may cause an increase in
the MAPbBr3 film surface interaction with the environment,
and consequently may cause an increase in their degradation. In
solar cells, these kind of imperfections would avoid the full
absorption of solar radiation and cause possible leakage paths
[11], so that cells made with these materials should have low
efficiency [15], [27].
This is even more critical for the 1:1.5 and 1:2 concentration
ratios since, as it shown in Figure 2, there are large clusters
separated by empty regions. Then. for relative concentrations
with an excess of MABr in the solution, a large part of this
precursor is not involved in the perovskite crystallization
[12],[22], [23].
TABLE II. AVERAGE THICKNESS OF MAPBBR3 FILMS FOR
DIFFERENT MOLAR CONCENTRATIONS RATIO OF THE
PBBR2:MABR PRECURSORS.
Samples

Average thickness

Error

(PbBr2: MABr)

(nm)

(nm)

1:0.5

398

13.6

1:0.667

586

21.4

1:1

792

29.4

1:1.5

467

34.2

1:2

349

25.9

Fig. 2. Profilometry of MAPbBr3 films at different molar concentration ratios
of the PbBr2:MABr precursors.

C. Scanning Electron Microscopy
Figure 3 shows the morphology of MAPbBr3 films using
scanning electron microscope micrographs. The presence of
roughness is observed, as it was shown in the profilometry
analysis. Microscopic inspection at 1000 magnifications
confirms that the 1:1 concentration has the more uniform and
homogeneous surface when compared to the other samples.
At the same time, as it is shown in Figure 3, the observation
at 10,000 magnifications provides a more detailed view of the
influence that surface diffusion has on the morphology of
MAPbBr3, emphasizing the presence of cluster structures in
addition to empty zones. SEM images at 1000 magnifications
show the high roughness for MAPbBr3 films with concentration
ratios 1:0.5 and1:0.667. On the other hand, for the 1:1.5 and 1:2
ratios, large MAPbBr3 perovskite clusters separated by large
empty regions is observed.

Table III compiles the atomic lead (Pb) and bromine (Br)
concentrations in the deposited MAPbBr3 perovskite layers as
obtained by EDS. It is observed that the bromine and lead
concentrations are far from the expected ratio Br/Pb=3/1. This
is due to the presence of other compounds besides MAPbBr3 in
the prepared films, corresponding to the PbBr2 and
(CH3)2NH2Br also present (Figure 1). Furthermore, it has to be
noted that the MAPbBr3 films with concentrations 1:1.5 and 1:2
in the starting solution register a Br:Pb ratio totally out of the
expected stoichiometry (3:1).
The above result let us conclude that it is not convenient to
carry out depositions with MABr concentration higher than the
PbBr2 concentration in the precursor solution to obtain
MAPbBr3 perovskite layers by the described technique. This
condition of higher MABr than PbBr2 concentration produces
non-compact and non-uniform layers with a lack of
stoichiometric composition.
D. Transmittance by UV-vis Spectrophotometry
Figure 4 shows the optical transmittance for MAPbBr3
layers as measured by UV-vis spectrophotometry for
wavelengths between 400 and 800 nm. It should be noted that
for the 1:1.5 and 1:2 concentration ratios there is a smaller
transmittance drop at the absorption edge than for the 1:1 ratio
in the starting solution, associated with the above explanation.
That is, a lower absorbance, due to the extended empty zones
and a smaller MAPbBr3 absorbing volume, when excess MABr
is used for the precursor solution.

Fig. 3. Scanning electron microscopy images of MAPbBr3 films (1,000X and
10,000X magnifications at the left and the right, respectively) for different
molar concentration ratios of the PbBr2:MABr precursors.
TABLE II.
X-RAY ENERGY DISPERSIVE SPECTROSCOPY FOR MAPBBR3
FILMS OBTAINED WITH DIFFERENT MOLAR CONCENTRATIONS RATIO OF THE
PBBR2:MABR PRECURSORS.
Elements

Samples
(PbBr2: MABr)

Br

Pb

1:0.5

10.93%

2.31%

4.73

1:0.667

10.17%

2.28%

4.46

Br/Pb ratio

1:1

15.51%

3.58%

4.33

1:1.5

5.96%

0.33%

18.06

1:2

7.73%

0.81%

9.54

Following the above reasoning, we can assume that for
MABr lower than PbBr2 concentrations in the solution, more
absorbent layers would be obtained, i.e., with higher MAPbBr3
volume than for the equimolar ratio (1:1) case. Then, it would
be appropriate to carry out a more extensive study in the future
to achieve a better surface morphology and better stability for
samples with concentration ratios lower than 1, with respect to
the case of samples prepared with equimolar solutions. Several
parameters such as rotation speed or annealing temperature can
be modified when depositing the layers, so that there is a more
homogeneous growth of MAPbBr3 perovskites.
Table IV shows the bandgap of the MAPbBr3 films, using
the classical Tauc plots [(αhν)2 vs hν)] by processing the data
obtained from transmittance measurements [28]. The optical
density was determined by assuming negligible reflectance in
the strong absorption region [optical density = αd = ln (1/T),
where T is the transmittance, α is the absorption coefficient and
d is the sample thickness]. For the ratios 1:1, 1:0.667 and 1:0.5,
an average bandgap of 2.28-2.29 eV is obtained. These values
are within the range reported by other researchers [14]. This is
a larger bandgap than for MAPbI3 perovskites due to bromine
(instead of iodine) within the perovskite structure. For the 1:1.5
and 1:2 ratios in solution, the average bandgap decreases to 2.23
eV, and again this smaller value correlates with the above
explanations for these samples.

Fig. 4. Transmittance of MAPbBr3 films at different molar concentration ratios
of the PbBr2:MABr precursors.

TABLE III.
BANDGAP OF MAPBBR3 FILMS FOR DIFFERENT MOLAR
CONCENTRATIONS RATIO OF THE PBBR2:MABR PRECURSORS.
Sample

1:1

1:0.667

1:0.5

1:1.5

1:2

Eg (eV)

2.29±0.02

2.29±0.02

2.28±0.02

2.23±0.02

2.23±0.02

E. Photoluminescence
In view that the absorption of MAPbBr3 layers corresponds
to wavelengths within the visible region of the solar spectrum,
the photoluminescence of MAPbBr3 films was also evaluated at room temperature- for concentrations 1:1, 1:0.5 and 1:1.5 in
the precursor solution. As it is shown in Figure 5, in the
presence of laser excitation (at a wavelength of 450 nm), at
room temperature, the MAPbBr3 layers emit photons with
wavelengths close to the “green” color (530-550 nm). The
image shows the strong emission observed from the perovskite
layers at room temperature. Hence, we can expect that in the
future it should be possible to use this material to fabricate
highly efficient “green” light-emitting diodes.
Notice the PL spectra difference for samples prepared from
solution with molar concentration ratio (PbBr2: MABr) below 1
as compared to the layers prepared from solutions with this ratio
equal or larger than 1. The PL peak position is shifted towards
a smaller energy, in agreement with the results observed for the
material bandgap (Table IV). These results indicate that at room
temperature, these materials present a high band to band
(radiative) carrier recombination which is a good property for
making both light emitting diodes or solar cells. For the 1:1,5
sample a shift if the emission band is observed due to the
reduced bandgap already observed by the transmittance
measurements for these samples.

Fig. 5. Photoluminescence of MAPbBr3 films at different molar concentration
ratios of the PbBr2:MABr precursors.

F. Degradation
Table V provides aging images, at ambient conditions, of
the MAPbBr3 films. As it can be seen, despite the lack of
encapsulation, the samples largely maintain part of their
apparent color for more than 28 days. The remarkable chemical
stability of mixed MAPb(I1-x Brx)3 perovskites [12],[18] has
been attributed to the MAPbBr3 cubic crystalline phase. Other
studies establish [29] that the MAPbBr3 better stability in
contrast to MAPbI3 is related to the lower mobility of bromine
ions and the suppression of the methylammonium cations
(MA+) migration. The material changes its color as the aging
time increases. As it can be seen, for the 1:1 molar concentration
in the precursor solution there is good stability. Possibly, as
explained before, surface roughness also affects the stability
degree, Therefore, in this case, the layers manufactured with a
1:1 concentration ratio have the best characteristics.
IV. CONCLUSIONS
MAPbBr3 perovskite films with a cubic structure were
obtained by a one-step spin-on deposition of a solution with
different molar concentrations ratios of the precursors PbBr2:
MABr. The samples show the presence of some PbBr2 and
(CH3)2NH2Br in addition to the cubic MAPbBr3 crystallites.
Non-uniformity and rough morphology are observed for the
samples. Using one of the precursors in excess, either PbBr2 or
MABr, promotes the increase of the perovskite crystallite size.
However, this occurs at the expense of an increase in roughness
and inhomogeneity, as it was concluded when the profilometry
and SEM measurements were analyzed. For the 1:1
concentration ratio in the starting solution, a compact and
homogeneous layer was achieved, with a bandgap of the order
of 2.29 eV, and with strong luminescent emission in the green
wavelength range, assuring the possible application of these
layers for green electroluminescent diodes in the future.

TABLE IV.

DEGRADATION RECORD OF MAPBBR3 FILMS FOR DIFFERENT MOLAR CONCENTRATIONS RATIO OF THE PBBR2:MABR PRECURSORS.
Time

1:0.5

1:0.667

---

---

MAPbBr3
1:1

1:1.5

1:2

1th day

3th day

7th day

14th day

21th day

28th day

[6]
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