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Disclosed Is a lithium salt having excellent ion conductivity. Specifically disclosed Is a lithium salt characterized by having a structure
represented by the following general formula (1). (In the general formula (1), M represents B, SiI, Ge, P, As or Sb; X represents the

valence of M; R, represents -C_H, - (wherein m represents an integer of 1-4); R, represents -C _H

Integer of 1-8); and n represents a number of 0-12.)
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ARSTRACT

The principal object of the invention 1s to provide a
lithium salt having excellent ion conductivity.

The invention solves the problem by providing a lithilum
salt having a struc.ture represented by the general formula (1):
in which “"M” represents B, Si, Ge, P, As or Sb; "X” represents
the valence of “M"”; “R;” represents -CyHyp,—- whereupon “"m” 1s an
integer of 1 to 4; “R,” represents —-CyHsxs; whereupon “k” is an

W /7

integer of 1 to 8; and “"n” represents 0 to 1Z2.
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DESCRIPTION

LITHIUM SALT

Technical Field
10001 ]

The present invention relates to a lithium salt which can
‘give a lithium ionic liquid with low viscosity and high ion

conductivity.

Background Art
(0002 ]

Lithium salts which have conventionally been used in
electrolytes etc. in lithium secondary batteries are solids
having a highly dissociative chemical structure and do not show
1on conductivity by themselves. Accordingly, the lithiumsalts
have conventionally been used after dissolution in a suitable

solvent in order to confer ion conductivity thereon.

(0003]

Solvents used in dissolving lithium salts are generally
non-aqueous solvents fromtheviewpoint of suppressingareaction
with an electrode active material. General non—-agueous
solvents are combustible, and thus use of such non—-agueous

solvents 1s preferably avoided in lithium secondary batteries

widely usable for consumer application.

[0004]

For withholding the use of non-aqueous solvents, a lithium

ionic liquid having lithium ion conductivity and high
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dissoclation property (self-dissociation property) by the
lithium salt itself has been proposed. For example, Patent

Document 1 discloses a lithium ionic liquid having a lithium

cation and a gquaternary anion having the XIII group element (B,

Al, Ga, In, Ti) as the central element. However, there 1s the

case where the lithiumionic liquid disclosed in Patent Document

1 cannot attain sufficiently excellent 1on conductivity.
[0005]

Patent Document 2 discloses a lithium i1onic liquid
represented by LiAlX,(0Y),., wherein “X” is an
electron-withdrawing substituent and“Y” isanoligoether group.
However, the dissociation property of the lithium 1onic liquid

disclosed 1n Patent Document 2 is not high, and depending on

the type of the electron-withdrawing group “X”, its viscosity
may lncrease, and as a result, oligoether groups involved 1n
conduction of lithium cations are hardly contacted with one

another, thus failing to attain sufficiently excellent 1ion

conductivity 1in some cases.
[(0006]

Patent Document 3 discloses a non-aqueous electrolyte for

electrochemical element including a fluorine compound and an
ambilent temperature molten salt consisting of an onium cation
and a non-aluminate anion. The addition of LiBF3(CF3),

L1BF3(CyFg) andLiBF3(CsFy)letce., aslithiumsaltsisalsodisclosed.

However, the non-aqueous electrolyte for electrochemical
element disclosed in Patent Document 3 includes various 1ons

tomake the systemcomplex so that themovement of lithiumcations
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may be 1nhibited.

Patent Document 1: Japanese Patent Application Laid-0pen

(JP-A) No. 2004-307481

Patent Document 2: JP-A No. 2003-146941

Patent Document 3: JP-A No. 2005-229103

Disclosure of Invention

Problem to be Solved by the Invention

[0007]

The present invention has been completed in view of the
problemdescribed above, and the principal object of the present
invention 1s to provide a lithium salt excellent in 1on
conductivity. Particularly, the present invention provides a
lithium salt which can give a lithium ionic liquid with high

dissociation property, lowviscosity and high ion conductivity.

Means for Solving Problem

(0008 ]

To solve the problem, the present invention provides a

lithium salt having a structure represented by the general

formula (1).
(0009}

[Chemical Formula 1]
+

| r\l/r' F

O(R1O)R:

General Formula (1)
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10010]

Inthe above-mentionedgeneral formula (1), "M” represents
B, Si, Ge, P, As or Sb; “X” represents the valence of "M"; “"R,”
represents -CyHom— whereupon “m” 1s an integer of 1 to 4; “Rp”

represents -CyHyk+1 whereupon “k” 1s an integer of 1 to 8; and

4 £

n” represents 0 to 1Z2.

10011]

According to the present invention, the atoms bound to
the central atom (M) of the anion moiety are an ether chain and
F only, and thus the molecular weight of the anion moiety can
be decreased. Accordingly, when the lithiumsalt of the present
invention is a lithium ionic liguid for example, the ligquid can

have low viscosity and high ion conductivity.

[0012]

Ay

In the present invention, it is preferable that M Fy 1s

B F3 in the general formula (1). This is because a lithium salt

with high 1on conductivity can be obtained.

(0013]

In the present invention, 1t 1s preferable that M Fx 1s
B Fy;, "Ry 1s -CyHs4—, and R, 1is -CH3; 1n the general formula (1).
Thereby, a lithium salt with high conductivity can be obtained.
[(0014]

The present invention provides a method for producing a
lithiumsalt, whichcomprisescarryingoutthe followingreaction
formulae (1) and (2).

(00150]

[Chemical Formula 2]
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¥ 4

LiCoHop+1 + R2(0R1)nOH —> R2(0R1)nOLi + CpH2p+ZT (Reaction Formula 1)

R(ORi):OLi + MFxCompound — LIMFO (RiO)-R: (Reaction Formula 2)

[0016]

W\ i 4

P

In the above-mentioned reaction formulae (1) and (2),

represents an integerof 1 to4; “"R;” represents -CyHon— whereupon

W rr

m

1s an integer of 1 to 4; “R,” represents -CyHyx+1 whereupon
“"kK” 1s an integerof 1 to 8; "n” represents 0 to 12; "M” represents
B, Si1, Ge, P, As or Sb; and “"X” represents the valence of "M”.
[0017]

The present invention has an advantage that a lithiumsalt

can be easily obtained by using an alkyl lithium and an MFy

compound.

Effect of the Invention

[0018]

In the present invention, there 1s brought about an effect

of obtailning a lithium salt excellent 1n 1on conductivity.

Brief Description of Drawings
[0019]
FIG. 1 1s a graph showing an IR spectrum of the lithium

ionic ligquid obtained in Example 1.

FIG. 2 is a graph showing a 'H-NMR spectrum of the lithium

ionic liquid obtained in Example 1.

FIG. 3 is a graph showing a *>C-NMR spectrum of the lithium

1onic liquid obtained in Example 1.
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FIG. 4 1s a graph showing the results of 1on conductivity

measurement of the lithium ionic liquids obtained 1n Examples

1 to 3.

FIG. 5 1is a graph showing the result of CV measurement

pr—

of the lithium ionic liquid obtained 1n Example 1.

FIG. 6 is a graph showing the charge-discharge properties

of a coin-cell type secondary battery using the lithium ionic

liquid obtained 1n Example 1.

Best Mode for Carrying Out the Invention

[0020]

Hereinafter, the lithiumsalt and themethod for producing

alithium salt of the present invention are described in detail.
(0021]
A. Lithium Salt

First, the lithium salt of the present invention 1s
described. The lithium salt of the present invention 1s
characterized by having a structure represented by the general

formula (1) above.

10022 ]

According to the present invention, the atoms bound to
the central atom (M) of the anion molety are an ether chain and
Fonly, and thus the molecular weight of the anion moiety can
be decreased. Accordingly, whenthe lithiumsalt of the present
invention 1s a lithium 1onic liquid for example, the liquid can
have low viscosity and high i1ion conductivity. Lithium cations

are conductive usually through an ether chain, and lithium ions
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are estimated to diffuse easily with decreasing viscosity to

1ncrease i1on conductivity. Although the conventional lithium

salts haveapropertyofeasilysolldifyingandhardly liquefying
with adecreasingmolecularweilight, alithiumionicliqgquidstable
with a relatively low molecular weight can be obtained in the
present 1nvention.
[(0023]

Conventionally, a lithium ionic liquid wherein an
electron-withdrawing substituent is bound to an atom bound to

the central atom (M) in the anion portion thereof is known, but

the electron-withdrawing substituent of such lithium ionic
liquid has a large molecular weight, thus increasing the

viscosity of the lithium ionic liquid, resulting in failure to

demonstrate sufficient ion conductivity 1in some cases. The
lithium salt of the present invention, on the other hand, has

a structure wherein the central atom (M) in the anion portion

binds to fluorine atoms besides an ether chain represented by
-0(R10)nR2. Accordingly, a lithium ionic liquid having a low
molecular weight, low viscosity and high ion conductivity can
be obtained. Thelithiumsalt of the present invention isuseful
for example as an electrolyte for lithium secondary battery.

Hereinafter, each constitution of the lithium salt of the

present invention 1s described.

(0024
In the general formula (1), “M” represents B (boron), Si
(silicon), Ge (germanium), P (phosphorus), As (arsenic) or Sb

(antimony). Particularly, in the present invention, “M” is
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preferably B, Si or P, and particularly preferably B. In the

general formula (1), “X” represents the valence of “M” and
indicates the number of F (fluorine), which depending on the
type of "M”, bound to “M”. Specifically, MF, in the general

formula (1) represents B F3, Si'Fy, Ge Fy, PFs, As Fg or Sb Fs.

In the present invention, M F, is particularly preferably B Fs.

[0025]

In the general formula (1), “R;” represents ~CyH.,— wherein

A\ r7

m” 1s an integer of 1 to 4. It is preferable that “m” is an

integer in the range of 2 to 3, and particularly preferably to
pe 2. That is to say, in the present 1nvention, “R;” is
particularlypreferably -Cy;Hs~. Inthegeneral formula (1), “R,”
represents -CyHpyxs; wherein “k” is an integer of 1 to 8.

Furthermore, “k” is preferably an integer in the range of 1 to

3, and particularly preferably to be 1. That is to say, 1n the

present i1nvention, “R;” is particularly preferably -CHj.

[0026]

In the general formula (1), “n” represents 0 to 12.

Particularly, in the present invention, “n” is preferably a
numerical valueatwhichthelithiumsalt of thepresent invention
can be converted into a lithium ionic liquid. Such a numerical
value differs significantly depending on the constitution of

the lithium salt of the present invention, and for example, “'n”

1s preferably in the range of 3 to 12.
[10027]

The nature of the lithium salt of the present invention

varies significantly depending on properties such as the
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molecular weight of - (R;0),R; in the general formula (1).

Specifically, whenthemolecular welght of - (R;0) Ry is increased,
the nature of -(R;0),R, in the lithium salt is dominating, and
thus the lithium salt changes from solid to liquid. From the
viewpoint of ion conductivity, the lithium salt of the present
invention is preferably a lithium ionic liquid. The molecular
welight of - (R;0)qR, is preferably in the range of 150 to 540 for
example. This is because when the molecular weight is less than
the above range, the lithium salt may not form a lithium ionic

liquid, while when the molecular weight is higher than the above

range, the viscosity of the lithium salt may increase to reduce

1on conductivity.

[0028]
Particularly, in the present invention, -(R;0),R, is

preferably -(CyH40),CHs. In this case, “n” represents 0 to 12

as described above and is preferably in the range of 1 to 12,

more preferably in the range of 3 to 12, even more preferably

5> to 9. This is because, when “n” is 1 or more, ion conductivity

can be improved; when “n” is 3 or more, the lithium salt of the

present invention can forma lithium ionic liquid; and further,

when “"n” is in the range of 5 to 9, a lithium ionic liquid having
sultable viscosity can be obtained. When the lithium salt
wherein - (R;0) xR, 18 - (CH40),CH3 is to be obtained, CH3 (OC,H,) ,OH

(polyethylene glycol monomethyl ether) described later may be

used as a raw material, and in this case, "'n” means the average

polymerization degree of the ethylene oxide group.

[0029]
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The ratio (O/Li) of the number of oxygen atoms to the number

of lithium atoms, derived from (R;0),R,, 1s not particularly

limited, and i1s for example preferably in the range of 2/1 to

90/1, still more preferably in the range of 6/1 to 30/1, and

even more preferably 10/1 to 18/1.
(0030]

The lithium salt of the present invention may be either

solid or liquid, but 1s preferably liquid from the viewpoint
of 1on conductivity. When the lithium salt of the present
invention 1s solid, 1t can be dissolved 1n a suitable solvent
to form a liquid electrolyte. The solvent is not particularly
limited as long as it candissolve the lithiumsalt of the present
invention. Examples of the solvent include ethylene carbonate,
propylene carbonate, diethyl carbonate, dimethyl carbonate,
y-butyrolactone, diethylene glycol dimethyl ether, and ethylene
glycol dimethyl ether. These solvents may be used singly or
as a mixed solvent of two or more thereof.
(0031]

A method for producing the lithium i1on represented by the
general formula (1) 1snotparticularlylimited, andspecifically
the method described in “B. Method for Producing Lithium Salt”

can be mentioned.
(0032]
B. Method for Producing Lithium Salt
Next, themethod forproducingalithiumsalt of thepresent
1nvention is described. Themethod for producinga lithiumsalt

of the present invention comprises carrying out the following

10
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reaction formulae (1) and (2), therebyvyieldingthe lithiumsalt.
10033 ]

[Chemical Formula 3]

LICoHz2p+1 + R2(OR1):OH — R2(OR1)sOLI + CoHzps2 T (Reaction Formula 1)

R:(OR1).OLi + MFxCompound — LIMF<O (RiO).R> (Reaction Formula 2)

(0034 ]

W r7

P

In the above-mentioned reaction formulae (1) and (2),
represents an integer of 1 to 4, “"Ry”"represents -C,H,n— whereupon
"m” 1s an integer of 1 to 4; “"R,”"represents -CyHyyx+1 whereupon
"k 1s an integerof 1 to 8; "n” represents 0 to 12; "M” represents
B, Si1, Ge, P, As or Sb; and “"X” represents the valence of "M”.
[0035]

The present 1invention has an advantage that a lithiumsalt

can be obtained by using an alkyl lithium and an MF; compound.

In the conventional method for producing lithium salts, LiBHg,
Li1AlHs etc. have been generally used as the starting materials,

put these reagents easily react with water and thus have the

problem of difficult handling and poor workability during

production of the lithium salt. In the method for producing
the lithiumsalt according to the present invention, on the other
hand, the lithium salt can be obtained under relatively moderate
conditions by using an alkyl lithium such as butyl lithium and

an MPFy compound such as BFj3; gas or BF; complex.
Next, the method for producing the lithium salt of the

present invention is described by reference to the respective

reactions.

11



CA 02661190 2009-02-18

(0036]
1. Reaction Formula (1)

In the reaction formula (1), LiCgHypsyy represents an alkyl
lithium. Thiscompoundservesasalithiumsourceforthelithium

salt obtained by the present invention. What "p” represents

is an integer of 1 to 4, any of which may be similarly used to
vield the objective compound, but “p” is preferably 4 which 1s

an integer in the most common alkyl lithium. That 1s, LiCpHzp+

is preferably normal butyl lithium (n-LiBu).

0037}

In the reaction formula (1), R, (ORy),OH is an OH derivative

of the group represented by - (R;0),R, in the general formula (1).

Adescriptionof “"R;”, "Ry”and "'n” in R, (OR;),OH is omitted because
the’y are the same as described above in “A. Lithium Salt”. In
the present invention, R, (OR;),0OH is preferably CH3; (OCH,CH;) ,OH.
(0038]

Although the amounts of LiCyHzps; and Rz (OR;),OH used are
not particularly limited, the molar ratio thereof 1s usually
LiCpH2ps1 ¢ R2(OR1),OH = 1 : 1.

(00391

In the reaction formula (1), LiCgHzp+1 and Ry (ORjp),OH
described above are dissolved and reacted in a suitable solvent.
Suchsolvent isnotparticularlylimitedas longasitcandissolve
the above compounds and does not react with LiCyHyp:;. Examples
of such solvent 1include tetrahydrofuran (THF), and dioxane.

Although the reaction temperature in the reaction formula (1)

1s not particularly limited as long as side reactions can be

12



CA 02661190 2009-02-18

4

inhibited, the reaction temperature is usually 0°C or less, more
preferably -20°C or less.

10040]

By the reaction represented by the reaction formula (1),
R, (OR1),OL1 can be obtained. By the reaction represented by the
reaction formula (1), CpHyp«z gas 1s usually generated. For
example, when LiC4Hg 1s used, C4Hs gas is generated according
to the reaction formula (1). Generation of C4Hy gas can be

confirmed by gas chromatography (GC).
(0041

2. Reaction Formula (2)

In the reaction formula (2), R;(OR;),0Li is obtained by
the reaction represented by the reaction formula (1). The MF,
compound 1s a compound giving the M Fy moiety in the general
formula (1). A description of “"M” is omitted because it is the
same as described above in “A. Lithium Salt”. The MF, compound
refers specifically to a BF; compound, an SiF,; compound, a GeF,
compound, a PFs compound, an AsFs; compound or an SbFs compound.

[0042]

The BF3; compound, although not particularly limited as

longas it givesalithiumsalt representedby the general formula
(1), includes for example BF3; and a BF; complex. Because BFj;
1s gaseous at ordinary temperature and pressure, the reaction
represented by the reaction formula (2) can be carried out by
blowing BF3; gas into the reaction solution. On the other hand,
the BFj; complex, although not particularly limited as long as

1t 1s a complex having an unshared electron pair coordinated

13
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b

andbondedwithboronof BFs3, includes forexample BF;Et,0, BF3;Me,0,

BF3-THF, etc. Among them, BF3Et,0 is preferable. Because the

B3 complex 1s usually liquid, the reaction represented by the

reaction formula (2) can be carried out by adding a solution

including the BF; complex.

1004 3]

Although the amounts of R, (OR;),0Li and MF, compound used

are not particularly limited, themolar ratio thereof is usually

in the range of R;(OR;),0Li : MF, compound

1 : 1 to 1 : 2.
[0044]

Inthereaction formula (2), R; (OR;) ,OL1 and the MF, compound

are dissolved and reacted in a suitable solvent. Such solvent

1s not particularly limited as long as it can dissolve the above
compounds. A description of the solvent is omitted because its
specific examples are the same as used in the reaction formula

(1) . Although the reaction temperature in the reaction formula

(2) 1s not particularly limited as long as side reactions can
be inhibited, a description of the reaction temperature is

omittedbecause the temperature is the sameasusedinthe reaction

formula (1).

[(0045]

In the present invention, it is preferable that the
reactions represented by the reaction formulae (1) and (2) are

successively conducted. That is, it is preferable that LiCyHpsy
1s reacted with R, (OR;),OH (reaction formula (1)) and then the
MFy compound is added to and reacted with the reaction solution

(reaction formula (2)). By removing the solvent etc. from the

14
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resulting reaction solution, LiMF,0 (R:0) 4R, represented by the
general formula (1) 1s obtained.
(004 6]

The present invention i1s not limited to the embodiments
described above. The embodiments described above are mere
1llustrative, and those having substantially the same
constitution and the same working effect as in the technical
ideadescribedintheclaimsof thepresent inventionare included

in the technical scope of the present invention.

Examples

10047 ]

Hereinafter, the present invention is described in more

detaill by reference to the Examples.

(0048 ]

[Example 1]

A lithium salt was prepared according to the following

reaction formulae (i) and (11):
[0049]

[Chemical Formula 4]

n—-Buli CHs(OCHchz)nOH — CH3(OCH:CH2).0Li + C4HIOT (Reaction Formula i)

CHi(OCH:CH2).0OLi + BF3:Et20 — LiBF3:O(CH2CH:0).\CHs + Et20 (Reaction Formula ii)

[0050]

A solution of 7.2 mmol n-butyl lithium (n-BulLi) dissolved

1in 10 mL tetrahydrofuran (THF), a solution of 7.2 mmol

polyethylene glycol monomethyl ether (PEGMME, averagemolecular

welght 350, average polymerization degree 7.2) dissolved in 10

15
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ml. THF, and a solution of 7.2 mmol BF3Et;0 dissolved in 10 mL

tetrahydrofuran (THF), were added in this order to a reaction

container cooled at about -20°C 1n an acetone bath and mixed

wlth each other to vield a yellow liquid. Then, the reaction
solution was returned gradually to room temperature and stirred

overnight. Thereafter, the solvent wasdistilled away, and the

reaction mixture was dried at 30°C for 24 hours under reduced
pressure to give a brown viscous liquid. A lithiummetal piece
was introducedintoit andstirred foronedayat roomtemperature,
and then a trace amount of impurities reacting with the lithium
metal were removed, wherebyabrownviscous liquid (lithiumionic
liquid) was obtained.
[0051]

When an infrared absorption spectrum (IR spectrum) and
nuclear magnetic resonance spectrum (NMR spectrum) of the
resulting lithium ionic liquid were measured, it was confirmed

that the objective product had been synthesized. The result

of the IR spectrum is shown in FIG. 1, the result of the 'H-NMR

spectrum is shown in FIG 2, and the result of the 13Cc-NMR spectrum

1s shown 1n FIG. 3. From the result of IR spectrum, a B-O bond

could be confirmed, and it was suggested that the objective
product had been synthesized. Fromthe result of 'H-NMR spectrum
and ">’C-NMR spectra, it was suggested that the objective product
had been synthesized.

[0052]

[Example 2]

A lithium ionic liquid was obtained in the same manner

16
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as 1n Example 1 except that PEGMME having an average

polymerization degree of 3 was used inplace of the PEGMME naving

an average polymerization degree of 7.2. When the obtained IR

spectrum, "H~NMR spectrum anijC—NMRspectrum.were measured,

1t was suggested that the objective product had been synthesized.
(00531
[Example 3]

A lithium ionic liquid was obtained in the same manner

as 1n Example 1 except that PEGMME having an average

L*d

polymerization degree of 11.8 was used in place of the PEGMM

having an average polymerization degree of 7.2. When the

obtained IR spectrum, "H-NMR spectrum and HC-NMR spectrum were
measured, 1t was suggested that the objective product had been
synthesized.

[0054 ]

Evaluation

(1) Measurement of ion conductivity
Theelectrolytewasinjectedintobetween2stainlessmetal
blocking electrodes and measured for 1ts alternating-current
impedance at 0 to 80°C with a frequency response analyzer (FRA,
trade name: Solartron 1260, manufactured by Solartron), to

measure the 1on conductivity of the electrolyte.

[0055]

FIG. 4 1s a graph showing the results of ion conductivity

measurement of the lithium ionic liquids obtained in Examples
1 to 3. The solid line in the figure is obtained by subjecting

the experimental data to a nonlinear least-squares method Dy

17
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a VTF equation. As shown in FIG. 4, the lithium i1onic liquids
obtained in Examples 1 to 3 were revealed to show excellent 10on
conductivity.
[0056]
(2) Cyclic voltammetry measurement

Cyclic voltammetry measurement (CV measurement) of the
electrolyte was carried out at 50°C by using Solartron 1260

(potentiostat/galvanostat, manufactured by Solartron) and a

3—-electrode cell (counter electrode and reference electrode:

lithium foils, workingelectrode: stainless steel (surface area
0.01 cm?)).

[0057]

FIG. 5 1s a graph showing the result of CV measurement

sk

of the lithium ionic liguid obtained in Example 1. The sweep
velocitywas 2mV/s. AsshowninFIG. 5, thelithiumionic liquid
obtained in Example 1 was revealed to have a broad potential
wlindow.

[0058]

(3) Charge-discharge properties

(Preparation of a coin cell-type secondary cell)

First, a cathode of a coin cell-type secondary battery
was prepared. As a binder, PVDF (poly(vinylidene fluoride))
was prepared and dissolved 1n 1-pyrrolidinone to yield auniform
PVDF solution. Next, LiNig gC0qg.20, (obtained by heating a
mixture of Li,0, NiO and CoO at 720°C for 24 hours) was prepared

as a cathode active material, and acetylene black (AB) was

prepared as a conductive material, and these materials were

18
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ground and then added gradually to the above PVDF solution.
Thereafter, this mixture was stirred vigorously for 24 hours
to vield highly viscous slurry. Thereafter, this slurry was

applied onto an aluminum substrate prepared as a collector and

dried toproduce acathode. Thestartingmaterialswereprepared

g0 : 10 : 10.

i

such that LiNig gCop 20, : PVDF : AB

[(0059])

Then, an Li metal foil was prepared as an anode of a coin
cell-type secondary battery. Thereafter, a coin cell-type
secondary battery having a constitution of the
cathode/electrolyte-chargedCelgard/anodeinagloveboxfilled

with argon was prepared.

10060 ]

(Method of evaluating charge-discharge properties)

The charge-discharge properties of the coiln cell-type
secondary battery were evaluated by galvanostatic measurement
at a current density of 0.1 mA/cm” with a pbattery charging and
discharging device (HJ-SM8 system, manufactured by Hokuto Denko

Corporation).

(0061]

(Results)
FIG. 6 1s a graph showing the charge-discharge properties
of the coln cell-type secondary battery using the lithium ionic

liquid obtained in Example 1. FIG. 6 shows charge-discharge
properties 1n second discharge charge (cutoff voltage: 2.5 to
3.9V). As shown in FIG. 6, it was revealed that when the 1ithium

1onic liquid obtained in Example 1 was used, a lithium secondary

19
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battery having excellent charge-discharge properties could be

obtained.

20
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CLAIMS

AFTER AMENDMENT UNDER ARTICLE 34

1. (Amended) A lithium salt characterized in comprising

a Structure represented by the general formula (1) :

[(Chemical Formula 1]
+

i M F,
I General Formula (1)

O(R1O)nR2

, and 1n the general formula (1), “M” represents B, Si, Ge, P,

As or Sb; “"X” represents a valence of “"M”; “"R;” represents -CpHon—
1n which “m” is an integer of 1 to 4; “R,” represents =CyHyks1
1n which “k” is an integer of 1 to 8; and “n” represents 7 to

12.

2. The lithium salt according to claim 1, characterized in

that MF; 1is B'F3 in the general formula (1).

3. The lithium salt according to claim 1l or 2, characterized
in that M Fyis B F3, “"R;” is -C,Hy~, and “Ry;” is -CHs in the general

formula (1).

4 . A method for producing a lithium salt, comprising steps
of carrying out the following reactions (1) and (2):

[Chemical Formula 2]

LiCoHzp+1 + R2(OR1)s\OH — R2(OR1):OLi + CpHzp+21 (Reaction Formula 1)
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R2(OR1).OLi + MFiCompound —= LIMFxO (R:O).R: (Reaction Formula 2)

, and in the reaction formulae (1) and (2), “p” represents an

integer of 1 to 4; “Ri”"represents -CyHypy~ 1n which "m” 1s an

.

integer of 1 to 4; “R,” represents -CyHyx+1 1n which “k” 1s an

integer of 1 to 8; “"n” represents 0 to 12; “M” represents B,

Si, Ge, P, As or Sb; and “X"” represents a valence of “M”.

5. (Added) A lithium salt characterized 1n comprising a

structure represented by the general formula (la):

[Chemical Formula 3]
+

Li" M F,
I General Formula (1a)

O(C,H,0).CH-

, and 1n the general formula (la), “M” represents B, Si, Ge,

P, As or Sb; "X” represents a valence of "M”; and "n” represents

5 to 12.

6. (Added) The lithium salt according to claim 5,

characterized in that M Fy is B F3 in the general formula (la).
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FIG. 3
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