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Abstract: 

 A simple, cost effective production approach having high stability is pertinent to any organic-inorganic 

perovskite solar cells. The main focus of the present work has been to formulate and estimate the stability 

of CH3NH3PbBr3 micro-cubes and nanoparticles based perovskite solar cells. Firstly, novel synthesis route 

has been introduced for the preparation of CH3NH3Br (MABr) electrolyte salt which is less time 

consuming, as well as cost effective than pristine methods. We also reported a facile single solution process 

to grow large scale CH3NH3PbBr3 (MAPbBr3)  hybrid perovskite micro-cubes and nano-particles. The 

effect of different size (micro-cube & nano-particles) of perovskite material on structural, optical, thermal 

stability and degradation kinetics has been examined. X-ray diffraction spectra of MAPbBr3 perovskite 

reflect high crystallinity and cubic structure of the material at the room temperature. The surface 

morphology of micro-cubes and nano-particle MAPbBr3 has been obtained from scanning electron 

microscope (SEM). Broad absorption spectrum has found in the visible region with high absorption 

coefficient and PL spectra show the green emission which is in good agreement with the optical band gap 

of MAPbBr3 from absorption measurements. With decreasing the size of perovskite materials, band gap 

and emission spectra tuned towards the blue region. The simultaneous thermal analysis (STA) study 

indicates towards the more thermal stability of micro-cubes structures than nanoparticles material while the 

change in enthalpy (∆H) and specific heat capacity (∆Cp) of nano particle have increased by reducing the 

particle size of perovskite due to modification of endothermic peaks. 
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Graphical Abstract: 

 

Highlights: 

� Solution processed methyl ammonium lead bromide was highly cubic crystalline at room 

temperature. 

� MAPbBr3,  micro-cubes was more thermally stable than nano-particles. 

� High absorbance and luminescence property show the light harvesting nature of the materials. 

� Change in enthalpy and specific heat capacity of perovskite particle was increased by reducing the 

particle size. 
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1. Introduction  

Recent development in nanoscience and nanotechnology has not only brought potential building block for 

nanoelectronics, optoelectronics, but also offer a breakthrough in photovoltaic performance in devices1, 

2.Hybrid perovskites have attracted attention in recent years due to their excellent potential as light 

harvesting material for application in solar cells and light emitting diodes3,4. Furthermore, the extraordinary 

properties of color tunability/optical absorption, high absorption coefficient, excellentphotoluminescence 

efficiency and low non-radiative recombination rates, extends their applications into various optoelectronic 

devices such as solar cell, light emitting diodes,  photo detectors, light emitting cables and optical memory 

etc5-9. 

In 2009 Miyasaka group have used OIHP absorber layer for photovoltaic devices first time with 3.8% power 

conversion efficiency (PCE)10. After this discovery many groups have fabricated different types of OIHP 

materials tuning with the A, B and X sites of the perovskite materials11-15. Recently, national renewable 

energy laboratory (NREL) has certified the maximum 22.7% PCE of the perovskite solar cell16. Weber et al. 

successfully studied the various composition of the 3-dimensional (3-D) CH3NH3PbX3 perovskite material 

by tuning their crystal structure and phases17,18. They have reported that MAPbBr3 (MA=CH3NH3) 

perovskite material shows the cubic phase I (Pm3m), tetragonal phase II (I4mcm) and orthorhombic phase 

IV (Pnma, z = 4) for different temperature.OIHP compounds have wide direct band gap and this direct band 

gap of the materials can be tuned by either changing the Agroup,B group or the X group. MAPbBr3 material 

is a p-type semiconductor with a direct band gap of 1.93-2.3eV that corresponds to an absorption onset of 

≤550nm19,20. This excellent optical property of the material stands it in the first row of the light harvesting 

materials. Optical properties of perovskite material very interestingly changes with particle size of the 

material. Effect of particle size recently have been reported, with reducing size of particle, blue shifting in 

absorption edge and increase in photoluminescence obtained5,6. Gao et al has synthesized CH3NH3PbBr3 

perovskite of the micro-plates and micro-rods. They have studied the three-photon process in single crystal 
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CH3NH3PbBr3 microstructures9. They have observed a three-photon excited whispering-gallery-mode laser 

experimentally in both of perovskite micro-plate and micro-rod micro-structures. Wenger et al has been 

synthesized single crystals of methylammonium lead bromide (CH3NH 3PbBr3) using the rapid growth 

route5. The as synthesized material has been characterised via optical absorption and photoluminescence and 

show that the optical properties have found almost the same to that of polycrystalline CH3NH3PbBr3 films.  

 Additionally, absorption coefficients of the OIHP materials are greater than traditional 

semiconducting materials such as silicon, gallium arsenide, N719 conventional dye molecules etc21. The 

photoluminescence property of MAPbBr3 perovskite material is of great interest due to its emissive 

property. Perez-Prieo group first achieved this type of perovskite nanoparticles with a bright 

photoluminescence (PL) peak at around 530nm wavelength22. Thermal properties of different hybrid 

perovskite materials containing pure halide and mixed halide have been reported by different research 

groups23. Liu et al. reported that by changing the halide composition of perovskite materials, thermal 

stability of materials changes due to different decomposition behavior of precursors. Mixed halide 

perovskites are more thermally stable than pure halide compounds. That’s why for thin filmpreparation, 

mixed halide perovskite films are required slightly higher temperature and more time24. In our recent work, 

we also found that, precursor ratio of the compound play an important roal for thermal stability and 

crystallization25. For pure halide perovskite equal molar ratio was found perfect but in case of mixed halide, 

precursor ratio can be tuned by suitable stability and capability of structure of the materials. As revealed 

from the above literature, elaborative work has been carried out on the effect on thermal behavior of 

different synthesis rout, precursor ratio and halide effect on perovskite materials but joint studies on the 

effect of particle size on the thermal and optical properties have not been fully available. 

Here, we have synthesized the MABr and MAPbBr3 micro-cubes and nano-particles by low cost, 

solution method without using any legends, additives or purifying agents. We have also investigated the 

thermal behavior of micro-cubes and nano-particles of prepared perovskite material in ambient conditions. 
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To prove, MAPbBr3 as a light harvesting material, we have studied the UV-Visible absorption and 

photoluminescence study with the help of different spectroscopy techniques.Recently,optical and electrical 

properties of quantum dots, nano-particles and crystalline MAPbBr3 perovskite material have been reported 

buttheir thermalbehavior is still not reported26. The investigation of the effect of particle size of hybrid 

perovskite on optical and thermal properties will helps to tuning of band gap and thermodynamics behavior 

of the material. 

 

2. Experimental Section 

2.1 Chemicals 

Methylamine (40% in methanol, Sigma Aldrich, USA), hydrobromic acid (53% in water) (Merck, 

India), Lead bromide (PbBr2) (99.99% Sigma Aldrich, USA), N, N’- dimethyleformamide (DMF) (99.8% 

Sigma Aldrich, USA). 

2.2 Synthesis of MAPbBr3 

For the preparation of CH3NH3Br, methylamine and hydrobromic acid are mixed into 250ml of three 

necked round bottom flask with continuous stirring at 0°C for 2hrs, homogeneous transparent CH3NH3Br 

solution obtained. CH3NH3Br solution isevaporated at 60°C in vacuum oven for 24hrs. White precipitate is 

obtained after 24hrs vacuum heating and this is grinded with agate mortar pestle and stored in the dry place. 

The schematic representation of synthesis process is shown in Fig. (S1).In this synthesis rout, there is no 

need of purification with diethyl ether for long time. Diethyl ether is a hazarded chemical and rapidly 

vaporized at room temperature. This is used for the purification of electrolyte salt if yellowish MABr is 

obtained. But in our care, we obtained white and crystalline salt. Therefore there is no need of further 

purification of material. 

For the synthesis of MAPbBr3, prepared MABr and commercial PbBr2 powder are mixed with 1:1 

molar ratio in DMF organic solvent. After continuous stirring at 60°C over night, transparent solution is 
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obtained. This perovskite precursor can be stored for thin film study in glove box. To obtain powder form of 

perovskite material, precursor is evaporated at 120°C for half an hour in the ambient condition in the Petri 

dish which gives the cubic orange crystals. To obtain the nano-particle ofMAPbBr3, large cubic perovskite 

crystalshavebeen grinded with agate mortar pestle for 30minutesand store in glove box or vacuum 

desiccators. 

For micro-cube characterization, thin film formed on indium doped tin oxide (ITO) glass substrate. Before 

the thin perovskite thin film fabrication, ITO glass substrate was sonicated with DI water for 15 minutes and 

cleaned with soap solution. After soap solution cleaning, substrate was again sonicated with DI water for 

15minutes and cleans with acetone & isopropenol treatment respectively. Then prepared, MAPbBr3 

perovskite precursor was spin coated on the substrate at a rotation speed of 3000rpm for 30seconds and a 

uniformed orange film was obtained by annealing at 100˚C for 10minutes.Synthesis Process of MAPbBr3, 

micro-particles and nano-particles are summarized below: 

 

2.3 Characterizations: 

Crystal structure was examined by Bruker, Model D8 Discover X-ray Diffractometer using a Cu X-

ray tube at voltage of 35kV and 35mA with a step size of 0.02 in ambient conditions.Crystalline phase was 
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also confirmed by high resolution transmission electron microscope (HRTEM) [TEMTECNAI G2] and by 

corresponding selected area electron beam diffraction. Micrograph of materials was captured by scanning 

electron microscope FESEM, Model- Quanta 200 FEI. Ultraviolet- visible (UV-Vis) absorption and 

photoluminescence spectrum was measured by UV-2401PC UV-Visrecording spectrometer and 

photoluminescence spectrometer respectively.For thermal behavior analysis (TG/DTG, DSC), simultaneous 

thermal analyzer (NETZCH STA 449 F1 Jupiter)was used. The samples were heated from room temperature 

to 700˚C with at a constant rate of 10˚C/min under a nitrogen flow of 60ml/min. 

3. Results and Discussion: 

 

Fig.(1a) XRD patterns of MAPbBr3 micro-cubes and nano-particles respectively, (1b) typical cubic crystal 

structure of MAPbBr3 by VesTA- software and (1c) Plot for sinθ/λ Vs β cosθ/λ of MAPbBr3 micro cubes 

and nano-particles 

Figure 1(a) shows the X-ray diffraction pattern of the MAPbBr3 nano-particles and micro-cubes in the 

ambient conditions, which indicate the cubic phase of the perovskite material22. The typical peaks at 2θ with 
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14.95, 21.1, 30.07, 33.69, 37.13, 43.03, 45.91 and 48.55 corresponding to (100), (110), (111), (200), (211), 

(220), (300), (310), (222), (320) and (321) planes, which indicate the cubic phase of the perovskite  

material27. In addition sharp XRD peaks also demonstrate the phase purity of the cubic MAPbBr3 perovskite 

structure and with reducing the particle size of perovskite material, broadness of XRD peaks increases and 

intensity decreases.  The polyhedral representation of cubic MAPbBr3 is illustrated by VesTA software as 

shown in figure 1(b). 

From crystal structure, it can be observed that each MA (CH3NH3) ion is present on corner of crystal 

and Pb is present on center of crystal unit. Each bromine is bonded to Pb ion and present on surface of cube. 

The change in particle size causes change in alignment which affects strain into crystal. In present report, 

strain is calculated by Williamson Hall plot28. The equation from which strain is calculated is 

 =  +  

Where, θ is Bragg’s diffraction angles, β is FWHM (full width at half maximum), D is the effective 

crystalline site and ε is the micro-strain. 

 

Figure 2: Micrographs of Perovskite materials, (a) TEM image (b) Selected area diffraction pattern and (c) 

HRTEM image ofnano-particles of the MAPbBr3 Perovskite Material 

Figure 1c shows plot between sinθ/λ and β cosθ/λ which estimate micro-strain by slope of graph. It is 

0.00511 and 0.01182 for micro and nano-particles. Since micro-strain is increases which decreasing particle 
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size because of decrease in crystallanity. Fig 2a shows the TEM image of nano-particles of MAPbBr3which 

was prepared by grinding the micro cubes and deposited on carbon coated copper grid for the TEM 

analysis.High resolution TEM (HRTEM) image of nano -particle MAPbBr3 hybrid perovskite had shown in 

fig 2c with lattice fringes spaced by 3.14 and 2.14Å in different regions. This fringe spacing corresponds to 

the (310) and (211) plane spacing, respectively for the cubic perovskite material. A selected area diffraction 

patterns (SADP) of the MAPbBr3 (Fig. 2(b) also confirms the (310) and (211) plane present in the perovskite 

material that indicates the cubic phase of the material at room temperature.  

 

Fig 3,Physical appearance and SEM Micrographs of Perovskite materials, (a) digital image of as prepared 

perovskite ink (b) digital image of dried MAPbBr3 perovskite at 120˚C (c) digital image of separated cubic 

crystals from 3b  (d) SEM image of cubic crystals (inset figure, single cubic microstructure ) &(e) 

nanoparticles  of the MAPbBr3 Perovskite Material 

The physical appearance of MAPbBr3 perovskite precursor solution was transparent as shown in fig 

3a. In general this perovskite precursor is used for thin film preparation for different device fabrications. 
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Perovskite precursor was dried at 120˚C which gave orange cubes crystal growth of the material (fig 3b) and 

these perovskite cubes were separated by sharp twizer (as shown in fig 3c). Further surface morphology of 

MAPbBr3 had examined by SEM analysis. The SEM images in fig 3(d) and (e) shows the overall 

morphology of the MAPbBr3 cube crystals and nano-particles. As prepared MAPbBr3 perovskite was large 

cubes of orange color as shown in digital image in fig 3 b & c and on the other hand when the same 

precursor solution was deposited on ITO substrate for thin film formation of  MAPbBr3, also confirmed the 

micro cubes like structure (as shown in figure 3d) of the perovskite material22. In addition cubic morphology 

of MAPbBr3 perovskite interestingly converted into spherical particle due to reducing the particle size of the 

materials which shown in figure 3e and TEM image of fig 2a also confirmed the nano-particle formation of 

the perovskite materials by grinding of micro cubes.  

For the UV - Visible absorption and photoluminescence study, we prepare a thin film of the 

perovskite material deposited upon ITOsubstrate for bulk perovskite and nanopowder perovskite dispersed 

in toluene. (Fig. 4) shows the strong and broad absorption spectra is obtained in the visible range between 

400 to 700nm which indicates, the light harvesting property of MAPbBr3 perovskite material. Additionally, 

nanoparticleMAPbBr3 perovskite absorption onset occurs at nearly 521nm, consistent with previous reported 

works29, 30.With decreasing the particle size of the same perovskite, absorption onset of UV-visible spectra is 

shifted towards blue region. The band gap of the material is calculated by using formula, Eg = 1237.5/ 

λ,where Eg, is band gap of the material and λ is the wavelength of absorption onset curve. The band gap of 

micro cubes and nano-particles MAPbBr3 is found, 2.15 and 2.22 eV, respectively31. Here nanoparticles of 

perovskite has slightly higher band gap than bulk perovskite because in bulk materials ground state and first 

excited state levels are very broadened and this broadening leads to narrowing of the band gap. On the other 

hand broadening in nano materials is less than bulk materials which causes the more energy band gap and 

blue shift from bulk to nanomaterials32. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

11 

 

Figure 4:(a) UV-Visible absorption spectraof MAPbBr3micro cubes and nano-particles, (b) 

Photoluminescence spectra& inset CIE spectrum with 390nm excitation wavelengths of MAPbBr3 micro- 

cubes and nano-particles. 

Figure (4b) shows the photoluminescence (PL) emissionspectra andCIE spectrum of micro cubes and 

nano-particle of MAPbBr3 perovskite. Similar to UV-Visible onset absorption spectra, PL emission of 

nanoparticles perovskite indicates blue shift from bulk to nanoparticle which is in good agreement with 

absorption study of the material. Additionally, CIE spectrum is also confirmed the blue shift with bulk to 

nanomaterials.From photoluminescence and CIE spectra, it hasalso confirmed that MAPbBr3 material has 

excellent PL performance and high color purity because no sub spectra or sub-band gap emission is present 

in PL and CIE spectra33. We, we have also found that, the excitation and emission bands of MAPbBr3 

organic inorganic halide perovskite offer a larger stokes shift than the typical natural and organic dyes34, 35. 

Thermal stability behavior (TG/DTG) of MAPbBr3 micro cubes and nano particles are shown in 

figure 5 (a & b). TGA analysis of both particles show, thermal stability of materials up to 200˚C, then it 

starts losing weight. The extension starting decomposition temperature was determined to be 182°C and the 

mass loss process ended at around 607°C for micro-particles and 588°C for nano-particles. In 1st step, there 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

12 

was 18.11% mass loss occurred between 182-300°C due to the decomposition of HBr and next 33.25%mass 

loss wasoccurred due to decomposition of organic part methylamine up to 400°C. These results also indicate 

amine group is bounded into the hybrid perovskite matrix more tightly than HBr23, 36. But from TGA study 

of MABr, it is noted that this type of decomposition, by sequential loss of HBr followed by the amine group, 

has not detected in MABr organic electrolyte salt. MABr was decomposed in one step between 250- 350˚C 

with sublimation temperature of 250˚C (Fig. S2). this sublimation of mass loss in one step shows the highly 

purity of MABr. In 3rd stage of mass decomposition 48.13% mass loss occurred between 587-603˚C due to 

decomposition of PbBr2 within these temperature region (Fig S3).First differential thermogrametry analysis 

of MAPbBr3, clarify that this perovskite material was decomposed into three steps in which maximum mass 

loss occurred at 588˚C and minimum mass loss occurred at 278˚C (Fig 5b TGA).  

 

Fig 5 Thermal behavior of  TGA (green) and DTG (violet) of (a) MAPbBr3 micro cubes and (b) MAPbBr3 

nano-powder 
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In addition, micro-cubes we have also found that there are differences in thermal stability of 

MAPbBr3 nanoparticles and cubic crystals. The trend in cubic perovskite crystals was quite similar but the 

temperature of decomposition and first derivative peaks shifted towards lower values for first degradation 

step and higher value (360 and 607˚C) for next two decomposition steps suggesting a slightly higher 

stability of the perovskite micro cubes as shown in fig. (5). From TG/DTG study of both micro and nano-

particle of perovskite, it is clear that thermal stability of material also depends on particle size and thermal 

stability decreases by reducing the particle size of the materials because micro-crystals is formed by bulk 

amount of materials and it is required more heat for breaking the bonding of materials while in nano-

particles there are more surface area available and required less heat to break the bonding in the materials. 

Thus in both of the cases, perovskite decomposed into three steps which can be understood by given 

chemical reaction: 

CH3NH3PbBr3 ↔ HBr + CH3NH2 + PbBr2 

Thermal degradation parameters of TG/DTG of both micro cubes and nano particle MAPbBr3 perovskite are 

summarized in table 1. 

Differential scanning Calorimetry (DSC) analysis of the both types of MAPbBr3 perovskites are shown in 

figure 6 (a and b). The DSC was used to investigate the melting behavior and nature 

(endothermic/exothermic) of different particle sized perovskite material. DSC graphs show the endothermic 

nature of both  micro and nano particle of perovskites but due to variation of size of MAPbBr3, endothermic 

peaks are modified. With reducing the particle size, the sharpness and area of endothermic peaks are 

enhanced. The increased peak area of the endotherm of MAPbBr3 nanoparticle in DSC may be due to the 

fine size and the greater the rate of diffusion of Nanomaterials. These properties causing the reaction to 

occur over a much shorter endothermic reactions for the hybrid perovskite materials. Enthalpy change of the 

micro crystals and nanoparticles of perovskite also have been calculated by DSC analysis (figure 5a and b). 

Enthalpy change (∆H) is the amount of heat released or absorbed at constant pressure. Nature of ∆H depends 
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upon the exothermic and endothermic behavior of the materials. For the endothermic reactions, ∆H is 

always positive while for exothermic reactions, it is negative37. As we discussed above section that different 

particle size of MAPbBr3 perovskites are endothermic in nature with different peak area. 

Table 1: TG/DTG parameters of cubic micro crystals and nano particle of MAPbBr3 perovskite  

 

 

Materials 

 

Decomposition 

Steps 

 

Onset 

& 

Ended 

point 

(˚C) 

 

Mass loss in different steps in 

%  

(B/wtem.) 

 

TGA peaks for 

diff. steps (˚C) 

 

Residual 

Mass 

200-

300˚C 

300-

400˚C 

400-

620˚C 

Cubic 

Micro 

Crystals 

3 170 

& 607 

13.14% 21.52% 61.84% 268 360 607 0.15% 

Nano 

Particle 

3 182 

& 588 

18.11% 33.25% 48.13% 278 326 588 0.51% 

 

∆H is directly proportional to the peak area of the endothermic reactions. That’s why for nano 

particles perovskite, the value of ∆H is also increased due to increasing the area of endothermic peak. From 

figure 6, it was concluded that, for larger particle  has three small endothermic peaks with ∆H of 5.218, 

27.38 & 9.55 J/g up to 300°C while in nanoparticles perovskite two instance endothermic peaks are 

absorbed with ∆H of 26.62 & 111.3J/g.  Additionally two large endothermic peaks were detected near 358 & 

610°C (∆H = 265 & 155.1J/g) in macro size perovskite and in nano particle these peaks are slightly shifted 

towards lower temperature at 350 & 593°C (∆H = 349 & 187J/g). Different thermodynamic kinetics (Nature 

of materials, ∆H and Specific heat capacity i.e. ∆Cp) of DSC of large and nanoparticles perovskite is also 
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summarizes in table 2. For overall system, enthalpy change for macro particle and Nanomaterials were 

found 462.25J/g and 574.2J/g respectively. 

 

 

Figure 6: DSC curve with different enthalpy change of (a) micro cubes& (b) nano particle of MAPbBr3 

Specific heat capacity (∆Cp) of the different particle sized perovskite materials were anlysized with the help 

of DSC curve as given in figure 7 a & b. The specific heat capacity is the amount of heat needed to increase 

the temperature of one gram of substance by one degree. It can be calculated by ∆Cp = ∆H / ∆T, here ∆T is 

the temperature difference between two endothermic peaks. The heat transfer for different state of matter 

(solid, liquid & gas) can be stored in various forms of energy such as potential (vibrational mode), 

translational & rotational kinetic energy. In solid, thermal energy is stored in only vibrational mode and this 

storage capacity can be measured by calculating ∆Cp. From analysis of ∆Cp of both particles of MAPbBr3, it 

was concluded that nanoparticles perovskite has mare specific heat capacity compared to the larger 

perovskite crystals. ∆Cp for different endothermic peaks of the particles also summarized in table 2. 
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Table 2: DSC kinetics of cubic macro and nanoparticles MAPbBr3 perovskite 

 

MAPbBr 3 Perovskite 

Materials 

Nature of 

Materials 

(Endo/Exo.) 

 

No. of 

Endothermic 

peaks 

Positions of 

Endothermic 

peaks (˚C) 

∆H  

(J/g) 

∆Cp 

(J/g.K) 

Cubic Micro Crystals Endothermic 5 202.50 5.22 0.76 

255.20 27.38 0.81 

297.60 9.55 1.01 

358.80 265.00 6.14 

610.30 155.10 3.25 

Nano Particle Endothermic 4 204.80 28.62 3.69 

280.70 111.30 4.80 

350.00 349.00 7.41 

593.20 187.70 3.25 

 

 

Fig 7: DSC curve with different Specific Heat capacity (∆Cp) of micro cubes (green line) & (b) nano particle 

(orange line) of MAPbBr3 perovskite 
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We have alreadyshowed that nanoparticles display a blue shift due to more surface area and higher energy 

structure. Nanoparticles have a greater proportion of exposed atoms than bulk particles that increases the 

surface area of nanomaterials because, by reducing the size of crystals, the number of atoms at the surface of 

the crystal compared to the number of atoms in the crystal itself increases. This increased surface area 

increases the enthalpy change and specific heat capacity of the materials which would be stored through an 

increased vibrational energy38, 39.Quantitative comparative analysis of enthalpy change and specific heat 

capacity fordifferent particle size of hybrid perovskite is shown in figure 8 a and b respectively. The value of 

∆H and ∆Cp for nanoparticles perovskite are found more than micro crystal perovskite due to enhancement 

of endothermic peak of nanomaterials. Therefore particlesize of perovskite materials playsa very important 

role in energy storing devices. 

 

Figure 8: Quantitative analysis of (a) Enthalpy change, ∆H & (b) Specific heat capacity, ∆Cp of micro and 

nano particles of MAPbBr3 hybrid perovskite 
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4 CONCLUSION 

In this study, we reported here the preparation of MABr and MAPbBr3 perovskite material with cost 

effective synthesis approach in the ambient conditions without using legands and capping agents. MAPbBr3 

has high purity, high crystallinity and cubic phase at ambient condition and room temperature and with 

decreasing the particle size FWHM peaks increases and intensity of peaks decreases of XRD. Optical 

properties of materials also have been tuned by tuning the size of the materials (micro-cubes to nano-

particles) . This size controlled energy band gap and tunable PL emission of MAPbBr3 perovskite opens up 

the possibility to develop the low-cost light emitting diodes, photodetectors, stable perovskite solar cells, 

perovskite batteries, and other energy storing devices. From the thermal analysis (DSC/TG) of the micro-

cubes and nano-particles of hybrid perovskite, it is clear that thermal stability and thermal kinetics (enthalpy 

change and specific heat capacity) of perovskite materials affected by reducing the size of the material. 

Nanoparticles perovskite has broader endothermic peaks with shifting towards lower melting points than 

micro-cubes which enhanced the ∆H and ∆Cp value of nanomaterials. The thermal reactions occurring in the 

different halide containing perovskite may be more complicated than usually assumed and that further study 

is required for a better understanding of the thermodynamic reaction and stability study. In addition, the 

stability and toxicity due to the presence of lead in organic inorganic halide perovskite is a big issue for 

commercialization of the type of the materials. So, we need more study regarding stability and lead-free 

perovskite material. 
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Highlights: 

� Solution processed methyl ammonium lead bromide was highly cubic crystalline at room 

temperature. 

� MAPbBr3, micro-cubes was more thermally stable than nano-particles. 

� High absorbance and luminescence property show the light harvesting nature of the 

materials. 

� Change in enthalpy and specific heat capacity of perovskite particle was increased by 

reducing the particle size. 

 


