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10 Field of the Invention

This invention relates to novel polymeric compounds,
polymers for polymer electrolytes comprising the same, and
polymer electrolyte compositions having a high ionic
conductivity.

15
Prior Art

Electrolytes used in secondary cells (batteries) and
capacitors, for example, have up until noﬁ been primarily
low-molecular-weight substances that are liquid at or above

20 room temperature, such as water, ethylene carbonate,
propylene carbonate, and tetrahydrofuran. In lithium-type
cells in particular, use is commonly made of low-molecular-
weight organic liquid electrolytes which tend to evaporate,
ignite and burn rather easily. - To ensure long-term

25 stability, it is necessary to use a metal can as the outer
cell enclosure and to increase the airtightness of the
container. The result 1s a considerable rise in the weight
of electrical and electronic components that use low-
molecular-weight organic liquid electrolytes, and greater

30 complexity of the production process.

Electrolytes can also be made of polymers. Such
electrolytes have a very low volatility and thus are not
prone to evaporation. Moreover, polymer electrolytes, as
these are known, with a sufficiently high molecular weight

35 can even be used as solid electrolytes that exhibit no
fluidity at or above room temperature. They have the dual



El ectrol-ytes can al so be made of polyners. Such el ectrol ytes have a very

| ow volatility and thus are not prone to_gvaporation. Mreover, polyner

el ectrolytes, as these are known, with a sufficiently high nol ecul ar wei ght
35 can even be used as solid electrolytes that exhibit no fluidity at or
above roomtenperature. They have the dual -2- advantage of serving as a
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10 room temperature. Other groups also reported that when the
concentration of 1 M lithium salt is dissolved at room
temperature in liquid polyethylene oxide having a molecular
weight of about 200, the ionic conductivity at room
temperature is about 10™ to 10®° S/cm. Thus, it is known

15 that polymeric substances such as polyethylene oxide with

the ability to dissolve ion-conductive salts function as
electrolytes.

Since then, similar research has been carried out on
a broad range of largely polyethylene oxide-related

20 polymeric substances, such as polypropylene oxide,
polyethyleneimine, polyurethanes and polyesters.

The most thoroughly investigated of these substances,
polyethylene oxide, is a polymer having a good ability to
dissolve ion-conductive salts as noted above, but at the

25 same time, a semi-crystalline polymer. Because of the
latter nature, when a large amount of metallic salt is
dissolved in polyethylene oxide, the salt forms a pseudo-
crosslinked structure between the polymer chains that leads
to crystallization of the polymer. As a result, the ionic

30 conductivity is much lower than predicted.

The reason is as follows. When an ion conductor is
dissolved in a linear polyether-based polymer matrix such
as polyethylene oxide, the ion conductor migrates, at
temperatures above the glass transition temperature of the

35 polymer matrix, through amorphous regions of the polymer
matrix along with the local movement of polymer chain
segments. Since the cations accounting for ionic
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pol ymer chai g§ectrolytes composed entirely of linear polymers such as

10 polyethylene oxide, polypropylene oxide or
polyethyleneimine generally have an ion conductivity at
room temperature of about 10”7 S/cm, and at best no more
than about 10°° S/cm. _

To obtain ion-conductive polymer electrolytes having

15 a high conductivity, a molecule must be designed which
allows the existence within the matrix polymer of many
amorphous regions conducive to ion conductor mobility, and
which does not crystallize even with the dissolution
therein of ion-conductive salts to a high concentration.

20 One such method is the attempt to introduce a branched
structure into polyethylene oxide, as described in N. Ogata
et al., Journal of the Japan Textile Society, pp. 52-57,
1990. Their work demonstrates that ion-conductive solid
polymer electrolytes composed of a polyethylene oxide

25 derivative having a high ionic conductivity (about 10™ S/cm
at room temperature) can indeed be synthesized. However,
commercialization of such polymer electrolytes has not been
achieved due to the sheer complexity of the method of
polymer synthesis involved.

30 There have also been reports on methods of attaining
ion conductivity by imparting to the matrix polymer a
three-dimensional network structure so as to impede the
formation of a crystalline structure. One example of the

) use of a polymer having a three-dimensional network

35 structure as the polymer matrix is a method of polymerizing
‘an acrylic monomer or methacrylic monomer containing a
pPolyoxyalkylene component as disclosed in JP-A 5-25353.
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The inventor has found that a novel polymeric
compound comprising units of the formulas (1) and (2) to be
defined below, wherein at least 10% of the ends of

15 molecular chains are capped with one or more substituents
selected from the group consisting of halogen atoms,
substituted or unsubstituted monovalent hydrocarbon groups,
R'CO- groups (wherein R' is a substituted or unsubstituted
monovalent hydrocarbon group), R',Si- groups (wherein R! is

20 as defined above), amino groups, alkylamino groups, H(OR?) -
groups (wherein Rz_is an alkylene group having 2 to 4
carbons, and letter m is an integer of 1 to 100), and
phosphorus-containing groups, and especially with cyano-
substituted monovalent hydrocarbon groups or a mixture of

25 cCyano-substituted monovalent hydrocarbon groups and R',Si-
groups, has a high electrochemical stability. The
polymeric compound alsc has an ability to dissolve an ion-
conductive salt to a high concentration, and does not
crystallize and remains amorphous even with the dissolution

30 of an ion-conductive salt to a high concentration. This
means that the polymeric compound is an amorphous polymer
ensuring the free mobility of an ion conductor therethrough.
It has also been found that a composition comprising an
ion-conductive salt dissolved in the polymer in high

35 concentrations exhibits an excellent ionic conductivity and
is best suited as a polymer electrolyte in a lithium-type
secondary cell.
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conmponent as dlscloseddHﬁ P-A 5-25353. 5 This nmethod, however, has a
nunber of probl ens incl g the low solubility of the iog conductlve sal t
in the nononer, mh#@ﬂhﬂgqyssltates the addition of a thir onponent such
as vinyl ene carbonate, and the | ow physical strength of the resulting

pol ymer. 10 SUVMMARY OF THE | NVENTI ON Therefore, one object of the present

i nvention is to providqjg_novel pol ymeri c conpound, a polymer for a pol yner

]
—CH,CHCH ,0— (2)

5 At least 10% of the ends of molecular chains are capped
with monovalent groups of at least one type selected from
the group consisting of halogen atoms, substituted or
unsubstituted monovalent hydrocarbon groups, R'CO- groups,
R',Si- groups, amino groups, alkylamino groups, H(OR?),-

10 groups, and phosphorus-containing groups wherein R is a
substituted or unsubstituted monovalent hydrocarbon group.
R? is an alkylene group having 2 to 4 carbons, and the
letter m is an integer from 1 to 100.
In a second aspect, the invention provides a polymer
15 for a polymer electrolyte comprising the polymeric compound
defined above. In a third aspect, the iﬂvention provides
an ion-conductive polymer electrolyte composition primarily
comprising the polymer for a polymer electrolyte and an
ion-conductive salt.
20
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is the *C-NMR spectrum of the polyglycidol
prepared in Synthesis Example 1.
FIG. 2 is the *Si-NMR spectrum of a trimethyl-
25 silylated polyglycidol obtained from the polyglycidol in
Synthesis Example 1. _
FIG. 3 shows the wide-angle x-ray scattering spectra
obtained for lithium perchlorate crystals (top) and for the
complex obtained by dissolving a concentration of 1 M
30 lithium perchlorate in polyglycidol having a weight-average
molecular weight of 4,000 (bottom).
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el ectrol-yte conprising the same, and a polyner electrolyte 15 conposition
having a high ionic conductivity. The inygntor has found that a novel

pol ymeri c conpound conprising units of the formulas (1) and (2) to be
defined bel ow, wherein at |east 10% of the ends of nolecul ar chains are

capped with one or nore substltuent S sel ect ed fromthe 20_group consisting
of hal ogen atons, cyand2EEAkl by ei HiY 2 oups, R CO -
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pol ymer 35 egwanpshg the free nobility of an ion conductor therethrough. It
has al so been founghd hi1 e IHPLHAIPBE the> polyglycidol compound can
10 be formed by polymerizing either glycidol or 3-chloro-1,2-
propanediol, although it is generally advisable to carry
out polymerization using glycidol as the starting material.
Known methods for carrying out the polymerization
reaction include:

15 (1) processes conducted with a baslic catalyst such as
sodium hydroxide, potassium hydroxide or various amine
compounds; and
(2) processes carried out with a Lewis acid catalyst
(see A. Dworak et al., Macromol. Chem. Phys., 196, 1963~

20 1970 (1995); and R. Toker, Macromolecules, 27, 320-322
(1994)). |

Approach (1) involving polymerization with a basic
catalyst is often carried out by adding an alcoholic
compound (or an active hydrogen compound) as the initiation

25 point, but a high-molecular-weight polymer is difficult to
achieve. The reaction mechanism is shown below.

ROC HZCH CH,0H
/,,~=::::—~\\\\2 ’////////)”
a
ROH + CH\ / CH CH,0OH
(\d,()+;;>
| CH,OH
H

ROC HCH,OH



conprisi-ng an ion-conductive salt dissolved in the polyner in high
concentrations exhibits an excellent ionigc conductivity and is best suited
as a polymer electrolyte in a lithiumtype secondary cell. 5

Accordingly, the invention provides a polyneric conpound conprising a unit
of the followng formula (1) and a unit of the follomnng formula (2). At
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SHEET HAS BEENhylene chloride are driven off in vacuo. The resultlng
polymer is dissolved in water and neutralized using an ion-
exchange resin, following which the ion-exchange resin is
- removed by filtration. Water is driven from the filtrate
in vacuo, and the residue is dried, yielding polyglycidol.
15 Examples of the active hydrogen compound that may
used here include alcohols such as ethanol, methanol,
isopropanol and benzyl alcohol; polyols such as glycerol,
pentaerythritol, sorbitol, diethylene glycol, ethylene
glycol, triose, tetraose, pentose and hexose; and hydroxyl
20 group-bearing polymeric compounds such as polyvinyl alcohol
and polyethylene vinyl alcochol.

The molar ratio of (molar quantity of the active
hydrogen groups of the additional active hydrogen
compounds)/(molar quantity of the additional glycidol) is

25 preferably from 1/10,000 to 1/1, more preferably from
171,000 to 1/1, even more preferably from 5/1,000 to 5/10,
and most preferably from 1/100 to 1/10.

In approach (2) involving polymerization using a

Lewis acid catalyst, the polymerization reaction is carried
30 out in a nonaqueous system. The reaction mechanism is
shown below.
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hi gh- nol ecul ar - wei ght or pol yneric conpowd of the invention has a

nol ecul ar chain conprised of A units of above formula (1) and B units of
above formula (2). The 5 nol ecular chain of the polyneric conpound is a

pol ygl yci dol as understood fromthe fornulas. Sonme or all of the nol ecul ar
chain ends are capped w specific val ent groups. The nol ecul ar chain
of the polyglycidol npound can 10 be fo d by polynerizing either

gl ycidol or 3-chlofo-1,2- propanediol, althobgh it is generally advisable
to carry out polgynerization using glycidol as tRhe starting material. Known
nmet hods for c yin ut ol ymerj,zat i re iQn include: 15 (1)
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out with a Lew pcid catal yst (see A Dworak et al., Macronol. Chem

Phys., 196, 1963-y20 1970 (1995)| and R Toker, Macronol ecules, 27, 320-322
(1994)).
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Approach (1) involving polynerization wth a basic catalyst is often
carried out by adding an al coholic conmpound (or an active hydrogen
conpound) as the initiation 25 point, but a high-nol ecul ar-wei ght pol yner
is difficult to achieve. The reaction nmechanismis shown bel ow -7- This
pol yneri zati on process specifically conprises charging a flask with a

pr edet er m nedCHaoumtCBf—gl §By@B| , tadd&Hyg e ﬁ‘bﬁﬂl)ri de as the sol vent,
setting the sySte a predeterninegr \emperature, adding a 5 predeterni ned
anount of potass roxi de as t cat& yst, and stirring to effect the
reaction. An actilve hydr und may be included in the reaction

m xture if neces%%ry. After reactijon conpletion, nethanol is added to stop
the reaction, follow ng which the |nethanol and o nethylene chloride are
driven off in vacuo. The resulting polymer is dissolved in water and
neutralized using an ion- exchangg resin, follow ng which the ion-exchange
resin is renoved by filtration. er is driven fromthe filtrate in vacuo,
and the residue is dried, yielding polyglycidol. 15 Exanpl es of the
active hydrogen conmpound that may Wused here include al cohols such as

>

et hanol , met hanol, isopropanol and benzyl al cohol; polyols such as
gl ycerol, _-CH,
HO CH, ?H O+ |
CH,OH TH
CH,0H

CH,— CH— CH,0H
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HO— CH,—— (IlH—E—O-—CHz—— ?H—;—o\ |
CH,0H CH,OH TH
CH,OH

Specifically, this polymerization process is carried
out by charging a flask with a predetermined amount of
glycidol, using methylene chloride as a solvent if

5 necessary, adding a predetermined amount of catalyst
(reaction initiator), and stirring the reaction mixture at
a predetermined temperature and under a nitrogen stream to
thereby effect reaction. Following reaction completion,
methanol is added to stop the reaction, and the methanol

10 and methylene chloride are distilled off in vacuo. The
resulting polymer is dissolved in water and neutralized
with sodium hydrogencarbonate, following which the solution
is passed through an ion-exchange resin-filled column. The
eluate is filtered, water is driven from the filtrate in

15 +vacuo, and the residue is dried, yielding polyglycidol.



pentaerythritol, sorbitol, diethylene glycol, ethylene glycol, triose,
tetraose, pentose and hexose; and hydroxyl.20 group-bearing polyneric
conmpounds such as pol yvinyl al cohol and pol yet hyl ene vinyl al cohol. The
nolar ratio of (nmolar quantity of the active hydrogen groups of the
addi tional active hydrogen conmpounds)/(nmolar quantity of the additional
glycidol) is 25 pEsamplasy of dhelcaradost er1reagidon gnditdadion useshn
o et erabl y 1 G o T e e | on
5si ng a ngi ExcPFteht 2P st %%@E%@Fd'zaﬁ%ﬁ?'r e ": &ﬂaifear%a:,o“ o out
in a nonaquepttupyst em The reaction nechanismis shown bel ow. - 8-
(1 ask v Ph o pr oadi OB s R BRI TR R & o Pae as
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analysis that the polyglycidol is composed of two units A
and B. Specifically, the *C-NMR spectrum (DEPT spectrum
measured with a Varian VXR-300 NMR spectrometer, using D,0
10 as the solvent) of the polyglycidol includes peaks for
carbons belonging to the two units A and B, as shown in FIG.
1.
The total number of units A and B in the polyglycidol
molecule is at least two, preferably at least six, and most
15 preferably at least ten. No particular upper limit is
imposed on the total number of these A and B units,
although the total is preferably not more than 10,000. If
the polyglycidol is requested to have fluidity as a liquid,
a small total number of A and B units is preferred. On the
20 other hand, if the polyglycidol must have a high viscosity,
a large total number is preferred.
The arrangement of these A and B units is random and
without regularity. For example, the units may have any of
the following arrangements: -A-A-A-, -A-A-B-, -A-B-A-,
25 -B-A-A-, -A-B-B-, -B-A-B-, -B-B-A- and -B-B-B-.
The polyglycidol has a polyethylene glycol equivalent
weight-average molecular weight (Mw) of preferably 200 to
730,000, more preferably 200 to 100,000, and especially 600
to 20,000, as determined by gel permeation chromatography
30 (GPC). Polyglycidol having a weight-average molecular
weight of up to about 2,000 is a highly viscous liquid that
flows at room temperature, whereas polyglycidol with a
weight-average molecular weight above 3,000 is a soft,
pasty solid at room temperature. The dispersity, defined
35 as weight-average molecular weight divided by number-
average molecular weight (Mw/Mn), of the polyglycidol is
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spectroneter, using 20 10 as the solvent) of the polyglycidol includes
peaks for cd&BEElielandioop ttemperatddemits A and B, as shown in FIG 1.

The polyglycidol, regardless of its molecular weight,

10 1is not a linear polymer, but rather an amorphous polymer
due to the interlocking of its highly branched molecular
chains. This is evident from the absence of any peaks in
the wide-angle x-ray diffraction pattern that would suggest
the presence of crystals.

15 The ratio of A units and B units in the molecule can
be determined by measuring, as shown in FIG. 2, the **Si-NMR
spectrum for trimethylsilylated polyglycidol prepared by
introducing trimethylsilyl groups at the hydroxyl groups on
the polyglycidol. The molar ratio of A units to B units is

20 preferably from 1/9 to 9/1, and more preferably from 3/7 to
7/3.

Because the polyglycidol is clear, colorless, and
nontoxic, it can be used in a broad range of applications,
including electrochemical materials (e.g., binders for

25 various electrode-active materials, such as
electroluminescent material binders), thickeners, and
alkylene glycol substitutes.

The polymeric compound of the invention has a
hydroxyl group at each end of a molecular chain of

30 polyglycidol. According to the invention, at least 10% of
the terminal hydroxyl groups are capped with one or more
types of monovalent groups selected from among halogen
atoms, substituted or unsubstituted monovalent hydrocarbon
groups, R'CO- groups (wherein R?, here and below, is a

35 substituted or unsubstituted monovalent hydrocarbon group),
R',Si- groups, amino groups, alkylamino groups, H(OR?),-
groups (wherein R? is an alkylene group having 2 to 4
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The total nunmber of units A and B in the polyglycidol nolecule is at |east
two, preferably at |east six, and nost 1hj;preferably at |east ten. No
particular upper limt is inposed on the total nunber of these A and B
units, although the total is preferably not nore than 10,000. If the

pol ygl ycidol is requested_to have fl uidi ta%/ as a liquid, a small total
nunber of ASHPBSmiand heglatdend i§, §hdMEMhdT Mg tq 14d) and

pol ygl yci dolpHBsphdiame- ot it Mid GRsddips . a.Iarge total nunber is preferred.
The arrangenent of these A an\c;)ééa uni t.s | 9%1 and w tho regul arity.
For exanple, the UM Wp&fnq SRR dh nts: -A-A A,
-A-A-B-, -A- ﬁa]ﬁrgl;&ﬂ.dcﬂ: AdteculaB-dhaind3- jéb Bwo-f®IA- and -B-B-B-. The

Bl Yol VErdol (2 B0l MELIW SR BLGE) M oF IR LB ST ORI ool
aﬂﬁioﬁ;?gﬂ Zld:qndiﬁﬂ:(i\ce 000, recamhigratind of ﬁ}Eﬂe pmtmlatqaiﬁlon with r
\(/:\BI ght 019 UB‘;% f’@% aquf 0%%4#%%%1%74;%\% 2'%%)%5 dfé/cﬁflaﬂfel ows at 1‘F?loom
t enper ature PW%@W%J yk‘?"tﬁirlm tthe, cendpe H{Aqe"'ﬂége Brgause ralinmt

above 3, 000 {e pSRdtitPast Yt1§e9|p&|l eF mfﬂnﬁ@wﬁgé@q&a spersity,
defined 35 as melfht average nplecu ar\Maé%$Sd|V|ded b er- average

nol ecul a° wAFRCIIFNh) | OQﬁ 3R RIR the die eCtric constan
of the matrix polymer by introducing polar groups onto the

polyglycidol side chains (hydroxyl groups).

(2) The second aim is to impart the polymer electrolyte

polymer with highly desirable characteristics, such as
15 hydrophobic properties and fire retardance.

To increase the dielectric constant of the polymeric
compound according to the first of these aims, the
polyglycidol is reacted with a hydroxyl group-reactive
compound, thereby capping the hydroxyl end groups on the

20 polyglycidol molecular chains with highly polar moieties.

The highly polar moieties used for this purpose are
not subject to any particular limitation. Examples of
preferred moieties include those which are more neutral
than ionic moleties, such as substituted or unsubstituted

25 monovalent hydrocarbon groups, R'CO- groups and H(OR?), -
groups (wherein R' is a substituted or unsubstituted
monovalent hydrocarbon group, R? is an alkylene group having
2 to 4 carbons, and the letter m is an integer from 1 to
100). If necessary, capping can also be carried out with

30 other suitable moieties, such as amino groups and
alkylamino groups.

The second purpose of capping mentioned above, which
is to confer hydrophobic properties and fire retardance to
the polymeric compound, can be achieved by the use of, for

35 example, halogen atoms, R',Si- groups (R' being as defined
above) or phosphorus-containing groups to cap the hydroxyl
end groups on the polyglycidol molecular chains.
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preferably from1l.1 to 20, and nore preferably from1.1 to 10. Dependi ng on
Its nol ecul ar weight, the polyglycidol vgsies in appearance at room
tenperature (200C) froma 5 highly viscous taffy-like liquid to a rubbery
solid. The higher the nol ecular weight, the nore it qualifies as a solid
(al beit, a soft, paste-like solid) having_a |OM/f|UIdIty at room
tenperature. The POSRyISREcdiicaldgar axaeples ofs hadiogem Atoms Fhat MEY s

not a |ineamdalsderas e Rigi rnga\moiratrypfiwxmé WikiordWR ! ®ridifine and
et ettt o el e L e AL melfliarcheon, Cer [T
woul d suggediydrvcgiese rouls Qfapﬁsitrﬁd S tkb 10 carbollxe raaid preffeXrabiiyt Sl and
the 208 SR a1 15 & S s WP e oy
i ntroduci ng itnc]zn;idrr;alslmlylglgnmqasxmh tatsa nieithydxy | e rydup prapiihe
076”0070 1, LeaPiepal o i ) bl Sl 2 e Pl eq“%%lc.f dol.
is clear, cd?Q??Ybsch%}ﬂim?ﬁHthQ:tYl-t nany bang ae gyl ia d:m{iacg
appl i cat i ONSas IgHaiidl NSl ta{rﬁfﬁ?ﬂff‘i d]?éﬂijﬁ'g%:&f‘p& sucdi r&i-?rb%x{ﬁl 25
various el ectrode-active naterlals
10 phenylethyl and phenylpropyl alkenyl groups such as vinyl,
allyl, propenyl, isopropenyl, butenyl, hexenyl,
cyclohexenyl and octenyl. Examples of the substituted
monovalent hydrocarbon groups include any of the above
unsubstituted monovalent hydrocarbon groups on which some
15 or all of the hydrogen atoms have been substituted with,
among others, halogens (e.g., fluorine, bromine, chlorine),
cyano groups, hydroxyl groups, H(OR?),- groups (R? is an
alkylene group having 2 to 4 carbons, and the letter m is
an integer from 1 to 100), amino groups, aminocalkyl groups
20 or phosphono groups. Illustrative examples of the latter
substituted capping moieties include cyanated alkyl groups
(e.g., cyanoethyl, cyanobenzyl); chloromethyl, chloropropyl,
bromoethyl, and trifluoropropyl. Any one or combination of
two or more of the above capping moieties may be used.
25 Examples of suitable R'CO- groups include those in
which R' is an unsubstituted monovalent hydrocarbon group
having 1 to 10 carbons, and preferably 1 to 8 carbons as
exemplified above, and a substituted monovalent hydrocarbon
group 1in which some or all of the hydrogen atoms on the
30 unsubstituted monovalent hydrocarbon groups have been
substituted with the substituent group as exemplified above.
R' is preferably an alkyl or phenyl group, such as acyl,
benzoyl and cyanobenzoyl groups.
Examples of suitable H(OR?),- groups include those in
35 which R? is an alkylene group having 2 to 4 carbons (e.g.,
ethylene, propylene, butylene) and the letter m.is an
integer from 1 to 100, and preferably 2 to 70. Use may
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el ectrol um nescent material binders), thickeners, and al kyl ene gl ycol
substitutes. The polyneric conpound of th?4invention has a hydroxyl group
at each end of a nol ecul ar chain of polyglycidol. 30 According to the

i nvention, at |east 10% of the term nal hydroxyl groups are capped with one
or nore types of nonoval ent groups sel ected from anong hal ogen at ons,

cyano- subst iaflgioe denmadiea lodn mimktgresa oot wgr @¥pHrorR] ErOmCamogdoups 35

tonoval ont - ndFIAaREedT popite E?’%??‘?s?gt&%??%s%% EVRRE ST 2 0 Sep
2001 -12- and plﬁéféﬂ'ﬁgﬁ%D&ﬁP&ﬂ'—ﬁib §r1%}p's.9rm’é’spér%ﬂél§eofth€§ﬁpilﬁ’g t he
end groups ORHil el ¥8! 461 dekiABhcab6RE &haI Péprésénbsf hd. sdmél) In
pol ymers containing .a high concentration of ion- conductive salts,
r econbi naPi oM RIS F“°6‘z?tviag'r?r\?6i trw%ﬁéqqagg)ogmga:ﬁqua&qv)}ngr f]sé:f it? t he
| ow di el ect r icart®isd, arin@ Preframly i1X.td ewyarm®ns)e andhdbha isantey. Because
raising the F)s?ibasrgft\{xt%cd tm%%d%%ll%n ' hy rrgc)érq)ioshc%lﬂ:roa %S aisorcl:lbove. R!' most
preferably stands for an alkyl group. Of these,
trialkylsilyl groups, and especially trimethylsilyl groups,
10 are preferred. '

Additional examples of suitable capping moieties
include amino groups, alkylamino groups and phosphorus-
containing groups.

The proportion of end groups capped with the above

15 moieties is preferably at least 10%, more preferably at
least 50%, and most preferably at least 90%. Capping of
substantially all the end groups (for a capping ratio of
about 100%) with the above moieties may even be carried out.

Because there are cases in which the ability of the

20 polymer to dissolve the ion-conductive salt diminishes when
all the end groups on the polymer molecular chains are capped
with halogen atoms, R',Si- groups or phosphorus-containing
groups, it is necessary to introduce a suitable amount of
capping moieties while paying close attention to the

25 dissolving ability of the polymer. An appropriate amount is
10 to 95%, preferably 50 to 95%, and more preferably 50 to
90%, based on the total number of hydroxyl end groups.

The capping moiety used in the practice of the
invention is most preferably a cyanated monovalent

30 hydrocarbon group or a combination of a cyanated monovalent
hydrocarbon group with a R'.,Si- group. Illustrative examples
include cyanated alkyl groups such as cyanoethyl, cyanobenzyl
and cyanobenzoyl, and trimethylsilyl in combination with any
of these cyanated monovalent hydrocarbon groups.

35 . When a cyanated monovalent hydrocarbon group such as
cyanoethyl is used in combination with a R',Si- group such
as trimethylsilyl, it is advantageous for the two
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10 .association, one aimis to increase the dielectric constant of the
matri x pol ynmer by i ntroduci ng polar groupg_onto the polyglycidol side
chai ns (hydroxyl groups). (2) The second aimis to inpart the polyner
el ectrolyte polynmer with highly desirable characteristics, such as 15
hydr ophobi ¢ properties and fire retardance. To increase the dielectric
constant of compemeyrerte kenbpurrlaktivw drepentiors fof s10 oo thtke ains,

t he poneg Y, RS T £REH £ ISy SAGELEHEh
t her eby capp ﬁﬁf?tébﬁ gﬁ%gg?wgié Sof 6%&%%??ﬂe 20.%olyglw@¥dol nmol ecul ar

chai ns wi t h $FHPS. p%m%f3%n?%t$%s Pr 10 kP 3% mPEtR eS1usSBORBF  t hi s
purpose are B&éeél@meﬁlltﬂlérﬂy&ﬁéiy:ﬁ%ﬁd _&;r@mb@tmnth&wpé@@l@f preferred

25 cyancSUDRFLRE od FRRBISFELS HPU Ot S BORA P S PRBCURLSRE hYTERS o EhORps.
(wherei n R egréups ammb’gs:'it-ugfdups aneubﬁtotpbrdteunwgétnerh;zﬂ_rbnasbon
Qonfor hydr BREORESTT BherRrect ot FrPetrLPal AAREeETE M i C
conmpound, cahyﬂeophhbbaeurbgerhreﬂse of, for 35 exanple, hal ogen atons,
okt T P (B Ebobet 5 e BB ko 0E G batitia L 10,
10 moiety, the method or capping the po yaglycidol molecular
chains may comprise mixing the polyglycidol with dioxane
and acrylonitrile, adding a sodium hydroxide solution to
the mixture, and stirring to effect the reaction. This
vields cyanocethylated polyglycidol in which cyanoethyl
15 groups are introduced on some or all of the side chains.

The introduction of acetyl groups as the capping
moiety may be carried out by, for example, mixing the
polyglycidol with acetic acid and methylene chloride,
adding an aqueous perchlorate solution and anhydrous acetic

20 acid to the mixture, then reacting at room temperature
under stirring. The reaction mixture is subsequently added
to cold water, whereupon a precipitate settles out. The
precipitate is collected, dissolved in acetone, then poured
once again into water. The resulting mixture is

25 neutralized by adding sodium hydrogen carbonate, and the
precipitate that forms is collected by filtration, placed
together with water in dialysis tubing and dialyzed with
ion-exchanged water. The resulting precipitate is
collected, rinsed with water, then dried in vacuo, giving

30 acetylated polyglycidol.

Cyanobenzoyl groups may be introduced as the capping
moieties by a method which involves, for example, mixing
the polyglycidol with dioxane and adding pyridine, followed
by the dropwise addition of a solution of cyanobenzoyl

35 chloride in dioxane. The solution is then reacted at a
predetermined temperature, after which the reaction mixture
is poured into a methanol/water (3:4) solution. The



-13- More specifically, exanples of hal ogen atons that may be used as the
cappi ng noi ety include fluorine, brom ne;gnd chlorine. Exanples of the
unsubsti tut ed nonoval ent hydrocarbon groups having 1 to 10 carbons, and
preferably 1 5 to 8 carbons, that may be used as the capping noiety include
al kyl groups such as nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butyl, gmqignltat@mtylseutd;eﬁ oudy eifolsedpatiosc iy coldateshd thedy) -

aryl groups G dofl%ﬂ /N nfelt %dﬁ)ﬂo\ﬂmearadolmovﬁw%lwm@s benzyl ,
lo phenylet phen ‘propy enyl groups such as V|nyI I%g(
propenyl , i sﬁﬂirlﬂ'ﬂé?iylls lﬂ}t Ihéié‘é\%l’ls-lsc biimg aRA ad Y#&%ny Theex anpl es

OL t he Cyag%es‘iﬂtﬁ%ﬂé x%bll rttaf@i é%t quré&%rdaorragfsawmmlwmhmnytwn 4t he
above unsubstitut ed nonova e rocar ups sone or
all of the IArhesyedh é{?ﬁkoh 55’6’21 %Ygfqiﬁqowojlé’rﬂ}ﬁ% TS, cyano
groups, or phosphane grrﬂlmﬁiudﬁnldlﬁtdfattmmeﬂm:ﬂylofgnd@d atayeroe
substituted cappin Il eties, include anat r s (e.qg., 20
cyanoet hyl , %@I‘g‘r%o%‘gn% )el?y cqi]rsosroéﬁétr}%/&,\hec%o?' qo%. g‘#ﬁrmet hyI and
trifluoropr aixmetliyﬂ)amieamrtde:.ordﬂdﬂatg dwisﬁtninatirymleﬂo)faqei@@blﬁ/é%appi ng
nDi eties may, {%%qu Rl ol g{“}% ¥ Yisedicl ude
those in whi c ¢ r's-an unsu%s% ut'e m)novac?lltlaJ i rocar on grou
10 reaction. The reaction mixture is then cooled in an ce-
water bath, and poured into a cold methanol/water (4:1)
solution. The precipitate that settles out is collected by

filtration, then is dissolved in acetamide and the solution
is passed through filter paper. The solution is then dried
15 in vacuo, yielding trimethylsilylated polyglycidol.

Capping with other suitable capping moieties may
likewise be carried out using known techniques for
introducing those moieties onto terminal hydroxyl groups.

The polymeric compound or polyglycidol derivative of

20 the invention is best suited for use as a polymer
electrolyte polymer. More particularly, it is used in two
ways as either a liquid ion-conductive polymer electrolyte
composition or a solid polymer electrolyte composition. In
either case, the ion-conductive polymer electrolyte

25 composition contains as essential components (A) a polymer
for a polymer electrolyte comprising the above-defined
polymeric compound and (B) an ion-conductive salt.

The ion-conductive salt serving as component (B) is
not subject to any particular limitation so long as it can

30 be used in conventional electrochemical devices.
Illustrative examples include LiCl0,, LiBF,, LiAsF,, LiPF,,
LiSbF,, LiCF,SO,, LiCF,COO, NaCl0O,, NaBF,, NaSCN, KBF,,
Mg(cC10,),, Mg(BF,),, (CH,),NBF,, (C,H;)NBF, and (CH,;),NCIO,.
Any one or combinations of two or more of these may be used.

35 The amount of the ion-conductive salt included in the
inventive composition varies empirically according to a
number of factors, including the type of ion-conductive



having 1 to 10 carbons, and preferably 1 to 8 carbons as exenplified above,
and a substituted nonoval ent hydrocarbon,group in which sone or all of the
hydrogen atons on the 30 uhsubstituted nonoval ent hydrocarbon groups have
been substituted with the substituent group as exenplified above. Rl is

preferably an al kyl or phenyl group, such as acyl, benzoyl and cyanobenzoyl
gr oups. SspAt Eﬁ@@blébeomQ&ﬂcpéBFéWRFSPF]Qf- @S@ﬂg%ﬂQ$ﬂ91those in
whi ch Rl is qus-1defdiRed %@/Qh@miyw linidriaied

ggpggﬁgen;ngxﬁhocarbon§ﬂ%giﬁi havi n carﬁogs 3ﬁ9 B §¥e2§5&y ovéo 8
Rlerr] moszI wqfefoablpar&tsawe w‘efirghlaﬂ &idﬁé éilerrahﬂfy t]Jme?lm 500 gantissi |yl
a5 Sof BUMEASIE <A1 D HhoERAAET Aol dae ChithD SRS LM no
groups and ;ﬁmsnrw l;ﬁrrt:s)rﬁyalwumigraﬂmmly'ﬂiqqaﬂqdordemaﬁ%md gfamps
Ceope o VR G ARRAE d Pophe it ol S0 0
subst ant i al |goretenttrediomd off dlyss i(drnrcqldmmmg making dgthe electrical
conductivity too low for practical purposes. On the other
10 hand, with the use of too much ion-conductive salt, the
capacity of the polymer matrix to dissolve the salt may be
exceeded, resulting in salt deposition.
In addition to above components (A) and (B), the ion-
conductive polymer electrolyte composition of the invention
15 may include also an ordinary amount of a solvent capable of
dissolving the ion-conductive salt. Suitable examples of
such solvents include chain ethers, such as dibutyl ether,
1,2-dimethoxyethane, 1,2-ethoxymethoxyethane, methyl
diglyme, methyl triglyme, methyl tetraglyme, ethyl glyme,
20 ethyl diglyme, butyl diglyme, and glycol ethers (e.g.,
ethyl cellosolve, ethyl carbitol, butyl cellosolve, butyl
carbitol): heterocyclic ethers such as tetrahydrofuran, 2-.
methyltetrahydrofuran, 1,3-dioxolane and 4,4-dimethyl-1,3-

dioxane; butyrolactones such as y-butyrolactone, Y-

25 valerolactone, 8-valerolactone, 3-methyl-1,3-oxazolidin-2-
one and 3-ethyl-1,3-oxazolidin-2-one; and solvents commonly
used in electrochemical devices, such as water, alcohol
solvents (e.g., methanol, ethanol, butanol, ethylene glycol,
propylene glycol, diethylene glycol, 1,4-butanediol and

30 glycerol), polyoxyalkylene polyols (e.g., ethylene oxide,
polypropylene oxide, polyoxyethylene-oxypropylene glycol
and mixtures of two or more thereof), amide solvents (e.g.,
N-methylformamide, N,N-dimethylformamide, N-methylacetamide
and N-methylpyrrolidinone), carbonate solvents (e.g.,

35 propylene carbonate, ethylene carbonate, styrene carbonate),
and imidazolidinone solvents (e.g., 1,3-dimethyl-2-



about 100% with the above noieties nay even be carried out. Because there
are cases in which the ability of the 2Qjgol ymer to dissolve the

i on-conductive salt dinnishes when all the end groups on the polynmer

mr)ll ecul ar chains are capped with hal ogen atons, R err]- groups or
phosphorus-contai ning groups, it is necessary to introduce a |table
amount of cdiFHiGREAFSICETIONES Ihi I@%l%‘@%%ﬂ@rﬁl"&?q (?Jt“rgzl'

di sfsol Vi)lng g@_,{ﬂ&ﬂg@ﬁ)/foft hf_g,djqirymre? tﬂér’"&m opri ate am)unt is 10 to 95%
preferably to 5 and nore pre era 50 to, on a
nunber of hydr oxy TRénPUYIFETs SLefF X "mﬂsélt é%se‘ﬂ’et H‘é‘t"% %lg‘ce of
the inventi %ﬁﬁeéﬂlﬁi a{;fpﬁaﬁfa&ide/ at mmtminpnﬂ@ear(tzwmhy&rma bon group

(I;Ee?r]cglnPI n%qx A %th%e‘g% fi%ﬁ%0§§§%%| ]I groups such

as cyanoet hmigmmmlemmmzmhe eoxe tit rtB:&Mfsie%/laS R

combi nation wi{fhs h Ionpyal LEHPH Wwups. 35
When a cyana?o%l aﬂ%va‘%’le{nt ocar %énitgroupésuc asquanoet hy%gl s used in
cgnblnatlon ﬁ%miﬂz&i{&&r#@@m @pmmgraim#eas trimethylsilyl, it is

advant ageous for t vied G o Ntise t é éfg@@f ¥ oportions
of 70 to 97% preferal{b 90 to 97% of cyanat%%iirgnnnoval en drﬁjr

10 composition of the invention, the ion-conductive saf a{bon
completely dissociated in the polymer because no peaks
attributable to the ion-conductive salt are found in the
wide-angle x-ray diffraction pattern. Compositions
containing 100 parts by weight of the polyglycidol

15 derivative and 9 to 15 parts by weight of the ion-
conductive salt exhibit a high conductivity of about 103 to
10* S/cm, as measured by the ac impedance method.

The polymer electrolyte composition of the invention
does not crystallize and remains amorphous even when the

20 ion-conductive salt is added in high concentrations,
allowing free mobility of metal ions within the molecule,
In addition, the polymer electrolyte composition develops a
high potential, eliminates concerns about evaporation and
liquid leakage, and provides flame retardance. The polymer

25 electrolyte composition lends itself well to use as an
electrolyte in lithium ion secondary cells and other types
of cells.

The polymer electrolyte composition of the invention
becomes a liquid polymer electrolyte when a polyglycidol

30 having a low molecular weight is used and a solid polymer
electrolyte when a polyglycidol having a fully high
molecular weight is used, exhibiting excellent conductivity
in either case. Since the solid polymer electrolyte,
though designated solid, is a rubbery solid prone to

35 plastic deformatioh, that is, deformation by the
application of stresses, it can be readily formed into a
film sheet. |



groups, and 30 to 3% preferably 10 to 3% of R err]Si- groups, based on
all the hydroxyl end groups on the nol ecybar 5 chains. Polyners in which
cyanat ed nonoval ent hydrocarbon groups and Rl err]Si- groups are

i ncorporated together in this way possess excellent electrical conductivity
and hydrophobi c properties. |If cyanoethyl groups are introduced as the
capping 1o noiety, the nethod for capﬁﬁxyggﬁg pol ygl yci dol nol ecul ar chains
may conprise m xi igd B 1ASWBlY exdaip1wst Brdi pravadaad tec illustiaites thaddi ng
a sodi um hydroxi de solution to the mxture angaﬁpirring to effggt t@g
reaction. THIVeAtdiany @pshéden ek datshdedt o 3t TS SFORFASERAT 15
groups are ity ghiaesl e YWwvedighl.l of the side chains. The introduction
of acetyl groups as the capping noiety may be carried out by, for exanple,
m xi ng tRAe pol yglycidol with acetic acid and methyl ene chloride, adding an
aqueous per GHNIHEST S EXAMRIE dnd anhydrous acetic 20 acid to the m xture,
then reacting at

ro”‘ 1 hpefat r L SE g T | ) Xture is
subsequent |y added* 1&?? yﬁﬁatcglra%%n%g%ﬁ%oﬁﬁjdp}%eo& %ﬁ%ﬁ%ﬁﬂﬁ%ﬂe&s out. The
preci pi t at e ¢ilamidected giysidokcancenttaiion et gomel Iondhddt into
water. The r %&%%%5*8 nddiire Amd REE AUd 2otb-ly. adth il wxiuuRdval ogen

car bonate, an recipitate that forns i1s collected by filtration,

pl aced tloget®eethyl revherate RF405sE Wami #leth A% g /MY RE
'On'eXChangeﬂré@%éﬁdnTlﬁi{fg%gfirﬁbrgeﬁéﬁ%éﬁﬂf%ﬂfbn of 1.2x107% mol/L.

The mixture was stirred for 3 hours under a stream of

nitrogen to effect the reaction. Following reaction
completion, methanol was added to stop the reaction, and

15 the methanol and methylene chloride were removed by
distillation in a wvacuum.

The resulting polymer was dissolved in water and
neutralized with sodium hydrogencarbonate, after which the
solution was passed through a column packed with an ion-

20 exchange resin produced by Organo Corporation under the
trade name Amberlite IRC-76. The eluate was passed through
5C filter paper, after which the filtrate was distilled in
vacuo and the residue from distillation was dried.

The thus obtained polyglycidol was analyzed by gel

25 permeation chromatography (GPC) using 0.1 M saline as the
mobile phase, from which the polyethylene glycol equivalent
weight-average molecular weight was calculated to be 6,250.
The polyglycidol was found amorphous when the crystallinity
was determined by wide-angle x-ray diffraction analysis.

30 The polyglycidol was a soft, paste-like solid at room
temperature. FIG. 1 shows the '*C-NMR spectrum (DEPT
spectrum measured with a Varian VXR-300 NMR spectrometer,
using D,0 as the solvent).

35 SYNTHESIS EXAMPLE 2
A flask was charged with glycidol and methylene
chloride to a glycidol concentration of 15 mol/L, and the



collected, rinsed with water, then dried in vacuo, giving 30 acetyl ated

pol ygl yci dol . Cyanobenzoyl groups may bejpntroduced as the capping noieties
by a nethod which involves, for exanple, mxing the polyglycidol wth

di oxane and addi ng pyridine, followed by the dropw se addition of a

sol ution of cyanobenzoyl 35 chloride in dioxane. The solution is then
reacted at aenadareriamparatamrerasiset &t erlQWfich & YIS &F nixture is

poured i nt o @@t $5H O Mo Irf)trEd|fErOE HEF, - OEt] Gragpradded tto eat hat
settles out of solution is collected, then dissolved in

!{\I, By di met gy:j mrlncﬁmmidmmmvm AT grol e sSThe WA WRe SR vsi s
ubi ng an aly, ti I d t ' réfised with
wat er, then %oﬂrgbgg’?ﬁa%%%& g% \C%nlgg%@a#obﬁl%d alfce)&(f; S%Ifyg 1;/01%15% . The

i ntroductsi orredctiomet EoEldwingreraetiny ¢ampketien, JRTIANCE SRF ving the
pol ygl yci d°|ad<§'e<g'9§.t§é’$§]‘cﬁﬁé"@éj&tfé}gl NGh@i ${d hdBidN B dnd et grése to
the solution, and stirring at roomtenperature to effect 1o reaction. The
reaction mi xehteride twe¥e cermeved PrAlgelllgkien pki (2 Y Whured into a

col d met hanol / wat efné 4rdduBOiny i poLymde Wi isalved hai wetdt emdut is
collected by 11t L el LS8 wi iR s &1 dh S SSendaASSISHE I A 1SR AL O

10 solution was passed through a column packed with an ion-
exchange resin produced by Organo Corporation under the
trade name Amberlite IRC-76. The eluate was passed through
5C filter paper, after which the filtrate was distilled in
vacuo and the residue from distillation was dried.

15 The thus obtained polyglycidol was analyzed by GPC
using 0.1 M saline as the mobile phase, from which the
polyethylene glycol equivalent weight-average molecular
weight was calculated to be 21,530. The polyglycidol was
found amorphous upon crystallinity determination by wide-

20 angle x-ray diffraction analysis, and appeared to be a soft,
paste-like solid at room temperature. '

SYNTHESIS EXAMPLE 3
A flask was charged with 100 parts of glycidol and
25 10,000 parts of methylene chloride and set at 20°C.
Potassium hydroxide, 20 parts, was added as the catalyst.
The mixture was stirred for 22 hours to effect the reaction.
Following reaction completion, methanol was added to stop
the reaction, and the methanol and methylene chloride were
30 removed by distillation in a vacuum.

The resulting polymer was dissolved 1in water and
neutralized with an ion-exchange resin produced by Organo
Corporation under the trade name Amberlite IRC-76. After
the ion-exchange resin was removed by filtration, the

35 polymer was dried by distilling off.water in wvacuum.

The thus obtained polyglycidol was analyzed by GPC

using 0.1 M saline as the mobile phase, from which the



I s passed through filter paper. The solution is then dried 15 in vacuo,
yielding trinethylsilylated polyglycidol.,,Capping with other suitable
capping noieties may |i kewi se be carried out using known techni ques for

I ntroduci ng those noieties onto term nal hydroxyl groups. The pol yneric
conpound or pol yglycidol derivative of 20 the invention is best suited for
use as a pol pokyethytene|giyceblsawivalent wightraeergge imolecukay in two
ways as elthﬁéi@d%@rdcapéhf&w&%vsepﬂywr efﬁétﬁ&iitv%fy@mwp_ Skdgon or a
solid polyner eTectrolyte conposition. In_elther case € 1 on-conductive
pol ymer el ecEP@RYamOrPhofis J4poR FrEstabl ity determinationRndrtidern) a

pol ymer for &n%iéw@faﬂ @LE £ Phot Pork OaMA 1 PE 18, t Aed ahspEasied i Feto®Oh yer i C
9

conmpound an { an lon-confucti e salt. The ion-conductive salt serving as
conmponent’ ( 1R oY18CRRe ct 1AL Bt EP e cEPHPeF 2T XSt i on so long as it can
30 be used in conventional electrochem cal devices. Illustrative exanples

I ncl ude LiC]gggﬁ%LETkLBF[err], Li AsF[err], LiPF[err], [err] My[err] Any one

or conbi nati or nore of these may be used. 35 The anmpunt
of the ion-cOyancethelationiof| Bdkygiycidel: nventive conposition varies

f’gﬁ' I:l)?] 3{1% 3; Cor diifled pArfYNOE t R LY @IFcidSf! PLEGrddCid VoEn Phesis

10 Example 3 was mixed with 20 parts of dioxane and 14 parts
of acrylonitrile. To this mixed solution was added aqueous
sodium hydroxide comprising 0.16 part of sodium hydroxide
dissolved in 1 part of water, and stirring was carriedlout
for 10 hours at 25°C to effect the reaction. After

15 reaction completion, 20 parts of water was added to the
mixture, which was then neutralized using an ion-exchange
resin (Amberlite IRC-76, produced by Organo Corporation).
The ion-exchange resin was separated off by filtration,
after which 50 parts of acetone was added to the solution

20 and the insolubles were filtered off. The filtrate was
vacuum concentrated, yielding crude cyanoethylated
polyglycidol. This crude cyanoethylated polyglycidol was
dissolved in acetone and the solution was filtered using 5A
filter paper, following which the polyglycidol was

25 precipitated out of solution in water and the precipitate
was collected. These two operations (dissolution in
acetone, and precipitation in water) were repeated twice,
following which the product was dried in vacuo at 50°C,
giving purified cyanoethylated polyglycidol.

30 The infrared absorption spectrum of the
cyanoethylated polyglycidol showed no hydroxyl group
absorption, indicating that all the hydroxyl groups had
been substituted with cyanoethyl groups. Wide-angle x-ray
diffraction analysis to determine the crystallinity showed

35 that the product was amorphous at room temperature. 1In
addition, the room temperature state of the polyglycidol
was visually examined. The results are shown in Table 1.



-17- salt used, the nol ecul ar weight of the polyglycidol derivative, and
the type of capping noiety. In general, tfe anount of ion-conductive salt
included is preferably 5 to 1,000 parts by weight, nore preferably 10 to
500 parts 5 by weight, and nost preferably 10 to 100 parts by wei ght, per
100 parts by _wei ght of polyglycidol derivative. Too little ion-conductive
salt may res weak concentration of the ion conductor, making the

el ectrical cepdiebtkyyilitioef beWwboygpyattbLeal purposes On the other 10
hand, with the use_of too nucgh gn ﬁgdu tl% g L t he ca aC| ﬁ

pol ymer natrix to BPEEoFYRRPRENXIAFed DOfEIlyeidy dwa?egﬁ? RYSB £
deposi tion. bamedﬂethOd as ahoﬂﬂampmpomeuS$ngA¢hanﬁoLﬁglycméoloprepared
conductiv % y ﬁﬁ ﬁﬁtrgxéme osition of the invention 15 may include
al so an ordi 3r$§3 i g%?v At capabl e of dissolving the

i on-conducti ve sal TheSinfrbredeahsprptioh spebtsumvefit théncl ude chain

ethers, such gnng#gigthhﬁhlyﬁéﬁ thEtEBé ﬁhﬁ?ehgﬁroxYlng{ﬂuP

1, 2- ethoxynet oxyet é
tetragl yne, ebsprpghiene, iaalgaﬁyngdtgayrrgllb@ ¢l hﬁﬂgpgi]ﬁe gnauprgl padl et hers

(e.g., ethyl peghl gaskterueklyiviesr Eghﬁbetﬁyﬁ.ygrSQbkosoiﬁ&e aﬂgxb garhit ol ) ;
het erocycl i c ethers such as_tetrahydrofuran r of ran

1, 3- di ox? andiffgagtion; ppadyslis, §9 QﬁﬁﬁgﬂénebﬁpﬁrSFéﬁigii§n GXhS gwed

[err]-butyrohaatorbe pgb@hct was amorphous at room temperature. 1In
addition, the room temperature state was visually examined.
The results are shown in Table 1.

15 EXAMPLE 3
Cyanoethylation of Polyglycidol:

Pure cyanoethylated polyglycidol was prepared by the
same method as in Example 1 using the polyglycidol obtained
in Synthesis Example 2.

20 The infrared absorption spectrum of the
cyanoethylated polyglycidol showed no hydroxyl group
absorption, indicating that all the hydroxyl groups had
been substituted with cyanoethyl groups. Wide-angle x-ray
diffraction analysis to determine the crystallinity showed

25 that the product was amorphous at room temperature. 1In
addition, the room temperature state was visually examined.
The results are shown in Table 1.

EXAMPLE 4
30 Cyanoethyl-trimethylsilylation of Polyglycidol:
Three parts of the polyglycidol prepared in Synthesis
Example 1 was mixed with 20 parts of dioxane and 14 parts
of acrylonitrile. To this mixed solution was added aqueous
sodium hydroxide comprising 0.16 part of sodium hydroxide
35 dissolved in 1 part of water, and stirring was carried out
for 5 hours at 25°C to effect the reaction. After reaction
completion, 20 parts of water was added to the mixture,



25 val erol actone, 6-valerol actone, 3-nethyl-1,3-oxazolidin-2- one and
3-ethyl -1, 3-oxazol i di n- 2-one; and sol vengg. commonly used in el ectrochen cal
devi ces, such as water, alcohol solvents (e.g., nethanol, ethanol, butanol,

efhylenﬁ)glycFl erperne gl ycol, diethylene glycol, 1,4-butanediol and 30
gl ycerol ), polyoxyal kyl ene polyols (e.g.,. ethylene oxide, polypr.opylene
oxi de, pol y&hichhyasndhen pesinadd@eqt Wsdmda Fd rﬁ%’&"ég‘aé’lgp \?o%l?p&r”prmre
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0 a rubbery soli daqqual i fies
as a solid (al bei 1(:1) %‘{] &Bgéht e- | IrE}eH 539 eg Itif(;ov%/' lfzddjic}d} at room
t enper at ur e.wds dssstmlyre;l/em tdime thy kane tam @H&W@@t‘@#@ 233 tion
of the invenis qiy g (i€ O hPRIOUAL Y ake itk idd Swas added to the solution,

10 and stirring carried out at room temperature for 5 hours.
The reaction mixture was cooled in an ice-water bath, and
poured into a methanol/water (4:1) solution that had been
cooled to 0°C. The precipitate that settled out was
collected by filtration, then dissolved in acetamide. The

15 resulting solution was passed through 5C filter paper, then
dried in vacuo, yielding cyanoethyl-trimethylsilylated
polyglycidol.

The infrared absorption spectrum of the cyanoethyl-
trimethylsilylated polyglycidol showed no hydroxyl group

20 absorption. Results from elemental analysis indicated that
the proportion of hydroxyl groups which had been
cyanoethylated was 87%, and that the remaining 13% of
hydroxyl groups had been trimethylsilylated. Wide-angle x-
ray diffraction analysis to determine the crystallinity

25 showed that the product was amorphous at room temperature.
In addition, the room temperature state was visually
examined. The results are shown in Table 1.

EXAMPLE S

30 Acetylation of Polyglycidol:

- One part of the polyglycidol prepared in Synthesis

Example 1 was mixed with 30 parts of acetic acid and 30
parts of methylene chloride. To this mixture was added 0.4
part of a 60% perchloric acid solution in water and 40

35 parts of acetic anhydride, and stirring was carried out at
room temperature for 8 hours. The reaction mixture was
poured into cold water, and the precipitate that settled



conpletely dissociated in the pol yner because no peaks attributable to the
Il on-conductive salt are found in the w dggangle x-ray diffraction pattern.
Conposi tions containing 100 parts by weight of the polyglycidol 15

derivative and 9 to 15 parts by weight of the ion- conductive salt exhibit

a high conductivity of about 10- rr] to 10 [err S/c as neasured by the
ac i npedanc@Uietwas] cofdeg@d ner sselyed ﬁ'é‘ i nvention

does not cryiddrieZ arfl s %mgﬁmsnm&mardm e Gevtralticredict i ve

salt is added in_high concentrations, allow fr |I| f metal ions
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el ectrol yte d\hheﬂailpdetycrmldm n@c%\tYLﬂ@ RN EdRbr weight is
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polyner electrolyte desrgnated solid, is a rubber solr rone to

35 pl astitc dePlyShysifol($hevwed neAYARRXYhIBuR r%b%fb‘fﬂw R i orf YYEVEL .,
stresses, 'taﬁa£b§6r§Eﬂ@m|yeéﬁraﬁdriﬁﬁﬁaﬁue to C=0 group was observed,

indicating that all the hydroxyl groups had been acetylated.
Wide-angle x-ray diffraction analysis to determine the
crystallinity showed that the product was amorphous at room
15 temperature. In addition, the room temperature state was
visually examined. The results are shown in Table 1.

EXAMPLE 6
Cyanobenzoylation of Polyglycidol:

20 The polyglycidol prepared in Synthesis Example 1 (0.4
part) was mixed with dioxane (10 parts by weight),
following which pyridine (1.24 parts) was added. To this
was added dropwise a solution of cyanobenzoyl chloride
(2.05 parts) in dioxane (10 parts). The solution was set

25 at a temperature of 80°C and reacted for 12 hours. The
reaction mixture was poured into a methanol/water (3:4)
solution and the precipitate that settled out was collected.
The precipitate was dissolved in N,N-dimethylsulfoxide, the
resulting solution was placed in dialysis tubing, and

30 dialysis was carried out for 3 days with ion-exchanged
water. The resulting precipitate was collected, rinsed
with water and dried in vacuo, yielding cyanobenzoylated
polyglycidol.

The infrared absorption spectrum of the

35 cyanobenzoylated polyglycidol showed no hydroxyl group

absorption. However, the absorption peaks attributable to

C=0 and C=N groups were observed, indicating that all the



filmsheet. -19- EXAMPLES The foll owi ng exanpl es are provided to
illustrate the invention, and are not intgnded to limt the scope thereof.
Al parts are by weight. 5 SYNTHESIS EXAMPLE 1 A flask was charged with

gl ycidol and nethylene chloride to a glycidol concentration of 4.2 nol/L,
and the reaction tenperature was set at -100 C. Trifluorgborate-_10 diethyl
et herate ([ cR¥Yf¥oRR: GHEURS RadqkeentGYFReberzavlated; ni ¥ideorRals %-
concentrati opapf dif@i‘é@tioﬂbbﬁél dis ﬁbxaytermzeﬁesthér@ﬂyéaalﬁlhﬂws under

a stream of nltrogen to ef & e reaction. gollo reaction Cﬁﬁ£|etlon
met hanol wasSBAWE BaEtBBetHE° Bgtt V8%, aupEPhe ?h@ PABRNbPIRAG2HEE Ry | ene

chl ori de wer gnr aga@yetlohy thettrobomt témpeﬂaauracsuateﬁmsressualny; pol ynmer
was di ssol ved er d neut I|ze SOdI drogencar bonate, after
whi ch t he® soru.“%ﬂeéa EsﬁﬁsP ﬁuaﬁg g%%@ﬁ g%kgé anth an ion- 20
exchange resin produced by O gano Corporation under the trade nanme
Anberlite I RC-76. The el uate was passe%abﬂégﬂgh

Hl

. Capping moiety
Start19g introduced onto Room
polyglycidol .
terminal hydroxyl| Crystallinity temperature
(welght-average
molecular weight)’ groups of state
g polyglyvcidol
Ex. 1 s%ﬁ:;?;)3 cyanoethyl amorphous viscous liquid
Syn. Ex. 1 soft, paste-
Ex. 2 (6,250) cyanoethyl amorphous 1ike solid
Syn. Ex, 2 soft, paste-
Ex. 3 (21,530) cyanoethyl amorphous like solid
Syn. Ex. 1 cyanoethyl + soft, paste-
Ex. 4 (6.250) trimethylsilyl amorphous like solid
Syn. Ex. 1 soft, paste-
Ex. 5 (6,250) acetyl amorphous 1ike solid
Syn. Ex. 1 soft, paste-
Ex. 6 (6.250) cyanobenzoyl amorphous like solid
EXAMPLES 7 TO 12

10 Preparation of Polymer Electrolyte Composition:

A polyglycidol derivative as shown in Table 2 and
lithium perchlorate were dissolved in tetrahydrofuran. The
ingredients were weighed such that the total weight of
lithium perchlorate and the polyglycidol derivative was 1

15 kg per mole of lithium perchlorate.

In each example, the resulting solution was held in a
vacuum to allow the tetrahydrofuran to evaporate, yielding
a polyglycidol derivative-lithium perchlorate complex
(polymer electrolyte composition). _

20 The complex obtained in each example was placed
between two copper plates spaced a gap of 200 microns
whereupon the electrical conductivity of the complex was
determined by the AC impedance measurement technique. The



5C filter- paper, after which the filtrate was distilled in vacuo and the
residue fromdistillation was dried. The | Eys obt ai ned pol ygl yci dol was
anal yzed by gel 25 perneation chronmatography (GPC) using 0.1 Msaline as
t he nmobi |l e phase, from which the pol yethyl ene glycol equival ent

wei ght - aver age nol ecul ar wei ght was cal cul ated to be 6,250. The

pol ygl yci dol st@ke sifhd-henmsqsdesx iferradie temparatyne Masyaslanaldihi ned by
W de-angl e x Jt?%aﬂ}é& g ALY YRS st Ba%mmgéevgma W & S

paste-1ike sol room t enperat ure. 1 shows the 13C NMR spectrum

( DEPT spect r drhahlas oFiaeams Higuigt | aﬂ”\%%%%@e@cﬁcﬁﬁ?ﬁ‘&imﬂm ng D20

as the sol Veﬁﬁéasﬁrfemén\ﬂ\%fﬁ‘dh% RuMiildx 2vas fda&fﬂ@é@&nﬂh&kﬂ%ﬁ@ﬁﬂm& waiglol
and net hyl ene chlorlde 10 a iéidol concentration of 15 iqa qHHpe
-20- reacPiorf tignalgy . the Qmpled 3}'%6(5

initiator infd¥e ¥ chmﬁf Iﬁ[]&fwﬂng‘itv&ﬁrcﬂ RS wasldftt tloss Qﬁnca:apcaiammf
1.8x10[err] nol /L. The xt Ut mas t|rred for 56 ho a stream of
nitrogen to &f3% e&eﬁﬁ"}g%ﬁ &ﬁ 1-I—solar %W%éﬁﬂ aﬁﬂco 1 etion,

nmet hanol was added to stop the reactlon and t he net hanol and nethylene
chl oride wereg lgation in a vacuum

10 ' A polyethylene glycol-lithium perchlorate complex
(polymer electrolyte composition) was prepared by the same
method as in Example 7, except that polyethylene glycol
having a molecular weight of 200 was used instead of the
polyglycidol derivative. .

15 The resulting complex was placed between two copper
plates spaced a gap of 200 microns, whereupon the
electrical conductivity was determined by the AC impedance
measurement technique. The room temperature state was '
visually examined and rated S or L. Wide-angle x-ray

20 diffraction measurement of the complex was carried out to
determine the crystallinity. Additionally., the complex was
held at 100°C for 5 hours, following which the weight loss
on evaporation was measured. The results are given in
Table 3.

25
COMPARATIVE EXAMPLE 2

A polyethylene glycol-lithium perchlorate complex
(polymer electrolyte composition) was prepared by the same
method as in Example 7, except that polyethylene glycol

30 having a molecular weight of 2,000 was used instead of the
polyglycidol derivative.

The resulting complex was placed between two copper
plates spaced a gap of 200 microns, whereupon the
electrical conductivity was determined by the AC impedance

35 measurement technigque. The room temperature state was
visually examined and rated S or L. Wide-angle x-ray
diffraction measurement of the complex was carried out to



The resulting polynmer was dissolved in water and neutralized with sodi um

hydr ogencar bonat e,

after which the 10 sqhbytion was passed through a col um

packed with an ion- exchange resin produced by Organo Corporation under the
trade nane Anberlite IRC-76. The eluate was passed through 5C filter paper,
after which the filtrate was distilled in vacuo and the residue from
di still ati oflefeymimeedhe) orystallimdn.huddsditdonad 1ol ydey qoplexayas

anal yzed by i@ Ui NG d®.cl f4rsd iHEraS tHA 1IRAIHE W tH Qrel\yﬂtc hdde

pol yet hyl ene g
cal cul ated t¥
crystallini tpaplied e3.m nati on by w de-
and appeared to be a soft,

EXAVPLE 3

was added as

lf%rcol

equi val ent wei
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paste-like solid at
A flask was charged with 100 parts of glycido

roomtenperature.

qht average nDIecuIar 3 ht mas

20 angle X- ray dlffractlon analysis,

SYNTHESI S
and 25 10, 000

the reacti on.

reaction,

distillati o

neutralized|w

the trade né
by filtratid

parts of nethylene chloride and set atT&8D&. 2 Potassi um hydroxi de, 20 parts,
the—eatabyst—The—xture—was—st+ed—or—22-heurs—to—eHert
Fol | ow ng reactilon _conpletion ne@ &F was added to stop|the
amd the net hanol and net hylene chlorisde ywer eo 30| removef byz
led10ndt VIGYURQT TNE|Tesurting pol yner wap drssofved 1njwater pnd
an p-en—exechafige—Frestn—prodieced—byoOganetCorporptton—under
e Anber|B¥t @ | RC-76. Aftér tthe jon-exchange resin was renpved
n, the |Bx. 3 1
Ex. 4 1
Ex. 5 1
Bx. 6 1
PEG 200
PEG 2000
?é?g;fical COnAUCLIVILY| g 0x10-4 | 5.2x107¢ | 2.9x10" | 8.9x10°% | 7.0x10"% | 5.0x10™¢
Crystallinity amorphous|amorphous|amorphous|amorphousjamorphousjamorphous
Room temperature state L [ ] S S S
Weight loss on -
evaporation (%) =0.1 =0.1 =0.1 =0.1 =0.1 s0.1
Iable 3

Comparative Examples

1

2

Polymer Ex.

Ex.

Ex.

Ex.

& jwiN |

Ex.

Ex..6

PEG 200

PEG 2000

1

Electrical conductivity

-5 -7
(S/cm) 9.0x10 8.0x10
Crystallinity amorphous crystalline
Room temperature state L S
Weight loss on <0.1 <0.1

evaporation (%)




35 polynmer was dried by distilling off water in vacuum The thus obtained
pol ygl yci dol was anal yzed by GPC using 0.,5_Msaline as the nobile phase,
fromwhich the pol yet hyl ene gl ycol equival ent wei ght-average nol ecul ar
wei ght was cal culated to be 1,100. The polyglycidol was found anorphous
upon crystallinity determ nation by w de- angle x-ray diffraction anal ysis,
and appearedudte:be a 5 highly viscous liquid at roomtenperature. EXAMPLE 1
Oyanoet hyl at g, Bgirﬁgyﬂnqoglyczgmﬁempg el oBl1aE NG BBl Y 466 dOI pr epar ed

in Synthesis_10 | oxane and 14 parts
of acryl oni tﬁjcl §°°°To ?]ﬁ’e hyeR8 9 5P LT 6R %\é‘ggﬁ‘ﬂﬂéﬁ "%?&8’@51?5 & um hydr oxi de
conpri si ng OROP® BRIPEra@furgcsfiatmi hydr oxi de di ssolved in 1 part of water, and
stirringsvas caerscEd, pastéarikéOsdiaars at 25[err]C to effect the reacti on.
After 15 react Lonyizesd auheis 20 parts of water was added to the m xture,
whi ch was then neutralized using an ion-exchange resin (Anberlite IRC 76,
produced by Organo Corporation). The ion-exchange resin was separated off
by filtration, af t‘E’lemihﬁVGquml tdesdribeed dativasoweldgblymers Sox uti on 20
and the Insgb c{fééf%ég &ﬁie? ﬂ;@éfélﬁiéﬁeigﬁfbvégﬁﬁﬁ%tlvity

concentrate ding cru anoet
do not crystallize even when an ion-conductive salt is

dissolved in high concentrations, and polymer electrolyte
compositions comprising the same.



pol ygl yci dol. This crude cyanoet hyl ated pol ygl yci dol was di ssol ved in
acetone and the solution was filtered usizag 5A filter paper, follow ng

whi ch the pol ygl ycidol was 25 precipitated out of solution :”Im'mﬂ“mmm"
precipitate was collected. These two operations (dissolution!s ﬂ"
and precipitation in water) were repeated tw ce, follow ng whic the ™ 5 *

product was #4185 n vacuo at 50[err]C, giving purified cyanoethyl at ed
pol ygl yci dol. 30 The infrared absorption spectrum of the

cyanoet hyl at.ed pol yqgl yci dol. showed na, hydr oxyl. arqup sorpti.on,. i-Rdi Gatjn
Chat al | thd hydr BoROITmSFIE FOOANE SRR LS I, mwﬁbccfﬁét&%ﬁd&?’gﬁ% A
W de- angl e xromuld ffIacndr amdlty o6 tthe detldrowing tfoomrlest(@ )i nity showed
35 that the product was anorphous at roomtenperature. In addition, the
roomtenperature state of the polyglycidol was visually exam ned. The
results are shown in T@HLO-%. -22- EXAMPLE 2 Cyanoet hyl ati on of

Pol ygl yci dol : Purg_éﬁa 8 t hyl ated pol ygl yci dol was prepakéd by the sane

met hod as in Exanpl¥¢'2 I ng the polyglycidol prepared 5 in Synthesis
Exanple 1. The infrared absorption spectrum of the

O._.
|
—CH,CHCH ,0— (2)

wherein at least 10% of the ends of molecular chains are
capped with monovalent groups of at least one type selected
from the group consisting of halogen atoms, substituted or

10 unsubstituted monovalent hydrocarbon groups, R'CO- groups,
R,Si- groups, amino groups, alkylamino groups, H(OR?),-
groups, and phosphorus-containing groups wherein R' is a
substituted or unsubstituted monovalent hydrocarbon group,
R? is an alkylene group having 2 to 4 carbons, and the

15 letter m is an integer from 1 to 100.

2. The polymeric compound of claim 1 wherein the end-
capping monovalent groups are cyano-substituted monovalent
hydrocarbon groups or a mixture of cyano-substituted

20 monovalent hydrocarbon groups and R!.,Si- groups.

3. A polymer for a polymer electrolyte comprising the
polymeric compound of claim 1.

25 4. An ion-conductive polymer electrolyte composition
primarily comprising the polymer for a polymer electrolyte
of claim 3 and an ion-conductive salt.

5. The composition of claim 4 for a lithium-type
30 secondary cell.
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cyanoet hyl at ed pol ygl yci dol showed no hydroxyl group absorption, indicating
that all the hydroxyl groups had been sulgtituted with cyanoet hyl groups.

W de-angle x-ray 10 diffraction analysis to determne the crystallinity
showed that the product was anorphous at roomtenperature. In addition, the
roomtenperature state was visually exam ned. The results are shown in
Table 1. 15 EXAMPLE 3 Cyanoet hyl ati on of Pol ygl ycidol: Pure cyanoethyl ated
pol ygl yci dol was prepared by the sane ABSTIRAMETas i n Exanple 1 using the

pol ygl yci dol obtained in Synthesis Exanmple 2. 20 The infrared
absorption spectrum of the cyanoethyl ated pol ygl yci dol showed no hydroxyl

group absorption, A npblatemic tpultyadl [sudie ds/ padydlngisiads denivaddve

o det or i neheretiy JP A qer OY e HESAHY o ‘“‘w"‘ﬁléft L B e
room t enper atapped |wi thidienovalenie gxwIps eﬁlﬁmjeﬁéﬂ: yano v st St ed

exam ned. T L 4 G 5 t by,
Cyanoet hyl -pﬁlﬁ&?#%m I )fdtl on ?rplé’iﬁ[aﬁﬁgtll%%f% Three?f{)ar? Sc%n uc fvity
pol ygl yci dolrwﬁ%ﬁ AMOFPIRE RESR HRRAR HORzEORRYGHLYE t3A5D 1 rts of

di oxane and §fs9aiv&d ofn Acigh %ﬁééﬁeraﬁﬂoﬁéu Samd xBsl sl tdbDe awsa added

aqueous sodi um hydroxj de, conprising 0.16 part of sodi um hydroxide
10 polymer electrolyte.



35 dissotved in 1 part of water, and stirring was carried out for 5 hours
at 250C to effect the reaction. After reaction conpletion, 20 parts of

wat er was added to the m xture, -23- which was then neutralized using an
i on-exchange resin (Anberlite I RC-76, produced by Organo Corporation). The
i on- exchange resin was separated off by filtration, after which 50 parts of
acetone was added to the solution and the 5 insolubles were filtered off.
The filtrate was vacuum concentrated, yielding crude cyanoethyl ated

pol ygl ycidol. One part of this crude cyanoethyl ated pol ygl yci dol was

di ssol ved in dinethylacetam de, follow ng which 2 parts of

bi s(trinmethylsilyl)acetam de was added to the solution, 10 and stirring
carried out at roomtenperature for 5 horz (Egﬁgereaction m xture was
cooled in an ice-water bath, and poured Fnfo~a met hanol /water (4:1)
solution that had been cooled to Jerr]C. The precipitate that settled out
was col lected by filtration, then dissoIV'F‘&g acetam de. The 1.5 resulting
sol ution was passed through 5C filter papx? Ren dried in vacuo, Yielding
cyanoet hyl -tri net hyl silyl ated pol ygl yci dol . éhgoﬁnfr red absorption
spectrum of the cyanoethyl- trimethylsilylated pol ygllyci dol showed no

hydr oxyl group

—~CH-AND-CHs- |

—CHz- —gHch:HOH —~ -OCHz?H-
CH20H CH20H

~OCH2CHCHz- — | ~OCHZCHOH

OH | CH2OH

—CH2CHCH2-

|
CH20-

TOTAL

|
100 50
ppm



20 absorption. Results from el enmental analysis indicated that the
proportion of hydroxyl groups which had been cyanoet hyl ated was 87% and
that the remaining 13% of hydroxyl groups had been trinethylsilylated.

W de-angle x- ray diffraction analysis to determne the crystallinity 25
showed that the product was anorphous at roomtenperature. In addition, the
roomtenperature state was visually exam ned. The results are shown in
Tabl e 1. EXAMPLE5 30 Acetyl ation of Polyglycidol: - One part of the

pol ygl yci dol prepared in Synthesis Exanple 1 was mixed with 30 parts of
acetic acid and 30 parts of nethylene chloride. To this m xture was added
0.4 part of a 60% perchloric acid solution in water and 40 35 parts of
acetic anhydride, and stirring was carried out at roomtenperature for 8
hours. The reaction m xture was poured into cold water, and the precipitate
that settled -24- out was collected. The precipitate was dissolved in
acetone and poured once again into water, then neutralized by addi ng sodi um
hydr ogen carbonate and subsequently filtered with 5C filter paper. The
precipitate was 5 collected, placed together with water in dialysis

t ubi ng,

FIG.2

?HzOSi(CHa)a
16.4ppm -CH>—CH-O-

/ 15.7pPm
(I)SI(CHs)a

—CH2~CH~-CH>-0~

ppm



and -di al yzed for 3 days with ion-exchanged water. The resulting precipitate
was col lected, rinsed with water and dried in vacuo, yielding acetyl ated
pol ygl ycidol. The infrared absorption spectrum of the acetylated 10

pol ygl yci dol showed no hydroxyl group absorption. However, an absorption
peak attributable to C=O group was observed, indicating that all the

hydr oxyl groups had been acetylated. Wde-angle x-ray diffraction anal ysis
to determine the crystallinity showed that the product was anorphous at
room 15 tenperature. In addition, the roomtenperature state was visually
exam ned. The results are shown in Table 1. EXAMPLE 6 Cyanobenzoyl ati on of
Pol ygl yci dol : 20 The pol yglycidol prepared in Synthesis Exanple 1
(0.4 part) was mxed with dioxane (10 parts by weight), follow ng which
pyridine (1.24 parts) was added. To this was added dropw se a sol ution of
cyanobenzoyl chloride (2.05 parts) in dioxane (10 parts). The solution was
set 25 at a tenperature of 80[err]C and reacted for 12 hours. The reaction
m xture was poured into a nethanol/water (3:4) solution and the precipitate
that settled out was collected. The precipitate was dissolved in

N, N- di met hyl sul f oxi de, the resulting solution was placed in dialysis
tubing, and 30 dialysis was carried out for 3 days with ion-exchanged
water. The resulting precipitate was collected, rinsed with water and dried

i n vacuo, Yyielding cyanobenzoyl at ed
FIG.3

LiCiO, CRYSTAL

INTENSITY —""—

|

IM LiClO4 IN POLYGLYCIDOL

20/ deg



pol ygl ycidol. The infrared absorption spectrum of the I5—eyanohet KIYI ted
BET

pol ygl yci dol showed no hydromem REPLA& Lon
peaks attributable to C=0 and m,i m observec rndicating thatiall
t he -25- hydroxyl groups had Heen cyan oyI ated.| W de7APR 200¢- 1a
diffraction analysis to determne the crystallinity sHoyed that the pifoguct
was anorphous at roomtenperature. In adgption, the rdgon -

was Vi sual byasMexam ned. The results are shown in Tabl eé‘
Cappi ng noi ety pol ygl yci dol i ntroduced onto ' gﬁgn '
(wi ght-avrae term nal hydroxyl Crystallinity tenperature nol e\ wei ght) -

groups of 1. A polymeric glomipound ygimpriddinga uhit cB;/rtheExEoBlowing
cyanoet hyl LRN 0 | J,qui %83 n.
Cyaroet I sormufTIAAN A o VRO IO Ayl Khmla (5!
| i ke solid Syn. Ex. 2 _soft, paste- Ex. 3
(21, 530) cyanoeél_twb anor phous like solid
' 1
—CHZCHO—- (1)
?_
—CH,CHCH ,0— (2)

wherein at least 10% of the ends of molecular chains are
capped with monovalent groups of at least one type selected
from the group consisting of halogen atoms, substituted or
unsubstituted monovalent hydrocarbon groups, R'CO- groups,
R',Si- groups, amino groups, alkylamino groups, and
phosphorus-containing groups wherein R' is a substituted or
unsubstituted monovalent hydrocarbon group, and R? is an
alkylene group having 2 to 4 carbons.

2. The polymeric compound of claim 1 wherein the end-
capping monovalent groups are cyano-substituted monovalent
hydrocarbon groups or a mixture of cyéno-substituted
monovalent hydrocarbon groups and R',Si- groups.

3. A polymer for a polymer electrolyte comprising the
polymeric compound of claim 1.

4. An ion-conductive polymer electrolyte composition
primarily comprising the polymer for a polymer electrolyte
of claim 3 and an ion-conductive salt.

5. The 'composition of claim 4 for a lithium-type
secondary cell. T e
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';;:»4, Syn. Ex. 1 cyanoet hyl + anor phous. . PO PIEER7( B, 250)

trimethylsilyl like solid Ex. 5 Syn. E0~19- Ol HR6SYyI
anor phous soft, paste- (6, 250) -4- l'i ke
solid Ex. 6 Syn. Ex. 1 cyanobenzoyl anor phous soft, paste-

(6, 250) li ke solid EXAMPLES 7 TO 12 10

Prepar ati on, &f &i@'ari%l SE i} M aceum-taimnsaomuyglemmm derivative

as shown in Table 2 l.i thium erchlorat
tetrahydr of%?’é‘hct“%ea"r nfted LTS Jifed g\fgﬁ%t%ﬁgfgﬁg%gfén\?& ght
of lithi ummr@datplmanmmeomieﬁgimmc sgenonsri wonkadningsa kg per |

I f lithi t tal t
el a in o ERDITRTBORY POy Cromioriin A i Rlosid E U 8923388 70 2

pol ygl yai dofhilermethode-howdwerm phﬂ%hi dnall@lt(ﬂﬁpm@)@b(lyﬁm%/ﬁ@tc oI yte
composi tionyy o200y go1ubiI ey COFPLES PbH Sddifhd tivAGh IR AP lthenas pl aced
bet ween two copper ? at es spaced a gap of 200 m crons_whereupon the

el ectrical m@mqmer»va%cban¢Q$%kﬁﬁﬁ%§ the afdiddamaf B dAC i npedance

measur erreln][ cbfipbhbAtesudhCas vinfresé atervindtes, e the dlow phiystivygler at ure
was Vi sua
strength of the resulting polymer.

10

Therefore, one object of the present invention is to
— provide a novel polymeric compound, a polymer for a polymer
electrolyte comprising the same, and a polymer electrolyte
15 composition having a high ionic conductivity.
' The inventor has founa that a novel polymeric compound
‘comprising units of the formulas (1) and (2) to be defined |
below, wherein at least 10% of the ends of molecular chains
"are capped with one or more substituents selected from the
zo_ggroup consisting of halogen atoms, cyano-substituted
monovalent hydrocarbon groups, R'CO - groups (wherein R' is
a substituted or unsubstituted monovalent hydrocarbon
?group), R';8i- groups (wherein R! is as defined above), and
25 'phosphorus-containing groups, and especially with cyano-
substituted monovalent hydrocarbon groups or a mixture of
cyano-substituted monovalent hydrocarbon groups and R';Si-
- groups, has a high electrochemical stability. The
30 polymeric compound also has an ability to dissolve an ion-
conductive salt to a high concentration. and does not
crystallize and remains amorphous even with the dissolution
of an ion-conductive salt to a high concentration. This
means that the polymeric compound is an amorphous polymer
35 ensuring the free mobility of an ion conductor

therethrough. It has also been found that a composition
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Sae
h;..obs'er.v.ed and rated S for soft paste-like solid and L for highly viscous
liquid. Wde-angle x-ray diffraction neasurenent of the conplex was carried
out to determne the 5 crystallinity. -%dditionally, the conplex was held
at 100[err]C for 5 hours, follow ng which the weight | oss on evaporation
was neasured. The results are given in Table 2. COVWPARATI VE EXAVPLE 1 10
A pol yet hy| eereo% sioed -an t ivnmeerdudtt vrextaaldobiissolyast viderthe QKA8K e

conposi tion repare f he sane.,net ho 7, except that
pol yet hyl enﬂen\éﬁjf/%lglg %‘fﬁrgtgrbé/atl I?Sec%’frglr%gaﬁ} %é%%j?c%éle% i nstead of

t he pol ygl yeonkdhotievritatan®. id best suithe 2%l pdIngmeo ngl esot welky tpg aiced
bet ween two c er plates sgaced a gap of 200 m crons, whereupon the

el ectrical %oﬁﬁﬁl’c‘i‘ TEXPRRERRBRN et by, the AC.inpedance nmeasur ement
techni qde. The r obwncordimgly urthe tiarventHdony proyiidese rapodytende rated S or
L. Wde-an ~ | t.l r %EH’{\:S | ed
out to det gé%né%ﬁﬁeggrp S{%{lﬁ?ﬁﬁ&iﬁ?ﬁ%tﬁ%ﬁ%ﬁl&fm{iﬁg conp eé ﬁ? he% at
100[ err] C & oankt hofir he ol aWwing vEerMikad 2dei ght | oss on evaporati on was
measured. The results are given in Table 3. 25 COVWARATI VE EXAMPLE 2 A

pol yet hyl ene gl ycol -1ithium perchlorate conplex (polyner electrolyte
conposi tion) was prep%‘r“b@‘ﬁy t he sane
(1)
—CH,CHO —
?— .
~ | ~—CH,CHCH ,0— - (2)

At least 10% of the ends of molecular chains are capped

10 with monovalent groups of at least one type selected ffom
the group consisting of halogen atoms, cyano-substituted
monovalent hydrocarbon groups, R}CO—.groups, R';Si- groups,
and phosphdrus-containing groups wherein R' is a substituted

15 OF unsubstituted monovalent hydrocarbon group.

In a second aspect, the invention provides a polymer
for a polymer electrolyte comprising the polymeric compound
ad 20 defined above. In a third aspect, the invention provides .
' an'idn-qohductive polymer electrolyte composition primarily'
comprising the polymer for a polymer electrolyte and an
ion-conductive salt. | :

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is the '*C-NMR spectrum of the polyglycidol
prepared in Synthesis Example 1.
FIG. 2 is the ?Si-NMR spectrum. of a trimethyl-
silylated polyglycidol obtained from the polyglycidol in
30 Synthesis Example 1.
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.gethod. as in Exanple 7, except that polyethylene glycol 30 having a

mol ecul ar wei ght of 2,000 was used instedd of the polyglycidol derivative.
The resulting conplex was placed between two copper plates spaced a gap of
200 m crons, whereupon the electrical conductivity was determ ned by the AC

pesence <GxBMEHbLVERLohCEhE Bicao [Nnd RS SREALULE SONF okt

exam ned an ang X-Tay asurenent of the
conpl ex wasl@arried out to - -27- deternmine the crystallinity. _
additional Iy, thepeguRhfitg¥6e 11ed ndledOPAL d&for NS pd B fo i Ch

t he wei ght | oss on vapor%tlon was neasured. The results are diven in Table

3. 5 Tabl e YaEkgApiBsappearance gt room temperature 1(20°C) from a 12

Pol yner 5 BXghlfXvidcous taffy-like liquid foEX rdbbery solid. The

i Ex. 4 higher the molecular weight, the more it quaiiéaes as a
solid (albeit, a soft, paste-like solid) having a low
fluidity at room temperature.

The polyglycidol, regardless of its molecular weight,

10 is not a linear polymer, but rather an amorphous polymer
due to the interlocking of its highly branched molecular
chains. This is evident from the absence of any peaks in
‘the wide-angle x-ray diffraction pattern that would suggest
the presence of crystals. '

15 The ratio of A units and B units in the molecile can
be determined by measuring, as shown in FIG. 2, the **Si-NMR
spectrum for trimethylsilylated polyglycidol prepared by
introducing trimethylsilyl groups at the hydroxyl groups on
the polyglycidol. The molar ratio of A units to B units is

20 preferably from 1/9 to 9/1, and more preferably from 3/7 to
7/3. |

" Because the polyglycidol is clear, éolorless, and
nontoxic, it can be used in a broad range of applications,
including electrochemical materials (e.g., binders for

25 various electrode-active materials, such as

-~ electroluminescent material binders), thickeners, and

alkylene glycol substitutes.
The pelymeric compound of the invention has a hydroxyl
group at each end of a molecular chain of polyglycidol.

30 According to the invention, at least 10% of the terminal

hydroxyl groups are capped with one or more types of

monovalent groups selected from among halogen atoms, cyano-
substituted monovalent hydrocarbon groups, R'CO- groups

35 (wherein R', here and below, is a substituted or

unsubstituted monovalent hydrocarbon group), R';Si- groups,
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.Ex.” 6 PEG 200 PEG 2000 El ectrical conductivify 8.0x10[err] 5.2x10-4
2.9x10-4 8.9x10-5 7.0x10-5 5. Ox10-4-5/cm Cystallinity
anor phous anor phous anor phous anor phous anor phous anor phous Room

tenperature state L S S S S

S Weight | oss on. [err]O 1 [err]o.l nd
[err]o.| evaporation [err]01. Table 3
Conpar at i ve Phegipregug-containing groums.ner Ex. 1 Ex. 2 Ex. 3 Ex. 4
Ex. 5 Ex. 6 PEG 2@4e purpose oflc‘P 18 Qhe end groups_on 1

El ectri cal conduct|V|tyrp Eﬁ %0 ? p(S/crr) Crystalllnlty

amor phous  ROA¥GI¥qidad Imﬂ%ﬁqﬁéﬂﬁéﬁQﬁ$ﬂ§ §§a$¥° f°1d
Vi ght | ss (@) In polymers contdiﬁﬂﬁboalh&bﬁp@bﬁbbﬁ&ré%hon of ion-

[err]0.1 conductiJc séfgs recombination of free metal cation with
palred anion readily arises in the low-dielectric-constant
polymer matrix, lowering the conductivity. Because raising
the polarity of the polymer matrix discourages ion

10 assoclation, one aim is to increase the dielectric constant
of the matrix polymer by introducing polar groups onto the
polyglycidol side chains (hydroxyl groups).

(2) The second aim is to impart the polymer electrolyte
polymer with highly desirable characteristics, such as

15 hydrophobic properties and fire retardance. o

To increase the dielectric constant of the polymeric
compound according to the first of these aims the
polyglycidol is reacted with a hydroxyl group-reactive
compound, thereby capping the hydroxyl'end groups on the

20 polyglycidol molecular chains with highly polar moieties..

- The highly polar moieties used for this purposeé are
not subject to any particular limitation. ' Examples of
preferred moieties include those which are more neutral

25 than ionic moieties, such as cyano-substituted monovalent
' hydrocarbon groups, and RCO- groups (wherein R is a

substituted or unsubstituted monovalent hydrocarbon group).

30

The second purpose of capping mentioned above, which
is to confer hydrophobic properties and fire retardance to
the polymeric compound, can be achieved by the use of, for

35 example, halogen atoms, R',Si- groups (R being as defined
above) or phosphorus-containing groups to cap the hydroxyl
end groups on the polyglycidol molecular chains. -
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..~28- Note: PEG 200: pol yethyl ene egcoI wth a nol ecul ar wei ght of 200 PEG
2000: pol yet hyl ene glycol with a nol ecuizmr melght of 2000 Room t enperature
state: 5 S: soft, paste-like solid L: viscous liquid There have been
descri bed both novel polyners for polyner electrolytes which have a high

des? duct i 10 A .
sal't s di ssol veiTh TpEREEiialll, (exEhEles WS MPILUIR hethd AhLOMAG! Ve
conposi ti obe uae@ra8|hgetﬂepnén9 moietyznncludaffluprrnemngnnmimec@n@ound
conpri sing ﬁl%f&ﬁeOf EREmHPLL O¥ENERE OpAYhBs £ {1 uped ﬁ?ﬁ%%é#ﬁﬁtthe foll ow ng

formula (2 erein at | east
10% of th ¥duecarban| gEonns bA¥ing Ar ochPpearhers. nap@ RrafRraplyipd of at

| east ane {ypg &8+rB6H8Y that may be used as the capping moiety

include alkyl groups such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl, pentyl, neopentyl,
hexyl, cyclohexyl, octyl, nonyl and decyl; aryl groups such
as phenyl, tolyl and xylyl; aralkyl groups such as benzyl,

10 phenylethyl and phenylpropyl; alkenyl groups such as vinyl,
allyl, propenyl, isopropenyl, butenyl, hexenyl,
cyclohexenyl and octenyl. Examples of the cyano-

— substituted monovaient hydrocarbon groups include any of

sthe above unsubstituted monovalent hydrocarbon groups on
15 i

-:which some or all of the hydrogen atoms have been
ispbstituted with, among others, cyano groups, or phosphono
.groups. Illustrative examples of the latter substituted

‘capping moieties include cyanated alkyl groups (e.g.,

20 . cyanoethyl, cyanobenzyl), chloromethyl, chloropropyl,

bromoethyl, and trifluoropropyl. Any one or combination of

two or more of the above capplng moieties may be used.

25 Examples of suitable R'CO- groups include those in
_ which R' is an unsubstituted monovalent hydrocarbon group

having 1 to 10 carbons, and preferably 1 to 8 carbons as
exemplified above, and a substituted monovalent hydiocarbon
group in which some or all of the hydrogen atoms on the

30 unsubstituted monovalent hydrocarbon groups have been
substituted with the substituent group as exemplified above.
R' is preferably an alkyl or phenyl group, such as acyl,
benzoyl and cyanobenzoyl groups. |
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‘-
 ftom the group consisting of hal ogen atons, cyano-. substituted nonoval ent
hydr ocar bon groups, R CO groups, R13Si-gieups, and phosphorus-contai ni ng
groups wherein R is a substituted or unsubstituted nonoval ent hydrocarbon
group. 2. The pol yneric conmpound of claim1l wherein the end- capping
nonoval ent groups are cyano-substituted nonoval ent hydrocarbon groups or a
m xture of cyano-substituted nonoval ent hydrocarbon groups and R13Si -
groups. 3. A polyner for a polynmer electrolyte conprising the polyneric

orimari 1y conpr | o1 WEAiRAes S SR FEREU K LT TOLIIBE EngEhds YhdsEPIRY® | o
an ion-conduehick Balis @& deflined ahws tdangh nepraseinhss ther samei t hi um t ype
secondary Celhsubstituted monovalent hydrocarbon groups having 1 to 10
carbons, and preferably 1 to 8 carbons, and the same
substituted monovalent hydrocarbon groups as above. R most
preferably stands for an alkyl group. Of these,
trialkylsilyl groups, and especially trimethylsilyl groups,
10 are preferred.

Additional examples of suitable capping moieties
include amino groﬁps, alkylamino groups and phosphorus-
containing groups.

The proportion of end groups capped with the above

15 moleties is preferably at least 10%, more preferabiy at
least 50%, and most preferably at least 90%. Capping of
substantially all the end groups (for a capping ratio of
about 100%) with the above moieties may even be carried out.

Because there are cases in which the ability of the

20 polymer to dissolve the ion-conductive salt diminishes when
all the end groups on the polymer molecuiar chains are'capped
with halogen atoms, RﬂSi? groups or phosphorus-containing
groups, it is necessary to introduce a suitable amount of
capping moieties while paying close attention to the

25 dissolving ability of the polymer. An appropriate amount is

— 10 to 95%, preferably 50 to 95%, and more preferably 50 to
90%, based on the total number of hydroxyl end groups.’
' The capping moiety used in the practice of the
invention is most preferably a cyanated monovalent

30 hydrocarbon group or a combination of a cyanated monovalent
hydrocarbon group with a RﬂSi- group. Illustrative examples
include cyanated alkyl groups such as cyanoethyl, cyanobenzyl
and cyanobenzoyl, and trimethylsilyl in combination with any
of these cyanated monovalent hydrocarbon groups.

35 . When a cyanated monovalent hydrocarbon group such as
cyanoethyl is used in combination with a R!,Si- group such
as trimethylsilyl, it is advantageous for the two
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CLAIMS:. -29-_:; | 'QOUOO%.

1. A polymeric compound comprising a unit of the following
formula (1) and a unit of the following formula (2):

?H 20'—
1l
cl)..._
—CH,CHCH ,0— (2)

wherein at least 10% of the ends of molecular chains are
capped with monovalent groups of at least one type selected
from the group consisting of halogen atoms, cyano-
substitured monovalent hydrocarbon groups, R'CO- groups,
R',Si-groups, and phosphorus-containing groups wherein R is
a substituted or unsubstituted monovalent hydrocarbon
group.

2. The polymeric compound of claim 1 wherein the end-
capping monovalent groups are cyano-substituted monovalent
hydrocarbon groups or a mixture of cyéno-substituted
monovalent hydrocarbon groups and RESi- groups.

3. A polymer for a polymer electrolyte comprising the
polymeric compound of claim 1.

4. An ion-conductive polymer electrolyte composition
primarily comprising the polymer for a polymer electrolyte
of claim 3 and an ion-conductive salt.

5. The composition of claim 4 for a lithium-type
secondary cell.



