METHOD FOR PRODUCI NG FULLERENE SUSPENSI ON, AND FULLERENE SUSPENSI ON
BACKGROUND OF THE I NVENTION Field of the Invention 5 The present invention
relates to a nethod for producing fullerene suspension, and relates to
full erene suspension. Particularly, the present invention relates to a
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escription of the Background Art

Generally, a fullerene is configured to have a hollow molecular

about 1nm in diameter, and the molecular comprises more than 60 carbon

15 atoms connected in a basket shape. For example, C¢; which more than
60 carbon atoms are connected, forms a globular molecular shaped in

a soccer ball about 0.7 nm in diameter.

The fullerene in such a mechanism is known to have specific
20 electrochemical properties, mechanical properties, optical
properties, and gaseous adsorption properties. Also, the fullerene
is highly expected to be applied as a new functional substance in
various fields, such as electronics, life science, and agricultural
and livestock industries.
25
Especially, it is attractive to apply the fullerene in the field

of 1life science.

Use of photodynamic therapy agent requires its capability of
30 efficiency for generating active oxygen by the feeble light, and its

low toxicity to human body.

Cs; has extremely high quantum yield (¢=0.96) of generating
singlet oxygen, compared to other representative photosensitizer

35 such as methylene blue (¢$=0.52), rose bengal (($=0.83), and eosin
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1 ((~ =0.57) etc. Furthernore, it is estimated that C60 has no toxicity to
human body. Therefore, it is highly expected that C60 is applicable to the
phot odynam ¢ t herapy agent. 5 However, it was difficult to adm nister C60
inside the body due to the fact that C60 was insol uble and had
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conpourtds, thsughasQpemiphdiies;apOyegdedext rin, and Cali x-[8]-arene (e.g.

Pat ent Docunent 2 and 3), 15 and a nethod for renobving a organic sol vent
such as benzene, toluene, and tetrahydrofuran, in which fullerene is

di sgol ved t o Hrieliexedi HpyaMdlilF faRtar €6 aeiti sochange nisideothe (84, doat ent
Docunment 4 and Non-Patent Docunent 1) are representative and wel |l -known. 20
Howeverto therf@dtstbatifspmelsl Bmsd hulbhe apd ad dows daspewstibddedy Hbwaseri.n t he
first nethod, nore specifically, in the method for nodifying a fullerene by
wat er - sol ubl e macronol ecul es, there is a 25 concern that specific physical

properties ofy flakl erenet ABYsbeo s hangesh dliey tor tdiesdieditpla meditfldredld am, 1N
which may result in the expression of the carcinogenicity. In the second
met hod,watiRe hasbdiddrc aideyiqushedimalnaedor 30 preparing ful l erene by

cl at.hrat e conpounds such as Cycl ophanes, it requires very conplicated
operation, and is inpossible to obtain a pure fullerene suspension. In the

third met hod Egpeicea3ngci & mathyd sorethad ¢ 911y eidyi fighingx AUINGIHL by
sol vent such as benzene, in which a fullerene 1s dissolved

water-soluble macromolecules (e.g. Patent Document 1), a method for

preparing a fullerene by clathrate compounds, such as Cyclophanes,

Cyclodextrin, and Calix-[8] -arene {e.g. Patent Document 2 and 3),

15 and a method for removing a organic solvent such as benzene, toluene,

and tetrahydrofuran, in which fullerene is dissolved to be mixed-up

with water (solvent exchange method) (e.g. Patent Document 4 and

Non-Patent Document 1) are representative and well-known.

20 However, there is each problem in the prior arts as mentioned

above.

In the first method, more specifically, in the method for
modifying a fullerene by water-soluble macromolecules, there is a
25 concern that specific physical properties of fullerene may be changed
due to the chemical modification, inwhichmay result in the expression

of the carcinogenicity.

In the second method, more specifically, in the method for
30 preparing fullerene by clathrate compounds such as Cyclophanes, it
requires very complicated operation, and is impossible to obtain a

pure fullerene suspension.

In the third method, more specifically, a method for removing

35 an organic solvent such as benzene, in which a fullerene is dissolved
2



2 to be mxed-up with water, many researchers have attenpted to prepare
various suspension, and they release a bunch of tractates. But, in the
tractates, it is pointed out that the residual of the organic solvent is
remai ned. 5 The nethods for dissolving or dispersing a fullerene in water

have b . i rd t I
or obl ong® EE T Ty e s Pl e AR B e BRE RO el B E TSR e
by t he veetivds svapatd wapplinedhey trBechsa sebuhtrl 6. cdd-thepee) adty, it was
difficult to apply in a photodynam c therapy agent used in the field of

nedi cal thtdE fifdrdfeRBut e als RIBHESD Ut dealdy @sidwddl ©f FhgpanEamia he

field q%agﬁ%ggfﬁ%ﬁnﬁg¥%%%£nent. [ Pat ent Docunent 1] 15 Japanese Patent

Tokkai 35 [Patent Docunent 2] Japanese Patent Tokka
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Publ i cati on H8-3201. 20 EPate,nt Docunent 4] Japanese Patent Tokkai
Publ i cati on JGFLMEAESDE fPROR! FER MRS 1892 ARt FEGRRyLD Waker
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fuliger eng suspensi qr 04 A rmihad £8rag¥RAYGi AGhotodynamic therapy agent
used in the field of medical and pharmaceutical science. It was also

difficult to apply in the field of foods and environment.

[Patent Document 1]
15 Japanese Patent Tokkai Publication H9-235235
[Patent Document 2]
Japanese Patent Tokkai Publication H7-206760
[Patent Document 3]
Japanese Patent Tokkai Publication H8-3201
20 [Patent Document 4]
Japanese Patent Tokkai Publication 2001-348214
[Non Patent Document 1]
G.V. Andrievsky, V.K. Klosevuch, A. B. Bordyuh, G. I. Dovbeshko,
“Comparative analysis of two arueous-colloidal solutions of C60
25 fullerene with help of FTIR reflectance and UV-Vis spectroscopy”,
C. P. L. 364. 8-17 (2002)

DISCLOSURE CF INVENTION
PROBLEMS OF THE INVENTION AIMS TO SOLVE
30 In order to overcome these problems in the prior art, the present
invention provides fullerene suspension and a method for producing
a fullerene suspension having high dispersion stability without any
chemical compounds. Also, the fullerene suspension and its producing
method wmakes it possible to be applied in various fields including
35 the field of medical and pharmaceutical science and the field of foods
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a full erene suspension having high dispersion stability w thout any

chem cal conpounds. Also, the fullerene suspension and its producing nethod
makes it possible to be applied in various fields including 35 the field of
nmedi cal and pharmaceutical science and the field of foods 3 and

enviro t |er I on | he h
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|nventrgrn@kﬁﬁﬂﬂﬂﬁﬁbIth]ﬁﬂﬁnﬁbdﬁﬂéppﬁﬁédn a method for producing fullerene
suspensi on conprising irradiating fullerene in poor solvent with laser to
crush the fullerene into the nanoparticles. 10 The present invention

descri Qgehid d al é%rﬁﬂqgﬁﬁméo the nmethod for producing the fullerene
suspensi on accor ng to aim1l, the step of irradiating fullerene in poor
sol vent wi t h Thespreseokutieserst ion idegcntited dhl etaie Inneédteist bo poametdald/ent .

15 The present. i nvention described in Caim3. rel ates to t he nethod for
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relates t produci ng erene suspensi on accordi ng
to C aimarpantiereias. t he pul se |aser has a width of several-ten fentoseconds
to several - hundred nanoseconds. The present invention described in Caimb5
relates to the nethod 25 for producing the fullerene suspension accordi ng

to g aim3 orryd gl Bkefte 1WRRHRID @@s@f‘iﬁ@d'ﬁﬁ@i{aiﬁ Jrépgiatl ed Ale 3Rthod
excitation light™ intensity of 30 to 50 mJ /cn2 The present invention
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fuIIere
the fullerene mixed with poor solvent.

15 The present invention described in Claim 3 relates to the method
for producing the fullerene suspension according to Claim 1 or Claim

2, wherein pulse laser is used as the laser.

The present invention described in Claim 4 relates to the method
20 for producing the fullerene suspension according to Claim 3, wherein
the pulse laser has a width of several-ten femtoseconds to

several-hundred nanoseconds.

The present invention described in Claim 5 relates to the method
25 for producing the fullerene suspension according to Claim 3 or Claim
4, wherein the pulse laser is irradiated at an excitation 1light

intensity of 30 to 50 mJ /cm?

The present invention described in Claim 6 relates to the method
30 for producing the fullerene suspension according to any one of Claim

1 to Claim 5, wherein the fullerene is Cg fullerene.

The present invention described in Claim 7 relates to the
fullerene suspension, wherein the fullerene suspension is produced
35 Dby the method described in any one of Claim 1 to Claim 6.
4



The present invention described in Cdaim7 relates to the fullerene
suspensi on, wherein the fullerene suspension is produced 35 by the nethod
described in any one of Claiml to Caim6. 4 EFFECT OF THE | NVENTI ON
According to the present invention described in daiml, fullerene

suspens]hp%% g% $ion stability without any dispersing agent
etc 0 alned y irradiating |laser to the 5 fullerenes mxed in a poor

sol vent, and Adwrdimdidg Hdefaddrer empeent itfro ddscmidsepaint iCleeisn 1,
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Therefore, the pulse laser allows the fullerene particles to be crushed

cert ai r@lytaJZEdAduOrtmmgmmn heethederhad mahthesn cageriedd in daim4, the
pul se | aser has the pulse width of several-ten fentoseconds to
several - hundred nanoseconds. Accordingly, it is possible to crush

According to the present invention described in Claim 2, while

in the step of irradiating the fullerenes with laser, the poor solvent

15 with the fullerenes is stirred, so that the laser may be irradiated
to the fullerenes particles mixed in the poor solvent evenly and
certainly. Therefore, the fullerene particles having high dispersion

stability may be obtained efficiently and exactly.

20 According to the present invention described in Claim 3, the
pulse laser is used as the laser. Accordingly, it is possible to
increase a peak output compared to continuous-wave laser. Therefore,
the pulse laser allows the fullerene particles to be crushed
certainly.

25

According to the present invention described in Claim 4, the
pulse laser has the pulse width of several-ten femtoseconds to
several -hundred nanoseconds. Accordingly, it is possible to crush
the fullerene particles efficiently and certainly.

30

According to the present invention described in Claim 5, the
pulse laser is irradiated at the excitation light intensity of 30
to 50 mJ/cm’. Accordingly, it is possible to crush the fullerene
particles certainly, and to prevent the fullerene being damaged.

35



the fullerene particles efficiently and certainly. 30 According to the
present invention described in Caim5, the pulse laser is irradiated at
the excitation light intensity of 30 to 50 ml/cnR. Accordingly, it is
possible to crush the fullerene particles certainly, and to prevent the
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for cancer. 5 According to the present invention described in Claim?7, the
fuller %@d@&eﬁé‘%ﬁrﬁgep?‘é%%‘éﬂlw ¥héheePhotodyRani ¢ FrRINGISHE ToF
Gaimltpdaim6, so that the fullerene suspension has high dispersion
stability wthout any cheni cal conmpounds. Therefore, the 10 full erene
suspensi on nmakes it possible to be applied in various fields including the

field of nedical angﬁphar maceutical science and_the  field of foods and
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reference to the acconpanyi ng drawi ngs. 20 In_the nethod of producing.the
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full erenes are ground to form their nanoparticles. 25 Before explaining the

met hod iofclprddagriting thielfiduldfemedd cal and pharmaceutical science and the
field of foods and environment, in which the fullerene suspension

obtained by the prior methods had not been applied.

15 DESCRIPTION CF THE PREFERRED EMBODIMENTS
Hereunder, the preferred embodiments of fullerene suspension
and its producing method according to the present invention will be

described with reference to the accompanying drawings.

20 In the method of producing the fullerene suspension according
to the present invention, fullerenes are added in poor solvent, and
are irradiated with laser, so that the fullerenes are ground to form

their nanoparticles.

25 Before explaining the method of producing the fullerene
suspension of the present invention, a brief descriptionwill be given

for a producing apparatus used in the method of the present invention.

Fig. 1 is a schematic diagram illustrating one example of a
30 producing apparatus used in a method of producing the fullerene

suspension according to the present invention.

The producing apparatus includes a container (1) for retaining
a poor solvent with the fullerene particle added therein, a stirring
35 apparatus (2) for stirring fullerene suspending solution (4} added
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suspensi on of the present invention, a brief description will be given for
a produci ng apparatus used in the nethod of the present invention. Fig. 1 is
a schematic diagramillustrating one exanple of a 30 producing apparatus
used in a nethod of producing the fullerene suspension according to the

present,_ . nventiq The duci ng. .appar s.dncl yd o] ' ). LfQr
retaini tnlber%l p’ooérhds o]I vseér%{ C%'Lv]\ﬁu If%&ﬁ%]tglcgﬁlcfeé&é: e (g)'lé#t i%éogmgd Q%%I {1 %&rat(ailjl)ﬁ,t lglg
stirrinasedd apparat tise (Bhlierestisr ebngainbliei gnensugpendisag vedlkutinon Hed)
added 6 therein, and laser irradiation device (not shown) for irradiating

| aser (EA%e fWh1erenes contained in the poor solvent in the container
(1). 5 The container (1) is nade of a material which a laser |ight can pass
t hrough. For exanple, the container (1) is nade of a transparent materi al
such as gl asTndayitarirer | (1)t Hes preekerit anwenterdal e goer 1seleventigha be
mxed with 10 the fullerene particle in_the container Sl),nay i ncl ude

wat er, C3bt RaRs| thethQRol  FoK peXeERee - atdiec cPfeHtene (1 Thd shddtde ypifc A

poor E%¥éﬁ%§ﬁfgaktﬁ% £ dnedhesfold gﬁéﬁhqi&%@pgtion, water is used as
0 0

t he poor s ent, and the other types of poor vents (stable against
light, and to which the fullerene exhibits poor solubility 15 or
insolubility). my be al so used instead of water. The stirring

apparat.us (2)
i s configuredt BT SRS HAIVEFERET s (Se iy SO Rk S %%twéi%r
E 810- AHRIBEE L ErshET E)%.rrt'i%ﬂés 91(21'6 Qﬁea'&oﬁ)ﬁélqﬁle? 0of1)t hga otk hEh NEe2RRATAL US

shown in Fig 1, and other mechani cal nmeans such” as stirring vanes

may al seetimuskedethbeoflypepaitdrasenndraadi aidrorareguThaemist oybécasagrbamy be

solid state |asers such as YAG | aser, titaniumsapphire |aser, and rub
Paser, SSRTSUNARY S SR bR (MO L EXR AL s WRRAF ae a5ed

exci Merad ages .pcdr | U JARer ardl & HEO% d1ase oy d dhendy W1 drASer &table
against light, and to which the fullerene exhibits poor soclubility

15 or insolubility) may be also used instead of water.

The stirring apparatus (2) is configured to stir the fullerene
suspending solution in the container (1). A magnetic stirrer is used
as an example of the stirring apparatus (2) shown in Fig 1, and other

20 mechanical means such as stirring vanes may also be used.

The types of laser irradiation equipment to be used may be solid
state lasers such as YAG laser, titanium-sapphire laser, and ruby
laser, semiconductor lasers such ags GaAs laser, gas lasers such as

25 excimer laser, Ar ion laser, and CO; laser, and then liquid lasers

such as dye laser.
The type of oscillation to be used may be pulse oscillation.

30 The method of producing the fullerene suspension according to

the present invention will be explained in detail below.

First, the fullerenes are suspended in water in the container
(1}. It is not required to add dispersing agent in order to avoid
35 the residuals of that dispersing agent in water.
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such as dye | aser. The type of oscillation to be used may be pul se
oscillation. 30 The nethod of producing the fullerene suspension according
to the present invention will be explained in detail below. First, the
full erenes are suspended in water in the container (1). It is not required

to add di speysin ent in order. to avoid _35.the residuals of that
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t
hol | ow erere may be used in i'nventi on. t'He present
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ki nds of the fullerenes, because Cho has 10 a high quantumyield of

gener atitid sSieng éayoBpgerresthdn Shepa@s@nt ¢ ™E™Nd Qoxi ¢ agai nst human body.
Al so, relatively, the C60 is easily-obtainable. Therefore, at present, it
is highly expected that the fullerene solution is applicable to the

phot odynam crd heteapyesagenintent cancer,, olhew fidllereire t d berarxed byt h
wat er may be sgnthesized crude(%gomder, but it is preferable to use

pret r e 5@ dhothe e Wescyihed Finds efarls fullpyanes chesaugentanhas

parti clesi h J:CF y I is I I ?Sg@ t 1-1 LS4 S
beclgusea irﬁﬁlﬁal{& oﬁ/]gl%rl(&t ?’rgeﬁ%gle?gtdﬁgﬁgﬁt é}%ga}l) I Cl gls a#jéir ggr @txﬁgglt Om so
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efficiency. Mreover, it is inpractical to grind the particles in_a

pretr e%ﬂty‘ﬁ’r%é?hﬁrﬁ-i Fhegedpsg. tHePEEECREcoHRS 3 BéghLHARPEGRed that

the fullerene solution is applicable to the photodynamic therapy
agent for cancer.
15
The fullerene to be mixed with water may be synthesized crude
powder, but it is preferable to use pretreated ground particles (micro
crystals). In this case, a mean particle size of the micro crystals

is preferably about 1-100 pum. This is because it takes a longer time

20 togrind the particles larger than 100um so as to form the nanoparticle.
Therefore, it reduces the processing efficiency. Moreover, it is

impractical to grind the particles in a pretreatment process until

a size thereof becomes less than 1 um.

25 From the viewpoint of the efficiency of nanoparticle preparation
by laser irradiation, it is preferable to determine an appropriate

amount of the fullerene to be mixed with water. For example, the amount

of the fullerene may be 80-400 ug per 1 ml of water.

30 In the next step, the water mixture of the fullerene (the
fullerene suspending solution) is stirred using the stirring
apparatus (2). Then the fullerene in the suspending solution is
irradiated with the laser using the laser irradiation device, as the

suspending solution is continuously stirred.



25 From the viewpoint of the efficiency of nanoparticle preparation by

| aser irradiation, it is preferable to determ ne an appropriate anount of
the fullerene to be mxed with water. For exanple, the anmobunt of the

full erene nmay be 80-400 g per 1 nl of water. 30 In the next step, the water

m xture of the fuller the .fullerene suspending.solutiqgn) .is stirred
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as the suspending solution is continuously Stirred. 8 en the fullerene in
wat er iedtreddiwhich weshlthan sherlighe-absptleirheagaon of gshalfsdlierehe

| aser Iigﬁ%.to be rapidly and locally heated, which results in the

l'ight- %ﬁ%ﬁFTegion of the fullerene particles. 5 In the |ight-absorbing
regison, the tenperature increase occurs instantly upon the |aser

irradiation. In the neanwhile, around the |ight-absorbing region, the
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opticalc iaon Tharairrochen dhe Halganeang esderades ehacdiBfFivadsi ng a
tenper af %rgeexdﬁ]a{ﬁ{f&cee s 'b{é,""eae’%néﬁ?edd | alts ré@?és?% efiﬁ Sé&[éaﬁ%ed aj[qgi e i nner
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region, 20 which causes stress in the particles and crushes them The

| aser s AP d r raged Lhan g Bed but not linmited to, a |aser

When the fullerene particles exhibit high absorption relative

15 to a wavelength of the laser light, optical absorption mainly occurs
on the particle surface, thereby causing a temperature difference
between the light-irradiated surface and the inner region. In such
cases, the surrounding water cools the particle surface. This results

in temperature gradient between the surface and the inner region,

20 which causes stress in the particles and crushes them.

The lasers to be irradiated may be, but not limited to, a laser
with a wavelength of ultraviolet light, visible light, near-infrared
light, and far-infrared light. A laser type may be selected from a

25 known solid-state laser, a semiconductor laser, a gas laser, and a

liquid laser described above.

The laser with an approximate 200-600 nm wavelength is preferred.

When the wavelength is shorter than 200 nm, photoenergy of the laser

30 1is easily absorbed by water. Especially, it is not negligible that
the wavelength of the laser shorter than 200nm may be absorbed by
glass- and quartz-made containers. When the wavelength is longer than

600 nm, it is likely to result in inefficient crush of the fullerenes.

35 Examples of lasers used in this invention include the 2nd, 3rd,
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with a wavel ength of ultraviolet light, visible light, near-infrared |ight,
and far-infrared light. A laser type may be selected froma 25 known
solid-state | aser, a sem conductor |laser, a gas laser, and a liquid |aser
descri bed above. The | aser with an approxi mate 200- 600 nm wavel ength is

preferred n_the.wav th is.shorter than 200 n hot oener gy, of. t he

P oer it R ERORAER TRy daeRp e at] dekrrg 2r e AR AP NS s e
the wawalengisrofphbec! wses1 SMpEi er deraim? QOakt MMy r e Sbs oribeshnby 248hass-
and quartz-made containers. Wen the wavel ength is | onger than 600 nm it

is |ikelGBnmy paEsiuBblinm) nefifirsigem lasash(d}I7 e [ @nidepenksn 13 ExdipiBag of
Iasers(ysggilhérﬂs i nvention include the 2nd, 3rd, 9 and 4th harnonics
(532nn11§ nm gﬁd 266 nm respectively) of Nd3+: YAG | aser (basic

wavegl ength: 1064 nm , excinmer laser (193nm 248nm 308nm and 351 nm,
nitrogen laser (337 nm, and Ar ion |laser (488nm or 514 nm 5 A type of
osci |l ati on Bdftypre ¢hsesciblafeion rafli thediavsgt o dterbbradigesdideapul se

osci 11 a1ty § Pefer ablied o usg jthe o pulise Jasel L pul sevigin of

sever al*-ten T ent‘oseconds sevéra F'ed nandseconds, T n view of

ef fici gnayseofl agaishiing theulld fwildter e Ssevafa lexam| famtdiqumeierabl e range
of the excitation |ight intensity is 30-50 mJ/cn¥Z. The excitation |ight
i nt ensiggVeFderhuntiied senesecerdeay 1noVige af gl ehoirpryY e rswhing the

ful,l,er . citation 15 light intensity higher than 50 ml/cnZ may
de&padgﬂfjéggﬁfﬁérene. In terns of the process efficiency, an appropriate

range of pul se repeat frequency nmay be preferably higher repeat frequency.

However, high repeat_frequency heats water to be |less difference in
t enper at ur e FFIER Ehc L PR R P VAR E?  EaRE e Hef 1 uhe P BREr Pt e ct ¥8ht t her eby

intensity is 30-50 mJ/cm®. The excitation light intensity lower than
30 mJ/cm® may not be high enough to crush the fullerene. The excitation

15 light intensity higher than 50 mJ/cm® may degrade the fullerene.

In terms of the process efficiency, an appropriate range of pulse
repeat frequency may be preferably higher repeat frequency. However,
high repeat frequency heats water to be less difference in temperature

20 difference between water and the fullerene particles, thereby

lowering the crushing efficiency.

Thus, it is preferred to set high repeat frequency to the extent
that the water temperature does not excessively increase. When the
25 excimer laser is used, the frequency is set within a range of 5-20

Hz.

In the invention, a cooling device may be used to cool the
container (1) for controlling the temperature of the fullerene

30 suspending solution therein to be lower than a predetermined
temperature (for example, 10°C or lower). Thus, it is possible to
avoid a reduction in process efficiency resulting from the increase
in water temperature caused by the laser irradiation as described
above.

35
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| owering the crushing efficiency. Thus, it is preferred to set high repeat
frequency to the extent that the water tenperature does not excessively

i ncrease. When the 25 excinmer |laser is used, the frequency is set within a
range of 5-20 Hz. In the invention, a cooling device may be used to cool

the containgr (Al -for gonbool!ingtne.dspnerature of dhe ful herene 30

suspendl ng SO I on rern OV\BI’ thana pr erm ned tenpera

(for exasptethi®G eerktanarjempeifitsurd ! it 3 POSSE DbEe 0 gavor £kt heduatkiean in
process efficiency resulting fromthe increase in water t enper at ure_ caused

by the FemReratvngidifbprenceceerveed wareveandsthe fellekens bearhbev®, when
th t t t
o SEpLEIROLE L |5 T | VT L LSBT e 1

possi bl e €ener a he™ mar

t he 5 ul imeﬂee@aml cheresar ﬁ&l@ef‘QEIé\Béﬂle a@mrrdiaeenatie Hail &g €Dg qrardhend €
surface and the 5 inner region thereof. The fullerene particles are then
easi | y EPeRhele Lponrt hers 5@FipRradi ati on. EXAMPLES The foll owi ng exanpl e
is shown to clarify the effect of the 10 present invention, but the present
invention is not limted to it. (enbodinents) The full erene suspension was
produceEXmePnpsSt he producing apparatus shown in Fig. 1. 15 First wat er was
contained in_the container (1) . The fullerene _particles (

(microcryst al&§ fo%ﬁPEhnﬁeﬁﬁamﬁéebé§lEhPWBréal€ﬁ9§lfﬁrth?héffGFFepénéhe

SusﬂfnsﬁPgseﬂFrfhégﬁ¥E$Hf“@ﬁ%“tﬂé1ﬁ¥a%éﬁ%t?hventlon is not limited to it.

{embodiments)
The fullerene suspension was produced using the producing
apparatus shown in Fig. 1.
15
First, water was contained in the container (1). The fullerene
particles (Cqy) (microcrystals), which were the basic ingredients for

the fullerene suspension, were then provided in the water.

20 The provided fullerene particles were precipitated to the
container bottom, which made the supernatant solution almost
transparent. The water in the container was stirred using a magnetic

stirrer, so that the fullerene particles were suspended in the water.

25 The water mixed with the fullerene particles was then
irradiated with the 2nd harmonics (wavelength: 532 nm, half pulse
width: 7 ns, repeat frequency: 10 Hz) of nanosecond Nd*': YAG laser
at an excitation light intensity of 50 mJ/cm® using laser irradiation
device so as to induce ablation. The fullerene particles were ground

30 inwater sothat yellowand transparent colloid solution was obtained.

The supernatant solutions before/after laser irradiation are
respectively dripped on a hydrophobic-treated silicon boards. After
drying process, the fullerene particles in both of the supernatant

35 solutions were observed by scanning electron microscopy (SEM). In

11



20 The provided fullerene particles were precipitated to the container
bottom which made the supernatant solution alnost transparent. The water
in the container was stirred using a magnetic stirrer, so that the

full erene particles were suspended in the water. 25 The water m xed with the

full ereng, pacthales ves Ahe0.qidadiated mLh L 08, 2h o madies Cuaslengt h

532 nm a repea requency nosecon

YAG lased orler@Rt £%61 halk0R ﬂahgﬁfclé"s%%%' b¥otk é@v@%?”ﬁuﬁ'&fé‘@s #PLlon
irradiation device so as to i'nduce ablation. The fullerene particles were

ground t3fe= iotlwat drarsd, timattheelllaeeand Haddrspar entpeomialteind salluttiiom ,wahe

obt ai ned. qu%s ernatant sqlutions before/after |aser_irradi ation .are
respect§eeddP %%%@&D&Paar HEBFCOPFRAYRY <5 IeeEn 2bbar 88 PR 1Sy i ng
progessgifhe fullerene particles in both of the supernat ant 35 sol utions
wer e observed by scanning electron mcroscopy (SEM. In 11 the pre-|aser

i rradi ated supernatant solution, the Cho nanoparticles were observed to
have a particle size. about several hund e other hand, int

| aser irradi B0 s’ﬁ?ﬂe?%art“én‘(%o?}a??’éﬂtl?‘PteSp%ﬁtbrgP]}&‘Bﬁ?‘B‘?tﬁﬁnoﬁg?Wme%’nv\er e

observed,da Maye oD L ARAAMH Hife B AfspdiibndISidige Wad/i shabsorption
spect rophot onet er, absorption spectruns vvere nmeasured in the two

Suspens]lEO?ﬂSt‘ iOnea diieest e chef ull laseme raticatssicbr Wdremeaigads pensi awtegnomiafluged
rotati 10 s ee 0Q0 r and the other was the sane centri fuged
cusDendinrd Bhod iy R i e g & SRR T LG b S SO X
rreasuresmeatmsaslhicmumme@ 14bd heoFig.weks @ bold line (an upper |ine)
i ndi cates the absorption spectrum of 15 the centrifuged suspension, and a

thin line (a lower line) indicates the absorption spectrum of the

centrifuged T SQ&Q&E nc&?%&m!%@a%uf@%%ﬁ%’is shown in Fig. 2. In the Fig.

2, a bold line (an upper line) indicates the absorption spectrum of
15 the centrifuged suspension, and a thin line (a lower line) indicates
the absorption spectrum of the centrifuged suspension rest for 2

weeks.

It was confirmed that the fullerene solution obtained by the
20 present invention had superior suspension stability, because of fewer
changes in the absorption spectrums between both of the suspensions

in Fig 2.

INDUSTRIAL APPLICABILITY

25 It is possible to use the fullerene solution obtained by the
present invention in the various fields such as electronics, life
science, and agricultural and livestock industries. Especially, the
fullerene solution is highly applicable to the field of medical and

pharmaceutical science.

30
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram illustrating one example of a
producing apparatus used in a method of producing fullerene
suspensions according to the present invention; and
35
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It was confirned that the fullerene solution obtained by the 20 present

i nvention had superior suspension stability, because of fewer changes in
t he absorption spectrunms between both of the suspensions in Fig 2.

| NDUSTRI AL APPLI CABILITY 25 It is possible to use the fullerene solution

obt ai ned by the resent j.nvention.n the variqus fields such

el ectronics, 1{}139% S é’ncdéagd??(?' dglrli"bgtﬁliaﬁrrjﬁig 19FEH T rﬂfﬁéﬁq es.
Especi adbyorption fapdianes ot !EHéthér&xhﬂﬁI&Eéﬁ %Q@ggi@qlcﬁa Hadthe ffitieg! & ref
medi cal and  pharmaceutical science. 30 BRI'EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 pzcductchmmnand ivepkenaftamstihe ipgednetiesanpl e of a produci ng
apparatus used in a nethod of producing fullerene suspensions according to
the present invention; and 35 12 Fig. 2 is a diagramillustrating the

conpar i soer ANNATEON als arpt ror e ectMmerms,©f the centri fuged suspension just
after the production and 2 weeks after the production. 5 EXPLANNATI ON OF
REFERENCE NUMERp@SEainekontainer 2. stirring apparatus 3. |aser 4.
full erene su§peggiggigglgébgpat&g 15 20 25 30

3. laser

4. fullerene suspending solution

10

15

20

25

30
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35 13 What is clainmed is: 1. A nethod for producing a fullerene suspension
conprising: 5 irradiating fullerene in poor solvent with laser to crush

the fullerene into the nanoparticles. 2. The nmethod for producing the
ful l erene suspension according 10 to Claim1, the step of irradiating
fullere e |n oor so ent wth |laser includes stirring the fullerene m xed
wth p Hhe nmethod for producing the full erene suspension
according 15 to Clalnll or Claim2, wherein pulse |laser is used as the

| aser. 4. The nmethod for producing the full erene suspension according to
Caim 3, mherein the pulse laser has a width of several-ten 20 fentoseconds

t | - hyndr ed d Th d f d the fuyl]
Suspensi on acvoPaGAote O ob BPAUSIE) 21 TH L VYT SUPHSHE BTN SOTPSE TG

rradiated al anexplddonhn@heriangbby 6130ntos50n Mhd&dP2S:8snThe

met hod for producing the fullerene suspension according to any one of Caim
1 to daimb5, wigreifultlerdnsd ligrtend-Hes na@@pdntlidcasne. 30 7. The full erene
suspensi on, wherein the nmethods in any one of Caiml to Caimb5 is applied
for the produce. 35 14

2. The method for producing the fullerene suspension according
10 to Claim 1, the step of irradiating fullerene in poor scolvent
with laser includes stirring the fullerene mixed with poor

solvent.

3. The method for producing the fullerene suspension according
15 to Claim 1 or Claim 2, wherein pulse laser is used as the

laser.

4. The method for producing the fullerene suspension according
to Claim 3, wherein the pulse laser has a width of several-ten

20 femtoseconds to several-hundred nanoseconds.

5. The method for producing the fullerene suspension according
to Claim 3 or Claim 4, wherein the pulse laser is irradiated

at an excitation light intensity of 30 to 50 mJ /cm®

25
6. The method for producing the fullerene suspension according
to any one of Claim 1 to Claim 5, wherein the fullerene is
Cso fullerene.
30 7. The fullerene suspension, wherein the methods in any one
of Claim 1 to Claim 5 is applied for the produce.
35
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