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CH(NH,),Pbl; (formamidinium lead iodide-FAPbl,)

CHALMERS

*One of many halide perovskites

eSub-pm films absorb strongly
eEasy, low-temperature synthesis

eEfficiencies: single-junction 225%
(lab); perovskite-Si tandems >33% (lab)

eComplex chemistry + strong dynamics
> hard to model
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(a) below 100 K y-phase B-phase
additional phase ‘\)
transition at 15 K '

octahedral tilting:
space group: P4/mbm P4/mbm

T, mechanism: | [N rotation about N---N axis

D.H. Fabini et al., J. Am. Chem. Soc .139 (2017)

Low-temperature structure of FAPbl; unknown - needed to control and
design FAPbI;-based materials



CHALMERS

00000000660060000.
5-00000606000000606:
90.090000000000000¢
1000000000000000¢

® . a9 )

0000000 00000000<
1009000000900 00000¢
vo°a°~°w.°o.°o°.°¢°¢°¢°~°ﬂo‘o.°ﬁoﬁ°
060666000000600600:
50600600600600600060
560006060600006006000:
10000000000000004
560606000000 0660600.
YooY Yo Yo Yo Yo Yo XYoo XYY -X-Y-X.

Movies by Erik Fransson

Within a few years: 1000x larger systems and 10000x longer simulations
thanks to ML and GPUs



Search among milion static structures
with a neuroevolution (NEP) potential
based
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a“b b~ identified as ground state

Large-scale MD simulations show that
structure “freezes” in a different
structure, disordereda ac*

S Dutta, E Fransson, T Hainer, BM Gallant, DJ Kubicki, P Erhart, J Wiktor, J. Am. Chem. Soc. 2025, 147, 41, 37019



Comparison with experiment

Inelastic neutron scattering (INS)
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Nuclear magnetic resonance (NMR)
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Our simulated “frozen” structure agrees with experiment
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Water splitting

* Materials absorb light

* Extra charges created and
separated

*H,0 separated into O, and
H, (fuel)
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Charge trapping

Trapped charges cannot be used efficiently — we can predict if and how they form



Self-trapped excitons - BiVO,
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E. N. Fernandez, D. A. Grave, R. van de Krol, and F. F.
Abdi, Adv. Ener. Mater. 13, no. 25 (2023): 2301075.

Photoluminescence measurements
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Two competing modes of trapping

T. Méslinger, N. Osterbacka, and J. Wiktor, JPCL 16, 6861 (2025)
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* Novel materials for solar application Sangita Dutta Erik Fransson  Paul Erhart  Tobias Méslinger
complex and challenging to model

* We found the low-temperature phase of
FAPDbIl; combining DFT and ML

e Studying charge trapping requires
advanced and expensive methods ’ 4
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* We can complement experiments in Ddlontior > "INAISS
understanding materials
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