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   Crystallographic and electronic structures of materials and their transformations are studied through direct imaging of 
atoms or molecules by high-resolution electron spectromicroscopy which realizes energy-filtered imaging and electron 
energy-loss spectroscopy as well as high resolution imaging. By combining this with scanning probe microscopy, the 
following subjects are urging: direct structure analysis, electron crystallographic analysis, epitaxial growth of molecules, 
structure formation in solutions, and fabrication of low-dimensional functional assemblies.
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Direct Observation of Crystal Defects in an 
Organic Molecular Crystals of Copper 
Hexachlorophthalocyanine by STEM-EELS

The structural analysis of crystal defects in organic thin 
films provides fundamental insights into their electronic 
properties for applications such as field effect transistors. 
Observation of crystal defects in organic thin films has 
previously been performed at rather low resolution by 
conventional transmission electron microscopy based on 
phase-contrast imaging. Herein, we apply for the first time 
annular dark-field imaging to the direct observation of 
grain boundaries in copper hexachlorophthalocyanine thin 
films at the atomic resolution level by using an aberration-
corrected scanning transmission electron microscope 
combined with electron energy-loss spectroscopy. By 
using  a low-dose technique and an optimized detection 
angle, we were able to visualize the contrast of light 
element  (C and N) together with the heavier elements 
(Cl and Cu) within the molecular column. We were also 
able to identify unexpected molecular orientations in the 
grain boundaries along the {110} crystallographic planes 
giving rise to stacking faults.

Photoassisted Scanning Tunneling 
Microscopy Investigation on the ZnO(0001)-
Zn Surface Treated by Alkaline Solution

In this study, the surface geometric structures of epitaxial 
(0001) ZnO films treated by NaOH solution are investi-
gated using photoassisted scanning tunneling microscopy 
(STM). By illuminating ultraviolet (UV) light on the 
epitaxial  (0001) ZnO film, the tunneling current can be 
significantly enhanced to construct the well-defined STM 
images. Polarity identification of the epitaxial (0001) ZnO 
film by convergent-beam electron diffraction indicates 
that the epitaxial (0001) ZnO film exhibits the Zn-polar 
surface. Two types of topographic features, i.e., hexagonal 
pyramid and flat plane, are observed in the AFM images 
of the as-grown epitaxial (0001) ZnO film. UV-assisted 
STM images reveal the anisotropic etching behaviors of 
the epitaxial (0001) ZnO films in NaOH solution. The 
faceted  and symmetrically layered hexagonal-pyramid 
feature gets asymmetrical and rounded with increasing 
etching time. On the other hand, few small hexagonal pits 
on the as-grown flat ZnO(0001)-Zn surface are developed 
to asymmetrically hexagonal cavities with flat terraces 
and steps after NaOH treatments. In addition, triangular 
reconstruction of the NaOH-treated ZnO(0001)-Zn surface 
and evidently layerstacking feature on a faceted ZnO surface 
with a step height resolved in the atomic scale are also 
demonstrated in ambience using the photoassisted STM.

Figure 1. (a) Molecular structure of Cl16CuPc. (b) Low-magnification 
image of Cl16CuPc molecular crystal projected along the c-axis. (c) High 
resolution LAADF-STEM raw image from a single crystal region. (d) 
Translationally averaged experimental and (e) noise-filtered LAADF-STEM 
images of one molecular column. (f) Translationally averaged experi-
mental and (g) noise-filtered ABF-STEM images of one molecular column.

Figure 2. (a) LAADF-STEM image of complex defect region. The 
stacking fault was observed along the (110) plane and Cl16CuPc molecules 
with irregular orientation were identified in the grain boundary along the 
(11-0) plane as a line contrast. (b) Schematic diagram of molecular col-
umns corresponding to (a). The two domains, A and B, can be seen as 
gray and black molecules, and molecules along the XY grain boundary 
are shown as blue ellipses.

Figure 3. High-magnification UV-assisted STM images of ZnO films 
after  NaOH treatments for (a) 20 s (scale bar = 30 nm) and (b) 50 s 
(scale bar = 32 nm). (c,d) Cross-sectional line profiles of the regions in 
(b) denoted by blue and green lines, respectively.


