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Graphite as positive electrode in electrochemical 

energy storage systems has been first introduced by 
patents of McCullough and the publications of Carlin  et 
al. in the 1990s [1, 2]. In their work, they build a so-called 
“dual-carbon cell” using graphite as both the negative and 
positive electrode. This concept was further examined in 
the works of Seel and Dahn, where they investigated the 
intercalation of PF6

- anions into graphite from organic 
solvent based electrolytes such as sulfones [3]. There are 
different types of anion intercalation-based energy storage 
systems, which are in the focus of research. Examples 
include the so-called hybrid supercapacitors [4], or 
systems that are based on a graphite cathode and a metal 
oxide anode, such as TiO2 or MoO3, working at potentials 
above 1 V vs. Li/Li+ [5, 6]. These systems are therefore 
proposed as safe energy storage systems as there is no 
possibility of oxygen generation at the cathode and no 
risk of lithium plating or dendrite formation at the anode. 

However, one major drawback of these systems is 
the limited oxidative electrolyte stability at the high 
working potentials of the graphite positive electrode. As 
the cathode potential during anion intercalation 
approaches 5 V vs. Li/Li+ or even beyond, the organic 
solvent-based electrolytes suffer from the highly 
oxidizing conditions and subsequently electrolyte 
oxidation takes place, resulting in insufficient 
discharge/charge efficiencies and continuous electrolyte 
degradation. 

Recently, we reported about so-called “dual-ion 
cells”, which are based on the anion intercalation into a 
graphite-based cathode from ionic liquid-based 
electrolytes [7, 8]. Here, the study’s main focus is on the 
intercalation of bis(trifluoromethanesulfonyl) imide 
anions (TFSI-) into a graphite cathode from N-butyl-N-
methylpyrrolidinium bis(trifluoromethanesulfonyl) imide 
(Pyr14TFSI) [7, 8]. Overall, these systems exhibit an 
excellent cycling stability and a capacity retention of 
more than 99% after 500 charge/discharge cycles, 
outperforming reported organic solvent-based dual-
graphite/dual-ion cells. Furthermore, it was pointed out 
that depending on the upper charging end potential (see 
Figure 1) and cycling temperature, coulombic efficiencies 
of more than 99% and specific discharge capacities 
exceeding 100 mAh g-1 (based on the graphite cathode 
weight) can be obtained [7, 8]. In addition, the intercalant 
guest gallery height and thus the maximum stoichiometry 
of the TFSI-intercalated graphite could be calculated by 
use of in-situ XRD measurements [9]. Here, a gallery 
height of ca. 8 Å could be determined, which is associated 
with a volume increase of up to about 140% for the TFSI- 
anion uptake. 

The focus of this investigation is on the influence 
of the graphite properties, such as the particle size 
distribution and surface characteristics, i. e. the specific 
surface area, in particular the ratio of the basal plane to 

the “non-basal plane” surface area (which accumulates 
the prismatic and “defect” surface area), the surface 
morphology or the surface functional groups, on the 
overall electrochemical performance of TFSI- anion 
intercalation. In addition, the rate performance at 20 °C 
and 60 °C as well as the long-term cycling behavior of 
TFSI- anion intercalation-based dual-ion cells will be 
discussed. 
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Figure 1. Differential capacity profiles of the metallic lithium 
(anode)-graphite (cathode) dual-ion cell during constant current 
charge/discharge cycling with a specific current of 50 mA g-1 at 
different upper charging end potentials (4.80 V to 5.30 V vs. 
Li/Li +). (b), (c) and (d) are magnified sections of the total 
profiles (a). In each case, the 50th charge/discharge cycle is 
displayed. 
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