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To address the possibility that polaron formation increases the
volume of the system, as well as to examine the coupling of charge
carriers to the organic crystal, we performed additional MD
simulations, using the PIMD formalism to simulate an excess
electron in DBTTF-C60 (1–3). In this approach, one exploits the
isomorphism between the statistical mechanics of a quantum
particle with that of a classical ring polymer, to simulate the
electron as a classical ring polymer with P beads (4). Intra-
polymer interactions consist only of nearest-neighbor harmonic
bonds that account for the quantum nature of the particle. In-
teractions between the electron and DBTTF are given by Shaw-
type pseudopotentials (5); the electron–C60 interactions are de-
scribed by the pseudopotential of Mayer, which was developed
for graphene and carbon nanotubes (6). This PIMD approach
enables us to efficiently simulate a free charge carrier (electron)
in the DBTTF-C60 lattice, and has previously been employed to

describe polaron formation in many complex systems (1, 3, 7–9).
PIMD simulations were performed in the canonical ensemble,
and Fig. S6 shows a snapshot of the bulk structure with and
without an excess electron. We find that the presence of an ex-
cess electron increases the pressure of the system with respect to
the pure solid at fixed volume by ∼2 kbar. The increase in
pressure indicates that accommodating an excess electron will
lead to expansion of the system. This suggests that the coupling
of photoexcited charge carriers to the DBTTF-C60 lattice can
contribute to photostriction and its dependence on film thick-
ness. We expect this qualitative result, increasing pressure to
accommodate a free charge carrier, to be true for any reasonable
choice of electron–lattice interaction potentials, but note that
pseudopotentials parameterized specifically for this system may
lead to more accurate estimates of the pressure increase.
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Fig. S1. SEM image (A) and elemental mapping images (B–D), with a uniform element distribution of carbon (B) and sulfur (C) elements, implying chemical
uniformity. (D) Stacked mapping image of carbon and sulfur elements.
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Fig. S2. AFM images of typical samples with average thickness of nearly 10 (A), 90, (B) and 300 nm (C).

Fig. S3. PDOS of DBTTF-C60 in the boat and chair conformation as obtained from ground-state DFT calculations.

Fig. S4. Charge-density isosurfaces of the HOMO (blue) and LUMO (red) states for a DBTTF-C60 unit cell with DBTTF in the (A) chair- and (B) boat conformations.
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Fig. S5. Total energy as a function of lattice constant for a DBTTF-C60 unit cell in x- and y directions with DBTTF in the chair, boat, and flat (excited-state)
conformations. The sharp curvature of the flat and boat conformation curves in the y direction is due to steric effects that are not present in the minimum
energy chair conformation.

Fig. S6. Snapshots of the simulated bulk systems without (Left) and with (Right) an excess electron (blue). The pressure increases by roughly 2 kbar with the
electron present. Blue lines indicate the periodically replicated simulation cell. Carbon, sulfur, and hydrogen atoms are colored green, yellow, and white,
respectively.

Fig. S7. Photostrictive properties in ferroelectrics, semiconductor, molecular crystals, chalcogenide glasses, and organic materials.
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Table S1. HOMO (H), LUMO (L), and HOMO–LUMO (H-L) gap
(electron volts) for a DBTTF-C60 unit cell with DBTTF in the chair
and boat conformations

E, eV Chair Boat

H −0.84 −0.95
L 0.15 0.16
H-L gap 0.99 1.11
Difference 0.12 —
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