
Rechargeable Lithium Batteries Very Important Paper

The Crucial Role of Electrode Potential of a Working Anode in
Dictating the Structural Evolution of Solid Electrolyte Interphase

Shu-Yu Sun, Nao Yao, Cheng-Bin Jin, Jin Xie, Xi-Yao Li, Ming-Yue Zhou, Xiang Chen,
Bo-Quan Li, Xue-Qiang Zhang,* and Qiang Zhang*

Abstract: The performance of rechargeable lithium (Li)
batteries is highly correlated with the structure of solid
electrolyte interphase (SEI). The properties of a work-
ing anode are vital factors in determining the structure
of SEI; however, the correspondingly poor understand-
ing hinders the rational regulation of SEI. Herein, the
electrode potential and anode material, two critical
properties of an anode, in dictating the structural
evolution of SEI were investigated theoretically and
experimentally. The anode potential is identified as a
crucial role in dictating the SEI structure. The anode
potential determines the reduction products in the
electrolyte, ultimately giving rise to the mosaic and
bilayer SEI structure at high and low potential, respec-
tively. In contrast, the anode material does not cause a
significant change in the SEI structure. This work
discloses the crucial role of electrode potential in
dictating SEI structure and provides rational guidance
to regulate SEI structure.

Introduction

With the development of the non-fossil and wireless society,
the urgent demand for portable electronics and electric
vehicles puts forward a requirement for high-energy-density
rechargeable batteries as energy storage devices.[1] However,
the energy density of state-of-the-art lithium-ion (Li-ion)
batteries based on the chemistry of intercalation anodes
gradually approaches the ceiling of 350 Wh kg� 1.[2] There-

fore, it is necessary to develop next-generation secondary Li
batteries with higher energy density than conventional Li-
ion batteries.

An anode with a high specific capacity and an extremely
low electrode potential, such as the Li metal anode, is
indispensable to further improving the energy density of
batteries theoretically.[3] Due to the low electrode potential
of the anode, non-aqueous electrolytes can be reduced
spontaneously and the decomposition products of electro-
lytes form a chemically inert layer on the anode, namely the
solid electrolyte interphase (SEI).[4] For Li batteries, the
physicochemical properties of SEI highly depend on its
structure in addition to its components. Meanwhile, the SEI
plays a vital role in dictating the performance of anodes and
batteries.[5] Concretely, the structure of SEI determines the
transport rate and the uniformity of Li ions (Li+) from the
electrolyte to the anode, which significantly affects the rate
and polarization of electrochemical reactions at the anode/
electrolyte interface.[6] The lifespan of batteries also displays
strong dependence on the stability of SEI.[7] Thence, it is
important to explore the factors that impact the structure of
SEI to further understand the formation mechanism and
achieve the rational regulation of SEI.

SEI mainly comprises insoluble decomposition products
of electrolyte components, including both Li salts and
solvents. In detail, Li salts tend to be reduced into inorganic
compounds such as LiF and Li2O, while solvents can
produce both inorganic and organic compounds
simultaneously.[8] The inorganic and organic compounds are
randomly stacked, forming SEI with different structures.
Therefore, electrolyte components are feasible to regulate
the structure of SEI. Currently, there are many reports
about the influence of electrolytes on the structure of SEI,
which is the basis of regulating SEI for stabilizing batteries.[9]

For example, a cryo-electron microscope (cryo-EM) re-
vealed that the SEI presented a LiF-rich SEI with bilayer
nanostructure due to the addition of fluoroethylene
carbonate (FEC).[10] In addition, the application of LiNO3

can also change the structure of SEI into the bilayer model,
which was also verified by cryo-EM.[11]

Compared with electrolytes, the evolution of the struc-
ture of SEI with the change of anode properties is poorly
understood.[12] In a recent review, the similarities and differ-
ences of SEI on various metal anodes were summarized. It is
believed that the SEI on the surface of multivalent metal
anodes (e.g., Mg, Zn, and Al) is more complicated than that
on the surface of alkali metal anodes such as Na and K,
whose properties are similar to Li.[13] Nonetheless, the
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influence of the properties of a working anode on the
structure of SEI is rarely touched. Therefore, investigating
the evolution of SEI structure with the change of anode
properties will provide a fundamental understanding on the
formation mechanism of SEI and rational principles to
stabilize SEI.

The electrode potential and anode material are two
primary physicochemical properties of a working anode,
which directly dictate the structure of SEI. The electrode
potential determines the reduction products of electrolytes
thermodynamically and affects the structure of SEI.[14] Be-
sides, the anode material may influence the adsorption of
electrolyte components on the anode surface, which results
in different reduction kinetics of electrolyte components and
subsequently the structure of SEI.[15] As a result, the
electrode potential and the anode material are selected.

Herein, the role of electrode potential and anode
material in dictating the structural evolution of SEI was
disclosed. Specifically, graphite and Li are adopted as
representative anodes owing to extensive research on them
in the field of high-energy-density batteries. Theoretical
simulations and experimental investigations confirm that the
electrode potential of an anode dominates the structural
evolution of SEI. When the electrode potential is changed,
the structure of SEI exhibits two different types, the bilayer
structure at low potential (<0.1 V vs. Li/Li+) and the mosaic
structure at high potential (3.0 V), respectively. However,
the structure evolution of SEI with the change of anode
material is little and anode material merely changes the ratio
of organic and inorganic compounds in SEI at the same
electrode potential of 0 V. These results disclose that the
electrode potential of the anode is the crucial factor
dictating the structure of SEI.

Results and Discussion

The structure of SEI originates from the stack of both
inorganic and organic compounds, which can be vividly
described as the “building blocks” of SEI. Recently, Mao
and co-workers demonstrated that the content of inorganic

and organic compounds in SEI can significantly affect the
SEI structure.[16] Therefore, clarifying the influence of an
anode on the formation of inorganic and organic compounds
in SEI is the precondition to understanding the impact of an
anode on the structure of SEI. Note that both inorganic and
organic compounds in SEI are from the insoluble reduction
products of electrolytes. Owing to the diversity of solvents
and Li salts, a representative sample is required to simplify
the investigation. Herein, ethylene carbonate (EC) was
selected. EC is a well-known carbonate solvent due to its
indispensability in forming stable SEI on graphite anodes. In
addition, the reduction process of EC has been extensively
investigated and the reduction mechanism of EC is relatively
more clarified compared with other solvents.[17] When EC
undergoes a reduction reaction with the anode, lithium
ethylene decarbonate ((CH2OCO2Li)2, LEDC) as an organic
compound is first formed. Afterward, LEDC can further be
reduced to Li2CO3.

[18] Therefore, LEDC and Li2CO3, the
direct electrochemical reduction products of EC, are
selected to investigate the reduction reaction of EC under
different conditions.

To clarify the influence of anode on the formation of
inorganic and organic compounds from EC decomposition,
the Gibbs free energy change (ΔG) of the reaction
producing Li2CO3 or LEDC, as a thermodynamic descriptor
for evaluating the reaction tendency, is calculated (Fig-
ure 1a).[19] The detailed calculation models are listed in the
Supporting Information. Here the electrode potential of the
Li anode is set to be 0 V, while the electrode potential of
lithiated graphite (LiC6) and delithiated graphite (C6) was
0.1 and 3.0 V, respectively.[20] All the calculated ΔG are
normalized by the number of electrons, and finally obtained
the ΔG of the per electron transfer (ΔGm) of the EC
reduction reaction (Figure 1b, Table S1).

To compare the differences in reduction tendency of
Li2CO3 and LEDC on different anodes, the difference
between the ΔGm of the reduction reaction of EC to Li2CO3

and LEDC (Δ(ΔGm)=ΔGm(Li2CO3)� ΔGm(LEDC)) on an-
odes with different properties was further calculated. On Li
and LiC6 with the same electrode potentials, EC shows
similar reduction trends. The Δ(ΔGm) of Li and LiC6 is

Figure 1. Theoretical calculation of the Gibbs free energy change of the reaction forming LEDC or Li2CO3 on different anodes. a) Scheme of the
calculation model (red, oxygen; grey, carbon; white, hydrogen; and purple, lithium); b) the free energy calculation results. ΔGm represents the ΔG
of the one-electron reaction in which EC is reduced to the corresponding products. Δ(ΔGm) was calculated by subtracting ΔGm(LEDC) from
ΔGm(Li2CO3).
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� 0.21 eV and � 0.13 eV, respectively. Meanwhile, the differ-
ence of Δ(ΔGm) between the two anodes is only 0.08 eV,
indicating that the reduction trend of EC is not significantly
affected by the change of anode material. However, EC
shows completely different reduction trends at the same
anode with different potentials for the graphite anodes. The
Δ(ΔGm) on C6 is 0.12 eV, which is more positive than that of
LiC6 (� 0.13 eV). In addition, the difference of Δ(ΔGm)
between LiC6 and C6 is up to 0.25 eV, illustrating that EC is
more likely to be reduced to inorganic compounds than
organic compounds with the change of electrode potential
from high to low.

To summarize, the electrode potential of the anode
significantly affects the ΔGm of the reduction reaction of EC
on the anode surface, leading to a noticeable change in the
building blocks of SEI. Distinctive reduction trends of EC to
the inorganic and organic compounds can lead to different
ratios of inorganic and organic compounds, which will
directly impact the stacking of inorganic and organic
compounds on the anode surface, resulting in different
structures of SEI.

To investigate the effect of the electrode potentials and
material properties of the anode on the SEI structure,
respectively, the controlled variable method was used to
design the experimental conditions for verifying the calcu-
lated results. Firstly, except for electrode potential and
anode material, factors interfering with the SEI structure on
the anode are excluded. Herein, lithium iron phosphate
(LiFePO4, LFP) is employed as the cathode to avoid the
disturbance of the dissolved transition metal ions from the
cathode in the formation of SEI.[21] Secondly, the compo-
nents of electrolytes should be simple but representative to
form an SEI with a simple structure. As mentioned above,
EC is a well-known carbonate solvent with a deep under-
standing of its decomposition mechanism. However, pure
EC is in a solid state at room temperature and thus a co-
solvent is necessary for EC-based electrolytes. Moreover,
the decomposition products of Li salts should be simple and
even negligible. Therefore, 1.0 M LiPF6 in EC/dimethyl
carbonate (DEC) with a volume ratio of 1 :1 was employed
as the electrolyte. In particular, for EC-based electrolytes,
the solvation sheath of Li ions mainly consists of EC when
the EC content is higher than 30 %, which ensures that the
decomposition products of EC dominate the components of
SEI because EC can be preferentially reduced compared
with DEC as reported.[22] Thirdly, a stable SEI without
significant change in components and structure after for-
mation is required. Thus, 5 galvanostatic cycles were
conducted at a low current density (0.1 C, Figure S4) to
obtain a stable SEI. A low current density can lead to a low
overpotential, resulting in the potential of the electrode
being closer to its standard electrode potential, which can
mitigate the influence of polarization on the formation of
SEI. Graphite j LFP cells were assembled to investigate the
SEI formed on the graphite anode at different states
(Figure S5 and S6). Additionally, the XPS results of the SEI
on the graphite anode after 10 cycles are similar to that on
the graphite anode after 5 cycles (Figure S7 and S8), which
indicates that the SEI obtained after 5 cycles is stable.

Finally, multiple parallel experiments were carried out to
make the results reproducible (Figure S9).

Graphite anode is chosen owing to its controllable
electrode potential to explore the influence of the anode
electrode potential on the structure of SEI. The electrode
potential of the graphite anode at the charge state of LiC6 is
0.1 V vs. Li/Li+, and the electrode potential of the graphite
anode at the discharge state of C6 is 3.0 V vs. Li/Li+. The
components and structure of SEI were detected by in-depth
XPS. According to the element distribution at different
sputtering times (Figure S5), the element distribution of SEI
changes within 40 s of sputtering and maintains stable after
80 s of sputtering.

The distribution of LiF and LixPFy are the same in SEI
on LiC6 and C6 from the F 1s and P 2p spectra (Figure S6),
illustrating that the decomposition products of LiPF6 on two
anodes are similar. On the contrary, from the C 1s spectra
(Figure S6), the C� O-containing species produced by sol-
vents present different distribution features on two anodes.
In the SEI of C6, the C� O-containing species have relatively
high content and are distributed uniformly in space; while in
the SEI of LiC6, the content of C� O-containing species is
relatively high on the surface of SEI (next to electrolytes),
and there are almost no C� O-containing species in the inner
layer of SEI.

The O 1s spectrum can provide information on the
content of both organic components (such as C� O-contain-
ing species and lithium alkyl carbonates) and inorganic
components (such as Li2O and Li2CO3). In addition, the
semi-quantitative content of organic and inorganic compo-
nents in the same spectrum can be acquired. Thus, the O 1s
spectra were chosen here for comparing the structure of SEI
on LiC6 and C6. The SEI of LiC6 and C6 exhibit distinct
structures from the O 1s spectra (Figure 2a and b). In the
SEI of LiC6, the outer layer contains organic components
such as C� O-containing species and LEDC and the inner
layer is mainly composed of inorganic components like Li2O
and Li2CO3. In comparison, in the SEI of C6, organic and
inorganic species (LEDC and Li2CO3) exist at various
etching depths. The distribution of organic and inorganic
components implies the different structures of SEI in the
course of the electrode potential changes, which corresponds
to the bilayer structure of SEI on LiC6 and the mosaic
structure of SEI on C6.

To verify the above speculation about the evolution of
the SEI structure of graphite anode, the content of inorganic
and organic components in SEI was calculated semi-
quantificationally based on XPS results. Due to the
hydrolysis of Li2CO3, Li2O is generally detected in SEI,
which can be employed to reflect the content of Li2CO3.

[23]

The distribution feature of inorganic components and
organic components can be reflected by the distribution of
Li2O and the distribution of C� O-containing species,
respectively. In particular, the peaks of Li2O (528.5 eV) and
C� O-containing species (533.5 eV) are far away from the
other peaks, which is appropriate for unambiguous peak
deconvolution and integration. Based on the atomic ratio of
the O element and the peak area ratio of the species in O 1s
spectra, the atomic ratio of the corresponding Li2O and
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C� O-containing species can be calculated (Table S2). Fig-
ure 2c and d represent the atomic ratio of Li2O and C� O-
containing species in SEI on C6 or LiC6. For the SEI of LiC6,
the ratio of Li2O is 8.6 % in the inner layer, which is much
higher than that in the outer layer. In contrast, there are
many C� O-containing species of 1.9 % in the outer layer
whereas no C� O-containing species can be detected in the
inner layer, which indicates the bilayer structure of SEI on
LiC6. When it comes to the SEI of C6, the ratio of C� O
species is similar on the surface (3.9%) and in the inside
(3.5%). Although no Li2O is observed in both areas, there
are other inorganic components like Li2CO3. Thus, the
components of SEI on C6 have no obvious differences in the
longitudinal distribution, which is different from that on
LiC6. In other words, the structure of SEI on C6 presents a
mosaic structure due to the mixed distribution of organic
and inorganic components. Additionally, a similar phenom-
enon was also observed when the graphite anode was cycled
to the 10th cycle (Figure S7 and S8). Therefore, the SEI on
LiC6 presents a bilayer structure with more inorganic
compounds in the inner layer and more organic compounds
in the outer layer, while the SEI on C6 exhibits a mosaic
structure in which organic and inorganic compounds are
mixed. The above results indicate that the evolution of the
structure of SEI is notable with the change of electrode
potential of the anode.

To observe the microstructure of SEI directly, the SEI
on LiC6 and C6 was characterized by a cryo-transmission
electron microscope (cryo-TEM). Cryo-TEM can provide a
nondestructive characterization of the SEI structure.[24]

Cryo-TEM images of the SEI (Figure 3a and c) and the

corresponding selected area electron diffraction (SAED,
Figure 3b, and d) were obtained. The SEI on the surface of
C6 is 10 nm in thickness and there are no significant
crystalline species in the SEI according to the cryo-TEM
image (Figure 3a). However, the diffraction ring of Li2CO3

can be detected (Figure 3b), implying that the SEI contains
Li2CO3 nanocrystals. Thus, in the SEI of C6, inorganic
compounds are mixed with organic compounds to form an
SEI with a mosaic structure. In contrast, the SEI of LiC6

with a thickness of 15 nm exhibits a completely different
structure from the SEI of the C6. The inner layer is
composed of inorganic compounds including crystalline
Li2O (Figure 3c and d) and the outer layer consists of
amorphous organic compounds, which together construct an
SEI with a bilayer structure.

In summary, the electrode potential of the anode plays
an important role in dictating the structure of SEI based on
the above results of XPS and cryo-TEM. Therefore, by
changing the electrode potential of the anode, the SEI
structure undergoes obvious evolution. When the electrode
potential of the anode is as low as 0.1 V vs. Li/Li+, the SEI
trends to become a bilayer structure; a mosaic structure
forms when the electrode potential of the anode is as high as
3.0 V vs. Li/Li+ (Figure 2e).

To investigate the evolution of the structure of SEI with
the change of anode material, Li anode and graphite anode
were selected. The Li anode maintained the potential of
about 0 V vs. Li/Li+ during cycling. Thus, it is necessary to
control the potential of graphite anode (C6) to be consistent
with that of Li anode to explore the effect of anode material

Figure 2. The SEI formed at the different potentials on the graphite
anode. The O 1s XPS spectra of SEI on a) C6 and b) LiC6 with a
sputtering time of 0 and 80 s after 5 cycles. c) The Li2O and d) C� O-
containing species ratio in SEI on C6 and LiC6. e) Scheme of the
structure of the SEI formed on C6 and LiC6.

Figure 3. The microstructure of SEI formed at the different potentials
on the graphite anode. The cryo-TEM images of SEI on a) C6 and
c) LiC6 after 5 cycles, which contained crystalline C6{002}, Li2O{111}
and amorphous region. The SAED image of SEI on b) C6 and d) LiC6, in
which there are diffraction circles or patterns of Li2CO3{020}, C6{101},
C6{002}, C6{102}, LiC6{001}, LiC6{002} and Li2O{111}.

Angewandte
ChemieResearch Articles

Angew. Chem. Int. Ed. 2022, e202208743 (4 of 8) © 2022 Wiley-VCH GmbH



on the structure of SEI. Consequently, the C6 j Li cells were
assembled, in which the graphite electrode was used as the
working electrode and the lithium metal electrode was used
as the counter electrode. Then, a constant voltage of 0 V
was applied to force the graphite anode to remain at the
same potential as the lithium metal electrode, excluding the
influence of different electrode potentials during the for-
mation of SEI (Figure S11). To ensure that there is no Li
deposition during the constant-voltage of the 0 V process
which will influence the formation of SEI, the scanning
electron microscope (SEM) and X-ray diffraction spectrum
(XRD) were used to analyze the composition of graphite
anode after the constant-voltage process. According to the
results from SEM (Figure S12) and XRD (Figure S13), there
was no Li deposition, which indicates that the formation of
SEI during this process solely happened on the graphite
anode but not on the deposited Li. For the Li anode, the
SEI was obtained from Li j LFP full-cells at the same test
conditions as graphite j LFP full-cells (Figure S14). Parallel
experiments verify the reproducibility of the SEI of Li
(Figure S15). The structure of SEI on Li in the discharged
state was also characterized (Figure S16). The XPS results
confirm that the SEI of Li in the discharge state is similar to
that in the charge state, indicating that it is reasonable to
analyze the SEI of Li in the charge state. Therefore, the SEI
of the graphite anode constructed by the constant voltage
method (marked as LiC6 at 0 V) and the SEI of the Li anode
are compared in detail.

As mentioned before, the distribution of reduction
products of Li salts is also similar in SEI on LiC6 at 0 V and
Li from the F 1s spectra and P 2p spectra (Figure S18). But
interestingly, the C 1s and O 1s spectra of the SEI of the two
anodes are also quite similar (Figure S18). From the C 1s
spectra, the SEI of LiC6 at 0 V and the SEI of Li both
exhibit a high content of C� O-containing species in the
outer layer, while almost no signal of C� O-containing
species can be detected in the inner layer. Using the same
method as previously, the composition and structure of the
SEI of the two anodes are quantitatively analyzed by O 1s
spectra.

The difference in SEI between the two anodes is further
analyzed by O 1s spectra. Figure 4a and b present the O 1s
spectra of SEI on Li and LiC6 at 0 V. The SEI on Li and
LiC6 at 0 V exhibit a similar distribution of compounds,
which is also investigated in C 1s spectra (Figure S18). The
outer layer of SEI is composed of organic compounds such
as C� O-containing species and alkyl lithium carbonate
(ROCO2Li), while the inner layer is mainly composed of
inorganic compounds containing Li2O and Li2CO3. Figure 4c
and d exhibit the content of inorganic and organic com-
pounds in the inner layer and outer layer of the SEI on the
two anodes. Both SEI of LiC6 at 0 V and Li present a bilayer
structure with more organic compounds in the outer layer
(4.4% for SEI of Li and 4.6% for SEI of LiC6 at 0 V) and
more inorganic compounds in the inner layer (16.8 % for
SEI of Li and 7.0% for SEI of LiC6 at 0 V), which is similar
to the SEI of LiC6. It is inferred that when the electrode
potential of the anode is closed, the SEI will present a
similar structure. By further comparing the composition of

the SEI of the two anodes, it can be observed that the
content of inorganic compounds of the SEI on Li is about
2 times higher than that of the SEI on LiC6 at 0 V in the
inner layer. However, the content of organic compounds of
SEI on two anodes is similar in the outer layer. These results
directly illustrate that the ratio of inorganic and organic
components in the SEI of Li is higher than that in the SEI of
LiC6 at 0 V. Therefore, it can be inferred that the change of
anode material does not cause the obvious evolution of SEI
structure, but it can change the ratio of inorganic and
organic compounds in the SEI.

To further investigate the microstructure of the SEI, the
cryo-TEM images of the SEI (Figure 5a and c) and the
corresponding image of SAED (Figure 5b and d) were
obtained by cryo-TEM. For the SEI of Li, a layer with about
30 nm in thickness can be observed on the surface of
crystalline Li, which is consisted of two layers, i.e., an inner
layer, which is mainly consisted of crystalline Li2O, and an
outer layer, which is composed of amorphous organic
compounds (Figure 5a and b). Similarly, for the SEI of LiC6

at 0 V, an SEI with about 10 nm in thickness is also
observed, of which the inner layer was composed of
crystalline Li2O and the outer layer was composed of
amorphous organic compounds (Figure 5c and d). The cryo-
TEM results indicate that the SEI in both Li and LiC6 at 0 V
has a similar bilayer structure, with the outer layer of
amorphous organic compounds and the inner layer of
inorganic compounds.

The evolution of the structure of SEI with the change of
anode material is investigated by XPS and cryo-TEM
(Figure 4e). There is little structural evolution of SEI with
the change of anode material, which is evidenced by the SEI

Figure 4. The SEI formed on different anodes at the same potential (0 V
vs. Li+/Li). The O 1s XPS spectra of SEI on a) Li and b) LiC6 at 0 V.
c) The Li2O and d) C� O-containing species ratio in SEI. e) Scheme of
the structure of the SEI formed on Li and LiC6 at 0 V.
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with a quite similar bilayer structure on both Li and LiC6 at
0 V. However, the anode material affects the ratio of
inorganic compounds and organic compounds in the SEI.
The content of inorganic compounds is about 2 times higher
in the inner layer of SEI of Li than that of LiC6 at 0 V, while
the content of organic compounds in the outer layer is
similar.

The evolution of the SEI structure with the change of
electrode potential and anode materials is summarized
(Figure 6). With the change in the electrode potential of the

anode, the evolution of the structure of SEI is particularly
obvious. When the potential is very low (<0.1 V vs. Li/Li+),
both the lithium metal anode and the graphite anode
present the SEI with a bilayer structure. The organic and
inorganic compounds are abundant in the outer and inner
layer of SEI, respectively. When the potential is high (3.0 V
vs. Li/Li+), the SEI on the graphite anode exhibits a mosaic
structure of mixed inorganic and organic compounds. There-
fore, the structure of SEI is mainly dominated by the
electrode potential of the anode because the electrode
potential influences the electrochemical potential of the
electron and then changes the ΔGm of the reduction reaction
of the electrolyte component. When the electrode potential
is low enough (about 0 V vs. Li/Li+), the ΔGm of the
reduction reactions to generate inorganic components is
more negative than that of organic components, which
indicates that the inorganic components are inclined to be
primarily generated on the surface of the anode. Conse-
quently, the SEI finally evolves into the bilayer structure. In
contrast, when the electrode potential is high (for example
3 V vs. Li/Li+), electrolyte components can produce organic
and inorganic compounds simultaneously, leading to the
mixed blocking of organic and inorganic compounds, which
causes the SEI change into the mosaic structure. Addition-
ally, there is little structural evolution of SEI with the
change of anode material although it can impact the ratio of
inorganic and organic components in SEI. Therefore, the
structure of SEI is mainly controlled by the electrode
potential of the anode. This conclusion is speculated to be
generalized to other anode systems, such as silicon anodes.
The ΔG of the reduction reaction of electrolyte is directly
affected by the electrochemical potential of the electrons in
anode. Meanwhile, the electrochemical potential of the
electrons is mainly determined by the potential of the anode.
However, when the potential is the same, the change of the
anode material has little effect on the electrochemical
potential of the electrons. Therefore, the electrode potential
is the main factor dictating the SEI structure.

Figure 5. Microstructure of SEI formed on different anodes at the same
potential (0 V vs. Li+/Li). The cryo-TEM of SEI on a) Li and c) LiC6 at
0 V, which both contained crystalline Li2O{111} and an amorphous
region. The SAED image of SEI on b) Li and d) LiC6 at 0 V, in which
there are diffraction circles or patterns of Li{110}, Li2O{111}, LiC6{001}
and LiC6{002}.

Figure 6. Scheme of the evolution of SEI structure with the change of electrode potential and anode materials.
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Unveiling the evolution of the SEI structure with the
change of properties of the anode illustrates the key factor
of the anode in dictating the SEI structure, which provides
fresh insight into the failure mechanism of the anode and
guidance to manipulate the structure of the SEI. For
example, the potential of anode significantly increases and
deviates from the equilibrium potential after long cycles due
to the continuous side reactions in batteries. After long
cycles, the potential of anodes will be more negative during
the charging process. The change of the potential of the
anode may lead to the transformation of the SEI structure,
thus changing the resistance and uniformity of Li ions in SEI
and deteriorating the stability of the anode. Furthermore,
this work will provide solid support for manipulating the
structure of SEI by rationally controlling the electrode
potential of the anode. SEI with different structures can be
obtained to adapt different battery systems. For example,
LiF is considered to be an effective component in SEI to
stabilize lithium metal anodes.[25] A single-layer LiF-domi-
nated SEI can be prepared by controlling the electrode
potential to make fluorine-rich Li salts (such as LiPF6) to
generate LiF at a set potential because Li salts are generally
reduced preferentially compared with solvents.

Conclusion

In conclusion, the role of electrode potential and anode
material in dictating the structural evolution of SEI was
disclosed by theoretical calculations and experiments. The
electrode potential of the anode will significantly affect the
ΔGm of the reduction reaction of solvents on the anode
surface, resulting in a significant change in the building
blocks of SEI. In addition, by combining the control variable
method and the characterization of SEI by XPS and cryo-
TEM, it is found that the electrode potential of anodes
dominates the evolution of SEI structure. When the
electrode potential is low (<0.1 V vs. Li/Li+), the SEI
presents a bilayer structure. However, when the electrode
potential is high (3.0 V vs. Li/Li+), the SEI presents a mosaic
structure. In contrast, the anode material merely changes
the ratio of organic and inorganic compounds in SEI. This
work discloses the evolution of the SEI structure with the
change of anode properties, indicates that the electrode
potential of a working anode dominates the SEI structure,
and provides rational guidance to regulate the structure of
SEI.
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tural evolution of solid electrolyte inter-
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