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aces in silicon-based anodes

Heesoo Park * and Alexey Y. Koposov *
Silicon (Si) is a promising anode material for next-generation

lithium-ion batteries (LIBs), but its practical use is limited due to

severe degradation during electrochemical cycling. The morpho-

logical changes of Si are affected by the selection of an electrolyte,

and its role in such transformations remains a subject of debate.

The lack of experimental and computational methods to examine

these interactions at the molecular level also impedes the accurate

chemical characterization of this complex system. This study

evaluates the interaction of Si nanoparticle(s) with ether-based

electrolytes using a reactive force field approach. The interplay

between the Si nanoparticles and the electrolyte during (de)lith-

iation leads to a significant structural deformation of the Si parti-

cles and the formation of a thick interdiffusion layer where Si atoms

are mixed with the electrolyte moieties. This layer is mainly formed

during delithiation, whereas lithiation leads to constrained inter-

diffusion. The intermixing and mobility at the Si/electrolyte inter-

face highlight the electrolyte's critical role in mitigating the

degradation of Si-based anodes during delithiation.
1 Introduction

The poor structural stability of an active material in lithium-ion
batteries (LIBs) typically leads to rapid deterioration of the
electrochemical performance through repeated charge and
discharge cycles, limiting its practical implementation. Many
materials whose structural integrity is not compromised
through electrochemical cycling have become state-of-the-art
for modern LIBs. For instance, the achievements of graphite
as an anode material in LIBs are oen attributed to its
remarkable structural stability, and therefore long lifespan.1

However, the continued demand for improving the energy
density of LIBs has driven research into advanced active mate-
rials with capacities higher than that of graphite, leading to
technology, Department of Chemistry,
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a signicant diversication in battery chemistry, oen at the
cost of reduced stability.2,3

Among the various active materials introduced to replace
graphite, silicon (Si) stands out as the most promising candi-
date for next-generation anodes in LIBs. Si has a theoretical
gravimetric capacity of 3579 mAh g−1 when fully lithiated to
Li15Si4.4–6 The high capacity of Si-based anodes is realized via an
alloying reaction during charge, while the dealloying process
occurs during discharge. As a result, unlike the intercalation
process in graphite that maintains the layered structure, the
transformations in lithiated Si (LixSi) involve not only
morphological changes of the active particles, but also breaking
and formation of multiple chemical bonds.

To minimize the effect of large expansion/contraction of Si
during electrochemical cycling, Si nanoparticles (NPs) were
introduced more than a decade ago, but their practical use is
limited.7 Multiple efforts have focused on combining Si with
other materials, such as Si-containing composites,6–10 or
elements which resulted in a family of substoichiometric
compounds such as SiNx and SiOx.11–14 Alternatively, specially
designed polymers can be incorporated into a Si-based elec-
trode as binders to maintain the structural integrity of the active
material.7,15–17 Despite efforts, controlling the degradation of Si-
based anodes remains challenging due to limited under-
standing of the molecular interactions at the electrode–elec-
trolyte interface, complicated by deformation layers,16,18–21 as
well as the interaction between Si atoms and Li ions during the
chemical and structural transformations of LixSi.6,22–25

The present study investigates the chemical interplay
between Si NPs and electrolyte molecules during lithiation and
subsequent delithiation, with a particular focus on ether-based
electrolytes. Two ethers were selected as electrolytes: poly-
ethylene oxide (PEO) – one of the most common polymer elec-
trolytes,26,27 and dimethoxyethane (DME) – a liquid electrolyte
shown to improve the electrochemical performance of multiple
anode materials.28–30 We discuss how irreversible intrusion of Si
into the electrolyte diminishes the mobile conductive phase at
J. Mater. Chem. A

http://crossmark.crossref.org/dialog/?doi=10.1039/d5ta08284f&domain=pdf&date_stamp=2025-12-11
http://orcid.org/0000-0002-4276-6843
http://orcid.org/0000-0001-5898-3204
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5ta08284f
https://pubs.rsc.org/en/journals/journal/TA


Journal of Materials Chemistry A Communication

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

4 
D

ec
em

be
r 

20
25

. D
ow

nl
oa

de
d 

on
 2

/2
/2

02
6 

11
:0

6:
55

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
the interface, which could potentially impair the performance
of Si-based anodes.

2 Molecular dynamics modeling of
interfaces

Reactive force eld (ReaxFF) coupled with the grand canonical
Monte Carlo method (ReaxFF-GCMC)31,32 was used to examine
the migration of Li across the active particle/electrolyte inter-
face,33 as implemented in LAMMPS.34,35 ReaxFF MD simulations
effectively model chemical interactions within materials during
chemical transformations associated with (de)lithiation.,36–39

while the GCMC method facilitates the modeling of Li accu-
mulation behavior around active materials.32,40

The majority of studies of active material evolution at the
interface in modeling typically adopts a at surface model,21

where only the top of the simulation box is exposed to the
environment. This at surface does not necessarily reect the
real chemical system since uniaxial expansion of the LixSi phase
during lithiation can induce shear stress, which can lead to
fractures.41–43 Therefore, to better account for the expansion of
Si in all dimensions, we have constructed spherical Si NPs with
a diameter of 23 Å consisting of 348 Si atoms, which represents
a reasonable compromise between the particle size and
modeling capabilities. Such amorphous Si particles are oen
used experimentally to alleviate the stress associated with
expansion.44 Furthermore, the spherical interface boundaries
enhance interactions with the electrolyte by providing confor-
mational options greater than those of at surfaces. A at
interface can restrict the mobility of PEO polymer chains.45–47

We dened a 1.5 Å thick shell for the Li insertion region above
the LixSi surface to precisely position Li between the electrolyte
and the active material (Fig. 1).

The amorphous Si NPs, aer being quenched from 1700 K to
300 K over 40 ps at 1 atm, were encapsulated in the electrolyte
using either PEO or DME. Both electrolytes are ether-based
compounds and have demonstrated promising results with Si-
Fig. 1 Schematic illustrations of the simulation box are illustrated as
follows: a spherical Si-based particle is encased in PEO. One half of the
region containing PEO is omitted for clarity. The spheres are color-
coded: gray (carbon), red (oxygen), white (hydrogen), and brown
(silicon). The lithium insertion region, as determined by the GCMC, is
highlighted in light green.

J. Mater. Chem. A
based anodes in LIBs.28,48,49 While carbonate-based electrolytes
are typically used for Si-based electrodes, recent developments
indicate that the use of other electrolyte systemsmay affect their
cyclability. DME is a small molecule with the formula of
C4H10O2, featuring two methoxy groups attached to an ethylene
backbone, while PEO is a macromolecular polymer made up of
repeating ethylene oxide units, resulting in a long-chain struc-
ture. PEO represents one of the most studied polymer systems
for incorporation with Si-based materials.26,27 Consequently, the
long chains of PEO are expected to inuence the physical and
mechanical properties, especially at the interface. These alter-
ations in chemical interactions at the interface can inuence
the formation of Si–Si bonds in the NPs, with the inclusion of Li,
which in turn could change electrochemical performance
during cycling.50–52

MD simulations were carried out at 350 K, since PEO-based
batteries show optimal operation at this temperature.26,27 The
force eld provides the experimental characteristics, including
the temperature-dependent density of PEO and the voltage
prole of Si, as shown in Fig. S2–S3 in the SI. Upon lithiation,
there are two phases of lithiation of Si and their boundary
migration velocity was estimated to be constant (0.06 nm
s−1).23,53–55 This two-phase mechanism occurs because the lith-
iation rates differ between the a-Li2.5Si and a-Li3.75Si phases.
However, in this study only a single Li diffusion phase in the
amorphous a-LixSi alloy was observed during simulations, due
to the relatively low Li concentration in the Si NPs.

It is well established that a solid-electrolyte interphase (SEI)
composed of various organic and inorganic components
develops during the electrochemical cycling.56,57 The chemical
structure of the SEI is extremely complex, which substantially
complicates the modeling of this system as a whole at the
atomistic level. However, during the expansion/contraction of Si
NPs, the SEI is oen detached from the surface of a particle,
constantly exposing new Si surfaces to the electrolyte. There-
fore, the electrolyte properties will strongly affect the direct
interaction between the active material and the electrolyte
during (de)lithiation.
3 Results and discussion

The chemical system in the lithiation was regulated by manip-
ulating the external chemical potential (m) of the ideal gas
reservoir in the GCMC scheme. Fig. 2a and b illustrate the
evolution of specic capacity for Si NPs in PEO (panel a) and
DME (panel b) with various chemical potentials (m). At m = −10
kcal mol−1, a notable buildup of Li was observed on the particle
surface as the Li content in LixSi increased. Moreover, the Si NPs
in DME underwent notable deformation. However, altering the
chemical potential within the examined range of m = −15 to
−27 kcal mol−1 (see Fig. S4 in the SI) had a negligible effect on
the structure of the lithiated LixSi NPs. In particular, a specic
capacity over 2000 mAh g−1 was achieved at m = −15 kcal mol−1

for both PEO and DME. For specic capacities exceeding
approximately 2300 mAh g−1 (x > 2.4 in LixSi), the GCMC
scheme shows a signicant reduction in Li insertion at the
This journal is © The Royal Society of Chemistry 2025
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Fig. 2 Specific capacity of Si NPs in (a) PEO and (b) DME. (c) Snapshots of cross-sections of the simulation cell with lithiated Si NPs in PEO. Li
(purple) and Si (brown) of LixSi are highlighted. (d) Li densities of Si–PEO as a function of radial distancewith respect to the center of mass of the Si
NPs. Color codes are: Si region (brown), Si–PEO interdiffusion region (purple), and PEO region (green) (e) number densities of silicon (Si, brown)
within the Si NPs, and carbon and oxygen (C + O, green) in PEO as a function of radial distance.
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interface region as only a few Li atoms were inserted over
a duration longer than 500 ps.

The m value was set to accelerate lithiation, even though the
chemical potential exceeds the calculated Li formation energy
of −23.6 kcal mol−1. Upon lithiation, the Li content was
determined by counting the Li atoms forming covalent bonds
with Si atoms in the NP structure, while we could observe the
volumetric expansion of Si NPs, as shown in Fig. 2c.

Fig. 2d presents the Li density prole, highlighting the
crucial role of Li accumulation in the compositional transition
process. Incorporation of Li into the LixSi structure involves
a critical step known as desolvation, which refers to the
extraction of Li from the surrounding PEO chains or DME
molecules. This process is essential for effective lithiation of
NPs, as it frees Li to be available for insertion into the LixSi
structure.58,59 Aer desolvation, Li diffuses through LixSi.25

Li diffusivity in LixSi is generally lower (ranging from 10−14 to
10−10 cm2 s−1)60–62 than that in the electrolyte; in DME, Li
diffusivity can range between 10−5 and 10−6 cm2 s−1,29,63 while
in PEO, it spans from 10−7 to 10−8 cm2 s−1.26,27 As a result, the
concentration of Li in the PEO phase increases, driven by the
high concentration of Li and diffusion at the interface. The
elevated concentration of Li within the polymer signies
notable resistance in the desolvation process of Li that transi-
tions from the PEO phase into LixSi NPs. This observation is
corroborated with experimental evidence that Li concentration
may increase in the electrolyte at the reaction boundary, form-
ing a nanoscale layer.23,64,65

The Li insertion at the end of the lithiation simulations was
reduced because of limited Li diffusion within Si NPs and
This journal is © The Royal Society of Chemistry 2025
desolvation in the electrolyte as the concentration of Li rises.
When comparing Si NPs encapsulated within PEO or DME, we
observed that the maximum achievable specic capacity of LixSi
in DME was comparatively lower, reaching only 2000 mAh g−1.
This variation suggests that the desolvation of Li at the LixSi/
PEO interface is faster in the polymer than in DME, thereby
affecting the kinetics of LixSi lithiation. In addition, while
comparing the number of Li within the LixSi particles versus
those in the electrolyte, we observed that during lithiation, Li
transferred more effectively into the Si particle region from PEO
than from DME, as shown in Fig. S7 in the SI.

The atomic distribution in the LixSi and electrolyte regions
was assessed by counting the Si atoms of LixSi and the C and O
atoms of PEO as a function of lithiation. This compositional
radial distribution is represented by the densities of the atoms
as shown in Fig. 2e. The Si atoms in the expanding LixSi phase
migrated outward, resulting in volume expansion as the lith-
iation of LixSi progresses. This expansion also initiated the
interdiffusion of Si atoms with the chains of PEO leading to the
formation of a thin layer (approximately 4 Å in thickness) where
Si atoms and PEO chains were intermixed. The formation of
such a layer facilitated the transfer of Li across the interface.
Similarly, the interdiffusion layer appeared between Si atoms
and DME molecules, as illustrated in Fig. S4 in the SI. This
observation suggests that both PEO and DME affect interdiffu-
sion during the lithiation process, except for an abrupt struc-
tural alteration between 700 and 800 mAh g−1 due to the
formation of Si fragments in DME. This structural alteration is
evidenced by the root-mean-square distance (RMSD) of Si atoms
in Fig. S5 and S6 in the SI using pristine Si NPs as a reference.
J. Mater. Chem. A
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Fig. 3 (a) Specific capacity of LixSi NPs in PEO and DME in the delithiation processes. (b) RMSD of the positions of the Si atoms as a function of the
specific capacity. (c) Number densities of Si (orange) within the Si NPs, and carbon and oxygen (C +O, blue) in PEO as a function of radial distance
with respect to the center of mass of the Si NP. Delithiated structures and the trajectory lines of the selected atoms of (d) LixSi/PEO and (e) LixSi/
DME. In the left panel, the areas with LixSi are highlighted in yellow, while the electrolyte areas are shown in green. The middle panel depicts the
trajectory lines of selected Si atoms, while the right panel shows the corresponding O atoms in PEO and DME. The red–white–blue color of
trajectory lines represents the simulation time.
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Aer examining lithiated structures, the MD simulations of
consecutive delithiation were performed using the structures
that were formed during the lithiation simulations at m = −15
kcal mol−1. In addition to the Si NPs lithiated in PEO (LixSi/
PEO) and DME (LixSi/DME), we also examined the partially
lithiated LixSi particle in PEO, where lithiation was stopped at
the intermediate state corresponding to 1500mAh g−1 (Mid-SoC
LixSi/PEO). This delithiation process was done to compare the
deformation of the Si NPs as a function of the degree of lith-
iation. Fig. 3a presents the delithiation process of the Si NPs.
Unlike lithiation, the progression of delithiation in LixSi NPs
was found to be strongly dependent on the electrolyte.

Theoretical studies of the thermodynamic characteristics for
LixSi have shown that the removal of Li (dealloying) is less
favorable than the addition of Li (alloying) when x < 2 (which
corresponds to a specic capacity below 1909 mAh g−1), as the
formation of Li–Si bonds contributes to the thermodynamic
stability of the material.66–70 This thermodynamic behavior
indicates a decline in Li extraction as delithiation continues.
Additionally, it highlights the electrolyte's role to assist with the
Li extraction at the interface by dissolving Li at the interface. To
evaluate electrolyte effects, we conducted delithiation simula-
tions until no Li extraction from LixSi NPs was occurring over
the simulation of 300 ps and examined the evolution of the
corresponding specic capacities.

The specic capacity decreases more gradually during deli-
thiation when the Si NPs are placed in DME: a more signicant
decline in the specic capacity in PEO was observed. The similar
decline in specic capacity for Mid-SoC LixSi/PEO indicates that
J. Mater. Chem. A
the initial state of lithiation does not affect the rate of deli-
thiation. As a result, the delithiated LixSi NPs in PEO demon-
strated a specic capacity lower than that of LixSi NPs
delithiated in DME. This indicates a signicant amount of
trapped Li in the particles.

Notable deformation of Si NPs was observed during deli-
thiation in both PEO and DME, with Si atom movements being
analyzed using RMSD calculations, as shown in Fig. 3b. The
RMSD values indicate that the volume of Si NPs initially
decreased during delithiation, leading to the structure of LixSi
clusters with low Li content. However, as the delithiation
continues, the particles started to disintegrate. Specically,
during the later phase of delithiation, Li–Si segments perme-
ated the region containing chains of PEO and DME molecules,
while the movement of electrolyte moieties into the LixSi inte-
rior was also observed. This interdiffusion across the interface
for PEO as an electrolyte is illustrated in Fig. 3c, where the
atomic occupation of each region is assessed by the number
densities for Si atoms of LixSi and C and O atoms of PEO. The
interdiffusion length was initially estimated to be approxi-
mately 4 Å, however, during delithiation it extended to about 13
Å as Li diffusion and extraction led to substantial atomic
mixing.

The degree to which Si NPs undergo deformation was espe-
cially severe for LixSi/DME, as the RSMD values showed
a signicant increase at 1500 mAh g−1, contrasting with those
observed for LixSi/PEO. This remarkable difference originates
from the greater dispersion of Si atoms in DME than in PEO.
Fig. 3d displays the restricted dispersion of LixSi fragments in
This journal is © The Royal Society of Chemistry 2025
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Fig. 4 (a) Fraction of the Si atoms of two-, three-, four-fold coordinated. (b) Radial distribution function between Si andO atoms. (c) Ratio of Li at
the interface to the Li content within LixSi. (d) Calculated Li diffusion coefficient as a function of specific capacity during the delithiation process.
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PEO, as indicated by the trajectory lines of selected atoms,71

contrasting with the extensive intermixing observed in DME
shown in Fig. 3e. The polymeric nature of PEO efficiently
constrains the deformation of Si NPs by preventing the migra-
tion of PEO segments toward Si NPs and, thus, hindering the
movement of Si atoms towards the PEO region. As expected, the
movement of DME molecules is unimpeded due to the absence
of chain constraints, leading to intermixing of two phases. In
addition, the void space autocorrelation function (Fig. S8 in the
SI) demonstrates that the void space dissipates at a higher rate
in DME compared to PEO: DME molecules rapidly ll the
nearby vacancies created by Li movement.

The adhesion energy between Si particles and electrolytes
increased during lithiation and delithiation, due to the inserted
Li enhancing non-bonded interactions (see Fig. S9 in the SI).
This increasing adhesion energy led to greater coherence in
structural changes and increased intermixing between the
particle and electrolyte regions. Meanwhile, the non-bonded
interactions of the pristine Si particles with PEO and DME
indicate that PEO is more loosely bonded to the Si atoms. This
weaker binding may allow Li to adsorb onto the surface of Si
particles by substituting the PEO chains, enhancing integration
between the Si NPs and Li. Moreover, the similar strength of
non-bonded interactions indicates that the limited intermixing
of Si/PEO during delithiation results from the kinetic
constraints on the segmental motion, unlike the more mobile
DME molecules.

During the delithiation phase, multiple interactions take
place in the system: PEO chains and DME molecules engage in
solvation of the extracted Li atoms via interactions with ether
oxygens; dealloyed Si atoms tend to reform Si–Si bonds.
However, PEO and DME can impede this structural recon-
struction of Si NPs by interacting with the dealloyed Si atoms in
the interdiffusion layer. Therefore, the inuence of intermixing
on delithiation can be examined by analysis of reestablished Si–
This journal is © The Royal Society of Chemistry 2025
Si bonds in the LixSi NPs. This analysis was carried out by
determining the coordination number of Si atoms in relation to
their adjacent Si atoms, as shown in Fig. 4a.

During lithiation, the increase in the number of single- and
two-fold coordinated Si atoms, along with the decrease in the
number of three- and four-fold coordinated Si atoms, indicates
that Si NPs break into Si–Si chain segments. In particular, as the
specic capacity varies from 600 to 800 mAh g−1 in the case of
DME, there is a notable rise in single- and two-fold coordinated
Si atoms. As a result, Si NPs are fragmented into shorter Si–Si
chains when DME was selected as an electrolyte compared to
PEO at equivalent Li concentrations.

During the delithiation of LixSi/PEO NPs, the number of
three-fold coordinated Si–Si bonds increased, while the number
of single- and two-fold coordinated Si bonds decreased, indi-
cating Si–Si restructuring. However, the number of four-fold
coordinated Si bonds remained unchanged. Similarly, in the
coordination analysis of the delithiated LixSi/DME andMid-SoC
LixSi/PEO NPs, an increase in the proportion of three-fold
coordinated Si atoms was observed, with no four-fold coordi-
nated Si atoms observed during the simulations.

This observation of four-fold coordinated Si atoms aligns
with the loss of the Si–Si bond reformation tendency in the
interdiffusion layer. Fig. 4b displays the radial distribution
function by the histogram of the distances between the Si and O
atoms in LixSi and the associated electrolyte, respectively. The
distance increased from 4.8 Å to 7.3 Å during Li insertion both
in PEO and DME, as Li atoms accumulated at the interfaces. In
the consecutive delithiation process, the increase in intensity of
the main peaks (4–5 Å) indicates that there are more
surrounding ether groups near the LixSi segments compared to
LixSi NPs with low Li concentration. The interdiffusion layer
hinders the kinetics required to reorganize a dense Si–Si bond
network; with this tendency being more pronounced in the case
of DME as the electrolyte.
J. Mater. Chem. A
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Fig. 4c illustrates that the concentration of Li at the interface,
compared to the interior of LixSi, reveals changes in Li distri-
bution associated with Si–Si reconstruction and Si–PEO and Si–
DME interdiffusion. We dened the Li atoms at the interface
(LiIntf) as those located between the outer Si atoms of LixSi and
the constituent atoms of PEO and DME. Meanwhile, Li atoms
that are coordinated with Si atoms are referred to as LiSi.

The relative amount of LiIntf, which exceeds 100%, indicates
that more Li atoms accumulate above the surface of LixSi than
within the NPs during the initial lithiation process. The accu-
mulation resulted in the formation of lithiated LixSi, with Li
diffusing internally, and the ratio decreased as LixSi involved
a higher Li concentration. During the delithiation process,
a notable phenomenon occurred in which Li accumulated at the
interface, while LiIntf reached levels exceeding 70%. Consid-
ering the changes in distances between the Si atom and the
electrolyte discussed above, the substantial accumulation
suggests an obstruction to the migration of Li into the electro-
lyte bulk within the interdiffusion layer. Owing to the polymeric
structure of PEO, its constrained intermixing facilitated Li
transfer at the interface until the specic capacity went under
1500 mAh g−1, differing from DME molecules in the interdif-
fusion layer. The lithiation level of Mid-SoC LixSi/PEO was
linked to Li accumulation near the interface at a lowered
specic capacity, however, it did not improve the restoration of
the Si NP structure.

The decrease in Li transfer during delithiation is primarily
attributed to signicant interdiffusion, which played a crucial
role in the observed changes. The Li diffusivity measured
during the delithiation process varied, as shown in Fig. 4d. An
unexpected increase in diffusivity was observed due to the
disintegration of LixSi fragments in DME, which allowed Li to
move along with these fragments. However, the overall trend
showed a decrease in Li diffusivity as the interdiffusion
thickens. Consequently, this impeded transport could have
implications for the overall efficiency of lithium extraction,
highlighting the importance of understanding these interfacial
dynamics in alloying-type anode performance.
4 Conclusions

In summary, the modeling of the interfaces between Si NPs and
ether-based electrolytes revealed that signicant deformation of
Si nanoparticles occurs during the delithiation process,
accompanied by a thickening interdiffusion layer, whereas Li
insertion does not result in notable deformation. The polymer
structure of PEO mitigates intermingling with the LixSi
segments and promotes the three-fold coordinated Si to adhere
to a similar trajectory, ultimately leading to the delithiation in Si
nanoparticles. In contrast, for LixSi in DME, the surface of
delithiated Si nanoparticles disassembles, leading to the inter-
diffusion of LixSi with the surrounding DME molecules,
hindering Si–Si reconstruction. The diminished degree of
atomic intermixing during the delithiation process with PEO
demonstrates the importance of the electrolyte in alleviating the
deformation of Si nanoparticles.
J. Mater. Chem. A
Our results highlight the chemomechanical interactions
between the active material and electrolyte molecules, leading
to structural variations during the cycles. Although small
particles in this study lack phenomena seen in larger particles,
such as the presence of two lithiated phases and phase migra-
tion, they effectively provide key insights into interface behavior
in batteries, especially for the Si atoms near the subsurface of
larger particles. Polymers, in particular, demonstrate a reduced
level of element mixing during delithiation, suggesting that
restricted movement within the interdiffusion layer is the key to
mitigating the structural disintegration of Si-based anodes.
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