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Abstract The electrochemical behaviors of copper current

collector in 1-alkyl-3-methylimidazolium bis[(trifluoro-

methyl)sulfonyl] imide ionic liquid electrolytes were

investigated and compared with that in ethylene carbonate/

dimethyl carbonate solutions. Cyclic voltammetry results

showed that large oxidation–reduction current of the copper

foil appeared in ethylene carbonate/dimethyl carbonate

solutions, while a much smaller current in the room tem-

perature ionic liquid electrolytes decreased gradually, indi-

cating that the copper foil was anodically stable. Further

study by X-ray photoelectron spectroscopy analysis showed

that an unstable product was composed mainly of the car-

bonate and carbonyl species on the surface of the copper foil

after the electrochemical measurement in ethylene carbon-

ate/dimethyl carbonate solutions, leading to the dissolution

of the copper foil. While a better passivating film from the

reduction of the anions in the room temperature ionic liquid

electrolytes covered the surface of copper foil and protected

the copper foil from being oxidized even in a higher poten-

tial. These results indicate that the use of room temperature

ionic liquid electrolytes can improve the stability of copper

current collector in the advanced lithium ion batteries.

Keywords Lithium ion battery � Copper current

collector � Corrosion � Ionic liquid � Electrolytes

1 Introduction

Copper (Cu) is commonly used as the anodic current col-

lector for negative electrodes in lithium ion batteries. It

plays an important role in exchanging electrons between

the electrode materials and the external circuit. However,

Cu current collector may be subjected to the corrosion

during the charge/discharge processes, which can degrade

the performance and worsen the safety of lithium ion bat-

teries. P. Arora et al. [1] have summarized the capacity

fading mechanisms in lithium ion batteries including the

dissolution of Cu current collector. Further research [2] by

Yang et al. showed that the dissolved Cu ions from the

current collector precipitated as Cu oxides on the carbon

surface, which blocked the normal intercalation of lithium

ions and led to the capacity fading of lithium ion batteries.

Besides, Aurbach and Cohen [3] suggested that copper

in LiAsF6-PC was not completely inert at open-circuit

potential (OCP) and contaminants might oxidize the cop-

per. Also, Zhao et al. [4] have reported that the dissolution

of copper in ternary organic mixture containing LiPF6

appeared at about 3.5 V versus Li?/Li, which was less than

0.5 V above the OCP of the electrode. Although other

study has described that the corrosion of copper could not
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be realized on the negative electrode on account of that the

upper limit of its potential is estimated to be 1.5 V versus

Li?/Li in most practical uses of the commercial lithium ion

batteries [5], the dissolution of Cu current collector is still

inevitable to occur during the overdischarged process [4],

especially for lithium ion batteries with high voltage

cathodic materials [6], the copper current collector for

negative electrodes may reach a potential high enough to

be corroded at the end of the discharge process. Therefore,

it is necessary to investigate the stability of copper current

collector in the electrolytes which is used to improve the

performance of lithium ion battery.

Organic-based electrolytes have been widely used in

lithium ion batteries. Owing to their flammability and vola-

tility, their use in lithium ion battery is limited, especially for

those advanced lithium ion batteries used as the power

source of the electric vehicle (EV) and other large-scale

power systems [7, 8]. Recently, room temperature ionic

liquids (RTILs) have received considerable attentions due to

their excellent properties, such as high thermal stability, non-

flammability, low vapor pressure, and wide electrochemical

window [9–14], etc. Among these RTILs, the imidazolium-

based room temperature ionic liquids are most commonly

used owing to their relatively easy synthesis, considerable

ion conductivity as 10-2 S cm-1 and so on. Besides, lithium

bis[(trifluoromethyl)sulfonyl] imide [LiN(CF3SO2)2, LiT-

FSI] salt has great thermal, hydrolytic stability, good con-

ductivity, and high electrochemical stability. These RTILs

containing LiTFSI can be potentially used as a good candi-

date for lithium ion batteries [15–17]. However, up to now,

there were few reports studying the current collector

behaviors in these RTIL electrolytes. In the previous report,

we have showed that the Al cathode current collector was

stable in a series of 1-alkyl-3-methylimidazolium bis[(tri-

fluoromethyl) sulfonyl] imide ionic liquid electrolytes [18],

whereas the electrochemical behaviors of the Cu anode

current collector in these RTIL electrolytes are still unclear.

In this article, the electrochemical behaviors of the Cu

current collector were studied in 1-alkyl-3-methylimida-

zolium bis[(trifluoromethyl)sulfonyl] imide ionic liquid

electrolytes. The results were compared with that in eth-

ylene carbonate (EC)/dimethyl carbonate (DMC) solutions

to find more suitable electrolytes with better compatibility

between the RTILs and Cu current collector. In this study,

cyclic voltammetry (CV), scanning electron microscopy

(SEM), and X-ray photoelectron spectroscopy (XPS) were

used for characterization.

2 Experimental

LiTFSI salt (99.9%, Morita) was dried under vacuum at

120 �C for 24 h prior to use. Room temperature ionic

liquids based on TFSI- anion, 1-ethyl-3-methylimidazo-

lium bis[(trifluoromethyl)sulfonyl] imide (EMI-TFSI), and

1-butyl-3-methylimidazolium bis[(trifluoromethyl)sulfo-

nyl] imide (BMI-TFSI) were prepared in our laboratory

according to the procedures in the previous studies [19,

20]. Before making solutions, these RTILs were treated

with molecular sieves (4 Å) for 2 days to dehydrate so that

water content in them was less than 30 ppm which was

determined by Karl Fisher titration method (Fig. 1 shows

their chemical structures). LiTFSI salt was dissolved in

EMI-TFSI, BMI-TFSI, and EC/DMC (1:1 in vol., 98%,

Zhangjiagang Guotai Huarong New Chemical Materials

Co. Ltd.) to make 1 mol dm-3 (M) solutions, respectively.

The electrochemical behaviors of the Cu current col-

lector were investigated using CHI 604B electrochemical

work-station (CH Instruments, USA). A standard cell

(inner volume: 10 cm3) with three isolated electrodes was

applied in this experiment. A specimen of Cu foil (13 lm

thickness, 99.9%) was cut into small pieces as tape elec-

trodes with dimensions of 50 mm 9 50 mm exposed to the

electrolytes. After Cu foil was degreased in acetone for

30 min and dried at room temperature under vacuum, it

was electropolished at an anodic constant potential of

2.0 V in a phosphoric acid solution for about 15 min. It

was then rinsed thoroughly in a 10% phosphoric acid

solution and deionized water. Finally, Cu foil was dried at

room temperature under vacuum for 48 h. The treated

copper foil, lithium foil, and lithium foil were used as

working electrode, reference, and counter electrodes,

respectively. Cyclic voltammetry of the copper foil in each

electrolytes mentioned above was performed for three

times with a potential scan rate of 10.0 mV s-1. Before the

experimental, the electrochemical windows of the electro-

lytes were tested using linear sweep voltammetry (LSV)

under a scan rate of 10.0 mV s-1. In this scan, a platinum

(Pt) disk with 2 mm diameter and two pieces of Li foils

were used as working electrode, reference, and counter

electrodes, respectively. In this article, all potentials were

relative to the standard potential of Li?/Li. The electro-

lytes preparation processes and the electrochemical

measurements were conducted in UNiLab glove box
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Fig. 1 Chemical structures of the RTILs
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([O2] \ 20 ppm, [H2O] \ 20 ppm) filled with argon (Ar)

atmosphere at ambient temperature.

After the electrochemical measurements, the copper

foils were well rinsed by the dimethyl carbonate (DMC)

solvent and then dried at room temperature under vacuum

for 24 h. These copper foils were then transferred in a

portable sealed carrier from the Ar-filled glove box to the

sample holder of SEM (LEO 1530, Oxford Instrument)

chamber to observe their surface morphology.

X-ray photoelectron spectroscopy (XPS) measurement

was applied to analyze the composition on the surface of

copper foils after the electrochemical measurements. A

sample preparation was conducted using a similar method

with the SEM observation. The analysis chamber of XPS

(Quantum 2000, Physical Electronics) was kept at

5 9 10-8 Pa and Al Ka line was used as an X-ray source

which operated at 8 mA and 2 kV to obtain the spectra of

each element existing on the surface of copper foils after the

electrochemical measurements.

3 Results and discussion

3.1 Electrochemical behaviors of Cu foil electrode

in the RTIL electrolytes and the EC/DMC solutions

In order to study the electrochemical behaviors of Cu foil

in the electrolytes, the electrochemical windows of EC/

DMC containing 1 M LiTFSI and the RTILs were tested at

the beginning. As shown in Fig. 2, the reduction and the

oxidation potentials of the RTILs occurred at around 1.5

and 6.0 V, while the corresponding potentials of the EC/

DMC solutions were found at about 0.5 and 5.7 V,

respectively. These results were in good agreement with

the previous reports [18, 21]. Almost no current was

observed obviously in the potential range of 1.5–5.5 V for

above electrolytes, which indicated that no more electro-

lytes degradation considerably occurred.

Cyclic voltammetry (CV) was performed in the potential

range of 1.5–5.5 V to investigate the electrochemical

behaviors of the Cu current collector in the electrolytes.

Figure 3 showed the anodic behaviors of the Cu foil in EC/

DMC solutions and the RTILs containing 1 M LiTFSI.

During the anodic potential sweep from 3.0 to 3.8 V, no

more electrolytes degradation occurred obviously. While

for the EC/DMC solutions shown in Fig. 3a, a sharp con-

tinuous current rise at about 3.5 V, which was ascribed to

the oxidation of the Cu foil. In the reverse scan, the

reduction of the Cu ion was observed at around 3.4 V [4,

22]. Similar results also appeared in LiPF6 and LiClO4-

based electrolytes [4, 5]. These phenomena showed that

copper current collector was prone to oxidation in the

organic electrolytes at the potentials of around 3.5 V.

Therefore, the potentials of negative electrodes in the

batteries should be limited to about 3.5 V. Besides, the

current density of the Cu foil in the EC/DMC solutions

slightly increased during the following sweeps, which

indicated that the Cu foil was not stable and its corrosion

occurred in the EC/DMC solutions. It is disadvantageous

because the dissolved copper will plate on surface of the

carbon anode during the charge/discharge processes,

leading to degradation of the performance of lithium ion

batteries. For the RTIL electrolytes shown in Fig. 3b and c,

a weaker anodic current at about 3.4 V was observed,

compared with that of the EC/DMC solutions. It rapidly

decreased during the following cycles, which suggested

that the Cu foil was stable in the RTIL electrolytes. The

reason was that a protective film might form on the surface

of Cu foil in the RTIL electrolytes during the potential

sweeps and it suppressed the oxidation of the Cu foil as a

result. The stability of the Cu current collector in the RTIL

electrolytes can improve the safety of lithium ion batteries

during the charge/discharged processes, especially at an

over-discharged state. For example, when a practical lith-

ium ion battery containing LiCoO2 was over-discharged to

*0.4 V, copper corrosion would occur in EC/DMC solu-

tions while not in the RTIL electrolytes since the Eanode

reached *3.4 V, based on the fact that OCP of fully dis-

charged LixCoO2 is *3.8 V [23].

Cyclic voltammetry was also performed to investigate

the reduction of the electrolytes on the surface of the Cu

foil during the cathodic scan. The voltammetric response of

the Cu foil in EC/DMC solutions from 3.0 to 0.0 V was

shown in Fig. 4a, obvious reduction peaks at around 0.3

and 0.8 V appeared, which were attributed to the reduction

of the solvents in the electrolytes [24]. While the other

reduction peaks at about 1.2 V was assigned to the
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Fig. 2 Linear sweep voltammetry on platinum at EC/DMC contain-

ing 1 M LiTFSI and RTILs (sweep rate: 10.0 mV s-1)
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reduction of residual moisture in the electrolytes [25].

When the potential reached 0.0 V, a reduction peak was

observed, which was followed by a very small oxidation

peak at about 1.0 V and a broad peak near 1.5 V in the

reverse scan. Compared with that in the RTIL electrolytes

shown in Fig. 4b and c, the oxidation peak at around 1.0 V

was absent in the RTIL electrolytes, indicating that this

oxidation peak might be ascribed to the reverse reaction of

the reduction products of the solvents at 0.3 and 0.8 V.
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Fig. 3 Cyclic voltammograms for Cu foil electrode in 1 M LiTFSI–

EC/DMC (a); 1 M LiTFSI–EMI-TFSI (b); 1 M LiTFSI–BMI-TFSI

(c) (sweep potential range: 3.0–3.8 V; scan rate: 10.0 mV s-1)
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Fig. 4 Cyclic voltammograms for Cu foil electrode in 1 M LiTFSI–

EC/DMC (a); 1 M LiTFSI–EMI-TFSI (b); 1 M LiTFSI–BMI-TFSI

(c) (sweep potential range: 3.0–0.0 V; scan rate: 10.0 mV s-1)

656 J Appl Electrochem (2010) 40:653–662

123



Besides, the other typical peaks at 0.0 V and *1.5 V

appeared during the potential sweeps in the RTIL electro-

lytes. The peak at 0.0 V might not be assigned to the

reduction of the lithium ion because the dissolution of

lithium in the EMI-TFSI electrolytes happened at -0.5 V.

Moreover, the oxidation peak of lithium ion at the potential

of *0.25 V did not present in the reverse scan [26].

Consequently, these two peaks might be related to the

reduction and the reverse reaction of the reduction products

of N(SO2CF3)2
- anion which existed in both electrolytes.

The peak at around 2.0 V in both kinds of electrolytes

systems was ascribed to the oxidation of the Cu to Cu?

[27]. The different CV features of the Cu foil in the RTIL

electrolytes and EC/DMC solutions suggested that almost

no electrolytes degraded greatly during the potential

sweeps in the RTIL electrolytes, which may be useful to

enhance the safety of lithium ion batteries, especially at an

over-charged state.

In oreder to further evaluate the influence of the

reduction of the electrolytes on the electrochemical

behaviors of the Cu current collector, the CVs of the Cu

foil both in the EC/DMC solutions and in the RTIL elec-

trolytes were carried out during the potential swept from

0.0 to 3.8 V. In the EC/DMC solutions, it was observed

that the anodic peak of the Cu foil at the potential around

3.5 V decreased gradually with the continual cycles

(Fig. 5a), which was opposite to the continuous increasing

CV features of the Cu foil in the same electrolytes during

the potential swept from 3.0 to 3.8 V. According to the

results from the preliminary experiments, no decreasing

tendency of the Cu oxidation peak near 3.5 V took place

during the cathodic scan with different switch potentials

until the reduction peaks appeared at around 0.3 and 0.8 V.

These phenomena revealed that some amounts of electro-

lytes reduced and formed some protection on the Cu foil.

These passivating film attenuated the further oxidation of

the Cu foil and thus the oxidation current of the Cu foil at

around 3.5 V decreased. Zhao et al. [4] have also showed

similar results that the passivating film formed on the

copper foil and gave some protection to suppress its oxi-

dation in ternary organic mixture containing LiPF6. Fig-

ure 5b and c showed the CVs of the Cu foil in the RTIL

electrolytes. A weaker oxidation current of the Cu foil

electrode in both RTIL electrolytes was observed com-

pared with that in the EC/DMC solutions, indicating that a

better film formed on the Cu foil electrode which inhibited

the further oxidation of the Cu foil. These results confirmed

that the reduction of the electrolytes during the potential

sweeps might provide some protection for Cu current

collector for lithium ion batteries.

In order to examine the stability of the protection

formed on the Cu foil during the potential sweeps in

EC/DMC solutions and the RTIL electrolytes, the potential

swept positively to 5.0 V. In the EC/DMC solutions, an

oxidation current of the Cu foil increased rapidly at about

4.0 V in the first cycle (Fig. 6a), implying the dissolution

of copper occurred on the Cu foil. However, a higher
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Fig. 5 Cyclic voltammograms for Cu foil electrode in 1 M LiTFSI–

EC/DMC (a); 1 M LiTFSI–EMI-TFSI (b); 1 M LiTFSI–BMI-TFSI

(c) (sweep potential range: 0.0–3.8 V; scan rate: 10.0 mV s-1)
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oxidation current occurred during the reverse potential

scans showed that the process was accompanied by a

corrosion step on the surface of the Cu foil. In the con-

tinuous cycles, the magnitude of the oxidation current

increased and the corrosion potential simultaneously shif-

ted negatively to a lower potential. These behaviors sug-

gested that a less effective protection film formed on the

surface of the Cu foil. Thus, it was prone to the breakdown

and the dissolution of the Cu foil appeared. In the experi-

ment, it was observed that the Cu foil was broken down and

large amounts of pits appeared on its surface after five

potential scans, indicating that serious Cu foil corrosion

occurred during the potential sweeps in the EC/DMC

solutions. Although the reduction of the electrolytes had

provided the limited protection for the Cu foil, the pro-

tective film was not stable and not enough to protect the Cu

foil from being eroded at the higher voltage. Whereas, in

the RTIL electrolytes, it was found that a weaker oxidation

current of the Cu foil presented and it decreased with the

following cycles. The oxidation current was less than

0.05 mA cm-2, much smaller than that in the EC/DMC

solutions. This is because the stable protective film on the

surface of the Cu foil, which came from the reduction of

the RTIL electrolytes during the cathodic scan, inhibited

the dissolution of the Cu foil even the potential up to 5.0 V.

Besides, similar shape of cyclic voltammograms of the Cu

foil suggested that the electrochemical behaviors on the

Cu foil were essentially same in both RTIL electrolytes.

Therefore, it can be concluded that the Cu foil is com-

pletely passivated in the RTIL electrolytes which can resist

higher anodic potential. The high stability of copper cur-

rent collector in the RTIL electrolytes can be available to

improve the safety of lithium ion batteries during the

overcharged process, especially for the stacks of batteries

during the reverse-charged state when some individual cell

encountered the mistaken way in the assemble processes.

3.2 Morphology of Cu foil electrode after

the electrochemical measurement

In order to investigate the formation of the passivating film

more clearly, the morphology of the Cu foil was observed

by SEM after multiple CV scans in the EC/DMC solutions

and the RTIL electrolytes. In addition, the morphology of a

raw copper foil (Fig. 7d) was also taken as a reference.

Figure 7a–c showed the SEM images of the Cu foil after

the potential sweeps from 0.0 to 3.8 V in the EC/DMC

solutions and the RTIL electrolytes. As shown in Fig. 7a,

some pits of 5–15 lm size were observed on the surface of

the Cu foil, indicating that the dissolution of the Cu foil

took place in the EC/DMC solutions, which led to the rise

of anodic current during the potential swept to about 3.5 V.

On the other hand, some solid products still formed on the

Cu foil surface after the potential scans in the EC/DMC

solutions. These compounds came from the reduction of

the electrolytes during the potential sweeps, and played a

role in attenuating the further corrosion of the Cu foil and
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Fig. 6 Cyclic voltammograms for Cu foil electrode in 1 M LiTFSI–

EC/DMC (a); 1 M LiTFSI–EMI-TFSI (b); 1 M LiTFSI–BMI-TFSI

(c) (sweep potential range: 0.0–5.0 V; scan rate: 10.0 mV s-1)
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induced the decrease of the oxidation current at about

3.5 V during the potential sweeps from 0.0 to 3.8 V.

However, this limited protective film was not stable enough

to protect the Cu foil from its corrosion over higher

potential. While for both EMI-TFSI and BMI-TFSI elec-

trolytes, morphologies of the copper foils (Fig. 7b and c)

showed that a deposited products film was formed on the

Cu foil substrate after the potential sweeps, which pro-

tected the Cu foil electrode from its further oxidation. As a

result, almost no obvious oxidation current of the Cu foil

was observed from the above CV response. This obeser-

vation indicated that the Cu foil surface was wholly pas-

sivated in both RTIL electrolytes after the electrochemical

measurements. Based on the above results, it can be con-

cluded that the above SEM images are in good agreement

with the CV results. Although the protection behaviors for

the Cu foil electrode were all observed in EC/DMC solu-

tion and RTIL electrolytes, higher oxidation current of the

Cu foil in the EC/DMC electrolyte than that in the RTIL

electrolytes, indicating that the dissolution of the Cu foil

still existed in EC/DMC solution and it competed with the

limited protection of the passivating film on the Cu foil.

Once the protection for the Cu foil did not suppress the

oxidation of the Cu foil, the copper corrosion happened. In

comparison, a better passivating film formed in both EMI-

TFSI and BMI-TFSI electrolytes, which was available to

protect the Cu foil from its further oxidation.

3.3 Character of the Cu foil surface after

the electrochemical measurement

In order to understand the complicated mechanism of

corrosion and passivation processes, the passivating film on

the Cu foil was analyzed by XPS measurement after the

electrochemical measurement in EC/DMC solutions and

the RTIL electrolytes. Additionally, high-resolution region

spectra were obtained by a least-square fitting of model

curve (XPSPEAK Version 4.0 software) after the removal

of Shirley-type background.

Figure 8 showed the XPS spectra of C1s, O1s, N1s, F1s,

Cu2p, and S2p for the Cu foil after the potential sweeps from

0.0 to 3.8 V in three electrolytes, and the XPS binding

energies were summarized in Table 1. According to the XPS

spectra, the most difference between the EC/DMC solutions

and the RTIL electrolytes was the signal of C1s and O1s

spectra. As for the C1s spectra, the presence of species

associated with C–C/C–H at 285.0 eV, C–O at 286.6 eV,

and CO3
2- or ROCO2Li at 289.0 eV [28] were found in all

three electrolytes. However, the intensity of C1s peak at

289.0 eV was higher in the EC/DMC solutions than that in

the RTIL electrolytes, showing that almost no oxalates pre-

sented on the Cu foil surface after the potential sweeps in

both RTIL electrolytes. Several mechanisms in following

Eqs. 1–3 have been reported to explain their formation [29].

In the EC/DMC solutions, some solvents (such as EC and

Fig. 7 SEM images of Cu foil

electrode surface after the

potential scanning from 0.0 to

3.8 V in 1 M LiTFSI–EC/DMC

(a); 1 M LiTFSI–EMI-TFSI (b);

1 M LiTFSI–BMI-TFSI (c) and

raw copper foil (d)
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DMC) and their reduction products (Li2CO3 and CH3O-

CO2Li) accounted for the appearance of three C1s peaks,

while only the C1s peaks at 285.0 and 286.6 eV suggested the

residual of DMC solvent after the rising process on the sur-

face of the Cu foil in the RTIL electrolytes.

EC: ðCH2OÞ2COþ 2e� þ 2Liþ ! Li2CO3 þ C2H4 ð1Þ

DMC: CH3OCO2CH3 þ 2e� þ 2Liþ ! Li2CO3 þ C2H6

ð2Þ

DMC: 2CH3OCO2CH3 þ 2e� þ 2Liþ

! 2CH3OCO2Liþ C2H6

ð3Þ

Peaks presented in the O1s high-resolution region spec-

trum were identified as CO3
2- or SO2 at 532.5 eV [30], C=O

at 531.5 eV and Cu2O or CuO at 530.2 eV [31]. These peaks

were all observed on the surface of the Cu foil after the

electrochemical measurement in three electrolytes. How-

ever, a newly XPS spectra peak at 528.5 eV, which was

ascribed to Li2O [32], appeared on the Cu foil surface during

the potential sweeps in both EMI-TFSI and BMI-TFSI

electrolytes. These results indicated that a significant quan-

tity of Li2O formed on the surface of the Cu foil after the

electrochemical measurement in the RTIL electrolytes.

Although the presence of Li2O may increase the internal

resistance which will adversely affect the battery perfor-

mance, the stable Li2O formed on the Cu foil surface may

improve the stability of the protective film, which will

facilitate Cu current collector to resist higher voltage.

In addition to the C1s and O1s spectra, other spectra also

showed the difference among the three electrolytes. The F1s

high-resolution region spectra presented two peaks at 685.0

and 687.8 eV, which were identified to LiF and –CF3,

respectively [28]. The N1s high-resolution region spectrum

displayed two peaks corresponding to nitride at 397.5 eV

and NSO2CF3
- at 399.7 eV [33], and the S2p high-resolution

region spectrum showed the presence of a number of peaks

which were mostly likely associated with elemental sulfur

and lithium sulfide from 160–165 eV, oxidized sulfur

species at 167.0 and 168.2 eV, and SO2CF3
- species at

169.0 eV [30]. By comparing the XPS spectra, it can be

observed that higher intensity of F1s spectra peak at 687.8 eV

and N1s spectra peak at 399.7 eV presented in the RTIL

electrolytes, showing that a larger amount of species con-

taining –CF3 and NSO2CF3
- on the Cu foil. In addition, the

content of the S2p spectra at 169.0 eV assigned to SO2CF3
-

species increased in the RTIL electrolytes. The formation of

the passivating products on the Cu foil was explained by

several mechanisms [30] in the following Eqs. 4–7. Based on

the above results, it was concluded that more amounts of

Li2O, CF3SO2Li, and CF3SO2NLi species were presented on

the surface of the Cu foil after the potential sweeps in the

RTIL electrolytes, the majority of which appeared to be the

reduction products of the N(SO2CF3)2
- anion.

NðSO2CF3Þ�2 þ ne� þ ðnþ 1ÞLiþ

! Li3Nþ Li2S2O4 þ LiFþ C2FxLiy ð4Þ

NðSO2CF3Þ�2 þ 2e� þ 3Liþ ! Li2NSO2CF3 þ CF3SO2Li

ð5Þ

Li2S2O4 þ 6e� þ 6Liþ ! 2Li2Sþ 4Li2O ð6Þ

Li2S2O4 þ 4e� þ 4Liþ ! Li2SO3 þ Li2Sþ Li2O ð7Þ

The XPS Cu2p spectra were also investigated to confirm

the passivating film on the Cu foil substrate. In the Cu2p 3/2

spectra, two obvious peaks for cuprous ion (Cu?) at about

Fig. 8 XPS spectra for Cu foil electrode after the potential scanning from 0.0 to 3.8 V in 1 M LiTFSI–EC/DMC (a); 1 M LiTFSI–EMI-TFSI

(b); 1 M LiTFSI–BMI-TFSI (c)
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932.0 eV and cupric ion (Cu2?) at around 933. 4 eV were

obtained on the surface of the Cu foil after the anodic scan.

However, the signal of the Cu2? spectra diminished for the

EC/DMC solutions and the EMI-TFSI electrolytes, and it

was absent in the BMI-TFSI electrolytes. As mentioned in

the previous reports [34], Cu? is more likely formed than

Cu2? in a non-aqueous environment. Other research [5] also

confirmed that the oxidized copper existed as a cuprous ion

(Cu?) in the organic electrolytes. Consequently, the

protective film on the Cu foil surface mainly consisted of

cuprous ion (Cu?) species such as Cu2O, Cu2CO3, or

Cu2(COO)2 after the anodic sweeps in the three electrolytes,

whereas the presence of cupric ion (Cu2?) in the protective

film may relate to the residual moisture in the electrolytes.

Overall, the XPS analysis results showed that the

products on the surface of the Cu foil after the electro-

chemical measurement in three electrolytes was mainly

composed of lithium salts and the cupreous species. In

addition, the results indicated a clearly different electro-

chemical behaviors of the Cu foil between the LiTFSI–EC/

DMC solutions and the LiTFSI–RTIL electrolytes. Car-

bonate and carbonyl species were present on the Cu foil

electrode surface after the electrochemical measurement in

the EC/DMC solutions and absent in the RTIL electrolytes.

While a larger amount reduction products of the

N(SO2CF3)2
- anion formed on the surface of the Cu foil in

the RTIL electrolytes than that in the EC/DMC solutions.

These results were explained as that the solvents (EC and

DMC) were reduced earlier than the N(SO2CF3)2
- anion,

which contributed to appearance of the main protective

film on the surface of the Cu foil in the EC/DMC solutions,

while the reduction products of the N(SO2CF3)2
- anion

composed the passivating film on the surface of the Cu foil

after the electrochemical measurement in the RTIL elec-

trolytes. With the above CV and XPS results of the Cu foil

after the potential swept to 5.0 V in two kinds of electro-

lytes, it can be concluded that these carbonate and carbonyl

species on the surface of the Cu foil in the LiTFSI–EC/

DMC solutions was not stable over 5.0 V and thus the

dissolution of the Cu foil appeared, while the reduction

products of the N(SO2CF3)2
- anion formed on the surface

of the Cu foil after the potential sweeps in the RTIL

electrolytes, providing a effective protection for Cu current

collector to resist higher voltage for advanced lithium ion

batteries.

4 Conclusion

The electrochemical behaviors of the copper foil in

1-alkyl-3-methylimidazolium bis[(trifluoromethyl)sulfo-

nyl] imide room temperature ionic liquids (RTILs) and

EC/DMC solutions containing LiTFSI were investigated. ItT
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was found that the Cu foil displayed the oxidation–reduc-

tion behaviors at about 3.5 V in the EC/DMC solutions

while it was passivated in the RTIL electrolytes. Moreover,

the reduction of the electrolytes was also studied, showing

that the reduction of the electrolytes provided a limited

protection for the Cu foil after the electrochemical mea-

surement in EC/DMC solutions, and it was not stable

enough to suppress the further oxidation of the Cu foil

when the potential swept to high potentials. In comparison,

a better passivating film covered on the surface of the Cu

foil in the RTIL electrolytes, which protected the Cu foil

from being oxidized. Further research by XPS analysis

showed that the solid products was mainly composed of the

reduction products of the electrolytes such as carbonate and

carbonyl species on the surface of the Cu foil after the

electrochemical measurement in the EC/DMC solutions.

Those solutions were not stable at the potential up to 5.0 V

and thus the dissolution of the Cu foil appeared. Whereas a

better passivating film, coming from the reduction of

(CF3SO2)2N- anion in the RTIL electrolytes, coated on the

Cu foil surface wholly to remarkably inhibit its further

oxidation and provided an effective protection for the

copper foil to resist higher voltage. These results indicated

that a good film-coating behavior of the Cu foil presented

in the RTIL electrolytes, which can improve the stability of

copper current collector for advanced lithium ion batteries.
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