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OPV Stability and PCBM Dimerisation

Organic photovoltaics (OPV)

• Stability is critical for viable commercialisation of OPV.

• Efficiency continues to increase for
OPV reaching nearly 14%.

• Dimerisation shown to improve stability of thermal stress (shown
below[1]) but also suggested as a potential mechanism of ‘burn-in’.

• Potentially low cost to produce due
to solution processing with roll-toroll systems.

• Here, we probe the competition between both light and
temperature, and the concentration dependence of this
mechanism.

• Active layer commonly consists of
electron donating polymer and
electron accepting small molecule,
e.g. PCBM.

Materials

Morphological studies
• Atomic for microscopy (AFM) probes the surface stability. This gives roughness
and surface periodicity from Fourier transform. (below right)
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Morphological stability under illumination and thermal stress

AFM Fourier transforms (FT) while annealing at 120 °C:
Annealing at 120 °C in the dark, with and without prior
light soaking.
Had
prior
light
soaking
AFM FT peak, qm,
decreases when
annealed at
120 °C.
A delay for the
light soaked
delayed
sample: decrease
relaxation
initiates when
sufficient dedimerisation
occurs.

PCBM dimerisation reaction kinetics

In-situ NR from 20 – 100 °C , with and without light:
Measurements of Si/PEDOT:PSS/PS:PCBM while
annealing to monitor changes perpendicular to the
substrate.
PCBM enrichment
No significant
on PEDOT:PSS
changes were
observed until
100°C, when
enrichment of
PCBM occurs on
the PEDOT:PSS
interface.

PEDOT:PSS

AFM analysis:
After annealing at
85 °C and 100 °C,
with and without
light, topographical
relaxation observed
at 100 °C in the dark
only. Light constrains
reduction in surface
roughness.

Absorption spectroscopy (UV-vis) can monitor PCBM
dimerisation and de-dimerisation due to a feature
change at ~320 nm. (below)
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Thermal stress:
PCBM de-dimerisation

Photochemical studies

• Neutron reflectivity (NR) probes the stratification of the film to angstrom
resolution, normal to the substrate. (below left)

PEDOT:PSS

A model system of PS:PCBM with device
representative substrate of PEDOT:PSS. This
enabled focusing on PCBM stability.

Light soaking (without O2):
PCBM dimerisation

PCBM enrichment
is supressed when
annealing with
light soaking.
Further analysis
shows rate of
enrichment is
independent of
dimer
concentration:

Calculating the
dimerisation rate of
reaction (kp):
Using UV-vis as an
assay (above), kp was
found from the
equation below, (with
known de-dimerisation
rate of reaction, kT)[2]
giving a dimerisation
activation energy,
Ea ≈ 0.024 eV.

𝑘𝑝 ≫ 𝑘𝑡

𝑘𝑝 ≪ 𝑘𝑡

In-operando conditions:
Solving the reaction kinetics for monomer (M),
and dimer (D), with cyclic temperature (±30)
and light reproduces in-operando conditions.

100 °C dark

known
unknown
𝑘𝑝 = 𝐴𝑒 −𝐸𝑎 /𝑘𝐵 𝑇
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= 0.5𝑘𝑝 𝑀 𝑡 − 𝑘 𝑇 𝐷 𝑡
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PCBM dimers
appear fully
immobilised
1. The first detailed study examining competitive effects of light and thermal stress, simultaneously.
2. Significant morphological instability observed at 100 °C with PCBM concentrations from 20-65%.
3. Topographical relaxation of the top interface and PCBM enrichment on the bottom PEDOT:PSS
interface observed for non-light soaked samples.
4. Modelling of the PCBM enrichment suggests PCBM dimers are fully immobilised, significantly
inhibiting both surface relaxation and PCBM stratification of the film.
5. PCBM dimerisation activation energy found with
in-operando modelling of monomer concentration.

dimer dominates at
lower temperatures
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