Research Article 2017, 8(6), 707-711 Advanced Materials Letters

Stability behavior of chemically synthesized
organic electrolyte salts and methylammonium
lead halide perovskite light harvester

Rajan Kumar Singh, Neha Jain, Jai Singh, Ranveer Kumar®

Department of Physics, School of Mathematical and Physical Sciences, Dr. Harisingh Gour Central University,
Sagar, 470003, Madhya Pradesh, India

*Corresponding author, Tel: (+ 91) 9425635731; E-mail: ranveerionics@gmail.com

Received: 21 June 2016, Revised: 29 August 2016 and Accepted: 19 October 2016

DOI: 10.5185/amlett.2016.6953
www.vbripress.com/aml

Abstract

This is the first time that a highly purified white organic electrolyte salts (OES), Methylammonium iodide, CHsNHsl (MAI)
and Methylammonium chloride, CH3sNHsCI (MACI) have been successfully synthesized by a new technique, high vacuum
oven evaporation method (HVOE), which is inexpensive and less time consumable. Thermal stability of organic salt, pure
and mixed perovskite light harvester materials (PLHM) are studied by STA (DTG/DTA). CHsNHsl and CH3NHsCI undergo
~100% weight loss in one step, at temperature 310°C and 350°C, respectively. Additionally, CH3NH3Pbls is more thermally
stable than mixed halide perovskite CH3NH3Pbls.«Cl. Stability behavior of organic salts and CH3sNHsPbls«Cly is analyzed by
Raman study which indicates that organic salts are stable in ambient conditions and CH3NHsPbl;.<Clx is not stable in
ambient condition. Different stretching and banding modes of organic and inorganic materials are indentified by study of

Raman spectra. Copyright © 2017 VBRI Press.
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Introduction

Methylammonium lead halide perovskite CHsNH3PbXs
(X = ClI, Br, or I) material is one of the most improving
light harvesters due to its a strong optical absorption, an
adjustable band gap, long diffusion length [1-4] high
carrier mobility, low defect density [5], small excitation
binding energies [6, 7] and low recombination rate [8].
Besides, these properties perovskite light harvesters show
ambipolar charge transport nature i.e. acts as electron as
well as hole transporting material [9]. In addition,
ambipolar charge transport nature of perovskite materials
help in developing high-efficient photovoltaic devices.
Thus, due to this behavior, perovskite material can be
used for development of solar cell device without
mesoporous oxide [10-12] and in some another case
without hole transporting layers [13, 14]. Most of the
hybrid perovskite material is used for high efficient
photovoltaic solar cell and recently it is also used as photo
detector, [15, 16] light emitting diodes [17], random
access memory [18, 19], amplifier achieve device [20],
tunable electrically pumped Lasers [21] and water
splitting devices [22, 23]. Most recently, organic-
inorganic halide perovskite material can also be used for
detection of X-ray [24], photons and ultraviolet rays
which have promising application in ultrafast, non-linear
devices, optothermal detections, computer memories, and
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biocompatible optoelectronic probes and in other medical
diagnosis [25, 26]. Due to unique properties and huge
applications of perovskite material in solar cell it is
trending topic for scientists and a lot of research is being
carried out at present. Within only five years the
efficiency of perovskite based solar cell reached from
3.8% to 20.1% which shows the rapid increase in
efficiency and interest of research community [26]. In
2009, first organic-inorganic halide perovskite material
(CH3sNHsPbl; and CHsNHsPbBrs) was developed for
photoelectron chemical cell by Miyasaka group with
power conversion efficiency (PCE) of 3.81% [26]. After
that Park et al. fabricated solar cell using CHsNH3Pbls in
2011 with PCE 6.54% [27]. At the end of 2014, Yang
group achieved 19.3% efficiency by doping of Yttrium
with TiO; and NREL certified a highest PCE of 20.1%
solar cell, based on organic-inorganic halide perovskite
harvester [28, 29].

In most of the cases, CH3NH3sPbl; material has given
good device performance with mesoporous structured
architecture and CH3NH3Pbls.«Cly material gives high
efficiency with planer architectures [30]. Currently
material/ device stability is the key issue for the
applications of PLHMs in different fields. PLHMs are
quite sensitive to moisture and oxygen that’s why most of
the fabrication process conducted inside a glove box.
Thermal behavior of OES and perovskite materials also
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affects the performance and stability of devices. Stability
of OES and PLHMSs can be improved by new synthesis
techniques so that, it can be transferred from the
laboratory to industry and outdoor applications.

In this work, we focused on the role of different
halide (CI and 1) electrolyte salts as precursors for the
formation of pure and mixed halide perovskite light
harvester. We studied the thermal behavior of different
halide electrolyte salts and their corresponding perovskite
material which helps to clarify the role of different
electrolyte salts used in perovskite materials. Vibrational
features, crystallinty and stability of perovskite are
studied by Raman spectroscopy. To the best of our
knowledge, it is first time reported the production of MAI
and MACI without rotatory evaporator and further long
purification process with diethyl ether. We have
developed a new HVOE technique that can overcome
problem of impurities in electrolyte salt and make it stable
in ambient conditions. Additionally, this method also
increases the thermal stability of electrolyte salts and
PLHMs. Bulk amount of PLHMs are obtained by wet
chemical process which helps in the commercialization
and bulk mass production of hybrid perovskite powder.

Experimental methods

MAI and MACI salts are prepared by mixing 15 ml
hydriodic acid (53% in water) (Merck, India) and 15 ml
hydrochloric acid (57% in water Fisher scientific, India),
respectively with 14 ml methylamine (40% in methanol,
Sigma Aldrich, USA), in a 250 ml round — bottomed flask
under continuous stirring at 0°C for 2 hrs. This process
should be handling with care due to exothermic reaction.
MAI and MACI solutions are crystallized by removing
the solvent in high vacuum oven (JEIO, TECH OV-
11/12) at 60°C for 24 hrs. White precipitate is formed
after drying in vacuum; this powder is grinded in agate
mortal pestle which gives fine white salt. This can be
stored for long time by keeping it in glove box or in dry
place.

For the synthesis of CH3;NHsPbls perovskite, we
mixed as prepared MAI and Pbl, (99% Sigma Aldrich,
USA) with 1:1 molar ratio in N, N’- dimethyleformamide
(DMF) (99.8% Sigma Aldrich, USA) by stirring at 60°C
for 6hrs. A transparent yellowish homogeneous solution is
obtained which is used as precursor for device formation.
To obtain the CH3NH3Pbl; in powder form, we put the
solution to dry in vacuum oven at 100°C for 6hrs. Black
fine powder is obtained by grinding in agate mortar
pestle. Due to high sensitivity of prepared sample towards
moisture and oxygen this prepared sample is stored in
nitrogen filled glove box.

CH3NH3PblsClx is obtained by mixing prepared,
MAI and PbCl; (>98% Merck, Germany) with 3:1 molar
ratio in DMF solvent (99.8% Sigma Aldrich, USA) with
stirring at 60° C for 12hrs. A light yellow homogeneous
solution is obtained and after dried in vacuum oven at
100° C for 5 hrs, we obtained black CH3NH3PblsClx
powder. This is also highly sensitive to humidity, so it is
stored it in N filled glove box.
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TG-DTA of different perovskite material and
electrolyte salts was simultaneous carried out on
NETZCH STA 449 F1 Jupiter. Materials were placed in
an alumina crucible and heated at a rate of 10 °C min’!
from room temperature 23 °C to 500 °C for electrolyte
salts and up to 600°C for perovskite materials under N
atmosphere gas flowing with rate of 60ml/min. Raman
spectra of samples are characterized by a micro
spectroscopic Raman setup (RENISHAW) using He-Ne
(633nm) laser source for excitation of molecules. All the
samples were measured at room temperature and ambient
air.

Results and discussion

TG measurement of electrolyte salt MAI and MACI
shows a rapid 100% mass loss between 275 to 370°C and
250 to 350°C, respectively and both of them undergo
sublimation process at sublimation temperature of 250
and 210 °C for MAI and MACI, respectively which is
quite higher than previous reported results without
complex decomposition [31-33] as shown in Fig. 1(a) and
(b).These results suggested that, new preparation
technique of organic salts makes it more stable than by
traditional methods. TG result also confirms that the
release of CH3NHsl occurs at higher temperature while
lower onsets of the weight loss temperature of CH3NH3CI
suggest that it is easier to turn into gaseous phase.
Additionally, MAI is more thermally stable than MACI
due to higher sublimation temperature than CI containing
organic salt. DTA graphs, as inset Fig. 1(a) and (b) shows
the three endothermic peaks for MAI and two small
endothermic peaks of MAI which shows the solid- solid
phase transition, producing a metastable pre-melting state
without any mass loss while in MACI there is only one
pre-melting state at 235.7 °C. An instance and sharp
endothermic peak is observed at 370 °C for MAI and at
347.2 °C for MACI which indicates the melting point of
the respective salts.
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Fig. 1. DTA/DTG curve of organic electrolyte salts (CH3NH;l and
CH3NH3CI) and perovskite light harvesters (CH3;NHzPbl; and
CH3NH3PbI;,Cly) measured at 10°C min under N, (a) TG curve of
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MAI with 100% mass loss at 370°C and dotted line shows, 1% derivative
of TG curve. Inset figure shows the DTA curve of MAI with three
endothermic peaks at 151°C, 277°C and 370°C (b) TG curve of MACI
undergo 100% mass loss at 350°C and DTA curve shows two
endothermic peaks at 235°C and 347.2°C in inset figure. (c) TG curve of
CH3NH3Pbl; and doted curve shows 1% derivative of TG curve and inset
figure is for DTA. (d) TG curve of CH3NHsPbl;Cly and doted curve
shows 1% derivative of TG curve and inset figure is for DTA with three
endothermic peaks.

From the DTG curve of CHsNHsPbls,Cly &
CH3NH3Pbl; as shown in Fig. 1(c) and (d), it is clear that
pure iodide containing perovskite is more thermally stable
than ClI containing (CH3NH3Pblz.xClx) perovskite, because
MAI salt is more stable than MACI as discussed above.
Perovskite materials are stable up to 300 °C after that
CH3NH3PblsCly and CH3NHsPbls materials, undergo
36.93%, and 22.42%, weight loss of HCI & HI
respectively at 420 °C and another 10.25% mass loss of
CH3NH; occur at 500 °C.

These results are indicating that the active group
(amine) can be more firmly bound to perovskite structure
as compared to HCI and HI of their respective perovskite
materials. This type of decomposition is not observed in
the pure MAI and MACI, which shows that this type of
decomposition behavior occurs only when the organic
species are incorporated in to the perovskite structure.
Additionally, further increase of temperature, mass loss of
perovskite also increases due to decomposition of
inorganic material, Pbl, and PbCI, because lead iodide
and lead chloride undergo 96.01% and 92.04% mass loss
up to 800 °C.

Inset figures of Fig. 1(c) and (d) shows the DTA curve
of perovskite which reveals that there are two
endothermic peaks at 135 and 355 ° C for CH3NH3Pbl;
and three endothermic peaks for CH3sNH3Pbl;«Cly at 99.4,
318.3 and 362.9°C. These peaks demonstrate that mixed
perovskite might decompose into 3 steps while pure
iodine containing perovskite decompose into only 2 steps.
Thus, from TG/DTA study of Fig. 1, we may have
concluded that perovskite material seem to be more stable
at higher temperature than their corresponding organic
electrolyte & structure because there is no mass loss at
their respective sublimation temperature and stability of
perovskite also depends on anions present in it.

Fig. 2(a) shows the Raman spectra of CH3NHjsl organic
salt. At ambient condition MAI shows, well known
Raman bands at ~110, 985, 1457, 1539, 2958 and 3090
cm? and weak bands near 94, 1400 & 2900 cm™*. Strong
band appears due to stretching and bonding of ions
present in the organic salt. 110 cm™ band shows the lattice
vibration in the crystal internal vibrational modes of
CH3NH; appears at high frequency around 914 and 985
cm which due to C-N stretching and medium Raman
bands between (1400-1550 cm™) occurs due to CH3 and
NH; stretching [34, 35]. Fig. 2(b) and (c) show the
Raman spectra of CHsNHsl from which we check the
stability of salt with different time durations (0 to 95
days).

From these spectra, it is found that there are no
changes in any band up to 95 days after synthesis which
indicates the stability of MAI as well as MACI. Fig. 2(d)
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shows the Raman spectra of MACI salt with strong
Raman bands at 77, 994 and 2960 cm, some medium
bands at 1300 cm™* and 1550 cm and weak bands at 1900
cmt and 2828 cm. In addition, to this MAI, MACI also
shows a strong Raman band near 994 cm™* due to the C-N
stretching. There is additional medium band near 1300
cm* due to the CH3 bending which is not present in MAL.
Other bands between 1400 - 1550 cm™ is nearly same as
MAI due to CHsNHs3 bending present in sample. Few
medium and strong peaks appear at 2828 cm and 2960
cm?, indicates the presence of CH3NH, and HCI
stretching in the sample. Fig. 2(e) and (f) indicates that
MACI which is also stable in ambient condition and there
is no degradation in material.
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Fig. 2. Raman spectra of organic electrolyte salt CH3;NHsl
(a) synthesized at same day (b) after 45 days (c) after 95 days. Raman
spectra of electrolyte salt CH3NH;Cl (d) synthesized at same day
(e) after 45 days (f) after 95days.

The Raman spectra of CH3NH3sPblsxClx with
different time duration are given in Fig. 3. There are
around four different Raman Vibrational peaks at 53, 65,
77 and 100 cm™ and one additional broader small peak
-170cm™  present in  CH3NH3PblzxClx  perovskite
material. These peaks are attributed to the Perovskite
layers, especially bends of Pb-I and Pb-Cl in mixed halide
Perovskite light harvester [36].

Band near 65 cm* indicate the presence of inorganic
components which is confirmed by previous studies on
related perovskite material [37] and weak bands at 170
cm? indicates presence of MA organic cation [38]. Thus,
from Raman spectra of materials, it is confirmed that
synthesized hybrid perovskite material, consists of
organic and inorganic components. The study of
perovskite spectra in different time intervals indicate that
intensity of Raman bands decreases, which indicate
degradation of material in ambient condition. Organic
bands degrade in few hours and inorganic bends degrades
slower than organic bends. The Raman study of MAI,
MACI and perovskite material the details of structure and
Vibrational property of the different perovskite materials
as well as their corresponding electrolyte salt can be
easily understood and it can be also useful in study the
tuning of different depends in perovskite materials.
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Fig. 3. Raman spectra of mixed halide, CH3NH3Pbl;«Cly perovskite light
harvesting  material for different time period of 0 hrs to 90 hrs in
ambient condition. Intensity of peaks is decreases with time duration due
to moisture and ambient air.

Conclusion

MAI and MACI electrolyte salts have been successfully
synthesized with new method i.e. HVOE technique. In
addition, PLHMs are synthesized by wet chemical
synthesis method. This new technique, improves the
stability of OES and PLHMs which helps in bulk
production of light harvesting material which is beneficial
for commercialization of organic salts and harvesting
materials. Thus, future of PLHMs is looking bright as
highly efficient photovoltaic cells [39-42] and it has many
new applications as a color convertor for visible light
communication [43], in Li-ion batteries [44] and in other
optoelectronic applications [45]. DTG study of organic
salt reveals that MAI is more thermally stable than MACI
and both get 100% mass loss at temperature 370 and 350
°C, respectively and DTA shows endothermic nature in
both salts. DTG curve of CHsNHsPbls; and of
CH3NH3zPbls.xClx  confirms that higher annealing
temperature required for the MAI/ Pbl, precursor mixture.
Raman spectra of perovskite material show the presence
of organic- inorganic bands. By the stability testing at
different time period of salts, concluded that electrolyte
salt does not degrade in ambient condition so there is no
need to store in globe box or vacuum desiccators, whereas
perovskite material starts degrading within few hours in
ambient condition.
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