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Abstract

Gel polymer electrolytes composed of methyl methacrylate-styrene copolymers (PMS) and electrolyte solution (LiTFSI in EC/DMC)
were prepared and characterized. Depending on the molar composition of the copolymer, these gel polymer electrolytes exhibited different
electrochemical and mechanical properties. In order to investigate the physical interactions among organic solvents, polymer, and lithium ions
occurred in the gel polymer electrolyte, Raman spectroscopy and solidIstAi®R spin—spin relaxation measurements were performed.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction whereas MMA unit can achieve high ionic conductivity due
to a good affinity for electrolyte solution. Content of MMA
In the past two decades, the progress of the portable con-unit in the copolymer was proven to significantly affect the
sumer electronic devices has made it an urgent need to deuptake of electrolyte solution and the degree of gelation.
velop new batteries with a high energy density and design In this work, in order to investigate effect of MMA content
flexibility. Among them, lithium-ion polymer batteries are on the specific interactions occurred in the gel polymer
now being widely studied and developed, because they canelectrolytes, Raman and solid stdté NMR spectroscopic
be produced in a variety of forms, thus permitting portable measurements were performed.
batteries of the required shapes to be produced readily and
enabling customization of portable power driven electronic
equipment to be producgd-3]. Gel polymer electrolytes 2. Experimental
(GPESs) exhibit high ionic conductivity at ambient tempera-
ture and, thus can be a good candidate for practical use. ~ 2.1. Preparation of gel polymer electrolytes
In our previous studie$4,5], we synthesized methyl i ) o
methacrylate(MMA)-styrene(ST) copolymer (hence, ab- PMS was synthesized by emulsion polymenzgtlon, as
breviated as PMS) as a matrix polymer for preparing gel Previously reported4]. PMS copolymers are designated
polymer electrolytes. In the copolymer, it is considered that PMS/Y) for brevity, wherex andy indicate the mol% of
the ST unit can improve the mechanical strength of gel poly- MMA and ST units in the copolymer, respectively. PMS was

mer electrolyte due to a low affinity for electrolyte solution, diSSolved in an anhydrous tetrahydrofuran. After the poly-
mer was completely dissolved, the solution was cast on a

glass plate. It was then immersed in water bath to form the

* Corresponding author. Tel.: +82 42 821 1550; fax: +82 42 822 1562. POrous structure by phase inversion. After drying the porous
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in 1 M lithium trifluorosurfonyl imide(LiTFSI)-ethylene car-  point for ionic conductivity can be observed at 66 mol% of
bonate(EC)/dimethyl carbonate(DMC) solution(1:1 by vol- MMA unit. This may be related to the change of conduct-
ume) to make gel polymer electrolyte. GPE was cut into ing pathway in the gel polymer electrolyte. As the amount
squares of 4cfand sandwiched between two stainless of electrolyte solution increases, it is possible to construct a
steel (SS) electrodes. AC impedance measurements were petocal effective pathway in liquid phase. When MMA content
formed for conductivity measurement using Zahner Elektrik exceeds about 66 mol%, the electrolyte solution absorbed by
IM6 impedance analyzer over the frequency range of 100 Hz the porous membrane can form a local solvent channel for

t0100 KHz. ionic conduction, which is major medium governing the ionic
_ conductivity.
2.2. Spectroscopic measurements In order to investigate the specific interactions occurred

. in the electrolyte, Raman spectroscopy was meas&igd?2

T/he Ra”.‘a” spec;tra were recorded with a Bruhker RFS shows the Raman spectra in the region of 690—780'cfa)
IlOOi FfoEn?r transform Raman d§pect|rometer. dThe Wave-and 860-940 cmt (b) as a function of salt concentration.
ength of the laser was 1064'nm Nd:YAG laser, and the power As the salt concentration increases from 1 to 5M, the Ra-
from the laser was 200 m\ALi NMR spectroscopy_was mea-  on spectra shows obvious changes. As showfign2(a),
sured at a_frequency of 155.5 MHz (corresponding to a field the peak appeared at the 717 chfor C=O bending of EC
of 9.4 T) with a Bruker DSX— 400 MHZ spectrometer. Spec- decreases, and the band observed at 73%dor EC and
tra were obtamedl by a smgle pulse sequence at room M- i+ jon interaction increases with salt concentration. The
perature, spin—spin relaxation tim&} was measured with peak appeared at the 894thfor C=0 breathing of EC

n/2—t—m sequence pulse. decreases, and the band of 904¢nfor EC and Lit ion
3. Results and discussion 0.06
| ——Ec-DMC LiTFSI 1M 747

Fig. 1 illustrates ionic conductivity and amount of the sl T EC-DMC LiTFSI 2M (
electrolyte solution absorbed by the porous membrane af- ] Ei(':l';:DS'\IASatITFSI 5M ,;’ L
ter soak!ng in the electrolyte solution, as a function of MMA 3 0.044 / \ CF, symmetric
contentinthe PMS copolymer. It can be seen that an increase s | Cc=0Obending 2410 | b beﬁding
of MMA content in the PMS copolymer enabled the porous ;7?, 0.03 Vibration i increase
membranes to absorb more electrolyte solution, which re- § decrease /10
sulted in increase of ionic conductivity. This result is due £ (24
to the fact that the MMA unit is more compatible with the ‘;“
carbonate-based liquid electrolyte as compared to the ST unit. & 0.014
However, higher uptake of electrolyte solution caused the re- R/ Increase,g ¢
duction of mechanical strength of the gel polymer electrolyte, ~ 0.00q  —————""g " |der

which is due to the gelation of PMS. This result suggests that
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Fig. 1. lonic conductivity and amount of the electrolyte solution absorbed Fig. 2. Change of Raman spectra in the region of 690-780dfa) and
by the PMS membrane as a function of the MMA content. 860-940 cm! (b) with salt concentration.
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Fig. 3. Raman spectra for carbonyl band in MMA unit as a function of MMA
content in the PMS-based gel polymer electrolyte.
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Fig. 4. Peak resolution of Raman band observed in the region of
700-800 crm? for gel polymer electrolyte prepared with PMS and LiTFSI-

increases with increasing salt concentration, as can be seef¢/OMC.
Fig. 2(b). These results suggest that the concentration of freeTable 1
Lit ions decreases with increasing salt concentration, which The relative fraction of free lithium ionXg) and its spin—spin relaxation

is an evidence of formation of solvent-shared ion pairs and ag-
glomerates. These phenomena are consistent with the previPolymer
ous works, which has been studied in the polymer electrolyte Pms(50/50)

prepared with poly(ethylene oxidgg] or poly(acrylonitrile)
(PAN) [7]. Fig. 3represents the change of carbonyl band in
PMMA, as a function of MMA content. It can be clearly
seen that the peak appeared at 1730%for MMA and Li+

ion interaction increases with MMA content, which means
that the specific interaction between'Lion and carbonyl

of MMA unit increases. This result suggests that the polar
functional group of MMA unit in the PMS copolymer also
can contribute the solvation of the lithium salt.

To study the effect of MMA content on interaction be-
tweens EC and LiTFSI, the peaks observed at 700-80G cm
were resolved into three peaks with fitting program, the re-
sults are shown ifig. 4. In this figure, each peak can be as-
signed as follows: 717 cit (C=0 bending vibration mode
of EC), 730 cn1! (interaction between EC and LiTFSI) and
743 cn ! (symmetric bending of C. The peak correspond-
ing to the interaction between EC and LiTFSI is shown to
increase with MMA content, while other peaks observed at
717 and 743 cm! are little changed with MMA content. This

time (T2) in the gel polymer electrolytes containing 1.0 M LiTFSI-EC/DMC

Ta(s) XF
23 0.70
PMS(66/34) 7 089
PMS(77/23) 2% 098

ponentsM(t) = M1(t) + Maz(t), whereMy (t) andMy(t) stand
for the nuclear magnetization of the mobile lithium nuclei
and the tightly bound lithium nuclei, respectively, could be
fitted to the traces. The atom portions of Li belonging to mo-
bile lithium ions were calculated, using the equatiotXpf=
M1(0)/[M1(0) + M2(0)]. The T, values and relative intensi-
ties (Xg) of mobile lithium are summarized ifable 1 It is
apparent thakXg increases with MMA content, which indi-
cates that MMA unit in the PMS copolymer also plays a role
in solvating the lithium salt. This is consistent with the Ra-
man spectroscopic results, as discussed abovelJvaue,
proportional to the mobility of mobile lithium ion, is also
found to be increased with MMA content. As MMA con-
tent increases, electrolyte uptake increases, which results in
plasticizing the polymer matrix, so the mobility of the free
lithium ions is enhanced. When comparing the value$of

result suggests that interaction between EC and Li salt canandXg with MMA content, it is found that an increase ©f

be also affected by the MMA unit in the PMS copolymer.
As the ionic conductivity is determined by the product
of the number of carrier ions and their mobility, it is impor-
tant that the contribution to ionic conductivity is resolved
into these two factors. According to previous wo[s10],
the spin—spin relaxation tim&{f) and the fraction of mobile
lithium ions can be estimated frofhi NMR spin—spin relax-

is more significant than that ofz. From these results, it is
concluded that an increase of ionic conductivity with MMA
content in the PMS-based gel polymer electrolytes mainly
originates in the increase of the ionic mobility rather that of
the number of the free ions.

ation experiments. Echo traces obtained by spin-echo tech-4. Conclusions

nique in the gel polymer electrolytes could be resolved into
two components. One had a londer and the other had a
shorterTy, and it was found that the sum of the two com-

Specific interactions among Li ions, solvents, and poly-
mer occurred in the PMS-based gel polymer electrolytes
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