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Figure 1 (Color online) STM images of rubrene molecules adsorbed on
Cd(0001) surface. (a) High-resolution image of Cd(0001), 6.0 nmx
6.0 nm, 0.5V, (b) isolated rubrene molecules revealing chiral feature
with A, B, and C protrusions, 20 nm>20 nm, 2.0 V.
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Figure 2 (Color online) Self-assembled monolayer of rubrene on Cd
(0001) recorded at different bias. (a) Zigzag arrangement of rubrene
molecules at high bias. Each molecule reveals two protrusions (a unit
cell is marked with box). 20 nmx20 nm, 4.0 V. (b) The morphology of
the rubrene monolayer changed during the bias reduction, 10 nmx
10 nm, 3.0-1.3 V. (¢) Rubrene molecules exhibit three bright protru-
sions, 6 nmx6 nm, 0.4 V. (d) Schematic model of the self-assembled
rubrene monolayer.
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Figure 3 (Color online) (a) Molecular chains appeared in the second

rubrene layer, 20 nmx20 nm, —2.3 V; (b) high-resolution STM image of
the rubrene chain in the second layer (the unit cell is represented as a
white quadrangle), 10 nmx10 nm, -2.6 V.
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Figure 4 (Color online) a-b plane of the monoclinic phase of rubrene film. (a) Profile line scan corresponding to the blue line shown in (b); (b) STM

image of the a-b plane of monoclinic phase rubrene appeared in the upper terrace of a substrate step. The lower terrace shows the self-assembled
rubrene in first layer, 15 nmx15 nm, 3.5 V. (¢) Large-scale STM image of the a-b plane of rubrene monoclinic phase, 50 nmx50 nm, -3.0 V. (d)
Close-up view of the monoclinic phase rubrene, 20 nmx20 nm, —3.4 V. () High-resolution image of monoclinic phase rubrene, 6 nmx6 nm, —2.5 V. (f)

Schematic structure of the monoclinic phase rubrene.
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Figure 5 (Color online) Scanning tunnel spectra (STS) collected in
rubrene self-assembled monolayer and monoclinic phase of the second
layer. V=3.5V, I=80 pA.
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A new phase of rubrene monoclinic crystals on Cd(0001)

LIU Lei, SHI MingXia, TAO MinLong, TU YuBing, SUN Kai, LI YuZhi, ZHAO LiJuan &
WANG JunZhong

School of Physical Science and Technology, Southwest University, Chongqing 400715, China

The self-assembly 2D thin films of rubrene molecules on a metallic Cd(0001) surface have been investigated using a low-
temperature scanning tunneling microscopy. Compared with other precious metals, the divalent hexagonal close packed
metal Cd are less reminiscent of a free electron metal because of the strong repulsive interaction between the 4d state and
the conduction bands. It manifests some anisotropic behaviors in thermal conductivity, electron mean free path, and
superconducting gaps. So in this paper, Cd was used as a substrate to study rubrene. First, isolated rubrene molecules
reveal a tilted orientation on the substrate surface and exhibit three distinct protrusions with chiral feature. When the
rubrene coverage increased to 0.4 ML, rubrene molecules begin to assemble into monolayer structure on the Cd(0001)
substrate. Rubrene molecules adopt a side-lying orientation, and each rubrene molecule takes the form of zigzag with
three bright spots. Upon further deposition of rubrene to 1.5 ML, the orientation transition from titled standing-up
monolayer to standing-up monoclinic crystals was observed. There are two kinds of structures in the second layer. The
first one is chainlike structure, where rubrene molecules are supported by two phenyls and the planes of tetracene are
parallel to each other. The plane of tetracene backbone is perpendicular to the substrate plane. Another novel structure in
the second layer of rubrene film is a new monoclinic phase. Furthermore, the rubrene monoclinic phase has a slight
compressive strain in the a-axis direction, whereas the compressive strain in the c-axis direction becomes more
pronounced. In addition, we noticed that one c-axis of a-c plane of monoclinic phase is parallel to the crystal orientation
of the substrate. In particular, this monoclinic phase of rubrene was predicated by DFT calculation but has never been
confirmed in experiment.

scanning tunnel microscopy, Cd(0001), Rubrene, monoclinic crystals
PACS: 68.43.-h, 68.55.-Ac, 68.60.Bs, 68.65.Ac
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