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FOR PRODUCING SAME

(57) Disclosed is a method for producing a three-di-
mensional polymer-metal complex microstructure in-
cluding forming a polymer structure by stereolithography
using a photocurable resin having a reactive group X and
dipping it in a liquid of a metal-containing nanoparticle
having a reactive group X’ which is bound to the reactive
group X, thereby forming a metal-containing layer on the
polymer structure through binding the reactive group X
and the reactive group X’.

According to this method, it is possible to produce a
polymer-metal complex structure having a steric struc-
ture and to produce a three-dimensional polymer-metal
complex microstructure which does not denature biomol-
ecules in a metal complexation process.
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Description

[Technical Field]

[0001] The present invention relates to a three-dimen-
sional polymer-metal complex microstructure and a
method for producing the same. In more detail, the
present invention relates to a method for producing a
three-dimensional polymer-metal complex structure ca-
pable of being used simply and suitably for the fabrication
of an operation device of cells or biomolecules, an inter-
nal drug delivery device, and the like that are a structure
having a full length of from about 100 nm to 100 mm and
to a three-dimensional polymer-metal complex micro
structure formed by this method.

BACKGROUND ART

[0002] A fine three-dimensional structure formed using
a polymer, namely a three-dimensional polymer micro-
structure is utilized as, for example, a nanoneedle for
injection into a cell, other operation device of cells or bi-
omolecules, or an internal drug delivery device. Then, in
such a three-dimensional polymer microstructure, from
a variety of purposes, it is attempted to subject the whole
or a part of the structure to metal complexation.
[0003] Hitherto, a technology for forming a device of
complex fine structure between a polymer and a metal
is disclosed in, for example, the following Non-Patent
Document 1. Non-Patent Document 1 proposes a tech-
nique in which a metal layer is formed on a polymer layer
having a photoresist, etc. formed on a substrate by
means of sputtering, vapor deposition, or metal plating
through a mask, and thereafter, a structure is cut out by
means of chemical dissolution, focused ion beam meth-
od, or the like.
[0004] On the other hand, as techniques different from
that of Non-Patent Document 1, there are those disclosed
in, for example, the following Patent Documents 1 and 2
and Non-Patent Document 2. These are concerned with
a technique adopting microstereolithography by means
of two-photon absorption and electroless plating in com-
bination. In the microstereolithography by means of two-
photon absorption, a femtosecond pulse laser having a
certain wavelength is condensed into a photocurable res-
in having such properties that it is cured with light having
a wavelength of about a half thereof. Then, the two pho-
ton absorption is induced in only a focus center, thereby
curing the polymer within a range of about 100 nm in
diameter. By three-dimensionally scanning this condens-
ing point in the photocurable resin, an arbitrary three-
dimensional polymer structure can be formed.
[0005] In Patent Documents 1 and 2 and Non-Patent
Document 2, a technique in which after adding an elec-
tron donor to this polymer structure in advance, or after
dipping in a reducing agent after forming the polymer
structure, the resulting polymer structure is dipped in an
electroless plating bath, thereby depositing a metal film

on the polymer structure, is further disclosed. In addition,
a technique in which a photocurable resin having an elec-
tron donor added thereto and a photocurable resin not
having an electron donor added thereto are used for each
purpose in each site to form a complex structure, and
thereafter, the polymer structure is dipped in an electro-
less plating bath, thereby forming a metal film in only a
specified site of the polymer structure, is also disclosed.
[0006]

(Patent Document 1) JP-A-2007-253354
(Patent Document 2) JP-A-2007-69406

[0007]

(Non-Patent Document 1) Dan Sameoto, See-Ho
Tsang, M. Parameswaran, "Polymer MEMS
processing for multi-user applications", Sensors and
Actuators A: Physical, 134 (2007), pp.457-464
(Non-Patent Document 2) Richard A. Farrer, Chris-
topher N. LaFratta, Linji Li, Julie Praino, Michael J.
Naughton, Bahaa E.A. Saleh, Malvin C. Teich, and
John T. Fourkas, "Selective Functionalization of 3-D
Polymer Microstructures", J. Am. Chem. Soc., 2006,
128, pp.1796-1797

[0008] But, in the process disclosed in Non-Patent
Document 1, a large number of steps are required, and
apparatuses to be used for film formation, exposure, and
cutting out are large-sized, and therefore, there was in-
volved such a problem that the installation space and
cost increase. In addition, it may be impossible to apply
this process to any substrates exclusive of a planar sub-
strate, so that there was involved such a problem that it
may be impossible to form a three-dimensional structure
having an arbitrary steric structure.
[0009] Next, according to the methods disclosed in
Patent Documents 1 and 2 and Non-Patent Document
2, the electroless plating is adopted, and therefore, the
structure must be dipped in an acid or alkali solution in
a heating atmosphere. In consequence, for the purpose
of fabricating an operation device of cells or biomolecules
or an internal drug delivery device, in the case of mixing
a biomolecule such as a nucleic acid, a protein, etc. in a
photocurable resin to form a structure, there was involved
such a problem that such a biomolecule is denatured.
Furthermore, though it may be possible to fabricate a
polymer structure having a site having a metal film formed
therein and a site not having a metal film formed therein,
whether or not the metal film is formed is determined
depending upon the matter on whether or not the electron
donor is added to the photocurable resin, and therefore,
there was involved such a problem that it may be impos-
sible to form a metal film of a different kind depending on
the site of the polymer structure.
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DISCLOSURE OF THE INVENTION

[0010] A first object of the present invention is to pro-
vide a method for producing a three-dimensional poly-
mer-metal complex microstructure, which is a production
method capable of being easily carried out by a small
number of steps at ordinary temperature and atmospher-
ic pressure, and which is able to produce a polymer-metal
complex structure having an arbitrary steric structure and
does not denature biomolecules in a process of metal
complexation.
[0011] Furthermore, a second object of the present in-
vention is to provide a production method capable of
forming a layer containing a dissimilar metal in each ar-
bitrary site on a three-dimensional polymer-metal com-
plex microstructure.
[0012] Furthermore, a third object of the present inven-
tion is to provide a production method capable of forming
a layer containing a metal in only an arbitrary site on a
three-dimensional polymer-metal complex microstruc-
ture.
[0013] Furthermore, a fourth object of the present in-
vention is to provide a useful three-dimensional poly-
mer-metal complex microstructure which is a resultant
from such a production method.

(First invention)

[0014] A first invention of this application is concerned
with a method for producing a three-dimensional poly-
mer-metal complex microstructure comprising:

constituting a fine polymer structure having an arbi-
trary steric structure by stereolithography using a
photocurable resin having a reactive group X; and
subsequently, dipping the polymer structure in a met-
al complexation treating liquid that is an aqueous
medium solution or aqueous medium dispersion liq-
uid of a metal-containing nanoparticle having a re-
active group X’ capable of being bound to the reac-
tive group X and containing an arbitrary metal, to
bind the reactive group X on the polymer structure
to the reactive group X’ on the metal-containing na-
noparticle,
thereby forming a metal-containing layer on the pol-
ymer structure.

[0015] According to the first invention, it is possible to
provide a method for producing a three-dimensional pol-
ymer-metal complex microstructure, which is a produc-
tion method capable of being easily carried out by a small
number of steps at ordinary temperature and atmospher-
ic pressure, and which is able to produce a polymer-metal
complex structure having an arbitrary steric structure and
does not denature biomolecules in a process of metal
complexation. This effect can also be obtained by second
to seventh inventions.

(Second invention)

[0016] A second invention of this application is con-
cerned with a method for producing a three-dimensional
polymer-metal complex microstructure comprising:

including a first member forming step of forming a
fine first member having an arbitrary steric structure
by stereolithography using a photocurable resin hav-
ing a reactive group Y and a second member forming
step of positioning a photocurable resin having a re-
active group Z in a region including the first member
and forming a fine second member having an arbi-
trary steric structure and connecting to the first mem-
ber by stereolithography, to constitute a fine polymer
structure that is an integral molded article including
the first member and the second member; and
subsequently, dipping the polymer structure in (1) a
first metal complexation treating liquid that is an
aqueous medium solution or aqueous medium dis-
persion liquid of a metal-containing nanoparticle
having a reactive group Y’ which is capable of being
specifically bound to the reactive group Y but not
capable of being bound to the reactive group Z and
containing a metal A and (2) a second metal compl-
exation treating liquid that is an aqueous medium
solution or aqueous medium dispersion liquid of a
metal-containing nanoparticle having a reactive
group Z’ which is capable of being specifically bound
to the reactive group Z but not capable of being
bound to the reactive group Y and containing a metal
B, respectively in random order, or dipping the pol-
ymer structure in a mixed liquid of the first metal com-
plexation treating liquid and the second metal com-
plexation treating liquid, to specifically bind the re-
active group Y and the reactive group Y’, and the
reactive group Z and the reactive group Z’, respec-
tively to each other,
thereby forming a metal-containing layer containing
the metal A in the first member of the polymer struc-
ture and a metal-containing layer containing the met-
al B in the second member of the polymer structure.

[0017] According to the second invention, it is possible
to form a layer containing a dissimilar metal in each ar-
bitrary site on the three-dimensional polymer-metal com-
plex microstructure.

(Third invention)

[0018] A third invention of this application is concerned
with a method for producing a three-dimensional poly-
mer-metal complex microstructure comprising:

including a first member forming step of forming a
fine first member having an arbitrary steric structure
by stereolithography using a photocurable resin hav-
ing a reactive group Y and a second member forming

3 4 
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step of positioning a photocurable resin having a re-
active group Z in a region including the first member
and forming a fine second member having an arbi-
trary steric structure and connecting to the first mem-
ber by stereolithography, to constitute a fine polymer
structure that is an integral molded article including
the first member and the second member; and
subsequently, dipping the polymer structure in (3) a
third metal complexation treating liquid that is an
aqueous medium solution or aqueous medium dis-
persion liquid of a metal-containing nanoparticle
having a reactive group Y’ which is capable of being
specifically bound to the reactive group Y but not
capable of being bound to the reactive group Z and
containing an arbitrary metal, or (4) a fourth metal
complexation treating liquid that is an aqueous me-
dium solution or aqueous medium dispersion liquid
of a metal-containing nanoparticle having a reactive
group Z’ which is capable of being specifically bound
to the reactive group Z but not capable of being
bound to the reactive group Y and containing an ar-
bitrary metal, to specifically bind reactive groups re-
lated to either one of a combination of the reactive
group Y and the reactive group Y’, and a combination
of the reactive group Z and the reactive group Z’,
thereby forming a metal-containing layer in only ei-
ther one of the first member and the second member
of the polymer structure.

[0019] According to the third invention, it is possible to
form a metal-containing layer in only an arbitrary site on
the three-dimensional polymer-metal complex micro-
structure. Incidentally, in view of utility of a raw material
body, the third invention brings about such an advantage
that by constituting, as a raw material body, a fine polymer
structure that is an integral molded article including the
first member and the second member and then making
selection so as to dip this raw material body in either one
of the third metal complexation treating liquid and the
fourth metal complexation treating liquid, it is possible to
freely select to form the metal-containing layer on either
the first member or the second member.

(Fourth invention)

[0020] A fourth invention of this application is con-
cerned with the method for producing a three-dimension-
al polymer-metal complex microstructure as set forth in
any one of the foregoing first to third inventions, wherein
the irradiation light used for the stereolithography is an
irradiation light for generating multi-photon absorption in
an irradiation region in the photocurable resin.
[0021] According to the fourth invention, it is possible
to fabricate a three-dimensional polymer structure having
an arbitrary shape with a curing resolution of not more
than 100 nm.

(Fifth invention)

[0022] A fifth invention of this application is concerned
with the method for producing a three-dimensional poly-
mer-metal complex microstructure as set forth in any one
of the foregoing first to fourth inventions, wherein one or
more reactive groups among the reactive groups X, Y
and Z which the photocurable resin has and the reactive
groups X’, Y’ and Z’ which the metal-containing nanopar-
ticle has are protected by a protective group capable of
being eliminated upon hydrolysis in the aqueous medium
solution or aqueous medium dispersion liquid.
[0023] According to the fifth invention, in the stereo-
lithography, it is possible to prevent the wasteful con-
sumption of the reactive groups X, Y and Z which the
photocurable resin has, or the reactive groups X’, Y’ and
Z’ which the metal-containing nanoparticle has, prior to
the production of a three-dimensional polymer-metal
complex microstructure.

(Sixth invention)

[0024] A sixth invention of this application is concerned
with the method for producing a three-dimensional poly-
mer-metal complex microstructure as set forth in any one
of the foregoing first to fifth inventions, wherein the metal
contained in the metal-containing nanoparticle is one or
two or more metals selected among gold, silver, and mag-
netic metals.
[0025] According to the sixth invention, it is possible to
provide a three-dimensional polymer-metal complex
microstructure having a metal-containing layer contain-
ing one or two or more metals selected among gold, sil-
ver, and magnetic metals. For example, in the case where
the three-dimensional polymer-metal complex micro-
structure is a nanoneedle for injection into a cell, if a met-
al-containing layer of gold or silver is formed in a needle
tip thereof, it is possible to achieve the injection into a
cell easily and surely by irradiation of a laser light onto
the needle tip to generate a shock wave or a cavitation
bubble. Furthermore, in the case where the three-dimen-
sional polymer-metal complex microstructure is a device
for drug delivery movable in the body or liquid, which is
constituted of at least one drug carrier part and a trans-
portation part, if a metal-containing layer containing a
magnetic metal is formed in the transportation part, it is
possible to move this device easily and surely in the body
or liquid due to a magnetic force from the outside.

(Seventh invention)

[0026] A seventh invention of this application is con-
cerned with the method for producing a three-dimension-
al polymer-metal complex microstructure as set forth in
any one of the foregoing first to sixth inventions, wherein
the constituting process of a polymer structure by stere-
olithography and the binding reaction of a reactive group
in the aqueous medium solution or aqueous medium dis-

5 6 
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persion liquid are carried out within a temperature range
of from 0 °C to 40 °C and/or within a pH range of from 7
to 9.
[0027] According to the seventh invention, since it is
possible to carry out the production process of a three-di-
mensional polymer-metal complex microstructure under
a very mild condition, even in the case where a biomol-
ecule is contained in the photocurable resin, denaturation
of the biomolecule can be suppressed. Incidentally, ex-
amples of the "case where a biomolecule is contained in
the photocurable resin" include a case where when the
three-dimensional polymer-metal complex microstruc-
ture is constituted as a device for injection into a cell and
collection of a target substance within the cell, the photo-
curable resin is allowed to contain a biomolecule such
as DNA, an antigen protein, etc. in advance, and the sub-
ject biomolecule is utilized as a scavenger of the target
substance; and the like.

(Eighth invention)

[0028] An eighth invention of this application is con-
cerned with a three-dimensional polymer-metal complex
microstructure corresponding to any one of the following
(5) to (8).
[0029]

(5) A fine polymer structure that is an integral molded
article including a fine first member composed of a
photocurable resin and having an arbitrary steric
structure and a fine second member composed of a
photocurable resin and having an arbitrary steric
structure, wherein
a metal-containing layer containing a metal A is
formed in the first member; and
a metal-containing layer containing a metal B is
formed in the second member.

[0030]

(6) A fine polymer structure that is an integral molded
article including a fine first member composed of a
photocurable resin having a reactive group Y and
having an arbitrary steric structure and a fine second
member composed of a photocurable resin having
a reactive group Z and having an arbitrary steric
structure, wherein
a metal-containing layer containing the metal A is
formed in the first member through binding of a met-
al-containing nanoparticle having a reactive group
Y’ which is capable of being specifically bound to the
reactive group Y and containing a metal A on the
basis of binding between the reactive group Y and
the reactive group Y’; and
a metal-containing layer containing the metal B is
formed in the second member through binding of a
metal-containing nanoparticle having a reactive
group Z’ which is capable of being specifically bound

to the reactive group Z and containing a metal B on
the basis of binding between the reactive group Z
and the reactive group Z’.

[0031]

(7) A fine polymer structure that is an integral molded
article including a fine first member composed of a
photocurable resin and having an arbitrary steric
structure and a fine second member composed of a
photocurable resin and having an arbitrary steric
structure, wherein
a metal-containing layer is formed in only either one
of the first member and the second member.

[0032]

(8) A fine polymer structure that is an integral molded
article including a fine first member composed of a
photocurable resin having a reactive group Y and
having an arbitrary steric structure and a fine second
member composed of a photocurable resin having
a reactive group Z and having an arbitrary steric
structure, wherein
a metal-containing layer containing an arbitrary met-
al is formed in the first member through binding of a
metal-containing nanoparticle having a reactive
group Y’ which is capable of being specifically bound
to the reactive group Y and containing the metal on
the basis of binding between the reactive group Y
and the reactive group Y’; or
a metal-containing layer containing an arbitrary met-
al is formed in the second member through binding
of a metal-containing nanoparticle having a reactive
group Z’ which is capable of being specifically bound
to the reactive group Z and containing the metal on
the basis of binding between the reactive group Z
and the reactive group Z’.

[0033] According to the eighth invention, a useful
three-dimensional polymer-metal complex microstruc-
ture which is a resultant from the production method ac-
cording to the first to seventh inventions is provided. That
is, a three-dimensional polymer-metal complex micro-
structure composed of a fine polymer structure having
an arbitrary shape and a metal-containing layer can be
efficiently realized.

(Ninth invention)

[0034] An ninth invention of this application is con-
cerned with a metal complexed nanoneedle which is a
fine polymer structure that is an integral molded article
including a substrate that is a fine first member composed
of a photocurable resin and having an arbitrary steric
structure and a needle that is a fine second member com-
posed of a photocurable resin and having an acicular
steric structure protruding from the substrate, wherein

7 8 
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a metal-containing layer containing one or two or more
metals selected among gold, silver, and magnetic metals
is formed in the needle that is the second member or a
tip thereof; and
the metal-containing layer is formed on the basis of spe-
cific binding of a first reactive group provided in the photo-
curable resin consisting the second member to a second
reactive group provided in a metal-containing nanopar-
ticle consisting the metal-containing layer.

[Brief Description of the Drawings]

[0035]

[FIG. 1] shows a process of a working example of a
production method according to the present inven-
tion.
[FIG. 2] shows a specific example of protection of a
reactive group by a protective group.
[FIG. 3] shows a specific example of a metal-con-
taining nanoparticle.
[FIG. 4] is an optical microscope observation image
for confirming the formation of a metal-containing
layer.
[FIG. 5] is a scanning electron microscope observa-
tion image for confirming the formation of a met-
al-containing layer.
[FIG. 6] shows a use state of a specific example of
a device using a three-dimensional polymer-metal
complex microstructure.

EXPLANATIONS OF LETTERS OR NUMERALS

[0036]

1: Substrate
2: Photocurable resin
3: First member
4: Photocurable resin
5: Second member
6: Solution
7: Metal-containing layer
8: Three-dimensional polymer-metal complex micro-
structure
9: Metal complexed nanoneedle
10: Polymer structure
11: Needle tip
12: Metal-containing layer
13: Cell
14: Cell membrane

BEST MODES FOR CARRYING OUT THE INVENTION

[0037] Next, modes for carrying out the present inven-
tion inclusive of best modes thereof are described.

[Production method of three-dimensional polymer-metal 
complex microstructure]

[0038] The production method of a three-dimensional
polymer-metal complex microstructure according to the
present invention includes the following first to third pro-
duction methods. Each of concepts of the "photocurable
resin", "stereolithography", "polymer structure", "metal
complexation treating liquid", "metal-containing nanopar-
ticle", and "formation of metal-containing layer" related
to these production methods are described later in detail.

(First production method)

[0039] In short, a first production method of a three-di-
mensional polymer-metal complex microstructure is a
method for constituting a fine polymer structure and form-
ing a metal-containing layer on the polymer structure.
[0040] When the contents of this first production meth-
od are described more specifically, the first production
method is a method for producing a three-dimensional
polymer-metal complex microstructure comprising
constituting a fine polymer structure having an arbitrary
steric structure by stereolithography using a photocura-
ble resin having a reactive group X; and
subsequently, dipping the polymer structure in a metal
complexation treating liquid that is an aqueous medium
solution or aqueous medium dispersion liquid of a metal-
containing nanoparticle having a reactive group X’ capa-
ble of being bound to the reactive group X and containing
an arbitrary metal, to bind the reactive group X on the
polymer structure to the reactive group X’ on the metal-
containing nanoparticle,
thereby forming a metal-containing layer on the polymer
structure.
[0041] In the foregoing first production method, the
"steric structure" which the polymer structure has is not
limited so far as in short, it has a three-dimensional spatial
structure. Examples thereof include, in addition to steric
structures such as a spherical shape, a block shape, a
rod shape, a needle shape, etc., steric structures such
as a ring shape, a coil shape, a cylindrical shape, and a
complicated shape in which these shape units are com-
plexed. Furthermore, even a structure of a very thin plate
shape or a sheet shape is also included so far as it sub-
stantially has a thickness. This point is also the same in
the second and third production methods as described
later. Incidentally, the "steric structure" of each of the first
member and the second member in the second and third
production methods also has the same concept.
[0042] In addition, in the first production method, the
"aqueous medium" refers to a solvent composed of wa-
ter, or refers to a solvent which is a mixed solvent of water
and a hydrophilic solvent and in which a mixing ratio of
the hydrophilic solvent is low to such an extent that a
biomolecule such as a protein, etc. is not denatured. This
point is also the same in the second and third production
methods as described later.

9 10 
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[0043] In addition, in the first production method, pref-
erably, the constituting process of a polymer structure by
stereolithography and the binding reaction of a reactive
group in the aqueous medium solution or aqueous me-
dium dispersion liquid are carried out within a tempera-
ture range of from 0 °C to 40 °C and/or within a pH range
of from 7 to 9. This point is also the same in the second
and third production methods as described later.

(Second production method)

[0044] In short, a second production method of a
three-dimensional polymer-metal complex microstruc-
ture is a method for constituting a fine polymer structure
that is an integral molded article including a first member
and a second member, forming a metal-containing layer
containing a metal A in the first member, and forming a
metal-containing layer containing a metal B which is dif-
ferent from the metal A in the second member.
[0045]  When the contents of this second production
method are described more specifically, the second pro-
duction method is a method for producing a three-dimen-
sional polymer-metal complex microstructure compris-
ing:

including a first member forming step of forming a
fine first member having an arbitrary steric structure
by stereolithography using a photocurable resin hav-
ing a reactive group Y and a second member forming
step of positioning a photocurable resin having a re-
active group Z which is different from the reative
group Y in a region including the first member and
forming a fine second member having an arbitrary
steric structure and connecting to the first member
by stereolithography, to constitute a fine polymer
structure that is an integral molded article including
the first member and the second member; and
subsequently, dipping the polymer structure in (1) a
first metal complexation treating liquid that is an
aqueous medium solution or aqueous medium dis-
persion liquid of a metal-containing nanoparticle
having a reactive group Y’ which is capable of being
specifically bound to the reactive group Y but not
capable of being bound to the reactive group Z and
containing a metal A and (2) a second metal compl-
exation treating liquid that is an aqueous medium
solution or aqueous medium dispersion liquid of a
metal-containing nanoparticle having a reactive
group Z’ which is capable of being specifically bound
to the reactive group Z but not capable of being
bound to the reactive group Y and containing a metal
B, respectively in random order, or dipping the pol-
ymer structure in a mixed liquid of the first metal com-
plexation treating liquid and the second metal com-
plexation treating liquid, to specifically bind the re-
active group Y and the reactive group Y’, and the
reactive group Z and the reactive group Z’, respec-
tively to each other,

thereby forming a metal-containing layer containing
the metal A in the first member of the polymer struc-
ture and a metal-containing layer containing the met-
al B in the second member of the polymer structure.

[0046] In the foregoing second production method, the
terms "positioning a photocurable resin having a reactive
group Z in a region including the first member" refer to
(a) a form in which the already formed first member is
dipped in the uncured photocurable resin having a reac-
tive group Z, or (b) a form in which the uncured photo-
curable resin having a reactive group Z is positioned in
a state where it comes into contact with a part of the
already formed first member, or the like. This point is the
same as in the third production method as described lat-
er.
In addition, in the second production method, the terms
"integral molded article including the first member and
the second member" refer to (a) a molded article in which
the first member and the second member each having a
fixed shape are directly joined with each other in a fixed
positional relation, (b) a molded article in which the first
member and the second member each having a fixed
shape are joined with each other in a state where another
member is allowed to intervene in the midway between
the both, (c) a state where the first member and the sec-
ond member each having a fixed shape are partially or
wholly embedded in another member as a base material,
without being directly joined with each other, or the like.
This point is also the same as in the third production
method as described later.

(Third production method)

[0047] In short, a third production method of a three-di-
mensional polymer-metal complex microstructure is a
method for constituting a fine polymer structure that is
an integral molded article including a first member and a
second member and forming a metal-containing layer in
only either one of the first member and the second mem-
ber.
[0048] When the contents of this third production meth-
od are described more specifically, the third production
method is a method for producing a three-dimensional
polymer-metal complex microstructure comprising:

including a first member forming step of forming a
fine first member having an arbitrary steric structure
by stereolithography using a photocurable resin hav-
ing a reactive group Y and a second member forming
step of positioning a photocurable resin having a re-
active group Z which is different from the reactive
group Y in a region including the first member and
forming a fine second member having an arbitrary
steric structure and connecting to the first member
by stereolithography, to constitute a fine polymer
structure that is an integral molded article including
the first member and the second member; and
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subsequently, dipping the polymer structure in (3) a
third metal complexation treating liquid that is an
aqueous medium solution or aqueous medium dis-
persion liquid of a metal-containing nanoparticle
having a reactive group Y’ which is capable of being
specifically bound to the reactive group Y but not
capable of being bound to the reactive group Z and
containing an arbitrary metal, or (4) a fourth metal
complexation treating liquid that is an aqueous me-
dium solution or aqueous medium dispersion liquid
of a metal-containing nanoparticle having a reactive
group Z’ which is capable of being specifically bound
to the reactive group Z but not capable of being
bound to the reactive group Y and containing an ar-
bitrary metal, to specifically bind reactive groups re-
lated to either one of a combination of the reactive
group Y and the reactive group Y’, and a combination
of the reactive group Z and the reactive group Z’,
thereby forming a metal-containing layer in only ei-
ther one of the first member and the second member
of the polymer structure.

[Photocurable resin]

[0049] The photocurable resin refers to a resin which
is a liquid in an uncured state and which when irradiated
with light such as ultraviolet rays, visible light beams, etc.,
starts polymerization and is cured.
[0050] In general, the photocurable resin is a resin ob-
tained by mixing a liquid monomer or oligomer with a
photopolymerization initiator, a diluent, a stopping agent,
a light absorber, a filler, and the like. Examples of such
a monomer or oligomer include urethane acrylate based,
epoxy acrylate based, acrylate based, epoxy based, vinyl
ether based, and oxetane based compounds.
[0051] Though the kind of the photocurable resin which
is used in the present invention is not limited, as shown
in embodiments as described later, for the purpose of
fabricating a fine structure, it is preferable to use a photo-
curable resin which is an epoxy based or oxetane based
compound with less cure shrinkage and which does not
contain a light scattering fine particle such as a filler, etc.

[Stereolithography]

[0052] The stereolithography refers to a technique for
curing a liquid photocurable resin upon irradiation with
light, thereby fabricating a three-dimensional structure.
Though a technique for forming arbitrary shape and
structure in the three-dimensional structure is not limited,
in general, there is exemplified a technique in which a
liquid photocurable resin is cured upon irradiation with
light, and a new liquid resin is laminated on a cured por-
tion, followed by successive curing, thereby fabricating
an arbitrary three-dimensional structure. In addition, as
described later, there is also exemplified a technique for
omitting a lamination step by means of utilization of multi-
photon absorption, or the like.

[0053] In more detail, the stereolithography is distin-
guished by a mode of light absorption, a scanning tech-
nique of light, and a lamination technique of photocurable
resin.
[0054] As classification by the mode of light absorption,
a type of absorbing one photon having a wavelength of
a green to ultraviolet region to cure is general. However,
for example, as disclosed in JP-A-2001-158050, there is
also exemplified multi-photon absorption microstereo-
lithography for irradiating a pulse laser of an infrared re-
gion to generate two or more multi-photon absorptions
at the same time, thereby achieving curing with a minute
resolution of not more than the wavelength.
[0055] As classification by the scanning technique of
light, there are exemplified a technique for scanning con-
densed point-like light using a galvano mirror or an acou-
stooptic element, thereby achieving curing; and a tech-
nique for planarly making a pattern of light using a mask
sheet, a liquid crystal filter, or a digital mirror device and
planarly exposing it, thereby achieving curing.
[0056] The lamination technique of the photocurable
resin is classified into free-surface stereolithography in
which a liquid surface of the resin is exposed in the at-
mosphere; constrain-surface stereolithography in which
a light-permeable thin plate is disposed on a liquid sur-
face of the resin to uniformly keep the liquid surface; and
a technique in which curing in a portion other than a focus
is suppressed by means of utilization of multi-photon ab-
sorption, or the like, thereby omitting a lamination step.
[0057] In the present invention, though all of the fore-
going techniques can be adopted, in embodiments as
described later, for the purpose of efficiently fabricating
an extremely fine device, the technique for utilizing mul-
ti-photon absorption as the mode of light absorption,
thereby omitting a lamination step was carried out.

[Metal-containing nanoparticle]

[0058] The metal-containing nanoparticle contains a
fine metal particle having an outer diameter of, for exam-
ple, from about 1 nm to 1 mm and has a reactive group
which is specifically bound to a reactive group which the
photocurable resin constituting the polymer structure
has. In consequence, the metal-containing nanoparticle
is usually composed of a metal particle and an organic
molecule bound thereto (or a polymer particle having a
metal particle included therein), and this organic mole-
cule or polymer particle has a reactive group which is
specifically bound to a reactive group which the photo-
curable resin has.
[0059] Though the kind of the metal constituting the
metal particle is not limited, preferred examples thereof
include gold, silver, and magnetic metals. In the foregoing
second production method, a metal-containing nanopar-
ticle containing the metal A and a metal-containing nan-
oparticle containing the metal B which is different from
the metal A are used in combination.
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[Formation of metal-containing layer]

[0060] In the first to third production methods, the met-
al-containing layer in which the metal-containing nano-
particle is bound in a stratiform state is formed on the
polymer structure (or on the first member and/or second
member of the polymer structure) in the metal complex-
ation treating liquid. In consequence, the metal-contain-
ing layer is formed in a state of a surface coating layer.
[0061] It is necessary that the reactive group which the
photocurable resin has and the reactive group which the
metal-containing nanoparticle has are reactive groups
which are specifically bound mutually. As a combination
of reactive groups having such specific binding proper-
ties, those according to well-known or known combina-
tions can be arbitrarily adopted. Examples thereof in-
clude a combination of an acidic group such as a sulfonic
acid group, a carboxyl group, a thiol group, a phosphoric
acid group, etc. with a basic group such as an amino
group, an imino group, a maleimide group, etc. In addi-
tion, there can also be exemplified a combination of an
amino group with an isothiocyanate group, a combination
of an amino group with an NHS group, a combination of
a thiol group with a maleimide group, a combination of
biotin with avidin, a combination of biotin with streptavi-
din, a combination of DNA with complementary DNA, and
the like.
[0062] In the second or third production method, it is
required to allow the metal-containing nanoparticle for
subjecting the first member to a metal complexation treat-
ment to have a reactive group Y’ which is capable of
being specifically bound to a reactive group Y which the
photocurable resin constituting the first member has but
is not capable of being bound to a reactive group Z which
the photocurable resin constituting the second member
has. In addition, it is required to allow the metal-contain-
ing nanoparticle for subjecting the second member to a
metal complexation treatment to have a reactive group
Z’ having reverse binding properties to the foregoing Y’.
[0063] As a combination of reactive groups satisfying
such a relation, though those according to well-known or
known combinations can be arbitrarily adopted, for ex-
ample, the following groups can be exemplified.
[0064] The reactive group Y or Y’ is selected from the
group of combinations consisting of (an amino group with
an isothiocyanate group), (an amino group with an NHS
group), (a thiol group with a maleimide group), (biotin
with avidin), (biotin with streptavidin), and (DNA with
complementary DNA). Furthermore, the reactive group
Z or Z’ is selected from the foregoing group but other
than the combination selected as the reactive group Y
and Y’. However, in the case where the reactive group
Y or Y’ is an amino group, then an amino group cannot
be included in the combination of the reactive groups Z
and Z’. In addition, in the case where the reactive group
Y or Y’ is biotin, then biotin cannot be included in the
combination of the reactive groups Z and Z’. Further-
more, in the case where the reactive groups Y and Y’ are

a combination of DNA with complementary DNA, and the
reactive groups Z and Z’ are a combination of DNA with
complementary DNA, then all of the reactive group Y and
the reactive group Z, and the reactive group Y’ and the
reactive group Z’ must be a different sequence from each
other.

[Three-dimensional polymer-metal complex microstruc-
ture]

[0065] The three-dimensional polymer-metal complex
microstructure according to the present invention is cor-
responding to any one of the following (5) to (8). In par-
ticular, the three-dimensional polymer-metal complex
microstructures (5) and (6) are preferable.
[0066]

(5) A fine polymer structure that is an integral molded
article including a fine first member composed of a
photocurable resin and having an arbitrary steric
structure and a fine second member composed of a
photocurable resin and having an arbitrary steric
structure, wherein
a metal-containing layer containing a metal A is
formed in the first member; and
a metal-containing layer containing a metal B is
formed in the second member.

[0067]

(6) A fine polymer structure that is an integral molded
article including a fine first member composed of a
photocurable resin having a reactive group Y and
having an arbitrary steric structure and a fine second
member composed of a photocurable resin having
a reactive group Z and having an arbitrary steric
structure, wherein
a metal-containing layer containing the metal A is
formed in the first member through binding of a met-
al-containing nanoparticle having a reactive group
Y’ which is capable of being specifically bound to the
reactive group Y and containing a metal A on the
basis of binding between the reactive group Y and
the reactive group Y’; and
a metal-containing layer containing the metal B is
formed in the second member through binding of a
metal-containing nanoparticle having a reactive
group Z’ which is capable of being specifically bound
to the reactive group Z and containing a metal B on
the basis of binding between the reactive group Z
and the reactive group Z’.

[0068]

(7) A fine polymer structure that is an integral molded
article including a fine first member composed of a
photocurable resin and having an arbitrary steric
structure and a fine second member composed of a
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photocurable resin and having an arbitrary steric
structure, wherein
a metal-containing layer is formed in only either one
of the first member and the second member.

[0069]

(8) A fine polymer structure that is an integral molded
article including a fine first member composed of a
photocurable resin having a reactive group Y and
having an arbitrary steric structure and a fine second
member composed of a photocurable resin having
a reactive group Z and having an arbitrary steric
structure, wherein
a metal-containing layer containing an arbitrary met-
al is formed in the first member through binding of a
metal-containing nanoparticle having a reactive
group Y’ which is capable of being specifically bound
to the reactive group Y and containing the metal on
the basis of binding between the reactive group Y
and the reactive group Y’; or
a metal-containing layer containing an arbitrary met-
al is formed in the second member through binding
of a metal-containing nanoparticle having a reactive
group Z’ which is capable of being specifically bound
to the reactive group Z and containing the metal on
the basis of binding between the reactive group Z
and the reactive group Z’.

[Device utilizing a three-dimensional polymer-metal com-
plex microstructure]

[0070] Though the kind of a specific device which can
be utilized as the three-dimensional polymer-metal com-
plex microstructure is not limited, as an example thereof,
there can be exemplified a device in which a needle tip
of a nanoneedle for injection into a cell is complexed with
a metal such as gold, silver, etc. by forming the foregoing
metal-containing layer. In this device, it may be consid-
ered that the injection into a cell becomes easy and sure
by irradiation of a laser light onto the needle tip to gen-
erate a shock wave or a cavitation bubble. In addition,
as another example thereof, there is exemplified a case
where when the three-dimensional polymer-metal com-
plex microstructure is constituted as a device for injection
into a cell and collection of a target substance within the
cell, the photocurable resin is allowed to contain a bio-
molecule such as DNA, an antigen protein, etc. in ad-
vance, and the subject biomolecule is utilized as a scav-
enger of the target substance. Furthermore, as another
example, there can be exemplified a case where the
three-dimensional polymer-metal complex microstruc-
ture is a device for drug delivery movable in the body or
liquid, which is constituted of at least one drug carrier
part and a transportation part, and in which a metal-con-
taining layer containing a magnetic metal is formed in the
transportation part. This device can be moved easily and
surely into, for example, a fixed target in the body or liquid

due to a magnetic force from the outside.

EXAMPLES

[0071] Example embodiment and working examples
of the present invention are hereunder described. It
should not be construed that the technical scope of the
present invention is limited to the following Example Em-
bodiment and Examples.

[Example Embodiment]

[0072] FIG. 1 shows a flowchart of an example of em-
bodiments of the present invention.
[0073] First of all, an uncured photocurable resin 2 hav-
ing a reactive group A is placed on a substrate 1, and a
first member 3 of a structure is formed in the photocurable
resin 2 by means of stereolithography (for example, ster-
eolithography utilizing multi-photon absorption). After
rinsing the uncured photocurable resin 2, an uncured
photocurable resin 4 not having a reactive group A is
placed so as to include the first member 3 therein, and
a second member 5 connecting to the first member 3 is
formed by means of stereolithography (for example, ster-
eolithography utilizing multi-photon absorption), thereby
obtaining a polymer structure composed of the first mem-
ber 3 and the second member 5.
[0074] After rinsing the uncured photocurable resin 4,
by dipping the foregoing polymer structure in a solution
6 of a metal-containing nanoparticle having an organic
molecular chain having a reactive group A’ which is spe-
cifically bound to the reactive group A, the reactive group
A on the first member 3 is bound to the reactive group A’
on the metal-containing nanoparticle, whereby a metal-
containing layer 7 is formed on the first member 3. Such
a metal-containing layer 7 is not formed on the second
member 5. After rinsing an excess of the solution 6, the
polymer structure is taken out from the substrate, thereby
obtaining a three-dimensional polymer-metal complex
microstructure 8.

[Example 1]

[0075] In the present example, microstereolithography
utilizing two-photon absorption and a gold nanoparticle
are used.
[0076] First of all, a photocurable resin liquid (SCR710,
D-MEC Ltd., JAPAN) is placed on a glass substrate
(thickness: 0.15 mm), a femtosecond laser (Tsunami,
Spectra-Physics, U.S.A.) having a central wavelength of
756 nm, which has been condensed with an objective
lens, is irradiated in the liquid from a lower portion, and
a focus is scanned by a galvano mirror, thereby forming
a first site of the structure.
[0077] Subsequently, the uncured resin is removed
and rinsed with diethyl ether and ethanol, a photocurable
resin containing an amino group is placed on the glass
substrate so as to include the foregoing first site therein,
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and a second site is formed by means of microstereo-
lithography utilizing two-photon absorption.
[0078] The photocurable resin containing an amino
group is a resin obtained by blending a photocurable resin
(SCR71 0) with 15 % by weight of a silane coupling agent
shown in FIG. 2 (KBE-9103, Shin-Etsu Chemical Co.,
Ltd., JAPAN). KBE-9103 is a silane compound in which
an amino group thereof is protected. Since this protected
amino group does not exhibit properties as a primary
amine as it is, it is stable during the stereolithography.
However, when coming into contact with water, it is ex-
tremely easily hydrolyzed to eliminate a ketone com-
pound, thereby producing an active primary amine.
[0079]  In order to form a gold-containing layer on the
surface of the formed second site, after rinsing the struc-
ture with ether and ethanol, the structure is dipped in
water to eliminate the protective group of the amino
group, and then dipped in an aqueous solution of Mo-
no-Sulfo-NHS-NANOGOLD (Nanoprobes) shown in
FIG. 3. The present reagent is a reagent in which a sulfo-
N-hydroxysuccinimide (sulfo-NHS) group is modified on
a gold nanoparticle having a diameter of 1.4 nm. The
sulfo-NHS group easily reacts with and binds to the amino
group in an aqueous solution at a pH of from 7.5 to 8.2.
[0080] In order to confirm binding of the gold nanopar-
ticle, a silver sensitizer was used. In a silver sensitization
reaction, silver is produced with gold acting as a nucleus,
and a portion where silver is produced can be confirmed
as a black point upon observation with an optical micro-
scope. FIG. 4 shows an optical observation image of the
structure before and after the silver sensitization reaction.
In a site not containing an amino group, a change in color
between before the sensitization (1) and after the sensi-
tization (2) is poor, whereas in a site containing an amino
group, a deep black color inherent in the silver sensitiza-
tion is observed after the sensitization (4) relative to be-
fore the sensitization (3), and it is exhibited that the gold
particle is specifically produced in the site containing an
amino group.
[0081] In addition, FIG. 5 shows a scanning electron
microscope observation image of the surface of a struc-
ture before and after silver sensitization. In a site not con-
taining an amino group, a change of the surface is not
substantially observed between before the sensitization
(1) and after the sensitization (2). On the other hand, in
a site containing an amino group, a smooth surface is
present before the sensitization (3), whereas the particle
covers the whole of the surface after the sensitization
(4). It may be considered that this is caused due to the
matter that a silver particle is deposited with gold particle
acting as a nucleus.
[0082] It has been demonstrated from the foregoing
results that in the present embodiment, a gold-containing
layer can be formed in an arbitrary site on the three-di-
mensional polymer microstructure fabricated by means
of stereolithography in a simple and mild step.

[Example 2]

[0083] The present example shows a use state of a
metal complexed nanoneedle that is a specific example
of the device using a three-dimensional polymer-metal
complex microstructure.
[0084] A metal complexed nanoneedle 9 that is a de-
vice shown in FIG. 6 is one in which a metal-containing
layer 12 containing a metal such as gold or silver is
formed in a needle tip 11 in a fine polymer structure 10
constituted in a fixed shape by means of the technique
according to the present invention.
[0085] In this device, it may be considered that the in-
jection into a cell membrane 14 of a cell 13 becomes
easy and sure by irradiation of a laser light onto the needle
tip 11 to generate a shock wave or a cavitation bubble
(shown symbolically by a small figure such as a star
shape in FIG. 6).

INDUSTRIAL APPLICABILITY

[0086] According to the present invention, a method
for producing a three-dimensional polymer-metal com-
plex microstructure, which is a production method capa-
ble of being easily carried out by a small number of steps
at ordinary temperature and atmospheric pressure, and
which is able to produce a polymer-metal complex struc-
ture having an arbitrary steric structure and does not de-
nature biomolecules in a process of metal complexation,
is provided.

Claims

1. A method for producing a three-dimensional poly-
mer-metal complex microstructure comprising:

constituting a fine polymer structure having an
arbitrary steric structure by stereolithography
using a photocurable resin having a reactive
group X; and
subsequently, dipping the polymer structure in
a metal complexation treating liquid that is an
aqueous medium solution or aqueous medium
dispersion liquid of a metal-containing nanopar-
ticle having a reactive group X’ capable of being
bound to the reactive group X and containing an
arbitrary metal, to bind the reactive group X on
the polymer structure to the reactive group X’ on
the metal-containing nanoparticle,
thereby forming a metal-containing layer on the
polymer structure.

2. A method for producing a three-dimensional poly-
mer-metal complex microstructure comprising:

including a first member forming step of forming
a fine first member having an arbitrary steric
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structure by stereolithography using a photocur-
able resin having a reactive group Y and a sec-
ond member forming step of positioning a photo-
curable resin having a reactive group Z in a re-
gion including the first member and forming a
fine second member having an arbitrary steric
structure and connecting to the first member by
stereolithography, to constitute a fine polymer
structure that is an integral molded article includ-
ing the first member and the second member;
and
subsequently, dipping the polymer structure in
(1) a first metal complexation treating liquid that
is an aqueous medium solution or aqueous me-
dium dispersion liquid of a metal-containing na-
noparticle having a reactive group Y’ which is
capable of being specifically bound to the reac-
tive group Y but not capable of being bound to
the reactive group Z and containing a metal A
and (2) a second metal complexation treating
liquid that is an aqueous medium solution or
aqueous medium dispersion liquid of a metal-
containing nanoparticle having a reactive group
Z’ which is capable of being specifically bound
to the reactive group Z but not capable of being
bound to the reactive group Y and containing a
metal B, respectively in random order, or dipping
the polymer structure in a mixed liquid of the first
metal complexation treating liquid and the sec-
ond metal complexation treating liquid, to spe-
cifically bind the reactive group Y and the reac-
tive group Y’, and the reactive group Z and the
reactive group Z’, respectively to each other,
thereby forming a metal-containing layer con-
taining the metal A in the first member of the
polymer structure and a metal-containing layer
containing the metal B in the second member of
the polymer structure.

3. A method for producing a three-dimensional poly-
mer-metal complex microstructure comprising:

including a first member forming step of forming
a fine first member having an arbitrary steric
structure by stereolithography using a photocur-
able resin having a reactive group Y and a sec-
ond member forming step of positioning a photo-
curable resin having a reactive group Z in a re-
gion including the first member and forming a
fine second member having an arbitrary steric
structure and connecting to the first member by
stereolithography, to constitute a fine polymer
structure that is an integral molded article includ-
ing the first member and the second member;
and
subsequently, dipping the polymer structure in
(3) a third metal complexation treating liquid that
is an aqueous medium solution or aqueous me-

dium dispersion liquid of a metal-containing na-
noparticle having a reactive group Y’ which is
capable of being specifically bound to the reac-
tive group Y but not capable of being bound to
the reactive group Z and containing an arbitrary
metal, or (4) a fourth metal complexation treating
liquid that is an aqueous medium solution or
aqueous medium dispersion liquid of a metal-
containing nanoparticle having a reactive group
Z’ which is capable of being specifically bound
to the reactive group Z but not capable of being
bound to the reactive group Y and containing an
arbitrary metal, to specifically bind reactive
groups related to either one of a combination of
the reactive group Y and the reactive group Y’,
and a combination of the reactive group Z and
the reactive group Z’,
thereby forming a metal-containing layer in only
either one of the first member and the second
member of the polymer structure.

4. The method for producing a three-dimensional pol-
ymer-metal complex microstructure according to any
one of claims 1 to 3, wherein an irradiation light used
for the stereolithography is the irradiation light for
generating multi-photon absorption in an irradiation
region in the photocurable resin.

5. The method for producing a three-dimensional pol-
ymer-metal complex microstructure according to any
one of claims 1 to 4, wherein one or more reactive
groups among the reactive groups X, Y and Z which
the photocurable resin has and the reactive groups
X’, Y’ and Z’ which the metal-containing nanoparticle
has are protected by a protective group capable of
being eliminated upon hydrolysis in the aqueous me-
dium solution or aqueous medium dispersion liquid.

6. The method for producing a three-dimensional pol-
ymer-metal complex microstructure according to any
one of claims 1 to 5, wherein the metal contained in
the metal-containing nanoparticle is one or two or
more metals selected among gold, silver, and mag-
netic metals.

7. The method for producing a three-dimensional pol-
ymer-metal complex microstructure according to any
one of claims 1 to 6, wherein the constituting process
of a polymer structure by stereolithography and the
binding reaction of a reactive group in the aqueous
medium solution or aqueous medium dispersion liq-
uid are carried out within a temperature range of from
0 °C to 40 °C and/or within a pH range of from 7 to 9.

8. A three-dimensional polymer-metal complex micro-
structure comprising corresponding to any one of the
following (5) to (8):
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(5) a fine polymer structure that is an integral
molded article including a fine first member com-
posed of a photocurable resin and having an
arbitrary steric structure and a fine second mem-
ber composed of a photocurable resin and hav-
ing an arbitrary steric structure, wherein
a metal-containing layer containing a metal A is
formed in the first member, and
a metal-containing layer containing a metal B is
formed in the second member;
(6) a fine polymer structure that is an integral
molded article including a fine first member com-
posed of a photocurable resin having a reactive
group Y and having an arbitrary steric structure
and a fine second member composed of a
photocurable resin having a reactive group Z
and having an arbitrary steric structure, wherein
a metal-containing layer containing the metal A
is formed in the first member through binding of
a metal-containing nanoparticle having a reac-
tive group Y’ which is capable of being specifi-
cally bound to the reactive group Y and contain-
ing a metal A on the basis of binding between
the reactive group Y and the reactive group Y’,
and
a metal-containing layer containing the metal B
is formed in the second member through binding
of a metal-containing nanoparticle having a re-
active group Z’ which is capable of being spe-
cifically bound to the reactive group Z and con-
taining a metal B on the basis of binding between
the reactive group Z and the reactive group Z’;
(7) a fine polymer structure that is an integral
molded article including a fine first member com-
posed of a photocurable resin and having an
arbitrary steric structure and a fine second mem-
ber composed of a photocurable resin and hav-
ing an arbitrary steric structure, wherein
a metal-containing layer is formed in only either
one of the first member and the second member;
and
(8) a fine polymer structure that is an integral
molded article including a fine first member com-
posed of a photocurable resin having a reactive
group Y and having an arbitrary steric structure
and a fine second member composed of a
photocurable resin having a reactive group Z
and having an arbitrary steric structure, wherein
a metal-containing layer containing an arbitrary
metal is formed in the first member through bind-
ing of a metal-containing nanoparticle having a
reactive group Y’ which is capable of being spe-
cifically bound to the reactive group Y and con-
taining the metal on the basis of binding between
the reactive group Y and the reactive group Y’, or
a metal-containing layer containing an arbitrary
metal is formed in the second member through
binding of a metal-containing nanoparticle hav-

ing a reactive group Z’ which is capable of being
specifically bound to the reactive group Z and
containing the metal on the basis of binding be-
tween the reactive group Z and the reactive
group Z’.

9. A metal complexed nanoneedle which is a fine pol-
ymer structure that is an integral molded article in-
cluding a substrate that is a fine first member com-
posed of a photocurable resin and having an arbi-
trary steric structure and a needle that is a fine sec-
ond member composed of a photocurable resin and
having an acicular steric structure protruding from
the substrate, wherein
a metal-containing layer containing one or two or
more metals selected among gold, silver, and mag-
netic metals is formed in the needle that is the second
member or a tip thereof; and
the metal-containing layer is formed on the basis of
specific binding of a first reactive group provided in
the photocurable resin consisting the second mem-
ber to a second reactive group provided in a metal-
containing nanoparticle consisting the metal-con-
taining layer.
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