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ABSTRACT

A lithium ion secondary battery includes a cathode, an anode, and an
electrolytic solution. The anode contains a cyclic compound. The cyclic
compound contains one or more of a first cyclic compound, a second cyclic
compound, a third cyclic compound, a fourth cyclic compound, a fifth cyclic

compound, and a sixth cyclic compound.
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DESCRIPTION

Title of the Invention: CYCLIC COMPOUND, ANODE FOR LITHIUM ION
SECONDARY BATTERY, AND LITHIUM ION SECONDARY BATTERY

Technical Field

[0001] The present technology relates to a cyclic compound having a cyclic
structure, an anode, for a lithium ion secondary battery, that uses the cyclic
compound, and a lithium ion secondary battery provided with the anode for a
lithium ion secondary battery.

Background Art

[0002] As a result of widespread use of various electronic apparatuses,
development of a lithium ion secondary battery, as a power source, which is small
in size, light in weight, and capable of obtaining a high energy density is being
promoted.

[0003] A lithium ion secondary battery includes an electrolytic solution
together with a cathode and an anode. The anode contains an anode active
material, etc. which are related to a charge-discharge reaction. Since a
configuration of the anode greatly influences a battery characteristic, various
considerations have been given to the configuration of the anode.

[0004] Specifically, in order to suppress deterioration of a battery
characteristic at a time of high temperature storage, an anode contains cyclic
polyether, cryptand, etc. (for example, see PTL 1). As the cyclic polyether,
4,10-diaza-12-crown 4-ether or the like is used.

Citation List

Patent Literature

[0005] PTL 1: Japanese Unexamined Patent Application Publication No.
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2015-118782

Summary of the Invention

[0006] An electronic apparatus on which a lithium ion secondary battery is to
be mounted is increasingly gaining higher performance and more functions. For
this reason, frequency of use of the electronic apparatus is increasing, and a usage
environment of the electronic apparatus is expanding. Therefore, there is still
room for improvement in a battery characteristic of the lithium ion secondary
battery.

[0007] The present technology has been made in view of the above problem,
and an object thereof is to provide a cyclic compound, an anode for a lithium ion
secondary battery, and a lithium ion secondary battery that are capable of
obtaining a superior battery characteristic.

[0008] A cyclic compound according to one embodiment of the present
technology includes one or more of a first cyclic compound represented by a
formula (1), a second cyclic compound represented by a formula (2), a third cyclic
compound represented by a formula (3), a fourth cyclic compound represented by
a formula (4), a fifth cyclic compound represented by a formula (5), and a sixth

cyclic compound represented by a formula (6).
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[0009]
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(Each of X1 to X16 is one of an oxo group (-O-) and an imino group (-NH-).
Each of R1 to Ré6 is one of an ethylene group (-CH2-CH:-) and a dicarbonyl group
(-C(=0)-C(=0)-). Each of MI to M26 is a metal element. Each of Y1 to Y26 is

a halogen element. Each of nl to n26 is an integer.)

[0010] An anode for a lithium ion secondary battery according to one
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embodiment of the present technology contains a cyclic compound. The cyclic
compound has a configuration similar to that of the cyclic compound according to
one embodiment of the present technology described above.

[0011] A lithium ion secondary battery according to one embodiment of the
present technology includes a cathode, an anode, and an electrolytic solution.
The anode has a configuration similar to that of the anode for a lithium ion
secondary battery according to one embodiment of the present technology
described above.

[0012] According to the cyclic compound, the anode for a lithium ion
secondary battery, or the lithium ion secondary battery of the present technology,
since the cyclic compound contains one or more of the first cyclic compound, the
second cyclic compound, the third cyclic compound, the fourth cyclic compound,
the fifth cyclic compound, and the sixth cyclic compound, it is possible to obtain a
superior battery characteristic.

[0013] It is to be noted that effects of the present technology are not
necessarily limited to the effects described here, and may be any of a series of
effects related to the present technology which will be described later.

Brief Description of the Drawings

[0014] [FIG. 1] FIG. 1 is a cross-sectional view of a configuration of a lithium
ion secondary battery (cylindrical type) according to an embodiment of the present
technology.

[FIG. 2] FIG. 2 is an enlarged cross-sectional view of a configuration of a main
part of the lithium ion secondary battery illustrated in FIG. 1.

[FIG. 3] FIG. 3 is a perspective view of a configuration of another lithium ion
secondary battery (laminated film type) according to an embodiment of the present
technology.

[FIG. 4] FIG. 4 is an enlarged cross-sectional view of a configuration of a main
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part of the lithium ion secondary battery illustrated in FIG. 3.
[FIG. 5] FIG. 5 is a cross-sectional view of a configuration of a test secondary
battery (coin type).
Modes for Carrying Out the Invention
[0015] An embodiment of the present technology will be described below in
detail with reference to the drawings. It is to be noted that the description is
given in the following order.
1. Cyclic Compound

1-1. Configuration

1-2. Manufacturing Method

1-3. Workings and Effects
2. Lithium Ion Secondary Battery and Anode for Lithium lon Secondary Battery
(Cylindrical Type)

2-1. Configuration

2-2. Operation

2-3. Manufacturing Method

2-4. Workings and Effects
3. Lithium Ion Secondary Battery and Anode for Lithium Ion Secondary Battery
(Laminated Film Type)

3-1. Configuration

3-2. Operation

3-3. Manufacturing Method

3-4. Workings and Effects
4. Applications of Cyclic Compound
5. Applications of Lithium Ion Secondary Battery and Anode for Lithium Ion
Secondary Battery

<1. Cyclic Compound>
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[0016] First, description is given of a cyclic compound according to an
embodiment of the present technology (which will be hereinafter simply referred
to as a "cyclic compound".)

[0017] The cyclic compound described here is a compound having a particular
cyclic structure, as will be described later. Since an application of the cyclic
compound is not particularly limited, the cyclic compound is usable in various
applications. One example of the application of the cyclic compound will be
described later.

<1-1. Configuration>

[0018] The cyclic compound contains one or more of a first cyclic compound
represented by a formula (1), a second cyclic compound represented by a formula
(2), a third cyclic compound represented by a formula (3), a fourth cyclic
compound represented by a formula (4), a fifth cyclic compound represented by a
formula (5), and a sixth cyclic compound represented by a formula (6). It is to be
noted that a type of the first cyclic compound may be only one type or two or more
types. That its type may be one type or two or more types is similarly applicable
to each of the second cyclic compound, the third cyclic compound, the fourth

cyclic compound, the fifth cyclic compound, and the sixth cyclic compound.
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(Each of X1 to X16 is one of an oxo group (-O-) and an imino group (-NH-).
Each of R1 to R6 is one of an ethylene group (-CH2-CHz-) and a dicarbonyl group
(-C(=0)-C(=0)-). Each of M1 to M26 is a metal element. Each of Y1 to Y26 is
a halogen element. Each of nl to n26 is an integer.)

[0020] The cyclic compound has a cyclic structure in which two or more
dicarbonyl groups are included. More specifically, the cyclic compound has a

cyclic skeleton represented by each of the formulae (1) to (6). It is to be noted
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that, in each of the formulae (1) to (6), a solid line indicates a covalent bond and a
dashed line indicates a coordinate bond. This is similarly applicable to the
below.

[0021] Metal atoms (M1 to M26) are introduced into these cyclic skeletons by
utilizing coordinate bonding and covalent bonding. Specifically, in the cyclic
skeleton in each of the formula (1) and the formula (4), the metal atoms (M1, M2,
and M11 to M14) are introduced into outer side of the cyclic skeleton by utilizing
coordinate bonding. Further, in the cyclic skeleton in each of the formula (2), the
formula (3), the formula (5), and the formula (6), the metal atoms (M3, M4, M7,
M8, M15 to M18, and M21 to M24) are introduced into outer side of the cyclic
skeleton by utilizing coordinate bonding, and the metal atoms (M5, M6, M9, M10,
M19, M20, M25, and M26) are introduced into inner side of the cyclic skeleton by
utilizing coordinate bonding and covalent bonding.

[0022] In other words, each of the first cyclic compound, the second cyclic
compound, the third cyclic compound, the fourth cyclic compound, the fifth cyclic
compound, and the sixth cyclic compound is an organic-inorganic hybrid
compound in which an inorganic part (a metal compound) is introduced into an
organic part (the cyclic skeleton). It is to be noted that description will be given
later of a detailed configuration of each of the first cyclic compound, the second
cyclic compound, the third cyclic compound, the fourth cyclic compound, the fifth
cyclic compound, and the sixth cyclic compound.

[0023] The cyclic compound has an advantage described below.

[0024] Firstly, the cyclic compound is capable of smoothly inserting and
extracting a substance by utilizing an internal space (a coordination field) of the
cyclic skeleton. This makes it possible for the cyclic compound to serve as an
active material that inserts and extracts an electrode reaction substance, as with a

carbon material, etc. which will be described later, for example, in a case where
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the cyclic compound is used as an electrochemical device. The electrode reaction
substance is a substance to be used in an electrode reaction. For example, in a
case where the electrochemical device is a lithium ion secondary battery, the
electrode reaction substance is lithium.

[0025] Secondly, the cyclic compound is able to extend and contract like a
spring in accordance with external force by utilizing an extension-contraction
characteristic of the cyclic skeleton. The cyclic compound therefore has a
superior extension-contraction characteristic. ~Accordingly, for example, in a
case where the cyclic compound is used in the electrochemical device, stress (an
expansion and contraction phenomenon) generated inside the electrochemical
device is made more moderate by the cyclic compound, which makes it more
difficult for the electrochemical device to expand and contract.

[0026] Thirdly, in the cyclic compound, the metal atoms (M1 to M26) are
introduced into the cyclic skeleton by utilizing coordinate bonding and covalent
bonding. Therefore, for example, in the case where the cyclic compound is used
in an electrochemical device, it is easier for the cyclic compound to insert and
extract the electrode reaction substance by using an electrochemical capacity of
the metal atoms, and a potential of an electrode including the cyclic compound is
made higher by utilizing a coordination potential of the metal atom (the metal
species), compared with a case where no metal atom is introduced into the cyclic
skeleton.

[First Cyclic Compound]

[0027] As represented by the formula (1), the first cyclic compound is a
compound that has a cyclic skeleton containing two or more dicarbonyl groups and
has metal atoms (M1 and M2) introduced into outer side of the cyclic skeleton by
utilizing coordinate bonding.

[0028] In the first cyclic compound, the metal atom (M1) is coordinated to

9
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two oxygen atoms that form a dicarbonyl group, and the metal atom (M2) is
coordinated to two oxygen atoms that form another dicarbonyl group opposed to
the foregoing dicarbonyl group. It is to be noted that nl-number of halogen
atoms (Y1) are covalently bonded to the metal atom (M1), and n2-number of
halogen atoms (Y2) are covalently bonded to the metal atom (M2).

(X1 to X8)

[0029] As described above, each of X1 to X8 is not particularly limited as
long as it is one of an oxo group and an imino group. That is, all of X1 to X8
may be oxo groups, all of X1 to X8 may be imino groups, or a portion of X1 to X8
may be oxo groups and the rest may be imino groups.

[0030] In particular, it is preferable that all of X1 to X8 be oxo groups or all
of X1 to X8 be imino groups. One reason for this is that it is easier for the first
cyclic compound to extend and contract.

(R1 and R2)

[0031] As described above, each of Rl and R2 is not particularly limited as
long as it is one of an ethylene group and a dicarbonyl group. That is, both of R1
and R2 may be ethylene groups, both of Rl and R2 may be dicarbonyl groups, or
one of R1 and R2 may be an ethylene group and the other may be a dicarbonyl
group.  Accordingly, the first cyclic compound has two to four dicarbonyl groups.
(M1 and M2)

[0032] As described above, each of M1 and M2 is not particularly limited as
long as it is a metal element. More specifically, each of M1 and M2 is not
particularly limited as long as it is a metal atom (a metal element) capable of being
coordinated to two oxygen atoms as described above. A type of M1 and a type of
M2 may be the same as each other or different from each other, for example.
[0033] Specifically, examples of the metal element include tin (Sn), titanium

(Ti), silicon (Si), copper (Cu), manganese (Mn), iron (Fe), niobium (Nb), nickel
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(Ni), cobalt (Co), aluminum (Al), zirconium (Zr), etc. One reason for this is that
it is easier for the metal atoms (M1 and M2) to be coordinated to the cyclic
skeleton. This makes it easier for the first cyclic compound to extend and
contract, and allows a potential of an electrode including the first cyclic compound
to be sufficiently high.

(Y1 and Y2)

[0034] As described above, each of Y1 and Y2 is not particularly limited as
long as it is a halogen element. A type of Y1 and a type of Y2 may be the same
as each other or different from each other, for example. Further, types of the
nl-number of Yls may be, for example, only one type or two or more types.
That the type may be one type or two or more types as described above also
similarly applies to types of the n2-number of Y2s.

[0035] Specifically, examples of each of Y1 and Y2 include fluorine (F),
chlorine (Cl), bromine (Br), iodine (I), etc. One reason for this is that it is easier
for the metal atoms (M1 and M2) to be coordinated to the cyclic skeleton. This
makes it easier for the first cyclic compound to extend and contract, and allows the
potential of the electrode including the first cyclic compound to be sufficiently
high.

(nl, n2)

[0036] nl is the number of Y1 bonded to M1. A value of nl is determined in
accordance with the type of M1. n2 is the number of Y2 bonded to M2. A value
of n2 is determined in accordance with the type of Y2. The values of nl and n2
may be the same as each other or different from each other, for example.

[0037] The value of nl is not particularly limited as long as it is an integer
determined in accordance with the type of M1 as described above; however, the
value of nl is, for example, 2 or 4. The value of n2 is not particularly limited as

long as it is an integer determined in accordance with the type of M2 as described
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above; however, the value of n2 is, for example, 2 or 4.

[Second Cyclic Compound]

[0038] As represented by the formula (2), the second cyclic compound is a
compound that has a cyclic oxygen skeleton containing two or more dicarbonyl
groups and has metal atoms (M3 to M6) introduced into the cyclic oxygen skeleton
by utilizing coordinate bonding. More specifically, the second cyclic compound
is a compound that has the metal atoms (M3 and M4) introduced into outer side of
the cyclic oxygen skeleton by utilizing coordinate bonding and has the metal
atoms (M5 and M6) introduced into inner side of the cyclic oxygen skeleton by
utilizing coordinate bonding.

[0039] In the second cyclic compound, the metal atom (M3) is coordinated to
two oxygen atoms that form a dicarbonyl group, and the metal atom (M4) is
coordinated to two oxygen atoms that form another dicarbonyl group opposed to
the foregoing dicarbonyl group. It is to be noted that n3-number of halogen
atoms (Y3) are covalently bonded to the metal atom (M3), and n4-number of
halogen atoms (Y4) are covalently bonded to the metal atom (M4).

[0040] Further, in the second cyclic compound, the metal atom (M5) is
coordinated to two oxygen atoms positioned on respective sides of R3, and the
metal atom (M6) is coordinated to two oxygen atoms positioned on respective
sides of R4. It is to be noted that n5-number of halogen atoms (YS5) are
covalently bonded to the metal atom (M5), and n6-number of halogen atoms (Y6)
are covalently bonded to the metal atom (M6).

(R3 and R4)

[0041] Details related to each of R3 and R4 are similar to those related to each
of R1 and R2. That is, the second cyclic compound has two to four dicarbonyl
groups.

(M3 to M6)
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[0042] Details related to each of M3 to M6 are similar to those related to each
of M1 and M2. That is, each of M3 to M6 is not particularly limited as long as it
is a metal atom (a metal element) capable of being coordinated to two oxygen
atoms as described above. Types of M3 to M6 may be the same as each other or
different from each other, for example. It goes without saying that only a portion
of M3 to M6 may be of the same type.

(Y3 to Y6)

[0043] Details related to each of Y3 to Y6 are similar to those related to each
of Y1 and Y2. Types of Y3 to Y6 may be the same as each other or different
from each other, for example. It goes without saying that only a portion of Y3 to
Y6 may be of the same type. Types of the n3-number of Y3s may be, for
example, only one type or two or more types. That only one type or two or more
types may be included as described above also similarly applies to types of the
n4-number of Y4s, types of the n5-number of YSs, and types of the n6-number of
Y6s.

(n3 to nb)

[0044] Details related to each of n3 to n6 are similar to those related to each
of nl and n2. A value of n3 is determined in accordance with the type of M3. A
value of n4 is determined in accordance with the type of M4. A value of n5 is
determined in accordance with the type of M5. A value of n6 is determined in
accordance with the type of M6. The values of n3 to né are not particularly
limited as long as they are integers determined in accordance with the types of M3
to M6, respectively; however, the value of each of n3 to n6 is, for example, 2 or 4.
[Third Cyclic Compound]

[0045] As represented by the formula (3), the third cyclic compound is a
compound that has a cyclic nitrogen skeleton containing two or more dicarbonyl

groups and has metal atoms (M7 to M10) introduced into the cyclic nitrogen
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skeleton by utilizing coordinate bonding and covalent bonding.  More
specifically, the third cyclic compound is a compound that has the metal atoms
(M7 and MB) introduced into outer side of the cyclic nitrogen skeleton by utilizing
coordinate bonding and has the metal atoms (M9 and M10) introduced into inner
side of the cyclic nitrogen skeleton by utilizing coordinate bonding and covalent
bonding.

[0046] In the third cyclic compound, the metal atom (M7) is coordinated to
two oxygen atoms that form a dicarbonyl group, and the metal atom (M8) is
coordinated to two oxygen atoms that form another dicarbonyl group opposed to
the foregoing dicarbonyl group. It is to be noted that n7-number of halogen
atoms (Y7) are covalently bonded to the metal atom (M7), and n8-number of
halogen atoms (Y8) are covalently bonded to the metal atom (MS8).

[0047] Further, in the third cyclic compound, the metal atom (M9) is
covalently bonded to two nitrogen atoms positioned on respective sides of RS, the
metal atom (M9) is coordinated to another two nitrogen atoms, the metal atom
(M10) is covalently bonded to two nitrogen atoms positioned on respective sides
of R6, and the metal atom (M10) is coordinated to another two nitrogen atoms. It
is to be noted that n9-number of halogen atoms (Y9) are covalently bonded to the
metal atom (M9), and n10-number of halogen atoms (Y 10) are covalently bonded
to the metal atom (M10).

(R5 and R6)

[0048] Details related to each of RS and R6 are similar to those related to each
of Rl and R2. That is, the third cyclic compound has two to four dicarbonyl
groups.

(M7 to M10)

[0049] Details related to each of M7 to M10 are similar to those related to

each of M1 and M2. That is, each of M7 and M8 is not particularly limited as
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long as it is a metal atom (a metal element) capable of being coordinated to two
oxygen atoms as described above. Each of M9 and MI10 is not particularly
limited as long as it is a metal atom (a metal element) capable of being covalently
bonded to two nitrogen atoms and coordinated to another two nitrogen atoms as
described above. Types of M7 to M10 may be the same as each other or different
from each other, for example. It goes without saying that only a portion of M7 to
M10 may be of the same type.

(Y7to Y10)

[0050] Details related to each of Y7 to Y10 are similar to those related to each
of Y1 and Y2. Types of Y7 to Y10 may be the same as each other or different
from each other, for example. It goes without saying that only a portion of Y7 to
Y10 may be of the same type. Types of the n7-number of Y7s may be, for
example, only one type or two or more types. That only one type or two or more
types may be included as described above also similarly applies to types of the
n8-number of Y8s, types of the n9-number of Y9s, and types of the n10-number of
Y 10s.

(n7 to n10)

[0051] Details related to each of n7 to n10 are similar to those related to each
of nl and n2. A value of n7 is determined in accordance with the type of M7. A
value of n8 is determined in accordance with the type of M8. A value of n9 is
determined in accordance with the type of M9. A value of nl0 is determined in
accordance with the type of M10. The values of n7 to n10 are not particularly
limited as long as they are integers determined in accordance with the types of M7
to M10, respectively; however, the value of each of n7 to n10 is, for example, 2 or
4.

[Fourth Cyclic Compound]

[0052] As represented by the formula (4), the fourth cyclic compound is a
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compound that has a cyclic skeleton containing four dicarbonyl groups and has
metal atoms (M11 to MI4) introduced into the cyclic skeleton by utilizing
coordinate bonding. More specifically, the fourth cyclic compound is a
compound that has the metal atoms (M11 and M14) introduced into outer side of
the cyclic skeleton by utilizing coordinate bonding.

[0053] In the fourth cyclic compound, the metal atom (M11) is coordinated to
two oxygen atoms that form a dicarbonyl group, and the metal atom (M12) is
coordinated to two oxygen atoms that form another dicarbonyl group opposed to
the foregoing dicarbonyl group. It is to be noted that nl1l-number of halogen
atoms (Y11) are covalently bonded to the metal atom (M11), and n12-number of
halogen atoms (Y'12) are covalently bonded to the metal atom (M12).

[0054] Further, in the third cyclic compound, the metal atom (M13) is
coordinated to two oxygen atoms that form a dicarbonyl group different from the
foregoing four dicarbonyl groups, and the metal atom (M14) is coordinated to two
oxygen atoms that form another dicarbonyl group opposed to the foregoing
dicarbonyl group. It is to be noted that n13-number of halogen atoms (Y13) are
covalently bonded to the metal atom (M13), and nl4-number of halogen atoms
(Y 14) are covalently bonded to the metal atom (M14).

(X9 to X16)

[0055] Details related to each of X9 to X16 are similar to those related to each
of X1 to X8. Thatis, it is preferable that all of X9 to X16 be oxo groups or all of
X9 to X16 be imino groups. One reason for this is that it is easier for the fourth
cyclic compound to extend and contract.

(M11 to M14)

[0056] Details related to each of M11 to M14 are similar to those related to
each of M1 and M2. That is, each of M11 to M14 is not particularly limited as

long as it is a metal atom (a metal element) capable of being coordinated to two
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oxygen atoms as described above. Types of M11 to M14 may be the same as
each other or different from each other, for example. It goes without saying that
only a portion of M11 to M14 may be of the same type.

(Y11to Y14)

[0057] Details related to each of Y11 to Y14 are similar to those related to
each of Y1 and Y2. Types of Y11 to Y14 may be the same as each other or
different from each other, for example. It goes without saying that only a portion
of Y11 to Y14 may be of the same type. Types of the n11-number of Y11s may
be, for example, only one type or two or more types. That only one type or two
or more types may be included as described above also similarly applies to types
of the nl12-number of Y12s, types of the nl13-number of Y13s, and types of the
nl4-number of Y 14s.

(nll tonl4)

[0058] Details related to each of n11 to n14 are similar to those related to each
of nl and n2. A value of nll is determined in accordance with the type of M11,
and a value of n12 is determined in accordance with the type of M12. A value of
nl13 is determined in accordance with the type of M13, and a value of nl4 is
determined in accordance with the type of M14. The values of n11 to n14 are not
particularly limited as long as they are integers determined in accordance with the
types of M11 to M14, respectively; however, the value of each of n11 to n14 is, for
example, 2 or 4.

[Fifth Cyclic Compound]

[0059] As represented by the formula (5), the fifth cyclic compound is a
compound that has a cyclic oxygen skeleton containing four dicarbonyl groups and
has metal atoms (M15 to M20) introduced into the cyclic oxygen skeleton by
utilizing coordinate bonding. More specifically, the fifth cyclic compound is a

compound that has the metal atoms (M15 to M18) introduced into outer side of the
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cyclic oxygen skeleton by utilizing coordinate bonding, and has the metal atoms
(M19 and M20) introduced into inner side of the cyclic oxygen skeleton by
utilizing coordinate bonding.

[0060] In the fifth cyclic compound, the metal atom (M15) is coordinated to
two oxygen atoms that form a dicarbonyl group, and the metal atom (M16) is
coordinated to two oxygen atoms that form another dicarbonyl group opposed to
the foregoing dicarbonyl group. It is to be noted that nl15-number of halogen
atoms (Y15) are covalently bonded to the metal atom (M15), and nl6-number of
halogen atoms (Y16) are covalently bonded to the metal atom (M16).

[0061] Further, in the fifth cyclic compound, the metal atom (M17) is
covalently bonded to two oxygen atoms that form a dicarbonyl group different
from the foregoing four dicarbonyl groups, and the metal atom (M18) is
coordinated to two oxygen atoms that form another dicarbonyl group opposed to
the foregoing dicarbonyl group. It is to be noted that n17-number of halogen
atoms (Y17) are covalently bonded to the metal atom (M17), and nl8-number of
halogen atoms (Y18) are covalently bonded to the metal atom (M18).

[0062] Further, in the fifth cyclic compound, the metal atom (M19) is
coordinated to two oxygen atoms positioned on respective sides of a dicarbonyl
group, and the metal atom (M20) is coordinated to two oxygen atoms positioned
on respective sides of another dicarbonyl group opposed to the foregoing
dicarbonyl group. It is to be noted that n19-number of halogen atoms (Y 19) are
covalently bonded to the metal atom (M19), and n20-number of halogen atoms
(Y20) are covalently bonded to the metal atom (M20).

(M15 to M20)

[0063] Details related to each of M15 to M20 are similar to those related to
each of M1 and M2. That is, each of M15 to M20 is not particularly limited as

long as it is a metal atom (a metal element) capable of being coordinated to two
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oxygen atoms as described above. Types of M15 to M20 may be the same as
each other or different from each other, for example. It goes without saying that
only a portion of M15 to M20 may be of the same type.

(Y15 to Y20)

[0064] Details related to each of Y15 to Y20 are similar to those related to
each of Y1 and Y2. Types of Y15 to Y20 may be the same as each other or
different from each other, for example. It goes without saying that only a portion
of Y15 to Y20 may be of the same type. Types of the nl5-number of Y15s may
be, for example, only one type or two or more types. That only one type or two
or more types may be included as described above also similarly applies to types
of the nl6-number of Y16s, types of the nl7-number of Y17s, types of the
nl18-number of Y18s, and types of the n20-number of Y20s.

(n15 to n20)

[0065] Details related to each of n15 to n20 are similar to those related to each
of nl and n2. A value of nl15 is determined in accordance with the type of M15,
and a value of n16 is determined in accordance with the type of M16. A value of
nl7 is determined in accordance with the type of M17, and a value of nl8 is
determined in accordance with the type of M18. A value of n19 is determined in
accordance with the type of M19, and a value of n20 is determined in accordance
with the type of M20. The values of n15 to n20 are not particularly limited as
long as they are integers determined in accordance with the types of M15 to M20,
respectively; however, the value of each of n15 to n20 is, for example, 2 or 4.
[Sixth Cyclic Compound]

[0066] As represented by the formula (6), the sixth cyclic compound is a
compound that has a cyclic nitrogen skeleton containing four dicarbonyl groups
and has metal atoms (M21 to M26) introduced into the cyclic nitrogen skeleton by

utilizing coordinate bonding and covalent bonding. More specifically, the sixth
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cyclic compound is a compound that has the metal atoms (M21 to M24) introduced
into outer side of the cyclic nitrogen skeleton by utilizing coordinate bonding, and
has the metal atoms (M25 and M26) introduced into inner side of the cyclic
nitrogen skeleton by utilizing coordinate bonding and covalent bonding.

[0067] In the sixth cyclic compound, the metal atom (M21) is coordinated to
two oxygen atoms that form a dicarbonyl group, and the metal atom (M22) is
coordinated to two oxygen atoms that form another dicarbonyl group opposed to
the foregoing dicarbonyl group. It is to be noted that n21-number of halogen
atoms (Y21) are covalently bonded to the metal atom (M21), and n22-number of
halogen atoms (Y22) are covalently bonded to the metal atom (M22).

[0068] Further, in the sixth cyclic compound, the metal atom (M23) is
covalently bonded to two oxygen atoms that form a dicarbonyl group different
from the foregoing four dicarbonyl groups, and the metal atom (M24) is
coordinated to two oxygen atoms that form another dicarbonyl group opposed to
the foregoing dicarbonyl group. It is to be noted that n23-number of halogen
atoms (Y23) are covalently bonded to the metal atom (M23), and n24-number of
halogen atoms (Y24) are covalently bonded to the metal atom (M24).

[0069] Further, in the sixth cyclic compound, the metal atom (M25) is
covalenty bonded to two nitrogen atoms positioned on respective sides of a
dicarbonyl group, the metal atom (M25) is coordinated to another two nitrogen
atoms, the metal atom (M26) is covalently bonded to two nitrogen atoms
positioned on respective sides of another dicarbonyl group opposed to the
foregoing dicarbonyl group, and the metal atom (M26) is coordinated to another
two nitrogen atoms. It is to be noted that n25-number of halogen atoms (Y25)
are covalently bonded to the metal atom (M25), and n26-number of halogen atoms
(Y26) are covalently bonded to the metal atom (M26).

(M21 to M26)
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[0070] Details related to each of M21 to M26 are similar to those related to
each of M1 and M2. That is, each of M21 to M24 is not particularly limited as
long as it is a metal atom (a metal element) capable of being coordinated to two
oxygen atoms as described above. Each of M25 and M26 is not particularly
limited as long as it is a metal atom (a metal element) capable of being covalently
bonded to two nitrogen atoms and coordinated to another two nitrogen atoms as
described above. Types of M21 to M26 may be the same as each other or
different from each other, for example. It goes without saying that only a portion
of M21 to M26 may be of the same type.

(Y21 to Y26)

[0071] Details related to each of Y21 to Y26 are similar to those related to
each of Y1 and Y2. Types of Y21 to Y26 may be the same as each other or
different from each other, for example. [t goes without saying that only a portion
of Y21 to Y26 may be of the same type. Types of the n21-number of Y21s may
be, for example, only one type or two or more types. That only one type or two
or more types may be included as described above also similarly applies to types
of the n22-number of Y22s, types of the n23-number of Y23s, types of the
n24-number of Y24s, types of the n25-number of Y25s, and types of the
n26-number of Y26s.

(n21 to n26)

[0072] Details related to each of n21 to n26 are similar to those related to each
of nl and n2. A value of n21 is determined in accordance with the type of M21,
and a value of n22 is determined in accordance with the type of M22. A value of
n23 is determined in accordance with the type of M23, and a value of n24 is
determined in accordance with the type of M24. A value of n25 is determined in
accordance with the type of M25, and a value of n26 is determined in accordance

with the type of M26. The values of n21 to n26 are not particularly limited as
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long as they are integers determined in accordance with the types of M21 to M26,
respectively; however, the value of each of n21 to n26 is, for example, 2 or 4.
[Hydration]

[0073] It is to be noted that the first cyclic compound may be hydrated, for
example. Specifically, since the metal atoms (M1 and M2) introduced into the
outer side of the cyclic skeleton are hydrated, one or more water molecules (H20)
may be attached to each of the metal atoms by utilizing electrostatic force,
hydrogen bonding, etc.

[0074] That the cyclic compound may be hydrated similarly applies to each of
the second cyclic compound, the third cyclic compound, the fourth cyclic
compound, the fifth cyclic compound, and the sixth cyclic compound, for example.
Specifically, in the second cyclic compound, for example, each of the metal atoms
(M3 and M4) introduced into the outer side of the cyclic oxygen skeleton may be
hydrated. In the third cyclic compound, for example, each of the metal atoms
(M7 and M8) introduced into the outer side of the cyclic nitrogen skeleton may be
hydrated. In the fourth cyclic compound, for example, each of the metal atoms
(M11 to MI14) introduced into the outer side of the cyclic skeleton may be
hydrated. In the fifth cyclic compound, for example, each of the metal atoms
(M15 to M18) introduced into the outer side of the cyclic oxygen skeleton may be
hydrated. In the sixth cyclic compound, for example, each of the metal atoms
(M21 to M24) introduced into the outer side of the cyclic nitrogen skeleton may be
hydrated.

[0075] Number of water molecules attached to each of the metal atoms (M1 to
M4, M7, M8, M11 to M18, and M21 to M24) is not particularly limited; however,
the number of water molecules attached to each of the metal atoms (M1 to M4, M7,
M8, M11 to M18, and M21 to M24) may be, for example, two.

[Suitable Cyclic Compounds]
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[0076] In particular, it is preferable that the first cyclic compound be a
compound represented by the following formula (7). It is preferable that the
second cyclic compound be a compound represented by the following formula (8).
It is preferable that the third cyclic compound be a compound represented by the
following formula (9). One reason for this is that it is easier for each of the first
cyclic compound, the second cyclic compound, and the third cyclic compound to
extend and contract.

[0077)  [Chem. 3]

Chem. 3
M27-Y277 M29—Y29 139
0 0 0 O
bamd H
(‘xm x19’} (\0
X17 X20 0. Y32n320
( j [ M31 M32 j
X24 X21 OV
K,xzs xzz\) k,o o\)
e P P,
Y28 n23— M28 Y30n30—M36
M3§-‘Y33n33
0 O
H

(\NH

N | Y36n36 N

o o O
Y34n34—M34
(Each of X17 to X24 is one of an oxo group and an imino group. Each of M27 to
M36 is a metal element. Each of Y27 to Y36 is a halogen element. Each of n27
to n36 is an integer.)
[0078] The compound represented by the formula (7) is a compound in which

each of R1 and R2 is an ethylene group, of the first cyclic compound represented
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by the formula (1). Details related to each of X17 to X24, M27, M28, Y27, Y28,
n27, and n28 are similar to those related to each of X1 to X8, M1, M2, Y1, Y2, nl,
and n2, for example.

[0079] The compound represented by the formula (8) is a compound in which
each of R3 and R4 is an ethylene group, of the second cyclic compound
represented by the formula (2). Details related to each of M29 to M32, Y29 to
Y32, and n29 to n32 are similar to those related to each of M3 to M6, Y3 to Y6,
and n3 to n6, for example.

[0080] The compound represented by the formula (9) is a compound in which
each of RS and R6 is an ethylene group, of the third cyclic compound represented
by the formula (3). Details related to each of M33 to M36, Y33 to Y36, and n33
to n36 are similar to those related to each of M7 to M10, Y7 to Y10, and n7 to n10,
for example.

[Specific Examples of Cyclic Compounds]

[0081] Specific examples of the cyclic compounds are as follows. It is to be
noted that a series of specific examples described below may be hydrated as
described above, for example.

(First Cyclic Compound)

[0082] The first cyclic compound is, for example, a compound represented by
each of the following formulae (1-1) to (1-24), etc. The compound represented
by each of the formulae (1-1) to (1-12) is a compound in which all of X1 to X8 in
the formula (1) are oxo groups, and the compound represented by each of the
formulae (1-13) to (1-24) is a compound in which all of X1 to X8 in the formula
(1) are imino groups.

[0083] It is to be noted that, in each of the formulae (1-1) to (1-11) and the
formulae (1-13) to (1-23), for example, a case where each of Y1 and Y2 in the

formula (1) is chlorine is represented. Each of Y1 and Y2 is, however, not

24



CA 03061850 2019-10-28

M18-00855

limited to chlorine as described above, and therefore may be fluorine, bromine, or

iodine. Specifically, for example, as represented by the formulae (1-12) and

(1-24), each of Y1 and Y2 may be fluorine.

[0084]
[Chem. 4]
Chem. 4
Cl~gp~Cl Cl~Tj~Cl Cl~ 5i~Cl
0 0 0 0 o 0

g‘oHo’z g‘oHo’z g‘oHo’z
C, J G J G

Lo o (o ol 0 0 3
. 12 o o~

)

g o (-1 o 0 o o (1-3)
Cl~cy~Cl Cl~mn~ €l Cl~Fpe~Cl
0. 0 0. 0 0 0
b X >
A S NNCAY

@) O

S [ SO N S
Lo o) Lo o) Lo ol

C

g o (-4 d o a-9 g o (-6
ci-Cu~qy ci-Mn~¢j c1-Fe~¢j
Cl-np-Cl Cl~;-Cl Cl~o-Cl
o O 0 O 0 0

g‘OHO’E g\OHO’?) g‘ OHO’?)
( IS Nel

2,0 0\3 Lo o) Lo ol

c1-No~c ci-Ni~c ci-Co~cy
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[0085]
[Chem. 5]
Chem. 5

Cl~ Ao1-Cl Cl~ 7,~Cl F~gn-F
o 0 0 O 0 O

g\ OHO’E g\ OHO’B g\OHO’B
¢o9¢ e

(0] 0 j
Lo o) Qo o) (Lo o

o 0 (1-10) OHO (1-11) o 0 1-12)
cl-Al~cy cl-Zr~cy F~S0~F
Cl\sn/CI Cl~ Ti/Cl Cl~ Si ~Cl

NgNIm{’QH NgNI?I\_ﬁIH/QH NgN}mH’I?H
C JC J( )

NH NH NH NH NH NH
(_Una NH_ (_nn nNu_) (_nu nu_)
J % (-13 J % t-18) d o (-18)
cl-Sn~¢y c-Tiwgy - Si~y
Clcu-Ci ClapmprCl Cl~pe-Cl
o 0 o 0 o 0

Gy ey ey
( NH j ENH NH j [ ]

NC,NH NH\) LNH NH\) NG/NH NHjH

o o (1-16) o o (-17 o 0(1-13)

c1-Cu~| cl-Mn~¢j ci-Fe~g
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[0086]

[Chem. 6]

Chem. 6
Cl\Nb/Cl C]\N]/Cl C]\'CO/CI
Q 0 o 0 o 0

gN}HH’W (\NHH’} (\NHH ’QH
oy My o
K,NH NH\) K,NH NH\) k,NH NH\)

)

S (1-19) I 20 I -2
c1-No~¢y cl-Ni~¢| c1-Co~c
C[\Al/C] Cl\ Zr/Cl F\SH’F

o 0 o 0 9 0

NgNHHNH’H (‘NH NH’} (\NHH’QH
S | S NG
K,NH NHJ K,NH NHJ Q,NH NHJ

o (1-22 d o a-23) X -2

C

C]/AI\CI Cl/Zr\Cl F/S]‘l\F

(Second Cyclic Compound)

[0087] The second cyclic compound is, for example, a compound represented
by each of the following formulae (2-1) to (2-12), etc.

[0088] It is to be noted that, in each of the formulae (2-1) to (2-11), for
example, a case where each of Y3 to Y6 in the formula (2) is chlorine is
represented. Each of Y3 to Y6 is, however, not limited to chlorine as described
above. Therefore, each of Y3 to Y6 may be fluorine as represented by the
formula (2-12), for example.

[0089] Further, in each of the formulae (2-1) to (2-12), for example, a case
where each of M5 and M6 in the formula (2) is tin is represented. Each of M35

and M6 is, however, not limited to tin as described above. Therefore, each of M5
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and M6 may be any of titanium, silicon, copper, manganese, iron, niobium, nickel

cobalt, aluminum, and zirconium.

[0090]  [Chem. 7]

Chem. 7
Cl\Sn/Cl Cl\‘Til/Cl Cl\sl/CI
0o o o 0 o 0
H H
§a cﬁ fadd Saal
1 Seleh 1 el 1 %
0" ¢ & 0" ¢ él O
Lo oJ Lo OJ Lo 0./
% e %, e b (2-3)
c1’5"\c1 1’Tl\c1 c1;5i1c1
0 0 o 0 ) b

sos o Ry
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Lo o Qo oJ K,o o\)
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Cl~nb-Cl Cl\Nl/CI Cl~co-Cl
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[0091]  [Chem. 8]
Chem. 8
Cl\Al/Cl CI\ZI-/CI F\Sn/F
o 0 o 0 o 0
ban H
OQI Pt toNse S
“ 7/ '~./
(% o DC LS les ,Sn.oj

0 d
Lo o\) K/o OJ Lo o)
I @10 I @ HQ 2-12)

o)

crA‘\m chf\m F:SHLF
(Third Cyclic Compound)
[0092] The third cyclic compound is, for example, a compound represented by
each of the following formulae (3-1) to (3-12), etc.
[0093] It is to be noted that, in each of the formulae (3-1) to (3-11), for
example, a case where each of Y7 to Y10 in the formula (3) is chlorine is
represented. Each of Y7 to Y10 is, however, not limited to chlorine as described
above. Therefore, each of Y7 to Y10 may be fluorine as represented by the
formula (3-12), for example.
[0094] Further, in each of the formulae (3-1) to (3-12), for example, a case
where each of M9 and M10 in the formula (3) is tin is represented. Each of M9
and M10 is, however, not limited to tin as described above. Therefore, each of
M9 and M10 may be any one of titanium, silicon, copper, manganese, iron,

niobium, nickel, cobalt, aluminum, and zirconium.
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[0095]
[Chem. 9]
Chem. 9
leSnfCI Cl\'h/Cl Cl\SI/Cl
0 O o 0 o 0
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[0096]
[Chem. 10]
Chem. 10
Cl\Al/Cl Cl\zr/CI F\Sn/F
o 0 0 0 o 0
bt H han
(\NH lerw (‘ NH’} (\NH NH’»
EN C (:1 i ] E c1 cl '-.‘ ] ( c1 c1 :I
N7 icl c1 S cn/ \ i c1
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0 0 (3-10) g ‘o @-11) o o G-12
CI/AI\CI CI/ZI‘\CI F/SH\F
(Fourth Cyclic Compound)
[0097] The fourth cyclic compound is, for example, a compound represented

by each of the following formulae (4-1) to (4-24), for example. The compound
represented by each of the formulae (4-1) to (4-12) is a compound in which all of
X9 to X16 in the formula (4) are oxo groups, and the compound represented by
each of the formulae (4-13) to (4-24) is a compound in which all of X9 to X16 in
the formula (4) are imino groups.

[0098] It is to be noted that, in each of the formulae (4-1) to (4-11) and the
formulae (4-13) to (4-23), for example, a case where each of Y11 to Y14 in the
formula (4) is chlorine is represented. Each of Y11 to Y14 is, however, not
limited to chlorine as described above. Therefore, each of Y11 to Y14 may be

fluorine as represented by each of the formulae (4-12) and (4-24), for example.
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[0099]

[Chem. 11]

Chem. 11
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[Chem. 12]
Chem. 12
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[0101]
[Chem. 13]
Chem. 13
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[0102]
[Chem. 14]
Chem. 14
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[0103]
[Chem. 15]
Chem. 15
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(Fifth Cyclic Compound)
[0104] The fifth cyclic compound is, for example, a compound represented by

each of the following formulae (5-1) to (5-12), etc.

[0105] It is to be noted that, in each of the formulae (5-1) to (5-11), for
example, a case where each of Y15 to Y20 in the formula (5) is chlorine is
represented. Each of Y15 to Y20 is, however, not limited to chlorine as
described above. Therefore, each of Y15 to Y20 may be fluorine as represented
by the formula (5-12), for example.

[0106] Further, in each of the formulae (5-1) to (5-12), for example, a case
where each of M19 and M20 in the formula (5) is tin is represented. Each of
M19 and M20 is, however, not limited to tin as described above. Therefore, each
of M19 and M20 may be any of titanium, silicon, copper, manganese, iron,

niobium, nickel, cobalt, aluminum, and zirconium.
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[Chem. 16]
Chem. 16
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[0108]
[Chem. 17]
Chem. 17
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[0109]
[Chem. 18]
Chem. 18
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(Sixth Cyclic Compound)
[0110] The sixth cyclic compound is, for example, a compound represented by

each of the following formulae (6-1) to (6-12), etc.

[0111] It is to be noted that, in each of the formulae (6-1) to (6-11), for
example, a case where each of Y21 to Y26 in the formula (6) is chlorine is
represented. Each of Y21 to Y26 is, however, not limited to chlorine as
described above. Therefore, each of Y21 to Y26 may be fluorine, as represented
by the formula (6-12), for example.

[0112] Further, in each of the formulae (6-1) to (6-12), for example, a case
where each of M25 and M26 in the formula (6) is tin is represented. Each of
M25 and M26 is, however, not limited to tin as described above. Therefore, each
of M25 and M26 may be any of titanium, silicon, copper, manganese, iron,

niobium, nickel, cobalt, aluminum, and zirconium.
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[0113]
[Chem. 19]
Chem. 19
Cl~gp~Cl
0 0
NH  NH
Cl

Cl
i Ci C]\-_ /N 0./

Sn IN\S” si. [ s
n n n n
S B f - Cl~Tj-
o “0™N7Nal o SN0 Y TS cl

NH  NH o0
oa 50 (6-1) NH H
Cl .o (\ falcl "=
Cl/ Sn\CI \ iy
l\S ~Cl F/rl-. I S I Tl
N cl’ "OTN7 ci Cl o~ Cl
Q 0 LNH NH
NH  NH 0 0 (6-2)
Cl Lo N i o ai N o. O i
si T sl s s Q1.6
a’ "ON7 a1 N0 gy SCur
NH NH Q L
o (6-3) NH NH
Cl i
Ccl- Si ~Cl (\: ~0 N\ i /Cl Cl
Clptr- I 7. I Sn I C“
cl’ "o 'Cl Cl (o} Cl
o 0 K,NH NI
ol NH NH ol o o (6-4)
O LN ClCl i N_O.
3 O O e
c’ "0P>N7 il a1’ SN0 gy
NH NH
o (6-5)
C]/Mn\cl

40



CA 03061850 2019-10-28

M18-00855

[0114]
[Chem. 20]
Chem. 20
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[0115]
[Chem. 21]
Chem. 21
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<1-2. Manufacturing Method>

[0116] Each of the first cyclic compound, the second cyclic compound, the
third cyclic compound, the fourth cyclic compound, the fifth cyclic compound,
and the sixth cyclic compounds is manufactured, for example, by the following
procedure.

[First Cyclic Compound]

[0117] In a case of manufacturing a compound in which all of X1 to X8 in the
formula (1) are oxo groups, of the first cyclic compound, a first oxygen-containing
compound represented by a formula (10-1) is obtained by reacting
HO-C;H4-0-C2H4-O-C2Hs-OH  with CI-C(=0)-C(=0)-Cl. In this case, for
example, a catalyst such as benzene, dioxane, or pyridine is used, and a reaction
temperature may be adjusted on an as-needed basis. Thereafter, the first
oxygen-containing compound and a metal compound (MY2 or MY4) are reacted.
In this case, for example, a catalyst such as methanol is used, and a reaction

temperature may be adjusted on an as-needed basis. The metal compound used

42



CA 03061850 2019-10-28

M18-00855

here is, for example, a compound containing, as constituent elements, a metal
element (M) corresponding to each of M1 and M2 in the formula (1) and an
element (Y) corresponding to each of Y1 and Y2 in the formula (1), and may be a
hydrate. The first cyclic compound is thereby obtained.
[0118] In a case of manufacturing a compound in which all of X1 to X8 in the
formula (1) are imino groups, of the first cyclic compound, a first
nitrogen-containing compound represented by a formula (10-2) is obtained by
reacting HoN-C;H4-NH-C2Hs-NH-C2Hs-NH2 with HsC2-O-C(=0)-C(=0)-0-C2Hs.
In this case, for example, a catalyst such as sodium hydroxide is used, and a
reaction temperature may be adjusted on an as-needed basis. Thereafter, the first
nitrogen-containing compound is reacted with the above-described metal
compound. In this case, for example, a catalyst such as methanol is used, and a
reaction temperature may be adjusted on an as-needed basis. The first cyclic
compound is thereby obtained.
[0119] [Chem. 22]

Chem. 22
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[Second Cyclic Compound]

[0120] In a case of manufacturing the second cyclic compound, the first
oxygen-containing compound and a metal compound are reacted, and thereafter,
the reactant is further reacted with a metal compound. In this case, for example,
a catalyst such as methanol is used, and a reaction temperature may be adjusted on
an as-needed basis. Here, the former metal compound is, for example, a
compound containing, as constituent elements, a metal element corresponding to
each of M5 and M6 in the formula (2) and an element corresponding to each of Y5
and Y6 in the formula (2), and may be a hydrate. Meanwhile, the latter metal
compound is, for example, a compound containing, as constituent elements, a
metal element corresponding to each of M3 and M4 in the formula (2) and an
element corresponding to each of Y3 and Y4 in the formula (2), and may be a
hydrate. The second cyclic compound is thereby obtained.

[Third Cyclic Compound]

[0121] In a case of manufacturing the third cyclic compound, the first
nitrogen-containing compound and a metal compound are reacted, and thereafter,
the reactant is further reacted with a metal compound. In this case, for example,
a catalyst such as methanol is used, and a reaction temperature may be adjusted on
an as-needed basis. Here, the former metal compound is, for example, a
compound containing, as constituent elements, a metal element corresponding to
each of M9 and M10 in the formula (3) and an element corresponding to each of
Y9 and Y10 in the formula (3), and may be a hydrate. Meanwhile, the latter
metal compound is, for example, a compound containing, as constituent elements,
a metal element corresponding to each of M7 and M8 in the formula (3) and an
element corresponding to each of Y7 and Y8 in the formula (3), and may be a
hydrate. The third cyclic compound is thereby obtained.

[Fourth Cyclic Compound]
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[0122] In a case of manufacturing a compound in which all of X9 to X16 in
the formula (4) are oxo groups, of the fourth cyclic compound, a second
oxygen-containing compound represented by a formula (10-3) is obtained by
reacting HO-C2Hs4-O-C2Hs-O-C2H4-OH with Cl-C(=0)-C(=0)-Cl. In this case,
for example, a catalyst such as benzene, dioxane, or pyridine is used, and a
reaction temperature may be adjusted on an as-needed basis. Thereafter, the
second oxygen-containing compound and a metal compound are reacted. In this
case, for example, a catalyst such as methanol is used, and a reaction temperature
may be adjusted on an as-needed basis. The metal compound used here is, for
example, a compound containing, as constituent elements, a metal element
corresponding to each of MIl to M14 in the formula (4) and an element
corresponding to each of Y11 to Y14 in the formula (4), and may be a hydrate.
The fourth cyclic compound is thereby obtained.

[0123] In a case of manufacturing a compound in which all of X9 to X16 in
the formula (4) are imino groups, of the fourth cyclic compound, a second
nitrogen-containing compound represented by a formula (10-4) is obtained by
reacting HoN-C2H4-NH-C2H4-NH-C2H4-NH2 with HsC2-O-C(=0)-C(=0)-0-C:zHs.
In this case, for example, a catalyst such as sodium hydroxide is used, and a
reaction temperature may be adjusted on an as-needed basis. Thereafter, the
second nitrogen-containing compound is reacted with the above-described metal
compound. In this case, for example, a catalyst such as methanol is used, and a
reaction temperature may be adjusted on an as-needed basis. The first cyclic
compound is thereby obtained.

[Fifth Cyclic Compound]

[0124] In a case of manufacturing the fifth cyclic compound, the second
oxygen-containing compound and a metal compound are reacted, and thereafter,

the reactant is further reacted with a metal compound. In this case, for example,
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a catalyst such as methanol is used, and a reaction temperature may be adjusted on
an as-needed basis. Here, the former metal compound is, for example, a
compound containing, as constituent elements, a metal element corresponding to
each of M19 and M20 in the formula (5) and an element corresponding to each of
Y19 and Y20 in the formula (5), and may be a hydrate. Meanwhile, the latter
metal compound is, for example, a compound containing, as constituent elements,
a metal element corresponding to each of M15 to M18 in the formula (5) and an
element corresponding to each of Y15 to Y18 in the formula (5), and may be a
hydrate. The fifth cyclic compound is thereby obtained.

[Sixth Cyclic Compound]

[0125] In a case of manufacturing the sixth cyclic compound, the second
nitrogen-containing compound and a metal compound are reacted, and thereafter,
the reactant is further reacted with a metal compound. In this case, for example,
a catalyst such as methanol is used, and a reaction temperature may be adjusted on
an as-needed basis. Here, the former metal compound is, for example, a
compound containing, as constituent elements, a metal element corresponding to
each of M25 and M26 in the formula (6) and an element corresponding to each of
Y25 and Y26 in the formula (6), and may be a hydrate. Meanwhile, the latter
metal compound is, for example, a compound containing, as constituent elements,
a metal element corresponding to each of M21 to M24 in the formula (6) and an
element corresponding to each of Y21 to Y24 in the formula (2), and may be a
hydrate. The sixth cyclic compound is thereby obtained.

<1-3. Workings and Effects>

[0126] According to the cyclic compound, one or more of the first cyclic
compound, the second cyclic compound, the third cyclic compound, the fourth
cyclic compound, the fifth cyclic compound, and the sixth cyclic compound are

included. In this case, as described above, it is possible for the cyclic compound
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to smoothly insert and extract the electrode reaction material, etc. by utilizing the
internal space (coordination field) of the cyclic skeleton and the metal atoms (M1
to M26) introduced into the cyclic skeleton. Moreover, the cyclic compound has
a  superior  extention-contraction  characteristic by utilizing  the
extention-contraction characteristic of the cyclic skeleton, and a potential of an
electrode containing the cyclic compound is made higher by utilizing the metal
atoms introduced into the cyclic skeleton. Accordingly, it is possible to improve
a characteristic of an electrochemical device including the cyclic compound, etc.
[0127] In particular, when each of M1 to M26 in the formulae (1) to (6) is tin,
etc., it is easier for the metal atoms (M1 to M26) to be coordinated to the cyclic
skeleton. Accordingly, it is easier for the cyclic compound to extend and contract,
and the potential of the electrode containing the cyclic compound becomes
sufficiently high. As a result, it is possible to obtain a higher effect.

[0128] Further, when each of Y1 to Y26 in the formulae (1) to (6) is fluorine,
etc., it is easier for the metal atoms (M1 to M26) to be coordinated to the cyclic
skeleton. Accordingly, it is easier for the cyclic compound to extend and contract,
and the potential of the electrode containing the cyclic compound becomes
sufficiently high. As a result, it is possible to obtain a higher effect.

[0129] Further, when all of X1 to X8 in the formula (1) are oxo groups or
imino groups and all of X9 to X16 in the formula (4) are oxo groups or imino
groups, it is easier for each of the first cyclic compound and the fourth cyclic
compound to extend and contract. As a result, it is possible to obtain a higher
effect.

[0130] Further, when the first cyclic compound is the compound represented
by the formula (7), the second cyclic compound is the compound represented by
the formula (8), and the third cyclic compound is the compound represented by the

formula (9), it is easier for each of the first cyclic compound, the second cyclic
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compound, and the third cyclic compound to extend and contract. As a result, it
is possible to obtain a higher effect.

<2. Lithium Ion Secondary Battery and Anode for Lithium Jon Secondary Battery
(Cylindrical Type)>

[0131] Next, description is given of an electrode for a lithium ion secondary
battery according to an embodiment of the present technology (hereinafter, simply
referred to as an "anode") that uses the above-described cyclic compound and a
lithium ion secondary battery according to an embodiment of the present
technology (hereinafter, simply referred to as a "lithium ion secondary battery")
that uses the above-described cyclic compound.

[0132] It is to be noted that, since the above-described anode is a portion (one
component) of the lithium ion secondary battery which will be described below,
the anode will be described together below.

[0133] The lithium ion secondary battery described here is, for example, a
secondary battery in which a battery capacity (a capacity of an anode 22 which
will be described later) is obtained by utilizing a phenomenon of insertion and
extraction of lithium.

[0134] As for a series of specific examples described below as appropriate,
that is, a plurality of candidates listed and described related to a material, a
forming method, etc., only any one of them may be used, or any two or more of
them may be combined with each other.

<2-1. Configuration>

[0135] FIG. 1 illustrates a cross-sectional configuration of a lithium ion
secondary battery, and FIG. 2 enlarges a cross-sectional configuration of a main
part (spirally-wound electrode body 20) of the lithium ion secondary battery
illustrated in FIG. 1. It is to be noted that FIG. 2 illustrates only a portion of the

spirally-wound electrode body 20.
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[0136] As illustrated in FIG. 1, the lithium ion secondary battery is, for
example, a cylindrical-type lithium ion secondary battery in which a battery
device (the spirally-wound electrode body 20) is accommodated inside a
cylindrical battery can 11.

[0137] Specifically, the lithium ion secondary battery includes, for example, a
pair of insulating plates 12 and 13 and the spirally-wound electrode body 20 inside
the battery can 11. The spirally-wound electrode body 20 is, for example, a
structure formed by stacking a cathode 21 and the anode 22 with a separator 23
interposed therebetween and thereafter spirally winding the cathode 21, the anode
22, and the separator 23. The spirally-wound electrode body 20 is impregnated
with an electrolytic solution which is a liquid electrolyte.

[0138] The battery can 11 has, for example, a hollow cylindrical structure in
which one end is closed and the other end is opened. The battery can 11 includes,
for example, a metal material such as iron. It is to be noted that a surface of the
battery can 11 may be plated with a metal material such as nickel, for example.
The insulating plates 12 and 13 each extend, for example, in a direction
intersecting a spirally-wound peripheral surface of the spirally-wound electrode
body 20, and are so disposed as to sandwich the spirally-wound electrode body 20
therebetween.

[0139] At the open end of the battery can 11, for example, a battery cover 14,
a safety valve mechanism 15, and a positive temperature coefficient device (PTC
device) 16 are attached by being swaged with a gasket 17. The open end of the
battery can 11 is therefore sealed. A material for forming the battery cover 14 is,
for example, similar to a material for forming the battery can 11. The safety
valve mechanism 15 and the positive temperature coefficient device 16 are
provided on inner side of the battery cover 14. The safety valve mechanism 15 is

electrically coupled to the battery cover 14 via the positive temperature coefficient
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device 16. In the safety valve mechanism 15, for example, when an internal
pressure of the battery can 11 becomes equal to or higher than a predetermined
value as a result of an internal short-circuit, external heating, etc., a disk plate 15A
is reversed. The electrical coupling between the battery cover 14 and the
spirally-wound electrode body 20 is thereby cut off. Electrical resistance of the
positive temperature coefficient device 16 increases with an increase in
temperature in order to prevent abnormal heat generation due to a large current.
The gasket 17 includes, for example, an insulating material. It is to be noted that,
for example, asphalt, etc. may be applied to a surface of the gasket 17.

[0140] For example, a center pin 24 is inserted into a space 20C provided at a
spirally-winding center of the spirally-wound electrode body 20. It is to be noted
that the center pin 24 may be omitted. A cathode lead 25 is coupled to the
cathode 21. The cathode lead 25 includes, for example, an
electrically-conductive material such as aluminum. The cathode lead 25 is
electrically coupled to the battery cover 14 via the safety valve mechanism 15, for
example. An anode lead 26 is coupled to the anode 22. The anode lead 26
includes, for example, an electrically-conductive material such as nickel. The
anode lead 26 is electrically coupled to the battery can 11, for example.

[Cathode

[0141] As illustrated in FIG. 2, the cathode 21 includes, for example, a
cathode current collector 21A and a cathode active material layer 21B provided on
the cathode current collector 21A. The cathode active material layer 21B may be
provided on, for example, only a single surface of the cathode current collector
21A, or may be provided on both surfaces of the cathode current collector 21A.
FIG. 2 illustrates, for example, a case where the cathode active material layers 21B
are provided on both surfaces of the cathode current collector 21A.

(Cathode Current Collector)
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[0142] The cathode current collector 21A includes, for example, an
electrically-conductive material such as aluminum.

(Cathode Active Material Layer)

[0143] The cathode active material layer 21B contains, as a cathode active
material, a cathode material capable of inserting and extracting lithium. It is to
be noted that the cathode active material layer 21B may further contain other
materials such as a cathode binder or a cathode conductive agent, for example.
(Cathode Material)

[0144] The cathode material contains, for example, a lithium compound.
The lithium compound is a generic term for a compound containing lithium as a
constituent element. One reason for this is that it is possible to obtain a high
energy density. The lithium compound is not particularly limited in its type;
however, the lithium compound is, for example, a lithium composite oxide, a
lithium phosphate compound, etc.

[0145] The lithium composite oxide is a generic term for an oxide containing
lithium and one or more other elements as constituent elements. The lithium
composite oxide has, for example, a crystal structure of a layered rock salt type, a
spinel type, etc. The lithium phosphate compound is a generic term for a
phosphate compound containing lithium and one or more other elements as
constituent elements. The lithium phosphate compound has, for example, a
crystal structure of olivine type, etc.

[0146] The other elements are elements other than lithium. The other
elements are not particularly limited in their types; however, in particular, it is
preferable that the other elements be elements belonging to any of Group 2 to
Group 15 of a long-period periodic table. One reason for this is that it is possible
to obtain a high voltage. Specifically, examples of the other elements include

nickel, cobalt, manganese, iron, etc.
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[0147] Examples of the lithium composite oxide having the crystal structure
of the layered rock salt type include LiNiO2, LiCoO2, LiCoo. 9sAlo.o1Mgo.010z,
LiNio.5C00.2Mno 30z, LiNio.8Co00.15Al0.050O2, LiNio.33C00.33Mno.3302,
Lii 2Mno.s2C00.175Ni0.102, Lii.15(Mno6sNio22C00.13)02, etc.  Examples of the
lithium composite oxide having the crystal structure of the spinel type include
LiMn2Os, etc. Examples of the lithium phosphate compound having the crystal
structure of the olivine type include LiFePO4, LiMnPO4, LiFeosMnosPOs,
LiFeo.3Mnp 7POy4, etc.

(Cathode Binder and Cathode Conductive Agent)

[0148] The cathode binder includes, for example, synthetic rubber, a polymer
compound, etc. Examples of the synthetic rubber include
styrene-butadiene-based rubber, etc. Examples of the polymer compound include
polyvinylidene fluoride, polyimide, etc.

[0149] The cathode conductive agent includes, for example, an
electrically-conductive material such as a carbon material. Examples of the
carbon material include graphite, carbon black, acetylene black, ketjen black, etc.
It is to be noted that the cathode conductive agent may be a metal material, an
electrically-conductive polymer, etc.

[Anode]

[0150] As illustrated in FIG. 2, the anode 22 includes, for example, an anode
current collector 22A and an anode active material layer 22B provided on the
anode current collector 22A. The anode active material layer 22B may be
provided on, for example, only a single surface of the anode current collector 22A,
or may be provided on both surfaces of the anode current collector 22A. FIG. 2
illustrates, for example, a case where the anode active material layers 22B are
provided on both surfaces of the anode current collector 22A.

(Anode Current Collector)
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[0151] The anode current collector 22A includes, for example, an
electrically-conductive material such as copper. It is preferable that a surface of
the anode current collector 22A be roughened by an electrolysis method, etc.
One reason for this is that an adhesion characteristic of the anode active material
layer 22B to the anode current collector 22A is improved by utilizing an anchor
effect.

(Anode Active Material Layer)

[0152] The anode active material layer 22B contains, as an anode active
material, an anode material capable of inserting and extracting lithium. It is to be
noted that the anode active material layer 22B may further contain other materials
such as an anode binder or an anode conductive agent, for example.

[0153] In order to prevent lithium metal from being unintentionally deposited
on the surface of the anode 22 during charging, it is preferable that a capacity of
the chargeable anode material be greater than a discharge capacity of the cathode
21. In other words, it is preferable that electrochemical equivalent of the anode
material be greater than electrochemical equivalent of the cathode 21.

(Anode Material)

[0154] The anode material includes the cyclic compound described above.
That is, the anode material contains one or more of the first cyclic compound, the
second cyclic compound, the third cyclic compound, the fourth cyclic compound,
the fifth cyclic compound, and the sixth cyclic compound. It is to be noted that a
type of each of the first cyclic compound, the second cyclic compound, the third
cyclic compound, the fourth cyclic compound, the fifth cyclic compound, and the
sixth cyclic compound may be only one type or two or more types.

(Other Anode Materials)

[0155] It is to be noted that the anode material may contain, for example,

other anode material in addition to the cyclic compound. The other materials are
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not particularly limited in their types; however, examples of the other materials
include a carbon material, a metal-based material, etc.

[0156] The carbon material is a generic term for a material containing carbon
as a constituent element. One reason for this is that a crystal structure of the
carbon material hardly changes at the times of insertion and extraction of lithium,
which makes it possible to stably obtain a high energy density. Further, another
reason for this is that the carbon material also serves as an anode conductive agent,
which improves electric conductivity of the anode active material layer 22B.
[0157] Examples of the carbon material include graphitizable carbon,
non-graphitizable carbon, graphite, etc. It is to be noted that plane spacing of a
(002) plane in the non-graphitizable carbon is preferably 0.37 nm or more, and
plane spacing of a (002) plane in the graphite is preferably 0.34 nm or less.

[0158] More specifically, examples of the carbon material include pyrolytic
carbons, cokes, glassy carbon fibers, fired bodies of organic polymer compounds,
activated carbon, carbon blacks, etc. The cokes include, for example, pitch coke,
needle coke, petroleum coke, etc. The fired body of the organic polymer
compound is a fired product as a result of firing (carbonizing) a polymer
compound such as a phenol resin or a furan resin at an appropriate temperature.
Other than the above, the carbon material may be, for example, low-crystalline
carbon subjected to a heat treatment at a temperature of about 1000° C or lower, or
amorphous carbon. Examples of a shape of the carbon material include a fibrous
shape, a spherical shape, a granular shape, a scaly shape, etc.

[0159] The metal-based material is a generic term for a material containing
one or more of metal elements and metalloid elements as constituent elements.
One reason for this is that it is possible to obtain a high energy density.

[0160] The metal-based material may be a simple substance, an alloy, a

compound, a mixture of two or more thereof, or a material containing one or more
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phases thereof. It is to be noted that the alloy encompasses not only a compound
containing two or more metal elements, but also a compound containing one or
more metal elements and one or more metalloid elements.  Further, the alloy may
contain one or more non-metal elements. Examples of a structure of the
metal-based material include a solid solution, a eutectic (a eutectic mixture), an
intermetallic compound, a coexistence of two or more thereof, etc.

[0161] Each of the metal element and the metalloid element is an element that
is able to form an alloy with lithium. Specifically, examples of the metal element
and the metalloid element include magnesium, boron, aluminum, gallium, indium,
silicon, germanium, tin, lead, bismuth, cadmium, silver, zinc, hafnium, zirconium,
yttrium, palladium, platinum, etc.

[0162] In particular, silicon and tin are preferable, and silicon is more
preferable. One reason for this is that it is possible to obtain a remarkably-high
energy density owing to superior insertion and extraction performance of lithium.
[0163] Specifically, the metal-based material may be a simple substance of
silicon, an alloy of silicon, a compound of silicon, a simple substance of tin, an
alloy of tin, a compound of tin, a mixture of two or more thereof, or a material
containing one or more phases thereof. Since the single substance described here
refers to a general single substance, the single substance may contain a slight
amount of impurities. In other words, purity of the single substance is not
necessarily limited to 100%.

[0164] The alloy of silicon contains, for example, tin, nickel, copper, iron,
cobalt, manganese, zinc, indium, silver, titanium, germanium, bismuth, antimony,
chromium, etc., as constituent elements other than silicon. The compound of
silicon contains, for example, carbon, oxygen, etc., as constituent elements other
than silicon. It is to be noted that the compound of silicon may contain, for

example, the series of constituent elements described related to the alloy of silicon,
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as a constituent element other than silicon.

[0165] Examples of the alloy of silicon and the compound of silicon include
SiBa4, SiBs, Mg2Si, Ni2Si, TiSi2, MoSi2, CoSiz, NiSiz, CaSiz, CrSiz, CusSi, FeSiz
MnSiz, NbSiz, TaSiz, VSiz, WSia, ZnSi2, SiC, SizNg, Si2N20, SiOy (0 <v £ 2), etc.
It is to be noted that a range of v may be, for example, 0.2 <v < 1.4,

[0166] The alloy of tin contains, for example, silicon, nickel, copper, iron,
cobalt, manganese, zinc, indium, silver, titanium, germanium, bismuth, antimony,
chromium, etc., as constituent elements other than tin. The compound of tin
contains, for example, carbon, oxygen, etc., as constituent elements other than tin.
It is to be noted that the compound of tin may contain, for example, the series of
constituent elements described related to the alloy of tin as a constituent element
other than tin.

[0167] Examples of the alloy of tin and the compound of tin include SnOw (0
<w <£2), SnSiO3, Mg2Sn, etc.

[0168] In particular, it is preferable that the anode material contain the carbon
material, the metal-based material, or both, together with the cyclic compound.
In this case, the anode material may contain the carbon material together with the
cyclic compound, may contain the metal-based material together with the cyclic
compound, or may contain the carbon material and the metal-based material
together with the cyclic compound. One reason for this is that it is possible to
obtain a high theoretical capacity (battery capacity) and it is more difficult for the
anode active material layer 22B to expand and contract sufficiently at the times of
charge and discharge.

[0169] A mixture ratio of the cyclic compound to the carbon material and the
metal-based material is not particularly limited. In particular, a weight ratio of
the cyclic compound to the cyclic compound, the carbon material, and the

metal-based material (= weight of cyclic compound / (weight of cyclic compound
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+ weight of carbon material + weight of metal-based material)) is preferably from
0.01 to 0.99, and more preferably, from 0.05 to 0.90. One reason for this is that it
is possible to obtain a high battery capacity while the expansion and contraction of
the anode active material layer 22B are sufficiently suppressed at the times of
charge and discharge.

(Anode Binder and Anode Conductive Agent)

[0170] Details related to the anode binder are, for example, similar to those
related to the cathode binder. Details of the anode conductive agent are, for
example, similar to those of the cathode conductive agent.

(Method of Forming Anode Active Material Layer)

[0171] A method of forming the anode active material layer 22B is not
particularly limited; however, examples thereof include a coating method, a vapor
phase method, a liquid phase method, a thermal spraying method, a firing method
(a sintering method), etc. The coating method is, for example, a method that
applies, to the anode current collector 22A, a solution in which a mixture of the
anode active material in the form of particles (powder), the anode binder, etc. is
dissolved or dispersed by an organic solvent, etc. Examples of the vapor phase
method include a physical deposition method, a chemical deposition method, etc.
More specifically, examples of the vapor phase method include a vacuum
deposition method, a sputtering method, an ion plating method, a laser ablation
method, a thermal chemical vapor deposition method, a chemical vapor deposition
method (CVD), a plasma chemical vapor deposition method, etc. Examples of
the liquid phase method include an electrolytic plating method, an electroless
plating method, etc. The thermal spraying method is a method of spraying the
anode active material in a molten state or a semi-molten state onto the anode
current collector 22A. The firing method is, for example, a method of applying a

solution to the anode current collector 22A by a coating method, and thereafter
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performing a heat treatment on the solution (a coating film) at a temperature
higher than a melting point of the anode binder, etc. More specific examples of
the firing method include an atmosphere firing method, a reaction firing method, a
hot press firing method, etc.

[Separator]

[0172] As illustrated in FIG. 2, for example, the separator 23 is interposed
between the cathode 21 and the anode 22. The separator 23 allows a lithium ion
to pass therethrough while preventing short-circuiting caused by contact of the two
electrodes. The separator 23 includes, for example, a porous film of a synthetic
resin, ceramic, etc. The separator 23 may be a laminated film in which two or
more porous films are laminated on each other. Examples of the synthetic resin
include polyethylene, etc.

[0173] In particular, the separator 23 may include, for example, the
above-described porous film (a base layer) and a polymer compound layer
provided on the base layer. The polymer compound layer may be provided on
only one side of the base layer, or may be provided on both sides of the base layer,
for example. One reason for this is that adhesiveness of the separator 23 to each
of the cathode 21 and the anode 22 improves, which makes it more difficult for the
spirally-wound electrode body 20 to be distorted. Accordingly, a decomposition
reaction of the electrolytic solution is suppressed, and leakage of the electrolytic
solution with which the base layer is impregnated is also suppressed. Therefore,
even when charge and discharge are repeated, it is more difficult for electrical
resistance of the lithium ion secondary battery to rise, and it is more difficult for
the lithium ion secondary battery to swell.

[0174] The polymer compound layer contains, for example, a polymer
compound such as polyvinylidene fluoride. One reason for this is that it is

superior in physical strength and is electrochemically stable. It is to be noted that
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the polymer compound layer may contain an insulating particle such as an
inorganic particle, for example. One reason for this is that safety improves.
The inorganic particle is not particularly limited in its type; however, the inorganic
particle is, for example, aluminum oxide, aluminum nitride, etc.

[Electrolytic Solution]

[0175] As described above, the spirally-wound electrode body 20 is
impregnated with the electrolytic solution. For this reason, for example, the
separator 23 is impregnated with the electrolytic solution and each of the cathode
21 and the anode 22 is impregnated with the electrolytic solution.

[0176] The electrolytic solution contains a solvent and an electrolyte salt. It

is to be noted that the electrolytic solution may further contain various additives,

for example.
(Solvent)
[0177] The solvent contains, for example, a non-aqueous solvent (an organic

solvent). The electrolytic solution containing the non-aqueous solvent is a
so-called non-aqueous electrolytic solution. Examples of the non-aqueous
solvent include cyclic carbonate ester, chain carbonate ester, chain carboxylate
ester, lactone, a nitrile (mononitrile) compound, etc. One reason for this is that it
is possible to obtain a superior battery capacity, a superior cycle characteristic, a
superior storage characteristic, etc.

[0178] Examples of the cyclic carbonate ester include ethylene carbonate,
propylene carbonate, butylene carbonate, etc. Examples of the chain carbonate
ester include dimethyl carbonate, diethyl carbonate, ethyl methyl carbonate,
methylpropyl carbonate, etc. Examples of the chain carboxylate ester include
methyl acetate, ethyl acetate, methyl propionate, ethyl propionate, propyl
propionate, methyl butyrate, methyl isobutyrate, methyl trimethylacetate, ethyl

trimethylacetate, etc. Examples of the lactone include y-butyrolactone,
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y-valerolactone, etc. Examples of the nitrile compound include acetonitrile,
methoxyacetonitrile, 3-methoxypropionitrile, etc.

[0179] Further, examples of the non-aqueous solvent include
1,2-dimethoxyethane, tetrahydrofuran, 2-methyltetrahydrofuran, tetrahydropyran,
1,3-dioxolane, 4-methyl-1,3-dioxolane, 1,3-dioxane, 1,4-dioxane,
N,N-dimethylformamide, N-methylpyrrolidinone, N-methyloxazolidinone,
N,N'-dimethylimidazolidinone, nitromethane, nitroethane, sulfolane,
dimethylsulfoxide, etc. One reason for this is that it is possible to obtain a
similar advantage.

[0180] Other than the above, the non-aqueous solvent may be unsaturated
cyclic carbonate ester, halogenated carbonate ester, sulfonate ester, acid anhydride,
a polyvalent nitrile compound, a diisocyanate compound, phosphate ester, etc.

One reason for this is that chemical stability of the electrolytic solution improves.

[0181] Examples of the unsaturated cyclic carbonate ester include vinylene
carbonate (1,3-dioxol-2-one), vinylethylene carbonate
(4-vinyl-1,3-dioxolane-2-one), methylene ethylene carbonate

(4-methylene-1,3-dioxolane-2-one), etc. Examples of the halogenated carbonate
ester include 4-fluoro-1,3-dioxolan-2-one, 4,5-difluoro-1,3-dioxolan-2-one,
fluoromethylmethylcarbonate, bis(fluoromethyl)carbonate,
difluoromethylmethylcarbonate, etc. Examples of the sulfonate ester include
1,3-propane sulton, 1,3-propene sulton, etc. Examples of the acid anhydride
include succinic anhydride, ethanedisulfonic anhydride, sulfobenzoic anhydride,
etc. Examples of the polyvalent nitrile compound include succinonitrile, etc.
Examples of the diisocyanate compound include OCN-CsH2-NCO, etc.
Examples of the phosphate ester include trimethyl phosphate, etc.

(Electrolyte Salt)

[0182] The electrolyte salt is, for example, a lithium salt. It is to be noted
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that the electrolyte salt may further contain, for example, a salt other than the
lithium salt. Examples of the other salts include a salt of light metal other than
lithium.

[0183] Examples of the lithium salt include lithium hexafluorophosphate
(LiPF¢), lithium tetrafluoroborate (LiBF4), bis(fluorosulfonyl)amidolithium
(LiN(SO2F)2), bis(trifluoromethanesulfonyl)amidolithium (LiN(CF3S0.)2),
lithium difluorophosphate (LiPF202), lithium fluorophosphate (Li.PFO3), etc.
[0184] A content of the electrolyte salt is not particularly limited; however,
the content of the electrolyte salt is, for example, from 0.3 mol/kg to 3.0 mol/kg
with respect to the solvent.

<2-2. Operation>

[0185] The lithium ion secondary battery operates as follows, for example.
At the time of charge, lithium ions are extracted from the cathode 21, and the
lithium ions are inserted in the anode 22 via the electrolytic solution. At the time
of discharge, lithium ions are extracted from the anode 22, and the lithium ions are
inserted in the cathode 21 via the electrolytic solution.

<2-3. Manufacturing Method>

[0186] The lithium ion secondary battery is manufactured by, for example, the
following procedure.

[Fabrication of Cathode]

[0187] First, a cathode active material is mixed with a cathode binder, a
cathode conductive agent, etc. on an as-needed basis to provide a cathode mixture.
Thereafter, the cathode mixture is dispersed or dissolved in an organic solvent, etc.
to obtain a paste-like cathode mixture slurry. Lastly, after the cathode mixture
slurry is applied to both surfaces of the cathode current collector 21A, the cathode
mixture slurry is dried to form the cathode active material layer 21B. Thereafter,

the cathode active material layer 21B may be compression-molded by using a roll
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press machine, etc. In this case, the cathode active material layer 21B may be
heated, or compression molding may be repeated a plurality of times.

[Fabrication of Anode]

[0188] The anode active material layers 22B are formed on both surfaces of
the anode current collector 22A by a procedure similar to the fabrication procedure
of the cathode 21 described above. Specifically, an anode active material
containing the cyclic compound is mixed with an anode binder, an anode
conductive agent, etc., on an as-needed basis to provide an anode mixture.
Thereafter, the anode mixture is dispersed in an organic solvent, etc. to obtain a
paste-like anode mixture slurry. Thereafter, the anode mixture slurry is applied
to both surfaces of the anode current collector 22A, and thereafter, the anode
mixture slurry is dried. The anode active material layer 22B is thereby formed.
As a result, the anode 22 is fabricated. Thereafter, the anode active material
layer 22B may be compression-molded.

[Preparation of Electrolytic Solution]

[0189] After adding the electrolyte salt to the solvent, the solvent is stirred.
The electrolyte salt is thereby dissolved. As a result, the electrolytic solution is
prepared.

[Assembly of Lithium [on Secondary Battery]

[0190] First, the cathode lead 25 is coupled to the cathode current collector
21A by a welding method, etc., and the anode lead 26 is coupled to the anode
current collector 22A by a welding method, etc. Thereafter, the cathode 21 and
the anode 22 are stacked on each other with the separator 23 interposed
therebetween. Thereafter, the cathode 21, the anode 22, and the separator 23 are
spirally wound to form a spirally-wound body. Thereafter, the center pin 24 is
inserted into the space 20C provided at the spirally-winding center of the

spirally-wound body.
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[0191] Thereafter, in a state in which the spirally-wound body is sandwiched
between the pair of insulating plates 12 and 13, the spirally-wound body is
accommodated inside the battery can 11 together with the insulating plates 12 and
13. In this case, the cathode lead 25 is coupled to the safety valve mechanism 15
by a welding method, etc., and the anode lead 26 is coupled to the battery can 11
by a welding method, etc. Thereafter, the electrolytic solution is injected into the
battery can 11 to impregnate the spirally-wound body with the electrolytic solution.
Each of the cathode 21, the anode 22, and the separator 23 is thereby impregnated
with the electrolytic solution. As a result, the spirally-wound electrode body 20
is formed.

[0192] Lastly, the open end of the battery can 11 is swaged with the gasket 17.
The battery cover 14, the safety valve mechanism 15, and the positive temperature
coefficient device 16 are thereby attached to the open end of the battery can 11.
The spirally-wound electrode body 20 is thereby sealed inside the battery can 11.
As a result, the lithium ion secondary battery is completed.

<2-4. Workings and Effects>

[0193] According to the cylindrical-type lithium ion secondary battery, the
anode 22 contains the cyclic compound. In this case, it is easier for the anode 22
to insert and extract lithium. In addition, expansion and contraction of the anode
active material layer 22B at the times of charge and discharge are suppressed, and
the potential of the anode 22 is made higher. As a result, it is possible to obtain a
superior battery characteristic.

[0194] In particular, when the anode 22 contains the carbon material, the
metal-based material, or both together with the cyclic compound, and the weight
ratio thereof is from 0.01 to 0.99, it is possible to obtain a high battery capacity
while the expansion and contraction of the anode active material layer 22B at the

times of charge and discharge are sufficiently suppressed. As a result, it is
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possible to obtain a higher effect.

One reason is.

[0195] Other than the above, according to the anode 22 to be used in the
cylindrical-type lithium ion secondary battery, the cyclic compound is included.
Accordingly, it is possible to improve the battery characteristic of the lithium ion
secondary battery for the above-described reasons.

[0196] It is to be noted that other workings and other effects related to each of
the cylindrical-type lithium ion secondary battery and the anode 22 are similar to
the other workings and the other effects related to the cyclic compound described
above.

<3. Lithium Ion Secondary Battery and Anode for Lithium Ion Secondary Battery
(Laminated Film Type)>

[0197] Next, description is given of another lithium ion secondary battery and
another anode. In the description below, the components of the cylindrical-type
lithium ion secondary battery that have been already described (see FIGs. 1 and 2)
will be referred to where appropriate.

[0198] FIG. 3 illustrates a perspective configuration of another lithium ion
secondary battery, and FIG. 4 enlarges a cross-sectional configuration of a main
part (a spirally-wound electrode body 30) of the lithium ion secondary battery
taken along a IV-IV line illustrated in FIG. 3. It is to be noted that FIG. 4
illustrates a state in which the spirally-wound electrode body 30 and an outer
package member 40 are separated from each other.

<3-1. Configuration>

[0199] As illustrated in FIG. 4, the lithium ion secondary battery is, for
example, a lithium ion secondary battery of a laminated film type in which a
battery device (the spirally-wound electrode body 30) is accommodated inside the

film-like outer package member 40 having pliability (or flexibility).
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[0200] The spirally-wound electrode body 30 is, for example, a structure
formed by stacking a cathode 33 and an anode 34 with a separator 35 and an
electrolyte layer 36 interposed therebetween, and thereafter sprially winding the
cathode 33, the anode 34, the separator 35, and the electrolyte layer 36. A
surface of the spirally-wound electrode body 30 is protected by, for example, a
protective tape 37. The electrolyte layer 36 is interposed between, for example,
the cathode 33 and the separator 35, and is interposed between the anode 34 and
the separator 35.

[0201] A cathode lead 31 is coupled to the cathode 33. The cathode lead 31
is led out from inside toward outside of the outer package member 40. A material
for forming the cathode lead 31 is, for example, similar to the material for forming
the cathode lead 25. A shape of the cathode lead 31 is, for example, a thin plate
shape, a mesh shape, etc.

[0202] An anode lead 32 is coupled to the anode 34. The anode lead 32 is
led out from inside toward outside of the outer package member 40. A lead-out
direction of the anode lead 32 is, for example, the same as a lead-out direction of
the cathode lead 31. A material for forming the anode lead 32 is, for example,
similar to the material for forming the anode lead 26. A shape of the anode lead
32 is, for example, similar to the shape of the cathode lead 31.

[Outer Package Member]

[0203] The outer package member 40 is, for example, a single film that is
foldable in a direction of an arrow R illustrated in FIG. 3. For example, a
depression 40U directed to accommodating the spirally-wound electrode body 30
is provided in a portion of the outer package member 40.

[0204] The outer package member 40 is, for example, a laminate (a laminated
film) in which a fusion bonding layer, a metal layer, and a surface protection layer

are laminated in this order from the inside toward the outside. In a
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manufacturing process of the lithium ion secondary battery, for example, the outer
package member 40 is so folded that the fusion bonding layers are opposed to each
other with the spirally-wound electrode body 30 interposed therebetween, and
thereafter, outer peripheral edges of the fusion bonding layers are fusion bonded to
each other. The fusion bonding layer is, for example, a film containing a polymer
compound such as polypropylene. The metal layer is, for example, a metal foil
containing a metal material such as aluminum. The surface protection layer is,
for example, a film containing a polymer compound such as nylon. It is to be
noted that the outer package member 40 includes, for example, two laminated
films. The two laminated films may be bonded to each other with an adhesive in
between, for example.

[0205] An adhesive film 41 is inserted between the outer package member 40
and the cathode lead 31, for example, in order to prevent entry of outside air.
The adhesive film 41 includes a material having adhesion with respect to the
cathode lead 31. The above-described material is, for example, a polyolefin resin
such as polypropylene.

[0206] For example, an adhesive film 42 is inserted between the outer package
member 40 and the anode lead 32. The adhesive film 42 has a function similar to
that of the adhesive film 41. A material for forming the adhesive film 42 is
similar to the material for forming the adhesive film 41 except that it has adhesion
with respect to the anode lead 32 instead of the cathode lead 31.

[Cathode, Anode, and Separator]

[0207] The cathode 33 includes, for example, a cathode current collector 33A
and a cathode active material layer 33B, and the anode 34 includes, for example,
an anode current collector 34A and an anode active material layer 34B.
Configurations of the cathode current collector 33A, the cathode active material

layer 33B, the anode current collector 34A, and the anode active material layer
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34B are, for example, similar to the configurations of the cathode current collector
21A, the cathode active material layer 21B, the anode current collector 22A, and
the anode active material layer 22B, respectively. That is, the anode 34 contains
the cyclic compound. More specifically, the anode 34 contains one or more of
the first cyclic compound, the second cyclic compound, the third cyclic compound,
the fourth cyclic compound, the fifth cyclic compound, and the sixth cyclic
compound. Further, a configuration of the separator 35 is, for example, similar to
that of the separator 23.

[Electrolyte Layer]

[0208] The electrolyte layer 36 contains a polymer compound together with an
electrolytic solution. Since the electrolyte layer 36 described here is a so-called
gel electrolyte, the electrolytic solution is held by the polymer compound in the
electrolyte layer 36. One reason for this is that it is possible to obtain high ionic
conductivity (for example, | mS/cm or more at room temperature) and leakage of
the electrolytic solution is prevented. It is to be noted that the electrolyte layer
36 may further include other materials such as various additives, for example.
(Electrolytic Solution and Polymer Compound)

[0209] A configuration of the electrolytic solution is similar to that of the
electrolytic solution to be used in the cylindrical-type secondary battery. The
polymer compound may be, for example, a homopolymer, a copolymer, or both.
Examples of the homopolymer include polyvinylidene fluoride, etc. and examples
of the copolymer include a copolymer of vinylidene fluoride and hexafluoropyrene,
etc.

[0210] In the electrolyte layer 36 which is a gel electrolyte, a solvent
contained in the electrolytic solution is a broad concept encompassing not only a
liquid material but also a material having ionic conductivity capable of

dissociating the electrolyte salt. Therefore, in a case where a polymer compound
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having ionic conductivity is used, the polymer compound is also included in the
solvent.

[Use of Electrolytic Solution]

[0211] It is to be noted that the electrolytic solution may be used as it is
instead of the electrolyte layer 36. In this case, the spirally-wound electrode
body 30 (the cathode 33, the anode 34, and the separator 35) is impregnated with
the electrolytic solution.

<3-2. Operation>

[0212] The lithium ion secondary battery operates as follows, for example.
At the time of charge, lithium ions are extracted from the cathode 33, and the
lithium ions are inserted in the anode 34 via the electrolyte layer 36. At the time
of discharge, lithium ions are extracted from the anode 34, and the lithium ions are
inserted in the cathode 33 via the electrolyte layer 36.

<3-3. Manufacturing Method>

[0213] The lithium ion secondary battery including the electrolyte layer 36 is
manufactured by, for example, three procedures described below.

[First Procedure]

[0214] First, the cathode 33 is fabricated by a procedure similar to the
procedure of fabricating the cathode 21, and the anode 34 is fabricated by a
procedure similar to the procedure of fabricating the anode 22. In other words, in
the case of fabricating the cathode 33, the cathode active material layers 33B are
formed on both surfaces of the cathode current collector 33A, and in the case of
fabricating the anode 34, the anode active material layers 34B are formed on both
surfaces of the anode current collector 34A.

[0215] Thereafter, the electrolytic solution is prepared by a procedure similar
to that of the method of preparing the electrolytic solution used in the

cylindrical-type secondary battery. Thereafter, the electrolytic solution, the

68



CA 03061850 2019-10-28

M18-00855

polymer compound, the organic solvent, etc. are mixed, and the mixture is stirred
to prepare a precursor solution. Thereafter, the precursor solution is applied to
the cathode 33. Thereafter, the precursor solution is dried to form the electrolyte
layer 36. The precursor solution is also applied to the anode 34. Thereafter, the
precursor solution is dried to form the electrolyte layer 36. Thereafter, the
cathode lead 31 is coupled to the cathode current collector 33A by a welding
method, etc., and the anode lead 32 is coupled to the anode current collector 34A
by a welding method, etc. Thereafter, the cathode 33 and the anode 34 are
stacked on each other with the separator 35 interposed therebetween. Thereafter,
the cathode 33, the anode 34, and the separator 35 are spirally wound to form the
spirally-wound electrode body 30. Thereafter, the protective tape 37 is attached
to the surface of the spirally-wound electrode body 30.

[0216] Lastly, the outer package member 40 is so folded as to sandwich the
spirally-wound electrode body 30, and thereafter, outer peripheral edges of the
outer package member 40 are bonded to each other by using a thermal fusion
method, etc. In this case, the adhesive film 41 is inserted between the cathode
lead 31 and the outer package member 40, and the adhesive film 42 is inserted
between the anode lead 32 and the outer package member 40.  The
spirally-wound electrode body 30 is thereby sealed inside the outer package
member 40. As a result, the lithium ion secondary battery is completed.

[Second Procedure]

[0217] First, the cathode 33 and the anode 34 are fabricated. Thereafter, the
cathode lead 31 is coupled to the cathode 33, and the anode lead 32 is coupled to
the anode 34. Thereafter, the cathode 33 and the anode 34 are stacked on each
other with the separator 35 interposed therebetween. Thereafter, the cathode 33,
the anode 34, and the separator 35 are spirally wound to form a spirally-wound

body. Thereafter, the protective tape 37 is attached to a surface of the
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spirally-wound body. Thereafter, the outer package member 40 is so folded as to
sandwich the spirally-wound body. Thereafter, outer peripheral edges except for
one side of the outer package member 40 are bonded to each other by using a
thermal fusion bonding method, etc. to accommodate the spirally-wound body
inside the pouch-shaped outer package member 40.

[0218] Thereafter, an electrolytic solution, a monomer as a raw material of a
polymer compound, a polymerization initiator, and other materials such as a
polymerization inhibitor as necessary are mixed. Thereafter, the mixture is
stirred to prepare a composition for electrolyte. Thereafter, the composition for
electrolyte is injected into the pouch-shaped outer package member 40.
Thereafter, the outer package member 40 is sealed by a thermal fusion bonding
method, etc. Lastly, the monomers are thermally polymerized to form a polymer
compound. This causes the electrolytic solution to be held by the polymer
compound. The electrolyte layer 36 is thereby formed. The spirally-wound
electrode body 30 is thereby sealed inside the outer package member 40. As a
result, the lithium ion secondary battery is completed.

[Third Procedure]

[0219] First, a spirally-wound body is fabricated by a procedure similar to the
above-described second procedure except that the separator 35 in which the
polymer compound layer is formed on the base layer is used. Thereafter, the
spirally-wound body is accommodated inside the pouch-shaped outer package
member 40. Thereafter, the electrolytic solution is injected into the outer
package member 40. Thereafter, an opening of the outer package member 40 is
sealed using a thermal fusion bonding method, etc. Lastly, the separator 35 is
brought into adhesion with each of the cathode 33 and the anode 34 with the
polymer compound layer interposed therebetween by heating the outer package

member 40 while applying a weight to the outer package member 40. The
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polymer compound layer impregnated with the electrolytic solution is gelled
thereby. The electrolyte layer 36 is thereby formed. The spirally-wound
electrode body 30 is thereby sealed inside the outer package member 40. As a
result, the lithium ion secondary battery is completed.

[0220] In the third procedure, it is more difficult for the lithium ion secondary
battery to swell as compared with the first procedure. Further, in the third
procedure, compared with the second procedure, it is more difficult for the solvent
and the monomer (the raw material of the polymer compound) to remain in the
electrolyte layer 36. Therefore, each of the cathode 33, the anode 34, and the
separator 35 is sufficiently adhered to the electrolyte layer 36.

<3-4. Workings and Effects>

[0221] According to the lithium ion secondary battery of the laminated film
type, the anode 34 contains the cyclic compound. Accordingly, it is possible to
obtain a superior battery characteristic for a reason similar to that of the case
described related to the lithium ion secondary battery of the cylindrical type.
Further, according to the anode 34, the cyclic compound is included.
Accordingly, it is possible to improve the battery characteristic of the lithium ion
secondary battery.

[0222] It is to be noted that other workings and effects of the
laminated-film-type lithium ion secondary battery are similar to the other
workings and effects of the cylindrical-type lithium ion secondary battery.

<4. Applications of Cyclic Compound>

[0223] An application of the cyclic compound is not particularly limited,;
however, the cyclic compound is applicable to an electrochemical device that
utilizes the insertion and extraction phenomenon of the electrode reaction material,
etc., as described above. The electrochemical device is not particularly limited in

its type; however, may be a capacitor, etc., in addition to the lithium ion secondary
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battery described above, for example. It is to be noted that the cyclic compound
is not limitedly applied to the lithium ion secondary battery that uses lithium as the
electrode reaction material and may be applied to another secondary battery that
uses an electrode reaction material other than lithium. Further, the cyclic
compound may be applied to an application other than the electrochemical device.
<5. Applications of Lithium Ion Secondary Battery and Anode for Lithium Ion
Secondary Battery>

[0224] An application of the lithium ion secondary battery is as described
below, for example. It is to be noted that, since an application of the anode is the
same as the application of the lithium ion secondary battery, the application of the
anode will be described together below. It is to be noted that the anode may be
applied to a secondary battery other than the lithium ion secondary battery, may be
applied to an electrochemical device other than the secondary battery, and may be
applied to an application other than the electrochemical device.

[0225] The application of the lithium ion secondary battery is not particularly
limited as long as it is a machine, a device, a tool, an apparatus, a system (an
assembly of a plurality of devices and the like), or the like that is able to utilize the
lithium ion secondary battery as a power source for driving, a power storage
source for power accumulation, etc. The lithium ion secondary battery used as
the power source may be a main power source or an auxiliary power source. The
main power source is a power source which is preferentially used regardless of
presence or absence of other power sources. The auxiliary power source may be,
for example, a power source used instead of the main power source, or may be a
power source switched from the main power source on an as-needed basis. In a
case where the lithium ion secondary battery is used as the auxiliary power source,
a type of the main power source is not limited to the lithium ion secondary battery.

[0256] The application of the lithium ion secondary battery is as follows, for
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example. It is an electronic apparatus (including a portable electronic apparatus)
such as a video camera, a digital still camera, a mobile phone, a laptop personal
computer, a cordless phone, a headphone stereo, a portable radio, a portable
television, or a portable information terminal. It is a portable life appliance such
as an electric shaver. It is a storage apparatus such as a backup power source or a
memory card. It is an electric tool such as an electric drill or an electric saw. It
is a battery pack to be mounted on a laptop personal computer, etc. as an
attachable and detachable power source. It is a medical electronic apparatus such
as a pacemaker or a hearing aid. It is an electric vehicle such as an electric
automobile (including a hybrid automobile). It is an electric power storage
system such as a household battery system that stores electric power in preparation
for an emergency. It is needless to say that the application of the lithium ion
secondary battery may be another application other than the applications described
above.
Working Examples
[0227] Working examples of the present technology are described below. It
is to be noted that the description is given in the following order.
1. Cyclic Compound

1-1. Evaluation of Cyclic Compound

1-2. Discussion

1-3. Conclusion
2. Lithium Ion Secondary Battery

2-1. Fabrication of Lithium Ion Secondary Battery

2-2. Evaluation of Lithium Ion Secondary Battery

2-3. Discussion

2-4. Conclusion

<1. Cyclic Compound>
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[0228] First, after the cyclic compound was synthesized, a physical property
of the cyclic compound was evaluated. A procedure of synthesizing the cyclic
compound is as described above.

<1-1. Evaluation of Cyclic Compound>

[0229] The physical property (an electrical conduction characteristic) of the
cyclic compound was evaluated, and results described in Table 1 were obtained.
[0230] In a case of examining the electrical conduction characteristic, first, an
active material (the cyclic compound), a conductive agent (graphite), and a binder
(polyvinylidene fluoride) were mixed to form a mixture. In this case, a mixture
ratio (a weight ratio) was the cyclic compound : the conductive agent : the binder
= 85: 5: 10. Thereafter, the mixture was put into an organic solvent
(N-methyl-2-pyrrolidone), and thereafter, the organic solvent was stirred to obtain
a slurry. Thereafter, after the slurry was applied to a surface of a current
collector (a copper foil, thickness = 10 um), the current collector to which the
slurry was applied was dried (drying time=15 minutes) in an oven (temperature =
80° C), whereby an active material layer containing the active material was formed.
In this case, a texture amount of the active material layer after being dried was 7.0
mg/cm?, and a volume density of the active material layer was 1.3 g/cm3. As a
result, a test electrode including the current collector and the active material layer
was obtained.

[0231] Types of the cyclic compounds are as described in Table 1.
Specifically, as the cyclic compound, a compound represented by each of a
formula (3-4) and a formula (3-5) was used and a compound represented by each
of a formula (4-25) and a formula (5-13) was used. The compound represented
by the formula (4-25) is a compound, of the compound represented by the formula
(4-2), in which each of Y11 to Y14 in the formula (4) is changed from chlorine to

fluorine. The compound represented by the formula (5-13) is a compound, of the
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compound represented by the formula (5-7), in which each of Y15 to Y20 in the
formula (5) is changed from chlorine to fluorine.

[0232] It is to be noted that, for comparison, a test electrode was fabricated by
a similar procedure except that other publicly-known cyclic compound was used
instead of the cyclic compound. As the other cyclic compound, a compound

represented by each of formulae (11-1) to (11-3) was used.
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[0233]
[Chem. 23]
Chem. 23
F\TI’F F\Nb/F
0 0 o 0
OHO OHO
\ .00 0_0..// "\ .0 0. K ,0_O.
Ti I Ti Nb Sn Sn_ Nb
Lo ol (o o)

i 00707 & & 0
K,NH NH\) K,o 0 O O
g o (i-1) o o (U1-2) g ‘o (11-3)
[0234] Thereafter, electric resistance (S/cm) of the test electrode was

measured by conducting a four-terminal electric conductivity measurement
(terminal diameter = 500 pum, distance between terminals = 1mm, current = 10
mA) with the use of an electric resistance measurement device (resistance meter
RM3000 available from Jandel Engineering Ltd.) In this case, in order to
measure the electrical resistance over a wide range without locally measuring the
electrical resistance, the electrical resistance was measured at three points
sufficiently distant from each other, and an average value of the electrical

resistance measured at the three points was calculated thereby.
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[0235]
[Table 1]
Table 1
Experimental Other Electrical resistance
Cyclic compound
example cyclic compound (S/cm)
1-1 Formula (3-4) - 16.7
1-2 Formula (3-5) - 10.1
1-3 Formula (4-25) - 52
1-4 Formula (5-13) - 9.1
1-5 - Formula (11-1) 1.9
1-6 - Formula (11-2) 3.4
1-7 - Formula (11-3) 2.7
<1-2. Discussion>
[0236] In a case where the cyclic compound was used (Experimental examples

1-1 to 1-4), sufficiently-low electric resistance was obtained as with a case where
the other publicly-known cyclic compound was used (Experimental examples 1-5
to 1-7).

<1-3. Conclusion>

[0237] From the above, the cyclic compound resulted in sufficiently-low
electrical resistance. Accordingly, a superior electrical conduction characteristic
was obtained.

<2. Lithium Ion Secondary Battery>

[0238] Next, after a test lithium ion secondary battery was fabricated with the
use of the above-described cyclic compound, battery characteristics of the lithium

ion secondary battery were evaluated.
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<2-1. Fabrication of Lithium Ion Secondary Battery>

[0239] FIG. 5 illustrates a cross-sectional configuration of the test secondary
battery. The secondary battery is a coin-type lithium ion secondary battery in
which a test electrode 51 and a counter electrode 52 are stacked on each other with
a separator 53 interposed therebetween, and an outer package can 54
accommodating the test electrode 51 and an outer package cup 55 accommodating
the counter electrode 52 are attached to each other by being swaged with a gasket
56.

[Fabrication of Test Electrode]

[0240] In a case of fabricating the test electrode 51, first, 95 parts by mass of
an anode active material and 5 parts by mass of an anode binder (polyvinylidene
fluoride) were mixed to obtain an anode mixture. Thereafter, the anode mixture
was put into an organic solvent (N-methyl-2-pyrrolidone). Thereafter, the
organic solvent was stirred to obtain a paste-like anode mixture slurry.
Thereafter, the anode mixture slurry was applied to both surfaces of an anode
current collector (a copper foil, thickness = 8 um) using a coating apparatus.
Thereafter, the anode mixture slurry was dried to form the anode active material
layer. Lastly, the anode active material layer was compression-molded using a
roll press machine.

[0241] As the anode active material, the carbon material and the metal-based
material were used together with the above-described cyclic compound and the
other cyclic compounds. A type and a composition (a weight ratio) of the anode
active material are as described in Table 2. Graphite (Gr) was used as the carbon
material, and silicon (Si), tin (Sn), and titanium oxide (TiO2) were used as the
metal-based material.

[0242] In this case, two types of anode active materials were mixed on an

as-needed basis. A weight ratio in a case where the cyclic compound and the
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carbon material are used is a weight ratio of the cyclic compound to the cyclic
compound and the carbon material. A weight ratio in a case where the cyclic
compound and the metal-based material are used is a weight ratio of the cyclic
compound to the cyclic compound and the metal-based material. A weight ratio
in a case where the carbon material and the metal-based material are used is a
weight ratio of the metal-based material to the carbon material and the metal-based
material. A weight ratio in a case where the carbon material and the other cyclic
compound are used is a weight ratio of the other cyclic compound to the carbon
materials and the other cyclic compound. A weight ratio in a case where the
metal-based material and the other cyclic compound are used is a weight ratio of
the other cyclic compound to the metal-based material and the other cyclic
compound.

[Preparation of Electrolytic Solution]

[0243] In a case of preparing the electrolytic solution, an electrolyte salt
(lithium hexafluorophosphate) was added to a solvent (ethylene carbonate and
diethyl carbonate). Thereafter, the solvent was stirred to dissolve the electrolyte
salt. In this case, a mixture ratio (a weight ratio) of the solvent was ethylene
carbonate : diethyl carbonate = 30 : 70, and a content of the electrolyte salt was 1
mol/kg with respect to the solvent.

[Assembly of Secondary Battery]

[0244] In a case of assembling the secondary battery, the test electrode 51 was
punched into a pellet shape. Thereafter, the cathode 51 was accommodated
inside the outer package can 54. Thereafter, the counter electrode 52 (a lithium
metal plate, thickness = 100 um) was punched out into a pellet shape. Thereafter,
the counter electrode 52 was accommodated inside the outer package cup 55.
Thereafter, the test electrode 51 accommodated inside the outer package can 54

and the counter electrode 52 accommodated inside the outer package cup 55 were
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stacked on each other with the separator 53 (a porous polyolefin film, thickness =
23 um) interposed therebetween. Thereafter, the outer package can 54 and the
outer package cup 55 were attached to each other by being swaged with the gasket
56. As a result, a coin-type lithium ion secondary battery (a battery capacity =
2.5 mAh) was completed.

<2-2. Evaluation of Lithium Ion Secondary Battery>

[0245] A battery characteristic (an electrical resistance characteristic) of the
lithium ion secondary battery was evaluated, and results described in Table 2 were
obtained.

[0246] In a case of examining the electrical resistance characteristic, first, the
lithium ion secondary battery was charged and discharged for two cycles in an
ambient temperature environment (temperature = 25°C). Thereafter, the lithium
ion secondary battery was charged until a charging rate (SOC) reached 50% with
respect to a discharge capacity of the second cycle. Thereafter, impedance
(impedance before a high-temperature cycle: Q) of the lithium ion secondary
battery was measured by using an electrochemical measurement device (a
multichannel electrochemical measurement system VPM3 available from
Bio-Logic Science Instruments).

[0247] At the time of charging, constant current charge was performed at a
current of 0.2 ItA until the voltage reached 0.05 V. Thereafter, constant voltage
charge was performed at a voltage of 0.05 V until the current reached 0.01 ItA.
At the time of discharging, constant current discharge was performed at a current
of 0.2 ItA until the voltage reached 1.5 V. The value of 0.2 ItA is a current value
at which the above-described battery capacity is completely discharged in five
hours, and the value of 0.01 ItA is a current value at which the above-described
battery capacity is completely discharged in hundred hours.

[0248] Measurement conditions of impedance were a frequency range = 1
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MHz to 10 mHz, and an alternating-current amplitude (AC Amplitude) = 10 mV.
The impedance at frequency = 10 Hz was thereby measured.

[0249] Thereafter, the lithium ion secondary battery was charged and
discharged for fifty cycles in a high temperature environment (temperature =
45°C). Thereafter, the lithium ion secondary battery was charged until the
charging rate (SOC) reached 50% with respect to the discharge capacity of the
second cycle. Thereafter, impedance (impedance after the high temperature
cycle: Q) of the lithium ion secondary battery was measured. A charge and
discharge condition of the lithium ion secondary battery and a measurement
condition of the impedance were set similarly to those in the case where the
impedance before the high temperature cycle was measured.

[0250] Lastly, an increase rate (%) of the impedance = [(impedance after high
temperature cycle — impedance before high temperature cycle) / impedance before

high temperature cycle] x 100 was calculated.
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<2-3. Discussion>

[0252] In a case where the cyclic compound was used as the anode active
material (Experimental examples 2-1 to 2-8), an increase rate of impedance was
greatly decreased, compared with a case where the cyclic compound was not used
as the anode active material (Experimental examples 2-9 to 2-19).

<2-4. Conclusion>

[0253] From the above, when the anode contained the cyclic compound, it was
more difficult for the impedance to increase even when the charge and the
discharge were repeatedly performed. Accordingly, the electrical resistance
characteristic was improved. As a result, a superior battery characteristic was
obtained in the lithium ion secondary battery.

[0254] Although the present technology has been described above with
reference to the embodiment and working examples, modes of the present
technology are not limited to the modes described in the embodiment and the
working examples, and are therefore modifiable in a variety of ways.

[0255] Specifically, although the description has been given of the
cylindrical-type lithium ion secondary battery, the laminated-film-type lithium ion
secondary battery, and the coin-type lithium ion secondary battery, these are
non-limiting. For example, it may be another lithium ion secondary battery such
as a rectangular-type lithium ion secondary battery.

[0256] Further, although the case where the battery device to be used in the
lithium ion secondary battery has the spirally-wound structure has been described,
this is non-limiting. For example, the battery device may have another structure
such as a laminated structure.

[0257] It is to be noted that the effects described in the present description are
mere examples, and the effects of the present technology are therefore not limited

to the effects described in the present description. Accordingly, other effects
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may be obtained related to the present technology.

[0258] Further, it should be understood by those skilled in the art that various
modifications, combinations, sub-combinations, and alterations may occur
depending on design requirements and other factors insofar as they are within the

gist of the scope of the appended claims or the scope of the equivalents thereof.
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CLAIMS

1. A lithium ion secondary battery comprising:

a cathode;

an anode containing a cyclic compound, the cyclic compound containing
one or more of a first cyclic compound represented by a formula (1), a second
cyclic compound represented by a formula (2), a third cyclic compound
represented by a formula (3), a fourth cyclic compound represented by a formula
(4), a fifth cyclic compound represented by a formula (5), and a sixth cyclic
compound represented by a formula (6); and

an clectrolytic solution,

Ml‘—Yl al M3 Y3 n3
o 0O o 0
(\X2 X3/§ (\O
X1 X4 _0. Y6n6 N
Rl R2 R3 MS M6 R4
~wg X5 >0 \ 0~
K,x7 X6\) k,O \)
OHO () O> <O = (2)
Y2 —M2 Yo M4 Mll Y1l
M7-Y7y QP
S o X10 X1l
Y133 (\ /le 0
I?H]YmNH/» M13 I M14
AN i X16 X13 Oi%(%‘l 14
n
RS M9\ MlO R6 Uxas xia )
n9 ) (
K,NH NH\) g o W
OHO (3) Y12n12“M12
M21-Y21
stg_Mg n21
MI5=Y15 s Q9
S 0 NH NH
0 % Cs Y26,
M17 M9 M20 M18 «/ " \) I
OO o 07| NH
Y1919 Y1818 - (6)
0 0.} Q0
OHO e (5) Y22, —M22
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wherein each of X1 to X16 is one of an oxo group (-O-) and an imino group
(-NH-), each of R1 to R6 is one of an cthylenc group (-CH>-CH»-) and a
dicarbonyl group (-C(=0)-C(=0)-), cach of M1 to M26 is a metal element, each of

Y1 to Y26 is a halogen element, and each of nl to n26 is an integer.

2. The lithium ion secondary battery according to claim 1, wherein each of
the M1 to the M26 is one of tin (Sn), titanium (Ti), silicon (Si), copper (Cu),
manganese (Mn), iron (Fe), niobium (Nb), nickel (Ni), cobalt (Co), aluminum (Al),

and zirconium (Zr).

3. The lithium ion secondary battery according to claim 1 or 2, wherein each

of the Y1 to the Y26 is one of fluorine (F), chlorine (Cl), bromine (Br), and iodine

.

4. The lithium ion secondary battery according to any one of claims 1 to 3,
wherein
all of the X1 to the X8 are oxo groups or imino groups, and

all of the X9 to the X16 are oxo groups or imino groups.

5. The lithium ion secondary battery according to any one of claims 1 to 4,
wherein

the first cyclic compound is a compound represented by the following
formula (7),

the second cyclic compound is a compound represented by the following
formula (8), and

the third cyclic compound is a compound represented by the following

formula (9),
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wherein each of X17 to X24 is one of an oxo group and an imino group, cach of
M27 to M36 is a metal element, each of Y27 to Y36 is a halogen element, and each

of n27 to n36 is an integer.

6. The lithium ion secondary battery according to any one of claims 1 to 5,

wherein

the anode further includes a carbon material, a metal-based material, or

both, and

a weight ratio of the cyclic compound to the cyclic compound, the carbon

material, and the metal-based material is 0.01 or more and 0.99 or less.
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7. An anode for a lithium ion secondary battery, the anode comprising a
cyclic compound, the cyclic compound containing one or more of a first cyclic
compound represented by a formula (1), a second cyclic compound represented by
a formula (2), a third cyclic compound represented by a formula (3), a fourth
cyclic compound represented by a formula (4), a fifth cyclic compound
represented by a formula (5), and a sixth cyclic compound represented by a

formula (6),
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wherein each of X1 to X16 is one of an oxo group (-O-) and an imino group
(-NH-), each of R1 to R6 is onec of an cthylene group (-CH:-CH»-) and a
dicarbonyl group (-C(=0)-C(=0)-), cach of M1 to M26 is a metal element, each of

Y1 to Y26 is a halogen element, and each of nl to n26 is an integer.
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