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[FIG. 3c]

[FIG. 4a]
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[FIG. 4c]
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[FIG. 6a]
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[FIG. 6b]
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METAL COMPLEX COMPOUND, AND
METAL NANOSTRUCTURE AND CATALYST
COMPOSITION COMPRISING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of priority from
Korean Patent Application No. 10-2015-0024342 filed on
Feb. 17, 2015 and Korean Patent Application No. 10-2016-
0017313 filed on Feb. 15, 2016 with the Korean Intellectual
Property Office, the disclosures of which are incorporated
herein by reference in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to a novel metal
complex compound, which is prepared in the form of a metal
nanostructure having various stereo structures and thus can
be used as a catalyst or the like having an excellent activity
in the preparation of a polyalkylene carbonate resin or the
like, and a metal nanostructure and a catalyst composition
comprising the same.

BACKGROUND

[0003] Since the Industrial Revolution, humans have
established modern society while consuming huge amounts
of fossil fuel which increases a carbon dioxide concentration
in the air, and the increase of the carbon dioxide concentra-
tion is further promoted by environmental destruction such
as deforestation or the like. Since global warming is caused
by an increase in greenhouse gases such as carbon dioxide,
Freon or methane in the air, it is very important to decrease
the concentration of carbon dioxide in the air which signifi-
cantly contributes to the global warming, and various
researches such as emission regulation or fixation of carbon
dioxide have been conducted around the world.

[0004] Among them, a copolymerization reaction of car-
bon dioxide and epoxide found by Inoue et al. has been
expected to be a reaction capable of solving the global
warming problem, and the research has been actively con-
ducted not only in views of chemical fixation of carbon
dioxide but also in view of utilization of carbon dioxide as
a carbon source. In particular, a polyalkylene carbonate resin
formed by polymerization of carbon dioxide and epoxide
has been recently spotlighted as a kind of biodegradable
resin.

[0005] Various catalysts for preparing this polyalkylene
carbonate resin have been studied and proposed in the past,
and as a representative catalyst, a zinc dicarboxylate-based
catalyst such as a zinc glutarate catalyst in which zinc and
dicarboxylic acid are bonded to each other.

[0006] Such a zinc dicarboxylate-based catalyst, typically
a zinc glutarate catalyst, is formed by reacting a zinc
precursor and a dicarboxylic acid such as glutaric acid with
each other, and has a fine crystalline particle shape. How-
ever, these zinc dicarboxylate-based catalysts have limita-
tions in controlling or changing the stereo structures such as
a particle shape and thus, it was true that they had limitations
in controlling, changing or enhancing the activity as a
catalyst.

[0007] Accordingly, because it is possible to more easily
control the stereo structure or particle shape, or the behavior
of metal ions exhibiting a catalytic activity, there is a
continuing demand for a novel catalyst candidate substance
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capable of more easily controlling, changing or enhancing
the activity as a polymerization catalyst in the preparation of
the polyalkylene carbonate resin or the like.

SUMMARY OF THE INVENTION

[0008] The present invention provides a novel metal com-
plex compound, which is prepared in the form of a metal
nanostructure having various stereo structures and thus can
be used as a catalyst or the like having an excellent activity
in the preparation of a polyalkylene carbonate resin or the
like, and a metal nanostructure comprising the same and a
preparation method thereof.

[0009] Further, the present invention provides a catalyst
composition comprising the metal nanostructure and a
method for preparing a polyalkylene carbonate resin using
the same.

[0010] The present invention provides a metal complex
compound comprising a plurality of linear inorganic coor-
dination polymer chains containing a repeating unit repre-
sented by the following Chemical Formula 1, wherein the
plurality of polymer chains are linked to each other via a
neutral ligand coordinately bonded to the central metal M of
Chemical Formula 1.

i /O\\ I'O *
M
. Jd o ~ ’

[0011] In the Chemical Formula 1, M is at least one
transition metal element selected from the group consisting
of Fe, Ni, Zn and Co, n represents an integer of 30 to
1,000,000, a solid line represents a covalent bond, a dotted
line represents a coordinate bond, and * represents a linking
moiety.

[0012] In the metal complex compound, the neutral ligand
may be a compound including a plurality of oxygen-, sulfur-,
phosphorus- or nitrogen-containing functional groups
capable of coordinating to the M; or a ring-containing
compound including a plurality of one or more hetero
elements selected from the group consisting of oxygen,
sulfur, phosphorus and nitrogen. Herein, the oxygen-, sul-
fur-, phosphorus- or nitrogen-containing functional group
may be selected from the group consisting of an oxo group
(—O—), a hydroxyl group, an amine group, a carboxyl
group (—COOH), a thiol group, a phosphine group (—PR,
or the like, wherein R is an alkyl group or an aryl group), a
nitrogen-containing heterocyclic ring, a sulfur-containing
heterocyclic ring, a phosphorus-containing heterocyclic ring
and an oxygen-containing heterocyclic ring.

[0013] More specific examples of the neutral ligand may
include at least one selected from the group consisting of
water (H,0), an alkylene diol having 2 to 5 carbon atoms,
an alkylene diamine having 2 to 5 carbon atoms, a hydroxy
alkyl amine having 2 to 5 carbon atoms, a dioxane-based
compound, a morpholine-based compound, a piperazine-
based compound, a pyrazine-based compound, a 4.,4'-
dipyridyl-based compound, a phenoxazine-based com-
pound, an aminophenol-based compound, a
hydroxyquinoline-based compound, a phenylenediamine-
based compound, a hydroxybenzoic acid-based compound,
an alkylene dithiol having 2 to 5 carbon atoms, a mercapto

[Chemical Formula 1]
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alkanol having 2 to 5 carbon atoms, a thiophenol-based
compound, an aminothiophenol-based compound, a diphos-
phino compound having 2 to 5 carbon atoms and an amin-
obenzoic acid-based compound.

[0014] The metal complex compound described above
may have a structure including a repeating unit represented
by the following Chemical Formula 2:

[Chemical Formula 2]

% % %

: : : o.
R N R A

™ M M

e 01 0 01 0 o
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[0015] Inthe Chemical Formula 2, M, n, the solid line, the
dotted line and * are as defined in Chemical Formula 1, and
A is a neutral ligand coordinately bonded to the central metal
M

[0016] Meanwhile, the present invention provides a metal
nanostructure including the metal complex compound. The
metal complex compound may have various zero-dimen-
sional to three-dimensional structures or nanoparticle
shapes.

[0017] Furthermore, the present invention provides a
method for preparing the metal nanostructure comprising
reacting a salt of a transition metal M, an oxalic acid and the
neutral ligand under predetermined temperature, in a sol-
vent.

[0018] In the preparation method of the metal nanostruc-
ture, the salt of a transition metal M may include a metal salt
selected from the group consisting of an acetate salt, a
halogen salt, such as a chloride salt, a bromide salt or an
iodide salt, a sulfate salt, a nitrate salt and a sulfonate salt,
such as a triflate salt. Furthermore, as the solvent, any
organic solvent or dihydroxy-based solvent known to be
usable as a polymerization solvent for preparing a polyalky-
lene carbonate resin may be used, and specific examples
thereof may include at least one selected from the group
consisting of methylene chloride, ethylene dichloride,
trichloroethane, tetrachloroethane, chloroform, acetonitrile,
propionitrile, dimethylformamide, dimethylacetamide,
N-methyl-2-pyrrolidone, dimethyl sulfoxide, nitromethane,
1,4-dioxane, hexane, toluene, tetrahydrofuran, methyl ethyl
ketone, methyl amine ketone, methyl isobutyl ketone,
acetone, cyclohexanone, trichloroethylene, methyl acetate,
vinyl acetate, ethyl acetate, propyl acetate, butyrolactone,
caprolactone, nitropropane, benzene, styrene, Xylene,
methyl propasol, ethylene glycol, 1,2-propanediol and 1,3-
propanediol.

[0019] In addition, in the preparation method of the metal
nanostructure, the step of reacting the salt of a transition
metal M, an oxalic acid and the neutral ligand may be
performed at a temperature of about 0° C. to 250° C.

[0020] Furthermore, the present invention provides a cata-
lyst composition including the metal nanostructure
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described above. The catalyst composition may preferably
be used as a polymerization catalyst for preparing a poly-
alkylene carbonate resin.

[0021] Accordingly, the present invention provides a
method for preparing a polyalkylene carbonate resin com-
prising polymerizing a monomer including an epoxide and
carbon dioxide in the presence of the above-described
catalyst composition.

[0022] In the preparation method of the polyalkylene
carbonate resin, the polymerization step may be carried out
by solution polymerization in an organic solvent.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0023] Hereinafter, the metal complex compound, and the
metal nanostructure and the catalyst composition including
the same, etc. according to embodiments of the present
invention will be described in detail.

[0024] According to one embodiment of the present inven-
tion, there is provided a metal complex compound compris-
ing a plurality of linear inorganic coordination polymer
chains containing a repeating unit represented by the fol-
lowing Chemical Formula 1, wherein the plurality of poly-
mer chains are linked to each other via a neutral ligand
coordinately bonded to the central metal M of Chemical
Formula 1.

:M\ ®
" J o -

[0025] In the Chemical Formula 1, M is at least one
transition metal element selected from the group consisting
of Fe, Ni, Zn and Co, n represents an integer of 30 to
1,000,000, a solid line represents a covalent bond, a dotted
line represents a coordinate bond, and * represents a linking
moiety. Herein, in order that the inorganic coordination
polymer chain and the metal complex compound including
the same can secure an appropriate scale and the like as a
catalyst for preparing a polyalkylene carbonate resin, the n
may be more appropriately an integer of 1,000 to 1,000,000.
[0026] The metal complex compound of one embodiment
includes the repeating units of Chemical Formula 1 having
a shape which oxalic acid is coordinated and linearly linked
to the transition metal M, and may include the linear
inorganic coordination polymer chains including these
repeating units of Chemical Formula 1 in the structure.
These linear inorganic coordination polymer chains may
each have a linking structure as shown in Chemical Formula
1A below.

[Chemical Formula 1]

[Chemical Formula 1A]

O.
* ,/O /O\ ,,'O /O\ ,,'O Rt
M M M
® \‘\ "I \‘\ ," \‘\ — U
0 o of, ~d © o
[0027] In the Chemical Formula 1A, M, n, the solid line,
the dotted line and * are as defined in Chemical Formula 1.
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[0028] Furthermore, in the structure of the metal complex
compound, the linear inorganic coordination polymer chains
may have, for example, a structure in which hetero element-
containing functional groups are linked to each other via a
neutral ligand coordinately bonded to the central metal M,
and the metal complex compound of one embodiment
having such linking structure may have, for example, a
structure of Chemical Formula 2 below.

[Chemical Formula 2]

* % * O

' : '} N
LN H ,'O /O\\ H /O /O\\ (A / b
M M M ,*

e oot N\ ! o

' H o 1+ O

A A A

i Lo O.,
. oL =0t ol o/ e
Vi N i P

1o SR AN ‘o/ o

[0029] Inthe Chemical Formula 2, M, n, the solid line, the
dotted line and * are as defined in Chemical Formula 1, and
A is a neutral ligand coordinately bonded to the central metal
M.

[0030] In particular, the neutral ligand can three-dimen-
sionally link the linear inorganic coordination polymer
chains in the axial direction thereof. Accordingly, during the
preparation of the metal complex compound, the metal
complex compound can be prepared in the form of a metal
nanostructure having various stereo structures or particle
shapes by controlling the three-dimensional linking struc-
ture of the neutral ligand and the polymer chains (this
control can be made by controlling reaction conditions such
as the reaction temperature of the transition metal salt, oxalic
acid and neutral ligand, the solvent and the like, or by
controlling the type or composition of the neutral ligand, in
the preparation method of the metal nanostructure described
later). In addition, as is also supported by the examples
described later, the metal complex compound, and the metal
nanostructures including the same may exhibit an excellent
catalytic activity in the polymerization reaction for prepar-
ing a polyalkylene carbonate resin due to the basic catalytic
activity of the central metal thereof and various stereo
structures, etc.

[0031] Accordingly, when the metal complex compound
of one embodiment is used, it can facilitate the control of the
stereo structures and particle shapes, etc., and can more
easily control, change or enhance the activity as a catalyst,
thereby providing a novel metal nanostructure which can be
preferably used as a polymerization catalyst and the like for
preparing a polyalkylene carbonate resin and the like.
[0032] Meanwhile, in the metal complex compound of one
embodiment, the neutral ligand may be a compound includ-
ing a plurality of oxygen-, sulfur-, phosphorus- or nitrogen-
containing functional groups capable of coordinating to the
transition metal M; or a ring-containing compound including
a plurality of one or more hetero elements selected from the
group consisting of oxygen, sulfur, phosphorus and nitrogen.
Herein, the oxygen-, sulfur-, phosphorus- or nitrogen-con-
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taining functional group may be selected from the group
consisting of an oxo group (—O—), a hydroxyl group, an
amine group, a carboxyl group (—COOH), a thiol group, a
phosphine group (—PR, and the like, wherein, R is an alkyl
group or an aryl group), a nitrogen-containing heterocyclic
ring, a sulfur-containing heterocyclic ring, a phosphorus-
containing heterocyclic ring and an oxygen-containing het-
erocyclic ring. Further, the ring including a plurality of
hetero elements may be a dioxane-based ring, a morpholine-
based ring, a piperazine-based ring or a pyrazine-based ring,
etc.

[0033] When the compound having a plurality of (for
example, two) oxygen-, sulfur-, phosphorus- or nitrogen-
containing functional groups, or the ring-containing com-
pound having a plurality of (for example, two) hetero
elements is used as a neutral functional group, it is possible
to suitably link the linear inorganic coordination polymer
chains as a three-dimensional linking structure, thereby
providing the metal complex compound, and a metal nano-
structure having various stereo structures or particle shapes
by including the metal complex compound. However, a
dicarboxylic acid compound having a plurality of carboxyl
groups may not be suitable for linking the linear inorganic
coordination polymer chains as an appropriate three-dimen-
sional linking structure.

[0034] More specific examples of the neutral ligand
described above may include at least one selected from the
group consisting of water (H,O), an alkylene diol having 2
to 5 carbon atoms, an alkylene diamine having 2 to 5 carbon
atoms, a hydroxy alkyl amine having 2 to 5 carbon atoms,
a dioxane-based compounds, a morpholine-based com-
pound, a piperazine-based compound, a pyrazine-based
compound, a 4,4'-dipyridyl-based compound, a phenox-
azine-based compound, an aminophenol-based compound, a
hydroxyquinoline-based compound, a phenylenediamine-
based compound, a hydroxybenzoic acid-based compound,
an alkylene dithiol having 2 to 5 carbon atoms, a mercapto
alkanol having 2 to 5 carbon atoms, a thiophenol-based
compound, an aminothiophenol-based compound, a diphos-
phino compound having 2 to 5 carbon atoms and an amin-
obenzoic acid-based compound.

[0035] Most specifically, as the neutral ligand, at least one
compound selected from the group consisting of Chemical
Formulae listed below may be used:

OH NH, NH,
HO/\/ HZN/\/ HO/\/

see®

NH, OH
H
N N,
| AN
H
- | NH, NH,
X
N
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-contlnued
OH CO,H
i i SH
HS/\/
OH NH2
OH PPh,
HS/\/ © © thP/\/
NH,

[0036] For example, when ethylene glycol is used as the
neutral ligand, the metal complex compound of one embodi-
ment may have a form in which the neutral ligand links the
linear inorganic coordination polymer chains as in the form
shown in Chemical Formula 2A below, and even when other
types of neutral ligands are used, it may have a form in
which oxygen, sulfur, phosphorus, nitrogen or the like of
each neutral ligand is coordinated to the transition metal M
and the neutral ligand links the linear inorganic coordination
polymer chains, in the same manner:

[Chemical Formula 2A]

*

ol__o o
oo

H OH OH

——---

% 3%
e} NS
\/\o---;‘zi
o o
o, ’,o
=
o’

HC HO HO
i o 0o o' o O..
e E'/ —_— ‘\\:'/ s “\:/I =z e
M M M
L0 o L0oT, ~Sd Lo o

[0037] In the Chemical Formula 2A, M, n, the solid line,
the dotted line and * are as defined in Chemical Formula 1.
[0038] Meanwhile, according to another embodiment of
the present invention, there is provided a metal nanostruc-
ture including the metal complex compound of one embodi-
ment. FIGS. 1d, 2d, 3¢, 4c¢, 5d, 6d and 7d illustrate electron
micrographs showing an example of a metal nanostructure
according to another embodiment of the invention having
various shapes and three-dimensional structures (three-di-
mensional structure such as rod and plate).

[0039] Such a metal nanostructure may have various ste-
reo structures or nanoparticle shapes including zero-dimen-
sional (e.g., a particle shape), one-dimensional (e.g., a linear
or rod shape), two-dimensional (e.g., a planar shape such as
a polygonal shape, etc.) or three-dimensional (e.g., a stereo
shape such as a polyhedral shape, a spherical shape or a
pseudo spherical shape, etc.) structures or shapes by the
control of the three-dimensional linking structure of the
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neutral ligand and the polymer chains. As will be described
in more detail below, these various stereo structures or
nanoparticle shapes may be implemented and controlled by
controlling reaction conditions such as the reaction tempera-
ture of the transition metal salt, oxalic acid and neutral
ligand, the solvent and the like, or by controlling the type or
composition of the neutral ligand, etc. in the preparation
method of the metal nanostructure.

[0040] Accordingly, such a metal nanostructure can have
various stereo structures and particle shapes, and due to the
basic catalytic activity of the central metal and various
stereo structures, etc., it can exhibit an excellent catalytic
activity in the polymerization reaction for preparing a poly-
alkylene carbonate resin.

[0041] Further, since the catalytic activity of the metal
nanostructure can be controlled in various ways depending
on the stereo structure thereof and the like, it is possible to
facilitate the control of stereo structures and particle shapes,
etc. by applying the metal nanostructure, and to provide a
polymerization catalyst for preparing a polyalkylene car-
bonate resin in which the activity as a catalyst can also be
easily controlled, changed or improved.

[0042] Furthermore, in the metal nanostructure, when a
neutral ligand having a low boiling point which is easily
removable by heating is applied, a porous nanostructure
(MOF) may be provided by heat treatment of the metal
nanostructure, and such a porous nanostructure can be
applied to a wide variety of applications.

[0043] Therefore, the metal nanostructure of another
embodiment may be very preferably considered as a next
generation candidate substance as a polymerization catalyst
for preparing a polyalkylene carbonate resin and the like, or
as a precursor of a porous nanostructure applicable for
various other uses.

[0044] Meanwhile, the metal nanostructure of another
embodiment described above may be prepared by a method
including a step of reacting a salt of a transition metal M, an
oxalic acid and the neutral ligand under predetermined
temperature, in a solvent. That is, the metal nanostructure
can be prepared via a highly simplified process by reacting
a transition metal salt, an oxalic acid and the neutral ligand
described above, and the metal nanostructure having various
stereo structures or particle shapes, and the metal complex
compound of one embodiment included therein may be
prepared by controlling reaction conditions such as the
reaction temperature, solvent or the like of this reaction step,
or by controlling the type, composition or the like of the
neutral ligand, etc.

[0045] Meanwhile, in the preparation method of the metal
nanostructure, as the salt of a transition metal M, any salt of
a transition metal known to be usable for preparing a
complex compound of a transition metal may be used
without particular limitation. More specific types of the
transition metal salt may include a metal salt selected from
the group consisting of an acetate salt, a halogen salt, such
as a chloride salt, a bromide salt or an iodide salt, a sulfate
salt, a nitrate salt and a sulfonate salt, such as a triflate salt.
[0046] Furthermore, in the preparation method of the
metal nanostructure, as the solvent, any organic solvent or
dihydroxy-based solvent known to be usable as a polymer-
ization solvent for preparing a polyalkylene carbonate resin
may be used, and specific examples thereof may include at
least one selected from the group consisting of methylene
chloride, ethylene dichloride, trichloroethane, tetrachlo-
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roethane, chloroform, acetonitrile, propionitrile, dimethyl-
formamide, di methylacetamide, N-methyl-2-pyrrolidone,
dimethyl sulfoxide, nitromethane, 1,4-dioxane, hexane,
toluene, tetrahydrofuran, methyl ethyl ketone, methylamine
ketone, methyl isobutyl ketone, acetone, cyclohexanone,
trichloroethylene, methyl acetate, vinyl acetate, ethyl
acetate, propyl acetate, butyrolactone, caprolactone, nitrop-
ropane, benzene, styrene, xylene and methyl propasol, eth-
ylene glycol, 1,2-propanediol and 1,3-propanediol.

[0047] In addition, in the preparation method of the metal
nanostructure, the step of reacting the salt of a transition
metal M, the oxalic acid and the neutral ligand may be
performed under heating at a temperature of 0° C. to 20° C.,
more specifically at room temperature (about 20° C.) to 250°
C.

[0048] Meanwhile, according to further another embodi-
ment of the present invention, there is provided a catalyst
composition including the metal nanostructure described
above. Such a catalyst composition may be very preferably
used as a polymerization catalyst for preparing a polyalky-
lene carbonate resin due to an excellent and controllable
polymerization activity of the metal nanostructure.

[0049] According to still further another embodiment of
the present invention, there is provided a method for pre-
paring a polyalkylene carbonate resin comprising polymer-
izing a monomer including an epoxide and carbon dioxide in
the presence of the catalyst composition described above.
[0050] In the preparation method of the polyalkylene
carbonate resin, the metal nanostructure and the catalyst
composition may be used in the form of a heterogeneous
catalyst, and the polymerization step may be carried out by
solution polymerization in an organic solvent. Accordingly,
the heat of reaction may be appropriately controlled, and the
molecular weight or viscosity of the polyalkylene carbonate
resin to be obtained may be easily controlled

[0051] In the solvent polymerization, as the solvent, at
least one selected from the group consisting of methylene
chloride, ethylene dichloride, trichloroethane, tetrachlo-
roethane, chloroform, acetonitrile, propionitrile, dimethyl-
formamide N-methyl-2-pyrrolidone, dimethyl sulfoxide,
nitromethane, 1,4-dioxane, hexane, toluene, tetrahydro-
furan, methyl ethyl ketone, methylamine ketone, methyl
isobutyl ketone, acetone, cyclohexanone, trichloroethylene,
methyl acetate, vinyl acetate, ethyl acetate, propyl acetate,
butyrolactone, caprolactone, nitropropane, benzene, styrene,
xylene and methyl propasol may be used. Among them, as
methylene chloride or ethylene dichloride is used as a
solvent, the polymerization reaction can be more effectively
performed.

[0052] The solvent may be used in a weight ratio of about
1:0.5 to 1:100, relative to the epoxide, and suitably in a
weight ratio of about 1:1 to 1:10.

[0053] Herein, if the ratio is too small, which is less than
about 1:0.5, the solvent may not function properly as a
reaction medium and thus it may be difficult to take advan-
tage of the solution polymerization described above. Fur-
ther, if the ratio exceeds about 1:100, the concentration of
the epoxide or the like relatively decreases, and thus the
productivity may be reduced, and the molecular weight of
the finally formed resin may be lowered or side reactions
may increase.

[0054] Furthermore, the catalyst composition, in particu-
lar, the metal nanostructure included therein, may be added
at a molar ratio of about 1:50 to 1:1000 relative to the
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epoxide. More preferably, the organozinc catalyst can be
added at a molar ratio of about 1:70 to 1:600 or about 1:80
to 1:300, relative to the epoxide. If the ratio is too small, it
may be difficult to exhibit sufficient catalytic activity during
the solution polymerization. On the other hand, if the ratio
is excessively large, it may not be efficient due to the use of
an excessive amount of catalyst, and by-products may be
produced or back-biting of a resin may occur due to heating
in the presence of the catalyst.

[0055] Meanwhile, as the epoxide, at least one selected
from the group consisting of an alkylene oxide having 2 to
20 carbon atoms which is substituted or unsubstituted with
halogen or an alkyl group having 1 to 5 carbon atoms; a
cyclo alkylene oxide having 4 to 20 carbon atoms which is
substituted or unsubstituted with halogen or an alkyl group
having 1 to 5 carbon atoms; and a styrene oxide having 8 to
20 carbon atoms which is substituted or unsubstituted with
halogen or an alkyl group having 1 to 5 carbon atoms.
Typically, as the epoxide, an alkylene oxide having 2 to 20
carbon atoms which is substituted or unsubstituted with
halogen or an alkyl group having 1 to 5 carbon atoms may
be used.

[0056] Specific examples of the epoxide include ethylene
oxide, propylene oxide, butene oxide, pentene oxide, hexene
oxide, octene oxide, decene oxide, dodecene oxide, tetrade-
cene oxide, hexadecene oxide, octadecene oxide, butadiene
monoxide, 1,2-epoxy-7-octene, epifluorohydrin, epichloro-
hydrin, epibromohydrin, isopropyl glycidyl ether, butyl gly-
cidyl ether, t-butyl glycidyl ether, 2-ethylhexyl glycidyl
ether, allyl glycidyl ether, cyclopentene oxide, cyclohexene
oxide, cyclooctene oxide, cyclododecene oxide, alpha-
pinene oxide, 2,3-epoxynorbornene, limonene oxide, diel-
drin, 2,3-epoxypropylbenzene, styrene oxide, phenylpropyl-
ene oxide, stilbene oxide, chlorostilbene oxide,
dichlorostilbene oxide, 1,2-epoxy-3-phenoxypropane, ben-
zyloxymethyl oxirane, glycidyl-methylphenyl ether, chloro-
phenyl-2,3-epoxypropyl ether, epoxypropyl methoxyphenyl
ether, biphenyl glycidyl ether, glycidyl naphthyl ether and
the like. Most typically, ethylene oxide or propylene oxide
is used as the epoxide.

[0057] In addition, the solution polymerization described
above can be carried out at about -30 to 100° C. under about
15 to 50 bar for about 1 to 60 hours. Moreover, it is more
appropriate that the solution polymerization is carried out at
about 50 to 100° C. under about 20 to 40 bar for about 3 to
40 hours.

[0058] Meanwhile, the remaining polymerization pro-
cesses and conditions except for the above-mentioned mat-
ters may depend on conventional polymerization conditions
for preparing a polyalkylene carbonate resin, and thus a
further explanation thereof will be omitted.

Advantageous Effects

[0059] The present invention may provide a novel metal
complex compound, which is prepared in the form of a metal
nanostructure having various stereo structures and thus can
be used as a catalyst or the like having an excellent activity
in the preparation of a polyalkylene carbonate resin and the
like, and a metal nanostructure and the like including the
same.

[0060] Such a metal nanostructure can easily control the
stereo structures and particle shapes, etc., and can more
easily control, change or enhance the activity as a catalyst
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and thus can be preferably used as a polymerization catalyst
and the like for preparing a polyalkylene carbonate resin and
the like.

BRIEF DESCRIPTION OF DRAWINGS

[0061] FIGS. 1ato 2d show EDS, FT-IR and TGA analysis
results, and electron micrographs of the metal complex
compound and metal nanostructure of Example 1.

[0062] FIGS. 2ato 2d show EDS, FT-IR and TGA analysis
results, and electron micrographs of the metal complex
compound and metal nanostructure of Example 2.

[0063] FIGS. 3a to 3¢ show FT-IR and TGA analysis
results, and electron micrographs of the metal complex
compound and metal nanostructure of Example 3.

[0064] FIGS. 4a to 4c¢ show EDS and FT-IR analysis
results, and electron micrographs of the metal complex
compound and metal nanostructure of Example 4.

[0065] FIGS. 5ato 5d show EDS, FT-IR and TGA analysis
results, and electron micrographs of the metal complex
compound and metal nanostructure of Example 5.

[0066] FIGS. 6a to 6d show EDS, FT-IR and TGA analysis
results, and electron micrographs of the metal complex
compound and metal nanostructure of Example 6.

[0067] FIGS. 7ato 7d show EDS, FT-IR and TGA analysis
results, and electron micrographs of the metal complex
compound and metal nanostructure of Example 7.

[0068] FIGS. 8a to 84 show XRD, FT-IR and TGA
analysis results, and electron micrographs of the metal
complex compound and metal nanostructure of Example 8.

EXAMPLES

[0069] Hereinafter, preferred embodiments are provided
to help understanding of the present invention, but the
embodiments are only for illustrative purposes, and the
scope of the invention is not intended to be limited by these
Examples.

Example 1: Preparation of Metal Complex
Compound (ZnOx; Dripping in Acetonitrile) and
Metal Nanostructure

[0070] Ina 50 mL round bottom flask, 0.903 g (0.001 mol)
of oxalic acid was added to 15 mL of ethylene glycol and
dissolved with stirring for 20 minutes. Then, 0.183 g (0.001
mol) of zinc acetate was added and dissolved in the solution
with stirring. 10 mL of acetonitrile was then added to
another 50 mL round bottom flask, and the above solution
was added dropwise, followed by stirring for 2 hours.
Thereafter, a catalyst precipitate was obtained by centrifu-
gation, washed with ethanol by centrifugation, and dried
under vacuum at room temperature.

[0071] Thereby, the metal complex compound of Example
1 was prepared, and the constituent elements and structure
of the metal complex compound were analyzed and con-
firmed through EDS, FT-IR and TGA, and the confirmation
results thereof were shown in FIGS. 1a to 1¢, respectively.
It was confirmed through the EDS elemental analysis result
and the FT-IR spectrum that the metal complex compound
of Example 1 has a structure as shown in Chemical Formula
2 (specifically, Chemical Formula 2A). Further, it was
confirmed from the TGA analysis result that the first weight
reduction of 21% corresponds to dihydrate, the second
weight reduction corresponds to CO,, CO (from oxalate),
and the remaining weight reduction corresponds to ZnO.
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[0072] In addition, the structure of the metal complex
compound of Example 1 was analyzed by electron micro-
graphs and was shown in FIG. 1d. With reference to FIG. 14,
it was confirmed that the metal complex compound was
formed in the form of a metal nanostructure having various
stereo structures.

Example 2: Preparation of Metal Complex
Compound (ZnOx; TEA3.3) and Metal
Nanostructure

[0073] Ina 50 mL round bottom flask, 0.903 g (0.001 mol)
of oxalic acid was added to 15 mL of ethylene glycol and
dissolved with stirring for 20 minutes. Then, zinc sulfate
heptahydrate and 0.460 mL (0.0033 mol) of triethylamine
were added, followed by stirring for 2 hours. Thereafter, a
catalyst precipitate was obtained by centrifugation, washed
with ethanol by centrifugation, and dried under vacuum at
room temperature.

[0074] Thereby, the metal complex compound of Example
2 was prepared, and the constituent elements and structure
of the metal complex compound were analyzed and con-
firmed through EDS, FT-IR and TGA, and the confirmation
results thereof were shown in FIGS. 2a to 2¢, respectively.
It was confirmed through the EDS elemental analysis result
and the FT-IR spectrum that the metal complex compound
of Example 2 has a structure as shown in Chemical Formula
2 (specifically, Chemical Formula 2A). Further, it was
confirmed from the TGA analysis result that the weight
reduction seen at the initial 60° C. is the impurity resulting
from the surrounding environment such as moisture in the
TGA machine, and thereafter the weight reduced at 243° C.
assigns to ethylene glycol.

[0075] In addition, the structure of the metal complex
compound of Example 1 was analyzed by electron micro-
graphs and was shown in FIG. 2d. With reference to FIG. 24,
it was confirmed that the metal complex compound was
formed in the form of a metal nanostructure having various
stereo structures.

Example 3: Preparation of Metal Complex
Compound (ZnOx; TEA 2.1) and Metal
Nanostructure

[0076] Ina 50 mL round bottom flask, 0.903 g (0.001 mol)
of oxalic acid was added to 15 mL of ethylene glycol and
dissolved with stirring for 20 minutes. Then, 0.288 g (0.001
mol) of zinc sulfate heptahydrate and 0.294 ml. (0.0021
mol) of triethylamine were added, followed by stirring for 2
hours. Thereafter, a catalyst precipitate was obtained by
centrifugation, washed with ethanol by centrifugation, and
dried under vacuum at room temperature.

[0077] Thereby, the metal complex compound of Example
3 was prepared, and the constituent elements and structure
of the metal complex compound were analyzed and con-
firmed through EDS, FT-IR and TGA. Among the confir-
mation results thereof, the FT-IR and TGA analysis results
were shown in FIGS. 3a and 35, respectively. It was
confirmed through the EDS elemental analysis result and the
FT-IR spectrum that the metal complex compound of
Example 3 has a structure as shown in Chemical Formula 2
(specifically, Chemical Formula 2A). Further, it was con-
firmed from the TGA analysis result that the weight reduc-
tion of H,O was shown at 134° C., the weight reduction of
EG was shown at 233° C., and thereafter the weight of CO,
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and CO were reduced. Referring to the results of the FT-IR
analysis, it was confirmed that a metal complex compound
as shown in Chemical Formula 2 having H,O and EG ligand
was formed.

[0078] In addition, the structure of the metal complex
compound of Example 3 was analyzed by electron micro-
graphs and was shown in FIG. 3¢. With reference to FIG. 3¢,
it was confirmed that the metal complex compound was
formed in the form of a metal nanostructure having various
stereo structures.

Example 4: Preparation of Metal Complex
Compound (ZnOx; TOEA3.3) and Metal
Nanostructure

[0079] Ina 50 mL round bottom flask, 0.903 g (0.001 mol)
of oxalic acid was added to 15 mL of ethylene glycol and
dissolved with stirring for 20 minutes. Then, 0.288 g (0.001
mol) of zinc sulfate heptahydrate and 0.438 mL (0.0033
mol) of triethylamine were added, followed by stirring for 2
hours. Thereafter, a catalyst precipitate was obtained by
centrifugation, washed with ethanol by centrifugation, and
dried under vacuum at room temperature.

[0080] Thereby, the metal complex compound of Example
4 was prepared, and the constituent elements and structure
of the metal complex compound were analyzed and con-
firmed through EDS, FT-IR and TGA. Among the confir-
mation results thereof, the EDS and FT-IR analysis results
were shown in FIGS. 4a and 4b, respectively. It was
confirmed through the EDS elemental analysis result and the
FT-IR spectrum that the metal complex compound of
Example 4 has a structure as shown in Chemical Formula 2
(specifically, Chemical Formula 2A). Further, referring to
the TGA analysis result, it was confirmed that a metal
complex compound as shown in Chemical Formula 2 having
H,O and EG ligand was formed.

[0081] In addition, the structure of the metal complex
compound of Example 4 was analyzed by electron micro-
graphs and was shown in FIG. 4¢. With reference to FIG. 4c¢,
it was confirmed that the metal complex compound was
formed in the form of a metal nanostructure having various
stereo structures.

Example 5: Preparation of Metal Complex
Compound (ZnOx; TOEA2.1) and Metal
Nanostructure

[0082] Ina 50 mL round bottom flask, 0.903 g (0.001 mol)
of oxalic acid was added to 15 mL of ethylene glycol and
dissolved with stirring for 20 minutes. Then, 0.288 g (0.001
mol) of zinc sulfate heptahydrate and 0.278 mlL (0.0021
mol) of triethylamine were added, followed by stirring for 2
hours. Thereafter, a catalyst precipitate was obtained by
centrifugation, washed with ethanol by centrifugation, and
dried under vacuum at room temperature.

[0083] Thereby, the metal complex compound of Example
5 was prepared, and the constituent elements and structure
of the metal complex compound were analyzed and con-
firmed through EDS, FT-IR and TGA, and the confirmation
results thereof were shown in FIGS. 5a to 5¢, respectively.
It was confirmed through the EDS elemental analysis result
and the FT-IR spectrum that the metal complex compound
of Example 5 has a structure as shown in Chemical Formula
2 (specifically, Chemical Formula 2A). In the TGA analysis
results, the weight reduction of H,O was shown at 133° C.,
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the weight reduction of EG was shown at 214° C., and
thereafter the weight of CO, and CO was appeared to be
reduced.

[0084] In addition, the structure of the metal complex
compound of Example 5 was analyzed by electron micro-
graphs and was shown in FIG. 5d. With reference to FIG. 54,
it was confirmed that the metal complex compound was
formed in the form of a metal nanostructure having various
stereo structures.

Example 6: Preparation of Metal Complex
Compound (Ni-ZnOx; Plate) and Metal
Nanostructure

[0085] All reactions were carried out in the glove box.
Oxalic acid (0.090 g) was dissolved in anhydrous ethylene
glycol (15 mL) and then stirred at 200 rpm. Zn sulfate (0.081
g), Nickel chloride (0.065 g) and Molecular sieve 3A (1.0 g)
were added to the solution, and the reaction was progressed
while observing until oxalic acid was completely dissolved.
After that, the solution was stirred for another 2 hours, and
then the precipitate formed was centrifuged. The separated
precipitate was washed three times with anhydrous THF to
give a metal complex compound of Example 6 in a yield of
0.0472 g.

[0086] Thereby, the metal complex compound of Example
6 was prepared, and the constituent elements and structure
of the metal complex compound were analyzed and con-
firmed through EDS, FT-IR and TGA, and the confirmation
results thereof were shown in FIGS. 6a to 6¢, respectively.
It was confirmed through the EDS elemental analysis result
and the FT-IR spectrum that the metal complex compound
of Example 6 has a structure as shown in Chemical Formula
2 (however, including Ni:Zn at a weight ratio of about 1:5
as a metal element). In particular, referring to the FT-IR
analysis result, it was confirmed that a metal complex
compound as shown in Chemical Formula 2 having H,O and
EG ligand was formed.

[0087] In addition, the structure of the metal complex
compound of Example 6 was analyzed by electron micro-
graphs and was shown in FIG. 6d. With reference to FIG. 64,
it was confirmed that the metal complex compound was
formed in the form of a metal nanostructure having various
stereo structures, especially a plate shape.

Example 7: Preparation of Metal Complex
Compound (Ni-ZnOx; Rod) and Metal
Nanostructure

[0088] Oxalic acid (0.090 g) was dissolved in anhydrous
ethylene glycol (15 mL) and then stirred at 200 rpm. When
Zinc sulfate heptahydrate (0.114 g) and Nickel chloride
hydrate (0.065 g) were added, the reaction was progressed
while observing until oxalic acid was completely dissolved.
After that, the solution was stirred for another 2 hours, and
then the precipitate formed was centrifuged. The separated
precipitate was washed three times with ethanol to give a
metal complex compound of Example 7.

[0089] Thereby, the metal complex compound of Example
7 was prepared, and the constituent elements and structure
of the metal complex compound were analyzed and con-
firmed through EDS, FT-IR and TGA, and the confirmation
results thereof were shown in FIGS. 7a to 7¢, respectively.
It was confirmed through the EDS elemental analysis result
and the FT-IR spectrum that the metal complex compound
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of Example 7 has a structure as shown in Chemical Formula
2 (however, including Ni:Zn at a weight ratio of about 1:5
as a metal element). In particular, referring to the FT-IR
analysis result, it was confirmed that a metal complex
compound as shown in Chemical Formula 2 having H,O and
EG ligand was formed.

[0090] In addition, the structure of the metal complex
compound of Example 7 was analyzed by electron micro-
graphs and was shown in FIG. 7d. With reference to FIG. 74,
it was confirmed that the metal complex compound was
formed in the form of a metal nanostructure having various
stereo structures, especially a rod shape.

Example 8: Preparation of Metal Complex
Compound (CoOx) and Metal Nanostructure

[0091] Ina 50 mL round bottom flask, 0.903 g (0.001 mol)
of oxalic acid was added to 15 mL of ethylene glycol and
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formed in the form of a metal nanostructure having various
stereo structures.

[0094] Polymerization Example: Preparation of Polypro-
pylene Carbonate Resin

[0095] First, in a glove box, 0.0182 g of catalyst (Ex-
amples 1 to 7) and 7.96 g of methylene chloride were added
to a high-pressure reactor, and then 10.8 g of propylene
oxide was added. Thereafter, the reactor was pressurized to
20 bar with carbon dioxide. The polymerization reaction was
then carried out at 65° C. for 18 hours. After completion of
the reaction, unreacted carbon dioxide and propylene oxide
were removed together with dichloromethane, which is a
solvent. The residual solids were completely dried and
quantitated to determine the amount of polypropylene car-
bonate produced. The catalyst activity and yield according to
the polymerization results are summarized in Table 1 below.

TABLE 1

Copolymerization of carbon dioxide and propylene oxide

Product TON Ratio
Product amount (g/gof PPC
No. catalyst Co-catalyst  sampling  Solvent color (g) catalyst) and PC
1 Example 1 X Glove MC White 0.0384 2.11 86%:14%
00182 g box 6 mL
2  Example 2 X Glove MC White 0.0264 145 Non
00182 g box 6 mL analysis
3  Example 3 X Glove MC White 0.0351  1.99 49%:51%
00182 g box 6 mL
4  Example 4 X Glove MC White 0.0140  0.770  40%:60%
00182 g box 6 mL
5 Example 5 X Glove MC White 0.0236  1.30 Non
00182 g box 6 mL analysis
6 Example 6 X Glove MC White 0.0210 1.15 49%:51%
00182 g box 6 mL
7 Example 7 X Glove MC White 0.0347 191 48%:52%
00182 g box 6 mL
dissolved with stirring for 20 minutes. Then, 0.001 mol of [0096] With reference to Table 1 above, it was confirmed

cobalt sulfate (CoSO,) was added to which 0.7 g of 3 A
molecular sieves was added, and then stirred and dissolved
in the solution. Next, the mixture was stirred for 2 hours.
Subsequently, the precipitate formed was precipitated, the
solvent was separated and then washed again with 100 mL.
of THF three times and purified, followed by drying at 60°
C. under vacuum.

[0092] Thereby, the metal complex compound of Example
8 was prepared, and the constituent elements and structure
of the metal complex compound were analyzed and con-
firmed through EDS, FT-IR and TGA, and the confirmation
results thereof were shown in FIGS. 8a to 8¢, respectively.
It was confirmed through the XRD peak position and the
FT-IR spectrum that the metal complex compound of
Example 8 has a structure as shown in Chemical Formula 2
(specifically, Chemical Formula 2A). It was confirmed from
the TGA analysis result that the first weight reduction
corresponds to ethylene glycol, the second weight reduction
corresponds to CO, and CO (from oxalate), and the remain-
ing weight reduction corresponds to CoO.

[0093] In addition, the structure of the metal complex
compound of Example 8 was analyzed by electron micro-
graphs and was shown in FIG. 8d. With reference to FIG. 84,
it was confirmed that the metal complex compound was

that the metal complex compounds and the metal nanostruc-
tures of Examples 1 to 7 exhibited a polymerization activity
in the polymerization reaction for preparing the polypropyl-
ene carbonate resin and thus can be suitably used as a
catalyst.

1. A metal complex compound comprising a plurality of
linear inorganic coordination polymer chains containing a
repeating unit represented by the following Chemical For-
mula 1,

wherein the plurality of polymer chains are linked to each
other via a neutral ligand coordinately bonded to the
central metal M of Chemical Formula 1.

*
/O\\ ':O ®
M
I' \\ *
N o of,

in the Chemical Formula 1, M is at least one transition
metal element selected from the group consisting of Fe,
Ni, Zn and Co, n represents an integer of 30 to

[Chemical Formula 1]
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1,000,000, a solid line represents a covalent bond, a
dotted line represents a coordinate bond, and * repre-
sents a linking moiety.

2. The metal complex compound of claim 1, wherein the
neutral ligand is a compound including a plurality of oxy-
gen-, sulfur-, phosphorus- or nitrogen-containing functional
groups capable of coordinating to the M; or

a ring-containing compound including a plurality of one

or more hetero elements selected from the group con-
sisting of oxygen, sulfur, phosphorus and nitrogen.

3. The metal complex compound of claim 2, wherein the
oxygen-, sulfur-, phosphorus- or nitrogen-containing func-
tional group is selected from the group consisting of an oxo
group (—O—), a hydroxyl group, an amine group, a car-
boxyl group (—COOH), a thiol group, a phosphine group
(—PR2 and the like, wherein R is an alkyl group or an aryl
group), a nitrogen-containing heterocyclic ring, a sulfur-
containing heterocyclic ring, a phosphorus-containing het-
erocyclic ring and an oxygen-containing heterocyclic ring.

4. The metal complex compound of claim 2, wherein the
neutral ligand is at least one selected from water (H20), an
alkylene diol having 2 to 5 carbon atoms, an alkylene
diamine having 2 to 5 carbon atoms, a hydroxy alkyl amine
having 2 to 5 carbon atoms, a dioxane-based compound, a
morpholine-based compound, a piperazine-based com-
pound, a pyrazine-based compound, a 4,4'-dipyridyl-based
compound, a phenoxazine-based compound, an aminophe-
nol-based compound, a hydroxyquinoline-based compound,
a phenylenediamine-based compound, a hydroxybenzoic
acid-based compound, an alkylene dithiol having 2 to 5
carbon atoms, a mercapto alkanol having 2 to 5 carbon
atoms, a thiophenol-based compound, an aminothiophenol-
based compound, a diphosphino compound having 2 to 5
carbon atoms and an aminobenzoic acid-based compound.

5. The metal complex compound of claim 1, comprising
a repeating unit represented by Chemical Formula 2 below:

[Chemical Formula 2]

-

<
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\
o, o
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\
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in the Chemical Formula 2, M, n, the solid line, the dotted
line and * are as defined in the Chemical Formula 1, and A
is a neutral ligand coordinately bonded to the central metal
M.

6. A metal nanostructure comprising the metal complex
compound of claim 1.

7. The metal nanostructure of claim 6, having zero-
dimensional to three-dimensional structures.

8. A method for preparing the metal nanostructure of
claim 6 comprising reacting a salt of a transition metal M,
an oxalic acid and a neutral ligand, in a solvent.

9. The method for preparing the metal nanostructure of
claim 8, wherein the salt of a transition metal M is selected
from the group consisting of an acetate salt, a halogen salt,
a sulfate salt, a nitrate salt and a sulfonate salt.

10. The method for preparing the metal nanostructure of
claim 8, wherein the solvent is at least one selected from the
group consisting of methylene chloride, ethylene dichloride,
trichloroethane, tetrachloroethane, chloroform, acetonitrile,
propionitrile, dimethylformamide, N-methyl-2-pyrrolidone,
dimethyl! sulfoxide, dimethyl acetamide, nitromethane, 1,4-
dioxane, hexane, toluene, tetrahydrofuran, methyl ethyl
ketone, methylamine ketone, methyl isobutyl ketone,
acetone, cyclohexanone, trichloroethylene, methyl acetate,
vinyl acetate, ethyl acetate, propyl acetate, butyrolactone,
caprolactone, nitropropane, benzene, styrene, Xxylene,
methyl propasol, ethylene glycol, 1,2-propanediol and 1,3-
propanediol.

11. The method for preparing the metal nanostructure of
claim 8, the step of reacting the salt of a transition metal, the
oxalic acid and the neutral ligand is performed at a tem-
perature of 0° C. to 250° C.

12. A catalyst composition comprising the metal nano-
structure of claim 6.

13. A method for preparing a polyalkylene carbonate resin
comprising polymerizing a monomer including an epoxide
and carbon dioxide in the presence of the catalyst compo-
sition of claim 12.

14. The method for preparing a polyalkylene carbonate
resin of claim 13 which is carried out by solution polymer-
ization in an organic solvent.

15. A metal nanostructure comprising the metal complex
compound of claim 2.

16. A metal nanostructure comprising the metal complex
compound of claim 3.

17. A metal nanostructure comprising the metal complex
compound of claim 4.

18. A metal nanostructure comprising the metal complex
compound of claim 5.

#* #* #* #* #*



