
Time-lapse images of a LAB suspension (left) and time-dependent formation of LAB 
aggregates (right)

Construction of bacterial colony arrays and 
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 Necessity of easy method of classification and identification of microorganisms 
 Industrial application of microbial function
 Understanding inter-microbial communication 

 Simple method for fabricating bacterial colony arrays and complex patterns 
 Control technology for microbial aggregations and biofilm formations
 Measurements of bacterial metabolite at the single cell level

 ・H. Nakao, et al., Anal. Sci., 2016, 32(10), 1047. 
 ・H. Nakao et al., Nanoscale, 4, 6814-6822 (2012). 
 ・H. Nakao et al., Chem. Commun., 50, 11887-11890 (2014).

 The simple method to construct bacterial colony 
arrays and patterns was developed.

 Direct observations of aggregation process of lactic 
acid bacteria in real time was achieved.

 Raman imaging for lactic acid bacteria at the single 
cell level was achieved.

 Large scale fabrication and long-term stabilization of 
bacterial colony arrays

 High sensitive and throughput enhancement for 
raman imaging

with 0.1% CMC

Images of bacterial colony arrays (left) and their raman images (right)
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Experimentally obtained 3d and 4s partial densities of states by polarization dependent 
HAXPES, by utilizing that the photoionization cross-section of 4s orbital strongly depends 
on X-ray polarization. 

Polarization dependent hard X-ray 
photoemission
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 Application of hard X-ray photoelectron spectroscopy (HAXPES) to advanced materials.  
 Fundamental dataset of valence band HAXPES spectra is required. 
 Analysis of the electronic structures of advanced materials from the fundamental 

dataset.

 Building a database of the polarization dependent valence band HAXPES spectra.
 Determination of the relative photoionization cross-section of the atomic orbitals.
 Extraction of partial densities of states from polarization dependent HAXPES spectra. 

 S. Ueda and I. Hamada, J. Phys. Soc. Jpn. 86, 124706 (2017).

 We have obtained the polarization dependent 
valence band HAXPES spectra of 3d TMs.

 Relative photoionization cross-section is 
determined.

 Extraction of 4s and 3d partial densities of states 
from the experimental spectra of 3d TMs.

 We expand the dataset of 4d, 5d TMs, and group 
IV elements.

 Building a database of the valence band spectra 
and cross-sections for most of elements.

 Application of the database to basic and practical 
research.
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