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wider bandgap than donors
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The role of exciton lifetime for charge generation WraTIC
in organic solar cells at negligible energy-level l
offsets

Andrej Classen®, Christos L. Chochos??, Larry Liier©'™, Vasilis G. Gregoriou®*, Jonas Wortmann®©',
Andres Osvet', Karen Forberich', lain McCulloch©3¢, Thomas Heumiiller ©'7*¥ and
Christoph J. Brabec®'"8%3

Organic solar cells utilize an energy-level offset to generate free charge carriers. Allhough a very small energy-level offset
increases the open-circuit voltage, it remains unclear how exactly charge generation is affected. Here we investigate organic
solar cell blends with highest occupied molecular orbital energy-| Ievel nﬂ‘sets (AEyom0) between the donor and acceptor that
range from O to 300 meV. We d ate that excil ligible AE,ouo takes place on timescales that
approach the exciton lifetime of the pristine materials, which drastl:ally Ilmlts the external quantum efficiency. We quantita-
tively describe this finding via the Boltzmann stati y-state equilibrium bet charge -transfer states and excitons and fur-
ther reveal a long exciton lifetime to be decisive in malntamlng an efficient charge tion at a negligible AE, Moreover,
the Boltzmann equilibrium quantitatively describes the major reduction in non-radiati ltage losses at a very small AEy g0
Ultlmalely, highly luminescent near-infrared emitters with very long eleton lifetimes are suggested to enable highly efficient
organic solar cells.

Energy level (eV)

© WF3
» WF3S

Negligible HOMO offset

Classen, et al., Nature Energy, 2020, 10.1038/s41560-020-00684-7
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Intrinsic efficiency limits in low-bandgap
non-fullerene acceptor organic solar cells

Safakath Karuthedath®'5, Julien Gorenflot®'5, Yuliar Firdaus©', Neha Chaturvedi’,
Catherine S. P. De Castro®'*, George T. Harrison', Jafar I. Khan', Anastasia Markina?,
Ahmed H. Balawi', Top Archie Dela Pefia®", Wenlan Liu?, Ru-Ze Liang', Anirudh Sharma®?,
Sri H. K. Paleti®', Weimin Zhang', Yuanbao Lin', Erkki Alarousu’, Dalaver H. Anjum®3,
Pierre M. Beaujuge', Stefaan De Wolf©", lain McCulloch®'#, Thomas D. Anthopoulos®?,
Derya Baran©', Denis Andrienko ©2% and Frédéric Laquai®'®

In bulk heterojunction (BHJ) organic solar cells (OSCs) both the electron affinity (EA) and ionization energy (IE) offsets at the
donor-acceptor interface should equally control exciton di iation. Here, we d| that in low-k non-full

acceptor (NFA) BHJs ul donor-to- energy p des hole from the ptor to the donor and
thus renders the EA offset virtually unimportant. M g ble bulk IE offsets of about 0.5eV are needed for efficient
charge transfer and high internal quantum efficiencies, since energy level bending at the donor-NFA interface caused by the
acceptors’ quadrupole moments prevents efficient exciton-to-charge-transfer state conversion at low IE offsets. The same
bending, however, is the origin of the barrier-less charge transfer state to free charge conversion. Our results provide a compre-
hensive picture of the photophysics of NFA-based blends, and show that sizeable bulk IE offsets are essential to design efficient

BHJ OSCs based on low-bandgap NFAs. Y6 IT-4F PC71 BM APC71 BM
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S. Karuthedath, Nat. Mater. 20, 378-384 (2021) 0.2 0.4 06 0.8 10

|E offset (eV)



Motivation

, Photon source energy analyser

Electrode connections g
Holes for degassing 2 7 o
: « Thin films

N B or reagent addition Solutions; thin films
= Teflon cap ) - a2
] ] — Glass solution resenvoir  Presence of electrolyte o * Surface sensitive
| SEEIRER Electrochemical instability
. Lack of electrochemical reversibility -
Working electrode el
/
\ UHV - Ultra High Vacuum
‘ \ - — Reference electrode (p <107 mbar )

Counter elctrode




A ol dlall oy | KAUST
| \‘-__IJ)) :ié:j;i'd‘)ulﬁzjlﬁcrsilyof SOLAR
% Science and Technology CE NTER

(" vacuum ™ IPES (conventional) LE-IPES
photomultiplier 40 40
—— 0Omin _ Oh
0 || —— 10 min i | 56h
_ < 301 — 30min 2307 [—m14n | P e e e e e -
electron window \ @ —— 60 min o
gun \\\ 2 207 > 20
z B
‘@ c
bandpass 'E 107 £ 10 '3-05
0—4eV e filter -
° ' ' ' 0 1 2 s 1”3 ca
0 1 2 3 4 4
lens . . . . I -3 -58
sample electron kinetic energy / eV electron kinetic energy / eV . ]
NS — > ,
b) Y6/ Au \ N w o)
T k 3 m=J.01CV N
= [la) A et EAEZ5LeV -~ LS
2 107 wr=418ev| {— AZ80ev oo I =
i |‘ | ms cC
& 1 &2 : I
T -1 I B S - S |
~ | X ’.a" E [7,) E ‘;‘
g - I‘ \"\. %\\ - gg o Py I
= ] ] (@] o : : - :“4;1::":1.”‘%“' ‘ I -
8 ] ’ ‘a}‘% L Q) : : . ,x’f:‘ I 5 (] 1
| 1 % Y I : l Jr_.:” |
T “(‘J T % il UIP§|PSI T T T T T : Im T - T : |‘ T T %EIIPESI I
3 4 5 6 7 44 33 22 11 00 -1 -2 -B -4 - '5' 5‘
KipatiscEnaegydaV) BindinsE PREBY ¥V '

Yoshida, Jurnal of Physical Chemistry C, 2014, 118, 42
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* Vanishing AIE is DETRIMENTAL For Device Performance
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Opportunities for printed OPV
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Terpenes as renewable solvents for OPV 2
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Table. Photovoltaic parameters of the devices

Acceptor (& o
Y6 26.9 0.85 68.9 15.7

Y7 25.7 0.86 69.0 15.3
BTP-BO-4Cl 26.1 0.86 70.1 15.8
BTP-eC9 27.0 0.86 69.9 16.2

a PM6:Y6=1.1.2, 100 °C annealing 10 min, w/o additive

___________________________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________________________

Han Xu, Derya Baran et al., Joule, 2023, 7, 9, 2135-2151
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