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CONTRIBUTION OF THE ORGANIC TO DOS
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WHAT IS THE CONTRIBUTION OF THE ORGANIC OR
INORGANIC CATION?
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STRUCTURAL DIMENSIONALITY AFFECTS
MATERIALS PROPERTIES
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PEROVSKITES FOR SOLAR CELLS & PHOTODETECTORS
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Progress of Solar Cell Efficiencies
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Point Defects in Perovskites
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Defects Affect Electronic Trap States

most semiconductors
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In Halide Perovskites: Mostly Shallow Traps
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Long-lived Charge Carrier Dynamics
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Progress of Solar Cell Efficiencies
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2D and 3D Defects in Perovskite Thin Films

Precipitates
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2D and 3D Defects in Perovskite Thin Films
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“Additives” Affect Compositional Distribution

Rb regions
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Br poor regions
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The Role of Surfaces in Perovskite
Thin Films
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The Role of Surfaces in Perovskite
Thin Films
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MNon-radiative interface recombination

Non-radiative bulk recombination

Counts (x 10%)

Broad range of reported results:

(PVK composition, annealing, 2D deposition
route)
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Interface recombination is still major
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QUESTIONS

What structures form at the surface of
the perovskite thin film?

How stable is this interface given its
“soft” nature?

What is the mechanism by which surface
passivation happens?
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GRAZING-INCIDENCE WIDE-
ANGLE X-RAY SCATTERING
(GIWAXS)
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VAPOR PROCESSING OF A RP (2D PEROVSKITE) N=1 THIN FILM

Absorbance / PL

Solution-processed

Q)

Q)
O
)

450 500 550

Wavelength (nm)

Intensity

Solution-processed

Evaporated

20
2 Theta (deg.)

30 40

Perini, Carlo A. R., Correa-Baena, J.-P. et al. (2023). ACS Energy Letters, 2023, 8, 3, 1408—-1415.
Datta, Kunal, Correa-Baena, J.-P. et al. (2024). Advanced Materials. 36 (35), 2404795.
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VAPOR PROCESSING OF A 2D/3D HETEROSTRUCTURE
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VAPOR PROCESSING OF A 2D/3D HETEROSTRUCTURE
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QUESTIONS

What structures form at the surface of
the perovskite thin film?

How stable is this interface given its
“soft” nature?

What is the mechanism by which surface
passivation happens?
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FORMAMIDINIUM LEAD HALIDE PEROVSKITES

Perovskite
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THE PEROVSKITE STRUCTURE IS UNSTABLE

Polymorphism into non-perovskite phases
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IN-SITU GIWAXS: UNDERSTANDING PHASE TRANSFORMATIONS
UNDER DIFFERENT ENVIRONMENTS

Dry air, nitrogen, and humidity
Control
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IN-SITU GIWAXS STUDIES CORROBORATE THIS
H,O /Air
+PEALI top layer
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PEAI REPELS WATER

H,O Adsorption
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PHASE TRANSFORMATIONS
FROM THE VAPOR PHASE:

WHAT HAVE WE LEARNED FROM
THE INTERFACE AND ITS EFFECT
ON PHASE TRANSFORMATIONS?



CONTROL OF PHASE PURITY FOR FAPI BY THERMAL
EVAPORATION
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Castro-Méndez, A. F., ..., Correa-Baena, J. P. (2022). ACS Applied
Materials and Interfaces 2022, 14, 30, 34269-34280.
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EVAPORATION OF FAPBI3 LEADS TO HEXAGONAL
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TEMPLATING THE GROWTH OF FAPI pronyl phosphonic
PEROVSKITES VIA PHOSPHONIC ACIDS acid (PPAC)

3-phosphonopropionic
acid (3PPAc)
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PPA HELPS FORM CUBIC PEROVSKITE

CH;-PA-CH,-PA
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PROPOSED MECHANISM:

Phosphonic

° PHOSPHONIC ACIDS HELP TRAP FAI TO FORM
CUBIC PEROVSKITES

- LOW BINDING ENERGY BETWEEN
PHOSPHONIC ACID MOLECULES MAY LEAD TO
THEIR MIGRATION DURING EVAPORATION

Energy Materials -
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STABILITY OF FAPI BY EVAPORATION IN HUMID AIR
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CONCLUSIONS: INTERFACES ENABLE PHASE STABILIZATION
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BONUS!! ~ 15°C—-10cycles
ALD/CVD OF LEAD TR
HALIDES
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INCREASED HEXAGONAL PHASES AT THE SURFACE

Hidalgo, J., ..., Correa-Baena, J. P. Materials Today, 2023, 68, 13—21
Hidalgo,...Correa-Baena. J. Am. Chem. Soc. 2023, 145, 45, 24549-24557
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TOP LAYER OF PEAI REDUCES NON-PEROVSKITE PHASES
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Hidalgo,...Correa-Baena. J. Am. Chem. Soc. 2023, 145, 45, 24549-24557 Energy Materials
Hidalgo, J., ..., Correa-Baena, J. P. Materials Today, 2023, 68, 13-21 Laboratories




X-RAY PENETRATION DETPTH VS. INCIDENT ANGLE

GIWAXS (13.5 keV)
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INCREASED HEXAGONAL PHASES AT THE SURFACE
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TOP LAYER OF PEAI REDUCES NON-PEROVSKITE PHASES
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D
EX-SITU XPS: OXYGEN ROLE IN THE PHASE TRANSFORMATION

H,O and oxygen interaction starts on the surface
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WHAT ABOUT SHALLOW TRAPS?

excitation correlation
photoluminescence (ECPL)
to understand shallow trap
formation

Defect assisted nonradiative
recombination produces a
positive ECPL signal,
whereas auger processes
would introduce a negative
ECPL component.
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Presentation Notes
the ECPL technique consists in exciting the sample with two pulses, each modulated 15 at a distinct frequency (Ω1, Ω2). Then, from the integrated photoluminescence the nonlinear contribution can be separated from the linear component by demodulating at the sum of the frequencies (Ω1 + Ω2 ) and at the fundamental frequencies respectively. (26–28) A time delay between the two pulses allows exploring the charge carrier population's evolution in time. The nonlinear contributions to photoluminescence, under the Shockley-Read-Hall model, are mainly 20 caused by nonradiative recombination due to defect-assisted recombination or Auger recombination processes. (26, 27) Defect assisted nonradiative recombination produces a positive ECPL signal, wheres auger processes would introduce a negative ECPL component. (26, 27)
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EFFECTS ON DEVICE PERFORMANCE: PURE FAPI
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Humidity-Induced Chemical-Electronic Changes

Br:Pb

http://pubs.acs.org/journal/aelccp

Moisture-Induced Crystallographic
Reorientations and Effects on Charge Carrier
Extraction in Metal Halide Perovskite Solar
Cells

Juanita Hidalgo, Carlo A. R. Perini, Andrés-Felipe Castro-Mendez, Dennis Jones, Hans Kébler, Barry Lai,
Ruipeng Li, Shijing Sun, Antonio Abate, and Juan-Pablo Correa-Baena*
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CRYSTALLOGRAPHIC PROPERTIES

The presence of perovskite phases
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SECONDARY PHASES IN THIN FILMS

-
, T170°c
| 165 °C
> b | h ]
=, j.u__ N | 155 °C
»w [T | \ |
(- : : A A M - | ‘15000
N N TR A T T
C | . | |
= W N - M A A:___A ‘k 140°C
PbI,
I B I T I R T I [ MAI
| | L | | | o | |c-MAPI
| | N 1 It Wl [t+-MAPI
N I||| I||IIII | IIII AN Ay I'II [ir 11 1Y o-MAPI
10 20 30 40
2Theta (°)

Energy Materials
Laboratories

* Under 140 °C: Only peaks of

Pbl, in XRD

* 140 °C — 155 °C: Secondary

phase present

e 165°C =170 °C : Low

dimensional non-perovskite
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IDENTIFYING SECONDARY PHASES IN FAPI PEROVSKITE
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