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Abstract

In the present manuscript, the effect of temperature on crystallisation of pero-
vskite thin films (CH3NH3PbI3-xClx) was analysed (perovskite films are uti-
lized to produce perovskite-based solar cells that appear to be devices with
lower production costs and higher efficiency than silicon-based solar cells).
To synthesise the perovskite films, four samples with precursor solution were
spin coated for 45 s at 2000 rpm. After that, the samples were annealed at
three different temperatures. Likewise, samples were characterised by UV/Vis
Spectroscopy, Emission Spectroscopy, Fluorescence Microscopy, and Ima-
gel software were used to analyse crystal size. It was found that the sample
annealed at 80 oC presented the highest fluorescence emission with 49539.09
CPS and the best particle size distribution. Band Gap Energy (Eg) was also
calculated resulting in 1.60 £ 0.01 eV (An ideal solar cell has a band gap of
1.4 eV to absorb the maximum number of photons from the solar radiation).
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1. INTRODUCTION

Perovskite-based solar cells (PBSC)
appear to be an alternative to sili-
con-based devices due to their signi-
ficantly better performance when it
comes to cell stability and characte-
ristics [1]. Likewise, PBSC have low
production cost, high efficiency, and
a simple production process. More
specifically, perovskite crystals are a
remarkable material that can be des-
cribed by the formula ABX3. Where A
and B are different-size cations and X
is an anion. This material also contains
an organic molecule, a heavy che-
mical element like Pb and a halogen
atom [2]. However, the mixed halide
perovskite CH3NH3PbI3-xClx (MAP-
bI3-xClx) can be synthesised by using
an [- and a Cl- anions. It has been also
proved that MAPbI3-xClIx has an up-
graded stability in air and a long-char-
ged diffusion length compared to
methylammonium lead iodide pero-
vskites. However, chlorine presence
in perovskite crystals is controversial.
It has been discovered that nucleation
dynamics can be affected by chlorine,
yet undetectable in the final perovski-
te film. Nevertheless, the role of chlo-
rine in perovskites is to perform as a
surface passivator and as a dopant [3].

In 2009 Miyasaka et al. [4] developed a
CH3NH3PbI3-based solar cell for the
first time and a 3.8% of efficiency was
reported. Due to this work, PBSC have
been improved and nowadays nume-
rous studies have reported more than
15% of power conversion. Several te-
chniques have been applied to produce
PBSCsuchassolution process (one step,
two steps and vapour assisted), thermal
evaporation [5] and annealing pro-
cess. Nevertheless, one-step solution
process has shown problems that can
be influential for PBSC performance

such as weak crystallisation of
CH3NH3PbI3-xClx, non-uni-
formity and leakage [6].

Crystallisation is the main factor
that determines the PBSC properties
and performance. It has been stu-
died and proved that improving the
annealing fabrication process crys-
tallinity of the perovskite films can
be increased, therefore, electronic
properties can be also upgraded [5].

In the present work, thin films of pe-
rovskite crystals were synthesised by
spin-coating and annealing the samples
at RT, 80, 100 and 125 oC to analyse
the effect of temperature on crystallisa-
tion of perovskite layers. Furthermore,
perovskite films were characterised by
UV/Vis Spectroscopy, Emission Spec-
troscopy, Fluorescence Microscopy,
and ImageJ Software was utilised to
analyse the particle size of the crystals.

2. MATERIALS AND METHODS

Thin-films of iodide/chloride
mixed-halide perovskite CH3NH3P-
bI3-xCIx were synthesised at different
temperatures and characterised by the
following methodology described in
this section.

2.1. Perovskite crystals synthesis

Firstly, a precursor solution was prepa-
red mixing methylammonium iodide
with lead chloride dissolved in dime-
thylformamide (DMF) producing a
mixed halide perovskite as is described
by Equation (1):

3MAI + PbCl, — MAPbI;__Cl,

Where,
MA = CH3NH3

To synthesise the thin films of perovs-
kite crystals, four samples were prepa-
red. Firstly, 100 uL of precursor solu-
tion was pipetted on three peds. After
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that, each sample was spin coated for
45 s at 2000 rpm by using a Laurell
WS-650MZ-23NPPB centrifuge with
the aim of remove exceeding solution
and to create a uniform layer. Then,
the samples were placed on three di-
fferent hot plates at 80, 100, and 125
oC for 25 min to crystallise the pre-
cursor solution. Likewise, the four-
th sample was prepared by pipetting
100 pL of the solution on a micros-
cope slide and another slide was pla-
ced on top to create a semi-thin layer.
This sample was crystallised at room
temperature (RT = 19 oC) for 2 h [6].

2.2. Perovskite crystals characteri-
sation

To characterise the perovskite crys-
tals three techniques were utilised.
Absorbance spectra were measured in
the range of 300 — 800 nm by a Per-
kin Elmer Lambda 9 spectrometer. Si-
milarly, Emission Spectroscopy was
conducted on a FluoroMax—4 spec-
trometer in the range of 650 — 950 nm
to measure the fluorescence emission
spectra. Band Gap Energy (Eg) was
calculated by using Equation (2) [7].
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Where,

Eg = Band Gap Energy

h = Planck’s constant (6.626 x 10-34
Js)

C = Speed of light (3.0 x 108 m s-1)

A = Wavelength at maximum fluores-
cence emission (nm)

Finally, Fluorescence = Microsco-
py was performed on an Olympus
BX51 microscope to determine the
effect of temperature on the size of
crystals and Image] software was
utilised to measure the crystal size.

3. RESULTS AND DISCUSSION
3.1. UV/Vis Spectroscopy

Figure 1 shows UV/vis absorption
spectra of the perovskite layers at
80, 100 and 125 oC. Due to the an-
nealing process, perovskite films
changed its colour from light green/
yellow to dark grey (Figure 2), con-
sequently, their absorbance increa-
sed [5]. Additionally, it is clearly
observed an onset of the absorption
spectra at 374 nm approximately.
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Figure 1. UV/Vis absorption spectra of perovskite films.
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Figure 2. Perovskite films after annealing process.

3.2. Emission spectroscopy

Figure 3 displays fluorescence emission

spectra of the perovskite films at RT, 80,
100 and 125 oC. The sample that was
annealed at 80 oC reported the highest
fluorescence emission with 49539.09
CPS at 771 nm. Thus, for this study, it
can be concluded that 80 oC is the op-
timum temperature to synthesise pero-
vskite crystals (CH3NH3PbI3-xClx).

Likewise, Eg was calculated by using
the wavelength at the highest fluores-
cence emission for each annealing tem-
perature. The Eg value resulting 1.60
eV £ 0.01 as is shown in Table 1 and
it is corroborated with previous studies
(Anideal solar cell has aband gap of 1.4
eV to absorb the maximum number of
photons from the solar radiation) 8, 9].
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Figure 3. Fluorescence Emission espectra of perovskite films
Temperature Wavelength
=C) (nm) Eg (eV)
RT 782 1.59
&0 771 161
100 777 1.60
125 783 1.59
Average 1.60
Standard
deviation .01

Table 1. Band gap energy (Eg) for each sample
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3.3. Fluoresence Microscopy

To evaluate the crystal size, 20 mea-
sures of each sample were taken ran-
domly by using Imagel software and
results are displayed in Table 2. More
specifically, the most consistent values
were shown by 80 oC sample. Stan-
dard deviation for this set of data was
the smallest (0.72 um) which means
that maximum (3.52 um) and mini-
mum (0.79 um) values of crystal size
were not significantly separated from
the average (1.48 um), thus, it can be

(1.48 pum), thus, it can be concluded
that this data presented uniformity and
80 oC is the optimum temperature for
perovskite crystallization (CH3NH3P-
bI3-xClIx). In addition, images taken
from Fluorescence Microscopy are
shown in Figure 4. In this figure, it is
clearly observed that 80 oC sample is
the one with the best crystal distribu-
tion. This is crucial, since it has been
proved that improving the crystalli-
zation process of the perovskite films
can also upgrade their electronic pro-
perties [5]

Temperature (°C)
Cristal
Size RT &0 100 125
(nm)
Min 4. 46 079 (415 6.90
Meax 1545 |352 |1428 |1799
Average | 938 148 (916 10.76
Standard | 3 30 1072 258 [3.22
Deviation

Table 2. Crystal size statics at each annealing temperature

125°C

80°C RT

100°C

Figure 4. Images of the Fluorescence Microscopy at each annea-
ling Temperature
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4. CONCLUSIONS

Perovskite crystal thin films were syn-
thesised by applying the aforementio-
ned methodology. More specifically,
the best sample, which was annealed at
80 0C, presented the highest fluorescen-
ce emission with 49539.09 CPS at 771
nm and the best uniformity for crystal
size with 1.48 £ 0.79 um. Eg was also
calculated resulting in 1.60 + 0.01 eV.
Likewise, for future work, it is recom-
mended to analyse annealing time and
humidity as variables because they can
affect the crystallisation process. Fi-
nally, Scanning Electron Microscopy
and X-ray diffractometry could also be
carried out to characterise the crystals.
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