GDR Meeting 2022

RECENT PROGRESS IN THE DEVELOPMENT OF ECO-FRIENDLY
PROCESSED ORGANIC SOLAR CELLS: EXPERIMENTS AND
THEORY

Wilken Aldair Misael

Université de Lille, France



Organic Molecules and Polymers for Photovoltaic Applications
Main Objectives

X-ray Spectroscopies

PTB’7-Th Investigations

ITIC Investigations

PTB7-Th:ITIC Investigations

Final Considerations and Future Perspectives



Eﬂ%ﬁ#&ﬁéﬁlﬂﬁ% & CHALLENGES TO RENEWABLE

26.2%

Renewable
electnicity

5.5%

Wind power

2.4%

2.2%

0.4%

Cell Efficiency (%)

Best Research-Cell Efficiencies INREL

MIM‘%V
52
Cells (2-50eminal, monoithe)  ThinFllm T
af S SR "
‘ ) | F
M * vered earinhc O Ca% (M, 3541) &’9‘*‘:)5 [R5 S e
v Three-10500 {conoentrair) O Amorphous $ M (stabdged) Soncralad | FAGISE \\ SoreSamcon 2 R
4+ X W Thoe-puncson (An-concony 3y} Emerging PV (WL 2950} | m&s&-) N\, L 406
A T, Imw! O Opsensiznd ool Spechoiad eoo:& N ] s N
P ¢ O Pesousivam ot 178) - T (P N
ak u:ummumtw A PertnskaS Landem (moneitu) Scia b, Speckoiod (5J) NREL
QUEGUr0N O MO (MON-00ncenl iir) : COrgares ¢ols (varous hypet) (&“mh, AM £5540 O— { Jﬂ
Single-Junction GaAs Organec bandem 0ol m . ShaD (V)
A S crys @ organe; ceds (CITS5e) SN IR, oW |
36 A Concertoner O Oudrtum 6ot colis (various types) NREL L MW NREL (38 1)
v Mm 0O Peeovixta CIGS Wndos (manoitne) AREL — FG5E
32 i c.nmw.nmm - e Cmm — m 'm& 73 '\QSLv‘67.) *‘\w‘&---‘m
gm omm VM\W e WU’" S N : g.‘r;v -
- \-----n--------------- A
o NS m Sarps S0 Srp ] SR L e I
(T4 Vesen uNsi  NREL S . EVPA s gy L @A [ O TS
] ot Euoin (4o gt 0
aeeL  MREL ; M TN R
NAEL NREL NAEL hQ,ETiL NREL U~ s ‘O"G&
FREL
__UnSoiw
-
o
(PRI /i s
YR DA R U S SO SO G S VO A GOl RO v A SN ACBNE SN SUEN USENY SN DAY S M |
2000 2005 2010 2015 2020

Extracted from NREL, 2019.



. ORGANIC SOLAR CELLS (OSC)

Over the past two decades OSC has been a subject widely explored due to the characteristics of their components.
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Why the allignment of the energy levels is important?
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POLYMERS FOR
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Why these two components are broadly used?
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Mé\llhIIECTIVES

PTB7-Th and ITIC

Evaluate the behaviour of the polymeric and molecular films processed 1n a

halogenic solvent (O-DCB) and an environmentally friendly solvent

(O-MA) in terms of*

~Molecular orientation by Angle-Resolved Near Edge X-Ray

Absorption Fine Structure (N EXAFS),

10



OB

PTB7-Th and ITIC

= Obtain information about the @l@ctronic structure by

means NBO analysis;

Cilla CeH13
. . . M8 L
“For PTB7-Th, obtain the HOMO-LUMO gap using the e\ /N ) OO. N an
3 : - CN
Donor/Acceptor approach and the Aromatic/Quinoidal approach; O ’ O Q
CeH13 Cabliz



Mé\llhIIECTIVES

PTB7-Th:ITIC blend

Evaluate the behaviour of the films processed in 0-DCB and o-MA at different

temperatures (RT, 100°C, 200°C), using the same techniques to answer:

= Does the blend film suffer significant morphological changes when a not PTB7-Th
CeH13 CeH13
conventional solvent is used? O & O
- CN s ' " 0 .
Ny’ WL \/ 2 N
= What 1s the influence of the annealing process 1n these properties? O o O S Ve
CeH13 C6H13
ITIC

*“In detriment of the values of charge transfer achieved, is it possible to ;
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X-RAYS ABSORPTION PROCESSES
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X-RAYS ABSORPTION PROCESSES

Photoelectron
< Eopr = E - 0

System relaxation

Auger electron
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AUGER PROCESSES

PTB7-Th:ITIC (o-MA) - 200°C
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N BRI M RESERPY

When the core-hole lifetime is greater than the
time for charge transfer (CT) to occur, the latter
can occur as this is a competitive process

The resonant process with a 2h1e final state between these two variables.

can be monitored via RAES
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Quinoid Form

Aromatic Form

20
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PIB/-1H
INVESTIGATIONS

Molecular Orientation and the S 1s Excited States
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PIB/-1H
INVESTIGATIONS
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PIB/-1H
INVESTIGATIONS
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ml ESTIGATIONS

6
B 1s » LUMO+1 (1r*)
SF . .. ) 2 s. .. .
“...'.’. ....‘..\ :...
.~
%4- i :.0.*0 : 3.‘..~0... .o..
§ . 0~ . .o
=
T 3L
- A c
5 | 1s » LUMO+17 (c™)
3 21" | @ B
1} |
[ - Experimental Spectrum
0 ] | L | I || Shifted Theoretical Spectrum
— - - T v 1 v T v T — T v {
2469 2472 2475 2478 2481 2484 2487 2490

Photon Energy (eV) 1s » LUMO+12 ('IT*)

27



ml ESTIGATIONS
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PTB7-TH:ITIC INVESTIGATIONS

Molecular Orientation Under the Solvent Effect and Thermal Annealing
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PTB7-TH:ITIC INVESTIGATIONS

Charge Transfer Dynamics Under the Solvent Effect and Thermal Annealing
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IIIE\II2A§_P%8¥I§IIEERATIONS AND FUTURE

- Stable filim with face-on orientation in relation to ITO
substrate;

- Similar charge transfer dynamics in both solvent processing;

- The aromatic-quinoid approach helps us understand this type

- ” of polymer;
F : :
~ S - The calculatations with the monomer helps us understand the
07 0 — CoHs NEXAFS spectra.
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IIIE\II2A§_P%8¥I§IIEERATIONS AND FUTURE

- Suffers severe degradation, principally being
processed in o-DCB;

- Fast charge transfer dynamics in o-DCB, but the

NC o-MA film is more stable;

- XPS measurements could help us understand
more of this system;

- The calculatations with only main plane helps us
understand the NEXAFS spectra.
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processed in o-DCB;

- Fast charge transfer dynamics in o-DCB, but the
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INAé_P%8¥I§IIEERATIONS AND FUTURE

F
PER

- Stable film with face-on orientation in relation to
ITO substrate;

- The BHJ somehow stabilizes ITIC;

- Yes, it is possible to change to a green solvent!
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