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1
INTERMEDIATE PRODUCT OF SOLID
ELECTROLYTE, SOLID ELECTROLYTE
USING SAME, SECONDARY BATTERY
INCLUDING SAME, AND METHOD FOR
MANUFACTURING SAME

TECHNICAL FIELD

The present application relates to an intermediate product
of a solid electrolyte, a solid electrolyte using the same, a
secondary battery including the same, and a method for
preparing the same, and more particularly, to an intermediate
product of a solid electrolyte including a compound in which
a cation and an anion are bound, a solid electrolyte using the
same, a secondary battery including the same, and a method
for manufacturing the same.

BACKGROUND ART

In general, a secondary battery includes a positive elec-
trode, a negative electrode, and an electrolyte provided
between the positive electrode and the negative electrode.
The secondary battery is used in portable electronic devices
such as smart phones. In the market for portable electronic
devices, the electronic devices are being manufactured to
have thin and flexible properties. Accordingly, there is a
demand for smaller and lighter secondary batteries. Now,
however, a liquid-based material, in which salt including
ions such as lithium, sodium or the like is mixed in an
organic solvent, is mainly used as an electrolyte for the
secondary battery. In this case, with the use of the secondary
battery, there is a problem in that the organic solvent of the
electrolyte is likely to volatilize or leak, and there is also a
risk of explosion due to swelling as a temperature rises.
Accordingly, there is a growing need for a solid electrolyte
with enhanced stability compared to a liquid electrolyte. In
this case, the general solid electrolyte has a lower ion
conductivity compared to the liquid electrolyte. To compen-
sate for this defect, there has been an ongoing study on the
solid electrolyte containing an ionic material.

For example, Korean Unexamined Patent Publication No.
10-2014-0046611 (application no. 10-2012-0111557) pro-
vides a composition for an ionic liquid polymer electrolyte,
which includes an ionic liquid monomer having a vinyl
group and an ionic group, an organic electrolyte, and a
cross-linking agent having at least two double bonds at a
terminal, in which the ionic group includes a cation and an
anion. Accordingly, disclosed is a method for preparing a
composition for an ionic liquid polymer electrolyte capable
of solving the problem of electrolyte leakage and providing
a lithium secondary battery having excellent flame retardant
properties.

DISCLOSURE

Technical Problem

One technical object of the present application is to
provide an intermediate product of a solid electrolyte, a solid
electrolyte using the same, a secondary battery including the
same, and a method for manufacturing the same.

Another technical object of the present application is to
provide an intermediate product of a solid electrolyte includ-
ing a compound in which a cation and an anion are bound
and which has a crystal phase, a solid electrolyte using the
same, a secondary battery including the same, and a method
for manufacturing the same.

10

15

20

25

30

35

40

45

50

55

60

65

2

Still another technical object of the present application is
to provide an intermediate product of a solid electrolyte
having a high ion conductivity, a solid electrolyte using the
same, a secondary battery including the same, and a method
for manufacturing the same.

Still another technical object of the present application is
to provide a cation source and an anion source for preparing
a solid electrolyte including a compound in which a cation
and an anion are bound.

The technical objects of the present application are not
limited to the above.

Technical Solution

To solve the above technical objects, the present applica-
tion may provide an intermediate product of a solid elec-
trolyte.

According to one embodiment, the intermediate product
of the solid electrolyte may include a compound in which a
cation including thiophenium or thiazolium and an anion
including fluorohydrogenate are bound, and a solvent in
which the compound is mixed.

According to one embodiment, the intermediate product
of the solid electrolyte including the compound and the
solvent may be in a liquid or gel state.

According to one embodiment, the solvent may include at
least one of acetonitrile, tetrahydrofuran, DMSO, or DMF.

According to one embodiment, the cation may include the
thiophenium and the compound may include a methyl group
bonded with a sulfur element of the thiophenium.

According to one embodiment, the cation may include the
thiazolium and the compound may include an ethyl group
bonded with a nitrogen element of the thiazolium.

To solve the above technical objects, the present applica-
tion may provide a method for preparing a solid electrolyte.

According to one embodiment, the method for preparing
a solid electrolyte may include providing an intermediate
product of a solid electrolyte according to the above-de-
scribed embodiments, and removing and drying the solvent
included in the intermediate product of the solid electrolyte
to prepare a solid electrolyte.

To solve the above technical objects, the present applica-
tion may provide a secondary battery.

According to one embodiment, the secondary battery may
include a positive electrode, a solid electrolyte disposed on
the positive electrode and prepared according to the above-
described embodiment, and a negative electrode disposed on
the solid electrolyte.

According to one embodiment, a positive electrode active
material of the positive electrode may include lithium,
phosphorus, and iron, and a negative electrode active mate-
rial of the negative electrode may include lithium.

To solve the above technical objects, the present applica-
tion may provide a cation source for preparing a solid
electrolyte.

According to one embodiment, the cation source for
preparing the solid electrolyte may be intended for preparing
a solid electrolyte including a compound in which a cation
and an anion are bound, and may include a solution con-
taining an alkyl group, and thiophene or thiazoline mixed in
the solution containing the alkyl group.

According to one embodiment, thiophene may be mixed
in the solution containing the alkyl group, and the solution
containing the alkyl group may include dichloromethane and
acetonitrile.
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According to one embodiment, thiazoline may be mixed
in the solution containing the alkyl group, and the solution
containing the alkyl group may include ethyl chloride and
acetonitrile.

To solve the above technical objects, the present applica-
tion may provide an anion source for preparing a solid
electrolyte.

According to one embodiment, the anion source for
preparing the solid electrolyte may be intended for preparing
a solid electrolyte including a compound in which a cation
and an anion are bound, and may include a solvent including
water, and hydrofluoric acid mixed in the solvent.

According to one embodiment, the anion source may
further include lithium salt in addition to the solvent and the
hydrofluoric acid.

Advantageous Effects

According to an embodiment of the present application,
there may be provided an intermediate product of a solid
electrolyte including a compound in which a cation includ-
ing thiophenium or thiazolium and an anion including
fluorohydrogenate are bound, as well as a solvent in which
the compound is mixed.

In addition, according to an embodiment of the present
application, there may be provided a cation source for
preparing a solid electrolyte including a solution containing
an alkyl group, and thiophene or thiazoline mixed in the
solution containing the alkyl group, and an anion source for
preparing a solid electrolyte including a solvent including
water, and hydrofluoric acid mixed in the solvent.

The intermediate product of the solid electrolyte may be
provided in a liquid or gel state, and the cation source and
the anion source for preparing the solid electrolyte may be
provided in a liquid state. Thus, compared to those provided
in a solid state, the intermediate product of the solid elec-
trolyte, the cation source, and the anion source can be easily
stored, distributed, and transported. Accordingly, the cost for
preparing the solid electrolyte can be saved, and mass
production of the solid electrolyte can be facilitated.

DESCRIPTION OF DRAWINGS

FIG. 1 is a graph showing an ion conductivity of com-
pounds according to Experimental Examples 1-1, 11-7,
11-8, 11-15, 11-17 and 11-18 of the present application as
measured depending on a temperature.

FIG. 2 is a differential scanning calorimetry (DSC) graph
showing a compound according to Experimental Example
1-1 and a solid electrolyte according to Experimental
Example 12-3 of the present application.

FIG. 3 is a DSC graph showing a compound according to
Experimental Examples 11-7 and 11-8 of the present appli-
cation.

FIGS. 4 and 5 are graphs showing an X-ray diffraction
(XRD) pattern of a compound according to Experimental
Example 1-1 of the present application depending on a
temperature.

FIG. 6 is a graph showing an NMR analysis result of a
solid electrolyte according to Experimental Example 12-1 of
the present application.

FIG. 7 is a graph showing a chemical shift and a diffusion
coeflicient of a solid electrolyte according to Experimental
Example 12-1 of the present application as measured
depending on a temperature.
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FIG. 8 is a graph showing an XRD pattern of a compound
according to Experimental Example 1-1 and a solid electro-
lyte according to Experimental Example 12-2 of the present
application.

FIG. 9 is a view for explaining a crystal structure of a
solid electrolyte according to Experimental Examples 12-1
to 12-3 of the present application.

FIG. 10 is a graph showing an ion conductivity of a
compound according to Experimental Example 1-1 and a
solid electrolyte according to Experimental Examples 12-1
to 12-3 of the present application depending on a tempera-
ture.

FIG. 11 is a picture of a electrolyte membrane coated with
a solid electrolyte according to Experimental Example 12-1
of the present application.

FIGS. 12 and 13 are graphs showing results of a cycle test
of a secondary battery including a solid electrolyte accord-
ing to Experimental Example 12-2 of the present applica-
tion.

FIG. 14 is a graph showing a capacity retention rate
depending on a charge/discharge rate of a secondary battery
including a solid electrolyte according to Experimental
Example 12-2 of the present application.

FIG. 15 is a graph showing an impedance depending on
a cycle test of a secondary battery including a solid elec-
trolyte according to Experimental Example 12-2 of the
present application.

MODE FOR INVENTION

Hereinafter, preferred embodiments of the present appli-
cation will be described in detail with reference to the
accompanying drawings. However, the technical idea of the
present application is not limited to the embodiments
described herein and may be implemented in other forms.
Rather, the embodiments introduced herein are provided to
sufficiently deliver the spirit of the present application to
those skilled in the art so that the disclosed contents may
become thorough and complete.

When it is mentioned in the specification that one element
is on another element, it means that the first element may be
directly formed on the second element or a third element
may be interposed between the first element and the second
element. Further, in the drawings, the thicknesses of the
membrane and areas are exaggerated for efficient description
of the technical contents.

Further, in the various embodiments of the present speci-
fication, the terms such as first, second, and third are used to
describe various elements, but the elements are not limited
to the terms. These terms are used only to distinguish one
component from another component. Accordingly, an ele-
ment mentioned as a first element in one embodiment may
be mentioned as a second element in another embodiment.
The embodiments described and illustrated herein also
include their complementary embodiments. Further, the
term “and/or” in the specification is used to include at least
one of the elements enumerated in the specification.

In the specification, the terms of a singular form may
include plural forms unless otherwise specified. Further, the
terms “including” and “having” are used to designate that
the features, the numbers, the steps, the elements, or com-
binations thereof described in the specification are present,
and are not to be understood as excluding the possibility that
one or more other features, numbers, steps, elements, or
combinations thereof may be present or added.

Further, in the following description of the present appli-
cation, a detailed description of known functions or con-
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figurations incorporated herein will be omitted when it may
make the subject matter of the present invention unneces-
sarily unclear.

An intermediate product of a solid electrolyte according
to an embodiment of the present application will be
described.

According to an embodiment of the present application,
the intermediate product of the solid electrolyte may include
a compound in which a cation and an anion are bound, and
a solvent in which the compound is mixed.

According to one embodiment, the cation may be thio-
phenium represented by <Formula 1> below. The compound
may include an alkyl group (R1) bonded with a sulfur
element of the thiophenium.

<Formula 1>

)
For example, the cation may have a methyl group repre-
sented by <Formula 2> below, an ethyl group represented by

<Formula 3>, a propyl group represented by <Formula 4>,
or a butyl group represented by <Formula 5>.

<Formula 2>

<Formula 3>
<Formula 4>

<Formula 5>

According to another embodiment, the cation may be
thiazolium represented by <Formula 6> below. The com-
pound may include an alkyl group (R1) bonded with a
nitrogen element of the thiazolium.

<Formula 6>

For example, the cation may have a methyl group repre-
sented by <Formula 7> below, an ethyl group represented by
<Formula 8>, a propyl group represented by <Formula 9>,
or a butyl group represented by <Formula 10>.
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6
. <Formula 7>
. <Formula 8>
S
. <Formula 9>

<Formula 10>

The anion may include fluorohydrogenate represented by
<Formula 11>.

<Formula 11>

The compound may include a compound in which a
cation including the thiophenium and an anion including the
fluorohydrogenate are bound, or may include a compound in
which a cation including the thiazolium and an anion
including the fluorohydrogenate are bound.

The compound may be provided in a state in which the
compound is dispersed or dissolved in the solvent. The
solvent may include at least any one of acetonitrile, tetra-
hydrofuran, DMSO, or DMF.

The intermediate product of the solid electrolyte including
the compound and the solvent may be in a liquid or get state.
The intermediate product of the solid electrolyte in a liquid
or gel state may be stored, transported and distributed.

The solid electrolyte may be prepared by removing and
drying the solvent included in the intermediate product of
the solid electrolyte. The solid electrolyte may include a
compound in which the cation including the thiophenium or
the thiazolium and the anion including the fluorohydroge-
nate are bound, may be in a flexible solid state, and may have
crystallinity. In other words, the solid electrolyte may be in
a flexible and crystalline solid state having a high ion
conductivity, in which the cation and the anion are bound.

The solid electrolyte may be provided between a positive
electrode and a negative electrode to configure a secondary
battery. In this case, according to one embodiment, a posi-
tive electrode active material included in the positive elec-
trode may include lithium, phosphorus, and iron, and a
negative electrode active material included in the negative
electrode may include lithium.

A method for preparing an intermediate product of the
solid electrolyte, a cation source for preparing the solid
electrolyte, and an anion source for preparing the solid
electrolyte may be described.

A cation source and an anion source for preparing the
solid electrolyte including the compound in which the cation
and the anion are bound may be provided.

If the cation is thiophenium, the cation source may
include a solution containing an alkyl group, and thiophene.
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In this case, the cation source may include thiophenium salt.
Alternately, if the cation is thiazolium, the cation source may
include a solution containing an alkyl group, and thiazoline.
In this case, the cation source may include thiazolium salt.

According to one embodiment, the solution containing the
alkyl group may be prepared by adding an alkyl group
precursor into a solvent and stirring at room temperature.
For example, the solvent may be acetonitrile. Specifically,
for example, the alkyl group precursor may include any one
of dichloromethane represented by <Formula 12> below,
ethyl chloride represented by <Formula 13> below, propyl
chloride represented by <Formula 14> below, or butyl
chloride represented by <Formula 15> below.

<Formula 12>
<Formula 13>
<Formula 14>

<Formula 15>

The cation source may be prepared by dripping and
reacting the thiophene or the thiazoline into the solution
containing the alkyl group. Unlike the above, if a large
amount of the thiophene or the thiazoline is added into the
solution containing the alkyl group at one time, the reactivity
between the thiophene or the thiazoline and the solution
containing the alkyl group may decrease, and thus it may not
be easy to prepare the cation source.

Accordingly, as described above, the thiophene or the
thiazoline may be dripped into the solution containing the
alkyl group, and thus the reactivity between the solution
containing the thiophene or the thiazoline and the alkyl
group may increase to enhance an yield of the thiophenium
salt or the thiazoline salt.

According to one embodiment, as a length of a chain of
the alkyl group in the solution containing the alkyl group
increases, a reaction time may increase. Thus, as the length
of'the chain of the alkyl group increases, a temperature of the
reaction may increase. Accordingly, a manufacturing pro-
cess time for the cation source may be shortened and a
manufacturing cost may be reduced, and thus mass produc-
tion may be facilitated.

As described above, the thiophenium salt may include an
alkyl group bonded with a sulfur atom of the thiophenium as
represented by <Formula 1> to <Formula 5>. For example,
the thiophenium salt may include thiophenium chloride
containing any one of a methyl group, an ethyl group, a
propyl group or a butyl group.

Specifically, for example, if the solution containing the
alkyl group includes dichloromethane represented by <For-
mula 12>, the thiophene may be dripped into the solution
containing the dichloromethane, and reacted at room tem-
perature, and the thiophenium salt may include one in which
a carbon element of the dichloromethane is bonded with a
sulfur element of the thiophene as represented by <Formula
16>.

<Formula 16>
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As another example, if the solution containing the alkyl
group includes ethyl chloride represented by <Formula 13>,
the thiophene may be dripped into the solution containing
the ethyl chloride, and reacted at a temperature higher than
room temperature and the thiophenium salt may include one
in which a carbon element of the ethyl chloride is bonded
with a sulfur element of the thiophene as represented by

<Formula 17>.
/\S+ \
o e

As still another example, if the solution containing the
alkyl group includes propyl chloride represented by above
<Formula 14>, the thiophene may be dripped into the
solution containing the propyl chloride, and reacted at a
temperature higher than room temperature and the thiophe-
nium salt may include one in which a carbon element of the
propyl chloride is bonded with a sulfur element of the
thiophene as represented by <Formula 18>.

D
Ccr —

As still another example, if the solution containing the
alkyl group includes butyl chloride represented by above
<Formula 15>, the thiophene may be dripped into the
solution containing the butyl chloride, and reacted at a
temperature higher than room temperature and the thiophe-
nium salt may include one in which a carbon element of the
butyl chloride is bonded with a sulfur element of the
thiophene as represented by <Formula 19>.

/\/\ ®
Clr —

The thiazolium salt may include an alkyl group bonded
with a nitrogen atom of the thiazolium as represented by
<Formula 6> to <Formula 10>. For example, the thiazolium
salt may include thiazolium chloride containing any one of
a methyl group, an ethyl group, a propyl group or a butyl
group.

Specifically, for example, if the solution containing the
alkyl group includes dichloromethane represented by above
<Formula 12>, the thiazoline may be dripped into the
solution containing the dichloromethane, and reacted at
room temperature, and the thiazolium salt may include one
in which a carbon element of the dichloromethane is bonded
with a nitrogen element of the thiazoline as represented by
<Formula 20>.

<Formula 17>

<Formula 18>

<Formula 19>

<Formula 20>
S
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As another example, if the solution containing the alkyl
group includes ethyl chloride represented by above <For-
mula 13>, the thiazoline may be dripped into the solution
containing the ethyl chloride, and reacted at a temperature
higher than room temperature and the thiazolium salt may
include one in which a carbon element of the ethyl chloride
is bonded with a nitrogen element of the thiazoline as
represented by <Formula 21>.

<O

As still another example, if the solution containing the
alkyl group includes propyl chloride represented by above
<Formula 14>, the thiazoline may be dripped into the
solution containing the propyl chloride, and reacted at a
temperature higher than room temperature and the thiazo-
lium salt may include one in which a carbon element of the
propyl chloride is bonded with a nitrogen element of the
thiazoline as represented by <Formula 22>.

As still another example, if the solution containing the
alkyl group includes butyl chloride represented by above
<Formula 15>, the thiazoline may be dripped into the
solution containing the butyl chloride, and reacted at a
temperature higher than room temperature and the thiazo-
lium salt may include one in which a carbon element of the
butyl chloride is bonded with a nitrogen element of the
thiazoline as represented by <Formula 23>.

The anion source may include a solvent including water
and hydrofluoric acid mixed in the solvent. Specifically, the
anion source prepared by stirring hydrofiuoric acid and
water may be a fluorohydrogenate precursor.

According to one embodiment, the anion source may
further include lithium salt in addition to the solvent and the
hydrofluoric acid. For example, the lithium salt may include
lithium chloride. In this case, the anion source may be a
lithium fluorohydrogenate precursor.

The cation source and the anion source may be stored,
transported, and distributed in a liquid state while being
provided in a container. The container may include an air
conditioner which creates an environment suitable for stor-
ing the cation source and the anion source, and thus a
temperature, humidity, and pressure inside the container
may be adjusted.

An intermediate product of the solid electrolyte may be
prepared by mixing the cation source and the anion source.

<Formula 21>

<Formula 22>

<Formula 23>
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Specifically, the intermediate product of the solid elec-
trolyte may be prepared by preparing a mixed solution in
which the cation source and the anion source are mixed, and
reacting the mixed solution. The mixed solution may be
reacted at a temperature lower than room temperature (e.g.,
=70° C.).

Unlike the above, if the mixed solution is reacted at room
temperature, the fluorohydrogenate precursor may be evapo-
rated. Specifically, the fluorohydrogenate precursor may
have a boiling point at a temperature equal to or lower than
room temperature, and thus may be volatilized at room
temperature.

Thus, as described above, if the mixed solution is reacted
at a temperature lower than room temperature, the interme-
diate product of the solid electrolyte may be easily prepared.
In addition, as a temperature of the reaction decreases, a loss
of the fluorohydrogenate precursor may decrease, and thus
a reaction time may decrease.

According to an embodiment of the present application,
the intermediate product of the solid electrolyte may be
provided in a liquid or gel state, and the cation source and
the anion source for preparing the solid electrolyte may be
provided in a liquid state. Thus, compared to those provided
in a solid state, the intermediate product of the solid elec-
trolyte, the cation source, and the anion source may be easily
stored, distributed, and transported. Accordingly, the cost for
preparing the solid electrolyte may be saved, and mass
production of the solid electrolyte may be facilitated.

Hereinafter, according to specific experimental examples
of the present application, a solid electrolyte including a
compound in which various cations and anions are bound,
and results of evaluating their properties will be described.
Preparing of Compound According to Experimental
Example 1-1

Acetonitrile was provided into a conical flask, after which
dichloromethane was added and stirred at room temperature
for 10 minutes to prepare a solution containing an alkyl
group. In this case, the preparation of the solution containing
the alkyl group was performed in a glove box without
moisture.

Thiophene was dripped into the solution containing the
alkyl group while being stirred, after which a uniformly
mixed solution was slowly stirred at room temperature for
four days so as to prepare thiophenium salt having a methyl
group which is a cation source.

A washing process was performed by providing the
thiophenium salt and a solvent of ethyl acetate and diethyl
ether into a rotary concentrator.

1M hydrofluoric acid and extra water were added into a
conical flask and stirred for 10 minutes to prepare a fluo-
rohydrogenate precursor which is an anion source.

Thiophenium salt was added into the fluorohydrogenate
precursor to prepare a mixed solution. The mixed solution
was left alone at a temperature of —=70° C. for 24 hours, so
as to prepare a compound in which thiazolium salt and the
fluorohydrogenate were bound as an intermediate product of
the solid electrolyte.

The compound was provided into a glove box under a
nitrogen atmosphere and left alone at room temperature for
two to three hours, so that volatile gas was removed. After
that, a drying process was performed by providing the
compound into the rotary concentrator, so as to prepare a
compound according to Experimental Example 1-1, in
which a thiophenium cation having a methyl group (R1) and
a fluorohydrogenate anion are bound.
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Preparing of Compound According to Experimental
Example 1-2

A compound was prepared by the same method as
described above in Experimental Example 1-1. However,
ethyl chloride was provided instead of dichloromethane. In
addition, in the preparing of thiophenium, a reaction was
performed at a temperature of 60 to 80° C. for two to three
days instead of the reaction at room temperature for four
days, so as to prepare the compound according to Experi-
mental Example 1-2, in which a thiophenium cation having
an ethyl group (R1) and a fluorohydrogenate anion are
bound.

Preparing of Compound According to Experimental
Example 1-3

A compound was prepared by the same method as
described above in Experimental Example 1-1. However,
propyl chloride was provided instead of dichloromethane. In
addition, in the preparing of thiophenium, a reaction was
performed at a temperature of 60 to 80° C. for two to three
days instead of the reaction at room temperature for four
days, so as to prepare the compound according to Experi-
mental Example 1-3, in which a thiophenium cation having
a propyl group (R1) and a fluorohydrogenate anion are
bound.

Preparing of Compound According to Experimental
Example 1-4

A compound was prepared by the same method as
described above in Experimental Example 1-1. However,
butyl chloride was provided instead of dichloromethane. In
addition, in the preparing of thiophenium, a reaction was
performed at a temperature of 60 to 80° C. for two to three
days instead of the reaction at room temperature for four
days, so as to prepare the compound according to Experi-
mental Example 1-4, in which a thiophenium cation having
a butyl group (R1) and a fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 2-1

A compound was prepared by the same method as
described above in Experimental Example 1-1, but thiazo-
line was added into a solution containing an alkyl group so
as to prepare thiazolium salt as a cation source.

After that, thiazolium salt and a fluorohydrogenate pre-
cursor were reacted by the same method as described above
in Experimental Example 1-1, so as to prepare the com-
pound according to Experimental Example 2-1, in which a
thiazolium cation having a methyl group (R1) and a fluo-
rohydrogenate anion are bound.

Preparing of Compound According to Experimental
Example 2-2

A compound was prepared by the same method as
described above in Experimental Example 1-2, but thiazo-
line was added into a solution containing an alkyl group so
as to prepare thiazolium salt as a cation source.

After that, thiazolium salt and a fluorohydrogenate pre-
cursor were reacted by the same method as described above
in Experimental Example 1-2, so as to prepare the com-
pound according to Experimental Example 2-2, in which a
thiazolium cation having an ethyl group (R1) and a fluoro-
hydrogenate anion are bound.

Preparing of compound according to Experimental
Example 2-3

A compound was prepared by the same method as
described above in Experimental Example 1-3, but thiazo-
line was added into a solution containing an alkyl group so
as to prepare thiazolium salt as a cation source.

After that, thiazolium salt and a fluorohydrogenate pre-
cursor were reacted by the same method as described above
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in Experimental Example 1-3, so as to prepare the com-
pound according to Experimental Example 2-3, in which a
thiazolium cation having a propyl group (R1) and a fluoro-
hydrogenate anion are bound.

Preparing of Compound According to Experimental
Example 2-4

A compound was prepared by the same method as
described above in Experimental Example 1-4, but thiazo-
line was added into a solution containing an alkyl group so
as to prepare thiazolium salt as a cation source.

After that, thiazolium salt and a fluorohydrogenate pre-
cursor were reacted by the same method as described above
in Experimental Example 1-4, so as to prepare the com-
pound according to Experimental Example 2-4, in which a
thiazolium cation having a butyl group (R1) and a fluoro-
hydrogenate anion are bound.

Preparing of Compound According to Experimental
Example 3-1

Phospholanium represented by <Formula 24> below was
provided as a cation, and fluorohydrogenate prepared
according to Experimental Example 1-1 as described above
was used as an anion, so as to prepare the compound
according to Experimental Example 3-1, in which a phos-
pholanium cation having a methyl group (R1) and an ethyl
group (R2) and a fluorohydrogenate anion are bound.

<Formula 24>
Ry

pr —~R

Preparing of Compound According to Experimental
Example 3-2

A compound was prepared by the same method as
described above in Experimental Example 3-1, so as to
prepare the compound according to Experimental Example
3-2, in which a phospholanium cation having a methyl group
(R1) and a propyl group (R2) and a fluorohydrogenate anion
are bound.
Preparing of Compound According to Experimental
Example 3-3

A compound was prepared by the same method as
described above in Experimental Example 3-1, so as to
prepare the compound according to Experimental Example
3-3, in which a phospholanium cation having a methyl group
(R1) and a butyl group (R2) and a fluorohydrogenate anion
are bound.
Preparing of Compound According to Experimental
Example 3-4

A compound was prepared by the same method as
described above in Experimental Example 3-1, so as to
prepare the compound according to Experimental Example
3-4, in which a phospholanium cation having an ethyl group
(R1) and a butyl group (R2) and a fluorohydrogenate anion
are bound.
Preparing of Compound According to Experimental
Example 3-5

A compound was prepared by the same method as
described above in Experimental Example 3-1, so as to
prepare the compound according to Experimental Example
3-5, in which a phospholanium cation having a methyl group
(R1) and a methyl group (R2) and a fluorohydrogenate anion
are bound.
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Preparing of Compound According to Experimental
Example 4-1

Ozxathiolanium represented by <Formula 25> below was
provided as a cation, and fluorohydrogenate prepared
according to Experimental Example 1-1 as described above
was used as an anion, so as to prepare the compound
according to Experimental Example 4-1, in which an oxa-
thiolanium cation having a methyl group (R1) and a fluo-
rohydrogenate anion are bound.

R <Formula 25>
No\/

e

Preparing of Compound According to Experimental
Example 4-2

A compound was prepared by the same method as
described above in Experimental Example 4-1, so as to
prepare the compound according to Experimental Example
4-2, in which an oxathiolanium cation having an ethyl group
(R1) and a fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 4-3

A compound was prepared by the same method as
described above in Experimental Example 4-1, so as to
prepare the compound according to Experimental Example
4-3, in which an oxathiolanium cation having a propyl group
(R1) and a fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 4-4

A compound was prepared by the same method as
described above in Experimental Example 4-1, so as to
prepare the compound according to Experimental Example
4-4, in which an oxathiolanium cation having a butyl group
(R1) and a fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 5-1

Ammonium was provided as a cation, and fluorohydro-
genate prepared according to Experimental Example 1-1 as
described above was used as an anion, so as to prepare the
compound according to Experimental Example 5-1, in
which an ammonium cation having a tetraethyl group and a
fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 5-2

A compound was prepared by the same method as
described above in Experimental Example 5-1, so as to
prepare the compound according to Experimental Example
5-2, in which an ammonium cation having a tetrabutyl group
and a fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 5-3

A compound was prepared by the same method as
described above in Experimental Example 5-1, so as to
prepare the compound according to Experimental Example
5-3, in which an ammonium cation having a trimethyl group
and a fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 5-4

A compound was prepared by the same method as
described above in Experimental Example 5-1, so as to
prepare the compound according to Experimental Example
5-4, in which an ammonium cation having a diethylmethyl
group and a fluorohydrogenate anion are bound.
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Preparing of Compound According to Experimental
Example 6-1

Sulphonium was provided as a cation, and fluorohydro-
genate prepared according to Experimental Example 1-1 as
described above was used as an anion, so as to prepare the
compound according to Experimental Example 6-1, in
which a sulphonium cation having a trimethyl group and a
fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 6-2

A compound was prepared by the same method as
described above in Experimental Example 6-1, so as to
prepare the compound according to Experimental Example
6-2, in which a sulphonium cation having a trimethyl group
and a fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 7-1

Phosphonium was provided as a cation, and fluorohydro-
genate prepared according to Experimental Example 1-1 as
described above was used as an anion, so as to prepare the
compound according to Experimental Example 7-1, in
which a phosphonium cation having a trimethyl group and
a fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 7-2

A compound was prepared by the same method as
described above in Experimental Example 7-1, so as to
prepare the compound according to Experimental Example
7-2, in which a phosphonium cation having a triethyl group
and a fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 7-3

A compound was prepared by the same method as
described above in Experimental Example 7-1, so as to
prepare the compound according to Experimental Example
7-3, in which a phosphonium cation having a tributyldecyl
group and a fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 8-1

Thiazolidinium represented by <Formula 26> below was
provided as a cation, and fluorohydrogenate prepared
according to Experimental Example 1-1 as described above
was used as an anion, so as to prepare the compound
according to Experimental Example 8-1, in which a thiazo-
lidinium cation having a methyl group (R1) and an ethyl
group (R2) bound to a nitrogen element, and two methyl
groups bound to a sulfur element, and a fluorohydrogenate
anion are bound.

<Formula 26>
Ry
/

BV

S—

Preparing of Compound According to Experimental
Example 8-2

A compound was prepared by the same method as
described above in Experimental Example 8-1, so as to
prepare the compound according to Experimental Example
8-2, in which a thiazolidinium cation having a methyl group
(R1) and a propyl group (R2) bound to a nitrogen clement,
and two methyl groups bound to a sulfur element, and a
fluorohydrogenate anion are bound.
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Preparing of Compound According to Experimental
Example 8-3

A compound was prepared by the same method as
described above in Experimental Example 8-1, so as to
prepare the compound according to Experimental Example
8-3, in which a thiazolidinium cation having a methyl group
(R1) and a butyl group (R2) bound to a nitrogen clement,
and two methyl groups bound to a sulfur element, and a
fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 8-4

A compound was prepared by the same method as
described above in Experimental Example 8-1, so as to
prepare the compound according to Experimental Example
8-4, in which a thiazolidinium cation having an ethyl group
(R1) and a butyl group (R2) bound to a nitrogen clement,
and two methyl groups bound to a sulfur element, and a
fluorohydrogenate anion are bound.
Preparing of Compound According to Experimental
Example 9-1

Imidazolium represented by <Formula 27> below was
provided as a cation, and fluorohydrogenate prepared
according to Experimental Example 1-1 as described above
was used as an anion, so as to prepare the compound
according to Experimental Example 9-1, in which an imi-
dazolium cation having a methyl group (R1) and an ethyl
group (R2) and a fluorohydrogenate anion are bound.

<Formula 27>

Rl/w\/N\ Ro

Preparing of Compound According to Experimental
Example 9-2

A compound was prepared by the same method as
described above in Experimental Example 9-1, so as to
prepare the compound according to Experimental Example
9-2, in which an imidazolium cation having a methyl group
(R1) and a propyl group (R2) and a fluorohydrogenate anion
are bound.
Preparing of Compound According to Experimental
Example 9-3

A compound was prepared by the same method as
described above in Experimental Example 9-1, so as to
prepare the compound according to Experimental Example
9-3, in which an imidazolium cation having a methyl group
(R1) and a butyl group (R2) and a fluorohydrogenate anion
are bound.
Preparing of Compound According to Experimental
Example 9-4

A compound was prepared by the same method as
described above in Experimental Example 9-1, so as to
prepare the compound according to Experimental Example
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9-4, in which an imidazolium cation having an ethyl group
(R1) and a butyl group (R2) and a fluorohydrogenate anion
are bound.
Preparing of Compound According to Experimental
Example 10-1

Pyrrolidinium represented by <Formula 28> below was
provided as a cation, and fluorohydrogenate prepared
according to Experimental Example 1-1 as described above
was used as an anion, so as to prepare the compound
according to Experimental Example 10-1, in which an
pyrrolidinium cation having a methyl group (R1) and an
ethyl group (R2) and a fluorohydrogenate anion are bound.

0%
N —R,

Preparing of Compound According to Experimental
Example 10-2

A compound was prepared by the same method as
described above in Experimental Example 10-1, so as to
prepare the compound according to Experimental Example
10-2, in which a pyrrolidinium cation having a methyl group
(R1) and a propyl group (R2) and a fluorohydrogenate anion
are bound.

Preparing of Compound According to Experimental
Example 10-3

A compound was prepared by the same method as
described above in Experimental Example 10-1, so as to
prepare the compound according to Experimental Example
10-3, in which a pyrrolidinium cation having a methyl group
(R1) and a butyl group (R2) and a fluorohydrogenate anion
are bound.

Preparing of Compound According to Experimental
Example 10-4

A compound was prepared by the same method as
described above in Experimental Example 10-1, so as to
prepare the compound according to Experimental Example
10-4, in which a pyrrolidinium cation having an ethyl group
(R1) and a butyl group (R2) and a fluorohydrogenate anion
are bound.

Preparing of Compound According to Experimental
Example 10-5

A compound was prepared by the same method as
described above in Experimental Example 10-1, so as to
prepare the compound according to Experimental Example
10-5, in which a pyrrolidinium cation having a methyl group
(R1) and a methyl group (R2) and a fluorohydrogenate anion
are bound.

The ion conductivity of the compounds according to
Experimental Examples 1-1 to 10-5 was measured at room
temperature, and the ion molecular weight of cations and the
state information of the compounds according to Experi-
mental Examples 1-1 to 10-5 are summarized as shown in
<Table 1>.

<Formula 28>

TABLE 1
Ton
molecular Ton
weight conductivity

Classification ~ Cation Alkyl group (g/mol) State (mS/em?)
Experimental ~ Thiophenium  Methyl group 99.15 Crystalline 126
Example 1-1 solid
Experimental Ethyl group 113.14 Crystalline 103
Example 1-2 solid
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TABLE 1-continued
Ton
molecular Ton
weight conductivity
Classification ~ Cation Alkyl group (g/mol) State (mS/em?)
Experimental Propyl group 127.15  Crystalline 68
Example 1-3 solid
Experimental Butyl group 142.16 Crystalline 46
Example 1-4 solid
Experimental ~ Thiazolium Methy! group 101.13  Crystalline 45
Example 2-1 solid
Experimental Ethyl group 114.14  Crystalline 74
Example 2-2 solid
Experimental Propyl group 126.15 Crystalline 18.9
Example 2-3 solid
Experimental Butyl group 143.13  Crystalline 6.8
Example 2-4 solid
Experimental ~ Phospholanium Methyl group/ 130.97 Crystalline 2
Example 3-1 Ethyl group solid
Experimental Methy! group/ 143.1  Crystalline 35
Example 3-2 Propyl group solid
Experimental Methy! group/ 159.9  Crystalline 16
Example 3-3 Butyl group solid
Experimental Ethyl group/ 174 Crystalline 45
Example 3-4 Butyl group solid
Experimental Methy! group/ 117 Crystalline 24
Example 3-5 Methy! group solid
Experimental ~ Oxathiolanium Methyl group 106.06 Crystalline 12
Example 4-1 solid
Experimental Ethyl group 120.07 Crystalline 17.5
Example 4-2 solid
Experimental Propyl group 132.06 Crystalline 26.5
Example 4-3 solid
Experimental Butyl group 149.06 Crystalline 21.1
Example 4-4 solid
Experimental ~ Ammonium Tetraethyl group 130.25 Crystalline 12.5
Example 5-1 solid
Experimental Tetrabutyl group 24246 Crystalline 10.1
Example 5-2 solid
Experimental Tetramethyl 59.11  Ionic liquid 9.4
Example 5-3 group
Experimental Diethylmethyl 88.9  Ionic liquid 8.1
Example 5-4 group
Experimental  Sulfonium Trimethyl 77.04 Ionic liquid 8.4
Example 6-1 group
Experimental Triethyl group 119.06  Crystalline 5.6
Example 6-2 solid
Experimental ~ Phosphonium  Trimethyl group 77.09  Ionic liquid 5.7
Example 7-1
Experimental Triethyl group 119.16  Crystalline 4.9
Example 7-2 solid
Experimental Tributyldecyl 343.59 Crystalline 2.8
Example 7-3 group solid
Experimental  Thiazolidinium Methyl group/ 99.15 Crystalline 60
Example 8-1 Ethyl group solid
Methy! group/
Methy! group
Experimental Methy! group/ 113.14 Crystalline 19.6
Example 8-2 Propyl group solid
Methy! group/
Methy! group
Experimental Methy! group/ 127.15  Crystalline 28.7
Example 8-3 Butyl group solid
Methy! group/
Methy! group
Experimental Ethyl group/ 142.16 Crystalline 5.8
Example 8-4 Butyl group solid
Methy! group/
Methy! group
Experimental  Imidazolium Methy! group/ 112.07 Crystalline 14
Example 9-1 Ethyl group solid
Experimental Methy! group/ 124.08 Crystalline 6.5
Example 9-2 Propyl group solid
Experimental Methy! group/ 141.08 Crystalline 8.9
Example 9-3 Butyl group solid
Experimental Ethyl group/ 155.07 Crystalline 2.5
Example 9-4 Butyl group solid
Experimental  Pyrrolidinium  Methyl group/ 115.12  Crystalline 7
Example 10-1 Ethyl group solid

18
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TABLE 1-continued
Ton
molecular Ton
weight conductivity
Classification ~ Cation Alkyl group (g/mol) State (mS/em?)
Experimental Methy! group/ 127.13  Crystalline 53
Example 10-2 Propyl group solid
Experimental Methy! group/ 144.12  Crystalline 14.5
Example 10-3 Butyl group solid
Experimental Ethyl group/ 158.12 Crystalline 20
Example 10-4 Butyl group solid
Experimental Methy! group/ 101.13  Crystalline 0.9
Example 10-5 Methy! group solid

As can be understood from <Table 1>, it can be confirmed
that compounds have a high ion conductivity, if thiophenium
is included as a cation (Experimental Examples 1-1 to 1-4),
if thiazolium having a methyl group, an ethyl group, or a
propyl group is included (Experimental Examples 2-1 to
2-3), if phospholanium having a methyl group/propyl group,
a methyl group/butyl group, an ethyl group/butyl group, or
a methyl group/methyl group is included (Experimental
Examples 3-2 to 3-5), if oxathiolanium having an ethyl
group, a propyl group, or a butyl group is included (Experi-
mental Examples 4-2 to 4-4), and if a thiazolidinium having
a methyl group/ethyl group, a methyl group/propyl group,
and a methyl group/butyl group is included (Experimental
Examples 8-1 to 8-3).

Thiophenium having a methyl group identified as having
the highest ion conductivity in <Table 1> was fixed as a
cation and a type of anion was varied to prepare a compound
for a solid electrolyte according to Experimental Examples
11-1 to 11-18.

Preparing of Compound According to Experimental
Example 11-1

Chlorine ion was provided as an anion so as to prepare a
compound according to Experimental Example 11-1 in
which a thiophenium cation having a methyl group accord-
ing to Experimental Example 1-1 as described above and a
chlorine anion are bound.

Preparing of Compound According to Experimental
Example 11-2

Cyanate was provided as an anion so as to prepare a
compound according to Experimental Example 11-2 in
which a thiophenium cation having a methyl group accord-
ing to Experimental Example 1-1 as described above and a
cyanate anion are bound.

Preparing of Compound According to Experimental
Example 11-3

Oxohydrogenate was provided as an anion so as to
prepare a compound according to Experimental Example
11-3 in which a thiophenium cation having a methyl group
according to Experimental Example 1-1 as described above
and an oxohydrogenate anion are bound.

Preparing of Compound According to Experimental
Example 11-4

SCN was provided as an anion so as to prepare a com-
pound according to Experimental Example 11-4 in which a
thiophenium cation having a methyl group according to
Experimental Example 1-1 as described above and an SCN
anion are bound.

Preparing of Compound According to Experimental
Example 11-5

Nitrogen was provided as an anion so as to prepare a

compound according to Experimental Example 11-5 in
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which a thiophenium cation having a methyl group accord-
ing to Experimental Example 1-1 as described above and a
nitrogen anion are bound.
Preparing of Compound According to Experimental
Example 11-6

N(CN), was provided as an anion so as to prepare a
compound according to Experimental Example 11-6 in
which a thiophenium cation having a methyl group accord-
ing to Experimental Example 1-1 as described above and an
N(CN), anion are bound.
Preparing of Compound According to Experimental
Example 11-7

Cyano(nitroso)methanide was provided as an anion so as
to prepare a compound according to Experimental Example
11-7 in which a thiophenium cation having a methyl group
according to Experimental Example 1-1 as described above
and a cyano(nitroso)methanide anion are bound.
Preparing of Compound According to Experimental
Example 11-8

Tetrazolidine was provided as an anion so as to prepare a
compound according to Experimental Example 11-8 in
which a thiophenium cation having a methyl group accord-
ing to Experimental Example 1-1 as described above and a
tetrazolidine anion are bound.
Preparing of Compound According to Experimental
Example 11-9

Bromine was provided as an anion so as to prepare a
compound according to Experimental Example 11-9 in
which a thiophenium cation having a methyl group accord-
ing to Experimental Example 1-1 as described above and a
bromine anion are bound.
Preparing of Compound According to Experimental
Example 11-10

BF, was provided as an anion so as to prepare a com-
pound according to Experimental Example 11-10 in which
a thiophenium cation having a methyl group according to
Experimental Example 1-1 as described above and a BF,
anion are bound.
Preparing of Compound According to Experimental
Example 11-11

Dihydrogen phosphate was provided as an anion so as to
prepare a compound according to Experimental Example
11-11 in which a thiophenium cation having a methyl group
according to Experimental Example 1-1 as described above
and a dihydrogen phosphate anion are bound.
Preparing of Compound According to Experimental
Example 11-12

Hydrogensulfate was provided as an anion so as to
prepare a compound according to Experimental Example
11-12 in which a thiophenium cation having a methyl group
according to Experimental Example 1-1 as described above
and a hydrogensulfate anion are bound.
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Preparing of Compound According to Experimental
Example 11-13

Dimethyl phosphate was provided as an anion so as to
prepare a compound according to Experimental Example
11-13 in which a thiophenium cation having a methyl group
according to Experimental Example 1-1 as described above
and a dimethyl phosphate anion are bound.
Preparing of Compound According to Experimental
Example 11-14

22

11-16 in which a thiophenium cation having a methyl group
according to Experimental Example 1-1 as described above
and a trifluoromethanesulfonate anion are bound.
Preparing of Compound According to Experimental
Example 11-17

FSIwas provided as an anion so as to prepare a compound
according to Experimental Example 11-17 in which a thio-
phenium cation having a methyl group according to Experi-
mental Example 1-1 as described above and an FSI anion are

Iodine was provided as an anion so as to prepare a 10 bound.
compound according to Experimental Example 11-14 in Preparing of Compound According to Experimental
which a thiophenium cation having a methyl group accord- Example 11-18
ing to Experimental Example 1-1 as described above and an TFSI was provided as an anion so as to prepare a
iodine anion are bound. compound according to Experimental Example 11-18 in
Preparing of Compound According to Experimental 15 which a thiophenium cation having a methyl group accord-
Example 11-15 ing to Experimental Example 1-1 as described above and a
PF4 was provided as an anion so as to prepare a compound TFSI anion are bound.
according to Experimental Example 11-15 in which a thio- The ion conductivity of the compounds according to
phenium cation having a methyl group according to Experi- Experimental Examples 11-11 to 11-17 was measured at
mental Example 1-1 as described above and a PF anion are 20 room temperature, and the molecular weight of anions, the
bound. state information of the compounds according to Experi-
Preparing of Compound According to Experimental mental Examples 11-1 to 11-17, pH of anions, and an
Example 11-16 entropy of fusion of the compounds according to Experi-
Trifluoromethanesulfonate was provided as an anion so as mental Examples 11-1 to 11-17 are summarized as shown in
to prepare a compound according to Experimental Example <Table 2>.
TABLE 2
Ton
Molecular Ton Entropy
weight conductivity of fusion
Classification ~ Anion (g/mol) State (mS/em?) pH (J/Kmol)
Experimental ~ Chlorine 35.45  TIonic liquid 3.6 More 9.3
Example 11-1 than 3
Experimental ~ Cyanate 42 Tonic liquid 43 8.1
Example 11-2
Experimental ~ Oxohydrogenate 48 Tonic liquid 5.8 7.6
Example 11-3
Experimental ~SCN 58.08  Ionic liquid 39 6.4
Example 11-4
Experimental  Nitrogen 62 Crystalline 4.1 Less 36
Example 11-5 solid than 3
Experimental  Fluorohydrogenate 63 Crystalline 126 23.6
Example 1-1 solid
Experimental ~ N(CN), 66 Crystalline 3.6 36
Example 11-6 solid
Experimental ~ Cyano(nitro)methanide 69 Crystalline 48.6 249
Example 11-7 solid
Experimental  Tetrazolidine 72 Crystalline 69.4 243
Example 11-8 solid
Experimental ~ Bromine 79.90  Crystalline 2.6 35.6
Example 11-9 solid
Experimental  BF, 86.81  Crystalline 6.9 38.1
Example 11-10 solid
Experimental  Dihydrogen phosphate 96.98  Crystalline 33 43.2
Example 11-11 solid
Experimental — Hydrogen sulfate 97.07  Crystalline 16.9 47.6
Example 11-12 solid
Experimental  Dimethyl phosphate 126.05  Crystalline 8.1 49.3
Example 11-13 solid
Experimental  Iodine 126.9 Crystalline 5.1 45.2
Example 11-14 solid
Experimental ~ PFq 145 Crystalline 23 39.8
Example 11-15 solid
Experimental — Trifluoromethanesulfonate 164.1 Crystalline 12.6 42.8
Example 11-16 solid
Experimental ~ FSI 180.13  Crystalline 35 41.7
Example 11-17 solid
Experimental ~ TFSI 280.135 Crystalline 29 46.9
Example 11-18 solid
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As can be understood from <Table 2>, it can be confirmed
that compounds have a high ion conductivity, if fluorohy-
drogenate is included as an anion (Experimental Example
1-1), if cyano(nitroso)methanide is included (Experimental
Example 11-7), and if tetrazolidine is included (Experimen-
tal Examples 11-8). In addition, if a molecular weight of the
anion is 60 g/mol % or less (more specifically, 58.08 g/mol
% or less), and if a pH of the anion is greater than 3, it can
be confirmed that a compound in which a cation and an
anion are bound is not a crystalline solid but an ionic liquid.
In other words, if a molecular weight of the anion is more
than 60 g/mol (more specifically, 62 g/mol % or less), and
if a pH of the anion is less than 3, it can be confirmed that
a compound in which a cation and an anion are bound is
maintained as a crystalline solid.

In addition, if a molecular weight of the anion is more
than 60 g/mol (more specifically, 62 g/mol % or more), and
if a pH of the anion is less than 3 and an entropy of fusion
is 15-25 J/Kmol (more specifically, more than 9.3 J/Kmol
and less than 35.6 J/Kmol), it can be confirmed that a
compound has a high ion conductivity.

Preparing of Solid Electrolyte According to Experimental
Example 12-1

A 1M hydrofluoric acid aqueous solution and lithium
chloride (LiCl) were added into a container and left alone at
a temperature of —70° C. for 24 hours, so as to prepare
lithium fluorohydrogenate.

A compound having a methyl group according to Experi-
mental Example 1-1 described above was heated to 60° C.
and lithium fluorohydrogenate was added in an amount of 1
mol % at the same time and reacted for two hours, so as to
prepare a solid electrolyte according to Experimental
Example 12-1.

Preparing of Solid Electrolyte According to Experimental
Example 12-2

A solid electrolyte was prepared by the same method as
described above in Experimental Example 12-1. However,
lithium fluorohydrogenate was added in an amount of 5 mol
% instead of 1 mol %, so as to prepare a solid electrolyte
according to Experimental Example 12-2.

Preparing of Solid Electrolyte According to Experimental
Example 12-3

A solid electrolyte was prepared by the same method as
described above in Experimental Example 2-1. However,
lithium fluorohydrogenate was added in an amount of 10
mol % instead of 1 mol %, so as to prepare a solid electrolyte
according to Experimental Example 12-3.

FIG. 1 is a graph showing an ion conductivity of com-
pounds according to Experimental Examples 1-1, 11-7,
11-8, 11-15, 11-17 and 11-18 of the present application as
measured depending on a temperature.

Referring to FIG. 1, an ion conductivity of compounds
according to Experimental Examples 1-1, 11-7, 11-8, 11-15,
11-17 and 11-18 of the present application was measured
depending on a temperature.

As can be understood from FIG. 1, it may be confirmed
that a compound has the highest ion conductivity, in case of
including fluorohydrogenate as an anion according to
Experimental Example 1-1, and it can be confirmed that a
compound has the highest ion conductivity, in case of
including cyano(nitro)methanide and tetrazolidine as an
anion according to Experimental Examples 11-7 and 11-8.

FIG. 2 is a differential scanning calorimetry (DSC) graph
showing a compound according to Experimental Example
1-1 and a solid electrolyte according to Experimental
Example 12-3 of the present application.
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Referring to FIG. 2, a solid-liquid or solid-solid state
change depending on a temperature may be observed in the
compound according to Experimental Example 1-1 and the
solid electrolyte according to Experimental Example 12-3.

As shown in FIG. 2, a solid-liquid state change was
observed at 90° C. in the compound of Experimental
Example 1-1. In contrast, a solid-liquid state change was
observed at 70° C. in the solid electrolyte of Experimental
Example 12-3.

In addition, a solid-solid state change was observed twice
in the compound of Experimental Example 1-1, and spe-
cifically it can be seen that the compound of Experimental
Example 1-1 has a first crystal phase in a temperature range
of 28 to 90° C. and a second crystal phase in a temperature
range of 22 to 28° C. In contrast, a solid-solid state change
was observed once in the solid electrolyte of Experimental
Example 12-3, and it can be confirmed that the solid
electrolyte has one crystal phase in a temperature range of 22
to 70° C.

FIG. 3 is a DSC graph showing a compound according to
Experimental Examples 11-7 and 11-8 of the present appli-
cation.

Referring to FIG. 3, a state change of compounds accord-
ing to Experimental Examples 11-7 and 11-8 was observed
depending on a temperature.

As can be understood from FIG. 3, it can be confirmed
that the compounds according to Experimental Examples
11-7 and 11-8 stably maintain a solid crystal phase in a
relatively wide range of temperatures. Specifically, it can be
confirmed that the compound according to Experimental
Example 11-7 and the compound according to Experimental
Example 11-8 stably maintain a solid crystal phase —15 to
98° C. and at =59 to 129° C., respectively. In addition, the
compounds according to Experimental Examples 11-7 and
11-8 have a somewhat low ion conductivity compared to the
compound according to Experimental Example 1-1, but
stably maintain a crystal phase in a range of temperatures
wider than the range of temperatures (28 to 90° C.) in which
the compound according to Experimental Example 1-1
stably maintains a first crystal phase as shown in FIG. 2.
Accordingly, the compounds according to Experimental
Examples 11-7 and 11-8 can be useful in military or space
fields, or low-temperature environments such as a polar
region.

FIGS. 4 and 5 are graphs showing an X-ray diffraction
(XRD) pattern of a compound according to Experimental
Example 1-1 of the present application depending on a
temperature.

Referring to FIGS. 4 and 5, an XRD pattern of a com-
pound according to Experimental Example 1-1 depending
on a temperature was measured in the range of =50 to 80°
C.

As can be understood from FIGS. 4 and 5, it can be
confirmed that a main peak moves to the left as a tempera-
ture increases in the area of 20 to 80° C., and a peak
corresponding to 20 53.6° and 85.4° disappears at a tem-
perature of 70° C. or higher.

In addition, as a temperature increases, it can be observed
that one peak changes to two peaks, and it can be understood
that a peak intensity value decreases. In other words, as the
temperature increases, it can be confirmed that a short range
disordered amorphous crystal structure increases and thus
sequentially changes to phase III (=50 to 25° C.), phase 11
(25 to 30° C.), and phase I (30° C. or higher) as shown in
FIG. 5, and phase III, phase II, and phase I of FIG. 5
correspond to solid phase III, phase II, and phase I of FIG.
2, respectively.
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FIG. 6 is a graph showing an NMR analysis result of a
solid electrolyte according to Experimental Example 12-1 of
the present application.

Referring to FIG. 6, an NMR analysis was performed for
a solid electrolyte according to Experimental Example 12-1.
(a) of FIG. 6 may be 6'H NMR spectra, (b) of FIG. 6 may
be 8'° F NMR spectra, and (c) of FIG. 6 may be 77 Li NMR
spectra.

It can be confirmed from (a), (b), and (c¢) of FIG. 6 that
lithium is doped onto the compound in which a cation and
an anion are bound through lithium fluorohydrogenate.

FIG. 7 is a graph showing a chemical shift and a diffusion
coeflicient of a solid electrolyte according to Experimental
Example 12-1 of the present application as measured
depending on a temperature.

Referring to FIG. 7, a chemical shift of Li, H, and F of the
solid electrolyte according to Experimental Example 12-1
was measured depending on a temperature, and a diffusion
coefficient of Li ions, cations, and anions of the solid
electrolyte according to Experimental Example 12-1 was
measured.

As can be understood from FIG. 7, a diffusion coefficient
of Li ions of the solid electrolyte of Experimental Example
12-1 was measured to be 107 to 10~° m?s™!, which is
generally at a remarkably high level compared to the solid
electrolyte in which a cation and an anion are bound.

FIG. 8 is a graph showing an XRD pattern of a compound
according to Experimental Example 1-1 and a solid electro-
lyte according to Experimental Example 12-2 of the present
application.

Referring to FIG. 8, a change in a crystal structure of the
solid electrolyte according to Experimental Example 12-2
may be observed compared to the compound according to
Experimental Example 1-1.

As shown in FIG. 8, it was confirmed that the compound
of Experimental Example 1-1 and the solid electrolyte of
Experimental Example 12-2 have the same position of main
peaks. In contrast, different peak intensities were observed,
and it can be seen that the solid electrolyte of Experimental
Example 12-2 further includes a lithium-rich phase.

FIG. 9 is a view for explaining a crystal structure of a
solid electrolyte according to Experimental Examples 12-1
to 12-3 of the present application.

Referring to FIG. 9, the solid electrolytes according to
Experimental Examples 12-1 to 12-3 may include a thio-
phenium cation, a fluorohydrogenate anion and lithium salt.

A unit cell of the compound in which a thiophenium
cation and a fluorohydrogenate anion are bound may have an
orthorhombic crystal structure, in which the thiophenium
cation may be provided at a vertex of the crystal structure
and at a center of a face thereof, and the fluorohydrogenate
anion may be provided in a middle of an edge of the crystal
structure. In this case, the solid electrolyte of Experimental
Examples 12-1 to 12-3 may have the lithium salt optionally
provided at interstitial sites of the crystal structure. Specifi-
cally, the lithium salt may include lithium fluorohydroge-
nate.

The lithium salt may be provided at the interstitial sites of
the crystal structure of the compound, and thus may easily
move within the crystal structure. Accordingly, an ion con-
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ductivity may increase as an addition amount of the lithium
fluorohydrogenate, which is lithium salt, increases.

FIG. 10 is a graph showing an ion conductivity of a
compound according to Experimental Example 1-1 and a
solid electrolyte according to Experimental Examples 12-1
to 12-3 of the present application depending on a tempera-
ture.

Referring to FIG. 10, a lithium ion conductivity was
measured with regard to a compound according to Experi-
mental Example 1-1 and a solid electrolyte according to
Experimental Examples 12-1 to 12-3. As described above
with reference to FIG. 9, lithium fluorohydrogenate may be
optionally provided at interstitial sites in the crystal structure
of the compound of the solid electrolyte of Experimental
Examples 12-1 to 12-3. Accordingly, it was observed that
lithium fluorohydrogenate may easily move within the crys-
tal structure, and thus, when an addition amount of lithium
fluorohydrogenate is increased, an ion conductivity becomes
higher.

In this case, lithium fluorohydrogenate may move to
interstitial sites in the crystal structure where lithium fluo-
rohydrogenate is not provided, and may exhibit a high ion
conductivity. Thus, as the interstitial sites provided with
lithium fluorohydrogenate increase, a rate of increase in ion
conductivity may reach saturation. In other words, as shown
in FIG. 10, it can be confirmed that the ion conductivity
substantially reaches saturation, if an addition amount of the
lithium fluorohydrogenate is 5 mol % or more.

FIG. 11 is a picture of a electrolyte membrane coated with
a solid electrolyte according to Experimental Example 12-1
of the present application.

Referring to FIG. 11, a picture was taken of a solid
electrolyte membrane in the form of a film in which a solid
electrolyte according to Experimental Example 12-1 of the
present application is coated on a polytetrafluoroethylene
(PTFE) resin. In this case, it was confirmed that the solid
electrolyte membrane maintains the softness and transpar-
ency of the resin.

FIGS. 12 and 13 are graphs showing results of a cycle test
of a secondary battery including a solid electrolyte accord-
ing to Experimental Example 12-2 of the present applica-
tion.

Referring to FIGS. 12 and 13, a secondary battery was
manufactured by using the solid electrolyte according to
Experimental Example 12-2 of the present application,
LiFePO, as the positive electrode, and lithium metal as the
negative electrode, and charge/discharge properties were
evaluated.

Charge and discharge were performed at a rate of 1 C, and
the secondary battery showed a coulombic efficiency of
99.5% and a capacity of 158.6 mAh/g. In a 250th cycle, it
can be confirmed that the secondary battery showed a
coulomb efficiency of 98% and a capacity of 155.5 mAh/g.
It can be confirmed that a secondary battery having a long
life, high stability and high reliability may be implemented
by using the solid electrolyte according to the implementa-
tion of the present application.

FIG. 14 is a graph showing a capacity retention rate
depending on a charge/discharge rate of a secondary battery
including a solid electrolyte according to Experimental
Example 12-2 of the present application.
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Referring to FIG. 14, charge/discharge was performed at
a rate of 0.1 to 5 C for the secondary battery manufactured
with reference to FIGS. 12 to 13. Specifically, a charge/
discharge rate of the secondary battery increased to 0.1 to 5
C, and again decreased to 1 C. If the charge/discharge rate
was 0.1, 0.5, 1, 2, 3 and 5 C, a discharge capacity was
measured to be 161.0, 160.5, 158.6, 156.4, 153.8 and 148.9
mAbh/g, respectively.

In other words, it can be confirmed that a secondary
battery stably operable in a high-speed charge/discharge
condition may be implemented by using the solid electrolyte
according to the implementation of the present application.

FIG. 15 is a graph showing an impedance depending on
a cycle test of a secondary battery including a solid elec-
trolyte according to Experimental Example 12-2 of the
present application.

Referring to FIG. 15, in the secondary battery manufac-
tured with reference to FIGS. 12 and 13, an interphase
impedance (Rg;,) and an electron transfer impedance (R.)
in the first cycle and the 250th cycle was measured. The
interphase impedance and the electron transfer impedance in
the first cycle were calculated to be 1.65 and 11.22€Q2),
respectively. In addition, the interphase impedance and the
electron transfer impedance in the 250th cycle were calcu-
lated to be 1.75 and 11.65%Q2), respectively. In the secondary
battery, as the number of charge/discharge cycles increases,
elements included in the components of the secondary
battery may be subject to movement and diffusion. Accord-
ingly, resistance in the secondary battery may increase, and
charge/discharge properties of the secondary battery may
decrease. However, it was observed that the secondary
battery including the solid electrolyte according to an
embodiment of the present application shows a relatively
low increase in the impedance in the 250th cycle. Thus, it
can be confirmed that the secondary battery including the
solid electrolyte according to an embodiment of the present
application has excellent chemical stability.

Although the present application has been described in
detail with reference to exemplary embodiments, the scope
of the present application is not limited to a specific embodi-
ment and should be interpreted by the attached claims. In
addition, those skilled in the art should understand that many
modifications and variations are possible without departing
from the scope of the present application.
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INDUSTRIAL APPLICABILITY

The solid electrolyte according to an embodiment of the
present application may be used as an electrolyte for a
secondary battery, a super capacitor or the like.

The invention claimed is:

1. An intermediate product of a solid electrolyte, the
intermediate product comprising:

a compound in which a cation including thiophenium or
thiazolium and an anion including fluorohydrogenate
are bound; and

a solvent in which the compound is mixed.

2. The intermediate product of the solid electrolyte of
claim 1, wherein the intermediate product of the solid
electrolyte including the compound and the solvent is in a
liquid or gel state.

3. The intermediate product of the solid electrolyte of
claim 1, wherein the solvent comprises at least any one of
acetonitrile, tetrahydrofuran, DMSO, or DMF.

4. The intermediate product of the solid electrolyte of
claim 1, wherein

the cation comprises the thiophenium, and

the compound comprises a methyl group bonded with a
sulfur element of the thiophenium.

5. The intermediate product of the solid electrolyte of

claim 1, wherein

the cation comprises the thiazolium, and

the compound comprises an ethyl group bonded with a
nitrogen element of the thiazolium.

6. A method for preparing a solid electrolyte, the method

comprising:

preparing the intermediate product of the solid electrolyte
according to claim 1; and

removing and drying the solvent included in the interme-
diate product of the solid electrolyte to prepare the solid
electrolyte.

7. A secondary battery comprising:

a positive electrode;

a solid electrolyte disposed on the positive electrode and
prepared according to claim 6; and

a negative electrode disposed on the solid electrolyte.

8. The secondary battery of claim 7, wherein

a positive electrode active material of the positive elec-
trode comprises lithium, phosphorus, and iron, and

a negative electrode active material of the negative elec-
trode comprises lithium.
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