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Excited-State Dynamics in BHJ Blends with L8-BO Acceptor: A Femtosecond
Transient Absorption Study

Introduction & Background

Organic photovoltaic(OPV) devices are a promising renewable energy technology with their
attractive features, such as lightweight, flexibility, and potential for low-cost fabrication[1]. In their
rapid progress, a pivotal role has been played by the development of non-fullerene acceptors
(NFAs), which have enabled power conversion efficiencies (PCEs) of single junction BHJ devices to
surpass 20% [2] in recent reports. Notably, the Y-series acceptors, and particularly L8-BO, with their
broad absorption, high electron mobility, and favourable molecular packing, have helped in achieving
remarkably efficient devices[3], [4].

While there’s a lot of ongoing research focusing on the role of NFAs in determining the efficiency
gains[4], [5], the donor polymer remains an equally critical component in bulk heterojunction (BHJ)
devices. The donor influences not only the absorption profile and intermolecular energetics, but also
the exciton generation, charge separation, and recombination pathways. However, compared to
NFAs, the effect of donor choice on excited-state dynamics is less systematically studied.

The current study focuses on independently assessing the donor’s role, enabling direct connections
between donor structure, blend morphology, excited-state dynamics, and device performance.

Objectives & Scope

We investigate four high-performance donor polymers—PTQ11, PM6, D18, and PDPP3T—each
blended with the high-performing acceptor L8-BO. We employ femtosecond transient absorption
(TA) spectroscopy across both the visible and near-infrared regions to probe the exciton dissociation,
energy transfer, charge transfer, and recombination. These photophysical measurements are
compared with the device performance data obtained from corresponding solar cells. Thus, we aim
to clarify donor-dependent pathways in L8-BO-based blends and provide design rules for next-
generation OPVs.

Methodology

Devices were fabricated with each donor polymer blended with L8-BO under optimized processing
conditions. These devices showed different power conversion efficiencies, stressing the importance
of donor choice. To track the underlying photophysical mechanisms, we performed femtosecond TA
spectroscopy using a pump—probe configuration with sub-100 femtosecond temporal resolution.
Measurements were done across the visible (450-750 nm) and near-infrared (750—1050 nm) regions
to reveal the exciton dynamics, charge transfer state signatures, and long-lived charge carriers.

Preliminary analysis of the transient spectra suggests that the donor—acceptor blends exhibit a finely
intermixed morphology, which facilitates efficient exciton dissociation. At the same time, spectral
evolution shows distinct differences between the donor systems, suggesting that the relative weight
of competing pathways—which are energy transfer followed by a charge transfer and charge transfer
alone—depend on the choice of donor polymer. We are also evaluating how each blend balances
phase segregation and domain interconnectivity: finely intermixed domains encourage exciton
harvesting, while excessive mixing will result in energy transfer losses, and excessive segregation
can hinder charge transport[6]. The quantitative timescales for exciton decay, charge transfer, and
recombination are extracted using global fitting and kinetic modelling.



# % ASIA-PACIFIC '
N ¢# SOLAR RESEARCH CONFERENCE 2-4 Dec 2025, Brisbane

Donor molecular structures

CoHgnCatle
oHs

Acceptor

PDPP3T PTQ11

Figure 1. Molecular structures of the donors and the acceptor

Results and Conclusions

The TA spectra in all the blends show sufficient evidence of efficient charge generation, consistent
with finely intermixed donor—acceptor domains. However, donor-specific differences in the spectral
signatures suggest different balances between energy transfer and charge transfer pathways. For
example, some blends seem to have rapid exciton dissociation, while others have more prominent
signatures of intermediate charge transfer states. These variations correlate with the differing device
efficiencies observed experimentally.

A key point we are looking at is the relationship between morphology and photophysics: how phase
segregation and interconnectivity in each blend decide charge carrier lifetimes and recombination
rates. We expect that blends which have an optimal balance between sufficient intermixing for
exciton harvesting and connected donor and acceptor domains for transport will display the most
favourable ultrafast dynamics and therefore, a high device performance. By studying these effects
of all four donor polymers, this study provides a clear idea of how donor structure influences
photophysical pathways in L8-BO-based OPVs. In particular, evidence of energy transfer between
the donor polymers and L8-BO indicates that the subsequent hole transfer back tot he donor can be
the dominant charge generation process. We will also discuss the potential contribution to charge
generation resulting from intrinsic exciton dissociation in L8-BO.
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