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Graphite is a redox-amphoteric intercalation host 
and can be intercalated by cations or anions yielding to 
so-called donor-type or acceptor-type graphite 
intercalation compounds (GICs) [1, 2]. Examples for 
anionic species that are capable to form acceptor-type 

GICs are hexa- or tetrafluoride guests, such as PF6

-
, AsF6

-
 

or BF4

-
 [3], and even large carbon-based anions, like 

tris(trifluoromethanesulfonyl) methide ((CF3SO2)3C
-
), bis-

(perfluoroethanesulfonyl)imide ((C2F5SO2)2N
-
 = BETI

-
) 

[4] and also bis(trifluoromethanesulfonyl) imide 

((CF3SO2)2N
- 
= TFSI

-
) [5, 6].  

Graphite as the positive electrode in 
electrochemical energy storage systems has been first 
introduced by the patents of McCullough and the 
publications of Carlin [7] et al. in the 1990s. In their work, 
they build a so-called “dual-carbon cell” using graphite as 
both the negative and positive electrode. This system 
found further examination in the work of Seel and Dahn, 

where the anion intercalation process of PF6

- 
from organic 

solvents, e. g. sulfones, was the subject of the study [8]. 
Recently, different types of anion intercalation based 
energy storage systems are in the focus of research. In the 
work of Placke et al. [9, 10] some promising results for 
anion intercalation into graphite from ionic liquid based 
electrolytes (ILs) were presented. The examined 
electrochemical system, named “dual-ion cell” is based on 

the intercalation of the TFSI
- 

anion into the graphite 
cathode and the lithium ion insertion into LTO or lithium 
deposition on metallic lithium as anode. Both ions derive 
from an electrolyte containing LiTFSI in the ionic liquid 
N-butyl-N-methylpyrrolidinium bis(trifluoromethane-
sulfonyl) imide (Pyr14TFSI).  

Ionic liquids, such as Pyr14TFSI, have an 
alignment of favorable properties, since: they are non-
flammable, non-volatile and in addition display a high 
anodic stability [11]. Nevertheless, ILs have some major 
drawbacks, including high molecular masses, which 
decreases the specific energy of the cell or the high costs 
compared to the state-of-the-art organic solvent-based 
electrolytes. Therefore, the examination of the 
compatibility of organic solvent-based electrolytes that 
exhibit a high stability vs. oxidative decomposition, e. g. 
sulfones like ethyl methyl sulfone (EMS), is required to 
reduce the costs of the electrolyte system and increase the 
specific energy of the dual-ion system. However, not only 
the electrolyte solvent needs to exhibit a high anodic 
stability, in particular the intercalated anions require a 
sufficient stability. Examples are fluorinated anions such 

as TFSI
- or BETI

-
 (Figure 1).  

A further issue that has to be considered in this 
case is the electrochemical stability of the aluminum 
current collector and thus the issue of anodic dissolution. 
To suppress the anodic dissolution, electrolyte additives 
that support the stability of the current collector have been 

investigated. 

3.0 3.5 4.0 4.5 5.0 5.5
-0.04

-0.02

0.00

0.02

0.04

0.06
Upper charging end potential

 5.0 V vs. Li/Li+

 5.2 V vs. Li/Li+

 5.4 V vs. Li/Li+

 5.6 V vs. Li/Li+

 

 

cu
rr

en
t 

/ m
A

 m
g

-1

potential vs. Li/Li+ / V
 

 
Figure 1. CV plots of 1M LiBETI in EMS electrolyte at 

different cut-off potentials vs. Li/Li
+
. Counter and reference 

electrode: lithium metal. 
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