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Abstract. Femtosecond electron diffraction is used to resolve structural
dynamics in single-crystal (EDO-TTF)2XF6 (X =P, Sb). The retarded and
lower-dimensional dynamics of the latter illustrate the dominant role of
counterion motion in stabilizing electron transfer.

1 Introduction

The organic salts (EDO-TTF).XFe, where EDO-TTF is 4,5-ethylenedioxy-trathiafulvalene
and X is a pnictogen (P, As, Sb), are part of a class of molecules that undergo an insulator-
to-metal (I-M) phase transition when subject to various perturbations [1, 2]. Below the
transition temperature 71, the material is in an insulator ‘low temperature’ (LT) phase,
wherein the electron-donating EDO-TTF cations form stacks separated by sheets of electron-
accepting XFs counterions and charge is localized on every other cation (Figure 1a). Above
Ti-m, the molecules exist in the metallic ‘high-temperature’ (HT) phase: charge is delocalized
evenly over all cations and conduction can occur along the stacking direction. Collective
interactions lead to periodic distortions in the crystal structure: charged cations are flat while
the neutral cations become bent, causing structural distortion and unit cell doubling during
the I-M transition. This change in electron distribution can also be induced by photoexciting
into a charge transfer band. At low excitation, it is found that this process is truly a localized
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molecular event, thus providing an ideal system for exploring electron transfer dynamics and
the effects of spectators like the medium and counterions on reaction dynamics.

A 95-kV DC-RF hybrid electron diffractometer is used to image transient electron diffraction
patterns in transmission, as described previously in [4, 5]. Single-crystals of (EDO-
TTF),SbFs were prepared by electrocrystallization and (500 pm x 500 pm x 150 nm) samples
are cleaved from them by ultramicrotomy. During the measurements, the samples are cooled
to 180 K, well below Ti.m = 242 K to avoid thermal hysteresis.
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Fig. 1. (a) Crystal structure of (EDO-TTF)2SbFs. (b) Electron diffraction pattern of the LT phase.
Integrated change in intensity between the ground LT state and (c) the HT state, and the photoexcited
state after 100 ps [3].

* t=+100 ps

3 Results and Discussions

Previous studies on the photoinduced electron transfer process in (EDO-TTF),PFs using
ultrafast electron diffraction (UED) followed the atomic motions convolved to the electron
transfer. Of the >100 possible nuclear modes or dimensions, the lattice reorganization could
be completely reconstituted through the activation of three molecular modes [5]. These
modes were not completely independent but shown to be highly correlated to the slowest
mode, which primarily involves the observed counterion motion in response to changes in
the local electric field as the dominant reaction mode.

A corollary to this conclusion is that substituting for a larger counterion should
significantly change the dynamics or degree of correlation amongst the reaction modes. The
present work and the UED measurements [3] herein support this prediction: the difference
UED pattern of the thermal HT state does not match that of the photoexcited state at t =+100
ps (Figure 1c, d), suggesting that the photoinduced structural dynamics of the photo is distinct
from the thermally driven one.

As seen in Figure 2, the changes in diffraction intensity are different between the PF¢ and
SbFe derivatives not just in reciprocal space but in time as well. The former (panel b) is
characterized by a sub-ps peak, a few-ps intermediate state, and a relaxation to the HT-like
final state; the latter (panel a) only exhibits a multi-ps evolution to a non-thermal state.

The present work [3] uses a novel approach that allows the structural dynamics to be
understood wholly within reciprocal space. We apply singular value decomposition (SVD)
and global analysis to our datasets, yielding the fitted results in Figure 2c, d. In conjunction,
Pearson correlation coefficients (Pur, Prr) are calculated for the time-resolved diffraction
data with respect to the thermally accessible states to construct the respective conformation
trajectories (Figure 2e, f). With these two approaches, we find that the three molecular modes
of the PFs derivative found earlier [5] are recovered as the three principal SVD components
and that the dimensionality of the SbFs dynamics is one less than the PF¢ one.

Given the clear counterion dependence, we conclude that it is the counterion motion that
directs the lattice reorganization to stabilize the charge separation and in turn destabilize the
charge order, moving the system towards the metallic state. The lower dimensionality also
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provides evidence that the structural transition is dominated by only a few motions, as
opposed to an equipartition over all possible motions.
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Fig. 2. Comparison of UED results for both (EDO-TTF)2XFs derivatives, top panels for X = Sb and
bottom panels for X = P. The left panels show relative change in the intensity of select diffraction
spots. The middle panels show the results of the SVD analysis, wherein the thin lines are the major
right-singular vectors, the thick lines are global exponential fits, and the insets are logarithmic plots of
the singular values. The right panels are trajectories in Pearson correlation space [3].
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