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GIST Researchers Investigate Strange Transient Responses of Organic Electrochemical 

Transistors  

 

Two novel 1,4-dithienylphenylene-based polymers were designed to explore peculiar transient 

behaviors of organic mixed ionic–electronic conductors  

 

Organic mixed ionic–electronic conductors (OMIECs) are promising new materials with 

potential bioelectric applications. A team of researchers from Gwangju Institute of Science 

and Technology, Korea have now used organic electrochemical transistors as platforms for 

testing the molecular orientation and ion injection directionality-dependent transient 

properties of OMIECs. The insights obtained from this study can accelerate the 

development of high-performance organic electrochemical transistor devices with tunable 

transient responses.  
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Image caption: In a new study published in Nature Communications, researchers have developed novel 1,4-

dithienylphenylene-based polymers to explore peculiar transient behaviors of organic mixed ionic–electronic 

conductors. 
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Organic mixed ionic–electronic conductors (OMIECs) are a highly sought-after class of 

materials for non-conventional applications, such as bioelectronics, neuromorphic computing, 

and bio-fuel cells, owing to their two-in-one electronic and ionic conduction properties. To 

ensure a much wider acceptance of these fascinating materials, there is a need to diversify 

their properties and develop techniques that allow application-specific tailoring of the 

features of OMIEC-based devices. A crucial aspect of this process is to develop strategies for 



evaluating the various properties of these materials. However, despite the increasing 

popularity of OMIECs, there is a severe lack of research on the molecular orientation-

dependent transient behaviors of such conductors. 

 

Now, however, an international team of researchers from Korea and UK, led by Professor 

Myung-Han Yoon from the School of Materials Science and Engineering at Gwangju Institute 

of Science and Technology, set out to bridge this gap in our understanding of organic mixed 

ionic–electronic conductors. In their recent breakthrough study published in Nature 

Communications on 28 November 2023, the team explored peculiar transient behaviors of 

OMIECs governed by variations in molecular orientation with the help of an organic 

electrochemical transistor (OECT). In the past, several studies have already investigated 

OMIECs using the OECT platform, suggesting that various factors, such as direction, length, 

side chain symmetry, polymer backbone structure, and film crystallinity, modulate the 

properties of OECTs.  

 

“OECTs are known to mimic the computing mechanisms of neurons and synapses in spiking 

neural networks (SNNs) and are thus considered promising,” explains Prof. Yoon, while talking 

about this study. “To aid the growing interest in exploring the dynamic behaviors of OECTs at 

the frequency domain, we focused on an aspect that is often overlooked. We decided to 

investigate the correlation between backbone planarity-dependent molecular orientation and 

transient OECT characteristics.” 

 

To this end, the researchers first synthesized two new 1,4-dithienylphenylene (DTP)-based 

OMEICs, DTP-2T and DTP-P, with co-monomer units, 2,2’-bithiophene and phenylene, 

respectively. The polymers comprised the same ionic and electronic properties, but by 

manipulating the polymer backbone planarity, the researchers were able to control the 

dominant molecular orientation of the mixed conductor system.  

 

The DTP polymer was then used to fabricate OECT devices, which were subjected to 

electrochemical analysis. Initially, the team found that both polymers showed similar 

electrochemical properties despite having different molecular orientations. They then 

changed the ion injection direction when there was a certain current/voltage during the 

analysis. They observed that ion injection direction relative to the molecular orientation 

affected the length of the ion drift pathway, which, due to an indirect correlation with ion 

mobility within the polymers, resulted in peculiar transient responses in OECT devices.  

 

The findings of this study provide a unique perspective into the world of molecular 

orientation-dependent characteristics of OECT devices. “OECT-based SNN architectures are 

anticipated to replace current computing systems in the future by increasing computation 

speed and reducing energy consumption. Our findings are expected to facilitate the realization 

of SNN-based computing systems soon,” concludes Prof. Yoon.  Moreover, the team also 

believes that the insights from this study could facilitate the design and development of 

advanced organic mixed conductor materials for biomolecular and biosignal sensors.  

 

Let us hope that this work paves the way for many exciting futuristic technologies! 
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About the institute  

The Gwangju Institute of Science and Technology (GIST) was founded in 1993 by the Korean 

government as a research-oriented graduate school to help ensure Korea's continued 

economic growth and prosperity by developing advanced science and technology with an 

emphasis on collaboration with the international community. Since that time, GIST has 

pioneered a highly regarded undergraduate science curriculum in 2010 that has become a 

model for other science universities in Korea. To learn more about GIST and its exciting 

opportunities for researchers and students alike, please visit: http://www.gist.ac.kr/. 
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