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AbstractAlthough binders are a minor component in battery electrodes, they can improve the electrochemical per-
formance considerably, particularly in conversion-type electrodes, such as the silicon (Si) anode, which has volume
expansion problems. Although numerous binders are reported for Si anode, less attention has been paid to those pre-
pared through controlled polymerization, which can allow the preparation of well-defined polymers. Herein, we report
the facile synthesis of carboxylic acid-functionalized polynorbornene (CA-PNB) via ring-opening metathesis polymer-
ization (ROMP) and apply this as the binder for Si anode. Owing to the ultrafast polymerization kinetics of ROMP, a
high molecular weight polymer (~279 kDa) with narrow dispersity (Ð=1.07) was readily prepared within 30 min. The
resulting CA-PNB was used as the binder for a Si nanoparticle anode, which exhibits an initial coulombic efficiency of
81% and a specific capacity of 1,654 mAh g1 after 100 cycles at 0.5 A g1. These values outperform the Si anodes pre-
pared using conventional polyvinylidene difluoride and carboxymethyl cellulose binders, probably due to the abundant
carboxylic acid groups in the CA-PNB that offer stronger interactions with the Si surface. Since ROMP is a highly effi-
cient polymerization tool to produce polymers with tailored architectures and controlled monomer sequences, this
method will be valuable for the rational molecular design of high-performance binders for battery electrodes.
Keywords: Silicon Anodes, Polymer Binders, ROMP, Lithium-ion Batteries, Polynorbornene

INTRODUCTION

The development of lithium-ion batteries (LIBs) with high energy
density is essential for meeting the rapidly growing demand for
sustainable energy. Silicon (Si) has been studied extensively as one
of the most promising anode materials in the past decade [1-3]. Si
has a high theoretical specific capacity (3,570 mAh g1 when alloyed
into Li4.4Si), which is nearly ten times greater in magnitude than
conventional graphite anodes [4]. In addition, its low operation
potential (~0.4 V vs. Li/Li+), earth abundance, and mature process-
ing techniques are also attractive for commercialization. However,
the drastic volume changes (up to 300%) of Si during the lithia-
tion-delithiation process cause considerable internal stress, leading
to structural damage to the electrode and capacity decay. Various
structural modifications have been suggested to solve these prob-
lems, including porous Si [5,6], nano Si [7,8], core-shell Si [9], and
Si-carbon composites [10,11]. However, the high cost and com-
plex process synthesis limit their large-scale production for com-
mercial batteries.

The development of robust binders can be an alternative strat-
egy to deal with the volume changes and related problems of the
Si anode and is possibly more cost-effective than structural modi-
fication of Si. Despite the small content in the electrode (typically

<20 wt%), binders are essential for providing mechanical and con-
ductive integrity because the major function of binders is to tightly
hold active materials and conductive additives to the current col-
lector during battery operation [12]. The choice of binder is also
critical for adequate mixing and uniform dispersion of active/con-
ductive materials in the slurry to prepare a homogeneous electrode.
In addition, the binders also help to form a stable solid electrolyte
interphase (SEI) layer on the Si surface to prevent overreactions
between Si and the electrolyte [13,14]. Considering the numerous
silanol groups (Si-OH) on the surface of Si particles, binders that
can form strong bonds through covalent or non-covalent interac-
tions with silanol groups are strongly encouraged. In this regard,
natural or synthetic polymers comprising polar functional groups,
such as -OH, -COOH, or -NH2, have been extensively explored [15-
19]. Representative examples of such binders include poly(acrylic
acid) [12,20-23], poly(vinyl alcohol) [24,25], polyacrylamide [26-
28], and polysaccharide [29-34].

While numerous functional binders for silicon anodes have been
reported, the use of controlled polymerization techniques has been
less explored [35-38], possibly due to the low cost-efficiency. Nev-
ertheless, controlled polymerization methods have great potential
to prepare well-defined polymers, such as tailored polymer archi-
tectures (graft, star, bottlebrushes, and cyclic structures) and con-
trolled monomer sequences (block, random, alternating, and gra-
dient) along with narrow molecular weight distribution [39-41].
These features can offer an additional molecular-design capability
to produce useful binders for battery electrodes, and they are worth
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more investigation in the future.
In this study, we exploited ring-opening metathesis polymeriza-

tion (ROMP), a renown controlled polymerization technique, to
synthesize binders for silicon anodes. As a model binder, carboxylic
acid-functionalized polynorbornene (CA-PNB) was synthesized
using a two-step process including the ROMP of t-butyl ester-func-
tionalized norbornene, followed by deprotection of the t-butyl moi-
ety, generating carboxylic acid groups. In particular, high molecular
weight polymer (279 kDa) with narrow molecular weight distribu-
tion (Ð=1.07) can be synthesized within 30min owing to the ultra-
fast polymerization kinetics of ROMP. Obtaining a large molecular
weight polymer (>100 kDa) within a short period in a controlled
manner is an attractive feature because the molecular weight has a
great influence on the ultimate performance of the binders in the
electrode [42]. To the best of our knowledge, CA-PNB was first
employed as a binder in Si nanoparticle anodes. Interestingly, the
Si anodes prepared using CA-PNB binders outperformed Si anodes
prepared using polyvinylidene difluoride (PVDF) and carboxymethyl
cellulose (CMC) binders in electrochemical performance (specific
capacity and cycling stability). The superior performance of CA-
PNB binders was attributed to the abundant -COOH groups and
the long polymer chain that ensures strong interaction with the Si
surface.

EXPERIMENTAL

1. Materials
Tert-butyl 5-norbornene-2-carboxylate (NBtBC, mixture of endo

and exo, 95%) was purchased from Tokyo Chemical Industry. Tri-
fluoroacetic acid (TFA, 99%), dimethyl sulfoxide (DMSO), and N-
methyl-2-pyrrolidone (99.5%) were purchased from Sigma-Aldrich.
Dichloromethane (DCM, stabilized with ethanol, 99+%) and ethyl
vinyl ether (EVE, 99%) were obtained from Acros Organics. Nano-
Si powder (APS 50 nm, 98%) and Super P (99+%) were supplied
by Alfa Aesar. All reagents and solvents were used without further
purification. (H2IMes)(pyr)2(Cl)2RuCHPh (third generation Grubbs
catalyst, G3) was prepared according to a reported protocol [43]
and used immediately. CMC (Mw ~150 kDa) was procured from
Daicel Miraizu Ltd., and PVDF (Mw ~534 kDa) was acquired from
Sigma-Aldrich.
2. Synthesis of Carboxylic Acid-functionalized Polynorbornene
Binder (CA-PNB)

NBtBC (3 g, 15.442 mmol) was placed in an oven-dried round
bottom flask equipped with a magnetic stir bar, capped with a rub-
ber septum, and purged with nitrogen. Dry DCM (64 mL) was in-
troduced to this flask to dissolve the NBtBC monomer. A G3 solu-
tion (7 mg mL1, 0.01 mmol) in DCM was prepared separately in
an oven-dried scintillation vial, capped with a rubber septum, and
purged with nitrogen. Polymerization was started by transferring the
catalyst solution to the NBtBC solution using the cannula method
and stirring for 30 min at room temperature. Polymerization was
terminated by adding 1 mL of EVE to the reacting solution and
stirring for an additional 10 min. Subsequently, the solvent was re-
moved using a rotary evaporator, and the crude polymer was puri-
fied by repeatedly precipitating into excess methanol and drying
for 24 h in a vacuum oven at room temperature.

The t-butyl-protecting group of the synthesized polymer was
cleaved by a TFA treatment. The dried polymer (2 g) was re-dis-
solved in DCM (14 mL), and TFA (3.15 mL, 41.2 mmol) was added
to the polymer solution under nitrogen. The resulting mixture was
then stirred for 18 h at room temperature. The reaction mixture
was subjected to rotary evaporation to remove the solvent and resid-
ual TFA. The final product was obtained after purification by pre-
cipitating into excess hexane and dried for 24 h in a vacuum oven
at room temperature.
3. Characterization

1H NMR spectra were recorded on a Varian Unity Inova spec-
trometer (500 MHz) using CDCl3 and DMSO-d6 as solvents. The
molecular weight and dispersity of the synthesized polymer were
obtained by size exclusion chromatography (SEC) using Agilent
1,100 pump, a refractive index detector, and PSS SDV (5m; 105,
103, and 102 Å; 8.0×300.0 mm) columns. THF was used as an elu-
ent at a flow rate of 1mL min1. A conventional calibration was con-
structed using poly(methyl methacrylate) (PMMA) standards. At-
tenuated total reflectance Fourier transform infrared (FTIR, Jasco
FT/IR-4600) spectroscopy was performed to examine the func-
tional groups. A background spectrum (32 scans at 4 cm1 resolu-
tion) of a clean ATR crystal was collected and used as a reference.
Differential scanning calorimetry (DSC, TA instruments, Discov-
ery DSC 25) was performed by heating the sample to 200 oC, then
cooling it to 0 oC, and reheating it to 200 oC at a rate of 10 oC min1

under flowing N2. Stress-strain measurements were performed using
a dynamic mechanical analyzer (DMA, TA instruments, DMA
Q850) with a rectangular specimen (length×width×thickness=
7mm×5mm×0.2mm). The sample was equilibrated at 25 oC under
a preload of 100 mN, and the force was increased at a rate of 0.2 N
min1. A 180o peeling test was performed on a universal testing
machine (DR-100 Dr TECH). The coated side of the electrode
was attached to 3M tape (length×width=7.6 cm×1.8 cm), while
the free side was attached to a stainless-steel substrate using dou-
ble-sided tape. The 3M tape was then pulled at an angle of 180o at
a displacement rate of 40 mm min1. The surface and cross-sec-
tional morphology of the electrodes were examined by scanning
electron microscopy (SEM, Tescan Vega Compact). The sample was
coated with an 8 nm platinum layer before the observation. The
coin cells were disassembled inside a glovebox, washed with dimethyl
carbonate, and dried. The electrode was immersed in liquid nitro-
gen for 5 min and manually fractured while frozen.
4. Electrode Fabrication and Electrochemical Characterization

Polymer binders were dissolved in respective solvents (10 wt%
CA-PNB in DMSO, 10 wt% PVDF in NMP, and 5 wt% CMC in
DI water) before preparing the slurry. The slurry was prepared by
mixing silicon nanoparticles (SiNP) (70 wt%), super P (15 wt%),
and binder (15 wt%) in a 20 mL scintillation vial equipped with two
magnetic stir bars for 24 h. The resulting slurry was cast on a cop-
per foil using a doctor blade and vacuum dried at 70 oC for 24 h.
Circular discs (diameter of 12 mm) were then punched to produce
the dried electrodes and assembled to CR 2032-type coin cells using
Li metal as the counter electrode (diameter of 14 mm), a polyeth-
ylene membrane (diameter of 18 mm, Wellcos, Korea) as the sep-
arator, and 1.0 M solution of LiPF6 in ethylene carbonate (EC), ethyl
methyl carbonate (EMC), and diethyl carbonate (DEC) (v/v/v=
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30/40/30) with 10% fluoroethylene carbonate (FEC) as the electro-
lyte inside an argon-filled glove box. For comparison, a 1.0M solu-
tion of LiPF6 in EC/DEC (v/v=50/50) was also used as the electrolyte
for some coin cells. The active material loading of the electrodes
was determined to be ~0.5 mg cm2.

Galvanostatic charge/discharge tests were conducted on a bat-
tery cycler (WBCS300L, WonATech) at 27 oC in a potential range
of 0.01-1.5 V (vs. Li/Li+). All coin cells were cycled at 0.5 A g1. The
prepared coin cells were aged for 12 h prior to cycling to ensure
adequate electrode wetting. In the rate performance test, the cur-
rent density was varied (0.1-1.0 A g1) Electrochemical impedance
spectroscopy (EIS, ZIVE MP1 station, WonATech) was performed
at 1.5 V in a frequency range of 100 kHz to 100 mHz. A ZMAN
v2.4 EIS simulator (WonATech) integrated with a ZIVE MP1 was
used to regress the impedance parameters. Cyclic voltammetry
(CV) was performed on a ZIVE MP1 station with a voltage range
of 0.01-3.0 V (vs. Li/Li+) at a scan rate of 0.2 mV S1.

RESULTS AND DISCUSSION

1. Synthesis and Characterization of CA-PNB Binder
The CA-PNB binder was synthesized in two steps, as shown in

Fig. 1(a). The NBtBC monomer first underwent ROMP using a
G3 catalyst at room temperature. The resulting polymer was then
treated with TFA to cleave the t-butyl group, generating a carboxylic
acid group. Interestingly, polymerization in the first step was com-
pleted within 30 min because of the ultrafast kinetics of ROMP
when using a G3 catalyst [44]. Molecular weight characterization
was performed with t-butyl group-functionalized polynorbornene
to avoid clogging issues in the SEC column. The molecular weight
of the polynorbornene after the first step was 279 kDa with a dis-
persity of 1.07 (Fig. 1(b)). The ability to obtain a high molecular
weight and narrowly dispersed polymers in a fast manner under
mild conditions originated from the unique characteristic of ROMP

Fig. 1. (a) Synthetic route for preparing the CA-PNB binder. (b)
SEC trace of t-butyl group-functionalized polynorbornene
in THF.

Fig. 2. (a) 1H NMR and (b) FT-IR spectra: NBtBC monomer (top), t-butyl ester-functionalized polynorbornene (before TFA treatment, mid-
dle), and carboxylic acid-functionalized polynorbornene (after TFA treatment, bottom).

and has great benefit for saving polymerization time compared to
other polymerization techniques (e.g., condensation, free-radical,
emulsion, ionic, and controlled radical polymerization), which typi-
cally requires at least several hours to reach a molecular weight of
tens of thousands [45-47]. In addition, since ROMP is one of the
living polymerization techniques, well-defined polymers with com-
plex architectures and controlled monomer sequences can be pre-
pared, which may offer a powerful tool for the rational design of
binders for battery electrodes.

The 1H NMR and FT-IR spectra (Fig. 2(a) and 2(b)) of the
monomer and the polymers were recorded to follow the polymer-
ization and the deprotection reaction. In the 1H NMR spectra, the
complete disappearance of the olefinic protons of the norbornene
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monomer (a and a'; 5.9-6.2 ppm) and the appearance of a new
peak at 5.1-5.6 ppm corresponding to the olefinic protons of the
polynorbornene indicated the completion of ROMP of NBtBC [48].
After the TFA treatment, the t-butyl group (f, 1.54 ppm) disap-
peared, and the carboxylic acid peak (f', 12 ppm) appeared, both
of which verified the quantitative conversion of t-butyl groups to
carboxylic acids.

Deprotection of the t-butyl group was further confirmed by FT-
IR spectroscopy. After the TFA treatment, a broad peak correspond-
ing to the carboxylic acid appeared at 2,400-3,500 cm1, while the
C-C vibration peak due to the t-butyl groups (1,370 cm1) disap-
peared [49]. In addition, the carbonyl stretching peak (C=O) shifted
from 1,723 to 1,687cm1 after the TFA treatment due to the hydro-
gen bonding of multiple carboxylic acids. Thus, 1H NMR and FT-
IR analyses confirmed the synthesis of CA-PNB through the two-
step reactions.

The thermal and mechanical properties of CA-PNB were char-
acterized by DSC and DMA, as shown in Fig. 3(a) and 3(b), respec-
tively. The glass transition temperature (Tg) of CA-PNB determined
by the second heating scan was 167 oC. Such high Tg is associated
with numerous intra- and intermolecular hydrogen bonding among
CA-PNB chains. Note that the Tg of CA-PNB is higher than that of
poly(acrylic acid), typically 105-125 oC [50], because of the more
rigid backbone of polynorbornene originating from unsaturated
bonds and the bridged bicyclic structure. The tensile stress-strain
curve also suggests the rigid and brittle nature of the CA-PNB, exhib-
iting low failure strain (0.8%) and a high Young’s modulus (1,638
MPa).
2. Electrochemical Properties

The electrochemical properties of the Si anode using the CA-
PNB binder were evaluated in a set of half-cell tests. Fig. 4(a) pres-
ents the first two CV curves of the Si-CA-PNB anode within a volt-
age range between 0.01 and 3.0 V. In the initial scan, two cathodic
peaks were observed at 0.86 and 0.31 V, which were ascribed to
the interfacial reaction due to electrolyte reduction. These peaks
were insignificant or absent in the subsequent cycle, indicating the
formation of a stable SEI layer in the first cycle. The two anodic
peaks at 0.36 and 0.54 V correspond to the different delithiation
states of Si [51]. Fig. 4(b) shows the initial charge-discharge pro-
files of Si anodes prepared with different binders. In all Si anodes,

a steep decline in the discharge curves was observed between 0.8
and 0.1 V, indicating the SEI formation [52,53], while the subse-
quent plateau at 0.1 V was associated with the formation of amor-
phous LixSi [54]. These observations were consistent with the results
of the first CV scan.

Fig. 4(c) shows the specific capacity and the CE of Si anodes
prepared with different binders at 0.5 A g1. The specific capacity
and initial coulombic efficiency (ICE) were higher for the Si anode
with the CA-PNB binder, suggesting that the CA-PNB binder effec-
tively accommodated the volume changes of the Si anode compared
with other binders. The initial discharge capacity and ICE were
3,423 mAh g1 and 81% for the Si-CA-PNB electrode, 1,712 mAh
g1 and 74% for the Si-CMC electrode, and 1,434 mAh g1 and
35% for the Si-PVDF electrode, respectively. After 100 cycles, the
Si-CA-PNB anode exhibited a reversible capacity of 1,654 mAh g1

with a capacity retention of 65.3% (from the 5th to 100th cycle).
Although the Si-CMC anode exhibited more stable cycling behav-
ior, the capacity was much lower than that of the Si-CA-PNB anode.
The lower capacity of Si-CMC anode may be due to the less sta-
ble SEI layer on the Si surface caused by the random distribution
of -COOH (or -COO Na+) functional groups along the CMC
backbone [55]. On the other hand, the capacity of the Si-PVDF
anode decreased rapidly to 266 mAh g1 at the 10th cycle. The poor
cycling performance of the Si-PVDF anode was attributed to the
weak interaction between the PVDF binder and the Si surface.
The rate capability of the Si-CA-PNB anode was investigated fur-
ther by varying the current density from 0.1-1.0 A g1 (Fig. 4(d)).
After 20 cycles at various current densities, the discharge capacity
of the Si-CA-PNB anode recovered to 71.3% of its initial value,
revealing good reversibility of the anode. Noteworthy that the FEC
additive in the electrolyte substantially enhanced the electrochemi-
cal performance of the Si anode. The initial voltage profiles of the
Si-CA-PNB anodes prepared with or without the FEC additive
(Fig. 4(e)) showed that the ICE was 15% higher for Si-CA-PNB in
the FEC-containing electrolyte (i.e., ICE of 81%) than that of the
non-FEC electrolyte (i.e., ICE of 66%). Moreover, the Si-CA-PNB
anode cycled in the FEC-containing electrolyte improved the
cycling stability compared to that of the non-FEC electrolyte sys-
tem (Fig. 4(f)). Such enhancement in the FEC system is associ-
ated with the formation of a more stable SEI layer constructed in

Fig. 3. (a) DSC traces of the CA-PNB during first cooling and second heating. (b) Stress-strain curves of the CA-PNB.
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the first cycle, which contains FEC decomposition products, par-
ticularly LiF [56,57]. The LiF-rich SEI layer prevents further elec-

trolyte decomposition and reduces the irreversible capacity loss.
EIS characterization was performed to obtain more insight into

Fig. 4. (a) CV curves of Si anode prepared with CA-PNB binder. (b) Initial voltage profile of Si anodes prepared with CA-PNB, CMC, and
PVDF binders at 0.5 A g1. (c) Comparison of the cycling performance of Si-anodes prepared with CA-PNB, CMC, and PVDF bind-
ers at 0.5 A g1. (d) Rate capability of the Si anode prepared with CA-PNB binder at different current densities. (e) Initial voltage pro-
file and (f) cycling performance of Si-anodes prepared with CA-PNB binder using the electrolyte with and without FEC additive at
0.5 A g1.

Fig. 5. Nyquist plots of the Si-CA-PNB and Si-PVDF electrodes: (a) pristine and (b) after three cycles.
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the SEI formation in Si anodes using CA-PNB and PVDF bind-
ers [58]. Fig. 5 presents Nyquist plots of the fresh and activated Si-
CA-PNB anode and Si-PVDF anode, together with the equivalent
circuit diagram, and Table 1 lists the regression results. In the EIS
plots, the semicircle ranging from the high-mid frequency represents
the SEI and charge transfer resistances (RSEI and Rct, respectively).
The oblique line at the low-frequency region is related to the War-
burg element (Zw), which is controlled by Li+ ion diffusion at the
interface [59]. In the pristine state, the sum of RSEI and Rct of the
Si-CA-PNB anode and Si-PVDF anode was 460 and 640,
respectively. After three charge-discharge cycles, the interfacial
resistance of the Si-PVDF anode increased significantly, while the
Si-CA-PNB anode exhibited a marginal increase in resistance (from
460 to 620), suggesting the formation of a more stable SEI layer
in Si-CA-PNB anode. The formation of a stable SEI layer was at-
tributed to the stronger interaction between the Si nanoparticles
and the CA-PNB binder.
3. Adhesion and Morphological Characterization

The superior electrochemical performance of the Si anode pre-
pared with CA-PNB compared to the control binder was eluci-
dated further by examining the adhesion strength of the electrode
using a 180o peel test. Although a thin layer of active material was
peeled off from the electrode surface, the Si-CA-PNB anode exhib-
ited an average peel strength of 1.15 N cm1, which was ~4.5 times
higher than that of the Si-PVDF anode (Fig. 6(a)). Fig. 6(b) shows
photographs of the electrodes after the peeling test. The copper
substrate is visible in multiple sites of the Si-PVDF anode, imply-
ing that a substantial amount of active materials were detached

Table 1. EIS data of the Si-CA-PNB and Si-PVDF electrodes
Pristine After three cycles

Rs []a RSEI []a Rct []a Rs [] RSEI [] Rct []
Si-CA-PNB 1.51 460 1.67 100 0,520
Si-PVDF 2.23 640 2.11 934 5,400

aRs, RSEI, and Rct are the solution, SEI, and charge-transfer resistances, respectively.

Fig. 6. (a) 180o peel test of Si-CA-PNB and Si-PVDF electrodes. (b) Photographs of Si-CA-PNB (left) and Si-PVDF (right) electrodes after
the peel test. Copper foil is visible in the Si-PVDF electrode, highlighted with a yellow box.

from the surface of the Si-PVDF anode. The superior adhesion
strength of the Si-CA-PNB anode originates from numerous car-
boxylic acid groups in the CA-PNB binder with a sufficiently high
molecular weight that can have strong interactions with the sila-
nol groups on the surface of the SiNPs. In contrast, the weak van
der Waals interactions between the PVDF binder and SiNPs were
inadequate for preventing the loss of active materials when sub-
jected to peeling.

The morphology of the Si anodes before and after electrochemi-
cal cycling was examined by SEM. As shown in Fig. 7(a) and 7(b),
the active materials and conductive carbon were uniformly coated
on the current collector before cycling. After ten cycles, multiple
microcracks appeared on the Si-CA-PNB anode, which was inevi-
table due to volume expansion (Fig. 7(c)). In contrast, seriously large
cracks were formed on the surface of Si-PVDF anode, which also
confirmed the inadequate binding force of the PVDF binder (Fig.
7(d)). Comparison of crack size between Si-CA-PNB and Si-PVDF
anodes (Fig. 7(e) and 7(f)) revealed that the cracks on Si-PVDF
anode are about three times larger than those on the surface of Si-
CA-PNB anode. Such larger cracks can obstruct the conduction of
electrons within the electrode microstructure. Fig. 7(g) and 7(h)
show the photographs of the Si-CA-PNB and Si-PVDF anodes
after ten cycles. While Si-CA-PNB preserved integrity despite the
appearance of microcracks on the anode surface, the Si-PVDF elec-
trode exhibited obvious disintegration and partial removal of coat-
ing layer. Both the adhesion strength and morphological analyses
of the Si anodes clearly explain the disparate cycling behavior of
the Si-CA-PNB and Si-PVDF anodes.
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CONCLUSION

We synthesized high molecular weight carboxylic acid-func-
tionalized polynorbornene (CA-PNB) via ROMP and investigated
its potential as the binder for a Si anode. Compared to other polym-
erization techniques, ROMP allows the preparation of high molec-
ular weight polymers in a fast and controlled manner without re-

quiring harsh reaction environments. The Si anode prepared using
the CA-PNB binder displayed good electrochemical performance,
including an ICE of 81% and a specific capacity of 1,654 mAh g1

after 100 cycles at 0.5 A g1 with 65.3% capacity retention. These
values are superior to the Si anodes prepared using conventional
PVDF and CMC binders. The greater electrochemical perfor-
mance of the CA-PNB binder is attributed to the stronger interac-

Fig. 7. Morphology of the Si-CA-PNB (left column) and Si-PVDF (right column) electrodes: ((a) and (b)) surface morphology before cycling,
(c)-(f) surface morphology after ten cycles. ((g) and (h)) Photographs of the Si-CA-PNB and Si-PVDF electrode after ten cycles.
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tion with the Si surface originating from the abundant carboxylic
acid groups. ROMP is convenient and extremely useful for pro-
ducing well-defined polymers with tailored architectures and con-
trolled monomer sequences. Therefore, it is envisioned that ROMP
is a potential tool for creating rationally designed binders for high-
performance Si anodes. More efforts are currently underway and
will be reported in the future.
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