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Abstract

In a unit cell of the crystal a-c plane of the B-(BEDT-TTF),PF, crystal surface, four BEDT-TTF molecules form two dimers. Since the
alternate molecular rows consisting of the dimers are observed to be bright by scanning tunneling microscopy (STM) along the crystal a-axis,
the surface molecular structure is considered to have a periodic modulation. From the analysis of the STM images, the modulated surface
structure was found to fluctuate in an anomalous manner. The two dimers are known to have a similar conformation in the crystal, and one
of the BEDT-TTF molecules in each dimer is located about 0.2 nm to the surface. Despite the difference in the distance from the surface,

molecules that are farther from the surface were observed to be brighter by STM.
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1. Introduction

On the surfaces of inorganic materials, structural instability due
to symmetry disruption is known to be reduced by surface recon-
struction, which has been extensively studied by scanning tunnel-
ing microscopy (STM). Recently, a structural modulation involv-
ing a drastic change in the molecular arrangement was observed to
occur on the surface of ,B-(BEDT—’I'I‘F)2PF6, an organic material,
[1]. A surface with a PF, top layer was observed to be formed by
the alternate missing rows of PF, molecules, and another periodic
modulation formed by the combination of molecular and electronic
structural changes in the surface layers was observed on a surface
with a BEDT-TTF top layer. Since structural modulation influences
the physical characteristics of materials, such as charge density wave
(CDW), it is important to clarify the observed surface superstruc-
tures in greater detail. Through examinations by STM and atomic
force microscopy (AFM), the observed phenomena were compre-
hensively explained by the charge compensation model[2,3], i.e.,
charge and molecular rearrangements reduce the charge imbalance
in the surface layers. For the PF, surface, each surface PF, mol-
ecule can have one electron through the alternate desorption of PF,
molecules. On the other hand, for the BEDT-TTF surface, charge
transfer is induced by the BEDT-TTF molecular rearrangement on
the surface instead of molecular desorption. However, since charge
compensation is incomplete for the latter case, its structure is con-
sidered still to be unstable at finite temperatures. In fact, structural
fluctuation has recently been observed on this surface[4].

In this paper, we present results of the structural fluctuation of
this surface studied by STM on an atomic scale.
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2. Experimental

Single crystals of B—(BEDT—TTF)ZPF6[5,6] were grown by the
standard electrochemical oxidation method and fixed to metallic
plates with conductive silver epoxy. STM measurements were per-
formed over the crystal a-c plane under ambient temperature and
pressure conditions using a mechanically sharpened Pt/Ir tip.

3. Result and discussion

Figure 1 shows an STM image of the a-c plane of a BEDT-TTF
surface. Likewise, molecular arrangements in the a-c and a-b plane
are schematically shown in Fig. 1. The surface unit cell includes
four BEDT-TTF molecules forming dimers A-B and C-D, as shown
in Fig. 1. If the surface has an ideal structure, upper molecules of
each of the tow dimers, A and C in Fig. 1, should be observed with
the same brightness by STM because they have the same distance
from the STM tip. However, only one molecule in a unit cell (A or

Fig. 1. (a) STM image of the a-c plane of S-(BEDT- -TTF),PF,. 55 nm?, V
=-30 mV, ], = 0.45 nA. Schematics of molecular arrangement in (a)a-c
plane and (c)a b plane.
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Fig. 2. A series of STM images observed over the a-c plane of S-(BEDT-
TTF),PF,, 12x12 nm?V, = -30 mV, [ =0.76nA.

C) is brightly imaged as shown in Fig. 1, resulting in the observed
modulation, i.e., the contrast of the dimer rows alternates along the
crystal c-axis. Since the two dimers have similar conformation in
the crystal, two phases are possible for the modulation, i.€., each of
the rows consisting of A-B or C-D dimers can be bright or dark.

As shown in Fig. 2, the modulated structure was observed to
fluctuate with time. Here it took about 15 sec. to take each image.
The surface in (a) is covered by one phase. However, another phase
merged from the right side as shown in (b). In (c), the new phase
seemed to be pinned by the defect existing around the center of the
figures, but disappeared again in (d). The fluctuation seems to be
the change in the brightness between the two dimer rows consisting
of A-B and C-D dimersin Fig. 1. However, the observed fluctua-
tion was more complex and anomalous.

Figure 3(a) shows an STM image in which two phases coexist.
For convenience, four BEDT-TTF molecules are labeled A, B, C,
and D, respectively. In order to clarify the details, magnified im-
ages of the two phases in Fig. 3(a) are shown in Figs. 3(b) and 3(d)
with their cross sections, respectively. These cross sections were
obtained through the averaging of the cross sections acquired in the
unit cells. As is shown clearly in Fig. 3(b), row A is most brightly
imaged. If the fluctuation is due to the change in brightness be-
tween A-B and C-D dimer rows, row C is expected to be bright in
another phase. However, rows B and D are brightly imaged in Fig.
3(c). Since these molecules are farther from the surface, some new
mechanism is necessary to explain the observed phenomenon.

The ethylene groups attached on both edges of BEDT-TTF are
flexible and the existence of several metastable conformations is
possible, which may be a factor contributing to the observed fluc-
tuation. In such case, some long-range interactions between the
groups may occur. Further analysis is necessary to clarify the mecha-
nism in detail. Since structural moduiation is expected to influence
the physical characteristic of the surface, an important and urgent
requirement is to clarify the observed structural change.

Fig. 3 (a) STM image obtained over the a-c plane of B-(BEDT- TTF)L o
12x12 nm?, V,=30mV, ] =045 nA. (b) {c) magnified images of the squared
areas in the upper and lower parts in {(a), and averaged cross sections along

the ¢-axis. - - .=

4. Conclusion

An anomalous structural transition was observed on a B-(BEDT-
TTF),PF, crystal surface with a (BEDT-TTF) molecular top layer. )
In the fluctuation, the molecules located farther from the surface =
are brighter than other molecules in one phase as observed by STM.

Some long-range interaction may coritribute to the occurrence of
the observed phenomenon. N
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