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Silicon vs. peroskite solar cells
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Dye-Sensitized vs. Perovskite Solar Cells

Mesoporous-oxide based devices Flat heterojunctions
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Dye-Sensitized Perovskite Solar Cell
 DSSC and PSC - TiO, : electon transport occurs in TiO,
« PSC Al,O; : electon transport occurs 1n the perovskite

H.S. Kim et al Sci. Rep. 2012, 2, 591. M. Lee et al. Science 2012, 338, 643.
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Perovskite Solar Cells: Efficiency

Best Research-Cell Efficiencies
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Gritzel. Yes, the perovskite systems as light-harvesters are
very promising. The main thing that produced a kind of gold ,
rush n this area 15 that the efhcaencies went up strikingly pid
rapidly. It was a meteoric rise to 22% from a little bit over 3% in e
just a few years. This is a really unique event in the history of |,
photovoltaics, and that is what has created a lot of excitement. | his
have been told that 10000 researchers are now working in this

field worldwide, from just a few in the beginning.
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De Angelis, F.; Kamat, P. ACS Energy Lett., 2017, 2, 16741676
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Maximum Photocurrent Density (mA/cm?)

Maximum Jsc: Solar absorption
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P. Umari, E. Mosconi, F. De Angelis Sci. Rep. 2014, 4, 4467.




Maximum voltage: The Shockley—Queisser limit
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Modeling Dye-sensitized solar cells

redox diator
500-1000 atoms




100 years trying to solve the electronic
Schrodinger equation:

Hopn(r; R) = €2 (R)pn(r; R)

The Hamiltonian for the electronic motion:

ﬁe=—§ZV§—Z—+Z—+Z

a,; ' av 1> a>b “

The electron-electron repulsion term makes 1t unsolvable for n>1

(SOB!!)



Machine Learning Force Fields
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Physically Motivated Force Fields
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Machine Learning Force Fields ML Force Fields — trustful region

M
f(x) = f(x) = Z aK(x, x;)
=
Coefficients Similarity function | =
Training set: define f(x) through some algorithm |
(learning by comparing x J|x”) ? ﬁ"'4 N O?H[Bohr] °

Production run: use f(x) for values
of X not 1n the training set




Computational resources
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RAM

HD

Computational resources: Feasibility

Execution schema

Data

Feasibility problems

Elaboration time per data
Complex algorithms, requiring
several operations

Data

=
(é’: Number of data/Results
Z Systems dimensions and
algortthm complexity
Unfeasible Slow
Computer cannot Execution time
allocate the data too long




tion spectrum of N719 in water:
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Ruthenium dyes: The hunt for red photons!
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Cite this: RSC Adv., 2015, 5, 23865
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Quantitative structure—property relationship
modeling of ruthenium sensitizers for solar cells
applications: novel tools for desighing promising
candidatest
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Ligand descriptors

Fig.1 Example of (a) shape and (b) hydrophobic (red) and hydrophilic
(blue) molecular interaction fields (MIFs) for ligand 11.
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Perovskite solar cells:

Metal-halide perovskites
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3D perovskites hyperspace:
Compositional tuning of energy levels
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Maximum Isc: Sn vs. Pb
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Role of cations: MA vs. FA
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The Impact of Machine Learning in Energy
Materials Research: The Case of Halide

Perovskites

Tolerance Factor

Cite This: ACS Energy Lett. 2023, 8, 1270-1272
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(c) ML-radius, electronegativity
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Exploting intermolecular interactions for surface passivation
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Conclusions

Lessons learnt from DSSCs have boosted research on PSCs
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