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EP 2 230 289 B1
Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a luminescent material, a luminescent material complex using the luminescent
material and a method of manufacturing the same, a fluorescent labeling reagent and a method of manufacturing the
same, and a light emitting element.

2. Description of the Related Art

[0002] Normally, a white light emitting diode (white LED) is composed of a blue light emitting diode, and a phosphor
made of a rare earth element. However, the white LED involves such a problem that a luminance of a green light having
a wavelength near 520 nm is low. Under such a background, in recent years, a research, about a luminescence behavior
of either silicon or a silicon oxide, aiming for applications to the white LED or the like has been actively carried out. For
example, a light emitting element formed from a silica glass containing therein fumed silica as a raw material is well
known from PCT Patent Publication No. WO2005/021449. In addition, a light emitting element made from silica fine
particles containing therein fumed silica as a raw material, for example, is well known from Japanese Patent Laid-Open
No. 2007-290873.

[0003] In addition, a labeling reagent using silica nano-particles, for example, is well known from Japanese Patent
Laid-Open No. 2008-273790 (hereinafter referred to as Patent Document 1). In this case, a silane coupling agent is
added to a reverse micelle disperse system composed of a surfactant in a hydrophobic solvent, water containing therein
a basic electrolyte and a hydrophilic organic solvent, the silane coupling agent is hydrolyzed with the water, and a silica
monomer is polymerized to form the silica nano-particles.

[0004] JP 04-289691 Arefers to a change of aluminance colour in an electroluminescence illuminant having a luminous
layer. The luminous layer has a diffused phosphor formed by a sol-gel method. A SiO,-layer having a solidified phosphor
dye is provided.

[0005] US 6,600,175 B1 refers to a light emitting assembly based on a solid-state light emitting device (LED), which
is operative to emit monochromatic radiation. The LED is packaged along with fluorescent organic/inorganic fluorescers
and phosphors in an insulating polymeric matrix. The monochromatic radiation is down-converted by the fluorescers to
yield longer wavelengths to include a broad spectrum of frequencies which appear as white light.

[0006] Raoetal.:"Luminiscentdye Rhodamine 6G doped monolithic and transparent TEOS silica xerogels and spectral
properties”, Science and Technology of Advanced Materials, Vol. 4, No. 2, May 2003, pages 121-129 describe a sol-
gel process for the preparation of Rhodamine 6G (R6G) doped silica xerogels by using thetraethyl-orthosilicate as a
precursor for a silica network.

[0007] Kalapathy etal.: "An improved method for production of silica from rice hull ash", Bioresource Technology, Vol.
85, No. 3, December 2002, pages 285-289 describe a method for the production of silica from rice hull ash.

[0008] US 2008/293584 A1 discloses colloidal silica particles containing a fluorescent dye compound, composed of
a silica particle containing a silica component and a fluorescent dye compound chemically bound or adsorbed thereto,
wherein the colloidal silica particles containing a fluorescent dye compound have an average diameter of 30 nm or less,
and wherein said silica particles are used simultaneously as fluorescent-labelling nanobeads; a fluorescent nano-material
comprising said colloidal silica particles; and a biochip and an assay method using the same.

[0009] US 2 935 481 A discloses methods for chemically adsorbing fluorescent substances on surfaces of silica
materials.

[0010] "Synthesis and Characterization of Colloidal Dispersions of Fluorescent, Monodisperse Silica Spheres" by Van
der Blaaderen and Vrij (Langmuir, 19920101 American Chemical Society, US - ISSN 0743-7463; Vol:8, Page(s): 2921
- 2931) discloses chemically adsorbing fluorescent substances on surfaces of silica materials.

[0011] KR 2009 0004285 A discloses an optical sensor having selectively chromogenic character by binding a metal-
ion to represent obvious variation of luminosity and color before and after the adsorption and to be employed to detect
specific metal-ion. In the optical sensor having selectively chromogenic character by binding a metal-ion, a radiation
receptor compound including the rhodamine type luminophore is bound to the surface of silica support. The optical
sensor represents color change and variation of luminosity. The sensor can be employed to a colormetric kit and fluor-
imetric kit.

SUMMARY OF THE INVENTION

[0012] In this connection, the light emitting element containing therein the fumed silica as the raw material involves
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such a problem that a large thermal energy is necessary for making the fumed silica, and thus a large load is applied to
the environment. In addition, in the case of the labeling reagent using the silica nano-particles and disclosed in Patent
Document 1, the silica nano-particles utilizes the micelle structure formed by the surfactant. Thus, there is encountered
such a problem that as was expected, the large thermal energy is necessary for making the labeling reagent, and thus
the large load is applied to the environment.

[0013] The present invention has been made in order to solve the problems described above, and it is therefore
desirable to provide a luminescent material in which a large thermal energy is unnecessary for making the luminescent
material, and thus a small load is merely applied to the environment, a luminescent material complex using such a
luminescent material and a method of manufacturing the same, a fluorescent labeling reagent and a method of manu-
facturing the same, and a light emitting element.

[0014] The above problem is solved by the subject-matter of the independent claims.

[0015] According to the present invention, a luminescent material can be obtained by firing the plant-derived material
in the atmosphere containing therein the oxygen molecules. Therefore, large thermal energy is unnecessary during the
manufacture of the luminescent material, and thus the load applied to the environment is small. Also, the luminescent
material is a material which is worthy of attention in terms of a new technique applied to the biomass. The present
invention can be applied to not only electronics use application such as the LED or the illumination, but also the medical
fluorescent reagent, including the recognition of a specific cell and a gene.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIGS. 1A and 1B are respectively a graph showing the result of checking a fine pore diameter distribution in a
luminescent material obtained in Example Group 1 in accordance with a BJH (Barrett-Joyner-Halenda) method,
and a graph showing the result of checking a fine pore diameter distribution in the luminescent material obtained in
Example Group 1 in accordance with an MP (Molecular Probe) method;

FIG. 2 is a graph showing the result of radiating a laser beam (wavelength: 325 nm) from a HeCd laser to the
luminescent material obtained in Example Group 1, and measuring photoluminescence (PL) of the luminescent
material;

FIG. 3 is a graph showing a spectrum of cathode-luminescence of the luminescent material obtained in Example
Group 1;

FIGS. 4A and 4C are respectively cathode-luminescence images of the luminescent material obtained in Example
Group 1, and FIGS. 4B and 4D are respectively images of the luminescent material in Example Group 1 each
obtained through observation by using a scanning electron microscope;

FIG. 5is a graph showing the results of measuring fluorescence spectra of luminescent material complexes obtained
in Example Group 1 and Example Group 2, respectively, and Rhodamine 6G;

FIG. 6 is a schematic diagram showing a scheme in which the fluorescent substance contained in a liquid solution,
and the luminescent material are caused to react with each other in Example Group 2, thereby modifying a surface
of the luminescent material with the fluorescent substance;

FIGS. 7A and 7B are respectively schematic conceptual diagrams of the luminescent material complexes obtained
in Example Group 1 and Example Group 2, respectively;

FIG. 8 is a schematic conceptual diagram showing a state in which an acceptor group of a fluorescent labeling
reagent in Example Group 2 is bonded to any one of a desired molecule, a desired protein or a desired cell; and
FIG. 9 is a schematic cross sectional view of a light emitting element according to Example Group 3.

DETAILED DESCRIPTION

[0017] Although hereinafter, the present invention will be described based on examples, the present invention is by
no means limited thereto, and various numerical values and materials in the examples thereof are merely exemplified.
It is noted that the description is given in accordance with the following order.

1. An across-the-board description about a luminescent material, luminescent material complexes and methods of
manufacturing them, fluorescent labeling reagents and methods of manufacturing them, and light emitting elements.
2. Example Group 1 (examples of the luminescent material, first examples of the luminescent material complex and
the method of manufacturing the same, and first examples of the fluorescent labeling reagent and the method of
manufacturing the same).

3. Example Group 2 (examples of the luminescent material, second examples of the luminescent material complex
and the method of manufacturing the same, and second examples of the fluorescent labeling reagent and the method
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of manufacturing the same).

4. Example Group 3 (examples of the light emitting elements, and others).

1. An across-the-board description about a luminescent material, luminescent material complexes and methods of
manufacturing them, fluorescent labeling reagents and methods of manufacturing them, and light emitting elements.

[0018] In a luminescent material, luminescent material complexes, fluorescent labeling reagents, light emitting ele-
ments, methods of manufacturing the luminescent material complex, or methods of manufacturing the fluorescentlabeling
reagent, at least one kind of material selected from the group consisting of a rice hull, a Phragmites, bamboos, an algae
such as a diatom, and diatom earth can also be given as a plant-derived material.

[0019] It is desirable that a value of a specific surface area of the luminescent material obtained in accordance with
a nitrogen BET (Brunauer, Emmett, Teller) method is 10 m2/g or more, is preferably 20 m2/g or more, and is more
preferably 50 m2/g or more. The value of the specific surface area of the luminescent material obtained in accordance
with the nitrogen BET method is set as 10 m2/g or more, whereby it is possible to increase an amount of fluorescent
substance adsorbed on the surface of the luminescent material, and an amount of fluorescent substance modifying the
surface of the luminescent material.

[0020] In addition, in the light emitting elements, an energy source is by no means limited. However, it is possible to
use the energy source composed of a semiconductor light emitting element, such as a light emitting diode or a semi-
conductor laser, for emitting either an ultraviolet light or a blue visible light.

[0021] Moreover, in the luminescent material complexes, the fluorescent labeling reagents, the light emitting elements,
the methods of manufacturing the fluorescent material complexes, or the methods of manufacturing the fluorescent
labeling reagents, the fluorescent substance can be made at least one kind of material selected from the group consisting
of: a Rhodamine derivative such as Rhodamine B or Rhodamine 6G; fluorescein and a derivative thereof; coumalin;
Texas-red; a green fluorescent protein (GFP); a blue fluorescent protein; a cyan fluorescent protein; and a yellow
fluorescent protein. Also, the fluorescent substance penetrates into fine pore portions formed in the luminescent material,
and as a result, a high luminescence intensity can be obtained.

[0022] Moreover, in the fluorescent labeling reagents, or the methods of manufacturing the fluorescent labeling rea-
gents, the luminescent material can be made to have an acceptor group. Or, the luminescent material can be made to
have an acceptor group which can be bonded to any one of a desired molecule, a desired protein, or a desired cell. In
such cases, although not being limited as the acceptor group, an organic functional group such as a hydroxyl group, a
carboxyl group, an amino group, a mercapto group, a thiocyanate group, an epoxyl group, an isocyanate group or a
ketone group can be exemplified as the acceptor group. A material having such a functional group can also be formed
on a surface layer of the luminescent material through a silane coupling agent or the like. In addition, it is also possible
to adopt such a form that the protein is bonded as the acceptor group to a surface of the luminescent material. In this
case, an antigen (such as IL-2, IL-4, IL-5, IL-10, TNF-a, IFN-y, erythropoietin, a hematopoietic stem cell factor, trans-
forming growth stimulators o and B, or a neuron growth stimulator), an immune body (such as immunoglobulin A,
immunoglobulin E, immunoglobulin G or immunoglobulin M), or the like, for example, can be given as such a protein.
On the other hand, a microcystin class generated by a blue-green algae; a hepatotoxin such as nodularin or cylindros-
permopsin; a neurotoxin such as an anatoxin class or a aphantoxin class; or various organic poisons can be given as
a molecule to which the acceptor group can be bonded. In addition, a nucleic acid (DNA (Deoxyribonucleic acid), RNA
(ribo nucleic acid)), or an immune body (such as immunoglobulin A, immunoglobulin E, immunoglobulin G or immu-
noglobulin M), for example, can be given as a desired protein to which the acceptor group can be bonded. Also, a desired
protein causing an antigen-antibody reaction [such as an antigen (such as IL-2, IL-4, IL-5, IL-10, TNF (Tumor Necrosis
Factor)-a, IFN (Interferon)-y, erythropoietin, a hematopoietic stem cell factor, transforming growth stimulators o and B,
or a neuron growth stimulator), an immune body (such as immunoglobulin A, immunoglobulin E, immunoglobulin G or
immunoglobulin M), or the like, for example, can be given. Moreover, an epithelial cell, a contractile cell, a blood cell,
an immunocyte, a hepatic cell, a fat cell, a neuron, a glia cell, a reproductive cell, a nurse cell, a cell secreting a hormone,
a cell about a sensation, or the like can be given as a desired cell to which the acceptor can be bonded.

[0023] In the methods of manufacturing the luminescent material complexes, or the methods of manufacturing the
fluorescent labeling reagents, a plant-derived material is fired in an atmosphere containing therein oxygen molecules.
In this case, specifically, an atmosphere, in which a hydrocarbon component can be removed with oxygen, such as an
airly atmosphere, or a highly-concentrated oxygen atmosphere (for example, an atmosphere of 100% oxygen can be
given as the atmosphere containing therein oxygen molecules. In addition, a temperature in the range of 500 to 1,000°C
can be exemplified as a firing temperature, and a time in the range of one to five hours can be exemplified as a firing
time. It is noted that after completion of the firing, excessive minerals can be removed by carrying out processing using
a hydrochloric acid, a nitric acid or the like, thereby refining the luminescent material.

[0024] In the methods of manufacturing the luminescent material complexes, or the methods of manufacturing the
fluorescent labeling reagents, specifically, any solvent can be used as long as the solvent concerned meets a condition
that the solvent concerned can dissolve a fluorescent substance at a decomposition temperature or less, and has a



10

15

20

25

30

35

40

45

50

55

EP 2 230 289 B1

viscosity suitable for penetrating into fine pores. A time in the range of six to 12 hours, for example, can be given as a
time for which the luminescent material is dipped in the liquid solution containing therein the fluorescent substance.
[0025] On the other hand, in a method of manufacturing the luminescent material complex, or in a method of manu-
facturing the fluorescent labeling reagent, specifically, any solvent can be used as the liquid solution containing therein
the fluorescent material as long as the solvent concerned meets a condition that the solvent concerned can dissolve the
fluorescent substance at the decomposition temperature or less, can cause a chemical reaction between a functional
group and the fluorescent substance on surfaces of fine pores of the luminescent material to progress, and has a low
vapor pressure. Specifically, a condition such that the reaction can be caused in each of the luminescent material and
the fluorescent substance at the decomposition temperature or less can be given as the reaction condition caused
between the fluorescent substance contained in the liquid solution, and the luminescent material.

[0026] A nitrogen BET method is a method in which nitrogen is adsorbed and desorbed as an adsorbed molecule on
and from an adsorption agent (the luminescent material in this case), thereby measuring an adsorption isotherm, and
measured data is analyzed in accordance with a BET expression expressed by Expression (1). Thus, a specific surface
area, a fine pore volume and the like can be calculated in accordance with this nitrogen BET method. Specifically, when
a value of the specific surface area is calculated in accordance with this nitrogen BET method, firstly, nitrogen is adsorbed
and desorbed as the adsorbed molecule on and from the adsorption agent (the luminescent material), thereby measuring
the adsorption isotherm. Also, [p/{V,(pg - p)}] is calculated from the resulting adsorption isotherm in accordance with
either Expression (1) or Expression (1°) into which Expression (1) is transformed, and is plotted against an equilibrium
relative pressure (p/pg). Also, [p/{V,(pg - P)}] thus plotted is regarded as being expressed by a straight line, and a gradient,
s (=[(C - 1/(C-V)]), and an intercept, i (= [1/(C-V,)]), are both calculated in accordance with a least-squares method.
Also, V, and C are both calculated from the resulting gradient, s, and intercept, i, in accordance with Expressions (2-1)
and (2-2). In addition, the specific surface area, aggeT, is calculated from V,, in accordance with Expression (3) (refer
to a manual of BELSORP-mini and BELSORP Analyzing Software manufactured by BEL JAPAN, Inc., pp. 62 to 66). It
is noted that the nitrogen BET method is a measuring method conforming to JIS R 1626-1996 "A method of measuring
a specific surface area based on a gas adsorption BET method for fine ceramics powder."

Va = (VarC:p)/[(po = P){1 + (C = 1) (p/pPo)}] ... (1)

where V, is an adsorption amount, V,, is an adsorption amount in a single molecule layer, p is a pressure in a phase of
equilibrium of nitrogen, and pg is a saturated vapor pressure of nitrogen.

(p/{Valpo - p)1}]
= [(C = 1)/(C+Vqp) I (p/pPo) + [1/(C-Vp)] e (1)

Vo = 1/(s + 1) cee. (2-1)
C = (s/i) + 1 cee. (2-2)
asper = (Vn'Tir0) /22414 e (3)

where L is the Avogadro’s number, and o is an adsorption cross section of nitrogen.

[0027] When a fine pore volume Vp is calculated in accordance with the nitrogen BET method, for example, linear
interpolation is carried out for the adsorption data of the resulting adsorption isotherm, and an adsorption amount V in
the relative pressure set based on a fine pore volume calculation relative pressure is obtained. The fine pore volume
Vp can be calculated from the resulting adsorption amount V in accordance with Expression (4) (refer to the manual of
BELSORP-mini and BELSORP Analyzing Software manufactured by BEL JAPAN, Inc., pp. 62 to 65). It is noted that a
fine pore volume obtained based on the nitrogen BET method will be hereinafter, simply referred to as "a fine pore
volume" in some cases.

Vo = (V/22414) x (Mg/pg) cee. (4)
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where V is an adsorption amount at the relative pressure, Mg is a molecular weight of nitrogen, and Pg is a density of
nitrogen.

[0028] A pore diameter of a meso pore, for example, can be calculated in the form of a distribution of pore diameters
from a rate of change of a fine pore volume with respect to the pore diameter in accordance with a BJH method. The
BJH method is a method which is widely used as a fine pore analyzing method. When the fine pore distribution is analyzed
in accordance with the BJH method, firstly, nitrogen is adsorbed and desorbed as the adsorbed molecule on and from
the adsorption agent (the luminescent material), thereby measuring the adsorption isotherm. Also, a thickness of an
adsorption layer when adsorbed molecules are gradually adsorbed and desorbed from a state in which the fine pore is
filled with the adsorbed molecules (for example, nitrogen molecules), and an inner diameter (which is twice as long as
a core radius) caused in this phase are obtained in accordance with the resulting adsorption isotherm. Also, a fine pore
radius o is calculated in accordance with Expression (5), and the fine pore volume is calculated in accordance with
Expression (6). Also, a rate, (de/drp), of change of the fine pore volume is plotted against the fine pore diameter (2rp)
based on the fine pore radius and the fine pore volume, thereby obtaining the fine pore distribution curve (refer to the
manual of BELSORP-mini and BELSORP Analyzing Software manufactured by BEL JAPAN, Inc., pp. 85 to 88).

rp = t + Iy cee. (5)

where r, is the fine pore radius, and ry is a core radius {(inner diameter)/2} when the adsorption layer having a thickness,
t, is adsorbed on the inner wall of the fine pore having the fine pore radius r, at a pressure concerned.

an = Rn'an - Rn'dtn'c'ZApj ¢« = o . (6)

where Vpn is the fine pore volume when the n-th round of adsorption and desorption of nitrogen is caused, dV,, is a
change amount at that time, dt, is a change amount of thickness, t,,, of the adsorption layer when the n-th round of
adsorption and desorption of nitrogen is caused, c is a fixed value, and ZApJ- represents an integrated value of areas of
wall surfaces of the fine pores fromj=1toj=n-1.

[0029] Here, R, is expressed as follows:

Ry = Tpn'/(rm — 1 + dty)? e (T)

where r, is the core radius at that time, and ry, is the fine pore radius when the n-th round of adsorption and desorption
of nitrogen is caused.

[0030] The pore diameter of the micro-fine pore, for example, can be calculated in the form of the distribution of the
fine pores from the rate of change of the fine pore volume with respect to the pore diameter in accordance with the MP
method. When the distribution of the fine pore is analyzed in accordance with the MP method, firstly, nitrogen is adsorbed
on the adsorption agent (luminescent material), thereby obtaining the adsorption isotherm. Also, the resulting adsorption
isotherm is converted into the fine pore volume with respect to the thickness, t, of the adsorption layer (plotted against
the thickness, t, of the adsorption layer). Also, the fine pore distribution curve can be obtained in accordance with a
curvature (a change amount of fine pore volume with respect to a change amount of thickness, t, of the adsorption layer)
obtained through the plotting (refer to the manual of BELSORP-mini and BELSORP Analyzing Software manufactured
by BEL JAPAN, Inc., pp. 72 to 73, and p. 82).

Example Group 1

[0031] Example Group 1 relates to examples of the luminescent material, examples of the luminescent material com-
plexes and the methods of manufacturing them, and examples of the fluorescent labeling reagents and the methods of
manufacturing them.

[0032] Either in Example Group 1 or in Example Groups 2 and 3 which will be described later, a rice hull (Isehikari
produced in Kihokucho, KAGOSIMA Prefecture) was used as the plant-derived material). Also, firstly, this plant-derived
material was fired in the atmosphere containing therein oxygen molecules. Specifically, this plant-derived material was
placed in a 500-ml conical beaker, and was fired at 500°C for five hours in an atmosphere open system by using a quartz
mantle heater to be ashed. The resulting powdered luminescent material, as shown in TABLE 1, was a luminescent
material which was obtained from the plant-derived material as a raw material, and contained therein a silicon oxide
containing therein silicon having a content rate of 40 wt.% or more, and oxygen having a content rate of 40 wt.% or more
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as a principal component. Itis noted that quantities of elements were determined in accordance with an energy dispersion
method (EDS) by using an energy dispersive X-ray analyzer (JED-2200F manufactured by JEOL Ltd.) as a measurement
apparatus for element analysis. Also, the content rates were calculated in the form of ratios by weight (wt.%). A scanning
voltage of 15 kV, and a radiation current of 13 pA were set as measurement conditions.

TABLE 1
element | mass % | the numberofatoms %

C < 0.01 <0.01
N < 0.01 <0.01
o] 45.67 60.68
F < 0.01 <0.01
Na <0.01 <0.01
Mg < 0.01 <0.01
Al <0.01 <0.01
Si 48.14 36.43

0.4 0.28

0.2 0.13
Cl 0.05 0.03
K 2.55 1.39
Ca 0.37 0.2
Sc 0.01 0.01
Ti < 0.01 <0.01
\% < 0.01 <0.01
Cr < 0.01 < 0.01
Mn < 0.01 < 0.01
Fe < 0.01 < 0.01
Co 0.14 0.05
Ni 0.13 0.05
Cu 1.1 0.37
Zn 0.82 0.27

[0033] The value of the specific surface area of the luminescent material obtained in accordance with the nitrogen
BET method was 80 m2/g. As the result of checking the fine pore diameter distribution in accordance with the BJH
method, it was found out that as shown in FIG. 1A, the fine pore diameter distribution has peaks at 10 nm and 30 nm.
In addition, as the result of checking the fine pore diameter distribution in accordance with the MP method, it was found
out that as shown in FIG. 1B, the fine pore diameter distribution has a peak at 0.7 nm.

[0034] A laser beam (having a wavelength of 325 nm) was radiated from a HeCd laser to the luminescent material
obtained in the manner described above, thereby measuring photoluminescence (PL) of the luminescent material. The
measurement result is shown in FIG. 2. It was found out that the luminescent material produces luminescence at a
wavelength of 420 nm. It is noted that in FIG. 2, an axis of ordinate represents a photoluminescence intensity (unit:
arbitrary), and an axis of abscissa represents a luminescent wavelength (unit: nm). In addition, an electron beam was
radiated to the luminescent material obtained in the manner described above to measure a spectrum of a cathode-
luminescence (CL), thereby obtaining a cathode-luminescence image. At the same time, the observation was carried
out for the luminescent material obtained in the manner described above by using a scanning electron microscope
(SEM). FIG. 3 shows a spectrum of the cathode-luminescence. It is noted that in FIG. 3, an axis of ordinate represents
a cathode-luminescence intensity (unit: arbitrary), and an axis of abscissa represents a luminescence wavelength (unit:
nm). In addition, FIGS. 4A and 4C show cathode-luminescence images, respectively, and FIGS. 4B and 4D show SEM
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images, respectively. In this case, in FIGS. 4A to 4D, the luminescence image and the SEM image shown in FIGS. 4A
and 4B, respectively, are obtained from the same field of view, and the luminescence image and the SEM image shown
in FIGS. 4C and 4D, respectively, are obtained from the same field of view.

[0035] In addition, the luminescent material obtained in the manner described above was dipped in a liquid solution
containing therein the fluorescent substance, thereby adsorbing the fluorescent material on the surface of the luminescent
material. Specifically, 0.15 g of the luminescent material was dipped in 0.1 mol/l of Rhodamine 6G/10 ml of an ethanol
solution through the night. After completion of the physical adsorption of one kind of fluorescent substance on the surface
of the luminescent material, the cleaning was sufficiently carried out by using methanol and toluene. Finally, the resulting
luminescent material complex was dried in vacuum at 40°C.

[0036] The luminescent material complex or the fluorescent labeling reagent of Example Group 1 obtained in the
manner described above is composed of:

(A) the luminescent material which is obtained from the plant-derived material as the raw material, and contains
therein the silicon oxide containing therein silicon having the content rate of 40 wt.% or more, and oxygen having
the content rate of 40 wt.% or more as the principal component; and

(B) the fluorescent substance (specifically, Rhodamine 6G) adsorbed on the surface of the luminescent material.
FIG. 5 shows the result of measuring a fluorescence emission spectrum of the luminescent material complex (flu-
orescent labeling reagent) of Example Group 1 when an ultraviolet light having a wavelength of 370 nm is radiated
(refer to a curve "A"). Also, FIG. 5 shows the result of measuring a fluorescence emission spectrum of Rhodamine
6G of Example Group 1 when the ultraviolet light having the wavelength of 370 nm is radiated (refer to a curve "C").
It is noted that in FIG. 5, an axis of ordinate represents a photoluminescence intensity (unit: arbitrary), and an axis
of abscissa represents a luminescence wavelength (unit: nm). It is understood from the curve "C" of FIG. 5 that
even when the ultraviolet light having the wavelength of 370 nm is radiated to Rhodamine 6G, Rhodamine 6G
procudes no luminescence. In addition, FIG. 7A shows a conceptual diagram of the luminescent material complex
of Example Group 1. Itis noted that in FIG. 7A, the luminescent material is shown in the form of a gray infinite form,
and each of the fluorescent substances is shown in the form of a black circle.

[0037] Moreover, in Example Group 1, processing in which the surface of the luminescent material is modified with
dimethoxyphenyl silane, and the luminescent material is then immersed in an atmosphere of a fuming sulfuric acid was
carried out for the fluorescent labeling reagent of Example Group 1 obtained in the manner described above. As a result,
there was obtained the fluorescent labeling reagent having a form in which the luminescent material has the acceptor
group (specifically, a sulfone group). Specifically, sulfonyl phenyl silane as a probe molecule is chemically bonded to
the surface of the luminescent material. Here, in the fluorescent labeling reagent of Example Group 1, the fluorescent
material (specifically, Rhodamine 6G) produces luminescence by radiation of an energy beam (an energy beam for
measurement, for example, an ultraviolet light having a wavelength of 370 nm) from the outside. Also, such an acceptor
group is added to the luminescent material, whereby the fluorescent labeling reagent can be bonded to proteins on the
surfaces of cells (hereinafter referred to as "a substance A").

[0038] That is to say, a liquid is filtered which is obtained by mixing the fluorescent labeling reagent having a prede-
termined mass, and the substance A having a predetermined mass with each other, thereby removing the substance A
not yet bonded to the fluorescent labeling reagent. After that, a luminescence amount when the ultraviolet light having
the wavelength described above is radiated to the mixture as the residue after the filtering is checked in advance. Thus,
arelationship between the mass of the substance A, and the luminescence amountis produced in the form of a calibration
curve. As a result, the liquid is filtered which is obtained by mixing the fluorescent labeling reagent having the predeter-
mined mass, and the substance A having the predetermined mass with each other, thereby removing the substance A
not yet bonded to the fluorescent labeling reagent. After that, the luminescence amount when the ultraviolet light having
the wavelength described above is radiated to the mixture as the residue after the filtering is checked in advance, thereby
making it possible to obtain the mass (content rate) of the substance A. Or, it is possible to qualitatively confirm the
presence of the substance A.

Example Group 2

[0039] Example Group 2relates to examples of the luminescent material, examples of the luminescent material complex
and the method of manufacturing the same, and examples of the fluorescent labeling reagent and the method of man-
ufacturing the same.

[0040] In Example Group 2, firstly, the same luminescent material as that in Example Group 1 was obtained in ac-
cordance with the same method as that in Example Group 1. Also, after that, the fluorescent substance contained in the
liquid solution, and the luminescent material were caused to react with each other, thereby chemically modifying the
surface of the luminescent material with the fluorescent substance. Specifically, 1 g of the luminescent material, and 2.8
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g of trimethoxychloropropyl silane (TMCPS) were refluxed in an oil bath having 20 ml of toluene put therein at 130°C
for 10 hours. A rotating speed of a stirrer was set at 300 rpm. After that, the solvent was filtered, and the reduced-
pressure drying was carried out at 50°C. Next, 0.5 g of the resulting RHS-CPS (the substance in which the surface of
the rice hull was modified with chloropropyl silane, and 20.26 mg of Rhodamine 6G (Rh 6G) were refluxed in a liquid
solution of toluene: ethanol = 1 : 1 for eight hours. After completion of the reaction, the resulting luminescent material
complex was sufficiently cleaned by using methanol and toluene. Finally, the resulting luminescent material complex
was dried in vacuum at 40°C. FIG. 6 shows a scheme as has been described.

[0041] The luminescent material complex or the fluorescent labeling reagent of Example Group 2 obtained in the
manner described above is composed of:

(A) the luminescent material which is obtained from the plant-derived material as the raw material, and which contains
therein the silicon oxide containing therein silicon having the content rate of 40 wt.% or more, and oxygen having
the content rate of 40 wt.% or more as the principal component; and

(B) the fluorescent substance (specifically, Rhodamine 6G) with which the surface of the luminescent material is
modified. FIG. 5 shows the result of measuring a fluorescence emission spectrum of the luminescent material
complex (fluorescent labeling reagent) of Example Group 2 when the ultraviolet light having the wavelength of 370
nm is radiated (refer to a curve "B"). In addition, FIG. 7B shows a conceptual diagram of the luminescent material
complex of Example Group 2. It is noted that in FIG. 7B, the luminescent material is shown in the form of the gray
infinite form, each of the fluorescent substances is shown in the form of the black circle, and chloropropyl silane is
shown in the form of a polygonal line.

[0042] Moreover, the same processing as that in Example Group 1 was carried out for the fluorescent labeling reagent
of Example Group 2 obtained in the manner described above, whereby the fluorescent labeling reagent of Example
Group 2 having a form in which the luminescent material has the acceptor group was obtained similarly to the case of
Example Group 1. The fluorescent labeling reagent of Example Group 2 is also used in accordance with the same
method as that in Example Group 1, thereby making it possible to measure the mass (content rate) of the substance A.
Note that, FIG. 8 is a conceptual diagram showing a state in which the acceptor group of the fluorescent labeling reagent
of Example Group 2 is bonded to the substance A. As shown in FIG. 8, a double-crossing shape and a line segment
extending therefrom schematically represent the molecule having the acceptor group.

Example Group 3

[0043] Example Group 3 relates to examples of the light emitting element.

[0044] In Example Group 3, the light emitting element is composed of the luminescent material obtained in Example
Group 1 and the fluorescent substance adsorbed on the surface of the luminescent material (they are substantially the
luminescent material complex obtained in Example Group 1), and the energy source. Specifically, the energy source is
a light emitting diode for emitting a light having a wavelength of either 560 nm or 570 nm, and serves to excite the
luminescent material and the fluorescent substance. Or, the light emitting element is composed of the luminescent
material obtained in Example Group 1 and the fluorescent substance modifying the surface of the luminescent material
(they are substantially the luminescent material complex obtained in Example Group 2), and the energy source for
exciting the luminescent material and the fluorescent substance. Or, the light emitting element is composed of the
luminescent material obtained in Example Group 1, and the energy source for exciting the luminescent material.
[0045] FIG. 9 shows a schematic cross sectional view of the light emitting element of Example Group 3. The light
emitting element 10 is composed of a light emitting diode 20, and a cap 30 made of a plastic. In this case, the light
emitting diode 20 is fixed to a supporting body and serves as an energy source. Specifically, a light emission portion of
the light emitting diode 20 is covered with the cap 30. The cap 30 covers the light emitting diode 20 through a space 31.
In addition, specifically, the light emitting diode 20 is fixed to a sub-mount 21, and the light emitting diode 20 is electrically
connected to external electrodes 24A and 24B through wirings (not shown), and gold wires 23A and 23B which are all
provided in the sub-mount 21. Each of the external electrodes 24A and 24B are electrically connected to a drive circuit
(not shown in FIG. 9). The sub-mount 21 is mounted to a heatsink 25 through an adhesive agent. The heatsink 25 is
adhered to a supporting member 22 through an adhesive agent. The supporting member 22 is made of a PMMA resin,
and is formed in an injection forming process. A space 31 defined between the cap 30 and the light emitting element 10
is filled with any one of the luminescent material obtained in Example Group 1, the luminescent material complex obtained
in Example Group 1, or the luminescent material complex 40 obtained in Example Group 2. The cap 30 is made of an
acrylic resin, and is formed in an injection forming process. The space 31 is fille d with such a luminescent material or
luminescent material complex 40, whereby the light emitted from the light emitting diode 20 excites the luminescent
material or luminescent material complex 40, so that a light (specifically, a white light) from the luminescent material or
luminescent material complex 40 is emitted to the outside through the cap 30.
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[0046] Although the present invention has been described so far based on examples, the present invention is by no
means limited thereto, and thus various changes thereof can be made. Although in the examples, the description has
been given with respect to the case where the rice hull is used as the plant-derived material, in addition thereto, any of
the Phragmites, the Bamboos, the algae such as the diatom, or the diatom earth can be used as the plant-derived
material, any one of them may be simply used, or a plurality kind of them may be used in a mixed style. In addition, the
structure and constitution of the light emitting element are by no means limited those shown in FIG. 9. For example, a
structure and a constitution may also be adopted such that the luminescent material or luminescent material complex
is made in the form of a bulk, and the light is radiated from the light emitting diode as the energy source to the luminescent
material or luminescent material complex having such a form.

[0047] The present application contains subject matter related to that disclosed in Japanese Priority Patent Application
JP 2009-064566 filed in the Japan Patent Office on March 17, 2009.

Claims
1. Alight emitting element, comprising:

a luminescent material which is obtained from a plant-derived material as a raw material, and which contains
therein a silicon oxide containing therein silicon having a content rate of 40 wt.% or more, and oxygen having
a content rate of 40 wt.% or more as a principal component;

a fluorescent substance that is physically adsorbed on a surface of said luminescent material; and

an energy source for exciting said luminescent material and said fluorescent substance,

wherein a value of a specific surface area of said luminescent material obtained in accordance with a Brunauer,
Emmett, Teller method is equal to or larger than 10 m2/g.

2. The light emitting element according to claim 1, wherein said plant-derived material is at least one kind of material
selected from the group consisting of arice hull, a Phragmites, Bamboos, an algae such as a diatom, and diatom earth.

3. The light emitting element according to claim 1, wherein said energy source is composed of a light emitting diode
for emitting either an ultraviolet light or a blue visible light.

4. The light emitting element according to claim 1, wherein said fluorescent substance is at least one kind of material
selected from the group consisting of a Rhodamine derivative, fluorescein and a derivative thereof, coumalin, Texas-
red, a green fluorescent protein, a blue fluorescent protein, a cyan fluorescent protein, and a yellow fluorescent
protein.

5. A method of manufacturing a luminescent material complex, comprising the steps of:

firing a plant-derived material in an atmosphere containing therein oxygen molecules, thereby obtaining a lu-
minescent material which contains therein a silicon oxide containing therein silicon having a content rate of 40
wt.% or more, and oxygen having a content rate of 40 wt.% or more as a principal component; and

dipping said luminescent material for 6 to 12 hours in a liquid solution containing therein a fluorescent substance,
thereby physically adsorbing said fluorescent substance on a surface of said luminescent material; wherein
the solvent is capable to dissolve the fluorescent substance at a decomposition temperature or less; and

has a viscosity suitable for penetrating into fine pores.

6. The method according to claim 5 wherein said luminescent material complex is a fluorescent labeling agent.

Patentanspriiche
1. Lichtemittierendes Element, umfassend:

ein Lumineszenzmaterial, das aus einem pflanzenabgeleiteten Material als Rohmaterial abgeleitet ist und das
als einen Hauptbestandteil ein Siliciumoxid enthalt, das Silicium mit einem Gehaltsanteil an 40 Gew.-% oder
mehr und Sauerstoff einen Gehaltsanteil von 40 Gew.-% oder mehr enthélt;

einen Fluoreszenzstoff, der an einer Oberflache des Lumineszenzmaterials physikalisch adsorbiert ist; und
eine Energiequelle zum Anregen des Lumineszenzmaterials und des Fluoreszenzstoffs,
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wobei der Wert der spezifischen Oberflache des Lumineszenzmaterials, erhalten gemal einem Brunauer-
Emmett-Teller-Verfahren, gleich oder groRer als 10 m2/g ist.

Lichtemittierendes Element gemafl Anspruch 1, wobei das pflanzenabgeleitete Material wenigstens eine Art von
Material ausgewahlt aus der Gruppe bestehend aus einer Reishiilse, einem Phragmit, Bambus, einer Alge, wie z.
B. einer Diatomee, und Diatomeenerde ist.

Lichtemittierendes Element gemafl Anspruch 1, wobei die Energiequelle aus einer lichtemittierenden Diode zum
Emittieren entweder eines Ultraviolettlichts oder eines blauen sichtbaren Lichts besteht.

Lichtemittierendes Element gemaR Anspruch 1, wobei der Fluoreszenzstoff wenigstens eine Art von Material aus-
gewahlt aus der Gruppe bestehend aus einem Rhodaminderivat, Fluorescein oder einem Derivat davon, Coumarin,
Texasrot, einem griin fluoreszierenden Protein, einem blau fluoreszierenden Protein, einem cyan fluoreszierenden
Protein und einem gelb fluoreszierenden Protein ist.

Verfahren zum Herstellen eines Lumineszenzmaterialkomplexes, umfassend die Schritte:

Verbrennen eines pflanzenabgeleiteten Materials an einer Atmosphare, die Sauerstoffmolekiile enthalt, um ein
Lumineszenzmaterial zu erhalten, das als einen Hauptbestandteil ein Siliciumoxid enthalt, das Silicium mit
einem Gehaltsanteil von 40 Gew.-% oder mehr und Sauerstoff mit einem Gehaltsanteil von 40 Gew.-% oder
mehr enthalt; und

Tauchen des Lumineszenzmaterials fiir 6 bis 12 Stunden in eine flissige Lésung, die einen Fluoreszenzstoff
enthalt, um den Fluoreszenzstoff physikalisch an einer Oberflaiche des Lumineszenzmaterials zu adsorbieren;
wobei das Lésungsmittel fahig ist, den Fluoreszenzstoffstoff bei einer Zersetzungstemperatur oder weniger zu
I6sen; und

eine Viskositat aufweist, die zum Eindringen in feine Poren geeignet ist.

6. Verfahren gemafR Anspruch 5, wobei der Lumineszenzmaterialkomplex ein Fluoreszenzmarkierungsmittel ist.

Revendications

Elément électroluminescent, comprenant :

une matiére luminescente qui est obtenue a partir d’'une matiére d’origine végétale en tant que matiére premiére
et qui contient un oxyde de silicium contenant du silicium ayant une teneur supérieure ou égale a 40% en poids
et de 'oxygéne ayant une teneur supérieure ou égale a 40 % en poids en tant que constituant principal ;

une substance fluorescente qui est physiquement adsorbée sur une surface de ladite matiere luminescente ; et
une source d’énergie pour I'excitation de ladite matiére luminescente et de ladite substance fluorescente,
danslequel une valeur de surface spécifique de ladite matiére luminescente obtenue conformément a la méthode
de Brunauer, Emmett, Teller est supérieure ou égale a 10 m2/g.

Elément électroluminescent selon la revendication 1, dans lequel ladite matiére d’origine végétale est au moins une
sorte de matiére choisie dans le groupe constitué par une balle de riz, un Phragmites, les bambous, une algue telle
qu’une diatomée et la terre de diatomées.

Elément électroluminescent selon la revendication 1, dans lequel ladite source d’énergie est composée d’une diode
électroluminescente pour I'émission soit d’'une lumiére ultraviolette soit d’'une lumiére visible bleue.

Elément électroluminescent selon la revendication 1, dans lequel ladite substance fluorescente est au moins une
sorte de matiére choisie dans le groupe constitué par un dérivé de rhodamine, la fluorescéine et un dérivé de celle-
ci, la coumaline, le Texas Red, une protéine fluorescente verte, une protéine fluorescente bleue, une protéine
fluorescente cyan et une protéine fluorescente jaune.

Procédé de fabrication d’'un complexe de matiére luminescente, comprenant les étapes consistant a :

chauffer une matiere d’origine végétale dans une atmosphére contenant des molécules d’oxygene, ce qui
permet d’obtenir une matiére luminescente qui contient un oxyde de silicium contenant du silicium ayant une
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teneur supérieure ou égale a 40 % en poids et de 'oxygéne ayant une teneur supérieure ou égale a 40 % en
poids en tant que constituant principal ; et

tremper ladite matiere luminescente pendant 6 a 12 heures dans une solution liquide contenant une substance
fluorescente, ce qui permet d’adsorber physiquement ladite substance fluorescente sur une surface de ladite
matiere luminescente ; dans lequel

le solvant est capable de dissoudre la substance fluorescente a une température inférieure ou égale a la
température de décomposition ; et

a une viscosité appropriée pour la pénétration dans des pores fins.

6. Procédé selon la revendication 5 dans lequel ledit complexe de matiere luminescente est un agent de marquage
fluorescent.

13
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FIG.4A
CL IMAGE (MEASUREMENT WAVELENGTH: 325 nm) ‘
FIG.48B
WOUSEM IMAGE
FIG.4C
CL IMAGE (MEASUREMENT WAVELENGTH: ENTIRE AREA)
FIG.4D

SFM IMAGE
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