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Abstract
Graphitic materials cannot be applied for the negative electrode of sodium-ion battery because the reversible capacities of 
graphite are anomalously small. To promote electrochemical sodium-ion intercalation into graphitic materials, the interfacial 
sodium-ion transfer reaction at the interface between graphitized carbon nanosphere (GCNS) electrode and organic electrolyte 
solutions was investigated. The interfacial lithium-ion transfer reaction was also evaluated for the comparison to the sodium-
ion transfer. From the cyclic voltammograms, both lithium-ion and sodium-ion can reversibly intercalate into/from GCNS 
in all of the electrolytes used here. In the Nyquist plots, the semi-circles at the high frequency region derived from the Solid 
Electrolyte Interphase (SEI) resistance and the semi-circles at the middle frequency region owing to the charge-transfer resist-
ance appeared. The activation energies of both lithium-ion and sodium-ion transfer resistances were measured. The values 
of activation energies of the interfacial lithium-ion transfer suggested that the interfacial lithium-ion transfer was influenced 
by the interaction between lithium-ion and solvents, anions or SEI. The activation energies of the interfacial sodium-ion 
transfer were larger than the expected values of interfacial sodium-ion transfer based on the week Lewis acidity of sodium-
ion. In addition, the activation energies of interfacial sodium-ion transfer in dilute FEC-based electrolytes were smaller than 
those in concentrated electrolytes. The activation energies of the interfacial lithium/sodium-ion transfer of CNS-1100 in 
FEC-based electrolyte solutions were almost the same as those of CNS-2900, indicating that the mechanism of interfacial 
charge-transfer reaction seemed to be the same for highly graphitized materials and low-graphitized materials each other.
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1 Introduction

Graphite is commonly used as the negative electrode mate-
rials for lithium-ion batteries (LIBs) [1]. Graphite negative 
electrode is applied for LIBs even though the potential of 
lithium-ion intercalation into graphite is lower than the bot-
tom limit of potential window of organic electrolyte solu-
tions. This is because the passivation film called as Solid 
Electrolyte Interphase (SEI) can be formed on graphite elec-
trodes in some organic electrolyte solutions like ethylene 
carbonate (EC) based electrolytes [2]. Hence, application of 
graphite negative electrodes contributes to fabricate the LIBs 
with high energy density. However, graphite is not suitable 
for the negative electrode material in sodium-ion batteries 
(SIBs). This is because the sodium-ion intercalation capaci-
ties of graphite are anomalously small mainly due to the 
lower theoretical sodium intercalation capacity of graphite 
compared to the other alkali metal intercalation capacities 
[3–5]. SIBs are recently studied as the post LIBs because 
the resources of SIBs are abundant and the cost of SIBs is 
expected to be lower than that of LIBs [6]. However, the 
energy density of SIBs is still lower than that of LIBs, and 
the energy density is needed to be improved for the practical 
application.

Our group previously studied the electrochemical reac-
tivity between sodium-ion and graphitic materials to take 
the hint for the application of graphite negative electrodes. 
As a result, we revealed that sodium-ion diffusion distance 
inside graphite was very short at room temperature [7]. In 
addition, reversible capacities of sodium-ion intercalation 
into graphitic materials can be increased using graphitic 
materials with small particle sizes like graphitized carbon 
nanosphere (GCNS) [8]. Carbon nanosphere (CNS) with 
small particle sizes was studied for electrode materials in 
the lithium-ion battery for high rate-use [9, 10] or spe-
cial capacitors [11, 12]. However, sodium-ion still didn’t 
intercalate into all spaces of GCNS. The diffusion coef-
ficients of sodium-ion inside graphitic materials was also 
investigated, but the diffusion coefficients seemed not to 
be so slow. Thus, the solid-state diffusion rate should not 
be the main factor of the small reactivity between sodium 
and graphitic materials [7, 8]. Hence, as the kinetic prop-
erties of sodium-ion intercalation into GCNS, not only 
solid-state diffusion but also interfacial sodium-ion trans-
fer between graphitic materials and electrolytes should 
be investigated to promote electrochemical sodium-ion 
intercalation.
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In the case of LIBs, resistances of interfacial lithium-
ion transfer between electrodes and electrolyte solutions 
have been studied for many years. The resistances of inter-
facial lithium-ion transfer are dominant in internal resist-
ance of batteries at around the room temperature [13]. It 
was reported that the kinetics of lithium-ion transfer at the 
interface between negative electrodes and electrolyte solu-
tions was influenced by the interaction between lithium-ion 
and solvents, counter anions or SEI in common organic 
electrolyte solutions, organic electrolyte solutions with film 
forming additives or bis(trifluoromethanesulfonyl)amide 
(TFSA) anion type ionic liquid based electrolyte solutions, 
respectively [14–16]. This tendency is also confirmed for 
the interfacial lithium-ion transfer at the model interface 
between solid electrolytes and liquid electrolytes [17]. The 
activation energies of sodium-ion transfer at the interface 
between solid electrolytes and liquid electrolytes were also 
reported. However, the kinetics of sodium-ion transfer was 
determined not by solvation ability of solvents but by inter-
action between sodium-ion and solid electrolytes unlike 
the case of interfacial lithium-ion transfer reaction [18]. In 
addition, the activation energies were relatively small when 
sodium super ionic conductor (NASICON) was used as a 
solid electrolyte, suggesting that the interaction between 
sodium-ion and organic solvents is weaker than the interac-
tion between lithium-ion and solvents [18]. Some groups 
investigated the interfacial sodium-ion transfer reaction 
between positive electrodes and electrolytes [19, 20]. In 
these reports, the activation energies of sodium-ion transfer 
resistances were sometimes as large as those of lithium-ion 
transfer resistances. However, the reason of larger activation 
energies of sodium-ion transfer resistances between elec-
trodes and electrolytes than those between solid electrolyte 
and liquid electrolyte was still unclear and there was no clear 
consensus about the mechanism of interfacial sodium-ion 
transfer reaction. In addition, interfacial sodium-ion trans-
fer reaction at the interface between graphitic materials and 
electrolyte solutions have not been studied well.

In this study, the activation energies of sodium-ion trans-
fer at the interface between GCNS and organic electrolyte 
solutions were investigated to reveal the kinetic properties of 
the interfacial sodium-ion transfer reaction. EC-based elec-
trolytes with high concentration and fluoroethylene carbon-
ate (FEC) based electrolytes were used to make stable SEI 
because stable SEI is necessary to conduct the electrochemi-
cal impedance spectroscopy. As the comparison, interfacial 
lithium-ion transfer reaction at the interface between GCNS 
electrode and organic electrolyte solutions were investigated 
beforehand. In addition, the effect of the structural difference 
of CNSs prepared at different temperature for interfacial 
lithium/sodium-ion transfer reaction was also investigated 
because the defects in the graphitic materials [21, 22] and 
the gaps between graphene layers inside graphitic materials 

[23, 24] influence the diffusion of lithium/sodium-ion. Our 
group previously reported that the sodium-ion insertion and 
diffusion inside CNSs seemed to be promoted using CNSs 
treated at low temperature due to the defects and large inter-
layer distances [8]. In this study, we focused on the interfa-
cial lithium/sodium-ion transfer reaction using CNSs pre-
pared at different temperature.

2  Experimental

Electrochemical measurements were carried out using 
a three-electrode cell. A carbon nanosphere [9] com-
posite electrode (CNS (700–800 nm, Tokai carbon Co., 
Ltd.):Polyvinylidene difluoride = 8:2) was used as a work-
ing electrode. CNS was treated at 2900 °C and 1100 °C 
and denoted as CNS-2900 and CNS-1100, respectively. 
For sodium system, Ag/Ag+ electrode (silver wire 
immersed into EC + dimethyl carbonate (DMC)(1:1 by 
vol.) (Kishida Chemical Co., Ltd.) mixture containing 
0.2 mol kg−1 sodium bis(trifluoromethanesulfonyl)amide 
(NaTFSA, Kishida Chemical Co., Ltd.) and 0.04 mol kg−1 
silver trifluoromethanesulfonate (Sigma Aldrich)) was 
used as a reference electrode and a natural graphite com-
posite electrode (natural graphite:Polyvinylidene dif-
luoride = 9:1) was used as a counter electrode. For lithium 
system, lithium metals were used as reference and coun-
ter electrodes. Electrolyte solutions for sodium systems 
were fluoroethylene carbonate (FEC) (Tomiyama Pure 
Chemical Industries) containing 0.7 mol kg−1 NaTFSA 
and EC + DMC (1:1 by vol.) (Kishida Chemical Co., 
Ltd.) mixture containing 4 mol kg−1 NaTFSA. Electro-
lyte solutions for lithium systems were FEC containing 
0.7 mol kg−1 lithium bis(trifluoromethanesulfonyl)amide 
(LiTFSA, Kishida Chemical Co., Ltd.) and EC + DMC (1:1 
by vol.) mixture containing 0.9 or 4 mol kg−1 LiTFSA. The 
potentials of silver reference electrodes in sodium systems 
were calibrated by measuring the redox potential of fer-
rocene in each electrolyte containing 3 mmol kg−1 fer-
rocene (Alfa Aesar). Hereafter, all potentials in sodium 
systems and in lithium systems are referred to as Fc/Fc+ 
and Li/Li+, respectively. Cyclic voltammetry (CV) was 
conducted between open circuit potential (OCV) and vari-
ous potentials, and the scan rate was set at 0.1 mV s−1. 
Electrochemical impedance spectroscopy (EIS) was car-
ried out with ac amplitude of 10 mV in a frequency range 
of 100  kHz − 1  MHz at various temperatures ranging 
from 30 to 10 °C. The cells were assembled in an Ar-
filled glove box. All electrochemical measurements were 
carried out using HSV-100 (HOKUTO-DENKO) and 
Solartron 1470E + 1400A (Solartron Analytical). Scan-
ning electron microscope (SEM) and X-ray diffraction 
(XRD) were used for structural characterization of CNSs 
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using S-3000H (Hitachi High-Tech Fielding Corp.) and 
RINT2200 (RIGAKU).

3  Results and discussion

3.1  Structural characterization of CNSs

Figure 1 shows the XRD patterns of CNS-2900 and CNS-
1100. From the XRD patterns, CNS-2900 had the highly 
graphitized structure with the sharp 002 line. Interlayer 
distance of graphene layers (d002), La, and Lc in CNS-2900 
were reported to be 0.338 nm, 68 nm and 37 nm, respec-
tively [9]. On the other hand, CNS-1100 didn’t have 002 
line clearly, and had the amorphous and low-graphitized 
structure. Figure 2 shows the SEM images of CNS-2900 
and CNS-1100 composite electrodes. CNS-2900 had the 
polygon shape covered with highly graphitized basal 
planes as previously reported in the literature [9, 10]. Pre-
viously, the existence of edge plane at the corner of GCNS 

was reported from TEM images [9, 10]. Hence, lithium/
sodium-ion can intercalate into CNS-2900 mainly from 
the edge plane at the corner. CNS-1100 had the spherical 
shape indicating the coverage by bent basal planes derived 
from low graphitization degree, and lithium/sodium-ion 
intercalates into CNS-1100 from the surface of CNS-1100.

3.2  Lithium‑ion transfer reaction at the interface 
between GCNS composite electrodes/organic 
electrolyte solutions

Firstly, electrochemical properties of CNS-2900 com-
posite electrodes in electrolytes containing lithium-ion 
were investigated. Figure 3 shows the CVs of CNS-2900 
composite electrodes in 0.9 and 4  mol  kg−1 LiTFSA/
EC+DMC(1:1 by vol.) and 0.7 mol kg−1 LiTFSA/FEC. 
The irreversible currents were observed only in the first 
cycle, suggesting the formation of SEI on GCNS elec-
trodes in all of electrolytes. The redox peaks also appeared 
in all of the electrolytes, and were assigned to the revers-
ible lithium-ion insertion into/from CNS-2900.

Figure 4 shows the Nyquist plots of CNS-2900 compos-
ite electrode in 0.9 and 4 mol kg−1 LiTFSA/EC+DMC(1:1 
by vol.) and 0.7 mol kg−1 LiTFSA/FEC. Two semi-circles 
appeared at the high frequency and the middle frequency 
regions in 0.9 mol kg−1 LiTFSA/EC+DMC(1:1 by vol.) 
and 0.7 mol kg−1 LiTFSA/FEC at 0.8–0.2 V vs. Li/Li+. 
The semi-circles at the high frequency region were inde-
pendent on the potential of electrodes, but the semi-cir-
cles at the middle frequency region were dependent on 
the potential. In the study of highly oriented pyrolytic 
graphite (HOPG) model electrodes, the semi-circles at 
the middle frequency region were assigned to lithium-
ion transfer resistance based on the potential dependence 
[25]. Hence, the semi-circles at the high frequency region 
and at the middle frequency region were mainly assigned 
to SEI resistance and charge-transfer resistance, respec-
tively. The capacitances of lithium-ion transfer resistances 
of CNS-2900 electrodes seemed to be around 0.5 mF by Fig. 1  XRD patterns of a CNS-2900 and b CNS-1100 composite 

electrodes

Fig. 2  SEM images of a CNS-
2900 and b CNS-1100 compos-
ite electrodes
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the fitting of Nyquist plots. In addition, after conducting 
cyclic voltammetry, only the semi-circle at the high fre-
quency was observed at open circuit potential, where lith-
ium-ion intercalation reaction didn’t proceed, suggesting 
that the semi-circle at the high frequency region is mainly 
derived from the existence of SEI. In these Nyquist plots, 
the straight line at the high frequency region derived from 
ionic resistances in pours of composite electrodes [13] was 
not clearly observed, indicating that the ionic resistances 
were negligible in our study. Only one semi-circle was 
observed at the middle frequency region in 4 mol kg−1 
LiTFSA/EC+DMC(1:1 by vol.) at 0.8–0.2 V vs. Li/Li+. 
As for the concentrated electrolytes, this semi-circle was 
mainly assigned to charge-transfer resistance based on the 
potential dependence. The SEI resistance seemed to be 
negligible in this concentrated electrolyte. This is prob-
ably because the SEI in the concentrated electrolyte is 
more stable than in 0.9 mol kg−1 LiTFSA/EC+DMC(1:1 
by vol.) and the passivation by the SEI formation might 
be minimized.

The activation energies of interfacial lithium-ion transfer 
resistances at the interface between GCNS and electrolyte 
solutions were investigated. Figure 5 shows the tempera-
ture dependence of charge-transfer resistances of CNS-
2900 composite electrodes in 0.9 and 4 mol kg−1 LiTFSA/
EC+DMC(1:1 by vol.) and 0.7 mol kg−1 LiTFSA/FEC. The 
activation energy in 0.9 mol kg−1 LiTFSA/EC+DMC(1:1 by 
vol.) was 49–60 kJ mol−1, suggesting the rate determining 
step was de-solvation process like the case of HOPG [25]. 
The activation energy in 4 mol kg−1 LiTFSA/EC+DMC(1:1 
by vol.) was 66–71 kJ mol−1 and very large. It indicated 
that the kinetics of interfacial lithium-ion transfer reaction 
in concentrated electrolytes was controlled by the interac-
tion between lithium-ion and anion. Lastly, the activation 
energy in 0.7 mol kg−1 LiTFSA/FEC was 53–59 kJ mol−1. 
This value was much larger than the activation energy of 
interfacial lithium-ion transfer resistance at the interface 
between FEC-based electrolyte solution and solid electro-
lyte (31.5 kJ mol−1) [17]. Hence, this activation energy was 
not derived from the de-solvation of FEC. After forming 

(a) (b) (c)

Fig. 3  Cyclic voltammograms of CNS-2900 composite electrode in a 0.9, b 4 mol kg−1 LiTFSA/EC+DMC(1:1 by vol.) and c 0.7 mol kg−1 
LiTFSA/FEC at a scan rate of 0.1 mV s−1

(a) (b) (c)

Fig. 4  Nyquist plots of CNS-2900 composite electrode in a 0.9, b 4 mol kg−1 LiTFSA/EC+DMC(1:1 by vol.) and c 0.7 mol kg−1 LiTFSA/FEC
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SEI on graphite electrode in electrolyte solutions contain-
ing electrolyte additives, the activation energy of lithium-
ion transfer resistance at the interface between graphite 
and electrolyte solutions was determined by the interaction 
between lithium-ion and SEI. [16] Based on this report, the 
activation energy in FEC-based electrolytes also seemed to 
be determined by the interaction between lithium-ion and 
FEC derived SEI. These results were consistent with the 
previous reports of graphite [14–16], which means the accu-
racy of calculating activation energies using these composite 
electrodes was enough.

3.3  Sodium‑ion transfer reaction at the interface 
between CNS composite electrodes/organic 
electrolyte solutions

Figure 6 shows the CVs of CNS-2900 composite elec-
trodes in 4 mol kg−1 NaTFSA/EC+DMC(1:1 by vol.) and 
0.7 mol kg−1 NaTFSA/FEC. The irreversible currents were 
observed in all of the electrolytes, and most of the irrevers-
ible currents disappeared after the 2nd cycle, indicating the 

formation of SEI on CNS electrodes at the same manner 
of lithium-ion system. Compared with the dilute EC-based 
electrolyte [8], concentrated EC-based electrolytes and 
FEC-based electrolytes formed the SEI with higher stabil-
ity because the coulombic efficiencies of these electrolytes 
were better than that of the dilute EC-based electrolytes. 
The redox peaks also appeared in these electrolytes, and 
were assigned to the reversible sodium-ion insertion into/
from CNS-2900.

Figure 7 shows the Nyquist plots of CNS-2900 com-
posite electrode in 4 mol kg−1 NaTFSA/EC+DMC (1:1 by 
vol.) and 0.7 mol kg−1 NaTFSA/FEC. Only one semi-circle 
appeared at the middle frequency region in 4 mol kg−1 
NaTFSA/EC+DMC (1:1 by vol.) and 0.7  mol  kg−1 
NaTFSA/FEC. This semi-circle at the middle frequency 
region was assigned to the charge-transfer resistance like 
the case of other carbon negative electrodes [26]. The SEI 
resistance seemed to be negligible in these electrolytes. In 
this study, dilute EC-based electrolyte was not examined 
because the impedance measurement couldn’t be con-
ducted properly by the instability of SEI. The capacitances 

(a) (b) (c)

Fig. 5  Temperature dependence of charge-transfer resistances of CNS-2900 composite electrodes in a 0.9, b 4 mol kg−1 LiTFSA/EC+DMC(1:1 
by vol.) and c 0.7 mol kg−1 LiTFSA/FEC

Fig. 6  Cyclic voltammograms 
of CNS-2900 composite elec-
trode in a 4 mol kg−1 NaTFSA/
EC+DMC(1:1 by vol.) and b 
0.7 mol kg−1 NaTFSA/FEC at a 
scan rate of 0.1 mV s−1

(a) (b)
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of sodium-ion transfer resistances of CNS-2900 electrodes 
seemed to be around 0.1 mF by the fitting of Nyquist plots. 
These values were smaller than the capacitances of lithium 
system.

Next, the activation energies of interfacial sodium-ion 
transfer resistances at the interface between GCNS and 
electrolyte solutions were investigated. Figure 8 shows the 
temperature dependence of charge-transfer reactions of 
CNS-2900 composite electrodes in 4 mol kg−1 NaTFSA/
EC+DMC(1:1 by vol.) and 0.7 mol kg−1 NaTFSA/FEC. The 
activation energy in 4 mol kg−1 NaTFSA/EC+DMC(1:1 by 
vol.) was 73–76 kJ mol−1 and very large. The activation 
energy in 0.7 mol kg−1 NaTFSA/FEC was 54–61 kJ mol−1. 
These values seemed to be almost equivalent to the values 
of interfacial lithium-ion transfer and much larger than 
the expected activation energies of interfacial sodium-ion 
transfer resistance determined by the interaction between 
sodium-ion as weak Lewis acid and solvent or anion, etc., 
as Lewis base. The reason for the large activation energies 
of interfacial sodium-ion transfer resistance might be the 
higher energy of the transition state compared with interfa-
cial lithium-ion transfer. In addition, the activation energy 
in concentrated electrolytes was larger than the activation 

energies in dilute FEC-based electrolytes. These results 
mean that the activation energies of interfacial sodium-ion 
transfer resistances at the interface between GCNSs and 
electrolyte solutions are different from the case of model 
interface and influenced by the composition of electro-
lytes. Based on these results, not concentrated electrolytes 
but dilute FEC-based electrolytes seemed to be desirable 
to promote sodium-ion intercalation into graphitic materi-
als from the view of activation energies. The reason for the 
larger activation energy in concentrated electrolytes might 
be the large interaction between sodium-ion and anion or the 
much higher energy of the transition state. The energy of the 
transition state might increase by the influence of SEI or the 
structural influence of CNSs.

3.4  Lithium/sodium‑ion transfer reaction 
at the interface between low crystallized CNS 
composite electrodes/organic electrolyte 
solutions

Finally, electrochemical properties of CNS-1100 compos-
ite electrodes in FEC-based electrolytes containing lithium/
sodium-ion were investigated because CNS-2900 composite 

Fig. 7  Nyquist plots of CNS-
2900 composite electrode 
in a 4 mol kg−1 NaTFSA/
EC+DMC(1:1 by vol.) and b 
0.7 mol kg−1 NaTFSA/FEC

(a) (b)

Fig. 8  Temperature dependence 
of charge-transfer resistances of 
CNS-2900 composite electrodes 
in a 4 mol kg−1 NaTFSA/
EC+DMC(1:1 by vol.) and b 
0.7 mol kg−1 NaTFSA/FEC

(a) (b)
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electrodes showed relatively small activation energies for 
both lithium and sodium systems in FEC-based electrolyte 
solutions. Figure 9 shows the CVs of CNS-2900 composite 
electrodes in 0.7 mol kg−1 LiTFSA/FEC and 0.7 mol kg−1 
NaTFSA/FEC. The redox peaks clearly appeared at low 
potentials near the redox potentials of lithium/sodium 
metals in both FEC-based electrolytes, and were assigned 
to the reversible lithium/sodium-ion insertion into/from 
CNS-1100.

Figure 10 shows the Nyquist plots of CNS-1100 compos-
ite electrode in 0.7 mol kg−1 LiTFSA/FEC and 0.7 mol kg−1 
NaTFSA/FEC. The semi-circles at the middle frequency 
region were mainly assigned to charge-transfer resistance 
like the case of CNS-2900. The capacitances of lithium and 
sodium-ion transfer resistances of CNS-1100 electrodes 
seemed to be around 0.1 mF and 0.05 mF by the fitting 
of Nyquist plots, respectively. These values were smaller 
than those of CNS-2900. Figure 11 shows the tempera-
ture dependence of charge-transfer reactions of CNS-1100 
composite electrodes in 0.7 mol kg−1 LiTFSA/FEC and 

0.7 mol kg−1 NaTFSA/FEC. The activation energy for CNS-
1100 in 0.7 mol kg−1 LiTFSA/FEC was 51 kJ mol−1 and near 
the value of activation energy for CNS-2900. The activation 
energy in 0.7 mol kg−1 NaTFSA/FEC was 60–63 kJ mol−1 
and also near the value of activation energy for CNS-2900. 
These values indicated that the activation energies of lith-
ium/sodium-ion transfer resistances seem not to be depend-
ent on the graphitization degree unlike the cases of solid-
state diffusion inside graphitic materials. Therefore, the rate 
determining step of interfacial lithium-ion transfer reaction 
of CNS-1100 seemed to be the same as that of CNS-2900. In 
addition, the energy of transition state in interfacial sodium-
ion transfer reaction might be influenced by SEI resulting in 
the larger activation energies of interfacial sodium-ion trans-
fer resistance than the expected values based on the simple 
interaction between sodium-ion and solvents or anions.

Fig. 9  Cyclic voltammograms 
of CNS-1100 composite elec-
trode in a 0.7 mol kg−1 LiTFSA/
FEC and b 0.7 mol kg−1 
NaTFSA/FEC at a scan rate of 
0.1 mV s−1

(a) (b)

Fig. 10  Nyquist plots of CNS-
1100 composite electrode in a 
0.7 mol kg−1 LiTFSA/FEC and 
b 0.7 mol kg−1 NaTFSA/FEC

(a) (b)
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4  Conclusion

The interfacial lithium-ion and sodium-ion transfer reaction 
at the interface between CNS-2900 or CNS-1100 electrodes 
and electrolyte solutions were investigated. From the cyclic 
voltammograms, both lithium/sodium-ion intercalation into/
from CNS-2900 can proceed in all of the electrolytes. In 
the Nyquist plots, the semi-circles at the high frequency 
region derived from the SEI resistance and the semi-circles 
at the middle frequency region owing to the charge-transfer 
resistance appeared. The values of activation energies of 
the interfacial lithium-ion transfer suggested that the inter-
facial lithium-ion transfer was influenced by the interaction 
between lithium-ion and solvents, anions or SEI like the 
case of model carbon electrodes. The activation energies 
of the interfacial sodium-ion transfer were different from 
the activation energies of interfacial sodium-ion transfer at 
the model solid electrolyte/liquid electrolyte. The activation 
energies of the interfacial lithium/sodium-ion transfer of 
CNS-1100 in FEC-based electrolyte solutions were almost 
the same as those of CNS-2900.
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