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APPLICATIONS OF ORGANIC FIELD-EFFECT TRANSISTORS AND 
FUTURE APPROACHES IN FLEXIBLE ELECTRONICS ERA  

 
Jooyeok Seo, Hyemi Han, Jaehoon Jeong, Sungho Nam, Hwajeong Kim and Youngkyoo Kim* 

 
School of Applied Chemical Engineering, Graduate School, Kyungpook National University 

Daegu 702-701, Korea 
 
ABSTRACT 

Organic electronic devices have attracted keen interest because of their huge potentials for next 

generation electronic device applications. Organic light-emitting devices (OLEDs), which are the 

first commercialized example of organic electronic devices, are now in market for smart phones and 

TV sets. Recently, organic solar cells (OSCs) have been intensively studied by various research 

groups and companies, because the power conversion efficiency of OSCs has reached 9~11% so 

that their commercialization can be positively anticipated though one condition is left on the 

stability of OSCs. Organic field-effect transistors (OFETs) have been also widely studied for more 

than two decades and their performances are being improved to catch conventional FETs. However, 

the charge carrier mobility of organic semiconducting materials is still far lower than that of 

inorganic semiconducting materials. This discourages applications of OFETs toward display 

backplanes and/or memory devices. This presentation will introduce a couple of our efforts for 

OFETs in terms of applications, such as photodetectors, memory devices, artificial skins etc., in 

order to find their practical applications through a trade-off between drawbacks in performances 

and advantages in functions.  
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ORGANIC PHOTODETECTORS FOR SENSING UV AND VISIBLE LIGHTS: 
INVERTED DEVICE STRUCTURES WITH METAL OXIDE NANOLAYERS 
 

Jaehoon Jeong, Jooyeok Seo, Chulyeon Lee, Myeonghun Song, Sooyong Lee,  
Hyemi Han, Eunjoo Kwak, Hwajeong Kim and Youngkyoo Kim* 

 
School of Applied Chemical Engineering, Graduate School, Kyungpook National University 

Daegu 702-701, Korea 
 
ABSTRACT 

Detectors have been extensively developed for various applications in precision measurements 

and/or camera applications for our daily life. Most of recent mobile electronic systems, including 

smart phones and smart pads, have a tendency to employ high-resolution/high-definition cameras 

that are typically fabricated with inorganic semiconductors. In particular, brand-new 

flexible/bendable electronic systems need flexible camera systems in order to comply with the trend 

toward full-flexible electronics era. However, conventional inorganic semiconductors cannot meet 

such flexibility owing to their intrinsic rigid property even though the minimum bendability can be 

achieved by sophisticated design/fabrication processes. In this regard, organic photodetectors 

(OPDs) have been spotlighted because of their benefits to deliver such flexibility when flexible 

plastic films are accompanied together with organic semiconductors. Of various device types, a 

diode-type OPD is considered most cost-effective because of its simple structure and fabrication 

processes that enable large-area OPD production. Recently, we have concentrated on developing an 

inverted-type device for OPDs and organic solar cells. In particular, our interest has reached sensing 

of UV light by employing metal oxide buffer layers and conjugated polymer channel layers. In this 

presentation, we will show the optoelectronic properties of inverted-type OPDs and discuss the 

mechanism behind the measured performances. 
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UNDERSTANDING OF LITHIUM-OXYGEN ELECTROCHEMISTRY FOR 
LITHIUM-OXYGEN BATTERIES    

 
Hye Ryung Byon* 

 
Byon Initiative Research Unit, RIKEN, Wakoshi, Saitama 351-0198, Japan 

 
 
ABSTRACT 
   A high demand for the future energy storage applications in electric vehicles (EVs) and grid 

storage has been driving rapid growth of battery research. In particular, as the current battery 

technology has almost reached its performance limitation, new battery systems have been 

extensively investigated to achieve higher energy density. In this context, a lithium-oxygen (Li–O2) 

battery has held promise on account for high theoretical energy density (over 3 kWh/kg). However, 

its development progress has been slow and left the Li–O2 battery still in the demonstration level 

due to poor cycling stability and high cathodic polarization. To mitigate these performance 

degradations, the scientific scrutiny to understand true electrochemical reactions in the Li−O2 

batteries in conjunction with alleviation of parasitic side reactions has been urgently needed.  

   In this seminar, I present recent research progress of Li−O2 batteries at Byon IRU. We observe 

Li–O2 electrochemical reaction (2Li+ + O2(g) + 2e– ↔ Li2O2(s)) and evaluate the reaction efficiency 

using in situ analytical tools. These fundamental studies provide the evidence of dynamic Li2O2 

formation and decomposition, accompanied by parasitic side reactions. Based on the insights 

obtained from these approaches, we can improve the Li–O2 cell performance via engineering of 

Li2O2 structure and eliminating of side products. The promising metal oxide catalysts incorporated 

into carbon nanotube cathode promote smooth decomposition of Li2O2 and side products during 

charge, which greatly lower charge potential and enhance cycling performance, respectively.  
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Single-molecule chemistry and spectroscopy with STM 
 

Yousoo Kim* 
 

Surface and Interface Science Laboratory, RIKEN 
Hirosawa 2-1, Wako, Saitama 351-0198, Japan 

 
ABSTRACT 

The study of single molecules provides deep insights into bonding nature and underlying quantum 

mechanics concerning about controlling chemical reaction. The scanning tunneling microscope 

(STM) is a versatile and powerful tool for investigating and controlling chemistry of individual 

molecules on the solid surfaces. The coupling of tunneling electrons to the electronic and 

vibrational states of the target molecule allows us to realize mode-selective and state-selective 

chemistry of the individual molecules as well as to understand how the electron energy can 

transport leading to carious surface processes. 

In this talk, I will address two main issues with our experimental and theoretical efforts on 

investigating interaction of electrons with vibrational and electronic states of a single molecule on 

the surfaces. The first part is assigned to the excitation of vibrational modes to selectively induce 

particular dynamic motion and chemical reaction of a single molecule on the metal surfaces. The 

microscopic mechanism of vibrationally induced molecular motions and the selection rules for the 

single-molecule vibrational spectroscopy are also discussed. The second part focuses on the 

selective control of reaction pathways by use of long lifetime of vibrationally and electronically 

excited states of a molecule on an ultrathin insulating metal oxide surface. The theoretical study 

revealed that the presence of O vacancies or Mg interstitials at the interface between MgO ultrathin 

film and Ag(100) substrate result in a substantially lower barrier for the dissociation of 

water.Finally, I will discuss about our recent works with a photon-STM, where optical properties of 

a single metal-free phthalocyanine (H2Pc) molecule on the 2-ML thick NaCl film supported by 

Ag(111) have been also studied by scanning tunneling luminescence spectroscopy. 
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NEAR-ROOM TEMPERATURE SYNTHESIS OF CORE/SHELL-STRUCTURED QUANTUM 

DOTS  
 

Junhyeong Kim, Eunjung Kang, Jaesung Son, In Woo Cheong, Jin Joo* 
 

School of Applied Chemical Engineering, Graduate School, Kyungpook National University 
Daegu 702-701, Korea 

 
ABSTRACT 

Core/shell-structured quantum dots (QDs) are considered as important active materials for 

optoelectronic devices. There have been a lot of synthesis procedures developed so far. Real 

epitaxial growth of shell layer, however, has not been reported yet. A simple method for the 

synthesis of CdSe/CdS core/shell QDs is presented. Epitaxial growth of CdS shell on CdSe core is 

carried out by near room temperature successive ion layer adsorption and reaction (RT-SILAR). 

Our method for shell formation is conducted at room temperature, which facilitates the separation 

of resulting products from shell growth solution. After full coverage with one monolayer (ML) of 

CdS on CdSe QDs surface, photoluminescence (PL) quantum yield (QY) reaches up to 60%. 

Produced CdSe/CdS QDs have an elongated morphology, implying that CdS layers are formed in 

an epitaxial manner without etching or deteriorating CdSe QDs surface. This synthesis method for 

core/shell-structured QDs would be an ideal model for practical implication of QDs as well as 

fundamental studies. 
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PHASE-SEPARATED MOLECULAR ASSEMBLIES FROM 
AMPHIPHILIC POLYPEPTIDES HAVING HELICAL 

HYDROPHOBIC BLOCK 
 

Motoki Ueda, Yoshihiro Ito 
 

Nano Medical Engineering Laboratory, RIKEN 
Hirosawa 2-1, Wako, Saitama 351-0198, Japan 

 
ABSTRACT 

Supramolecules of molecular assemblies are promising nano- or micro-order materials due to the 

easiness in preparation. The precise control of complex morphology, however, is not easy and thus 

has been an important challenge in the field of molecular self-assembly. In a cell membrane, an 

example of the natural molecular assembly, the phase separation enables the control of the unique 

morphology on cell membrane like caveolae for an effective expression of the cell function. The 

most phase-separated assemblies reported so far were too unstable to control the size and shape of 

them.  

Here we show that amphiphilic helical peptides can self-assemble into various conjugate 

morphologies by the phase-separation basis due to selective association of helices including 

stereocomplex formation of right-handed and left-handed helices. Helical peptides have a good 

regular packing ability and a high stability in the molecular assembly as shown by frequent 

observations of helix bundles in proteins. Round-bottom flask assemblies, which are conjugate 

morphologies of nanotubes and vesicles, can be prepared from amphiphilic helical peptides. The 

dimensions of the neck part and the spherical part are tunable by changing the combination of the 

amphiphilic helical peptides. Furthermore, we succeeded to prepare the linear heterojunction by a 

fusion of different nanotubes with keeping phase-separation. 
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Detection of antigen from human plasma solution by functionalized liquid 
crystal droplets    

 
Kyubae Lee, Inn-Kyu Kang* 
 

School of Applied Chemical Engineering, Graduate School, Kyungpook National University 
Daegu 702-701, Korea 

 
ABSTRACT 

For more than one decade, liquid crystal(LC) microdroplets have attracted considerable attention 

not only as chemical targeting but also as biological targeting. Versatile and label free technique 

based on mono-disperse liquid crystal microdroplets can detect and distinguish antigen from mixed 

protein solution. The purpose of the study was to find out the interaction between antibody and 

antigen. 4-Cyano-4´-pentylbiphenyl(5CB, nematic liquid crystal) microdroplets were prepared by 

using O/W emulsion system. Amphiphilic diblock copolymer of poly (Styrene-b-acrylic acid) 

(PS-b-PA) was used as a surfactant to prepare the emulsion. Furthermore, anti-IgG(antibody) was 

introduced on the surface of the LC microdroplets as a hosting platform for protein immunoassays. 

We also studied the effect of IgG(antigen) concentration on sensing ability of LC droplets as well as 

selective detection of the LC droplets in mixed protein solution. From the results it was found that 

the LC microdroplets exhibited configurational change from radial to bipolar by interaction with 

antigen. Therefore it could be say that functionalized LC microdroplets can play pivotal role in 

detection of various antigen molecules. 
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Application of the Fuoss-Kirkwood Relation to 
Inferring Relaxation Time Spectrum 

 
Sang Hun Lee, Jung-Eun Bae, and Kwang Soo Cho* 

 
School of Applied Chemical Engineering, Graduate School, Kyungpook National University 

Daegu 702-701, Korea 
 

ABSTRACT 

 In the theory of linear viscoelasticity, relaxation time spectrum must be the one of the most 

important viscoelastic functions because other viscoelastic functions can be calculated from it. 

However, it should be calculated from other measurable viscoelastic quantities because it cannot be 

measured directly. The calculation is to solve the Fredholm integral equation of the first kind. 

Unfortunately, it is well-known that the calculation of relaxation time spectrum is an ill-posed 

problem. Hence, if the solution of the integral equation is not unique, relaxation spectrum would be 

meaningless. In 1941, Fuoss and Kirkwood derived the relation between relaxation spectrum and 

dynamic modulus, called the FK relation which proves the uniqueness of relaxation spectrum. 

However, most noteworthy algorithms are not based on the least square rather than the FK relation. 

 In this study, we developed an algorithm for calculation of continuous relaxation spectrum 

using the FK relation. The core of using the FK relation is how well modulus data can be 

approximated by an appropriate equation. We suggest double logarithmic power series in terms of 

Chebyshev polynomial to approximate dynamic modulus data. Our algorithm is to convert the 

approximate equation for modulus to relaxation spectrum. This approximate approach gives 

spectrum as accurate as spectra calculated by other previous algorithms based on the least square. 
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In vitro selection of collagen-binding vascular endothelial growth factor 
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ABSTRACT 

Vascular endothelial growth factor (VEGF) works as important signal protein for angiogenesis 

during embryonic development or after injury such as myocardial infarction. However after 

injection of small proteins to a body, it diffuses easily through the extracellular matrix and it is 

difficult to stay target site for long periods. High concentration of small protein causes undesired 

side effect such as hemangioma. Therefore it is useful to add some binding affinity to biological 

components onto VEGF. Since collagen is abundant in cartilage, bones, blood vessels, gut and a 

dentin in teeth, the surface can be used a target for trap the VEGF.  

Here we selected a collagen-binding VEGF by ribosome display which is one of in vitro 

display technology methods. We prepared random sequences of peptide libraries connected to 

VEGF and selected collagen-binding peptides. 

After 8 rounds of in vitro selection cycles, 2 kinds of major population of collagen-binding 

VEGF were obtained. The selected polypeptides were produced by E. coli. The biological activity 

of VEGF was not affected by the addition of binding region peptide. The binding affinity of 

modified VEGF onto collagen was confirmed by anti-VEGF antibody. As a result they enhanced 

cell proliferation more significantly than free VEGF on collagen surface.  
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IN-VITRO DETECTION OF CANCER CELLS USING LIGAND-ANCHORED 
LIQUID CRYSTAL MICRODROPLETS    
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Daegu 702-701, Korea 

 
ABSTRACT 

Liquid crystal microdroplets emulsion for the detection of HepG2 cancer cells has been prepared 

using 4-cyano-4’-pentyl biphenyl (5CB) liquid crystal molecules in presence of sodium dodecyl 

sulfate as mediator and ligand anchored poly(styrene-b-acrylic acid) (PS-b-PA) as modifier of  

liquid crystal/water interfaces. To induce HepG2 cells interactions with liquid crystal microdroplets, 

the lactobionic acid (LA) ligand-anchored poly (styrene-b-acrylic acid) (PS-b-PA-LA) has been 

synthesized and used to prepare liquid crystal microdroplets emulsion in phosphate buffer saline 

solution. The interactions of HepG2 cells with liquid crystal microdroplets containing PS-b-PA-LA 

were found to be effective in causing configurational transition from radial to bipolar in liquid 

crystal molecules during a contact time of 3h in PBS solution (pH 7.4). These studies have clearly 

indicated that lactobionic acid ligand has strong affinity to interact with HepG2 cells receptor to 

cause configurational transitions in liquid crystal microdroplets emulsion in comparison to 

maltotrionic acid control. The interactions of liquid crystal microdroplets emulsion containing 

lactobionic acid-anchored PS-b-PA-LA also found to be selective to interact with HepG2 cells in 

presence of control cells such as KB cancer cells and fibroblast cells at pH 7.4 at 30oC. These 

studies have clearly indicated that liquid crystal microdroplets emulsion containing lactobionic 

acid-anchored PS-b-PA-LA can be used to develop biosensor for label free optical detection of 

HepG2 cancer cells in hepatocellular carcinoma using biological fluid. 
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