Accepted Manuscript

Novel synthesis process of methyl ammonium bromide and effect of particle size on
structural, optical and thermodynamic behavior of CH3NH3PbBr3 organometallic

perovskite light harvester

Rajan Kumar Singh, Ranveer Kumar, Amit Kumar, Neha Jain, Rajiv Kr. Singh, Jai
Singh

PII: S0925-8388(18)30373-6

DOI: 10.1016/j.jallcom.2018.01.355

Reference: JALCOM 44819

To appearin:  Journal of Alloys and Compounds

Received Date: 29 August 2017
Revised Date: 12 January 2018
Accepted Date: 27 January 2018

Journal of

ALLOYS
D COMPOUNDS

Please cite this article as: R.K. Singh, R. Kumar, A. Kumar, N. Jain, R.K. Singh, J. Singh, Novel
synthesis process of methyl ammonium bromide and effect of particle size on structural, optical and
thermodynamic behavior of CH3NH3PbBr3 organometallic perovskite light harvester, Journal of Alloys

and Compounds (2018), doi: 10.1016/j.jallcom.2018.01.355.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all

legal disclaimers that apply to the journal pertain.



https://doi.org/10.1016/j.jallcom.2018.01.355

Tee= oG o

BN viacroCrystal
B NanoParticle




Novel synthesis process of methyl ammonium bromidend effect of particle size on structural,
optical and thermodynamic behavior of CHHNH3;PbBr; organometallic perovskite light harvester
Rajan Kumar Singh Ranveer Kumar,Amit Kumar, Neha Jaih Rajiv Kr. Singf, and Jai Singh
'Department of Physics, Dr. Harisingh Gour CentraMersity, Sagar — 470003, M. P. India
‘Advanced Material & Devices Division, CSIR, Natibfdysical Laboratory, New Delhi — India

* Corresponding author : ranveer ssi @yahoo.com

Abstract:

A simple, cost effective production approach hgvimigh stability is pertinent to any organic-inonga
perovskite solar cells. The main focus of the pneserk has been to formulate and estimate thalgyab

of CHsNH3PbBri micro-cubes and nanoparticles based perovskite sells. Firstly, novel synthesis route
has been introduced for the preparation of;HEBr (MABr) electrolyte salt which is less time
consuming, as well as cost effective than pristiathods. We also reported a facile single solyti@mtess

to grow large scale GiNIH;PbBr (MAPbBr3) hybrid perovskite micro-cubes and nano-particlEse
effect of different size (micro-cube & nano-pamig) of perovskite material on structural, optithérmal
stability and degradation kinetics has been exathiXeray diffraction spectra of MAPbBmperovskite
reflect high crystallinity and cubic structure diet material at the room temperature. The surface
morphology of micro-cubes and nano-particle MAPpbBas been obtained from scanning electron
microscope (SEM). Broad absorption spectrum hasmdoin the visible region with high absorption
coefficient and PL spectra show the green emissioich is in good agreement with the optical band ga
of MAPDbBr; from absorption measurements. With decreasingsittee of perovskite materials, band gap
and emission spectra tuned towards the blue redibe. simultaneous thermal analysis (STA) study
indicates towards the more thermal stability ofnmHcubes structures than nanoparticles materidewhe
change in enthalpyA) and specific heat capacit¢@p) of nano particle have increased by reducing the

particle size of perovskite due to modificationeofdothermic peaks.
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Highlights:
» Solution processed methyl ammonium lead bromide Wwaghly cubic crystalline at room
temperature.
» MAPDBr3;, micro-cubes was more thermally stable than nzartieles.
» High absorbance and luminescence property shovigthteharvesting nature of the materials.
» Change in enthalpy and specific heat capacity obyskite particle was increased by reducing the

particle size.



1. Introduction

Recent development in nanoscience and nanotechnblgy not only brought potential building block for
nanoelectronics, optoelectronics, but also offdsre@akthrough in photovoltaic performance in devices
2 Hybrid perovskites have attracted attention inemécyears due to their excellent potential as light
harvesting material for application in solar celfel light emitting diodé$. Furthermore, the extraordinary
properties of color tunability/optical absorptiomigh absorption coefficient, excellentphotolumirersme
efficiency and low non-radiative recombination satextends their applications into various optdedeic
devices such as solar cell, light emitting diodesoto detectors, light emitting cables and optroamory
etc”®.

In 2009 Miyasaka group have used OIHP absorber fayghotovoltaic devices first time with 3.8% pemw
conversion efficiency (PCE) After this discovery many groups have fabricatéferent types of OIHP
materials tuning with the A, B and X sites of thergwskite material$™®> Recently, national renewable
energy laboratory (NREL) has certified the maxim2®7% PCE of the perovskite solar £&lWeber et al.
successfully studied the various composition of 3kdimensional (3-D) CENH3PbX; perovskite material
by tuning their crystal structure and phd$é% They have reported that MAPRB(MA=CHsNHa3)
perovskite material shows the cubic phase | (Pm3etagonal phase Il (I4mcm) and orthorhombic phase
IV (Pnma, z = 4) for different temperature.OIHP gmunds have wide direct band gap and this diread ba
gap of the materials can be tuned by either chanti@ Agroup,B group or the X group. MAPRBnaterial

is a p-type semiconductor with a direct band gap.68-2.3eV that corresponds to an absorption aofset
<550nm®2° This excellent optical property of the materirsls it in the first row of the light harvesting
materials. Optical properties of perovskite mateviery interestingly changes with particle size tbé
material. Effect of particle size recently have meeported, with reducing size of particle, bluétsig in
absorption edge and increase in photoluminescebhtned®. Gao et al has synthesized £BHtsPbBr
perovskite of the micro-plates and micro-rods. Thaye studied the three-photon process in singistalr
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CHsNH3PbBE microstructures They have observed a three-photon excited whirspeallery-mode laser
experimentally in both of perovskite micro-platedamicro-rod micro-structures. Wenger et al has been
synthesized single crystals of methylammonium Ibaaimide (CHNH 3;PbBr) using the rapid growth
rout€. The as synthesized material has been characteiis®ptical absorption and photoluminescence and
show that the optical properties have found alrttessame to that of polycrystalline ghH3;PbB# films.

Additionally, absorption coefficients of the OIHPnaterials are greater than traditional
semiconducting materials such as silicon, galliuseaide, N719 conventional dye molecules’’et€he
photoluminescence property of MAPRBperovskite material is of great interest due ® emmissive
property. Perez-Prieo group first achieved this etypf perovskite nanoparticles with a bright
photoluminescence (PL) peak at around 530nm wagtf€n Thermal properties of different hybrid
perovskite materials containing pure halide andeabibhalide have been reported by different research
group$®. Liu et al. reported that by changing the halidemposition of perovskite materials, thermal
stability of materials changes due to different aeposition behavior of precursors. Mixed halide
perovskites are more thermally stable than pure@d&alompounds. That's why for thin filmpreparation,
mixed halide perovskite films are required slighiigher temperature and more tithdn our recent work,
we also found that, precursor ratio of the compoptal an important roal for thermal stability and
crystallizatiorf”. For pure halide perovskite equal molar ratio foasd perfect but in case of mixed halide,
precursor ratio can be tuned by suitable stabdityg capability of structure of the materials. Ageaded
from the above literature, elaborative work hasnbearried out on the effect on thermal behavior of
different synthesis rout, precursor ratio and lealaffect on perovskite materials but joint studiesthe
effect of particle size on the thermal and optpralperties have not been fully available.

Here, we have synthesized the MABr and MAPJBicro-cubes and nano-particles by low cost,
solution method without using any legends, additiee purifying agents. We have also investigatez th

thermal behavior of micro-cubes and nano-partiofegrepared perovskite material in ambient condgio



To prove, MAPDbBg as a light harvesting material, we have studiesl th/-Visible absorption and
photoluminescence study with the help of differgpectroscopy techniques.Recently,optical and &attr
properties of quantum dots, nano-particles andtaityse MAPbBE perovskite material have been reported
buttheir thermalbehavior is still not reportedThe investigation of the effect of particle siakhybrid
perovskite on optical and thermal properties wdlgs to tuning of band gap and thermodynamics behav

of the material.

2. Experimental Section
2.1 Chemicals

Methylamine (40% in methanol, Sigma Aldrich, USAydrobromic acid (53% in water) (Merck,
India), Lead bromide (PbBr(99.99% Sigma Aldrich, USA), N, N’- dimethylefoamide (DMF) (99.8%
Sigma Aldrich, USA).

2.2 Synthesis of MAPbB§

For the preparation of GNH3Br, methylamine and hydrobromic acid are mixed @260ml of three
necked round bottom flask with continuous stirratg0°C for 2hrs, homogeneous transparengNH3Br
solution obtained. C§NH3Br solution isevaporated at 60°C in vacuum ovenZiinrs. White precipitate is
obtained after 24hrs vacuum heating and this rsdgd with agate mortar pestle and stored in thepldrge.
The schematic representation of synthesis proseshdwn in Fig. (S1).In this synthesis rout, thisr@o
need of purification with diethyl ether for longn#. Diethyl ether is a hazarded chemical and rgpidl
vaporized at room temperature. This is used forpimefication of electrolyte salt if yellowish MABIs
obtained. But in our care, we obtained white angbtatline salt. Therefore there is no need of ferth
purification of material.

For the synthesis of MAPbBrprepared MABr and commercial PbBrowder are mixed with 1:1

molar ratio in DMF organic solvent. After continwostirring at 60°C over night, transparent solutisn
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obtained. This perovskite precursor can be stavethin film study in glove box. To obtain powderrn of
perovskite material, precursor is evaporated af@Z0r half an hour in the ambient condition in tRetri
dish which gives the cubic orange crystals. To iobtlae nano-particle ofMAPbBrlarge cubic perovskite
crystalshavebeen grinded with agate mortar pestte 3Dminutesand store in glove box or vacuum
desiccators.

For micro-cube characterization, thin film formewd indium doped tin oxide (ITO) glass substrate.dBef
the thin perovskite thin film fabrication, ITO glsubstrate was sonicated with DI water for 15 neisand
cleaned with soap solution. After soap solutioraglag, substrate was again sonicated with DI wiater
15minutes and cleans with acetone & isopropenddtiment respectively. Then prepared, MAPHBr
perovskite precursor was spin coated on the substitaa rotation speed of 3000rpm for 30secondsaand
uniformed orange film was obtained by annealind@°C for 10minutes.Synthesis Process of MARpBr

micro-particles and nano-particles are summariztovia

DMF
MABTr + Pbl, (1: 1) CH,NH,PbBr; Transparent Solution

(continuous Stirring for 6 hrs at 60°C)

%
% Dry at 120°C (30 Minutes)
4 large cubes are obtained
& continuous (30 minutes)
grinded with mortar pestle
- g - ’

Spin coating on ITO substrate
(3000 rpm, 30 Seconds &
heated at 100°C for 10 minutes)

SEM images confirmed micro-cubes SEM images confirmed nano-particles
2.3 Characterizations:
Crystal structure was examined by Bruker, ModelM#&cover X-ray Diffractometer using a Cu X-

ray tube at voltage of 35kV and 35mA with a stege 2f 0.02 in ambient conditions.Crystalline phase
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also confirmed by high resolution transmission tetet microscope (HRTEM)TEMTECNAI G2] and by
corresponding selected area electron beam diffracticrograph of materials was captured by scannin
electron microscopd~ESEM, Model- Quanta 200 FEI. Ultraviolet- visible (UV-Vis) absorption and
photoluminescence spectrum was measured by UV-Z201W/-Visrecording spectrometer and
photoluminescence spectrometer respectively.Fomi@debehavior analysis (TG/DTG, DSC), simultaneous
thermal analyzeNETZCH STA 449 F1 Jupiter)was used. The samples were heated from room tamoper

to 700°C with at a constant rate of 10°C/min uraleitrogen flow of 60ml/min.

3. Results and Discussion:
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Fig.(1a) XRD patterns of MAPbBr3 micro-cubes andaparticles respectively, (1b) typical cubic cayst
structure of MAPDbBy by VesTA- software and (1c) Plot for 8ih Vs 3 co®/AL of MAPDbBr; micro cubes

and nano-particles

Figure 1(a) shows the X-ray diffraction patterntbé MAPbBg nano-particles and micro-cubes in the

ambient conditions, which indicate the cubic phafsthe perovskite materfdl The typical peaks aB2vith
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14.95, 21.1, 30.07, 33.69, 37.13, 43.03, 45.91485 corresponding to (100), (110), (111), (20R11),
(220), (300), (310), (222), (320) and (321) planesich indicate the cubic phase of the perovskite
materiaf’. In addition sharp XRD peaks also demonstratetizse purity of the cubic MAPbBperovskite
structure and with reducing the particle size abpskite material, broadness of XRD peaks increasels
intensity decreases. The polyhedral representatiaubic MAPDBS is illustrated by VesTA software as
shown in figure 1(b).

From crystal structure, it can be observed that &4& (CH3NHs3) ion is present on corner of crystal
and Pb is present on center of crystal unit. Eaomime is bonded to Pb ion and present on surfacalze.
The change in particle size causes change in aBghmvhich affects strain into crystal. In presesart,

strain is calculated by Williamson Hall ptétThe equation from which strain is calculated is

Fcnsﬂ: +£3iﬂﬂ

1
ri D A

Where, 6 is Bragg’'s diffraction angles} is FWHM (full width at half maximum), D is the efftive

crystalline site and is the micro-strain.

Figure 2: Micrographs of Perovskite materials, {TBEM image (b) Selected area diffraction pattern ér)d

HRTEM image ofnano-particles of the MAPQBterovskite Material

Figure 1c shows plot between & andp co®/A which estimate micro-strain by slope of graplis It

0.00511 and 0.01182 for micro and nano-particl@sceSmicro-strain is increases which decreasinggar
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size because of decrease in crystallanity. Fighdavs the TEM image of nano-particles of MAPpRBich
was prepared by grinding the micro cubes and deggbsoin carbon coated copper grid for the TEM
analysis.High resolution TEM (HRTEM) image of naiparticle MAPbBg hybrid perovskite had shown in
fig 2c with lattice fringes spaced by 3.14 and 2 14 different regions. This fringe spacing corresgs to
the (310) and (211) plane spacing, respectivelytfercubic perovskite material. A selected aretiadifion
patterns (SADP) of the MAPbB{Fig. 2(b) also confirms the (310) and (211) planesent in the perovskite

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

Fig 3,Physical appearance and SEM Micrographs adv3kite materials, (a) digital image of as prepare
perovskite ink (b) digital image of dried MAPhBperovskite at 120°C (c) digital image of separatebic
crystals from 3b (d) SEM image of cubic crystailssé¢t figure, single cubic microstructure ) &(e)

nanoparticles of the MAPbBPerovskite Material

The physical appearance of MAPRRrerovskite precursor solution was transparenhaws/s in fig

3a. In general this perovskite precursor is usedHm film preparation for different device fabaibons.
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Perovskite precursor was dried at 120°C which gamage cubes crystal growth of the material (fig) &t
these perovskite cubes were separated by sharprt(@g shown in fig 3c). Further surface morpholofy
MAPDbBr; had examined by SEM analysis. The SEM images gn3fid) and (e) shows the overall
morphology of the MAPDbBrcube crystals and nano-particles. As prepared MB&Perovskite was large
cubes of orange color as shown in digital imagdign3 b & ¢ and on the other hand when the same
precursor solution was deposited on ITO subst@téhin film formation of MAPDbBg also confirmed the
micro cubes like structure (as shown in figure @the perovskite materf@l In addition cubic morphology
of MAPDBI; perovskite interestingly converted into sphericattigle due to reducing the particle size of the
materials which shown in figure 3e and TEM imagédigf2a also confirmed the nano-particle formatain

the perovskite materials by grinding of micro cubes

For the UV - Visible absorption and photolumineszerstudy, we prepare a thin film of the
perovskite material deposited upon ITOsubstratebtdk perovskite and nanopowder perovskite dispgkrse
in toluene. (Fig. 4) shows the strong and broadgih®n spectra is obtained in the visible rangaveen
400 to 700nm which indicates, the light harvesipngperty of MAPbB§ perovskite material. Additionally,
nanoparticleMAPDbBy perovskite absorption onset occurs at nearly 52 bemsistent with previous reported
works™® *With decreasing the particle size of the sameyséite, absorption onset of UV-visible spectra is
shifted towards blue region. The band gap of théer@ is calculated by using formulag E 1237.5/
MLwhere Eg, is band gap of the material and the wavelength of absorption onset curve. Tdredlgap of
micro cubes and nano-particles MAPBBr found, 2.15 and 2.22 eV, respectivelyHere nanoparticles of
perovskite has slightly higher band gap than belfopskite because in bulk materials ground stadefiast
excited state levels are very broadened and tbadening leads to narrowing of the band gap. Ortiher
hand broadening in nano materials is less than imaterials which causes the more energy band gap an

blue shift from bulk to nanomateriafs
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Figure 4:(a) UV-Visible absorption spectraof MAPBRBicro cubes and nano-particles, (b)
Photoluminescence spectra& inset CIE spectrum @&0nm excitation wavelengths of MAPRBnicro-

cubes and nano-particles.

Figure (4b) shows the photoluminescence (PL) eomisgiectra andCIE spectrum of micro cubes and
nano-particle of MAPbByr perovskite. Similar to UV-Visible onset absorptigpectra, PL emission of
nanoparticles perovskite indicates blue shift froolk to nanoparticle which is in good agreementhwit
absorption study of the material. Additionally, Céieectrum is also confirmed the blue shift withkbtd
nanomaterials.From photoluminescence and CIE spetthasalso confirmed that MAPRkBmaterial has
excellent PL performance and high color purity lseano sub spectra or sub-band gap emission ienres
in PL and CIE spectfa We, we have also found that, the excitation amission bands of MAPbBr

organic inorganic halide perovskite offer a largekes shift than the typical natural and orgaryiestf’ *°

Thermal stability behavior (TG/DTG) of MAPbBmicro cubes and nano particles are shown in
figure 5 (a & b). TGA analysis of both particlesosh thermal stability of materials up to 200°C, rthie
starts losing weight. The extension starting deausiipn temperature was determined to be 182°Ctlamd
mass loss process ended at around 607°C for maotisies and 588°C for nano-particles. fistep, there
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was 18.11% mass loss occurred between 182-300°@dhe decomposition of HBr and next 33.25%mass
loss wasoccurred due to decomposition of organicmathylamine up to 400°C. These results alsccatdi
amine group is bounded into the hybrid perovskitgrin more tightly than HB? * But from TGA study

of MABI, it is noted that this type of decompositjdy sequential loss of HBr followed by the amgmeup,

has not detected in MABr organic electrolyte Ssll&Br was decomposed in one step between 250- 350°C
with sublimation temperature of 250°C (Fig. S2)s tbublimation of mass loss in one step shows itigh
purity of MABr. In 39 stage of mass decomposition 48.13% mass lossredchetween 587-603°C due to
decomposition of PbBmwithin these temperature region (Fig S3).Firstedéntial thermogrametry analysis
of MAPDBr; clarify that this perovskite material was decomplsgo three steps in which maximum mass

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

100 —
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Fig 5 Thermal behavior of TGA (green) and DTG [gibof (a) MAPbBg micro cubes and (b) MAPbBr

nano-powder
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In addition, micro-cubes we have also found tharehare differences in thermal stability of
MAPDbBr; nanoparticles and cubic crystals. The trend in cypleirovskite crystals was quite similar but the
temperature of decomposition and first derivatieaks shifted towards lower values for first degtiata
step and higher value (360 and 607°C) for next tlegomposition steps suggesting a slightly higher
stability of the perovskite micro cubes as showiign (5). From TG/DTG study of both micro and nano
particle of perovskite, it is clear that thermallslity of material also depends on particle sind ghermal
stability decreases by reducing the particle sizéhe materials because micro-crystals is formediik
amount of materials and it is required more heatbi@aking the bonding of materials while in nano-
particles there are more surface area availableemared less heat to break the bonding in thesnads.
Thus in both of the cases, perovskite decompostx three steps which can be understood by given
chemical reaction:

CH3NH3PbBr «» HBr + CHNH, + PbBp
Thermal degradation parameters of TG/DTG of bottroncubes and nano particle MAPbBerovskite are
summarized in table 1.
Differential scanning Calorimetry (DSC) analysistbé both types of MAPbBmperovskites are shown in
figure 6 (a and b). The DSC was used to investigdte melting behavior and nature
(endothermic/exothermic) of different particle sizgerovskite material. DSC graphs show the endwoticer
nature of both micro and nano particle of peraeskbut due to variation of size of MAPBBendothermic
peaks are modified. With reducing the particle site sharpness and area of endothermic peaks are
enhanced. The increased peak area of the endotifekdPbBr; nanoparticle in DSC may be due to the
fine size and the greater the rate of diffusiorN@ihomaterials. These properties causing the reattio
occur over a much shorter endothermic reactionthimhybrid perovskite materials. Enthalpy chanigihe
micro crystals and nanoparticles of perovskite &laee been calculated by DSC analysis (figure Bhban

Enthalpy changeAH) is the amount of heat released or absorbedretant pressure. Nature sl depends
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upon the exothermic and endothermic behavior of ttegerials. For the endothermic reactionsi is
always positive while for exothermic reactiongsinegativd’. As we discussed above section that different
particle size of MAPbByperovskites are endothermic in nature with difféeak area.

Table 1: TG/DTG parameters of cubic micro crystald nano particle of MAPbBperovskite

Decomposition | Onset Mass loss in different steps in | TGA peaks for | Residual
Materials | Steps & % diff. steps (°C) Mass

Ended | (B/wtem.)

point 200- 300- 400-

(°C) 300°C | 400°C 620°C
Cubic 3 170 13.14% | 21.52% 61.84%| 26860|607| 0.15%
Micro & 607
Crystals
Nano 3 182 18.11% | 33.25% 48.13%| 21826|588| 0.51%
Particle & 588

AH is directly proportional to the peak area of #mdothermic reactions. That's why for nano
particles perovskite, the value 8H is also increased due to increasing the areaddtbermic peak. From
figure 6, it was concluded that, for larger padichas three small endothermic peaks with of 5.218,
27.38 & 9.55 J/g up to 300°C while in nanoparticfeerovskite two instance endothermic peaks are
absorbed witliAH of 26.62 & 111.3J/g. Additionally two large enldermic peaks were detected near 358 &
610°C (AH = 265 & 155.1J/g) in macro size perovskite andano particle these peaks are slightly shifted
towards lower temperature at 350 & 5932¢(= 349 & 187J/g). Different thermodynamic kinet{®&&ature

of materials, AH and Specific heat capacity i£C,) of DSC of large and nanoparticles perovskitelss a
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summarizes in table 2. For overall system, enthalpgnge for macro particle and Nanomaterials were

found 462.25J/g and 574.2J/g respectively.
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Figure 6: DSC curve with different enthalpy chanfiéa) micro cubesé& (b) nano particle of MAPRBr

Specific heat capacity\Cp) of the different particle sized perovskite mattxiwere anlysized with the help

of DSC curve as given in figure 7 a & b. The sgedieat capacity is the amount of heat neededdease

the temperature of one gram of substance by oneeely can be calculated C, = AH / AT, hereAT is

the temperature difference between two endothepmaks. The heat transfer for different state oftenat

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

translational & rotational kinetic energy. In sgltiermal energy is stored in only vibrational maahel this

storage capacity can be measured by calculaigFrom analysis oAC, of both particles of MAPDbBy it

was concluded that nanoparticles perovskite hase nsaecific heat capacity compared to the larger

perovskite crystalsAC, for different endothermic peaks of the particleoadummarized in table 2.
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Table 2: DSC kinetics of cubic macro and nanopagi®APbBr3 perovskite

Nature of No. of Positions of AH ACy
MAPDBT 3 Perovskite Materials Endothermic | Endothermic (J/9) | (3/g.K)
Materials (Endo/Exo.) | peaks peaks (°C)
Cubic Micro Crystals Endothermig 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
280.70 111.3Q0 4.80
350.00 349.00 7.41
593.20 187.7Q 3.25

1.2 4 Specific Heat Capacity (Delta Cp in J/g*k)
I Endo. f of Micro Cubes of MAPbBr3
0.8 - || 6.139
0.4 4 0.831 1.010
o 0.762 } 1 3.251
— [ — | o — !
2 0.04 = !
g __ |
-g- 044 Specific Heat Capacity (Delta Cp in J/g*k)
8 1.2 of nano-particle of MAPbBr;
(]
7.407
0.6 -
0.0
-0.6 -

) o L] v T L T T T T T
100 200 300 400 500 600
Temperature (°C)

Fig 7: DSC curve with different Specific Heat capa¢AC,) of micro cubes (green line) & (b) nano particle

(orange line) of MAPbByperovskite
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We have alreadyshowed that nanopatrticles displalye shift due to more surface area and higherggner
structure. Nanoparticles have a greater propomioaxposed atoms than bulk particles that incretises
surface area of nanomaterials because, by redtloengjze of crystals, the number of atoms at tiniase of

the crystal compared to the number of atoms indfystal itself increases. This increased surfaea ar
increases the enthalpy change and specific heatitgmf the materials which would be stored thioagp
increased vibrational enerdly**Quantitative comparative analysis of enthalpy geaand specific heat
capacity fordifferent particle size of hybrid pes&ite is shown in figure 8 a and b respectivelye Vhlue of
AH andAC, for nanoparticles perovskite are found more thacrancrystal perovskite due to enhancement

of endothermic peak of nanomaterials. Thereforéigh@size of perovskite materials playsa very intaotr

role in energy storing devices.
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Figure 8: Quantitative analysis of (a) Enthalpyrda AH & (b) Specific heat capacitphC, of micro and

nano particles of MAPbBthybrid perovskite
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4 CONCLUSION

In this study, we reported here the preparatiorMéBr and MAPDbBEg perovskite material with cost
effective synthesis approach in the ambient cammstiwithout using legands and capping agents. MAPbB
has high purity, high crystallinity and cubic phaseambient condition and room temperature and with
decreasing the particle size FWHM peaks increasesimtensity of peaks decreases of XRD. Optical
properties of materials also have been tuned binguthe size of the materials (micro-cubes to nano-
particles) . This size controlled energy band gagh tanable PL emission of MAPbBperovskite opens up
the possibility to develop the low-cost light enm¢f diodes, photodetectors, stable perovskite sumis,
perovskite batteries, and other energy storingadsviFrom the thermal analysis (DSC/TG) of the micr
cubes and nano-particles of hybrid perovskites @tlear that thermal stability and thermal kine{esthalpy
change and specific heat capacity) of perovskitéenzds affected by reducing the size of the materi
Nanoparticles perovskite has broader endotherma&gevith shifting towards lower melting points than
micro-cubes which enhanced thiel andACp value of nanomaterials. The thermal reactiorsioing in the
different halide containing perovskite may be mooeplicated than usually assumed and that furtiuelys

is required for a better understanding of the tloelynamic reaction and stability study. In additiome
stability and toxicity due to the presence of l@adrganic inorganic halide perovskite is a biguesgor
commercialization of the type of the materials. #e, need more study regarding stability and lead-fr
perovskite material.
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Highlights:
» Solution processed methyl ammonium lead bromide was highly cubic crystalline at room
temperature.
» MAPDBr3, 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.



