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Background
The active layer of the most efficient organic photovoltaic (OPV) devices is a
blend of electron donors and acceptors that form a bulk heterojunction.
After photoinduced electron transfer at an interface, electrons and holes
may separate far enough to be extracted
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Methods
Photoinduced Absorption Detected
Magnetic Resonance (PADMR): RF/MW
drives spin transitions of paramagnetic
states formed under photoexcitation. This
perturbs electronic dynamics and thus
optical absorption

Results Conclusions & 
Future Work

Image from Dill et al. JPCL. 2023. 14 (9), 2387-23942

We observe a complex evolution of the shape of f-PADMR spectra that 
correlates with the changing driving force, ∆GCT

Carr et al. Mater. Horiz., 2022, 9, 3121

Organic Solar Cell Device
image from https://www.nrel.gov/pv/organic-

photovoltaic-solar-cells.html

How can we better understand charge
transfer and separation in model OPV
systems to better explain the efficiencies of
OPV devices?

Dilute Donor/Acceptor 
Model System

Marcus Theory governs
predictions of charge transfer in
solution, can it explain charge
transfer and separation in solid-
state organics as well?

Marcus Rate Equation 

By varying 
the electron 
donor in an 
electron 
acceptor host 
of known 
electron 
mobility, 
PCBM, we 
can vary the 
driving 
force ∆GCT

Electron acceptor

Charge transfer distance is controlled by the driving force,
|∆GCT | in solid-state organic donor/acceptors. The most 

localized CT states are generated in measurable concentration 
only at large |∆GCT | beyond the free charge optimum

The DRET Model1 predicts distance distributions of charge transfer 
where long-range (CS) and short-range (CT) transfer compete

Increasing average charge separation distance

Can we use PADMR to better understand 
recombination to molecular triplet (T1) 

states in NFA systems?
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Gillett et al. Nature. 2021, 597

Electron donors

Two electron/hole pair spin coupling regimes
Blue: J >D              Green: J~D

Decreasing |∆GCT |

Suggests the most localized CT states are 
predominantly a loss pathway in organic solar 

cells 

Carr et al. ACS Energy Letters., 2024, 9, 3, 896–9072

Spin couplings, D and
J, determine energy
splittings in the
electron/hole pair spin
manifold and are
distance dependent.
Distance controls the
shape of the magnetic
spectra

f-PADMR
Different films, same conditions: 3.3 mT external magnetic
field (B0), 750 nm probe, 5-10 Kelvin

Arrows demonstrate the qualitative trend in the 
spectral shape with ∆GCT

PADMR

Hypothesis: Distance-
dependent charge transfer

Electron/hole spin interactions 
depend on distance

In PADMR, RF/MW frequencies resonant with electron/hole pair spin 
transitions drive specific changes in photoinduced absorption (PA) 

spectra that indicate spin-dependent recombination pathways

PA spectra show ground state bleach (S0), 
donor triplet (T1,D), and radical cation (D+) 

excited state absorption features 

Steady-state excitation distributes electronic state 
concentration into the excited states and ground state via 

charge transfer and recombination. We measure 
absorption features associated with those states in PA

Two mechanisms give different sign 
f-PADMR signal when probing S0

𝝀𝝀-PADMR
Resonant RF/MW perturb steady-state electronic state 
concentrations, manifesting as changes in the PA spectra 

Electronic state concentrations change under 
RF because spin states couple to other 

electronic states differently depending on 
their spin character and/or whether there is 

an external magnetic field (B0) present

Lingering Questions: 

Can PADMR help us characterize charge dynamic 
in the “high-performance” non-fullerene acceptor 

(NFA) OPV systems? 

“CT” emission in SiNc: 
PCBM enhanced at low 

temperatures 

Can we use PLDMR to 
elucidate whether this 

emission is from CT states 
that we do not see with 

PADMR or direct emission 
from more distant CS 

states

Power-dependent 
experiments indicate 

significant 
bimolecular 

component to some 
of the PADMR 

signals at 5 Kelvin >

ObZnPc:PCBM Zero-Field PADMR

SiNc: PCBM 3.3 mT PADMR 

Free charge 
inverted regime!

EasySpin4 can model the spectra with spin pair distributions of defined J and D coupling
Corresponding distance distributions are calculated based on the fits
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