


Singlet Fission-

Extracting Triplets 1, (2, ©

Singlet Fission (SF) is the process of | v I v I
transforming one photoexcited singlet state into i
two lower energy triplet (T,) excited states on | * | | A | 4
neighboring molecules. \_ Y Ny, v |
Excited Singlet Correlated  Separated Triplets
S, Triplet Pair T,+T,
YTT)

N4 o.

The energy requirements for SF are such that:

o Excitation of Singlet E(S]_) ~ ZE(T1)

© sF to correlated triplet pair ((TT))
© Triplet dissociation
@ Triplet extraction to form free charges

Low energy triplets often leads to issues
with generating sufficient driving force for
charge transfer.
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SF-Dye-Sensitized Solar

Cells

Conductio
Band ] % . . - .
K Eo"(S4) Historically, competition from singlet electron
injection and low driving forces inhibit efficient

triplet electron injection.

o Photoexcitation
@ Electron Injection from the Singlet Excited State (“Singlet Injection”)

@ Singlet Fission

e Electron Injection from the Triplet Excited State (“Triplet Injection”)

on(SO)

Transparent Conducting Oxide

Valence
Band

Gish, M.K.,, Pace, N.A.; Rumbles, G., Johnson, J. C,, et.al., J. Phys. Chem. C, 2019, 123, 3923-3934.
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Sl n g I ot F | SS | on D SS CS *Transient absorption done under dry conditions
(SF-DSSCs)

Historically, competition from singlet electron injection and
low driving forces inhibit efficient triplet electron injection.
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Understanding Behavior of

Singlet Fission Molecule

Singlet Fission-Borne Triplets

on*(sl) A
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Fission
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Controlling the driving

force-nanolTO
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In,0,:5n
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i Whuz.(E) ﬁ* : Mesoporous indium tin oxide (nanolTO) is semi-
: inj . . i .
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; Empty ps force
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J. Am. Chem. Soc. 2014, 136, 45, 15869-15872.
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A p p | |ed B | aS Can we observe triplet injection turn on?
Tra N Sle nt AbSO rptIO N What is the difference in electron injection behavior

between singlet and triplet excited states?
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Working electrode: nanolTO:ADT-COOH nanolfo  ADT-COOH

in 0.1 M TBAPF, in MeCN
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Overlapping features

complicate spectra
Dry nanolTO:ADT-COOH in N, atmosphere
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Gish, M.K., Raulerson, E.K., Pekarek, R.T., Greenaway, A.L., Thorley, K.J., Neale, N.R.,
Anthony, J.E., Johnson, J.C., Chem. Sci., 2021, 12, 11146-11156.

Ayump = 500 nm (60 nJ/pulse)

Component spectra:

Singlet: fsTA of ADT-COOH
Triplet: nsTA of Anthracene sensitization of
ADT-COOH

Cation: Spectroelectrochemistry (UV-Vis)

NREL | 8



A =500 nm (60 nJ/pulse)

Triplet decays faster with LR EEE:: 1y s
increasi ng bias Red: AG(T]_) - '0.88 eV in 0.1 M TBAPF, in MeCN
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Ayump = 500 nm (60 nJ/pulse)
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Singlet exhibits no
change over same range
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Singlet rate constant (s)
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Anthony, J.E., Johnson, J.C., Chem. Sci., 2021, 12, 11146-11156.
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Triplet rate constant (s1)
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Ayump = 500 nm (60 nJ/pulse)

Adapting Marcus Theory

AG(T,), eV
0.07 -0.13 -0.33 -0.53 -0.73 -0.93

S

Marcus Equation assumes 1 donor 1E10 |
and 1 acceptor: '

_2n , 1 (A+ AG)
kET_ _|HDA| \/4TEAkBT eXp(_ 4AkBT )

nanolTO is a distribution of acceptor levels
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Triplet rate constant (s1)
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Applied Voltage, V vs Fc*/Fc
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Adapting Marcus Theory

Marcus Equation assumes 1 donor
and 1 acceptor:

2
ker = %TCU'{DM2 \/4;1]{37, exp( - 0412? );L::'
nanolTO is a distribution of acceptor levels i‘g
Kini :lll_erf(l—i—AG)] I:g
k™ 2 Varkg T 22
where
Kini ™ = %H[)ﬁg

J. Am. Chem. Soc. 2014, 136, 45, 15869-15872.
Gish, et.al., Chem. Sci., 2021, 12, 11146-11156.

Hpa(S1) = 3.5 meV

Hya(T,) = 0.53 meV
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No traditional inverted [RaASEERIUTY Aruny = 500 1m (60 nl/puise

- Hoa(T,) = 0.53 meV
regime oalT4)
No traditional inverted regime
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No traditional inverted [RaASEERIUTY Aruny = 500 1m (60 nl/puise

regime Hpa(T;) =0.53 meV
; [ — 12 ST P
L - L —A= 0.0 e .
" T N 0. ‘0 l | —— ) -055eV
4 Hpa(T,) is an order of magnitude smaller than Hp,(S,).
; Possibly due to localized nature of triplet.*
S *Has been observed in molecular donor/acceptor systems:
- Pace, N.A., et. al., “Triplet excitons in pentacene are intrinsically difficult to dissociate via
i charge transfer,” J. Phys. Chem. C, 2020, 124, 26153.
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Summary
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