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Electrical double layer capacitors (EDLCs) store energy in 

the form of electrical charges at the interface between an 

electrolyte and a high surface area electrode. As their energy 

storage mechanism relies on physical interactions, EDLCs 

possess many advantages over conventional electrochemical 

energy storage technologies, including efficient operation at 

high power density, extended cycle life, and improved safety. 

Nevertheless, they suffer from low energy density [1]. The 

goal of this study is to rationally identify electrode/electrolyte 

combinations with optimized properties and incorporate them 

into EDLCs.  

 

Room temperature ionic liquids (RTILs) possess unique 

properties (high charge density, electrochemical stability, 

low/negligible volatility, tunable polarity, etc.) that offer an 

attractive alternative to conventional electrolytes. RTILs’ 

incorporation into EDLCs has been hindered, for the most 

part, due to the lack of fundamental knowledge on their 

structural and capacitive properties at the electrical double 

layer which differs markedly from that of conventional dilute 

electrolytes. In recent years, interfacial properties of pure 

RTILs have begun to be unraveled using experimental, 

simulation and analytical techniques [1-3]. Nevertheless, 

these studies have been limited to a narrow range of pure 

RTILs. Given the large number of RTIL ions and “coctails”, 

there are practically an infinite number of solvent-free or 

solvent-enriched RTIL-based electrolytes with tunable 

properties. That, combined with numerous carbon-based 

electrode materials, makes choosing an optimum 

RTIL/electrode combination for any given application highly 

nontrivial, leaving the experimentalists with the only option 

of using heuristics [1]. 

 

In order to enable efficient screening and rational design of 

electrolyte/ electrode combinations, we designed a 

computational framework to systematically study how 

molecular features such as electrolyte polarity, size, and 

shape, and electrode properties such as pore structure affect 

energy storage capability [4-5]. We demonstrated the validity 

of this framework by unravelling the effect of electrolyte 

composition on capacitive response in realistically modeled 

electrodes (Figure 1), and confirmed our findings with 

experiments. These results provide insights into the 

microscopic mechanisms that determine electronic properties 

of the interface and enable means to rationally identify 

electrode/electrolyte combinations with optimized properties. 

 

Acknowledgments 

This study is funded by the Scientific and Technological 

Research Council of Turkey (TUBITAK), Grant No: 

T118C220. 

 

References 

 [1] M. V. Fedorov and A. A. Kornyshev, Chem Rev, 114, 5, 

2978–3036, 2014. 

[2] R. Atkin and N. Borisenko, Phys. Chem. Chem. Phys., 

13, 15, 6849–6857, 2011. 

[3] D. T. Limmer, Phys. Rev. Lett., 115, 25, 256102, 2015. 

[4] D. J. Bozym, B. Uralcan, et. al., J. Phys. Chem. Lett., 6, 

13, 2644–2648, 2015. 

[5] B. Uralcan, I. A. Aksoy, et. al., J. Phys. Chem. Lett., 7, 

13, 2333–2338, 2016. 

 

 

 

 

 

 

 
 
 
 
 
 
 

 

 

Betul Uralcan is an Assistant Professor in the Department of Chemical Engineering at Princeton University 

and a Fellow of Polymer Research Institute. She received her B.S. in chemical engineering in 2013 from 

Bogazici University, and her Ph.D. in chemical engineering from Princeton University, USA in 2018 under 

the supervision of Pablo G. Debenedetti. Betul continued her postdoctoral studies at Princeton until she 

joined Bogazici University. In 2019, she received the TUBITAK 2232 International Felloship for 

Outstanding Researchers.   

 

Presentating  author: Betul Uralcan, Current address: Boğaziçi University, Chemical Engineering 

Department, Istanbul, Turkey. E-mail: betul.uralcan@boun.edu.tr 

      Betul Uralcan 

 

 

Figure 1. Simulated electrical double layer capacitor 

(EDLC). (a)  EDLC is composed  of  an  electrolyte  

between  two porous electrodes (electrode carbon atoms 

(grey), cation (blue), anion (red), solvent (green)) with the 

equivalent circuit model (below), (b) Coarse-grained 

models for electrolyte molecules and electrode /electrolyte 

interfaces for five different electrodes with electrolyte ion 

fraction ρ= 47.   


