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In recent years, the hybrid perovskite ¢H3Pbls has been widely studied because of its potential application in the fabrication of high
efficiency solar cells. The main challenge is to avoid destabilization of this compound under working conditions. Indeed, the MAPbI
begins to decompose into the precursor phases, a few hours or days after being formed. We reported a stability monitoring of doped
compounds ChkINH3Phy oSy 112.5Clp.2 and CHNH3sPhy 75Sn 2512.5Clo.5 obtained as films from solutions of the precursors in N-N
dimethylformamide on chemically treated glass substrates. The monitoring was carried out using X-Ray diffraction and absorbance mea-
surements in the UV-Vis region. The tetragonal symmetry initially determined for the three compounds, remains almost unaltered for
CHsNH3Phy 75Smy 2512.5Clo 5 even after 600 days, under environmental conditions. The bandgap value for this doped perovskite is 1.44 eV.
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1. Introduction deteriorate the device performance [12]. To reduce the insta-
bility in MAPbI 3, the iodine as well as lead can be partially

The hybrid compounds type perovskite ABXre composed replaceq by chlorine gnd tin, respectively [12-15]. Indegd,
by an organic cation (A), an inorganic cation (B), and a halidelepending on the halide used, the bandgap can be continu-
(X). The most common ions used are: methylammoniunPUsly tuned from 1.6 eV (pure I) to 3.2 eV (pure Cl). The
(MA) as the organic cation, Pb as the inorganic cation anghlorine drives the crystallization dynamics, with a prefer-
| as the halide. The crystalline structure of MARS based ential order |_nduced during the _cry_stalllzatlon p_rocess_[;G]
on an octahedral Pptonfiguration, where the Pb atoms stay @1d more uniform and dense thin films are obtained, giving
at the central position and | atoms occupy the vertices of0ré chemical stability. Additionally, Cl improves morphol-
the octahedron, while the methylammonium ions stand at th@9Y increasing the charge transport [13] due to higher elec-
free spaces between successive octahedra [1]. The polariiPnegativity [17]. To balance the increased bandgap value
of methylammonium and its interaction with inorganic net- c@used by chlorine, lead can be partially replaced with tin
work give to MAPb} unique electronic and optical proper- which reduces the bandgap (until 1.3_eV). It has been re-
ties, being widely studied because of its high potential as #0ted that the smaller bandgap materials provide the better
semiconductor. The properties like high optical absorptiorsolar cell efficiencies [11,16, 18, 19, being 1.75 eV consid-
over a broad solar spectrum, high carrier mobility and longged ideal [20, 21].
carrier lifetime [2-5] make this material highly attractive. The preparation method is fundamental to achieve the
These properties, together with low-cost and low temperaideal thickness of the perovskite film (about 500 nm), and
ture production methods have promoted the development arttie crystalline structure. Reported methods start from the
improvement of solar cells based on this material. same precursors: methylammonium lodide (MAI) and lead
Indeed, since 2009, experimental solar cells based on hyedide (Pbk). Most of the bibliography reports the obten-
brid organic-inorganic-perovskites were fabricated, achievion method in two steps: first a layer of Bb$ deposited on
ing efficiencies from 3.8% [1] to above of 25% [6]. Never- the substrate and then the MAI is deposited on the; Byl
theless, the hybrid perovskites degradation has been reportgaporation [22]. Nevertheless, the §NH;Pbl; perovskite
within a few days or hours in operation under standard condiformed by vapor deposition can involve unexpected chemical
tions [7, 8], which is immediately detected by X-ray diffrac- réactions and competing processes [15]. In a previous work,
tion (XRD) through a drop in the (100) reflection, in case of We obtained thin films of MAPRIby deposition, in one step,
MAPbI, [9]. The main causes of degradation are photoref @ 1 molar solution containing both precursors, MAI and
duction due to UV light (from the Sun), plus the high reac- PPk in N-N-dimethylformamide [23].
tivity with environmental humidity [10, 11]. The perovskite In this work, we reported the synthesis and charac-
degradation is due to the hydrophilicity and volatility of the terization of the doped hybrid perovskites, §NH3Phy g
organic cation. Additionally, UV radiation and oxygen can Sny 112.sClp.o and CHNH3;Phy 75Shy 2512.5Clg5.  Stands
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out the improvement of stability under environmental con-
ditions.

2. Methodology

The hybrid perovskites CHNH3;Phy 9Sny 112.5Clp2 and
CH3NH3Phy 75Sny 0510.5Clg 5, were SynthESiZEd at envi-
ronmental conditions, 2& and 45% of humidity. The FIGURE 1. Elaboration process of thin films.
thin films were obtained from precursor solutions, prepared . - .
with methylammonium iodide CEHNHs (98% purity), lead yellow solution containing precursors was deposeq in one
(1) iodide Pbl (99% purity) and N-N-dimethylformamide, SteP on the substrate previously heated. After 2 minutes of
(CHa),-N-CHO, (99.8% purity), provided by Sigma-Aldrich, smth_erlzatlon a gray color thin film of hybrid perovskite was
and di-hydrated tin chloride, SngPH,O, provided by obtained. .
Golden-Bell reactants. For each sample, a 1 molar solution The stability of thin films of CHNH5 P oSr.112.5Clo.2
was prepared with stoichiometric quantities of the reactant@d CHNHsP, 751 2512 5Clo 5 hybrid perovskites were
under magnetic stirring at 7€ for 40 minutes [13, 24, 25], monltore_d thrf’ugh XRD and gbsorbanpe_ measurements.
which was used as the coating solution ont4 glass sub- Meanwhile, thlq f|lms were kept in a Petri dish under envi-
strates previously cleaned and chemically attacked. ronmental conditions. The stable phase of;8lk#;Pbl; nor-

The chemical attack involves three mains steps, first th ally displays eight diffraction peaks: (110), (200), (211),

substrates are cleaning with soap phosphates free and wat 92)’ (0?4)' (220), (1312) 3?)”%3(224) correspogt_jing toa
They are then placed in a coplin box filled with a chromic so-tetragonal symmetry [1,12,30-33], as we see in Fig. 2.

lution. After 24 hours, the substrates are rinsed with distilled The diffractogram of non-doped perovskite displays the

water until no acid signal is detected. Finally, the substrateE,b|2 _charactenst!C pgak (.00.1) ffom day 18, Whose Inten-
are immersed in a nitric acid solution, which is boiled for 3 sity increases with time indicating a degradation process

hours. Once the solution is cold, the substrates are finalllgha]' The:l_iffrgctograms obtained for: dOEE(:]pEI’%VSkiteS E_r e
rinsed with distilled water then with ethanol. They are store own In ig. 5, wheré we can sget at the hybrid perovskite
in ethanol. CH3NH3Phy Sy 112.8Cly.o remains almost unchanged un-

The perovskite thin films were obtained from 100 of til day 35 [Fig. 3a)]. Also, the incipient Ppipeak is ob-

precursor solution by using a spin coater at 6000 rpm for 20 ssbg:jved Wlthk:0 ?:Igrlllll;fa;t Iatgr mclreaéle. II? c?ntlrast,thy—
Solutions and glass substrates were heated°@ Before de- °''0 PErOvskite HNH;Phy.75S1b.2512.5Clo.s_kept almos

position. The films were sintered at 4D for 2 minutes in unchanged for 20 months, as it is S.ho".V” |n.F|g. 3b). )
air to form the perovskites [26]. The absorbance spectrum of thin films in the UV-Vis re-

A low-temperature annealing process (50°C) is rec- gion (400-1100 nm) are showed in Fig. 4. The optical re-
ommended to help and improve the increases of crystallinitySpon.Se was momtored until the degrgdauon Of. hybrid per-
film morphology, and device performance [11]. At an- bysklte thin films. An abrupt absorpu_on edge_|s normaII_y
nealing temperatures close to 2Q) perovskite crystals displayed around 780 nm, characteristic of hybrid perovskite

CH3NH3Pbl; melt result in lower energy conversion effi-
ciency [27]. According to our observations, varying speed =
and deposition time, a high velocity of deposition for 2 min- T Day 1
utes, assures a low quantity of pinholes over the film. Actu-
ally, at an annealing temperature of @) as was reported

by some authors [28,29], the perovskite crystals are separate—~
from each other [27], hindering the charge transport.

The crystallinity of perovskite thin films was studied by
XRD with a Bruker X-ray diffractometer with Cui radi-
ation (1.54185\). The thickness of the perovskite thin films
was determined by using a JEOL (JSM-IT300) scanning elec- =
tron microscope (SEM). The transmission and absorbance
spectra were obtained in a Thermo Scientific GENESYS 10S
UV-Vis spectrophotometer.

/

ntensity (a.u

(224)

10 20 30 40 50

20

In this section, the results for representative samples arBicure 2. Diffractogram of hybrid perovskite CHNHsPbls
presented. In Fig. 1, we can see the elaboration process, th@API).

3. Results
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FIGURE 3. DRX of a) sample of doped perovskite @NH3Phy ¢Sy 112.5Clo.2, no degradation peak is present until 35 days, b) doped
perovskite CHNH;3Phy 75Sm 2512.5Clo 5, showing the degradation peak after 600 days.
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FIGURE 4. Absorbance versus Energy for a) @H3;Phy 9Sny.112.5Clo.2 and b) CHNH5Phy 75Smny.2512.5Clo 5.

[34, 35], which corresponds to the direct gap transition from
the first valence band to the conduction band minimum. For
doped hybrid perovskites we see the same behavior, indi-
cating that doping does not significantly change the optical
properties, [Figs. 4a) and 4b)]. We used the Tauc equation
to calculate the optical bandgap valugy [25, 26], for a di-

rect bandgap semiconductdiahr)? = A(hv — Eg). The
absorption coefficient of the film was calculated by using

L 1N0_2 a = (2.302[A/d]) from the absorbance spectrum and the

i
No.1 No.3

307.54nm  251.85nm 261900

thickness of the films¢ [15, 22, 35]. This later is obtained
from SEM observations of cross section, being of around
300 nm, as we can see in Fig. 5.

The photon energyhv, is determined by extrapola-
tion of the linear portion of the curve obtained by plotting
(ahv)? versushy, until the intercept with the photon en-
FIGURE 5. Thickness determined through SEM observations for €r9y axis (Fig. 6). The bandgap value B = 1.56 eV
CH3NH3Phy 75Sm.2512.5Clo 5. for CH3NH3Phy oSy 112.5Clg.2 [Fig. 6a)] and 1.43 eV for

BED-C 20.0kVv  WD9.8mm Std.-P.C.450  HighVac. x15,000
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FIGURE 6. Extrapolation of the linear portion dixhv)? versushv, to find the bandgap value for a) GNH3Phy 9Sib.112.5Clo.2 and b)
CH3NH3Phy.75Sm.2512.5Clo 5.

CH3NH3Phy 75Sny 2512.5Clg 5 [Fig. 6b)] thin films. These ing leaves us to obtain a more stable compound with non-
values are very close to 1.54 eV corresponding tosignificant changes. This is due to the fact of chlorine sta-
CH3;NH3Pbls, within ideal range previously reported [20,22, bilizes the structure with an increase of bandgap, which is

23, 36]. compensated with the introduction of tin that decreases the
bandgap.

4. Conclusions
Acknowledgments

In summary, we have reported the stability improvement of

the CH;NH3Pbls hybrid perovskite by doping with tin and This work was partially supported by grant PAPIIT IN108422
chlorine. The bandgap obtained from UV-Vis measurementfrom UNAM México. One of us, T.E. Soto, thanks to CONA-
for the doped hybrid perovskites confirm that controlled dop-CYT for the scholarship No. 11200/94/2020.

. A. Kojima, K. Teshima, Y. Shirai, T. Miyasaka, Organometal 9.

Halide Perovskites as Visible-Light Sensitizers for Photovoltaic
Cells,J. Am. Chem. So0d.31(2009) 2024.

. J.-H. Im, J. Chung, S.-J. Kim, N.-G. Park, Synthesis, structure,
and photovoltaic property of a nanocrystalline 2H perovskite-;
type novel sensitizer CHCH;NH3Pbl;, Nanoscale Research
Letters7 (2012) 353.

. F. Deschleet al, High Photoluminescence Efficiency and Op- |5
tically Pumped Lasing in Solution-Processed Mixed Halide
Perovskite Semiconductork,Phys. Chem. Leth.(2014) 1421.

. L. E. Polander, P. Pahner, M. Schwarze, M. Saalfrank, C. Ko-13
erner, K. Leo, Hole-transport material variation in fully vac-
uum deposited perovskite solar cells, APL Materigl$2014)
081503.

. W.E.I. Sha, X. Ren, L. Chen, W.C.H. Choy, The efficiency limit
of CH3NH3Pbl; perovskite solar cellsAppl. Phys. Lett106
(2015) 221104.

. R. Pandeet al, Mutual Insight on Ferroelectrics and Hybrid
Halide Perovskites: A Platform for Future Multifunctional En-
ergy ConversionAdv. Mater.31(2019) 1807376.

. R.F. Service, Perovskite solar cells gear up to go commercial,
Science354(2016) 1214.

. L. Lanzettaet al, Nature Comm12 (2021) 2853.

16.

14.

15.

H. Syafutraet al., Nanomaterial 10 (2020)1254.

. A. Kakekhani, R. N. Katti, A. M. Rappe, Water in hybrid per-

ovskites: Bulk MAPb} degradation via super-hydrous state,
APL Mater.7 (2019) 041112.

. A. Polman, M. Knight, E.C. Garnett, B. Ehrler, W.C. Sinke,

Photovoltaic materials: Present efficiencies and future chal-
lenges Science352(2016) 6283.

. G. Granciniet al, The Impact of the Crystallization Processes

on the Structural and Optical Properties of Hybrid Perovskite
Films for Photovoltaics). Phys. Chem. Leth (2014) 3836.

. D.W. DeQuiletteset al., Impact of microstructure on local car-

rier lifetime in perovskite solar cell§cience348(2015) 6235.

A.H. Ip et al, A two-step route to planar perovskite cells
exhibiting reduced hysteresi®\ppl. Phys. Lett106 (2015)
143902.

S. Yuan, Z. Qiu, H. Zhang, H. Gong, Y. Hao, B. Cao, Oxygen
influencing the photocarriers lifetime of GNHsPbls_.Cl,
film grown by two-step interdiffusion method and its photo-
voltaic performanceippl. Phys. Lett108(2016) 033904.

N. K. Kumawat, A. Dey, K. L. Narasimhan, D. Kabra,
Near Infrared to Visible Electroluminescent Diodes Based on
Organometallic Halide Perovskites: Structural and Optical In-
vestigation ACS Photonics2 (2015) 349.

Rev. Mex. Fis69051602



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

STABILITY IMPROVEMENT OF CH3NH3PBI3 HYBRID PEROVSKITE THROUGH TIN AND CHLORINE DOPING 5

F. EI-Mellouhi, A. Marzouk, E. T. Bentria, S. N. Rashkeeyv, S.
Kais, F. H. Alharbi, Hydrogen Bonding and Stability of Hy-
brid Organic-Inorganic PerovskiteShem. Sus. Cher@(2016)
2648.

0. Granas, D. Vinichenko, E. Kaxiras, Establishing the limits
of efficiency of perovskite solar cells from first principles mod-
eling, Nature Scientific Repor&(2016) 36108.

S.N. Habisreutinger, D.P. McMeekin, H.J. Snaith, R.J.
Nicholas, Research Update: Strategies for improving the sta-
bility of perovskite solar cellsApl. Mater.4 (2016) 091503.

G.E. Eperoret al, Perovskite-perovskite tandem photovoltaics 30.

with optimized band gap§cience354(2016) 6314.

D.P. McMeekinet al, A mixed-cation lead mixed-halide per- 31,

ovskite absorber for tandem solar cel§gience.351 (2016)
62609.

L. Liu, J.A. McLeod, R. Wang, P. Shen, S. Duhm, Tracking the 39

formation of methylammonium lead triiodide perovskiéapl.
Phys. Lett107(2015) 061904.

D. Y. Torres-Martinez, M. Milan, B. Aguilar, O. Navarro,
Synthesis and characterization of €¥HsPbls perovskite thin
films obtained in one ste@hysica B585(2020) 412081.

Q.-K. Wanget al, Energy Level Offsets at Lead Halide Per-

ovskite/Organic Hybrid Interfaces and Their Impacts on Charges 4

SeparationAdv. Mater. Interface (2015) 1400528.

M.l. Saidaminowet al., High-quality bulk hybrid perovskite sin-
gle crystals within minutes by inverse temperature crystalliza-
tion, Nat. Communé6 (2015) 7586. 35

X. Song, W. Wang, P. Sun, W. Ma, Z. Chen, Additive to regu-
late the perovskite crystal film growth in planar heterojunction g
solar cellsAppl. Phys. Lett106(2015) 033901.

B.E. Cohen, S. Gamliel, L. Etgar, Parameters influencing the
deposition of methylammonium lead halide iodide in hole con-

28.

29.

33.

J.

. D.K. Chaudhary,

ductor free perovskite-based solar celigl. Mater. 2 (2014)
081502.

X. Li, D. Bi, Ch i, J.-D. Dcoppet, J. Luo, S.M. Zakeeruddin,
A. Hagfeldt, M. Gratzel, A vacuum flash-assisted solution pro-
cess for high-efficiency large-area perovskite solar c&8lts;
ence.353(2016) 6294.

R.G. Niemanret al, Halogen Effects on Ordering and Bond-
ing of CHsNH3+ in CH3sNH3PbX; (X = Cl, Br, I) Hybrid Per-
ovskites: A Vibrational Spectroscopic Study,Phys. Chem. C
120(2016) 25009.

W. Nie et al,, High-efficiency solution-processed perovskite so-
lar cells with millimeter-scale grain§cience347(2015) 6221.

J. Ding et al, High-quality inorganic-organic perovskite
CH;CH2:NH3Pbl; single crystals for photo-detector applica-
tions,J. Mater. Sci52(2017) 276.

E. Guangqing Tai, R. T. Wang, J. Y. Chen, G. Xu, A Water-
Stable Organic-Inorganic Hybrid Perovskite for Solar Cells by
Inorganic PassivatiorGrystals.9 (2019) 83.

S.K. Qjha, A. Singh, A. Ojha, Madifications in structural mor-
phology of CH;,CH2NH3Pbls perovskite using nitrilotriacetic
acid and glycine as habit modifierslater. Chem. Phys240
(2020) 122149.

M. DeBastiani, V.D. Innocenzo, S.D. Stranks, H.J. Snaith, A.
Petrozza, Role of the crystallization substrate on the photolumi-
nescence properties of organo-lead mixed halides perovskites,
Apl. Mater.2 (2014) 081509.

J. Xie, Y. Liu, J. Liu, L. Le, Q. Gao, J. Li, S. Yand, Power
Sources28(2015) 349.

P. Kumar, L. Kumar, Impact of
CH3;CH2NH3Pbl;-PCBM bulk heterojunction active layer on
the photovoltaic performance of perovskite solar cellagm.
Phys. Lett685(2017) 210.

Rev. Mex. Fis69 051602



