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Abstract 

Organometal perovskite nanocrystals have shown remarkable properties not 
only in photovoltaics, but also in light-emitting devices. In this work colloidal 
nanocrystals of organometal perovskite CH3NH3PbBr3 (MAPBr) with effective 
visible photoluminescence were synthesized by the ligand assisted reprecipitation 
method. The studies were carried out by photoluminescence spectroscopy and 
optical transmission spectroscopy. Analysis of the photoluminescence and 
transmission spectra showed that by changing the concentration of the ligands 
oleylamine and octylamine, it is possible to control the size of nanocrystals and 
the photoluminescence wavelength due to the quantum confinement effect. It was 
shown that the increase in ligands concentration in MAPBr perovskite nanocrystals 
(NCs) solutions decreases the width of the peak which indicates a better quality 
of the obtained nanocrystals. An increase in the band gap indicates a decrease in 
the size of the nanocrystals. Replacing the ligands in the colloidal perovskite NCs 
solutions leads to shift of the photoluminescence peak from 456 to 535 nm.
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1. Introduction

Over the past decade ABX3 (where А – Cs+, 
NH2CHNH2

+ or CH3NH3
+; В – Sn2

+ or Pb2
+; Х – 

Cl–, Br– or I–) organometal perovskites have shown  
rapid growth in optoelectronic applications. One of 
the best examples of such applications perovskites 
based solar cells, the efficiency of which increased 
from 3.8% to 25.5% by 2021 [1, 2]. Also, it is well 
known that perovskite nanocrystals have excellent 
light-emitting properties with a photoluminescence 
(PL) quantum yield of 90% [3, 4]. 

To date, there are two well-developed meth-
ods for the synthesis of colloidal nanocrystals of 
perovskites: the hot injection (HI) method and the 
ligand-assisted reprecipitation (LARP) method 
[5‒7]. The HI method requires high temperatures 
and an inert atmosphere, which inevitably increas-
es cost and can limit product yield in mass pro-

duction [8]. The LARP method allows to overcome 
mentioned limitations and could be considered as 
a less expensive alternative technique since it pro-
vides high quality perovskite nanocrystals (NCs) 
and synthesis occurs in the ambient atmosphere at 
room temperature [9].

The main idea of the LARP method is in dissolv-
ing the desired ions in a solvent reaching an equilib-
rium concentration and then bringing the solution 
into a non-equilibrium supersaturation state. The 
supersaturation state can be achieved by changing 
the temperature (cooling the solution), evaporating 
the solvent, or adding a co-solvent with low ions 
solubility. Under these conditions spontaneous 
precipitation and crystallization reactions occur 
until the system reaches equilibrium again. If this 
process is carried out in the presence of ligands, 
then it is called ligand-assisted reprecipitation. In 
this case, the formation and growth of crystals can 
be controlled down to the nanoscale which makes 
it possible to produce colloidal nanocrystals. It is 
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easy to understand that since the synthesis by the 
LARP method (as opposed to the HI methods) is 
carried out in air using a simple chemical apparatus 
it can be easily scaled. This advantage allows the 
organization the production of perovskite NCs in 
large quantities [10‒12].

The first reports on LARP synthesis of hybrid 
organo-inorganic lead halide NCs date back to 
2012 when Papavassiliou et al. dissolved salts of 
CH3NH3PbX3 (where X = Br, Cl, or I) in N,N-di-
methylformamide (DMF) (or acetonitrile) and in-
troduced this solution dropwise into toluene [13]. 
They observed the formation of luminescent NCs 
with sizes of 30–160 nm and photoluminescence 
intensity much higher than that expected for bulk 
CH3NH3PbX3 crystals. Several more years passed 
before the LARP procedure was finally developed 
for the synthesis of organic-inorganic nanocrystals.
In this work, we performed the colloidal synthesis 
of methylammonium lead bromide perovskite NCs 
CH3NH3PbBr3 (MAPBr) with effective PL in the 
spectral range of 456‒535 nm. We have optimized 
the process of synthesis of colloidal perovskite 
NCs and studied their photophysical properties.

2. Materials and methods

MAPBr perovskite NCs were synthesized by the 
colloidal LARP method. For perovskite systems 
the LARP method consists of adding precursor 
salts dissolved in a good polar solvent (DMF) to 
a poor solvent (for example, toluene or hexane) in 
the presence of ligands. For this, a solution of per-
ovskite salts CH3NH3PbBr3 was prepared. 11.2 mg 
of CH3NH3Br and 36.7 mg of PbBr2 were dissolved 
in 1 ml of DMF. As a capping agent, i.e., ligands 
we have used oleic acid and various amounts of 
octylamine or oleylamine. 200 μl of the oleic acid 
and different amounts of octylamine (15, 30, and 
60 μl) were added in the solution with perovskite 
salt to obtain the first series of samples. The second 
series was prepared with the same solution, but in-
stead of octylamine 15, 30, and 60 μl of oleylamine 
were added.

In the next step, 100 μl of prepared solution 
with perovskite salt and ligands (oleic acid and oc-
tylamine/oleylamine) were added to 3 ml of tolu-
ene with vigorous stirring. Mixing of two solvents 
causes instant supersaturation leading to the nu-
cleation and growth of perovskite nanocrystals. In 
the process of stirring the solution acquired a green 
color and a greenish glow under ultraviolet light. 
Thus, colloidal nanocrystals of MAPBr perovskite 

in toluene were obtained. In order to investigate 
the structural properties MAPBr NCs thin solid 
films were prepared from the colloidal solutions by 
spin-coating thin layers on silicon substrates and 
drying in a glovebox with 99.9% purity N2 atmo-
sphere.

The structural morphology of MAPBr NCs 
films was characterized by Crossbeam 540 (Carl 
Zeiss) scanning electron microscope (SEM) and by 
JEM-1400 Plus (JEOL) transmission electron mi-
croscope (TEM). The optical properties of MAPBr 
perovskite NCs were studied by photolumines-
cence and optical transmission spectroscopy. PL 
spectra were measured using Carry Eclipse (Ag-
ilent) fluorescence spectrometer, transmittance 
spectra were measured using Lambda 35 (Perkin 
Elmer) spectrophotometer at room temperature. 

3. Results and discussion

Figure 1 shows SEM and TEM images of MAP-
Br perovskite NCs with an average size 100 nm 
(inset) obtained by LARP method with 15 μl oleyl-
amine ligand. One can see that perovskite NCs are 
characterized by a cubic-like shape with average 
sizes of 5‒130 nm for the samples prepared with 
different amounts of ligands.

 
Fig. 1. (a) SEM and (b) TEM images of typical MAPBr 
perovskite NCs obtained by LARP method. Size 
distribution is shown in insets.

(b)
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Organic ligands octylamine and oleylamine dif-
ference in effect on obtained perovskite NCs size 
are found by PL measurements. The PL spectra 
measurements showed the presence of a bright PL 
signal in all samples. Figure 2 shows the PL spec-
tra of MAPBr nanocrystals with oleylamine. Fig-
ure 3 shows the transmission spectra of the same 
samples. One can see that the increase in the con-
centration of ligands shifts the luminescence peak 
to shorter wavelengths and decreases the width of 
the PL peak which is associated with a decrease 
in the size of nanocrystals. Two broad peaks are 
observed in the PL spectrum of the MAPBr per-
ovskite NCs colloidal solution sample obtained 
at the concentration of 15 μl of oleylamine. This 
means that at a low concentration of oleylamine 
crystals of large size with a large scatter are syn-
thesized. This conclusion is confirmed by the 
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Fig. 2. Photoluminescence spectra of MAPBr perovskite 
NCs colloidal solutions in toluene with different 
concentrations of oleylamine. The excitation light 
wavelength is 300 nm.
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Fig. 3. Transmission spectra of MAPBr perovskite 
nanocrystals in toluene with different concentrations of 
oleylamine.

transmission spectrum which shows a diffuse ab-
sorption edge for the same sample.

Figure 4 shows the PL spectra of colloidal solu-
tions of MAPBr nanocrystals in toluene synthesized 
with the addition of octylamine ligand. Samples of 
MAPBr nanocrystals synthesized using the octyl-
amine ligand exhibit similar tendencies. However, 
15 μ and 30 μl octylamine NCs show similar PL 
shape and intensity, 60 μl of octylamine increases 
PL intensity two times. Even with a small amount 
of octylamine ligand MAPBr NCs show narrow PL 
spectra. This differs from oleylamine ligand effect.

Measurements of the transmission spectra of 
the same samples of MAPBr NCs (shown in Fig. 5) 
confirm the conclusions obtained from the analysis 
of the PL spectra. The transmission spectra have a 
sharp absorption edge coinciding with the PL peak 
for all octylamine concentrations.
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Fig. 4. Photoluminescence spectra of MAPBr perovskite 
NCs colloidal solutions in toluene with different 
concentrations of octylamine. The excitation light 
wavelength is 300 nm.
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Fig. 5. Optical transmission of MAPBr perovskite NCs 
colloidal solutions in toluene with different concentrations 
of octylamine.
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We can estimate the size and shape of synthe-
tized NCs by comparing them with literature where 
the same method and perovskite composition are 
used. Same LARP technique with octylamine as li-
gand produces NCs with size 3.3 nm and PL peak 
at 515 nm [14]. In work [7] MAPBr NCs size and 
shape were analyzed, NCs have a plate shape, later-
al size about 15 nm and thickness 3 nm. So, MAPBr 
NCs synthetized with a big amount of organic li-
gand have a plate shape and sizes lower than 20 nm.

The Bohr diameter for an exciton in perovskite 
is comparable to the size of nanocrystals which 
leads to the appearance of a quantum size effect in 
the form of an increase of band gap [15]. As a re-
sult, smaller nanocrystals emit shorter wavelength 
photoluminescence. According to the dependence 
of the energy of exciton transitions in MAPBr 
nanocrystals on the nanocrystal diameter known 
from the literature [16] the synthesized nanocrys-
tals have a size less than 20 nm:
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where         and         are bang gap of nanocrystal 
and bulk MAPBr perovskite, respectively, me and 
mh is the mass of electron and hole, d is the nano-
crystal size.

Spread in the NCs diameters can be estimated 
from absorption edge shape and full width half 
maximum (FWHM) of PL spectrum. Sharper ab-
sorption edge (Figs. 3 and 5) and lower FWHM 
(Fig. 6b) indicates to narrow distribution of per-
ovskite NCs diameters. Spread in the perovskite 
NCs sizes decreases with a larger amount of organ-
ic ligands. Organic ligands also cause an increase 
in the PL yield, which can be estimated from the 
area under the PL spectrum (Fig. 6a). In work [14] 

 NC
gE  bulk

gE

MAPBr NCs obtained with the same method show 
PLQY in the range 50‒70%. Therefore, using of 
octylamine is gives better results according to 
higher PL intensity and lower FWHM.

The comparison of characteristics of MAPBr 
perovskite NCs obtained at different concentrations 
of ligands are given in Tables 1 and 2 for octylamine 
and oleylamine, respectively.

Table 1 
Position and half-width of the PL peak, band gap (Eg) 

of MAPBr perovskite nanocrystals in toluene with 
different octylamine concentrations

Octylamine mass, μl 15 30 60
PL peak, nm 458 459 456
Half-width peak, nm 24.9 23.0 21.6
Eg, eV 2.71 2.70 2.72

Table 2 
Position and half-width of the PL peak, band gap (Eg) 

of MAPBr perovskite nanocrystals in toluene with 
different concentrations of oleylamine

Oleylamine mass, μl 15 30 60
PL peak, nm 515, 535 467 457
Half-width peak, nm 57.0, 20.7 35.3 23.1
Eg, eV 2.41, 2.32 2.66 2.71

4. Conclusions

Nanocrystals of organometal perovskite 
CH3NH3PbBr3 with bright photoluminescence have 
been obtained by low-cost and convenient LARP 
synthesis method. It was shown the possibility to 
control the photoluminescence region by changing 
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Fig. 6. (a) Integral PL intensity (b) Full width half 
maximum of PL spectrum of MAPBr perovskite NCs 
at different concentrations of ligands octylamine and 
oleylamine
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ligands concentration in the perovskite NCs solu-
tions, without changing the composition of halo-
gens in perovskite. By replacing the octylamine 
ligand with oleylamine and changing the concen-
tration from 15 to 60 μL the PL peak can be shifted 
from 535 to 456 nm. An increase in the band gap 
indicates a decrease in the size of the nanocrystals. 
High ligand concentration in a perovskite solution 
leads to better quality (uniformity and PL intensity) 
of the obtained nanocrystal. So, with an increase in 
ligands concentration nanocrystals with a smaller 
scatter of sizes and higher PL yield are obtained. 
In this case, octylamine ligand makes it possible to 
obtain brighter and more uniform perovskite NCs 
in comparison with oleylamine.
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