
 

June 1 (Friday) 

 

Plenary Lectures (Invited) 

Oral presentations (Invited) 

Oral presentations 

Student Oral presentations 



Superhydrophobic Surfaces in the Environment and in Biotechnology 

Michael Grunze 

Department of Cellular Biophysics, Max-Planck-Institut für medizinische Forschung, 

Jahnstr. 29, 69120 Heidelberg 

Super-hydrophobic surfaces have a hierarchical surface topography in the 

nanometer and µ-meter range and exhibit incomplete wetting when exposed 

to an aqueous solution, forming a fluctuating thin air layer (plastron) between 

the solid surface and the aqueous phase. This protects the surface for a limited 

time from the attachments of cells and bacteria, but with time contaminants 

adsorb from the liquid phase and render the surface hydrophilic. Preserving 

the super-hydrophobic and non-fouling properties of these hierarchical 

topographies is possible by infusing the rough and porous surface with 

perfluorinated oils. Such surfaces (SLIPS) are found in nature (e.g. pitcher 

plants) and were successfully tested as non-fouling surfaces by many 

researchers.   Here we report on the preparation and characterization of 

super-hydrophobic surfaces and SLIPS surfaces based on porous polymer 

films. The infusion with oils of these surfaces has been followed in situ by 

synchrotron holo-tomography with 50 nm resolution, showing the formation 

of the complex polymer/air/oil/water interface. Tests in the marine 

environment and in contact with bacteria demonstrate their excellent-but 

limited- non-fouling properties. These super-hydrophobic surfaces are, 

however, stable enough when used as barriers in droplet arrays to separate and 

prevent mixing of e.g. cells, bacteria, zebrafish embryos, or dissolved 

chemical compounds (drugs). This has been realized to build high throughput 

screening biomedical and biochemical droplet arrays (DMA) by the start-up 

company Aquarray (KIT, Karlsruhe). Examples for the use of these high 

throughput screening platforms in biological and medical applications will be 

discussed. 
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Introduction 

Plants damaged by herbivore feeding can release stress-related signals, or agriculture volatile organic components 

(AVOCs), such as cis-jasmone (CJ) and terpenes. These AVOCs can not only affect pathogen development, but also attract 

other insects that prey on or parasitize the herbivores. CJ, formally related to the plant hormone jasmonic acid, is well 

known as a defense-related component of AVOCs for plants. Therefore, the investigation and determination of CJ in 

atmosphere is important for pest controlling in agriculture. Currently, AVOCs has been analyzed by gas 

chromatography/mass spectrometry (GC/MS) successfully. However, GC/MS is not suitable for AVOC real-time 

monitoring because of its time-consuming, high-cost and not-portable. Therefore, novel sensing strategies should be 

considered for CJ vapors real-time monitoring with high sensitives, selectivities and respond speeds in E-agriculture 

applications. The phenomenon of localized surface plasmon resonance (LSPR) could be employed as transducers that 

convert change in the refractive index (RI) for CJ vapors detection. The superiorities of LSPR sensors are rapid recovery 

and response speed, which had been applied in some areas [1]. However, LSPR sensors are non-specificity sensors. To 

overcome above drawback, recognition sites, such as molecular imprinted polymers (MIPs) and metal organic 

frameworks (MOFs), are coated on Au nano-islands for developing LSPR sensors [2]. In present study, a molecular 

imprinted sol-gels (MISGs) based LSPR sensor was proposed for the detection of CJ vapors. As illustrated in Fig. 1, by 

detecting the change of RI into absorbance spectra, an optical sensor was developed for CJ vapors detection. As a vital 

element of MISGs, functional monomer was investigated to enhance imprint effects based on their sensitives. Moreover, 

the influence of the ratio between matrix material and functional monomer on the response of CJ vapors were examined. 

Besides, the amount and size of AuNPs in MISGs were also discussed. The feasibility of the developed MISG-LSPR 

sensor for AVOCs was discussed and evaluated. 

Fig. 1. Schematic diagram of MISG-coated AuNPs film. Fig. 2. Schematic diagram of spectra testing system. 

Materials and method 

In this study, sol-gel layer was prepared by dissolving 150 L tetrabutoxy titanium as a precursor in 2 mL of iso-

propanol and 50 L CJ/terpenes was added as template molecules. Besides, 50 L TMP, triethoxyphenylsilane (TEP), 

trimethoxy(2-phenylethyl)silane (TM2P) or benzyltriethoxysilane (BTE) were added as functional monomers in MISG 

matrix. Besides, AuNPs were also considered to add in the MISG solution for enhancing the responsibilities. 25 L 

titanium tetrachloride was added to initialize the reaction. Then, the solution was heated at 60 C water bath for 1 h. The 

substrate was put into a quick coater for AuNPs deposition, and annealed in air atmosphere at 500 C for 2h. MISGs were 

constructed on the AuNPs film by spin coating 20 L of MISG solution at a spinning rate of 3000 rpm. Finally, samples 

were heated at 130 C for 1 h to remove template molecules from the MISGs. Spectra testing system was shown in Fig. 

2. 

Result and discussion 

The normalized responses of MISGs/NISG coated LSPR sensors to CJ, -pinene, limonene and -terpinen vapors 

were summarized in Fig. 3. I indicated that MISGs without functional monomers offered poor response intensity and long 

recovery time. In contrast, MISG contained functional monomers (TMP and TM2P) shown larger sensitivities than others 

films. It indicated that functional monomers addition can improve the response intensity and response speed to target 

molecules for MISG films. However, TEP and BTE did a bad work on enhancing response signals for LSPR sensors. It 
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indicated that functional monomers associated with -OCH2CH3 (TEP and BTE) would present a bad result than those 

contained -OCH3 (TMP and TM2P) in enhancing imprinting effects. Because the sensitivity for MISG-TMP was higher 

than MISG-TM2P, TMP would be the optimal functional monomer for MISGs in present study. In odor to enhance the 

responses for LSPR-MISG sensors to target AVOCs, AuNPs were added in MISGs. Fig. 4 and Fig. 5 shows that MISGs 

contained 30nm AuNPs (20 L) could be the optimal films for CJ vapors detection. It indicated that hot spots can be 

established between the Au islands and the AuNPs in MISGs, which would enhance the responses for LSPR sensors.  

Fig. 3. Normalized responses of MISG-
LSPR sensors to AVOCs. 

Fig. 4. Responses for MISGs with different size 
of AuNPs in MISGs. 

Fig. 5. Responses for MISGs with different 
amount of AuNPs (30 nm) in MISGs. 

By spin coating 4 types of MISG reaction solutions at 3000 rpm on Au nano-island substrates, a MISG-LSPR sensor 

array was constructed. The sensor array was consisted of 5 channels: bare, CJ-MISG, -pinene-MISG, limonene-MISG 

and -terpiene-MISG. Here, 9 samples (3 concentrations × 3 repetitions) from 4 types of vapors, total 36 samples were 

considered. Hence, a response matrix 36×5 for the sensor platform could be obtained for subsequent research. Before 

discriminating, the matrix was pre-processed by auto-scaling to reduce the large variations in response data for different 

channels. To visualize the cluster trends of vapor samples, principal component analysis (PCA) was performed on the 

normalized response matrix. The principal component (PC) score plot of total 36 samples is shown in Fig. 6. It illustrated 

that limonene and -terpiene occupied a separate region in PC1-PC2 space, -pinene occupied a separate region in PC1-

PC3 space. Besides, PC3 also contained 16.7 % information of the 5-channel sensor array, which indicated that the MISG-

LSPR sensor array established in present study would contain 3 independent parameters for molecules. To investigate the 

pattern recognition ability of MISG-LSPR multichannel sensor platform, linear discriminant analysis (LDA) was applied 

in this study. The cross validation of LDA scores revealed a classification accuracy of 94.4%. It suggested that the 

multichannel LSPR-MISG sensor platform developed in this study could be applied on the pattern recognition of AVOCs. 

Fig. 6. PCA score plots of the multichannel responses for 36 samples from CJ, -pinene, limonene and -terpiene. 

Conclusion 
In summary, a MISG coated AuNPs film was constructed for determination of AVOCs selectively. Eventually, by 

changing the template molecules from MISGs, a 5 channels sensor array was developed. PCA and LDA were employed 

for pattern recognition of the response matrix. A 94.4% classification rate was obtained by cross-validation method for 

the LDA model. It indicated that MISG-LSPR sensor array could be an effective tool for AVOCs recognition. This 

research offers some useful technologies for developing sensor system for AVOCs from plants. In addition, MISG sensor 

array applied more information than traditional sensor arrays. It indicated that molecular parameters would be detected 

based on MISG technology. In our previous study, the relationship between odor maps and molecular 

parameters/functional groups was discussed [3]. The result suggested that a structure-odor relationship from a data-

analysis perspective. Therefore, based on odor map technology, a bio-artificial odor sensing system would be developed 

in the feature.  

References 
[1] L. Shang, C. Liu, and K. Hayashi, "LSPR sensor array based on molecularly imprinted sol-gels for pattern recognition 

of volatile organic acids," Sensors and Actuators B: Chemical, vol.249, pp. 14-21, 2017. 

[2] L. Shang, C. Liu, and K. Hayashi, "Development of molecular imprinted sol-gel based LSPR sensor for detection of 

volatile cis-jasmone in plant," Sensors and Actuators B: Chemical, vol.260, pp. 617-626, 2018. 

[3] L. Shang, C. Liu, and K. Hayashi, "Odorant clustering based on molecular parameter-feature extraction and imaging 

analysis of olfactory bulb odor maps," Sensors and Actuators B: Chemical, vol.255, pp. 508-518, 2018. 
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 Development of hydrogel synthesis to realize 

drastically deformable macroscopic soft matter is 

in growing demand. It should be applicable to not 

only an actuator that repeats a regular motion but 

also a moving entity as a molecular robot that 

shows flexible and self-directive motility. We may 

imagine an ameba-like gel crawling on a solid 

surface as an ultimate target model. Such a highly 

deformable hydrogel under precise regulation should be coupled with a 

driving system for energy supply and command issuing. Change of 

electrode potential acts as a fine control signal of the movement and 

supplies the redox driving force to attain fast, reversible, and repeatable 

motions with a large amplitude. With a focus on a redox responsive 

hydrogel on an electrode in a wet system, we aim at construction and 

characterization of a viologen-based redox-active hydrogel as a 

potential candidate of the surface-crawling body of a molecular robot. 

Using viologen as the key redox site (Scheme 1) to give the targeted 

motion, we designed a hydrogel shown in Figure 1. Viologens with a 

benzyl side group are covalently attached via amide group to a 

poly-peptide, α-poly (L-lysine) (PLL). This polymer with pendant 

viologens was cross-linked in water to form a hydrogel. The point of the 

design is the mechanism of contraction upon reduction of viologens and 

re-expansion upon oxidation. One-electron reduction of viologens 

induces stacking of reduce viologen units (V•+), desolvation from the viologen sites, and decrease in ionic total charges 

resulting in the change of osmotic pressure. The secondary structure of PLL may also depend on the oxidation state of 

viologens. All these changes upon reduction should contribute to contradiction of the hydrogel. Note that accumulation 

of viologens in a small space may enhance inter-sites electron transfer also through shrinkage; this may speed up the 

penetration of the oxidation state all over the entire gel via facilitated electron hopping process. Viologens with long 

side chains undergo a first-order faradaic phase transition to form a condensed monolayer [1]. Therefore, incorporation 

of the two-dimensional phase transition to the gel for a three-dimensional accumulation of viologens may strongly 

enhance the shrinkage. 

A glutaraldehyde-crosslinked poly-L-lysine-based hydrogel with pendant viologens (PLLVgel) was synthesized with 

various [viologen unit]/[Lys unit] ratios. The hydrogel with the ratio of 25% was extensively characterized. 

Characterization of the hydrogel revealed that (i) water content is 95.8%, (ii) shrinking rate is 92.6% within 100 s 

(initial rate is 0.02 s-1, see Figure 1-b), (iii) surface structure is porous, (iv) it does not contain unbound viologen in the 

gel. The ESR spectrum of the deeply reduced PLLVgel became broad from superfine structure, suggesting electron 

transfer through densely packed V•+/V2+ couples. The hydrogel in contact with an Au electrode surface exhibited 

quasi-reversible voltammograms. Reduction of the hydrogel floating in phosphate buffer showed contraction 

corresponding to almost complete exclusion of liquid water from the gel. Its re-oxidation showed slow expansion. 

We also examined the effect of addition of electronically conductive filler, Au nanoparticles or graphene 

nanoplatelets, in the gel. Incorporation of the conductive fillers in the gel accelerated the shrinkage rate, but 

re-oxidation by oxygen saturated in water remained slow. 

These results provide new insight into our understanding to pave the way to a hydrogel crawling on an electrode by 

redox control. 

References 

 [1] T. Sagara, S. Tanaka, Y. Fukuoka, N. Nakashima, Langmuir, 2001, 17, 1620. 

Scheme 1. Chemical structure and redox process of viologen.

Fig 1. Mechanism of target hydrogel 

deformation (a), photograph of hydrogel 

deformation by redox control (b). 
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Introduction 

Nafion is a widely used chemically stable electrolyte membrane indispensable for H2/O2 fuel cells. Analytical 

methods to gain access to micro-structure in Nafion films are mainly based on spectroscopic techniques. For 

understanding practical chemical micro-environment of Nafion, electrochemical approach using redox species is 

appropriate [1]. Generally, Nafion is composed of two phases, namely, fluoroalkyl (Rf) region and aqueous ion-channel 

region. More strictly, Nafion has the third phase in which ether sites coexist with Rf chains [2]. Of importance is not 

only to unveil the properties of each phase but also characterize the phase boundary regions. To achieve thorough 

electrochemical monitoring of the intricated micro-environment, we newly use N,N’-di(1H,1H,2H,2H-perfluorobutyl) 

-4,4’-bipyridinium dichloride (1) as a probe that interacts not only with 

the sulfonate site in the water channel but also the Rf region 

simultaneously. This may enable us to reach also the boundary regions. 

Electrochemical and spectroelectrochemical behavior of 1 was analyzed 

in comparison with viologens without Rf chain. 

Experimental 

A poly-crystalline Au electrode was modified by casting a Nafion 

0.5 w% solution. The Nafion modified Au electrode was immersed in 1 

or alkyl (C1~4)-viologen KCl aqueous solution. A Ag/AgCl(sat-KCl) 

was used as a reference electrode. All the experiments were conducted 

in Ar gas atmosphere at room temperature.  

Results and Discussion 

The time course change of CV response of a Naifon modified 

electrode immersed in 1 aqueous solution are shown in Fig. 1(a). The 

redox current increased until 5 min after immersion, giving a 

quasi-reversible response. Then, redox response and reversibility turned 

to decrease and finally reached a steady-state in 16 h. In contrast, alkyl 

(C1~4)-viologens showed stable diffusion-controlled response (Fig. 

1(b)). Note that, in the viologen aqueous solution at a bare Au electrode, 

both 1 and alkyl viologens showed reversible diffusion-controlled 

response. We can conclude that 1 cannot move freely in ion-channel 

like other viologns and inhibits redox activity by itself. We assume two 

models, one is the model that 1 interacts with Nafion Rf region. In this 

case, Rf region are very close to sulfonate region. In the other, 1 

interacts with other 1 molecules in ion-channel. At low concentrations 

(5 M), 1 showed quasi-reversible at steady-state, indicating that 

irreversible response at high concentration (> 50 M) is occurred by self-aggregation of 1. 

We demonstrate penetration behavior of viologen in Nafion and find specific binding phenomena of 1. In the 

presentation, we also discuss the results of electroreflectance (ER) approach to the state of viologen in the film. 

References 

[1] A. M. Hodges, O. Johansen, J. W. Loder, A. W-H. Mau, J. Rabani, W. H. F. Sasse, J. Phys. Chem., 95, 5966 (1991). 

[2] M. Inaba, J. T. Hinatsu, Z. Ogumi, J. Electrochem. Soc., 140, 706 (1993). 

1 

Fig. 1.  CVs of a Nafion-modified Au 

electrode (0.02 cm2) in the solutions of 

0.5 mM 1 (a) and alkyl (C1‒4) viologens 

(b) in the presence of 0.1 M KCl. 
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Much of structures and functions of self-assembled monolayers (SAMs) on solid substrates such as metals, 

semiconductors, and organic matters has been extensively studied for about 35 years. SAMs on metal electrode surfaces 

find a variety of applications as organic platforms. Incorporation of an electroactive site in an alkyl chain of a 

SAM-forming molecule brings about us high performances of electron transfer, dynamic interfacial molecular 

assembling and bindings of foreign chemical species. The most frequently used electroactive SAM on a metal electrode 

surface bears ferrocene, viologen, or quinone.  

Viologen (N,N’-disubstituted-4,4’-bipyridinium) is among most extensively used electron transfer mediators. Its 

features include two-consecutive one-electron transfer processes, stability, solubility in water, fast electron transfer, 

dimerization of reduced form, and electron shuttling ability in many electron transfer systems.  

Previously, we synthesized a viologen-incorporated alkyl thiol derivative and covered a poly-crystalline Au 

electrode surface with its SAM (VT-SAM) [1]. The redox couple of viologen (V•+/V2+), which is positioned at the 

midway of the interior of alkyl phase, showed sharp dependence of its formal potential (E0’) on the softness of 

electrolyte anions; the softer anion shifts E0’ to more negative potentials. An anionic surfactant, dodecyl sulfate, formed 

the second layer of a hybrid bilayer film based on the VT-SAM [2], where not only the electrostatic but also alkyl 

chain-chain interactions are the key players. The effective electrostatic interaction between cationic viologen sites and 

anions is emerged from the low dielectric constant environment deep in the alkyl phase midway.  

The question to be ask in this study is what if a viologen moiety is exposed to the aqueous solution phase at the 

terminal of the alkyl chain? A viologen-terminated VT-SAM in aqueous solution was previously studied by De Long 

and Buttry [3]. However, the effect of low dielectric environment in contact with water phase at the SAM outermost 

surface upon the redox behavior has not been uncovered. In light of ferrocene- and porphyrin-terminated SAMs, which 

exhibit, respectively, micro-actuation and high ion sensing function by the interplay with anions [4], exploration of new 

functions of viologen-terminated SAM should be worthwhile to unveil the binding between viologen and anion in 

various levels of dielectric environments. 

We carried out a thorough investigation of the 

redox behavior of viologen-terminated thiol, 

N-methyl-N’-(10-mercaptodecyl)-4,4’-bipyridinium 

bromide (1)-monolayer on an Au electrode (Fig. 1). 

1-SAM modified poly-crystalline Au electrodes 

were prepared in the mixed solutions of 1 and 

tris(2-carboxyethyl) phosphine in methanol + water 

(7:3) for an immersion time of 24 h. The 

electrolytes used were KF, NaCl, KCl, KBr, KPF6. 

In an Ar gas atmosphere, an Ag/AgCl sat’d KCl 

served as a reference electrode and a coiled Au as a 

counter electrode.  

In 50 mM electrolyte salt solutions, 1-SAM modified electrodes showed one voltammetric wave of the V•+/V2+ 

couple with the formal potential (E0’) ranging from -463 mV in KBr to -518 mV in KF. Independency of E0’ on the 

softness of anion indicates that anion binding to cationic viologen sites at the SAM surface is not a predominant factor 

of E0’ presumably because of the high dielectric constant environment at the viologen sites. Among these salts, only KPF6,

the salt with the most hydrophobic anion, forced the shift of E0’ with a slope of -19 mV/p(PF6
-), being different of -59 

mV/p(PF6
-) for complete 1:1 binding. In the 20 mM NaCl solution, the obtained electroreflectance (ER) spectrum 

revealed that over 70% of V•+ forms dimer (V•+…V•+) in the 1-SAM. ER measurements with polarized incident light 

revealed that the longitudinal axis of V•+assumes 60~65°oblique orientation with respect to the surface normal. 

Intriguingly, the 1-SAM blocked direct electron transfer with [Ru(NH3)6]2+/3+ and gave rise to mediated reduction wave, 

whereas Fe(CN)6
4-/3- redox is not blocked by the SAM at all. These results show distinct electrostatic interaction 

between 1-SAM and soluble multivalent ions.  

Electron transfer kinetic and effect of dilution of 1 with an alkanethiol to form a mixed SAM are also discussed. 

References  [1] T. Sagara, H. Maeda, Y. Yuan, N. Nakashima, Langmuir, 15, 3823 (1999). [2] Y. Hagi, T. Sagara, Rev. 

Polargr., 53, 147 (2007). [3] H. C. D. Long, D. A. Buttry, Langmuir, 8, 2491 (1992). [4] L. Norman, A. Badia, 

Langmuir, 23, 10198 (2007). 

Fig. 1 Redox behavior to be examined for viologen-terminated SAM.
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   Precise design of biointerface in nano or micro scale are essential for developing high functional biocontact-type 

material.  In particular, an important challenge in tissue engineering and regenerative medicine is the design of functional 

scaffolds for cell adhesion, proliferation and differentiation that mimic natural extracellular matrix.  A short peptide with 

RGDS (Arg-Gly-Asp-Ser) sequence is often used to improve cell affinity on a surface of materials.  Herein, we report a 

new type of peptide-polymer hybrid films composed of RGDS peptide having photo-cleavable 3-amino-3-(2-

nitrophenyl)propanoic acid (ANP) linker and poly(2-hydroxyethyl methacrylate) (PHEMA), whose cell affinity can be 

easily controlled by light (Figure 1a).  In this study, we employed two approaches, macromonomer method (I) and post-

modification method (II), for preparing the hybrid films.  In the case of method I, RGDS peptide having polymerizable 

methacryloyl group at N-terminus through ANP linker was first synthesized by solid phase peptide synthesis.  The 

objective hybrid polymer was successfully obtained by conventional radical copolymerization of the peptide-

macromonomer with HEMA, and its thin film was prepared on a glass substrate by spin-coating.  On the other hand, in 

the case of method II, PHEMA based copolymer containing alkyne group was first synthesized via reversible addition-

fragmentation chain transfer polymerization.  After spin-coating of this alkyne contained prepolymer on a glass substrate, 

RGDS peptide with azide group was then immobilized on the film surface by click reaction.  Surface structures and 

properties of these hybrid thin films were characterized by ATR-FTIR, water contact angle, AFM and confocal microscope 

analyses.  Effective cell adhesion was observed on the both films by integrin specific interaction, although PHEMA 

homopolymer resist non-specific adhesion of the cells.  The both films are applied to the photolithography, and provide 

2D-patterning of RGDS peptide (Figure 1b).  Furthermore, such photo-cleavage of the RGDS peptide can also tune cell 

adhesion to the surface. 

Figure 1. Illustration of photo-controllable cell adhesion on peptide-polymer hybrid films. (a) Molecular structure of 

hybrid films.  (b) Conceptual scheme for the control of cell adhesion by UV irradiation on the hybrid films. 

`
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For further improvement of organic electronics, it is indispensable to understand device performance on the basis of 

the film and interface electronic structures of organic semiconductors. In particular, knowledge of the density of states 

(DOS) distribution of HOMO and LUMO levels is necessary to understand important phenomena such as the energy-

level alignment, carrier transport, and doping mechanism for organic semiconductors. In addition, gap states with a weak 

density of states in the HOMO–LUMO band gap are closely related to the practical device performance. For example, 

they work as a carrier trap and recombination center. In order to control the device performance, it is important to 

understand the origin of such gap states of organic materials. In the case of inorganic semiconductors, gap states are 

understood to be due to defect and disorder like Anderson localization. Regarding organic materials, the gap states have 

been discussed in analogy with inorganic semiconductor, and the origin of the gap states formation is believed to be 

related with disorder but the detail is still open question.  

In order to examine the origin of the gap states in organic materials, we have investigated the weak DOS including 

gap states of tetratetracontane (TTC: C44H90) by using h-dependent high sensitivity ultraviolet photoelectron 

spectroscopy (HS-UPS) with which weak gap states in 1015 cm-3eV-1 can be directly observed [1]. TTC, which is a model 

oligomer of polyethylene, consists of methylene units via only  bond. The rod-like anisotropic molecular structure 

enables us to control the film order from disorder to well-oriented by changing the deposition conditions, making TTC a 

good sample to examine the relation between gap states and film disorder. Moreover, TTC has been also applied as a gate 

insulator of organic filed effect transistor (OFET), and its interfacial trapping nature is a key to control the device 

performance. The gap states of TTC is also important to discuss the tribo-electricity of polyethylene in which the gap 

states have been believed to work as charge reservoir at the interface.  

The experiment was performed by using home-made HS-UPS apparatus in our lab. The 20nm thick TTC films were 

deposited on an ITO substrate by vacuum vapor deposition. Two types of films with and without post anneal were prepared. 

Anneal procedure was performed at 80oC for 10 minutes in N2 glove box.  

HS-UPS result of TTC film with post anneal is shown in Fig.1 (a). The vertical axis is the DOS in log scale, and the 

horizontal axis is the electron binding energy relative to the Fermi level of the substrate. h was scanned from 8.9 to 5.8 

eV, and no emission was observed for h < 5.8eV. The DOS (denoted by open circle) was obtained by overlapping the 

spectral part with a similar line shape between adjacent photon energy spectra to eliminate the photon energy dependence 

of the photoionization cross-section. Because the h is less than the ionization energy (ca. 9eV), the whole observed 

spectral feature is due to gap state. At a glance, the DOS has a wide distribution in the energy gap region, and the lineshape 

can be approximated by exponential function (exp(𝐸 𝐸0⁄ ))  up to the Fermi level. The decay parameter 𝐸0  was

determined as 275 meV.  In the case of TTC film without post anneal, the similar spectral feature was observed, but the 

photoemission was observed even for h less than the work function (4.96 eV); electrons in shallower states than the 
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Fermi level was observed in contrast to that with post annealed film. The observed photoemission threshold was 2.8 eV, 

indicating that even visible light can induce photoemission from this film. The observation of this shallow states suggests 

that unannealed TTC film has many trap states with long trapping time while annealing process significantly reduced the 

trap density and trapping time. E0 also shows the variation due to annealing from 323 to 275 meV. These results directly 

demonstrated the significant correlation between the density of gap states and structural disorder. 

In the presentation, on the basis of the observed trap density, the performance of OFET with TTC layer and tribo-

charging of polyethylene will be discussed. 

Post-annealed film As-deposited film 

Fig. 1 (a) h-dependent high-sensitivity UPS spectra of TTC film with npost anneal. (b) h-dependent high-

sensitivity UPS spectra of TTC film as deposited. Open circles denotes DOS curve obtained by connecting each 

spectra. 
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Regenerative medical research has attracted remarkable attention after the development of induced pluripotent stem 

cells. Current focus in this field of research aims at restoring the function of the nervous system after trauma. The 

transplantation of neural stem cell suspensions into an injured area has proven to be an effective treatment method. 

Several reports related to possible treatments of extensively injured areas and the extension of remedy time have been 

published. However, the shortcoming of this research is mainly associated with the limited ability of nerve cells to 

regenerate. Other interesting areas of regenerative medicine are related to the artificial fabrication of lost human functions 

due to damage to the nervous system, carried out in a laboratory setting. 

Research of regenerative medicine has been very focused since the development of iPS cells. Tissue engineering is 

one of the concept of regenerative medicine that tissues or organs can be regenerated by mixing cells and scaffolds with 

the existence of growth factors. Scaffolds is an important in tissue engineering. Recently, biodegradable and non-toxic 

polymer is the mainstream, there have been many studies about them. However, there is a problem that the polymerization 

is difficult. Polyanhydride can be considered as a material to solve this problem. Polyanhydride can be polymerized by 

using thiol – ene polymerization conveniently and rapidly. Moreover, the degradation product is non-cytotoxic, degraded 

and removed from the host system by normal metabolic activity [1,2]. 

On the other hand, it has been recently reported that the selective axonal outgrowth of nerve cells can be applied to the 

regeneration of complex nervous systems. Neural cell culture using patterns of extracellular matrix proteins on the culture 

substrate has been studied in order to perform the selective adhesion and axonal outgrowth of nerve cells, using soft 

lithography techniques such as microcontact printing, microstencil method, and micromolding in capillaries (MIMIC), 

which have become mainstream methods [3]. 

In this study, we proposed a convenient and reliable fabrication technique of polyanhydride thin films, developed the 

biodegradable neural cell culture sheet by forming micro-trenches of extracellular matrix proteins.Polyanhydride 

prepolymer was prepared by mixing pentaerythritol tetrakis (3-mercaptoropropionate), 4-petenoic anhydride, poly 

(ethylene glycol) diacrylate (molar ratio 5:7:3), then adding 2, 2-dimethoxy-2-phenylacetohonenone (0.4 wt%).The 

Polyanhydride thin film was fabricated by packing the solution into a SU-8 mold with micro structures, drawing a vacuum 

and UV-curing it for 15 min. Laminin that promotes cell adhesion and neurite outgrowth was used as extracellular matrix 

proteins. Laminin and poly-L-lysine (PLL) which has cell attachment was mixed to improve the adhesion of cells. 

Micro-trenches of polylysine containing laminin was fabricated by using MIMIC which is one of the softlithography 

technique. the Polyanhydride thin film with micro structures is placed on the surface of a glass substrate to form a network 

of empty channels between them. A drop of polylysine containing laminin was placed at the open end of channels, filled 

channels by capillary action. After incubation at 37 ℃ for 90 min, the Polyanhydride thin film was removed from glass 

substrate, the polyanhydride thin film was rinsed with D-PBS (-) and dried. The purpose of this study is the development 

of convenient and rapid method which regenerates damaged neural network, enables the fabrication of minimally invasive 

devices absorbed after surgery on site of regenerative medicine. 
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Organic light emitting diodes (OLEDs) have attracted 

much attention over the years since their first practical 

application in 1987 [1] as promising sources of light and 

display due to their wide viewing angle, low operating 

voltage and fast response time [1-4]. These devices also 

possess a versatile future for potential applications due to 

their ability to be fabricated on transparent and flexible 

substrates. For this reason, a considerable amount of 

research has been focused on producing highly efficient 

OLED devices. Recently, OLED devices have been able 

to achieve almost 100% internal quantum efficiency (IQE, 

ηIQE), thanks to the development and optimization of 

phosphorescent emitter materials within the device 

structure. However, these devices still suffer from very 

low external quantum efficiency (EQE, ηEQE) as a result 

of being limited by very low light outcoupling efficiency 

(ηOUT). The relationship between these descriptors of 

efficiency can be related by the following equation:  

ηEQE = ηIQE ηOUT 

For a typical bottom emitting OLED structure, only about 

20% of light can escape into the forward viewing direction 

[2-4]. This is because of the considerable amount of light 

loss at each interface of the device. Such interfaces 

include the air/substrate [2, 3, 5-7] and substrate/organic 

[2, 3], induced by the differences in refractive index of 

each of the layers and organic/metal [3, 8] interface, 

induced by the interaction of light with oscillating free 

charges at the metal surface. According to Snell’s law, as 

light passes from a region of high (n1) to low refractive 

index (n2), the amount of light that will be able to escape 

is limited by the critical angle (θc): 

θc= sin-1(
𝑛2

𝑛1
) 

The implications of this equation show us that light 

incident on the boundary between each interface at angles 

greater than the critical angle will experience total internal 

reflection (TIR) and will therefore not be able to escape 

into the subsequent layer (i.e. from the organic layer to 

substrate and finally into free space). Previous works have 

focused on applying modifications to the physical and 

structural composition at each interface to enhance the 

outcoupling efficiency. Popular structures employed at the 

substrate/air interface include microlens [3, 5] and 

nanolens arrays [6], periodic [2] and quasi periodic 

nanostructures [4], diffraction gratings [4] and 

nanoporous polymer films [7]. In this work, a novel 

method used for patterning the backside of the glass 

substrate is presented, which is effective in suppressing 

substrate waveguides, by light scattering at the 

substrate/air patterned interface and thus enhancing the 

outcoupling efficiency of the OLED device.  

Using a novel femtosecond Yb-doped fiber laser (FCPA 

Jewel DX-0540, IMRA America, Inc.) with a center 

wavelength of 1045 nm, pulse duration of 450 fs and a 

maximum average power of 5 W, glass substrates were 

patterned with either 3µm or 2µm periodicity. For each of 

these sets of devices, the substrates were patterned with 

either small or large energy in vertical or tapered shapes. 

Additionally, the effect of incorporating small and large 

values of surface roughness (Ra) was also investigated.  

Figure 1. Summary of Patterned Substrates and EQE enhancement 

The enhancement in light outcoupling efficiency is 

quantified by the changes in the value of ηEQE as seen in 

Figure 1. All devices (planar and patterned substrates) 

were fabricated with the same device structure (ITO 

150nm/α-NPD 90nm/Alq3 70nm/LiF 1nm/Al 100nm) and 

thus the ηIQE also remains the same for all devices. The 

typical value of ηEQE for reference OLEDs fabricated with 

a planar, unpatterned substrate was 0.87%. For substrates 

having patterns with 3µm periodicity, tapered shaped 

patterns (C and D) show greater enhancement in EQE 

(19.8% and 10.5% respectively) over vertical shaped 

patterns (A and B) which both show an enhancement of 

only 7.4%. For substrates with 2µm periodicity however, 

the opposite case is observed. The vertical shape patterns 

(E and F) dominate EQE enhancement (23.3 and 24.4% 

respectively) over devices with tapered shape patterns (G 

and H) where enhancement was only 7.5% and 15.1% 

respectively. The added surface roughness of devices E 

and F serve as centers for increased scattering events, thus 

extracting light that would normally be waveguided 

within the substrate.    
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Figure 2. Angular Dependence of Normalized Electroluminescent 

Spectra. Viewing angles vary from 0 to 80 degrees. 

Figure 2 illustrates how the normalized 

electroluminescence (EL) spectra changes with increasing 

viewing angle ranging from 0 to 80 degrees. Similar EL 

spectra view angle dependence trends were observed 

among all devices with patterned substrates, thus B, E and 

H serve as representatives for illustrating the effect of 

planar 3µm, rough 2µm and planar 2µm periodicity 

respectively. Common to all patterned devices, they 

demonstrate the ability to maintain good colour stability 

over wide viewing angles, by suppressing angular 

dependency by 5-7nm in wavelength in comparison to 

planar OLED devices.  
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Figure 3. Angle Dependent Luminance 

From investigating how the normalized luminance 

changes with viewing angle, as shown in Figure 3 above, 

it is possible to confirm the scattering effect of the 

patterned substrate by comparing their trends to that of an 

ideal Lambertian emitter (plot based on calculation Iθ = 

Iocosθ). As the viewing angle approaches 80o, devices 

with patterned substrates deviate from the trend of an ideal 

Lambertian emitter, that is, with slightly enhanced 

luminance. The reference device however shows an 

opposing trend, where in luminance decreases with 

increasing viewing angle. The deviation of patterned 

substrate devices from the trend of both the Lambertian 

emitter and reference device confirms the ability of the 

patterned substrate to enhance light extraction of substrate 

waveguided modes, through scattering at the substrate 

surface, especially at high viewing angles.  

Conclusion 

By using a novel femto-second laser, it is possible to 

pattern OLED glass substrates with 2-3µm periodicity 

while controlling shape and size of pattern. The 

outcoupling efficiency in OLED devices may be enhanced 

up to 24.4% by incorporating a roughened glass surface 

with negligible colour shift as viewing angle increases.  

Future Plan 

To investigate the effect of sub-micron periodicities and 

degree of tapering angle in both linear and rough surfaces 

on EQE enhancement and angular dependence on 

luminance and EL spectra.  
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1. Introduction

Gold Leaf, one of the traditional crafts of Kanazawa city in Japan, has been used for decorations of Buddhist altar for

many years. Due to the changes in lifestyle in modern society of Japan, the usage of gold leaf is decreasing. As a result, 

the Gold Leaf industry in the Kanazawa area faces issues such as reduction in the value, production quantity and shortage 

of successors [1]. To save one of the important Japanese cultures, development of new applications of Gold Leaf is an 

urgent issue for the industry. Recently, we have applied Gold Leaf to electronic devices such as an electrode for organic 

solar cells [2]. However, the handling of Gold Leaf was difficult because the Gold Leaf is a very thin foil that it is fragile. 

To solve the problems related to the difficulty in handling the Gold Leaf, we started considering the use of Gold Powder 

made from Gold Leaf. Metallic powders are indispensable materials for conductive ink that can form an electrode in 

electronic devices such as flexible sensors by low-cost printing technology. 

Nanoparticles (NPs), nanowires (NWs) or nanoflakes made 

from silver are the common materials for conductive ink. The 

typical weight ratio of silver materials in the ink is up to 40 

wt% [3-6].Even though the cost of silver is low, oxidation 

reaction easily occurs and the high annealing temperature 

higher than 150 ºC is required [7]. On the other hand, although 

the gold particles do not show any oxidation reaction, the price 

of gold is eighty-times higher than that of silver. To reduce the 

cost of Au-based conductive ink, the weight ratio of Gold 

Powder in the conductive ink should be significantly low with 

ensuring the same conductivity of the silver ink. Recently, we 

have reported a conductive ink by mixing gold powder with a 

conductive polymer [8]. 

In this study, we investigated the effect of the Gold 

Powders, which is produced by different manufacturers and 

craftsman in Kanazawa, on the conductivity of the gold ink. 

We found that Gold Powder reduces the resistance more than 

two orders of magnitude by adding only 1 wt% of Gold 

Powder.   

2. Experimental Section

A conductive film was formed on a glass substrate by a

drop-casting method. The casting solution was prepared from 

the conductive polymer aqueous solution (aqueous 

PEDOT:PSS solution; CleviosTM PH1000, Heraeus) by 

adding 4 types of Gold Powder. The composition ratio of 

Gold Powder 1 was about 97.666% of Au, 1.375% of Ag and 

0.977% of Cu. Those for Gold Powder 2~4 were 94.438% of 

Au, 4.901% of Ag and 0.661% of Cu. Gold Powders (0.1 to 

5.0 mg) were added to 5.0 ml of PEDOT:PSS solution. After 

casting, the solution was dried in the air at 40 ºC and 60 ºC 

for each 1 hour [9]. Shape of Gold Powders 1~4 were 

measured with a Scanning Electron Microscope (SEM, JSM-

6510LV, JOEL) to compare the difference in aggregation 

state of particles. The resistance of a film was measured by 

two-probe method (Fig.1). 

3. Results and discussion

Figure 2 shows the relationship between concentration of

each Gold Powder and the electrical resistance of the 

conductive film. The resistance of the film without Gold 

Powders was 6.6×103 . By adding Gold Powders, the 

Gold Powder 1 Gold Powder 2 

Gold Powder 3 Gold Powder 4 

Fig.3 SEM image of Gold Powder 

The magnification is 2000 and scale bar is 10 m. 

1 cm 

Fig.1 Measurement resistance with two probes 

Fig.2 Dependence of resistance of the conductive films 

on the concentration of Gold Powder. 
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resistance significantly dropped. The resistance of the film using Gold powder 1 was 1.1×103  when concentration was 

0.93 wt%, where the concentration is the weight ratio of Gold Powder to the weight of PEDOT: PSS solution. In case of 

the resistance of the films with Gold Powder 2, 3 or 4, the resistance of these films reached to 20  when about 1.0 wt% 

of Gold Powder was added. On the other hand, the resistance of the Gold Powder concentration between 0.4 to 1.0 wt% 

depend on the type of the Gold Powder. This result suggests that the resistance of the films depend on the type of Gold 

Powder. To clarify the reasons for the difference of the resistance, we measured the shape of the Gold Powders with SEM. 

 Figure 3 shows the SEM images of each Gold Powder on the silicone substrate. The shape of the individual Gold 

Powder was a rectangular flake with a thickness of 100 to 150 nm. It was also observed that the Gold Powder 2-3 show 

strong aggregation but Gold Powder 1 was highly dispersed.  

To characterize the shape distribution of the Gold Powders, 100 particles in each powder were randomly selected and 

their two sides of dimensions were measured. Figure 4 shows the average length of Gold Powder 1~4 (N=200). The length 

(and the standard deviation) were 6.379 m (4.063 m) for Gold Powder 1, 5.467 m (3.681 m) for Gold Powder 2, 

3.701 m (2.442 m) for Gold Powder 3, and 3.297 m (1.759 m) for Gold Powder 4. Distribution of particle sizes in 

Gold Powders 1 and 2 were wide. On the other hand, a narrow and a uniform distribution were observed in the Gold 

Powders 3 and 4. From these results, we concluded that the difference in the resistance of the films with different Gold 

Powders was caused by the uniformity of the particle size. That is, the better uniformity improves the formation of a 

conductive network. 

4. Conclusion

In this work, we investigated the effect of adding the commercially available Gold Powder on the conductivity of the

conductive inks. Depending on the manufacturer of the Gold Powders, the shape distribution of the Gold Powders varied. 

We found that, by adding 1 wt% of Gold Powder, the resistances of the conductive inks decrease to 20 , which is 1/330 

of that of the conductive ink without Gold Powders and the decrease in the resistance strongly depends on the uniformity 

of the size and distribution of the Gold Powders.    
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Molecular transistors are under the consideration as the alternative for next-generation transistors to overcome the 

problems of current CMOS technology such as power consumption, leakage current and hot-carrier injection. Here, 

Si-bridged quinoidal fused oligosilole derivative (Si-2) which has a 20 π-conjugated molecular structure with two silicon 

atoms in Figure 1 was introduced between hemispheric electroless Au-plated (H-ELGP) nanogap Pt electrodes. 

Quinoidal fused oligosilole derivative used in this study is a strong candidate of functional group for molecular devices, 

since it is stable under air ambient and charged conditions. It is because two silicon atoms can effectively suppress 

molecular interactions. The width and length of Si-2 molecule are 1.6 nm and 1.8 nm, respectively. Two ethanethiol 

branches of this molecule are easily anchored to Au electrodes because of strong S-Au chemical bonding. Figure 2 shows 

Id-Vd and dId/dVd-Vd characteristics with gate voltage dependence at 9K. Gate voltage dependence on Id-Vd characteristics 

are clearly observed. Consequently, Si-2 molecular single-electron transistor operations have been reproducibly measured 

at 9K. 

This study was partially supported by MEXT Elements Strategy Initiative to Form Core Research Center from the 

Ministry of Education, Culture, Sports, Science, and Technology (MEXT), Japan; and the BK Plus program, Basic 

Science Research (NRF-2014R1A6A1030419). 
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Fig 1. Molecular structure of Si-2.  Fig 2. Id-Vd and dId/dVd-Vd characteristics under gate voltages of -8, -6, -4, -2, 0, 

2, 4, 6 and 8 respectively. 
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Long persistent luminescence (LPL) materials have applications in glow-in-the-dark paints for emergency signs and 

watches. Current highly efficient LPL materials are consisted of inorganic materials. However, these inorganic LPL 

materials require not only rare metal, but also very high fabrication temperatures of over 1,000 °C. Moreover, most 

commercial inorganic LPL materials exhibit poor color purity. 

Recently, we developed an organic LPL (OLPL) material consisting of electron-donor and electron-acceptor 

molecules.[1] This material is free of rare elements, and can be fabricated without high temperatures. The OLPL emission 

originates from the charge-transfer transition of an exciplex and continues for over one hour at room temperature based on 

the slow recombination of separated charge carriers in the material. However, exciplexes have been known to possess low 

photoluminescence quantum yield (ΦPL) and poor color purity. In organic light-emitting diodes (OLEDs) based on 

exciplex, these problems were resolved by adding a small amount of emitter dopants into the exciplex-forming matrix.[2] 

The emitter dopants harvest the exciplex exciton generated by charge recombination through Förster energy transfer 

(FRET), and the emitter dopants produce efficient emission with improved color purity (Fig. 1). 

Here, we demonstrate that a similar technique can be applied to achieve high color purity of OLPL emission while at 

the same time improving color purity, brightness, and emission duration.[3] Figure 2 shows the OLPL exciplex system of 

TMB and PPT and the emitter dopants, TBPe (blue), TTPA (green), TBRb (orange), DCM2 (red), and DBP (deep red). 

LPL spectra of the exciplex matrix with the emitter dopants shows the photoluminescence spectra of the individual emitter 

dopants, from red to greenish-blue. These results indicate that the LPL emission from exciplex occurs via FRET from the 

exciplex to the emitter dopants. Furthermore, white emission was achieved by doping with two emitters (TBPe and DBP). 

The ΦPL and emission duration was also improved because of higher ΦPL for dopant emission than exciplex emission. For 

example, the TBRb doped film exhibited high ΦPL of 46%, which is 3.5 times higher than that of the exciplex matrix, 

resulting in the longest LPL duration of 1,415 s, more than six times than that of the non-doped matrix. 

In conclusion, the simple doping of emitters into an exciplex matrix provides an easy method to broadly tune LPL 

emission, from red to greenish-blue and even white, and to improve the color purity, the ΦPL, and, in most cases, emission 

duration. This technique will enable the development of a wide range of organic glow-in-the-dark paints. 
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Figure 2. Molecular structures of the exciplex matrix and emitter dopants. 
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Thermally activated delayed fluorescence (TADF) molecules are expected to be useful luminescent materials for 

organic light emitting diodes (OLEDs) since they can convert electricity into light with high efficiency without rare 

metals [1,2]. To design TADF materials, it is crucial to control the energy levels of the highest occupied molecular orbital 

(HOMO) and the lowest unoccupied molecular orbital (LUMO) to provide the small energy splitting of S1 and T1 states 

(ΔEST). A small ΔEST value for TADF activity is achieved by the following molecular designs; that are 1) HOMO-LUMO 

separation by using donor and acceptor units, 2) large steric hindrance to decrease their π-conjugation and 3) a net small 

orbital overlap between HOMO and LUMO to ensure the oscillator strength. 

In this work, we report novel TADF molecules using 4,8,12-trioxo-13-azatriangulene (TOAT) as an acceptor unit. 

TOAT has a flat and rigid molecular structure bearing with three electron-withdrawing carbonyl groups. We noticed 

TOAT has a delayed component in its transient photoluminescence (PL) decay in spite of its weak PL (PLQY < 1%). 

Therefore, we designed novel three TOAT derivatives with different donor moieties, Cz-TOAT, TPA-TOAT and 

DPA-TOAT (Fig. 1). Cz- and TPA-TOAT are in the conventional TADF design, which has a large steric hindrance. 

DPA-TOAT has the structure which has weak steric hindrance than that of others, leading to the vague boundary of the 

HOMO and LUMO. 

The ΔEST values were estimated to be 0.19, 0.14 and 0.41 eV by DFT calculation (B3LYP/6-31G(d)) for Cz-, TPA- and 

DPA-TOAT, respectively. Those values showed a good agreement with the ΔEST values estimated from their emission 

spectra in toluene (0.23, 0.16 and 0.34 eV for Cz-, TPA- and DPA-TOAT, respectively). Unexpectedly, we observed a 

delayed component in all of their transient PL decays, although the ΔEST of DPA-TOAT is rather large value for the 

occurrence of TADF activity. Those derivatives showed comparatively high PLQY in mCBP host films (0.73, 0.66 and 

0.50 for Cz-, TPA- and DPA-TOAT, respectively) with the delayed emission which had temperature dependency. The 

spectrum of the delayed emission which was suppressed at lower temperature showed good agreement with the prompt 

one for all TOAT derivatives. From the Arrhenius plot analysis, all ΔEST of TOAT derivatives were estimated to be a 

small values (0.06, 0.04 and 0.11 eV for Cz-, TPA- and DPA-TOAT, respectively). These results clearly indicate that the 

synthesized all TOAT derivatives have TADF activity. We also fabricated the OLEDs using a 3wt% doped mCBP film 

for each TOAT derivative as an emissive layer. They showed the EL with green, greenish yellow and yellow color with 

rather high external quantum efficiencies of 14%, 16% and 14% for Cz-, TPA- and DPA-TOAT based OLEDs, 

respectively.  

In summary, we demonstrated the high efficiency OLEDs using novel TOAT based TADF materials as an emitter. 

The TOAT derivatives enabled a novel TADF design without large dihedral angle between donor and acceptor units. 
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Fig. 1. Schematic structures of TOAT derivatives. 
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1. Introduction

A pressure sensing device using an organic material has been attracting attention at the present time owing to it high

compatibility for manufacturing flexible devices by means of a simple solution process[1]. In particular, organic pressure 

sensors using organic field effect transistors (OFETs) are actively researched because suppression of cross-talk and 

improvement of sensitivity would be achieved in the device architecture.[2] The development of devices compatible with 

low voltage operation and high response is one of the issues for practical applications [3][4]. Recently, we developed the 

dual-gate OFET based pressure sensor composed of the low voltage OFET and the piezoelectric sensing capacitor, which 

simultaneously achieved the low voltage operation and the high response to the applied pressure load[5]. As the pressure 

sensor was successfully fabricated on the glass, development of a flexible device has been the next target for practical 

application that is compatible with physical measurement. In this study, we fabricate a dual-gate type flexible organic 

pressure sensor using a thin polyethylene naphthalate (PEN) substrate (25 μm) and reported its operation successfully. 

2. Experimental

The dual-gate type organic pressure sensor are composed of a pressure

sensing capacitor and a low voltage driven OFET as reading device.[5] The 

schematic structure of the dual-gate organic pressure sensor is shown in 

Fig.1, where the active layer and dielectric layers are located between top 

and bottom gate electrodes, as is the case in other conventional dual-gate 

transistors. The pressure sensing capacitor is placed on the OFET. The OFET 

and the pressure sensing capacitor were fabricated separately. For the OFET 

fabrication, a thin PEN film (25 μm) was used as a flexible substrate 

(denoted as flexible OFET). A smooth layer of PVCN was first formed by 

spin coating on the PEN substrate followed by photo-crosslinking initiated 

by UV irradiation. A gate electrode (Al) was fabricated by a vacuum 

evaporation method. PVCN as an insulating layer was formed thereon by 

spin coating method. Next, source and drain electrodes (Ag) are fabricated 

by a vacuum evaporation method and surface treatment was performed. 

Finally, an organic semiconductor layer of TIPS-pentacene/polystylene film 

was formed  by a spin coating method. The OFET was also fabricated on 

the glass for comparison. For the fabrication of the pressure sensing 

capacitor, the  polyvinyledenedifluoride–trifluoroethylene (P(VDF–TrFE)) 

film was blade-coated onto the substrate ITO / PET substrate followed by the 

contact poling of the P(VDF–TrFE) film with a poling voltage of 1 kV. Then, 

the P(VDF–TrFE) film was laminated on the semiconductor layer of the 

OFET. The top electrode is grounded during the pressure application on the 

device. The electrical properties of the OFET are characterized using a 

Keithley 4200 semiconductor characterization system. The transistor 

characteristics were measured for the OFETs at a flat state and a bent state. 

For the measurement of the bent state, the OFET was fixed on a cylinder 

with a radius of 1 cm. The pressure response of the sensor device was 

evaluated as the change in ID of the OFET in response to the pressure load on 

the piezoelectric layer applied with a laboratory-built pressure load system. 

All electrical measurements are performed at 25 °C in a dry nitrogen 

atmosphere.  

3. Results and discussions

Figure 2 shows the transfer characteristics of the flexible OFET of the flat state and the bent state, and the OFET

fabricated on the glass substrate. The mobility (), threshold voltage (Vth), subthreshold swing (SS) and ON / OFF ratio 

of the OFETs are summarized in Table 1. The performances of the flexible OFETs are consistent with the OFET on the 

glass and no degradation of the device performance was observed despite the fabrication of the flexible OFET on the 

very thin PEN film. And thus, the flexible OFET would be available for the dual gate OFET based organic pressure 

sensor.  

Fig.2 transfer characteristics of the 

flexible OFET of the flat state and the 

bent state, and the OFET fabricated on 

the glass substrate. 

Fig.1 Structure of flexible Dual-gate 

type organic pressure sensor 
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  Figure 3 shows the transfer characteristics of the flexible OFET and pressure response of the dual-gate type organic 

pressure sensor. The transfer curve of the flexible OFET shown in Fig.2 was replotted again for comparison. After the 

lamination of the polarized P(VDF–TrFE) film, the curve was shifted to the positive VG direction. This suggest that the 

surface of the polarized P(VDF–TrFE) film was negatively charged, and the electric field by the surface charge causes 

the shift of the transfer curve. The similar shift was observed in the previous report about the dual-gate OFET based 

pressure sensor [5]. When the pressure of 100 kPa was loaded on the device, the transfer curve was further shifted to the 

positive VG direction. In particular, ID at VG = 0 V increased more than two orders of magnitude as compared with that 

without pressure load. This clear change in ID represents that the device operate as the pressure sensor. 

Figure 4 shows the repetitive characteristics of the pressure response of ID at VG = 0 V to pressure load of 100 kPa. 

Clear change and repetitive response of ID to the pressure load were observed. The amount of change in the drain 

current due to pressure application of 100 kPa is 4.8 × 102 for the flexible pressure sensor, which increased about 2.5 

times than that for the pressure sensor on the glass substrate[5]. In addition, it should be noted that this pressure response 

of ID was achieved without applying VG during the measurement.  

Table 1 device parameters 

 (cm2/Vs) Vth (V) SS (mV/dec) ON / OFF ratio 

the flat state 0.29 -0.45 0.18 5.0×105 

the bent state 0.30 -0.53 0.15 1.5×105 

on the glass substrate 0.31 -0.45 0.16 1.1×105 

4. Conclusion

In this research, we have developed a flexible dual-gate type organic pressure sensor, which is superior to the previous

research. It is driven as a pressure sensor without application of gate voltage. These can be expected for a practical 

application to fabricate to reduce power consumption, to simplify the circuit and the sensor array formation.  

And the change amount with respect to pressure application also increased about 2.5 times than the pressure sensor on 

the glass substrate. I described the characteristics on the curved surface of the reading unit OFET this time, but I will also 

announce the data as a sensor on the curved surface on that day. 
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1. Introduction
   Organic materials are used in flexible electronics because of their intrinsic mechanical property and solution 

processability [1]. However, these materials are not biodegradable and eco-friendly. In recent years, transistors using 

biopolymer materials have been developed, where the substrate [2], dielectric layer [3], or semiconducting layer [4] layers 

are employed to fabricate the device. In particular, OFETs with biopolymers as the gate dielectrics such as chicken 

albumen and silk fibroin show good insulating property and would be promising candidate for flexible electronics [5,6]. 

However, biopolymer dielectrics are easily dissolvable by organic solvents, thus, not compatible with semiconducting 

layers deposited on the dielectric by solution processing methods. In this paper, we report the development of an OFET 

using a degradable biopolymer [7] where a blend of small molecule-polymer was deposited by solution process to form 

the semiconducting layer. Additionally, the transistor showed a low operation voltage of 5 V with low leakage gate 

current. 

2. Experimental Methods
     Figures 1a, b and c shows the schematic structure of the bottom-contact bottom gate OFETs and the chemical 

structure of TIPS-Pentacene and biopolymer respectively. A 30 nm Aluminum layer was vacuum evaporated on a clean 

glass substrate as the gate electrode. 40 mg/ml solution concentration of the biopolymer in dimethylformamide solvent 

was spin coated at 1000 RPM to form a thick dielectric layer of 250 nm, then was annealed on a hot plate in air at 100   C. 

Silver source drain electrodes were vacuum evaporated on the annealed dielectric layer. The surface of the electrodes were 

modified by immersion with perfluorobenzenethiol (PFBT) in ethanol at 0.005 mol L
-1

. The rinsed electrodes were dried 

on a hot plate for 5 minutes. A blend of TIPS-Pentacene (Ossila) and Polystyrene (Mw = 60000, Sigma Aldrich) in 

chlorobenzene at a volume ratio of 3:1 and concentration 10 mg/ml was spin coated at 600 RPM to form a 70 nm 

semiconducting layer. The layer was annealed in a nitrogen-filled glove box for 30 minutes at 100   C. To obtain the 

dielectric constant, k of the polymer, the capacitor (Al/biopolymer/Ag) was fabricated. All Electrical characterization of 

the OFETs was carried out at room temperature in a dry nitrogen atmosphere. The transistor was characterized using a 

Keithley 4200 semiconductor system while the capacitor was characterized using a LCR meter ZM2372 model.  

3. Results
     The capacitance of the polymer was 12.2 nF/cm

2
 at frequency 1kHz and the dielectric constant, k was calculated to 

be 3.4. Figures 2a and 2b, respectively shows the output and transfer characteristics which are typical in a p-type organic 

field effect transistor. The saturation field effect mobility, on/off current ratio, threshold voltage (Vth) and subthreshold 

swing (SS) were calculated to be 0.27 cm
2
/V.s, 9 ×10

5
, -0.85 V, 108 mV/decade respectively. The low subthreshold swing 

value is critical for low-voltage operation OFETs, which substitutes for the small gate capacitance of the biopolymer. The 

SS can be represented as follows [8]: 

           (1) 

where Nss is the interface trap density; kb is the Boltzmann's constant; Ci is the capacitance per unit area; T is the absolute 

temperature and q is the electron charge [8]. The SS of 108 mV/decade yields an interface trap density yields an interface 

Fig. 1 (a) Schematic diagram of the bottom-gate bottom contact (BGBC) OFET, chemical structure of (b) 

TIPS-Pentacene, (c) biopolymer. 

(a) (b) (c) 
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trap density 7.6 ×10
10

 eV
-1

cm
-2 

calculated from equation (1). This value is consistent with that of OFET using silk fibroin 

as the gate dielectric , which has SS of 166 mV/dec and calculated Nss value of 3.12 ×10
11 

eV
-1

cm
-2

. In addition, as shown

in Fig. 1b, the transistor exhibited negligible hysteresis due to the low Nss, which is necessary for the stable operation of 

OFETs [6]. These results suggest that the biopolymer would be a promising candidate material as gate dielectric for 

low-voltage operation OFET. 

   Figure 3a shows the Atomic force microscopy image of the dielectric, where a root mean square roughness was 

measured to be 4 nm. This slightly rough surface is expected to increase the gate leakage current of the OFET. However, 

the dielectric showed great insulating property as the experimental value of the gate current, IG obtained from the transfer 

characteristics curve at -5 V is 3.7×10
-11

A. In addition, the low Nss value indicates that the biopolymer formed a good

interface with the semiconducting layer, which yields a low threshold voltage of -0.85V. The transistor exhibited low 

hysteresis, which again is due to the low interface trap density necessary for the stable operation of OFETs. 
     Figure 3b shows the polarized optical image of the crystallized channel of the semiconductor-polymer blend. The 
blend of TIPS-Pentacene with the insulating polymer of high molecular weight, PS, resulted in a crystallized channel 

formed by semiconducting layer [9]. Therefore, the crystallization of the semiconducting layer at the dielectric interface 

led to the excellent electrical performance of the transistor.    

                             

4. Conclusion
   In summary, using a degradable biopolymer as dielectric layer, low voltage operation OFET devices by solution 

processing were successfully fabricated. The device exhibited low hysteresis and presented a low Nss value. This 

biopolymer is compatible with solution processing methods. Thus, we conclude that this material has high potential for 

solution-processed OFETs.   
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Recently, perovskite solar cells have attracted much attention because high power conversion efficiency can be 

obtained at low cost. However, the use of toxic lead (Pb) is severely restricted by the European Union and other 

countries. Additionally, the photovoltaic mechanism is still unclear although many efforts have been devoted so far. One 

of the characteristics of perovskite that we need to discuss is the hysteresis behaviors caused by ionic motion in the bulk 

of perovskite [1]. Here, we investigated the hysteresis behaviors of lead-free tin perovskite thin films, using impedance 

spectroscopy. 

As tin perovskite, we used lead-free CH3NH3SnI3 (MASnI3), typical non-toxic solar cell materials. The sample 

structure is ITO/MASnI3/Al, as shown in Fig. 1(a). SnI2 and CH3NH3I (Methylammonium iodide, MAI) were mixed at 

a concentration of 1 M in -butyrolactone (GBL)/dimethyl sulfoxide (DMSO) mixed solvent. The perovskite solutions 

were spin-coated onto an ITO electrode in a glove box to fabricate perovskite thin films, followed by annealing at 

100 °C for 10 min. Finally, Al electrode was thermally evaporated at the thickness of 100 nm. 

Figure 1(b) shows the capacitance-frequency (C-f) characteristic in the frequency region from 1 MHz to 10 Hz 

under zero DC bias. The measurement was conducted under dark conditions. It can be seen that the capacitance 

significantly increases by more than 1 order with the decrease of frequency. Such significant increase of the capacitance 

at low frequency can be attributed to the ionic polarization of the perovskite [2]. 

On the other hand, Figure 1(c) shows the capacitance-voltage (C-V) characteristics obtained by scanning DC bias 

voltage as 0 V → 2 V → -2 V → 0 V under AC signals of 100 mV with 100 Hz, 1 kHz and 10 kHz. The capacitance is 

approximately 10 nF at 0 V (1 kHz), which is consistent with the value obtained from C-f characteristic. Interestingly, 

large hysteresis appeared in every frequency and it was found that the capacitance of the sample gradually increases 

with the increase of DC bias from 0 V to 2 V, whereas the capacitance remains large while DC bias decreases from 2 V 

to 0 V. Such a large hysteresis can be explained by assuming the motion of the ions such as I- and MA+. While DC bias 

is increasing from 0 V to 2 V, ions migrate in the long-range from bulk to the electrodes. Accordingly, the capacitance 

increases due to the formation of the interface ion charge layer near the electrodes. After that, while DC bias voltage is 

decreasing, the capacitance remains large because the interface ions remain near the electrodes until negative voltage is 

applied. On the other hand, in the region between 0 V and -2 V, the hysteresis was smaller than that observed in the 

positive bias region, but it increased gradually under AC signals with lower frequencies. From these results, we 

conclude that the long-range ion movement, causing polarization in MASnI3, is responsible for the hysteresis behaviors. 

In summary, we investigated the hysteresis behaviors of tin perovskite in C-V characteristics. To further confirm 

the long-range ion motion in terms of the hysteresis behavior, we are probing the internal electric field in tin perovskite 

films by using electric-field-induced optical second-harmonic generation (EFISHG) measurement [3]. 
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Fig. 1 (a) The sample structure, (b) C-f characteristic and (c) C-V characteristics (the arrows indicate 100 Hz). 
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To achieve ultimately high external quantum efficiencies of OLEDs, OLED materials and device architectures that 

can achieve high internal quantum efficiencies and high optical out-coupling efficiencies are equally important. In the 

paper, we will present some of our recent works on OLED materials and devices that can provide ideal internal quantum 

efficiencies and high optical out-coupling efficiencies. For instance, along with presentation of some efficient (blue to red 

emitting) phosprescent emitters, a few series of TADF emitters having highly efficient PL and EL properties will be 

discussed. For instance, extremely efficient blue organic EL with external quantum efficiency (EQE) of ~37% is achieved 

in a conventional planar device structure, using a highly efficient TADF emitters that simultaneously possesses nearly 

unitary (100%) photoluminescence quantum yield, and strongly horizontally oriented emitting dipoles (with a horizontal 

dipole ratio of 83%). On the other hand, we will also show that judicious use of low-index active organic materials and 

transparent electrodes in OLEDs, together with OLED emitters with preferentially horizontal emitting dipoles, can 

effectively enhance optical coupling both into substrate and directly into air. As a result, OLED EQEs of up to 39% had 

been achieved with the simple planar device structure, while EQE of 64-65% had been achieved further with adopting 

simple external extraction schemes. 
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Thin films of various materials are utilized in many applications but present also 
perfect model system to gain a fundamental understanding about material properties 
and processes/reactions. We focus on the application of lasers for the deposition of 
thin (oxide) films using pulsed laser deposition (PLD), or pulsed reactive crossed 
beam laser ablation (PRCLA) to obtain oxide or oxynitride films. Oxynitrides have 
gained a lot of attention over the last decade due to their photocatalytic properties 
using visible light. We utilize photoelectrocatalytic measurements (PEC) to study 
oxynitride thin films, mainly LaTiOxNy. For this approach we developed the 
deposition method to allow a control over the nitrogen content and crystallinity of 
the films. One of he first steps was to find a conducting substrate system that allows 
to perform the photoelectrocatalytic measurements, and an analytical method to 
quantitatively determine the nitrogen content in the thin films. The 
photoelectrocatalytic properties of the films were studied as function of crystallinity, 
orientation, and nitrogen content. The data revealed, that the photocurrent during 
potentiostatic measurements varied strongly for an initial period, and that 
potentiostatic measurements allow a direct comparison of different thin films. Clear 
differences for different crystallographic properties have been found, with absorbed 
photon to current efficiencies that are higher by a factor 5 for a certain 
crystallographic orientation (001). We are trying to understand this by performing 
various surface analytical measurements complemented by modeling and in-
operando (in-situ) measurements using the neutron and synchrotron sources at PSI. 

from: A. Kudo and Y. Miseki, Chem. Soc. Rev. 38, 253 (2009). 
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 The mechanisms responsible for the material/protein/cell interactions at the molecular level have not been 

clearly demonstrated, although many theoretical and experimental efforts have been made to understand 

these mechanisms [1]. In order to design the appropriate polymer, the water structure and dynamics on the 

polymer can be considered. There are two types of water structure, namely “non-freezing” and “freezing” 

water to form the hydrated polymer. It has been reported in published literatures that the hydrated 

biomacromolecules such as DNA, RNA, proteins and polysaccharides also formed “intermediate water” 

structure in addition to those of non-freezing and freezing water. The intermediate water is also observed in 

biocompatible/inert/non-fouling synthetic polymers [2,3], such as poly(2-methoxyethyl acrylate) (PMEA), 

poly(ethylene glycol), poly(vinylpyrrolidone), polyoxazoline, polyphosphazen, poly(methylvinyl ether), and 

zwitterionic (betine) polymers which are widely used in the medical field. The intermediate water affects the 

protein adsorption and cell adhesion, proliferation and differentiation [4-8]. The cell behavior is controlled 

by the presence of intermediate water and the component of intermediate water against another water 

structure. The molecular structure and dynamics of polymers can dictate the intermediate water contents 

[9-11]. Using principles of intermediate water, which is common in hydrated biopolymers and only 

biocompatible synthetic polymers, we found the synthetic methodology to create novel biocompatible 

polymers moves toward a more high-throughput way. Indeed, new designed aliphatic carbonyl polymers 

have ester or carbonate linkages facilitating the breakdown of their monomers and thus their degradation. 

Our group has found that a higher amount of intermediate water in aliphatic carbonyl polymers is related to 

the blood compatibility/ biodegradability and the presence of the ether bonds in the main chain of the 

aliphatic carbonyl polymers are involved in the hydration and formation of intermediate water [12]. Such 

well-defined smart biomaterials could find application in stretchable electro-devices.  
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Piezoelectric materials can convert mechanical energy into electrical energy, and piezoelectric 

devices made of various inorganic materials and organic polymers have been demonstrated. 

However, synthesizing such materials often requires toxic materials, harsh conditions and/or 

complex procedures. Recently, it was shown that hierarchically organized natural materials, such as 

bones, collagen fibrils and peptide nanotubes, can display piezoelectric properties. In my 

presentation, I will show our innovative approach to produce virus-based piezoelectric energy 

generation. Recently, we establish that the piezoelectric and liquid crystalline properties of M13 

bacteriophage (phage) can be used to generate electrical energy. Using piezoresponse force 

microscopy, we characterize the structure-dependent piezoelectric properties of phage at the 

molecular level. We then show that self-assembled thin films of phage can exhibit piezoelectric 

strengths of up to 7.8 pm/V. We also demonstrate that it is possible to modulate the dipole strength 

of phage, and hence tune their piezoelectric response by genetically engineering the phage’s major 

coat proteins.  Finally, we develop a phage-based piezoelectric generator that produces up to 100 

nA of current and 9 V of potential, and use it to operate a liquid crystal display. Because 

biotechnology techniques enable large-scale production of genetically modified phages, 

phage-based piezoelectric materials potentially offer a simple and environment-friendly approach to 

piezoelectricity generation.  
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In this presentation, I will present recent development of the bioanalytical platform applicable for developing 

exosome-based medicine, which allows detection of individual nanoparticles or nanovesicles as small as 30 nm in 

diameter and enables the multiplex characterization of nanoparticles based on indexes such as concentration, diameter, 

zeta potential, and surface protein expression. Moreover, another bioanalytical platform applicable to exosomal miRNA 

diagnosis will be presented to show a prospect that the time required for the cancer diagnosis can be greatly shortened 

within an hour owing to the recent progress in integrated microfluidic device technology.  

Extracellular vesicles (EVs) including exosomes and microvesicles have attracted considerable attention in the fields 

of cell biology and medicine. However, it is technologically difficult to analyze or identify a heterogeneous population of 

particles ranging from several tens to one hundred nanometers, and hence, there is a growing demand for a new analytical 

tool of nanoparticles among researchers working on extracellular vesicles. Various analytical methods are currently used 

to examine biological functions of EVs. Omics techniques such as microarray, sequencer, and mass spectrometry can be 

used for the characterization of molecular composition of exosomes [1-3]. Nondestructive physical techniques such as 

electron microscopy, atomic force microscopy, optical single particle tracking [4], resistive pulse sensing [5], dynamic 

light scattering, flow cytometry, and particle electrophoresis are available for evaluation of physical properties of 

exosomes. However, when studying the physiological and pathological roles of exosomes, it is important to remind the 

presence of EV subtypes with different biogenesis pathways [6]. Namely, surface protein profiling is strongly desired in 

characterizing EVs. Although recent improvements in high-resolution fluorescent flow cytometry have enabled the 

detection and analysis of fluorescence-labeled vesicles with a diameter of up to 100 nm, the lower detection limit in size is 

far from sufficient for exosome research and the requirement for an experienced operator and expensive apparatus will 

limit their use [7]. On the other hand, surface proteins of biological particles can also be evaluated by measuring their zeta 

potential. The electrophoresis system that uses a microcapillary chip as an electrophoresis chamber is recognized as the 

most advanced and reliable method for obtaining the zeta potential of heterogeneous particles like cells or EVs.  

Recently, a microfluidics-based nanoparticle analysis system has been developed and applied to the characterization 

of EVs [8-10]. This system enables sensitive imaging of individual EVs in a dark field by detecting laser light scattered 

from EVs. Since fluorescence intensity depends on the number of fluorescent molecules bound on the EV surface, low 

signal to noise ratio (S/N) and photobleaching are serious problems. In contrast, zeta potential does not depend on size but 

surface charge density of EVs. In addition, a powerful approach to characterize heterogeneous biological samples is 

immunoassay method using antibodies for specific molecular recognition. On-chip immune-electrophoresis can provide 

qualitative and quantitative information on surface molecules of EVs by comparing the surface charge of EVs before and 

after antibody bonding. Furthermore, we have also developed an innovative cancer diagnostic device that integrates all the 

steps of time-consuming blood test on a single cartridge, which comprises separation, purification and sensitive detection 

of biomarkers in the body fluid such as serum or urine. Therein we have chosen the strategy to use circulating miRNA, 

stabilized by encapsulation in exosomes, as a promising cancer biomarker. 
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Rapid detection of viruses and bacteria is not only relevant to preventive medicine but it also serves as a fundamental 

technology that supports the safety, security, and health of the society, such as livestock health examination and living 

environment diagnosis. There is a need for new technology to detect low concentrations of virus and bacteria at high 

speed and low cost. We have been developing methods to detect and identify individual viruses and bacteria based on 

machine-by-machine learning of waveform data obtained by the means of ion current measurements conducted using 

nanopore devices [1,2]. 

Micro/nano-scale through holes of diameters suitable for viruses and bacteria are filled with an aqueous solution 

containing KCl or a similar material, and an ionic current is made to flow between a pair of electrodes installed above and 

below the holes. When a virus or bacteria enters a hole, a current–time waveform is obtained in which the ion current 

decreases. When the thickness of the hole is small, the current–time waveform contains information about the volume, 

structure, and surface charge of viruses and bacteria [3]. In this study, we demonstrated how to perform structural analysis 

of nanoparticles and bacteria based on the current–time waveform. Machine learning of current–time waveforms of 

viruses and bacteria can help identify viruses and bacteria on a unit basis. By observing the current–time waveforms of E. 

coli and B. subtilis, whose volumes are identified, and machine learning the waveforms, these bacteria can be identified 

with an accuracy of 90% or higher [4]. Furthermore, in addition to distinguishing influenza type A and type B viruses, A 

type and A subtype viruses, which cannot be identified by the existing influenza test, can be identified with an accuracy of 

90% or higher. 

Figure. Schematic of nanopore devices to identify viruses and bacteria 

due to changes of ionic currents flowing through nanopores. 
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The recording of (bio)-chemical signals from biological systems is a rich source to disclose 

information about the status of living matter, educts and products of biochemical processes, as well as 

the composition of the environment. We develop new concepts of electronic and electrochemical 

sensors for the detection of minute amounts of analyte molecules not only with high sensitivity and 

selectivity but also with high resolution in time and space. 

Silicon-based microstructures are gaining importance in fundamental neuroscience and 

biomedical research. Precise and long-lasting neuro-electronic hybrid systems are at the center of 

research and development in this field. Nowadays, the best approach to study the electrophysiological 

activity of neurons in vitro and in vivo is based on planar microelectrode arrays (MEA) or field-effect 

transistors (FET) which can be integrated with microfluidic devices. However, the weak coupling 

between cell membrane and electrode surface is one of the major limiting factors and technology of 

3D nanostructures for cell-chip coupling is currently a vivid field of investigation. Our present study 

focuses on the investigation of cell-chip interfaces with optimized 3D nanoelectrodes for 

extracellular recordings. 

Recently graphene-based transistors, as well as electrode arrays, have emerged as a special group 

of biosensors. Here, we will report on our approaches using graphene for single device measurements. 

Moreover, the intrinsic flexibility and biocompatibility of graphene allows the use as fully flexible, 

soft and implantable neuroprosthetic devices. There, graphene can be used either actively as a 

transistor's active area or passively as an electrode. 

Finally, we present a novel method for developing soft MEAs as bioelectronic interfaces. The 

functional structures are directly deposited on PDMS-, agarose-, and gelatin-based substrates using 

inkjet printing as a patterning tool. Here, we demonstrate the versatility of this approach by printing 

high-resolution carbon MEAs on PDMS and hydrogels. The soft MEAs are used for in vitro 

extracellular recording of action potentials. 

I6-3 (Invited)



Graphene Aptasensor Built at the Inner Wall of a Hollow 3D Structure 
Yuko Ueno 1, Tetsuhiko Teshima 1, Calum Henderson 1,2, and Hiroshi Nakashima 1 

1 NTT Basic Research Laboratories, NTT Corporation, 

3-1 Morinosato Wakamiya, Atsugi, Kanagawa 243-0198, JAPAN 

 2 School of Chemistry, University of Edinburgh, 

David Brewster Road, Edinburgh, EH9 3FJ, UK 

Tel: +81-046-240-3549, Fax: +81-46-270-2364 

E-mail:ueno.yuko@lab.ntt.co.jp 

We have developed a biosensor that works on a graphene surface for the detection of biologically important proteins 

such as cancer markers [1, 2]. One end of an aptamer is labeled with a fluorescent dye and the other end is connected to a 

pyrene linker molecule, which shows a strong affinity to graphene. Thus, the aptamer is firmly fixed to the graphene 

surface. The graphene aptasensor detection mechanism is as follows. In the initial stage, the dye-conjugated aptamer is 

adsorbed on the graphene surface via physical adsorption (π-π interactions), and thus the dye is located close to the 

graphene surface. Here, the fluorescence of the dye is well quenched by graphene via FRET and is barely visible (Fig. 1(a, 

left)). If the target of the aptamer is present in the system, the aptamer forms a complex with the target and leaves the 

graphene surface. At the same time, the dye molecule also leaves the graphene surface and the dye recovers its 

fluorescence (Fig. 1(a, right)). We can detect the target molecule by observing the fluorescence. The system allows us to 

perform molecular detection on a solid surface with to realize an on-chip sensor.  

In this paper, we extend a two-dimensional aptamer-based system to a three-dimensional biosensing platform. The 

graphene and aptamer are attached to the surface of multi-layered polymeric films (micro-roll) (Fig. 1(b)). Different 

strain gradients in the polymeric films cause self-folding into cylindrical shapes, allows the preparation of a graphene 

aptasensor system at the inner wall of a hollow space [3]. Protein detection in a micro-roll is successfully demonstrated 

(Fig. 2 (a)-(e)). 

Fig. 1 (a) Molecular design of graphene aptasensor and (b) graphene aptasensor built on the inner wall of 

micro-roll. 

Fig. 2 (a) Optical image of a micro-roll graphene aptasensor, (b) fluorescence image obtained before and (c) after 

adding thrombin, and (d) average fluorescence intensity of several micro-roll graphene aptasensors (The error bars 

correspond to the standard deviations), (e) the depth profile of fluorescence intensity after adding thrombin. 
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A non-thermal atmospheric pressure plasma (NTAPP) can generate reactive oxygen and nitrogen species (RONS) 

under ambient conditions. Because RONS can activate or inactivate cells, the NTAPP has been used in biomedical 

applications. We have developed a microdevice referred to as the Plasma-on-Chip to achieve plasma treatment at 

single-cell level [1,2]. The Plasma-on-Chip device consisted of mirowells and micro plasma sources as shown in Fig. 1. 

At the bottoms of the microrwell, a through-hole is fabricated. When liquid containing a cell is put in the microwell, a 

gas-liquid interface forms at the through-hole area due to the surface tension of the liquid. Therefore, liquid is held in the 

microwell and a cell can be cultured there. When an NTAPP is generated at the backside of the microwell, the RONS are 

delivered into the liquid via the gas-liquid interface. Here we report three results regarding the Plasma-on-Chip. 

Reactive oxygen and nitrogen species delivered into Plasma-on-Chip device 

Concentrations of RONS delivered inside the Plasma-on-Chip device by UV absorption spectroscopy were 

evaluated [3]. Because the volume held in the microwell of the Plasma-on-Chip is extremely small (100 μm x 100 μm x 

200 μm = 2 nL), the RONS delivery process was modeled using a special setup. Through-holes were fabricated on a Si 

chip and the Si chip was set on a cuvette filled with pure water. Then, NTAPP jet was irradiated onto the through-holes 

(He: 0.5 slpm, voltage: 7 kV, 10 kHz). The NTAPP jet flow delivered the RONS to a gas-liquid interface formed at each 

through-hole. The RONS diffused into the pure water held in the cuvette. The diffused RONS were measured by UV 

absorption spectroscopy. Concentrations of H2O2, NO2
−, and NO3

− were 13.9 µM, 1.23 µM, and 1.14 µM, respectively. 

Plasma irradiation to green algae, Chlorella using Plasma-on-Chip 

Using the Plasma-on-Chip, plasma irradiation to biological samples was demonstrated. We used a photosynthetic 

green algae Chlorella cell. Chlorella is considered to be one of the promising sources of biomass energy production and 

has chlorophyll used for photosynthesis. Chlorella cells were cultured in the Plasma-on-Chip and plasma irradiation 

was conducted. Fluorescence microscopy was used to analyze the responses of Chlorella cells. After the plasma 

irradiation, auto-fluorescence of the Chlorella cells decreased. It is considered that plasma-generated reactive species 

affect the chlorophyll inside the Chlorella cell.  

Gene expression analysis of murine fibroblast NIH3T3 cells irradiated with plasma 

Because plasma irradiation affects cells’ viability, RNA expression must be changed upon plasma irradiation. As a 

proof of concept, we irradiated NIH3T3 cells with NTAPP jet and analyzed RNA expression using a microarray. We 

found upregulation of RNAs including hypothetical transmembrane proteins and U3 small nucleolar RNAs [4]. 
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Fig. 1 Schematic of Plasma-on-Chip device. Top view (a), bottom view (b), and cross-sectional side view 

image (c). 
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An artificial bilayer lipid membrane (BLM) is a simple model of a biological cell membrane under physical and 

chemical control. In our previous work, we made freestanding BLMs over Si microwells and investigated the activity of 

ion channels inserted in a freestanding BLM, where the freestanding BLMs were composed solely of saturated lipids [1]. 

However, in biological cells there are raft domains, which are composed of a mixture of saturated lipids, unsaturated 

lipids, and cholesterol. Raft domains have been extensively studied because they play a very important role in the 

localization and function of membrane proteins. We can expect the formation of a raft-like domain in a freestanding 

BLM to allow us to develop a system that more closely mimics a biological cell membrane. We have previously 

observed the phase separation system of the liquid ordered (Lo) phase and liquid disordered (Ld) phase as a model of 

the raft-like domain in a freestanding BLM over a Si microwell. And we found that the Ld phase is preferred at the 

freestanding BLMs, and that the liquid ordered Lo phase cannot exist stably [2]. In this study, we have tried to control 

the phase separation at freestanding BLMs over Si microwells. We propose controlling the phase separation by applying 

osmotic pressure. 

The freestanding BLM was formed over Si microwells by rupturing giant unilamellar vesicles composed of ternary 

mixture lipids (DOPC:DPPC:cholesterol). When forming the freestanding BLM, the inside and outside of the well 

structure were composed of the same 200 mM glucose solution. To make the osmotic pressure difference between inside 

and outside of the microwells, we changed the glucose solution outside the microwells from 200 mM to 100 mM with a 

syringe pump. Figure 1(a) is a schematic illustration of the change in the shape of the freestanding BLM. To cancel out 

the osmotic pressure difference, the water molecules flow through the membrane from the outside of the microwell to the 

inside, resulting in an increase in the volume inside the well and the expansion of the freestanding BLM. In the 

fluorescent images, the shape change could be confirmed from the increase in the interference fringes caused by the 

light reflected at the bottom of the well. The lipid molecules needed to increase the freestanding area were supplied 

from the supported membrane on the Si substrate around the freestanding BLM. Figure 1(b) shows fluorescence images 

of the Lo phase domain formed in the freestanding BLM at that time. The fluorescent probe rhodamine-DOPE used in 

the experiment is known to partition strongly into the Ld phase. Therefore, the appearance of a dark domain, where no 

rhodamine fluorescence is observed, indicates the formation of the Lo domain in the freestanding BLM. As shown in 

the previous work, the freestanding BLM was stabilized in the Ld phase, but saturated lipids and cholesterol, which 

formed the Lo phase at the periphery, flowed in due to the shape change. When the composition ratio of the saturated 

lipid and the cholesterol exceeded the threshold, phase separation occurred and an Lo domain was formed. The tensile 

stress of the membrane induced by the osmotic pressure difference is also considered to enhance phase separation.  

We have demonstrated 

that the osmotic pressure 

difference caused by 

solution replacement could 

form an Lo phase domain 

in the freestanding BLM 

over microwells. Phase 

separation control will be 

applied to a protein assay 

system comprising a 

freestanding BLM and a 

membrane protein 

introduced therein. It can 

help to enhance the 

reconstitution and 

localization of membrane 

proteins and control of their 

functions in such systems. 
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Fig.1(a) Schematic illustration of the shape of the freestanding BLM over a Si 

microwell when the solution was changed. (b) Time lapse fluorescence images of the 

Lo domain induced by the osmotic pressure difference at that time.  
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Scanning electrochemical microscopy (SECM) has been applied to investigate the respiratory activities of individual 

living cells. Oxygen consumed by individual cells is useful as an indicator for the metabolic disorder and mitochondrial 

dysfunction, and investigator for the effect of chemical species to the cell metabolism and drug screening. Direct 

monitoring of time-dependent variation for oxygen concentration is desirable to estimate the oxygen consumption of 

individual cells by respiration. The SECM used a microelectrode as a probe for a single cell analysis can be applied to the 

non-invasive determination of oxygen and imaging of oxygen distribution in the vicinity of a targeted cell.  

In this study, we used SECM to detect an oxygen consumption of inspected C2C12 myotubes based on the reduction 

current of oxygen obtained by Pt microelectrode tip positioned close above a myotube with continuous contraction 

induced by the application of electric pulses. C2C12 myoblast is a mouse skeletal muscle cell line with differentiation 

potential to myotube with contraction property. Produced myotubes maintain the contractile activity regulated with the 

external electrical pulse stimulation. Controlling of muscle contraction has been attracting considerable interest as an 

excellent tool for investigating the relationship between the contraction and metabolisms or expressions. 

Two Au wire electrodes (1.0 mm diameter, 40 mm length) were arranged in the medium on the dishes with 

differentiated myotubes (Fig. 1A). The distance between two wires and the height of two wires from the dish surface were 

set at 40 mm and 1.0−2.0 mm, respectively. The contraction was induced by applying electric pulses of rectangular wave 

with the voltage of 0.7 V mm-1, the frequency of 1.0 Hz, and the pulse duration time of 2.0 ms by Au electrodes for 2.5 h. 

A Pt microdisk electrode (10-m diameter, −0.4 V) was positioned at 50 m above from a dish surface (Fig. 1B). The 

average height of the differentiated myotubes was 40 m.  

Figure 2 shows the response of the reduction current for oxygen at Pt microelectrode that was placed 10 m above the 

myotube (300 m length and 30 m width) upon electric pulses by Au wire electrodes. When the electric pulses with 1.0 

Hz were applied to induce the contraction of the myotube for 1 min, the reduction current for oxygen immediately 

decreased and reached an almost steady-state in 30 s, indicating that the concentration of oxygen around the myotube 

decreased due to the consumption of oxygen by the increase of the respiration activity (Fig. 2a). The reduction current for 

oxygen returned to its original level within approximately 120 s, when the application of electric pulses was turned off. 

When the electric pluses with 0.5 Hz were applied for 2 min, the reduction current also decreased to reach a steady-state 

(Fig. 2D). However, the decrease of the reduction current by applying electric pluses with 0.5 Hz (30 pA) is half of that 

with 1.0 Hz (Figs. 2B and 2D). These results indicate that the increase of the oxygen consumption by the respiration of 

single myotubes per single pulse application would be constant. Therefore, microelectrochemistry based on the SECM 

could be applied to monitor the oxygen consumption of contractile myotubes. 
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Figure 1. (A) Au wire electrodes arranged in a cell culture dish for the 

application of electric pulse stimulation. (B) Measurement of the reduction 

current by SECM. 

Figure 2. Reduction current for 

oxygen upon electric pulses. 

Frequency of electric pulse: (a) 1.0 

Hz, (b) 0.50 Hz. 
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Fig.1 Fluorescence changes of VSD 

imaging of neurons (DIV23). (a) 

control, (b) under 100 µM PTX. Black 

circles indicate AP spikes. 

Sensitive observation of spontaneous action potential in neurons on the plasmonic chip. 
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Brain functions such that memory, learning and so on, are performed by neuronal network. Each neuron is connected by 

synapses and transmits action potential (AP) which is spiking changes of membrane potential within a few ms. To 

elucidate brain functions, analyzing the spatio-temporal dynamics of action potential in neurons is important, however 

neuronal network of a whole brain is too complex to analyze. So, a cultured neuronal network has been well studied to 

analyze the network dynamics. 

Voltage sensitive dye (VSD) imaging is critical method to measure membrane potential changes directly from many 

neurons simultaneously. However, fluorescence changes of VSD are generally known to be small. So, signal to noise ratio 

(SNR) is low with exposure time less than 1 ms. In this study, the plasmonic chip was used to enhance fluorescence 

intensity of VSD[1]. On the plasmonic chip, blighter fluorescence images can be obtained and SNR of VSD imaging was 

expected to be improved. 

The replica with Bull’s eye structures were fabricated by UV-nanoimprint method on the cover slip. The replica was 

coated with Ti/Au/Ti/SiO2 by RF-sputtering method. In this study, thickness of Au layer was about 100 nm, SiO2 layer 

was about 50 nm, and Ti layer was about 0.5 nm individually. The grating pattern was Bull`s eye type with a pitch of 480 

nm. 

Hippocampal regions were cut off from embryonic day 18 (E18) Wistar rat embryos and dissociated by 0.175% trypsin. 

Dissociated cells were seeded on the plasmonic chip and the glass dish at 2300 cells/mm2. Neurons were maintained in 

the Neurobasal medium supplemented with 2% B-27 supplement, 5 μg/ml Insulin, 100 U-100 μg /ml 

Penicillin-streptomycin, and 0.5 mM L-Glutamine. Neurons were cultivated for between 3 and 4 weeks under 5% CO2, 

95% air, and saturating humidity at 37℃. Cultured neurons were labeled with 4 µM 

Di-3-Aminonaphtyelethenylpyridiniumdihydroquimine (Di-3-ANEPPDHQ) diluted in imaging buffer (130 mM NaCl, 3 

mM KCl, 2 mM CaCl2, 1 mM MgCl2, 10 mM HEPES, 10 mM Glucose, 10 mM Sucrose; pH 7.2). 

Fluorescence images of VSD were observed by the upright fluorescence microscope equipped with the CMOS camera. 

Cy3 excitation filter (wavelength range: 520 ± 20 nm) and Cy5 emission filter 

(wavelength range: 690 ± 20 nm) were used for fluorescence observation. A frame 

rate was 1000 frames/s. Fluorescence images of VSD were observed without 

reagent (control condition) and 100 µM picrotoxin (PTX) as an inhibitory 

synaptic inputs inhibitor. To evaluate noise line of membrane potential, 

fluorescence images were observed under 2 µM tetrodtoxin (TTX) as an AP 

blocker. 

To evaluate fluorescence changes of VSD, 10 × 10 µm region of interests (ROIs) 

were selected and ΔF/F was calculated in each ROI as (F(t) – F0(t))/F0(t), where 

F(t) indicates the averaged fluorescence intensity at a frame time t in each ROI and 

F0(t) indicates baseline obtained from fitting the F(t) to the exponential function. 

To detect AP spikes, mean value (µ) of ΔF/F was calculated from control and 

under PTX conditions. Standard deviation (σ) of ΔF/F was also calculated under 

TTX condition. In this study, a peak higher than µ + 3σ was regarded as an AP 

spike.  

In the case of cultured neurons on the glass dish, AP spikes were not observed 

clearly. However, AP spikes were observed clearly in the case of the plasmonic 

chip as shown in Fig.1-(a). In addition, number of AP spikes increased under the 

100 µM PTX (Fig.1-(b)). These results suggest that AP spikes were evaluated not 

on the glass dish but on the plasmonic chip significantly. 
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The chemically surface modification of diamond particles has been investigated actively in order to enable their 
application in material science for transforming the surface properties from the original ones [1]. Nanodiamond (ND) 
particles have attracted much attention in the field of medicinal chemistry due to their less cytotoxicity and 
biocompatibility. Gd (III) complexes are used for magnetic resonance imaging (MRI) agents for medical contrast agents; 
however, it is difficult to follow the time-course of the agents in the body because of their rapid excretion. In this paper, 
we report on the fabrication of Gd(III)-ND particles through the linkage of diethylene triamine pentaacetic acid (DTPA) 
on the ND surface for applying a novel MRI agent. 

 The chemical modification of ND particles (size 5 nm) was carried out by condensing ND and DTPA in the presence 
of thionyl chloride. The DTPA-modified ND was treated with aqueous GdCl3 solution to form the corresponding complex 
(Fig. 1). After appropriate work-up, the ND particles were analyzed by DRIFT, XPS and mass spectroscopy. 

A DRIFT spectrum of ND particles after condensation with DTPA shows a decrease of –OH group and an introduction 
of DTPA moiety on ND surface in comparison with those of pristine ND and DTPA. The sample was characterized by 
mass spectroscopy with heating to 300 °C, exhibiting fragment peaks ascribed to DTPA linker. The existence of Gd4d 
(141.3 eV) and N1s (399.2 eV) was confirmed 
by XPS spectra of Gd-treated DTPA-ND 
particles and current MRI agent Gadodiamide 
(Gd4d 141.9 eV). These results suggest the 
Gd(III) complexed with the linker DTPA 
attached covalentlly on the surface of ND 
particles. 

Using a clinical 1.5 T MRI apparatus, Gd-
DTPA-modified ND particles ultrasonically 
dispersed in both PBS and purified water (0.1 
w/v%) were measured with MRI apparatus. The 
low signal intensity of a control and pristine ND 
particles and the high signal intensity of Gd(III)-
DTPA-ND particles on a T1-weighted image 
were clearly detected as shown in Fig. 2. The 
modified ND particles are a promising novel MRI agent, 
since Gd-DTPA-ND shows a peak of signal intensity with 
one-tenth concentration of commercially available 
Gadodiamide. The fabrication of Gd-DTPA-ND particles 
with a variety of particle size will be also discussed. 

This work was supported by a Grant-in-Aid for 
Scientific Research (C), No. 24560037, from Japan Society 
for the Promotion of Science (JSPS). 
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Fig. 2. Pristine ND particles and Gd-DTPA-modified ND 
particles detected by MRI on T1-weighted image. 

Fig. 1. Chemical modification of the surface of ND particles with
DTPA and Gd-DTPA moieties.
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Orientation control of polyimide is an important subject in view of 

constructing organic electronic devices and liquid crystal displays.  It is reported 

that the molecular orientation of polyimide having azobenzene unit in its 

backbone can be controlled by photoisomerization.  This paper reports the 

possibility of photoaliging a polyimide thin film prepared by vapor deposition 

polymerization. 

Pyromellitic dianhydride (PMDA) and 4,4'-diamino azobenzene (DAAB) 

shown in Fig. 1 were co-evaporated from individual Knudsen cells onto a 

substrate that was kept at a temperature of 90oC.  DAAB was evaporated at 

205oC, while the evaporation temperature of PMDA was adjusted in a range of 

176 to 180oC so as to balance the molar supply on the substrate.  The substrate 

was a silver-coated glass for measuring IR absorption spectra.  A quartz 

substrate was used for the photoaligning experiment.  Films of about 50-nm 

thick were obtained by the vapor deposition of 5 min.  The co-deposited film 

was annealed in nitrogen atmosphere for 1 h at a temperature of 300oC. 

Figure 2 shows IR spectra of the PMDA monomer (a), DABB monomer (b), 

the co-deposited film (c), and the film after annealing (d).  The co-deposited film has the band of stretching vibration 

of amide C=O bond at 1660 cm-1.  Moreover, the stretching vibration of N-H bond of DAAB (3348-3479 cm-1) and the 

stretching vibration of C=O bond of PMDA (1766-1873 cm-1) were very weak in this spectra.  This result indicates 

that a thin film of polyamic acid was obtained by the codeposition of PMDA and DAAB.  On the other hand, the 

annealed film showed C=O vibration bands at 1734 and 1784 cm-1, and C-N-C vibration at 1389 cm-1, corresponding to 

imide structure.  It is interpreted that the polyamic acid film, which was obtained by codeposition, turned into 

polyimide by the annealing. 

Photoaligning of the film was achieved by irradiating linearly polarized UV light (wavelength 365 nm, intensity 

45.9 mW/cm2) to the codeposited film from a normal direction.  Polarized optical absorption spectra of the film were 

measured in directions both parallel and normal to the polarization axis of the UV light, and the optical anisotropy was 

obtained as a ratio of these absorbance at a wavelength of absorption maxima (375 nm for the codeposited film and 336 

nm for the annealed film).  The optical anisotropy was also measured after annealing this film for imidization.  Figure 

3 shows the optical anisotropy of the as-deposited and annealed films that were irradiated with UV for different time. 

The optical anisotropy increased with increasing UV irradiation for photoalignment.  It is noteworthy that the 

anisotropy was enhanced after annealing the film for imidization. 

In conclusion, it was found that films of polyamic acid and polyimide can be obtained by co-depositing PMDA and 

DAAB.  Irradiation of polarized UV light to the polyamic acid film induced optical anisotropy, suggesting the 

possibility of photoaligning the polymer.  A photoaligned polyimide was obtained by annealing this film. 
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Oscillations and synchronization are inseparable in living organisms. In 

the glycolytic pathway, oscillations in the concentrations of metabolites within cells, 

i.e., glycolytic oscillations, and their intercellular synchronization are also observed

[1]. The oscillations and synchronization occur in several cell types such as yeast 

cells [2], pancreatic -cells, ventricular myocytes, and cancer cells [3]. Although 

their biological function remains unknown, glycolytic oscillations appear to mediate, 

for instance, pulsatile insulin secretion in -cells, which induces oscillatory change 

in cytosolic calcium concentrations that drive many other cellular functions. The 

mechanism for the oscillations and synchronization have been studied by using 

yeast cells for more than 50 years. The core oscillatory mechanism within the cells 

is the autocatalytic reaction by allosteric enzyme phosphofructokinase (PFK), and 

its subsequent inhibition by adenosine triphosphate (ATP). These intracellular 

oscillations have been replicated in various mathematical models [4,5]. Yeast cells 

are known to enhance glycolytic pathway and ethanol fermentation even under 

aerobic conditions, known as the Crabtree effect [6]. This effect is considered as 

an important physiological property for the glycolytic oscillations under aerobic 

conditions. Many types of caner cells also exhibit the Crabtree effect and the 

Warburg effect (genetic mutations to enhance glycolytic activity) [7] Recently we have reported the first glycolytic 

oscillations in cervical cancer (HeLa) cells in individual cell levels [3]. Our results demonstrate that glucose-starvation 

is indispensable for the glycolytic oscillations, and that co-starvation of fetal bovine serum (FBS) induced oscillations 

with longer periods. The present study discusses the mechanism of the glycolytic oscillations in HeLa cells through 

numerical simulation of a newly developed mathematical model.   

Figure 1 shows the schematic of our model for the glycolytic oscillation in cancer (HeLa) cells. The variables 

G, X, Y represent the concentration of glucose, intermediate metabolites, and ATP, respectively. Extracellular 

concentrations of glucose and ATP are presented by Gex and Yex, respectively. Jin is the external flux of glucose injected 

to extracellular space, Jtrans is transport of glucose via glucose transporter (GLUT) for the extracellular space to inside 

the cells, and Jexchange is the exchange of intercellular communication substance of ATP in the present model. The rate 

constant of each enzymatic reaction step is represented by ki (i=1,2,3). The five variables obey the following set of the 

ordinary differential equations: dG/dt = Jtrans - v1, dX/dt = v1 - v2, dY/dt = -2v1 + 4v2 - v3 - Jexchange, dGex/dt = Jin - Jtrans, 

dYex/dt = Jtrans, where  is the ratio of the total cellular volume to the extracellular volume. The reaction rates and the 

transport processes reads: v1 = k1 G Y / {1 + (Y / K1)h}, v2 = k2 X / {1 + (Y/K2)g}, v3 = k3 Y, Jtrans =  Jmax Gex / (Km + Gex), 

Jexchange = (Y - Yex), where  and  represents the activity of the glucose transporter, and permeability of the membrane , 

respectively.   

Figure 2 shows glycolytic oscillations in individual HeLa cells. The oscillations are indicated by NADH 

Fig. 1 A mathematical model 

for the glycolytic oscillations 

in cancer (HeLa) cells. The 

meaning of the variables and 

rate equations are shown in the 

text. 
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(nicotinamide adenine dinucleotide) auto-fluorescence from the cells. The glycolytic oscillations were exhibited by 

glucose-starvation for 24 hours before adding glucose for the initiation of the oscillations (Fig.2 (a)). On the other hand, 

these oscillations were not exhibited without the glucose-starvation (Fig. 2 (b)). Since glucose-starvation has been 

reported to enhance the flux of glucose uptake via glucose transporter (GLUT) embedded in the cell membrane [13], we 

assume that high flux of glucose up-take is necessary for the glycolytic oscillations. Thus we simulated the 

experimentally observed glycolytic oscillations by newly developed five-variable mathematical model that takes into 

account the activity of GLUT as shown in Figure 1. The simulated results are shown in Figure 3. Semiquantitative 

agreement was obtained between the experimental and simulated results; transient oscillations with period of 30 s was 

obtained upon addition of 25 mM of glucose when the flux of glucose up-take was set to a high value (Fig. 3 (a)), 

however no oscillations were exhibited when it was set to a low value (Fig. 3(b)).  

In general, cancer cells are known to have high flux of glucose up-take compared with normal cells. Positron 

emission tomography (PET) uses this characteristics of cancer cells for medical inspection. This study shows that HeLa 

cells exhibit glycolytic oscillations under the condition of glucose-starvation, and that glucose-starvation may induce 

high flux of glucose up-take that results in glycolytic oscillations as simulated by the mathematical model. Namely, the 

glycolytic oscillations in cancer cells may be exhibited only under the condition of high flux of glucose up-take. Though 

control experiments using normal cells are necessary in order to prove the above statement, the glycolytic oscillations 

will be a good indicator to distinguish cancer cells and normal cells.   
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Fig. 2 Experimental results of glycolytic of 

oscillations in HeLa cells: (a) Glucose and 

serum (FBS) were starved, (b) control.   
Fig. 3 Simulated results of glycolytic of oscillations in HeLa 

cells with (a) high and (b) low flux of glucose up-take.  
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Small water droplets derived from environment such as moisture cause phenomena such as fogging of glass, mold 

on organic materials and corrosion of metal, etc while the degree of these phenomena varies depending on the particle 

diameter. Although the hygrometer can measure the amount of moisture, it cannot distinguish the size of moisture, i.e. 

diameter of adhering droplet. On the other hand, optical techniques can discriminate the size of water droplets while 

many of them are relatively huge because optical source and detector are required. Therefore, the author has developed 

a sensor that detects water droplet as small as invisible and distinguish its particle size with high accuracy and quick 

response. This sensor uses narrow lines (arrays) made of dissimilar metals arranged with gaps of 0.5 to 10 μm as 

electrodes and serves as the principle of measuring the galvanic current generated when a water droplet touches 

adjacent electrodes like a bridge between the electrodes. In addition, the relationship has been clarified between the 

change with the time in shape of the droplet on the sensor and the response current from the sensor. From this 

clarification, it was inferred that the discriminated size of water droplet, i.e. accuracy of sensor, and response current 

value, i.e. sensitivity of sensor, depend on the wettability between the sensor surface and the water droplet. In this 

research, the hydrophilicity and the hydrophobicity of the sensor surface were modified to enhance the sensitivity and 

accuracy of the sensor when the microdroplet was in contact. 

Regarding the sensor, the substrate was a silicon wafer, the surface of which was covered with a silica layer. Fine 

interconnections (arrays) made of dissimilar metals were alternately arranged on the substrate to form an opposing 

comb structure, which were used as the electrodes. The combination of dissimilar metals was Al and Au in this study. 

The electrode was 1 μm in width and 0.2 μm in thickness and the gap between the adjacent electrodes was set 0.5 to 10 

μm. The number of electrodes’ pair was 50. Two kinds of polymers termed as PM and GL in this study were formed 

between the electrodes. Sensor surface was observed by using an optical microscope. The contact angle of droplet on 

the sample was measured. The response current from the sensor was measured at a minimum measurement interval of 

0.2 sec by using a measuring device installed on the observation stage of the optical microscope. Water droplets were 

introduced to the surface of the moisture sensor using a sprayer (water droplet size: about 1 to 8 μm).  

Fig. 1 shows optical microscopic images obtained when water droplets were sprayed on the surface of the sensor 

with and without the polymer formation. When polymers were formed on the surface of the sensor substrate, the sensor 

surface was changed to both hydrophobicity and hydrophilicity by forming PM and GL, respectively. From these 

images, the projected area and the number of waterdrops were estimated. Fig. 2 shows the relationship among the 

contact angle, the projected area of the water droplet on the sensor and the response current of the sensor. When the 

contact angle was small, the average value and deviation of projected area and the sensor response tend to increase. This 

is because as the wettability (hydrophilicity) increases, the area of the waterdrop covering (bridging) the electrode 

increases, leading to enhancing sensor sensitivity. On the other hand, when the contact angle was large, the area of the 

water droplet and its deviation became small. As a result, the wettability was low while the (hydrophobicity) was 

increased, it is suggested that the accuracy of discriminating the waterdrop diameter by the sensor can be enhanced. 

Fig. 2 Relation among contact angle, sensor output 

and projected area of water droplet. 

Fig. 1 Microscopic images of water droplet on sensor surface 

with polymer formation. 

GL formation Unformed PM formation 
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Photophysical properties of water-soluble dyes were studied in aqueous solutions with/without DNA and in solid films. 

Ultrathin films were prepared from aqueous solutions by a spin-coating method on a glass or gold nanoparticles 

(AuNPs). Remarkable enhancement of fluorescence and/or phosphorescence was observed for dyes immobilized in 

DNA films spin-coated on AuNPs , which was attributed to localized surface plasmon resonance (LSPR) of AuNPs. 

Photon upconversion (UC) systems based on triplet-triplet annihilation (TTA) by the use of two kinds of molecules 

for absorption at longer wavelength called the sensitizer and for emission at shorter wavelength called as the emitter have 

attracted considerable attention in solar energy conversion, imaging and therapy through “biological window”, because 

TTA-UC can be achieved by weak noncoherent light as an excitation source. In almost all cases hydrophobic or 

lipophilic sensitizers and emitters have been used which are soluble only in organic solvents.  From bio-imaging 

applications and ecological point of view, they are not desirable. We have reported for the first time efficient UC with 

highly water-soluble sensitizer and emitter in the presence of DNA1). We have been making efforts to further increase 

UC efficiency by using LSPR of gold nanoparticles which were prepared with a solution plasma method2). 

Photoluminescence characteristics of several water-soluble dyes were studied to obtain information for such purpose. 

Various dyes like palladium meso-tetrakis(N-methylpyridinium-4-yl)porphyrin (PdTMPyP), rose bengal (RB), 

rhodamine B (RhB) and astrazon red 6B (AR6B) were used in aqueous solutions with/without DNA and in ultrathin 

DNA films on a glass or AuNPs. Absorption spectra, fluorescence and phosphorescence spectra were measured with 

JASCO spectrophotometer and Hamamatsu Photonics high resolution mini-spectrometer, respectively.  Emission 

measurements were made for deaerated samples by repeated freeze-pump cycles upon excitation with 532 nm 10 mW 

TPPS laser through a variable ND filter.  Time-resolved emission measurements were made by a system composed of 

a Q-switched Nd:YAG laser, a monochromator equipped with a photomultiplier  and a digital oscilloscope. 

Figure 1 shows photoluminescence spectra for spin-coated films from aqueous solutions of RB (0.025 mM) with 

DNA (2 mM) degassed by repeated freeze-pump cycles on a glass (blue line) and on AuNPs (red line).  Fluoescence 

intensity at 583 nm on Au-NPs was about 32-times higher than that on a glass.  Similar enhancement was observed for 

fluorescence and phosphorescence of PdTMPyP in DNA films on AuNPs.  The lifetime of phosphorescence of 

PdTMPyP in DNA films on AuNPs was shorter than that on a glass.  It was thus strongly suggested that emission 

enhancement was caused by LSPR of AuNPs through the 

electric field enhancement and/or increase of a radiative 

deactivation rate constant.  Further efforts are being made to 

enhance UC by LSPR and to elucidate the mechanism..  
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