View metadata, citation and similar papers at core.ac.uk brought to you by

provided by Xiamen University Institutional Repository

(Wuli Huaxue Xuebao)
234 Acta Phys. -Chim. Sin., 2006, 22(2): 234 238 February

[Article] www.chem.pku.edu.cn/whxb

EIS

1,3 1 1 1 12
1 1 1*
¢ , , 361005; 2 ,
361005, ° , 710024)
: (SEl )
SEI
0646

Electrochemical Impedance Spectroscopic Study of the First
Delithiation of Spinel Lithium Manganese Oxide
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(*Department of Chemistry, State Key Laboratory of Physical Chemistry of Solid Surfaces, Xiamen University, Xiamen
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Abstract The first delithiation of the spinel LiMn,O, electrode was studied using electrochemical impedance
spectroscopy (EIS). Appropriate equivalent circuits were proposed to fit the experimental EIS data. Based on the fitting
results, the variation of the capacitance and the resistance of SEI (solid electrolyte interphase) film, the resistance of
charge transfer, and the capacitance of double layer along with the increase of polarization potential were
quantitatively analyzed. The results demonstrated that the resistance and the thickness of the SEI film formed on the
spinel LiMn,O, electrode were both increased with the increase of polarization potential in the first delithiation of the
spinel LiMn,O, electrode; The charge transfer resistance decreases below 4.15 V and increases above 4.15 V,
corresponding to the two-step reversible (de)intercalation of lithium between LiMn,O, and A-MnO,; The double layer
capacitance was influenced by both the state of the spinel LiMn,O, electrode(different polarization potential) and the
two-step reversible (de)intercalation of lithium.
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Fig.1 Voltammogram of the first cycle recorded
in slow scan cyclic voltammetry for the
spinel LiMn,O,electrode in 1 mol L™
LiPF-EC/DEC/DMC electrolyte
scan rate: 20 V- st
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Fig.2 Electrochemical impedance spectra of the spinel LiMn,O,electrode in the first delithiation for the
frequency range of 10°~10?Hz
The inset illustrates the spectrum enlarged over a 10°~50 Hz frequency range.
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) Table 1 Equivalent circuit parameters obtained from
O 0, simulation of EIS experimental data at 4.1 V
] Parameter Value Uncertainty (%)
VW R 14.9 0.30
R, AVAA e AVAYA S ° ' '
Rem R, Oy Ree 12.07 1.35
3 Qsn 0.865 1.09
3.8V EIS Qser-Yo 3.00x10°° 8.63
Fig.3 Equivalent circuit proposed for fitting Ru 17.17 2.56
impedance spectra of the spinel LiMn,0, Qan 0.757 2.01
electrode during first delithiation (above 3.8 QuYo 4.07x10°* 4.62
\V Vs L|+/L|) Qon 0.535 3.81
R denotes a resistance, Q denotes a constant phase element QoYo 0.281 6.70
(CPE). X’=7.18x10*
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Fig.5 Variations of parameters obtained from fitting the experimental impedance spectra of the spinel LiMn,0,
electrode during first delithiation
Y, is considered to be a pseudo-(YY;) because the parameter n is between 0.5 and 1.
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Fig.6 Variations of parameters obtained from fitting the experimental impedance spectra of the spinel LiMn,0,
electrode in the first delithiation
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