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bstract

New comblike polymers such as a homopoloymer (poly-4) of 3,5-bis[poly(ethylene glycol) methyl ether (350, n = 7.2)]styrene (4) and an
lternating copolymer (poly-4/TCNQ) of 4 with 7,7,8,8-tetracyanoquinodimethane (TCNQ) were prepared as a plasticizer for the poly(ethylene
xide) (PEO)-LiN(CF3SO2)2 electrolyte, and the ionic conductivities, thermal property, electrochemical and thermal stabilities, and mechanical
roperty for the comblike-based polymer electrolytes, composed of the comblike polymers, poly(ethylene oxide), and LiN(CF3SO2)2, were

nvestigated. The polymer electrolytes containing an alternating copolymer poly-4/TCNQ showed the higher ionic conductivity, better thermal
tability, and better mechanical stability than that containing a homopolymer poly-4, due to the presence of an aromatic ring and a polar cyano
roup of the TCNQ unit.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Solid polymer electrolytes have attracted much attention as
lectrolyte materials for all solid-state secondary lithium batter-
es, and poly(ethylene oxide)(PEO)-based polymer electrolytes
re among the most intensively studied systems because of suit-
ble interaction between oxygen and ion, inexpensive material,
igh electrochemical stability, and simple preparation method
1–4]. The most significant disadvantage of PEO-based polymer
lectrolytes is poor ionic conductivity at ambient temperature,
ue to the crystallization of PEO. To overcome this disad-
antage for the PEO-based polymer electrolytes, considerable
esearch efforts, for example, forming networks, copolymers
ith other units, and adding plasticizers such as, propylene car-

onate, ethylene carbonate, and oligomeric PEO and inorganic
llers have been made [5–8]. Recently, we have attempted to
se hyperbranched polymers (HBPs) as a plasticizer for the

∗ Corresponding author. Tel.: +81 59 231 9410; fax: +81 59 231 9410.
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EO-based polymer electrolytes because HBPs are completely
morphous, highly soluble in common organic solvent and they
ave many branch-ends in favor of ion transport because of rapid
otion. The composite polymer electrolytes composed of PEO,
aTiO3 as a ceramic filler, LiN(CF3SO2)2 as a lithium salt, and
BP (poly[bis(triethylene glycol)benzoate] capped with acetyl
roups) as a plasticizer showed the high ionic conductivity at
oom temperature because of effective suppression of crystal-
ization of PEO by HBP and also has high electrochemical and
hermal stabilities [9,10]. The comblike polymers are similar to
he HBP in the point of the chemical structures having many
hain ends, and they are expected to contribute to the ion trans-
ort and also to act as an effective plasticizer to enhance ionic
onductivity at a low temperature region like as HBPs for the
EO-based polymer electrolytes.

In this work, we prepared two comblike polymers such as a
omopolymer (poly-4) of 3,5-bis[poly(ethylene glycol) methyl

ther (350, n = 7.2)]styrene (4) and an alternating copolymer
poly-4/TCNQ) of 4 with 7,7,8,8-tetracyanoquinodimethane
TCNQ), and investigated some properties of their comblike-
ased polymer electrolytes.

mailto:itoh@chem.mie-u.ac.jp
dx.doi.org/10.1016/j.jpowsour.2006.03.003
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. Experimental

.1. Materials

Poly(ethylene glycol) methyl ether (SIGMA, Mn = 350),
ethyl 3,5-dihydroxybenzoate (Tokyo Kasei Kogyo Co., Ltd.),

-acetoxystyrene (Aldrich Co.), and poly(ethylene oxide)
Aldrich Co., Mn = 6.0 × 105) were used as received. 7,7,8,8-
etracyanoquinodimethane (Nacalai Tesque, Inc.) and �, �’-
zobis(isobutylonitrile) (AIBN) (Nacalai Tesque, Inc.) were
urified by recrystallization from acetonitrile and methanol,
espectively. Lithium bis(trifluoromethanesulfonimide) [LiN
SO2CF3)2] (Fluka) was dried under vacuum at 120 ◦C prior
o use and kept inside an argon-filled glove box. Acetonitrile
Wako Pure Chem. Industries, Ltd., bp 81.6 ◦C) was refluxed
ver calcium hydride for 12 h and then distilled under nitrogen.

.2. Preparation of monomer

.2.1. Methyl 3,5-bis[poly(ethylene glycol)methyl
ther]benzoate (1)

Methyl 3,5-dihydroxybenzoate (3.95 g, 23.5 mmol), �-
romopoly(ethylene glycol) methyl ether, prepared by the reac-
ion of poly(ethylene glycol) methyl ether (Mn = 350, n = 7.2)
ith carbon tetrabromide and triphenylphosphine, and potas-

ium carbonate (16.2 g, 118 mmol) were suspended in acetoni-
rile (150 ml) and then refluxed for 3 h under nitrogen. The
eposited white solids were filtrated off and the filtrate was
laced under reduced pressure to remove solvent to obtain
iscous oils, which were purified by column chromatography
SiO2, ethyl acetate and methanol) to give 17.6 g (73.5% yield)
f 1 as brown viscous oils: IR (NaCl): νC H 2878, νC O, 1721,
C C 1596, νC O 1107 cm−1. 1H NMR (CDCl3): δ 7.19 (m,
H), 6.69 (m, 1H), 4.14 (t, J = 4.62 Hz, 4H), 3.89 (s, 3H), 3.85
t, J = 4.62 Hz, 4H), 3.68 (m, 45.6H), 3.55 (m, 4H), 3.38 (s, 6H).
3C NMR (CDCl3): δ 166.6 (C O), 159.6 (Ar), 131.8 (Ar), 107.9
Ar), 106.8 (Ar), 70.7, 70.4, 69.5, 67.6 (–OCH2CH2O–), 58.9
–OCH3), 52.1 (–COOCH3).

.2.2. 3,5-Bis[poly(ethylene glycol) methyl ether]benzyl
lcohol (2)

1 (17.3 g, 21.5 mmol) in tetrahydrofuran (THF) (60 ml)
as added dropwise into lithium aluminum hydride (3.28 g,
6.4 mmol) suspended in THF (140 ml), and then refluxed
or 18 h under nitrogen. After cooling to room temperature,
arge amount of water was added slowly to destroy an excess
ithium aluminum hydride, and then concentrated hydrochlo-
ic acid was added until the reaction mixture becomes acidic.
he reaction mixture was extracted with dichloromethane
nd then the extracts were combined, washed with water,
ried over anhydrous magnesium sulfate, and removed sol-
ent to give 15.5 g (92.8% yield) of 2 as pale yellow vis-
ous oils: IR (NaCl): νO H 3472, νC H 2874, νC C 1598, νC O

096 cm−1. 1H NMR (CDCl3): δ 6.54 (m, 2H), 6.41 (m, 1H),
.60 (s, 2H), 4.11 (t, J = 4.62 Hz, 4H), 3.83 (t, J = 4.62 Hz,
H), 3.67 (m, 45.6H), 3.55 (m, 4H), 3.38 (s, 6H). 13C NMR
CDCl3): δ 160.0 (Ar), 143.8 (Ar), 105.4 (Ar), 100.6 (Ar),
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7.6, 70.5, 69.7, 67.4 (–OCH2CH2O–), 64.9 (–CH2OH), 59.0
–OCH3).

.2.3. 3,5-Bis[poly(ethylene glycol) methyl ether]benzyl
romide (3)

2 (15.5 g, 20.0 mmol) and carbon tetrabromide (13.2 g,
9.9 mmol) were dissolved in benzene (150 ml) and into it
riphenylphosphine (10.5 g, 39.9 mmol) was added and the
esulting solution was stirred for 1.5 h at room temperature
nder nitrogen. The deposited white solid was filtered off
nd the filtrate was placed under reduced pressure to remove
olvent to obtain viscous oil, which was purified by column
hromatography (SiO2, ethyl acetate and methanol) to give
3.0 g (77.4% yield) of 3 as pale yellow viscous oils: IR (NaCl):
C H 2874, νC C 1596, νC O 1117, νC Br 850 cm−1. 1H NMR
CDCl3): δ 6.55 (m, 2H), 6.42 (m, 1H), 4.40 (s, 2H), 4.10 (t,
= 4.62 Hz, 4H), 3.84 (t, J = 4.62 Hz, 4H), 3.67 (m, 45.6H),
.58 (m, 4H), 3.38 (s, 6H). 13C NMR (CDCl3): δ 159.9 (Ar),
39.6 (Ar), 107.8 (Ar), 101.6 (Ar), 71.8, 70.5, 69.5, 67.5
–OCH2CH2O–), 59.0 (–OCH3), 33.5 (–CH2Br).

.2.4. 4-{3′,5′-Bis[poly(ethylene glycol) methyl
ther]benzyloxy}styrene (4)

3 (13.0 g, 15.5 mmol), 4-hydroxystyrene (2.23 g, 18.6 mmol),
repared by the hydrolysis of 4-acetoxystyrene, and sodium
ydroxide (1.55 g, 38.7 mmol) were dissolved in THF (50 ml)
nd stirred for 5 h at room temperature under nitrogen. Deposited
hite solids were filtered off and the filtrate was placed under

educed pressure to remove solvent to obtain viscous oil, which
as purified by column chromatography (SiO2, ethyl acetate,

nd methanol) to give 12.3 g (90.4% yield) of 4 as pale yel-
ow viscous oils: IR (NaCl): νC H 2874, νC C 1601 (aromatic),
511 (alkene), νC O 1115 cm−1. 1H NMR (CDCl3): δ 7.33 (d,
= 8.91 Hz, 2H), 6.90 (d, J = 8.91 Hz, 2H), 6.65 (dd, J = 10.6,
7.5 Hz, 1H), 6.58 (m, 2H), 6.43 (m, 1H), 5.60 (d, J = 17.5 Hz,
H), 5.12 (d, J = 10.9 Hz, 1H), 4.99 (s, 2H), 4.10 (t, J = 4.62 Hz,
H), 3.83 (t, J = 4.62 Hz, 4H), 3.68 (m, 45.6H), 3.55 (m, 4H),
.38 (s, 6H). 13C NMR (CDCl3): δ 159.7 (Ar), 158.0 (Ar),
38.9 (Ar), 135.8 (–CH=), 130.2 (Ar), 126.9 (Ar), 114.4 (Ar),
11.2 (=CH2), 105.5 (Ar), 100.6 (Ar), 71.5, 70.1, 69.2, 67.1
–OCH2CH2O–), 69.4 (–CH2O–), 58.5 (–OCH3).

.3. Polymerization

For homopolymerization, 4 (5.0 g, 5.52 mmol), AIBN
17.8 mg, 0.11 mmol), and methanol (25 ml) were placed in a
0 ml glass ampule, and it was degassed by freeze-thaw method
repeated three times) and sealed. After being heated at 60 ◦C
or 48 h, solvent was evaporated and the obtained viscous oil
as dissolved in a small amount of chloroform. The resulting

olution was poured into a large amount of hexane to deposit
ts polymer, which was purified by a dissolution-reprecipitation

ethod using chloroform as a solvent and hexane as a precip-

tant and dried under reduced pressure until a constant weight
as attained. The homopolymer (poly-4) was obtained in 3.8 g

76.0% yield) as pale yellow viscous oils: IR (NaCl): νC H 2872,
C C 1599, νC O 1137 cm−1. 1H NMR (CDCl3): δ 6.46 (br, 7H),
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.79 (br, 2H), 3.97 (br, 4H), 3.71 (br, 4H), 3.63 (br, 45.6H), 3.53
br, 4H), 3.36 (br, 6H), 0.80–2.00 (br, 3H). Mn = 3.0 × 104.

For copolymerization, 4 (420 mg, 0.39 mmol), TCNQ
81 mg, 0.39 mmol), AIBN (0.6 mg, 3.94 × 10−3 mmol), and
cetonitrile (2 ml) were placed in a 15 ml glass ampule, and
t was degassed by freeze-thaw method (repeated three times)
nd sealed. After being heated at 90 ◦C for 24 h, the reaction
ixture was poured into excess ethanol to deposit polymer,
hich was purified by a dissolution-reprecipitation method with

cetonitrile as a solvent and ethanol as a precipitant and dried
nder reduced pressure until a constant weight was attained.
he copolymer (poly-4/TCNQ) was obtained in 270 mg (53.0%
ield) as pale yellow viscous oils: IR (NaCl): νC H 2874, νCN
178, νC C 1602, νC O 1108 cm−1. 1H NMR (CDCl3): δ 7.50
br, 4H), 6.80 (br, 4H), 6.56 (br, 2H), 6.45 (br, 1H), 4.91 (br,
H), 4.09 (br, 4H), 3.83 (br, 4H), 3.64 (br, 45.6H), 3.55 (br,
H), 3.37 (br, 6H), 2.40–3.20 (br, 3H). Mn = 1.0 × 104. Copoly-
er obtained was to be an alternating copolymer composed of

1 mol% of 4 and 49 mol% of TCNQ, determined on the basis
f the peaks area ratio of aromatic protons (7.5 ppm) for TCNQ
nit to aromatic protons (6.8 ppm) in the 4 unit by 1H NMR
easurement.

.4. Preparation of polymer electrolytes

Free standing films of the poly-4/PEO/LiN(CF3SO2)2
nd (poly-4/TCNQ)/PEO/LiN(CF3SO2)2 electrolytes could be
ormed by solvent casting technique at room temperature. All

rocedures were performed inside an argon-filled glove box with
dew point of −95 ◦C to avoid moisture contamination. Given

mounts of a comblike polymer (poly-4 or poly-4/TCNQ),
EO, and LiN(CF3SO2)2 as a lithium salt were dissolved com-

i
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u
r

Scheme 1
urces 163 (2006) 252–257

letely in acetonitrile and the resulting solution was poured onto
Teflon sheet and the solvent was allowed to evaporate slowly,
nd then finally dried under reduced pressure of 0.1 mmHg at
0 ◦C or 100–120 ◦C for 24 h.

.5. Measurements

The Mns of the comblike polymers were determined by
el permeation chromatography (GPC) (Tosoh HLC-803D
ith two columns of Tosoh TSKgel Multipore HXL-M) with

tandard polystyrenes as a reference and THF as an elu-
nt. A Yanaco CHN Corder MT-5 was used for elemental
nalysis.

The ionic conductivities of the composite polymer elec-
rolytes were measured by a two probe method after the samples
ere fixed inside a Teflon O-ring spacer with known thickness

nd sandwiched between two stainless steel (SS) electrode discs
cting as ion-blocking electrodes and set in a thermostat oven
hamber. The measurements were carried out using Solartron
260 frequency response analyzer over a frequency range of
Hz to 1 MHz and in a temperatures range 0–80 ◦C with ampli-

ude of 10 mV. All samples were first kept at 80 ◦C for at least
2 h and then measured by cooling cycle. The measurements
ere carried out after keeping the samples for 3 h at each tem-
erature to attain thermal equilibration. The data were processed
y using an appropriate fitting program.

The electrochemical stability window of the polymer elec-
rolyte was evaluated using Solartron 1287 electrochemical

nterface by running a linear sweep voltammetry (10 mVs−1) at
0 ◦C in Li/polymer electrolyte/SS cell, where Li and SS were
sed as a counter electrode and a blocking working electrode,
espectively.

.
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ratio of 1:10 for both polymer electrolytes with the values of
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The glass transition temperatures (Tg) of the composite poly-
er electrolytes were determined by the differential scanning

alorimetry (DSC) using EXSTER 6000 thermal analysis instru-
ent DSC 6200 (Seiko Instrumens Inc.) in a nitrogen gas flow.
bout 10 mg amount of samples was weighted, loaded in an

luminum pan, and then sealed. The measurement was carried
ut in temperatures of −100 to 110 ◦C at a heating and cooling
ates of 15 and 25 ◦C min−1, respectively.

Mechanical properties of the composite polymer electrolytes
ere measured by use of a TP-101 tension tester (Senteck, Japan)

t 10 cm min−1 stretching speed at 30 ◦C. These measurements
ere carried out in a dry argon-filled glove box.

. Results and discussion

.1. Preparation of monomer and comblike polymers

Monomer, 4-{3′,5′-Bis[poly(ethylene glycol) methyl ether
Mn = 350, n = 7.2)]benzyloxy}styrene (4), for production of the
omblike polymers was prepared in a 68% total yield as pale yel-
ow viscous oils according to the procedure shown in Scheme 1.
ulk polymerization of the monomer 4 at 60 ◦C and copolymer-

zation of 4 with TCNQ at 90 ◦C in acetonitrile in the presence of
IBN gave a homopolymer (poly-4) as pale yellow viscous oils
ith Mn of 30,000 in 76% yield, and an alternating copolymer

poly-4/TCNQ) as pale yellow viscous oils with Mn of 10,000
n 53% yield, respectively.

.2. Ionic conductivity

The effects of the lithium salt concentration and the comb-
ike polymer contents on the ionic conductivity for the (PEO-
omblike polymer)-LiN(CF3SO2)2 electrolyte systems were
nvestigated at a temperature range of 0–80 ◦C. Figs. 1 and 2
hows the temperature dependence of the ionic conductivity for
he (90%PEO–10%poly-4)x(LiN(CF3SO2)2) electrolyte and the
90%PEO–10%(poly-4/TCNQ))x(LiN(CF3SO2)2) electrolyte
t three different [Li]:[O] ratios of 1:5, 1:10, and 1:15, respec-
ively. The ionic conductivities of the both polymer electrolytes
ncreased with increasing lithium salt concentration, reached

maximum value at the [Li]:[O] ratio of 1:10, and then

ecreased for the lithium salt concentration at 1:5 ratio. For
oth polymer electrolytes with the [Li]:[O] ratio of 1:15, a
udden decrease in the ionic conductivity was observed in

temperature range around 40 ◦C, which is ascribed to the

F
(
e

able 1
lass transition, melting, decomposition, and 10% weight loss temperatures for the c

omblike polymer [Li]:[O] Tg (◦C)

oly-4 1:5 −37.9
1:10 −40.3
1:15 −44.2

oly-4/TCNQ 1:5 −22.1
1:10 −36.3
1:15 −41.7

omblike polymer/PEO = 10:90.
ig. 1. Temperature dependence of the ionic conductivities in the
90%PEO–10%poly-4)x(LiN(CF3SO2)2) electrolytes at three different [Li]:[O]
atios of 1:5 (�), 1:10 (�), and 1:15 (�). PEO: Mn = 60 × 104.

uppression of the polymer chain motion by the crystalliza-
ion of PEO, as reflected by DSC measurement (Table 1).
he highest ionic conductivity was found at the [Li]:[O]
ig. 2. Temperature dependence of the ionic conductivities in the
90%PEO–10%(poly-4/TCNQ))x(LiN(CF3SO2)2) electrolytes at three differ-
nt [Li]:[O] ratios of 1:5 (�), 1:10 (�), and 1:15(�). PEO: Mn = 60 × 104.

omblike polymer/PEO/LiN(SO2CF3)2 electrolytes

Tm (◦C) Decomposition
temperature (◦C)

10% Weight loss
temperature (◦C)

–
– 209 302

46.0
–
– 260 344

51.0
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ig. 3. Temperature dependence of the ionic conductivities in the
90%PEO–10%poly-4)10(LiN(CF3SO2)2) electrolytes at three different comb-
ike polymer contents of 5 (�), 10 (�), and 20 (�) wt%. PEO: Mn = 60 × 104.

.2 × 10−5 S cm−1 at 30 ◦C and 1.6 × 10−3 S cm−1 at 80 ◦C
or the (90%PEO–10%(poly-4/TCNQ))10(LiN(CF3SO2)2),
espectively.

Figs. 3 and 4 showed the temperature dependence of
he ionic conductivity of the ((100−x)%PEO–x%poly-4)10
LiN(CF3SO2)2) electrolyte and the ((100−x)%PEO–x%(poly-
/TCNQ))10(LiN(CF3SO2)2) electrolyte, respectively, at three
ifferent comblike polymer contents of 5, 10, and 20 wt%.

The ionic conductivity decreased slightly with increasing the
omblike polymer contents for both polymer electrolytes. Rela-
ively high ionic conductivity over a wide temperature range was
bserved for the (PEO–poly-4)-LiN(CF3SO2)2 electrolyte with

5% poly-4 and for the (PEO–(poly-4/TCNQ))-LiN(CF3SO2)2
lectrolyte with a 10% poly-4/TCNQ, respectively. To investi-
ate the effect of the chemical structures of the comblike poly-
ers, the ionic conductivities of both (90%PEO–10%comblike

ig. 4. Temperature dependence of the ionic conductivities in the
90%PEO–10%(poly-4/TCNQ))10(LiN(CF3SO2)2) electrolytes at three differ-
nt comblike polymer contents of 5 (�), 10 (�), and 20 (�) wt%. PEO:

n = 60 × 104.
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90%PEO–10%comblike polymer)10(LiN(CF3SO2)2) electrolytes, where
omblike polymers are a homopolymer (poly-4, (�)) and an alternating
opolymer (poly-4/TCNQ, (©)), respectively. PEO: Mn = 60 × 104.

olymer)-(LiN(CF3SO2)2 electrolytes containing 10% con-
ents of poly-4 and poly-4/TCNQ at a [Li]:[O] ratio of 1:10
ere investigated. Fig. 5 showed the temperature dependence
f the ionic conductivities for both (90%PEO–10%comblike
olymer)-(LiN(CF3SO2)2 electrolytes.

The polymer electrolyte containing poly-4 showed the higher
onic conductivity than that containing poly-4/TCNQ over a
ide temperature range of 0–80 ◦C, especially at higher temper-

ture than 50 ◦C. It is considered that as cyano groups present in
he poly-4/TCNQ copolymer are very polar ones, the presence
f the cyano groups significantly affects to the dissociation of
ithium salt in the polymer electrolytes to lead an increase in
arrier number, resulting in the higher ionic conductivity.

.3. Thermal property

DSC measurement was carried out in a temperature range
rom −100 to 100 ◦C for both (90%PEO–10%comblike
olymer)-LiN(SO2CF3)2 electrolyte systems at three different
ithium salt concentrations, and the results were summarized in
able 1.

Both polymer electrolytes showed one glass transition tem-
erature at the [Li]:[O] ratios of 1:5 and 1:10, indicating that
oth polymer electrolytes are completely amorphous. How-
ver, the both polymer electrolytes at the [Li]:[O] ratio of 1:15
howed a glass transition temperature and a melting transi-
ion temperature due to the crystallization of PEO, −44.2 and
6 ◦C for the poly-4-based polymer electrolyte and −41.7 and
1 ◦C for the poly-4/TCNQ-based polymer electrolyte. More-
ver, melting transition temperatures were observed even for the
80%PEO–20%comblike polymer)-LiN(SO2CF3)2 electrolytes
t the [Li]:[O] of 1:15. The glass transition temperature (Tg)

ncreased with increasing the lithium salt concentration, due to
he physicochemical cross-linking of the linear chin induced
y the added lithium cation, formation of multiple ions. It is
onsidered, therefore, that the comblike polymers do not work
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Table 2
Breakdown voltage and tensile strength for the comblike polymer/PEO/
LiN(SO2CF3)2 electrolytes

Comblike polymer

poly-4 poly-4/TCNQ

B ◦
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reakdown voltage (V) at 80 C 4.1 4.7
ensile strength (MPa) at 30 ◦C < 0.48 2.97

omblike polymer/PEO = 10:90, [Li]:[O] = 1:10.

ffectively as plasticizers compared to the HBP-based polymer
lectrolytes reported previously [9,10].

The decomposition temperatures and the 10 wt%
eight loss temperatures for the (90%PEO–10%comblike
olymer)10LiN(SO2CF3)2 electrolytes under air were sum-
arized in Table 1. The (90%PEO–10%(poly-4/TCNQ))10
iN(SO2CF3)2 electrolyte started to decompose at 209 ◦C and

he (90%PEO–10%poly-4)10LiN(SO2CF3)2 electrolyte did at
60 ◦C, respectively, indicating that the former is thermally
ore stable than the latter. This is due to the presence of the

hermally stable aromatic ring contained in the TCNQ unit.

.4. Electrochemical and mechanical properties

The electrochemical stability of the (90%PEO–10%comblike
olymer)10LiN(SO2CF3)2 electrolytes was determined by the
inear-sweep voltammetry using a lithium metal/polymer elec-
rolyte/stainless steel cell at 80 ◦C and the breakdown voltages
or both polymer electrolytes were summarized in Table 2. The
lectrochemical windows were observed to be 4.1 V for the
90%PEO–10%poly-4)10LiN(SO2CF3)2 electrolyte and to be
.7 V for the (90%PEO–10%(poly-4/TCNQ))10LiN(SO2CF3)2
lectrolyte, respectively. The TCNQ unit present in the poly-
/TCNQ copolymer obviously improved the electrochemical
tability of the polymer electrolytes.

The tensile strengths for the (90%PEO–10%comblike
olymer)10LiN(SO2CF3)2 electrolytes at 30 ◦C were mea-
ured and the results were summarized in Table 2.
he (90%PEO–10%(poly-4/TCNQ))10LiN(SO2CF3)2 and the

90%PEO–10%poly-4)10LiN(SO2CF3)2 electrolytes showed

he tensile strength of 2.79 and below 0.48 MPa, respectively,
ndicating that the former is much better mechanical stability
han the latter. It was found that the presence of the TCNQ
nit in the comblike polymer improved significantly the elec-

[
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rochemical stability and mechanical property for the polymer
lectrolytes containing the comblike polymers.

. Conclusion

Two kinds of comblike polymers (poly-4 and poly-4/TCNQ)
ere prepared as plasticizers for the PEO-based polymer elec-

rolytes, and then the ionic conductivities, thermal property,
lectrochemical and thermal stabilities, and mechanical property
f the polymer electrolytes composed of the comblike poly-
ers, PEO, and LiN(CF3SO2)2 were investigated. It was found

rom these results that the polymer electrolytes containing an
lternating copolymer poly-4/TCNQ showed the higher ionic
onductivity, better thermal and mechanical stabilities than that
ontaining a homopolymer poly-4, due to the presence of an
romatic ring and a polar cyano group of the TCNQ unit. Unex-
ectedly, the comblike polymers did not work effectively as
lasticizers compared to the HBP reported previously.
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