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Silicon vs. peroskite solar cells

p-n junction

n-i-p heterojunction



Dye-Sensitized vs. Perovskite Solar Cells

• DSSC  and PSC - TiO2 :  electon transport occurs in TiO2

• PSC                      Al2O3 : electon transport occurs in the perovskite 

H.S. Kim et al Sci. Rep. 2012, 2, 591.        M. Lee et al. Science 2012, 338, 643.

Mesoporous-oxide based devices                      Flat heterojunctions

Dye-Sensitized Perovskite Solar Cell



Perovskite Solar Cells: Efficiency

26.8%

Best si-solar cell 26.2%



De Angelis, F.; Kamat, P. ACS Energy Lett., 2017, 2, 1674–1676



The solar power spectrum

Efficiency

η= Pout/Pin



Maximum Jsc: Solar absorption

P. Umari, E. Mosconi, F. De Angelis Sci. Rep. 2014, 4, 4467.

1100 nm

780 nm



Maximum voltage: The Shockley–Queisser limit
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Modeling Dye-sensitized solar cells
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100 years trying to solve the electronic 

Schrödinger equation:

Born-Oppenheimer approximation

The Hamiltonian for the electronic motion:

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

(SOB!!)



Lennard-Jones potentialPhysically Motivated Force Fields



Coefficients Similarity function

Training set: define f(x) through some algorithm 

(learning by comparing x to x’)

Production run: use f(x) for values 

of x not in the training set

ML Force Fields – trustful region
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Current Past

Computational resources
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Complex algorithms, requiring 

several operations
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Execution schema Feasibility problems
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Computational resources: Feasibility



S. Fantacci, F. De Angelis, A. Selloni J. Am. Chem. Soc. 2003, 125, 4381.
F. De Angelis, S. Fantacci, A. Selloni Chem. Phys. Lett.  2004, 389, 204.
F. De Angelis, S. Fantacci, M.K. Nazeeruddin       Chem. Phys. Lett.  2005, 415, 115.
F. De Angelis,. S. Fantacci, M. Grätzel  et al.        J. Am. Chem. Soc. 2005, 127, 16835.
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Absorption spectrum of N719 in water:



Ruthenium dyes: The hunt for red photons!
N3/N719 BD DX1

18 - 21 - 25Red-shift of the absorption 
spectrum corresponds to 

higher current

Integrated Isc
mA/cm2



Ligand descriptors



Ligand library / Efficiency data

J.-F. Yin et al.  Coord. Chem. Rev., 2012, 256, 3008–3035.

Structure/property correlation

New ligand / New dye

Same efficiency!



Perovskite solar cells: 

Metal-halide perovskites

AMX3

MAPbI3

A. Kojima et al. J. Am. Chem. Soc. 2009, 131, 6050

I

Br
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Cl

3.11 

1.55



Nat. Commun. 2019, 10, 2560

Pb Sn

3D perovskites hyperspace: 

Compositional tuning of energy levels



Maximum Isc: Sn vs. Pb

P. Umari, E. Mosconi, F. De Angelis Sci. Rep. 2014, 4, 4467.

1100 nm

780 nm



Role of cations: MA vs. FA

SIZE

BAND GAP

MA FA

SR-DFT 1.66 1.63

SOC-DFT 0.60 0.45

SOC-GW 1.67 1.48A. Amat et al. Nano Lett. 2014, 14, 3608

Cs MA FA





Predict stable compositions but lose 

physical meaning of descriptors



26

Exploting intermolecular interactions for surface passivation

Hassan Y. et al. "Ligand-engineered 

bandgap stability in mixed-halide 

perovskite LEDs" Nature, 2021, 591, 

72–77

EDTA Glutathione
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Conclusions

• Lessons learnt from DSSCs have boosted research on PSCs

Trying to make an inpact

• UNIPG-DCBB

• CNR- SCITEC

• MISTER SMART INNOVATION S.c.r.l.

Technology transfer center funded

with 5M€

Scale up PVSK technology

Prolabin – Solertix - Eni
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