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Intramolecular cyclization of 1,1-diisopropyl- or diphenyl-bis(phenylethynyl)-silanes (2a and 2b) followed
by bromination or trimethylsilylation were carried out to yield 1,1-diisopropyl- or -diphenyl-3,4-diphenyl-
2,5-dibromo-siloles (3a and 3b) and 1,1-diisoproyl- or -diphenyl-3,4-diphenyl-2,5-bis(trimethylsilyl)-
siloles (4a and 4b), respectively. The structures of 3a,b and 4a,b were confirmed using 1H, 13C, and 29Si
NMR as well as FTIR spectroscopy. The absorption bands of the siloles 3a,b and 4a,b in THF were mea-
sured at 303–325 nm with the molar absorptivities of 1.85 × 103 ~ 2.18 × 103 cm−1�M−1. The excitation
bands were measured at 347–376 nm and the emission peaks were measured at 409–445 nm. Cyclic
voltammograms of 3a and 3b indicated oxidation peaks at 0.90 and 0.80 V and reduction peaks at −1.20
and −1.20 V, respectively. The cyclic voltammograms of 4a and 4b indicated two oxidation peaks
between −0.05 and −0.95 V and two reduction peaks between −0.10 and −0.93 V, respectively. Com-
pound 4a exhibits a better long cycle performance by almost 1000 cycles as compared that of 3a and 4b.
The rate performance test of the anodes Li-3a and Li-4a exhibited better performance properties at vari-
ous C rate than Li-4b. According to discharge–charge curves, 4a shows one plateau at approximately
0.58 V of the first discharge curve and the initial discharge specific capacity of 972 mAh/g. The electro-
chemical impedance spectroscopy of 4a indicates low charge transfer resistance, good conductivity of the
electrolyte, and fast chemical adsorption/desorption rate of electrolyte ions on electrode surface, due to the
electronic structure of 4a.
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Lithium-ion battery

Introduction

Silole derivatives that are 1-silacyclic 5-membered com-
pounds such as 1-silacyclopenta-2,4-dienes,1 possess a lower
π-electronic LUMO energy as compared to that of the
corresponding cyclopentadiene.2 This feature is attributed to
the orbital interactions between butadiene π* and silylene
σ*.3 Silole-bearing compounds with π-conjugated skeletons
have been extensively studied as photoluminescent4–9 and
electronic OLED materials.10–15 2,5-Silole dendrimers that
are end-capped with phenyl-ethenyl-carbosilanes exhibit
green or greenish-blue fluorescence.16

We have previously outlined the syntheses of silole-containing
polymeric materials, for example, poly(1,1-disubstituted-
3,4-diphenyl-2,5-silole)s and poly[(1,1-dihexyl-3,4-diphenyl-
2,5-silolene)-co-(disubstitutedsilyl-ene or -germylene)]s.9,17 We
were also the first to repot the electrochemical properties such as
cyclic voltammograms and the long cycling performances of
1,1-diethyl or -dihexyl-2,5-bis(trimethylsilyl)-3,4-diphenyl-
siloles as active anodematerials for lithium secondary battery.18

Herein, we report the synthesis and detailed electrochem-
ical properties of 1,1-diisopropyl or -diphenyl-2,5-dibromo
or -bis(tri-methylsilyl)-3,4-diphenyl-siloles (3a, 3b, 4a, and
4b) as active anode materials for lithium secondary battery.

Experimental

General. All the solvents were purified before use
according to a previously reported procedure.19 1H and 13C
NMR spectra of the synthesized compounds were recorded
in CDCl3 using a JEOL 500 MHz FT-NMR spectrometer.
The chemical shifts of the NMR spectra were measured
using the residual proton signal of CDCl3 or tetra-
methylsilane as an internal standard. Infra-red (IR) spectra
were recorded using a Thermo Scientific FT-IR iD50 spec-
trophotometer. We obtained the UV–Vis absorption spectra
using a Hewlett Packard 8453 spectrophotometer. The exci-
tation and emission spectra were recorded using a Horiba
Fluorolog-3-11 fluorescence spectrophotometer. We per-
formed the cyclic voltammetry experiments with a Bio-
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Logic Science Instruments model VSP potentiostat using a
three-electrode cell system composed of an Ag/AgCl refer-
ence electrode, platinum wire counter electrode, and copper
working electrode, wherein the potential window was
between +2 and −2 V. We prepared a working electrode
system by dipping a copper electrode in a hexane solution
of the synthesized silole derivatives and then evaporating
the solvent in a dry oven. The morphologies and surface
analysis of the battery cell anodes were examined by field
emission scanning electron microscopy with SEM Hitachi
S-4800 (Ibaraki, Japan). The cell properties of the charge/
discharge experiments were performed using a multi-
channel potentiostat/galvanostat of WonATech WMPG-
1000. Electrochemical impedance spectroscopy was
performed using a VersaSTAT 3 Model 500 Potentiostat
Galvanostat of AMETEK Scientific Instrument (Kingston,
UK) with VersaStudio 2.60.0 Software of Princeton
Applied Research (New Jersey, USA).
Diisopropyldi(phenylethynyl)silane (2a) was prepared

by the reaction of dichlorodiisopropylsilane (1a) with
phenylacetylene that was treated with n-butyllithium fol-
lowing the procedure reported in the literature.11,17,20 A
yellowish viscous liquid of the product 2a (33.6 g, 99.0%)
was obtained. 1H NMR (500 MHz, CDCl3): δ 1.24 (m,
2CH(CH3)2, 14H), 7.35 (m, 6H), 7.56 (m, 4H). 13C NMR
(125 MHz, CDCl3): δ 12.478, 17.718, 87.559, 107.073,
122.834, 128.727, 132.192. 29Si NMR (99 MHz, CDCl3): δ
−23.139. IR (neat) νmax: 3057 (varC-H), 2954, 2865
(valC H), 2157 (vC C), 1595, 1573, 1487, 1460, 1442
(varC C), 831, 754, 725, 686 (vSi C) cm

−1.
Diphenyldi(phenylethynyl)silane (2b) was prepared by

the reaction of dichlorodiphenylsilane (1b) with
phenylacetylene that was treated with n-butyllithium by
means of the literature.11,17,20 A yellowish viscous liquid of
the product 2b (29.3 g, 97.0%) was obtained. 1H NMR
(500 MHz, CDCl3): δ 7.38 (m, 6H), 7.48 (m, 6H), 7.63 (m,
4H), 7.92 (m, 4H). 13C NMR (125 MHz, CDCl3): δ
87.733, 108.917, 122.519, 128.249, 128.403, 129.372,
130.418, 132.492, 133.125, 135.064. 29Si NMR (99 MHz,
CDCl3): δ −48.02. IR (neat) νmax: 3068, 3019(varC H),
2157(vC C), 1487, 1441, 1429(varC C), 881, 834, 752, 741,
688(vSi C) cm

−1.
2,5-Dibromo-1,1-diisopropyl-3,4-diphenyl-silole (3a)

was prepared by the intramolecular reductive cyclization of
compound 2a, followed by bromination as per previous lit-
erature.11,17,20 A white powder of the product 3a (4.38 g,
58.23%) was obtained. 1H NMR (500 MHz, CDCl3): δ
1.26(d, 12H, J = 7.4 Hz), 1.52(m, 2H), 6.94(m, 4H), 7.15
(m, 6H). 13C NMR (125 MHz, CDCl3): δ 9.800, 17.171,
119.772, 127.345, 127.547, 128.958, 137.289, 157.869.
29Si NMR (99 MHz, CDCl3): δ 7.463. IR (neat)) νmax:
3056, 3018(varC H), 2952, 2864(valC H), 1488, 1459, 1441
(varC C), 1075, 1022(vC-Br), 766, 694, 672, 642(vSi C)
cm−1. UV–Vis (THF) λmax, nm (ε, cm−1 M−1):
325 (1.91 × 103).

2,5-Dibromo-1,1,3,4-tetraphenyl-silole (3b) was pre-
pared by the intramolecular reductive cyclization of com-
pound 2b and subsequent bromination following previous
literature.11,17,20 A white powder of the product 3b (4.18 g,
59.13%) was obtained. 1H NMR (500 MHz, CDCl3): δ
7.02(m, 4H), 7.18(m, 6H), 7.53(m, 6H), 7.86(m, 4H), 13C
NMR (125 MHz, CDCl3): δ 120.041, 127.595, 127.624,
127.969, 128.507, 129.025, 131.194, 135.782, 136.896,
158.215. 29Si NMR (99 MHz, CDCl3): δ −16.49. IR (neat)
νmax: 3051(varC H), 1487, 1472, 1426(varC C), 1076, 1057,
1024(vC-Br), 769, 737, 717, 695(vSi C) cm−1. UV–Vis
(THF) λmax, nm (ε, cm−1 M−1): 333 (2.18 × 103).
1,1-Diisopropyl-2,5-bis(trimethylsilyl)-3,4-diphenyl-

silole (4a) was synthesized by the intramolecular reductive
cyclization of compound 3a and subsequent
trimethylsilation according to previous reports.11,17,20 A
white powder of the product 4a (3.57 g, 48.8%) was
obtained. 1H NMR (500 MHz, CDCl3): δ −0.17(s, 18H),
1.15(d, 12H, J = 7.4 Hz), 1.44(m, 2H), 6.79(m, 4H), 7.01
(m, 6H). 13C NMR (125 MHz, CDCl3): δ 1.181, 11.884,
18.421, 125.897, 126.934, 129.190, 140.842, 143.453,
171.933. 29Si NMR (99 MHz, CDCl3): δ −9.92, 35.60. IR
(neat) νmax: 3059(varC H), 2947, 2863(valC H), 1458
(varC C), 831, 776, 758, 698(vSi C) cm

−1. UV–Vis (THF)
λmax, nm (ε, cm−1 M−1): 303 (1.85 × 103).
1,1,3,4-tetraphenyl-2,5-bis(trimethylsilyl)-silole (4b)

was synthesized by the intramolecular reductive cyclization
of compound 3b, followed by trimethylsilation according
to previous literature.11,17,20 A pale yellowish powder of
the product 4b (3.51 g, 41.9%) was obtained. 1H NMR
(500 MHz, CDCl3): δ 0.00(s, 18H), 7.34(m, 4H), 7.47(m,
6H), 7.86(m, 6H), 8.23(m, 4H). 13C NMR (125 MHz,
CDCl3): δ 0.700, 126.184, 126.990, 127.931, 128.756,
129.726, 132.634, 135.667, 142.607, 143.663, 171.662.
29Si NMR (99 MHz, CDCl3): δ −8.86, 8.41. IR (neat))
νmax: 3066(varC H), 2964, 2892(valC H), 1470, 1428
(varC C), 1242(vC C), 833, 778, 759, 737, 697 (vSi C)
cm−1. UV–Vis (THF) λmax, nm (ε, cm−1 M−1):
311 (2.12 × 103).
Fabrication of the anode materials for lithium-ion batte-
ries. The active materials 3a, 4a, or 4b were mixed with
Super P and polyvinylidenefluoride (PVDF) in a ratio of
30:60:10 (wt %). Following this, the mixtures were stirred
using zirconia ball-milling with N-methylpyrrolidone
(NMP) as the solvent for 24 h. The well-mixed electrode
material solution was coated onto a Cu foil current collec-
tor, using a doctor blade. The coated active material was
then vacuum-dried at 50 �C and the temperature was gradu-
ally increased to 110 �C for 12 h to remove the NMP sol-
vent. The cell assembly of the 2032 type coin cell for the
electrochemical properties experiment was carried out
inside a glove box filled with Ar gas. Batteries were fabri-
cated into half cells, and the prepared active materials were
used as working electrodes with a thickness of 10 μm. Lith-
ium metal was used as the counter electrode and polypro-
pylene (PP) was used as the separator. The electrolyte was
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made of 1 M LiPF6 in ethylene carbonate (EC) and
dimethyl carbonate (DMC) at a 30:70 (vol %) ratio.

Results and Discussion

Synthesis. Scheme 1 shows the synthesis of the siloles 3a,
3b, 4a, and 4b via reaction procedures that have been
reported previously.11,17,20 First, dichloro-diisopropyl- and
-diphenyl-silanes (1a and 1b) were treated with lithium
phenylacetylide, in situ prepared in THF solution by the
reaction of phenylacetylene with n-BuLi, affording
diisopropyl- and diphenyl-bis(phenylethynyl)-silane
(2a and 2b). Then, intramolecular reductive cyclization
reactions of 2a and 2b were carried out successively using
lithium naphthalenide, anhydrous zinc chloride, and N-
bromosuccinimide (NBS) to obtain the compounds 3a and
3b, or using lithium naphthalenide, and chlo-
rotrimethylsilane to yield 4a and 4b, respectively, in rea-
sonably high yields.
We confirmed the structures of 3a,b and 4a,b through

1H, 13C, and 29Si NMR as well as FTIR studies. Selected
characteristics of the compounds have been summarized in
Table 1.21–24 Notably, the silicon peaks in the 29Si NMR
spectra of 3a and 3b were observed at 7.46 and
−16.49 ppm, respectively, while the silicon peaks of 4a
and 4b attached to the silole ring were observed at 35.60
and −8.86 ppm, respectively.23 The spectral data indicate
that the siloles 3a,b and 4a,b were successfully prepared
through the intramolecular reductive cyclizations of the
bis(phenylethynyl)silane 2a and 2b, respectively.

Photoelectronic Properties. We studied the photoelec-
tronic properties of the compounds 3a,b and 4a,b in THF
solution. The spectral characteristics of the silole 3a have
been illustrated in Figure 1 and Table 1. The absorption max-
imum (λabs,max) of 3a, 3b, 4a, and 4b were found at
325, 333, 303, and 311 nm, respectively, with molar absorp-
tivities between 1.85 × 103 and 2.18 × 103 cm−1 M−1. These
strong absorption bands in the UV–Vis spectra of 3a,b
and 4a,b might be due to the characteristic chromophore
groups of phenyl and diene in the 3,4-diphenyl-siloles.25

On comparing the absorption maximum (λabs,max) of 3a,b
with those of 4a,b in THF, we observed a bathochromic
shift of 22 nm. This shift may be attributed to the strong
intramolecular interactions through the electron-rich bro-
mine groups.25

Figure 2 depicts the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital
(LUMO) diagrams of 3a, 4a, and 4b, calculated by density
functional theory (DFT) using the Gaussian 09 W and
B3LYP/6-31G basis set. The HOMO-LUMO band gaps for
the siloles 3a, 4a, and 4b (Figure 2) were calculated to be
1.88, 3.32, and 3.27 eV, respectively. The values are in
agreement with the absorption maximum (λabs,max) in the
UV–Vis spectra, attributed to the π-conjugated silole ring.3

The excitation peaks of 3a, 3b, 4a, and 4b collected at
445, 443, 409, and 414 nm were observed at the maximum
of the excitation bands (λex,max), 371, 376, 347, and
368 nm, respectively, as illustrated in Figure 1 and Table 1.
The emission maximum (λem,max) of 3a, 3b, 4a, and 4b on
excitation at 371, 376, 347, and 368 nm, respectively, was
observed at 445, 443, 409, and 414 nm, respectively
(Figure 1 and Table 1). The intense excitation and emission
peaks observed for the prepared siloles 3a,b and 4a,b are
attributed to the chromophores of the phenyl and diene
groups in the 3,4-diphenyl-silole ring.26 Furthermore, the
full width at half maximum (FWHM) of the emission spec-
tra of 3a, 3b, 4a, and 4b were measured as 83, 71, 99, and
127 nm, respectively, as shown in Table 1.
Cyclic Voltammetric Characteristics. We studied the
cyclic voltammetric characteristics of the siloles 3a,b and
4a,b by coating the synthesized siloles on copper
electrodes.
The working electrode was fabricated by dipping a cop-

per electrode into a hexane solution of each synthesized
silole. The cyclic voltammograms of the siloles 3a and 4a
on the copper electrode in aqueous sulfuric acid (1.0 M
H2SO4) and potassium hydroxide solution (1.0 M KOH)
are shown in traces (a) and (b), respectively, in Figure 3
and Table 1. The cyclic voltammograms of 3a and 3b
exhibit a single oxidation peak at 0.90 and 0.80 V, respec-
tively, vs. the reference electrode of Ag/Ag+. The reduction
peak of 3a and 3b was observed at −1.20 and −1.20 V,
respectively, vs. Ag/Ag+ electrode. The cyclic
voltammograms of 4a and 4b show two oxidation peaks at
−0.40, −0.05, and −0.55, −0.95 V vs. the Ag/Ag+ refer-
ence electrode. The corresponding two reduction peaksScheme 1. Synthesis of siloles 3a, 3b, 4a, and 4b.
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occur at −0.55, −0.93, and −0.45, −0.10 V, respectively.
Based on the observations of the electrochemical studies, it
can be inferred that the reduction procedures reflect the
transformations of 3a,b and 4a,b into the equivalent anions
of 3a,b and 4a,b, for example, [3a,b]− and [4a,b]− or
[4a,b]−2, respectively. The oxidation processes might illus-
trate the reverse transformations of the equivalent anions of
3a,b and 4a,b, for instance, [3a,b]− and [4a,b]− or [4a,b]−2

into the initial 3a,b and 4a,b, respectively.27–29

These photoelectronic and cyclic voltammetry properties
of the siloles 3a, 3b, 4a, and 4b indicate that the prepared
siloles are potential candidates for electrochemical device
applications.

Morphologies of the Electrode Surface. We examined
the surface morphologies of the pristine electrode coated
with the anode silole material 4a, using field emission scan-
ning electron microscopy (FE-SEM) with energy-dispersive
X-ray spectroscopy (EDXS), as shown in Figure 4(a)–
(e).30,31 Figure 4(a) stipulates that the surface of the pristine
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Figure 1. Absorbance, excitation, and emission spectral traces of
3a in THF solution.

Figure 2. HOMO/LUMO diagrams and energy gaps of 3a, 4a,
and 4b.
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electrode coated with the anode silole 4a was smooth.
Figure 4(b)–(e) indicates that the component elements of
silicon and carbon on the pristine cell electrode were well
deposited.

Long Cycling Performance Property. We studied the
long cycling performance properties of the anode silole
materials 3a, 4a, and 4b at a current density of 1 A/g,
based on their cyclic voltammogram results, as shown in
Figure 5.32 Compound 4a exhibits a better long-cycle per-
formance by almost 1000 cycles as compared that of 3a
and 4b. In the case of 4a, the first discharge/charge capaci-
ties were found to be 973/509 mAh/g with a Coulombic
efficiency of 52.3% at 13 cycles. A charge capacity of
708 mAh/g with a Coulombic efficiency of 72.8% was
achieved at 200 cycles and 900 mAh/g charge capacity
along with a Coulombic efficiency of 92.5%, achieved at
438 cycles. Subsequently, the charge capacities of the
anode material 4a slowly decreased to 762 mAh/g with a
Coulombic efficiency of 78.4% after 876 cycles. The value
increased slightly to 784 mAh/g with a Coulombic effi-
ciency of 80.6% after 1000 cycles. The gradual increase in

the capacity during the cycling process may be a result of
the highly reversible lithium ion exchange, as indicated
in the cyclic voltammogram of 4a in Figure 3.29 The plau-
sible reason for the gradual decrease in the capacity is the

Figure 3. Cyclic votammogram traces of (a) 3a in an aqueous
solution of 1.0 M H2SO4 and (b) 4a in an aqueous solution of
1.0 M KOH.

Figure 5. Long cycling performances of the anodes 3a, 4a,
and 4b.

Figure 4. SEM images and EDXS analysis chart of the pristine
electrode coated with the anode material 4a. (a) SEM image of
electrode. (b) Component analysis mapping of the electrode.
(c) Carbon element-based mapping. (d) Silicon element-based
mapping. (e) EDXS analysis chart of the electrode used with the
anode material 4a.
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side reactions of 4a with the conductor or electrolyte being
used.29

Rate Performance Property. The battery performances of
the silole anodes 3a, 4a, and 4b were illustrated at different
C-rates, as shown in Figure 6.32 In the case of the silole
anode 3a, the cell delivered reversible capacities of
832 mAh/g at 0.1C, 637 mAh/g at 0.5C, 624 mAh/g at 1C,
501 mAh/g at 5C, 476 mAh/g at 10C, and 372 mAh/g at
30C. The cell of 4a delivered reversible capacities of
716 mAh/g at 0.1C, 511 mAh/g at 0.5C, 490 mAh/g at 1C,
380 mAh/g at 5C, 380 mAh/g at 10C, and 325 mAh/g at
30C. These results show that the Li-3a and Li-4a cells
deliver 44 and 45% of discharge capacities at 30C, respec-
tively, compared to those at 0.1C. Although the cycling at
50C resulted in low discharge capacities of 259 and
412 mAh/g, further cycling at a low rate of 0.5C brought
back the capacities to 792 and 709 mAh/g, which corre-
spond to 95 and 99% retention of the initial capacities,
respectively. These results indicate that the rate perfor-
mances of the Li-3a and Li-4a cells are superior to that of
the Li-4b cell.

Discharge and Charge Curves and Electrochemical
Impedance Spectroscopy. We studied the discharge and
charge performance properties as well as the electrochemi-
cal impedance spectroscopy (EIS) of 4a, as shown in
Figure 7.32 Figure 7(a) depicts the discharge and charge
curves of 4a after the 1st to 1000th cycle at a current den-
sity of 1 A/g in the range of 0–3 V. It can be seen from
Figure 7(a) that the silole 4a features one plateau at approx-
imately 0.58 V of the first discharge curve and the initial
discharge specific capacity of the 4a electrode is 972 mAh/
g. The initial capacity decreased to 520 mAh/g of the dis-
charge specific capacity after the fifth cycle and then
increased to 540 mAh/g from the 50th cycle as the cycling
proceeds. The value reaches 884 mAh/g with an initial
Coulombic efficiency of 91% after the 500th cycle and

finally, after the 1000th cycle, the value is 784 mAh/g (ini-
tial Coulombic efficiency of 81%).
Figure 7(b) shows the electrochemical impedance spec-

troscopy (EIS) image of the silole anode material 4a that is
represented as the Nyquist plot obtained using AC
electrochemical impedance spectroscopy.33,34 The EIS mea-
surement was carried out with half cells after all the
discharge–charge tests. The plot reveals two partially over-
lapped semicircles in the frequency range of 100 000 to
0.05 Hz and a straight sloping line at low frequencies. The
intercept of the semicircle appearance, 7 Ω, is the bulk
resistance (Rb). The first semicircle is correlated with the
resistance of the solid-state interface layer (Rsei), 57 Ω. The
second semicircle is correlated with the charge transfer
resistance (Rct) of 76 Ω, indicating the contact resistance
between the electrode and electrolyte. The inclined straight
line of the plot in the low-frequency region is closer to the
vertical line along the imaginary axis, implying low charge
transfer resistance and good conductivity of the electrolyte
as well as fast chemical adsorption/desorption rate of

Figure 6. Rate performances of the anodes 3a, 4a, and 4b.

Figure 7. (a) Discharge and charge curves of 4a in the 1st to
1000th cycle at a constant current density of
1A/g. (b) Electrochemical impedance spectrum of the 4a after all
the discharge–charge test, presented as Nyquist plot.
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electrolyte ions on the electrode surface. This phenomenon
may be a result of the partially conjugated electronic struc-
ture and the isopropyl side group of the active material (the
silole 4a), as shown in the HOMO/LUMO diagrams and
energy gaps in Figure 2.2,3

Conclusion

In this work, we report the intramolecular cyclization of
1,1-diisopropyl- or diphenyl-bis(phenylethynyl)-silanes (2a
and 2b), followed by the bromination or trimethylsilylation
to obtain 1,1-diisopropyl- or -diphenyl-3,4-diphenyl-
2,5-dibromo-siloles (3a and 3b) and 1,1-diisoproyl- or
-diphenyl-3,4-diphenyl-2,5-bis(trimethylsilyl)-siloles (4a
and 4b), respectively. We studied the structures of 3a,b and
4a,b using 1H, 13C, and 29Si NMR as well as FTIR spec-
troscopy. The THF solutions of the silole derivatives 3a,b
and 4a,b exhibited absorption bands at 303–325 nm with
molar absorptivities of 1.85 × 103–2.18 × 103 cm−1�M−1,
excitation bands at 347–376 nm, and emission peaks at
409–445 nm. The experimental absorption, excitation, and
emission data illustrated that the silole skeleton in all the
derivatives comprise chromophores like phenyl and
1,4-diene of 3,4-diphenyl-1-silacyclopenta-2,4-dienylene.
The cyclic voltammograms of 3a and 3b indicated oxida-
tion peaks at 0.90 and 0.80 V and reduction peaks at −1.20
and − 1.20 V, respectively. However, the cyclic
voltammograms of 4a and 4b indicated two oxidation
peaks between −0.05 and − 0.95 V and two reduction
peaks between −0.10 and − 0.93 V, respectively. Com-
pound 4a exhibits a better long cycle performance by
almost 1000 cycles as compared that of 3a and 4b. The rate
performance test of the anodes Li-3a and Li-4a indicated
better performance properties at various C rates as com-
pared to that of Li-4b. According to the discharge–charge
curves, 4a shows one plateau at approximately 0.58 V of
the first discharge curve and an initial discharge specific
capacity of 972 mAh/g. The electrochemical impedance
spectroscopy of 4a shows a low charge transfer resistance,
good conductivity of the electrolyte, and fast chemical
adsorption/desorption rate of the electrolyte ions on the
electrode surface. These observations can be attributed to
the partially conjugated electronic structure and the isopro-
pyl side group of the silole 4a. The photoelectronic and
electrochemical characteristics of 3a, 4a, and 4b imply the
potential applications of silole derivatives as novel elec-
tronic materials.
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