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BACKGROUND OF TEE INVENTION

Field of the Invention

The present invention relates to a method for producing
fullerene suspension. Particularly, the present invention relates
to a method for easily producing fullerene suspension having high

dispersiocn stability without any chemical compounds.

Description of the Background Art

Generally, a fullerene is confiqured to have a hollow
molecular about 1lnm in diameter, and the molecular comprises more
than 60 carbon atoms connected in a basket shape. For example,
Cso, 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
electrochemical properties, mechanical properties, optical
properties, and gaseous adsorption properties. Alsc, the
fullerene is highly expected to be applied as a new functicnal
substance in various fields, such as electronics, life science,
and agricultural and livestock industries.

Especially, it is attractive to apply the fullerene in the
field of life science.

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

and its



Especially, it is attractive to apply the fullerene in the field of life
sci ence. Use of photodynam c therapy agent requires its capability of

ef ficiency for generating active oxygen by the feeble light, and its 1 |ow
toxicity to human body. C6ohas extrenely high quantumyield (p=0.96) of
generating singlet oxygen, conpared to other representative photosensitizer
such as nethylene blue ((p =0.52), rose bengal ((p =0.83), and eosin to
human bodyewFuetimditgore, human so@dwt i mat ed t hat C6ohas no toxicity to human
body. Therefore, it is highly expected that Cho is applicable to the

phot odynam ¢ th@rghe a0 the # th%QMQBtu&tyfgﬁﬁ qth@%ylgftééﬂQQthhéter Cho

i nsi de the body act” that Cho "was i nsol uble and
| ow- di spersdnpié¢t torydgen, veameared {ototder nertredsntariv @@911%6?1@16#2@!? spersi ng

a full er%@@hlgls%ttﬁplg@g b%%n P 4. %EI Yrdliesglaged. ((%Sp@cw | ¥ngd et hod
for chem cally-nmodifying a fullerene Dby water-soluble nmacronol ecul es

descri bed SeAiDaffariesan Pat®ht FUPHIRIRCAE oht NG. SFRIPEEZR5h2 R GretAEA™? Or

preparing @xiul{£renaulyn HJa@t hiid @ reRBPoLNds, nsgchy akptyelorhanRes,,
Cycl odextrin, and Calix-[8]-arene described in Japanese Patent Pu%llcatlon

No. H7- 20678BPLdPNG. LR 8 0 t et ag et TP of 97DV ng a organi ¢ sol vent
such as benzene, toluene, and tetrahydrofuran etc. , in which a fullerene
is dissolved to be m xed-up with water (solvent

However, it was difficult to administer C4 inside the body
due to the fact that Cq; was insoluble and had low-dispersibility
in water. A lot of methods for dissolving or dispersing a

fullerene in water had been previously disclosed.

Especially, a method for chemically-modifying a fullerene
by water-soluble macromolecules described in Japanese Patent
Publication No. H9-235235, a method for preparing a fullerene by
clathrate compounds, such as Cyclophanes, Cyclodextrin, and
Calix-[8]-arene described in Japanese Patent Publication No. H7-
206760 and No. H8-3201, and a method for removing a organic
solvent such as benzene, toluene, and tetrahydrofuran etc. , in
which a fullerene is dissolved to be mixed-up with water (solvent
exchange method)described in Japanese Patent Publicaticn No.
2001-348214 and Non-Patent document titled "G.V. Andriewvsky, V.K.
Klosevuch, A. B. Bordyuh, G. I. Dovkbeshko, Comparative analysis
of two arueous-colloidal solutions of C60 fullerene with help of
FTIR reflectance and UV-Vis spectroscopy, C. P. L. 364. 8-17

{2002) " are representative and well-known.

However, there 1s each problem in the prior arts as
mentioned above.
In the first method, more specifically, in the method for

modifying a fullerene by water-scluble macromolecules, there is a



exchange net hod) described in Japanese Patent Publication No. 2001-348214
and Non-Patent docunent titled "G V. Andrievsky, V.K  Klosevuch, A B.
Bordyuh, G |. Dovbeshko, Conparative analysis of two arueous-coll oidal
solutions of C60 fullerene with help of FTIR reflectance and UV-Vis
spectroscopy, C. P. L. 364. 8-17 (2002) " are representative and

wel | - known. However, there is each problemin the prior arts as nentioned
above. In the first method, nore specifically, in the nethod for nodifying
a fullerene by water-sol uble macronol ecules, there is a 2 concern that

specific ph sicalh%Eo erti fullereneI¥g¥sbgf ‘l%gged due to the
Y.
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speci fi caldnfngéd duee t PRt kAL ca PrRAE i g ifodl berene Ay cchaddiiat ey conpounds
such as Cycl ophanes, it requires very conplicated operation, and is
i npossible to obtain a pure fullerene suspension. Using the third nethod,

more speci fi cably., 2 JRLAGA. {0l T HODYING 2P OGN €, SOV ERL, SYCH B
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a bunch of tractates. But, in the tractates, it is pointed out that the
resi dual oft rR@VFHSGaMPEY solmpPéacated eruphian, ABfubt iEwessibtehdc suspensi on
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Using the third method, more specifically, a method for
removing an organic solwvent such as benzene, in which a fullerene
is dissolved to be mixed-up with water, many researchers have
attempted 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 scolvent is remained. Adjustment of the
suspension by the method is acted, and various tractates are
released. But, it is pointed cut that the residual of the organic

solvent i1s remained.

The methods for dissclving or dispersing a fullerene in
water have been well known. However, in each of the prior
methods, there are problems as mentioned above. Therefore, the
fullerene suspension obtained by the methods was only applied in
the limited fields. Especially, it was difficult to apply in a
photodynamic therapy agent used in the field of medical and
pharmaceutical science. It was also difficult to apply in the

field of foods and environment.



The nethods for dissolving or dispersing a fullerene in water have been
wel | known. However, in each of the prior nethods, there are problens as
menti oned above. Therefore, the fullerene suspension obtained by the

met hods was only applied in the limted fields. Especially, it was
difficult to apply in a photodynam c therapy agent used in the field of

medi cal and opar FRCeW F&tle Eﬁé&@%ﬁobhémé{\@% ahsopdidf bew! teio pappéyc i N the
field of foods and environnent, In order to overcone these problens in the

prior art 1“Yﬁ%FﬁﬂneﬁéﬂYld?ﬁﬁﬁeWFF?ﬁF'ﬁFSvP%@EﬁQ&“HEFT&ﬁF”FBF PIIRFTSIAY ful | erene
suspensi ohavhayinighht gépahisspar st 051 19t abid oy twah P aiHemaBy 1 Chixio@alis conpounds.

Al so, the t hod for ducin he fu r suspensi on nakes it  possible
fo be appPiaty i, BF B HHre PRt Lt g TPl T 5Pns b ke S ah

phar rraceutploeaiblsamtenbe appd iedHeifiiedrd oot fioads andluddmgi ebanEnrtid A which the
fuIIerene S Si bt ai ned. by. t he r|or th ad pot . been appli ed.
SUMVARY OF N%%“fl%hp FBIE Ve %hfﬁ%ﬁ ggprggéﬁ? ?n@en |on8 a net hod
for prodwmwmgoﬂmﬂmteremewhﬂm&th3|ﬁuileoanﬁ|&yssensrqnna@mamgedlﬂﬂ ehene

particles '”0¥W§éi(£¥tﬁhé“£d%eb r o h9.grush the fullerene particles into
t he nanopartrcles, ereln the pulgg aser is irradiated at excitation

light intensity of 30 to 50 m} / cm I n another enbodi nent of the present
invention, the step of irradi MﬂngHQLﬁﬁ%ﬂg(ﬂ@rtlcles in water with pul se
| aser includes stirring the f xed with water.
In one embodiment of the present invention, a method for
producing fullerene suspension comprises irradiating fullerene
particles in water with pulse laser to crush the fullerene
particles into the nanoparticles, wherein the pulse laser is
irradiated at excitation light intensity of 30 to 50 mJ / cm’
In another embodiment of the present invention, the step of
irradiating fullerene particles in water with pulse laser

includes stirring the fullerene particles mixed with water.

Yet in another embodiment of the present invention, the
pulse laser has a width of several-ten femtoseconds to several-

hundred nanoseconds.

Yet in another embodiment of the present invention, the

fullerene is Cg fullerene.

In one embodiment of the present invention, fullerene
suspension having high dispersion stability without any
dispersing agent etc. 1s obtained by irradiating laser to the
fullerene particles mixed in water, and then grinding the
fullerene particles into the nanoparticles. Furthermore, the

obtained fullerene suspension has high dispersion stability



Yet in another enbodi nent of the present invention, the pulse |aser has a
wi dth of several-ten fentoseconds to several - hundred nanoseconds. Yet in
anot her enbodi nent of the present invention, the fullerene is Cho

full erene. In one enbodi nent of the present invention, fullerene suspension
havi ng hi gh dispersion stability without any dispersing agent etc. is
obtained by irradiating laser to the fullerene particles mxed in water,
and t hen gttheithgniyhethdtildhenetosl parbbohds, ispt ohdtheheaiophetdnel es.
Furthernore, the obtained fullerene suspension has high dispersion

stabi | ity s#spetdicnt mapnyeotaped iehem vakiconfdends, imdudhay thve figldier ene
suspension may be applied in various fields including the field of nedical
and phar meéetedica!l sed oremafgutier )f selenst afgobize figldepli foniFen®d in which
the full erene suspension obtained by the prior nethods_ had not been

appl i ed. APBEYIIRGSul &8 1SS thorTHHE e P sBSPRRF S SPt8ARERIYs the possi bl e

to i . k qut d ti - .. Ther ef , th
ol so-| aad R RRSHE b dItePBre FAMCFEI CERIS e R fens Chrea Ay,

Furt her mﬁﬁf%%%ﬁﬁﬁé?ﬁ“ i [hadi ?Eeipt%rés%lé he, eiégg_,%%ti on | j_jlgh(;[ Ipt ensity of

30 to 50 possi b 0 Crush the 9 &r BRé paur icles

certainly.,, Pgr&p or BYLPEn L8 —frithd areae, }‘mrpefk}t? ,nqh%agaggg;la's@ anot her

enbodi ment of the present invention, while in e step o |rraéiating t he

full erene jpabté cdies Wi i drdraS@hrt1d1®s to be crushed certainly.
Furthermore, pulse laser irradiation at the excitation light
intensity of 30 to 50 mJ/cm’ makes it possible to crush the
fullerene particles certainly, and to prevent the fullerene from

being damaged.

In another embodiment ©of the present invention, while in
the step of irradiating the fullerene particles with laser, the
water with the fullerene particles is stirred, so that the laser
may be irradiated to the fullerene particles mixed in the water
evenly and certainly. Therefcre, the fullerene particles having
high dispersion stability may be obtained efficiently and

exactly.

Yet in ancther embodiment of the present invention, 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.

Yet in another embodiment of the present invention, the
fullerene is c¢g fullerene. Accordingly, it is possible to apply

the obtained fullerene suspension in the photodynamic therapy



water with the fullerene particles is stirred, so that the | aser my be
irradiated to the fullerene particles mxed in the water evenly and
certainly. Therefore, the fullerene particles having high dispersion
stability may be obtained efficiently and exactly. Yet in another

enbodi mrent of the present invention, the pulse |laser has the pul se width of
several -ten fentoseconds to several-hundred nanoseconds. Accordingly, it is
possi bl e tgeft UJr chheefullerene particles efficiently and certainly. Yet in
anot her enbodi nent of the present invention, the fullerene is c60

full erene. Accordingly, it is possible to apply the obtained fullerene
suspension in the photodynam c therapy 5 agent for cancer. BRI EF DESCRI PTI ON

OF THE DRp éﬂ%&%ﬁ?ﬂﬁf{ﬁiQﬁEﬂﬁéﬁﬁ b@d enbodi nents of the nethod for

produci ng to the present invention wll be
described withupefefancerho gmem@r@m&m@n@y QM BES ndtirda foiS a schematic
diagramillustrating one exanple of a producing apparatus used in a nethod

of producigigaheddLrranee r&lsRABEEMNHNAGEOS ARG Lo tihe ppeesentidva¥entd on; and
Fig. 2 is a diagramillustrating the conparison of the absorption spectruns

of the centinifigedssuspensiiah peSdreaicbeto (e apeatiuciiian ardhidgweeks after
t he production. DETAI LED DESCRI PTIONS In the nethod of producing the
full erene suspension

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

Fig. 2 is a diagram illustrating the comparison of the
absocrption spectrums of the centrifuged suspension just after the

production and 2 weeks after the production.

DETAILED DESCRIPTICNS

In the method of producing the fullerene suspension
accerding to the present invention, fullerene particles are added
in poor solvent, and are irradiated with laser, so that the

fullerene particles are ground to form their nanoparticles.

Before explaining the method of producing the fullerene
suspension of the present invention, a brief description will 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

producing apparatus used in a method of producing the fullerene



according to the present invention, fullerene particles are added in poor
solvent, and are irradiated with laser, so that the fullerene particles are
ground to formtheir nanoparticles. Before explaining the nethod of
produci ng the fullerene suspension of the present invention, a brief
description will be given for a producing apparatus used in the nethod of
the present invention. Fig. 1 is a schematic diagramillustrating one
exanpl e ofsuapefyietuattgrapRacat tise psedent imverthad of produci ng the

full erene 6 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 apparatus (2) for stirring
full erene suspeadrrgusohatirraredys adddddeher aiontaamel | dseforrradi ati on
device (not shown) for irradiating laser (3) to the fullerene particles
cont ai ned fth2 MG GoPOIH | SPEAERF i the tRenfHilsepne Martikéecaides ner (1) is
made of a material which a |aser |ight can pass. through. For exanple, the
cont ai ner PEFETY FadE oF W 2PPARRHHY €At #fh‘téltilép%éﬁllg%rﬁfeass and quartz.
In the present i.nvention, t po vent to he mxed with .the fullerene
particles Siuﬁp?%em@orsl?gﬁl%leorn ?% %E%Iedls%%?ﬁ%llen’vvﬁf‘ rl,aseﬁetlﬁﬁ?f%ﬁaftl@f}hanol ,

n- pent ane’deggge CM}%ltOQﬁgﬁrﬁneﬁothﬂ?rJ&%ttiB%Sfa%%lr (QPQJO %?Jev?lﬁl nLF%¥1ebe water. In
the foll owng explanation, water 1s us as t he' poor so veﬁ?, and the ot her

types of paot;salyentsaidst ahl en@gistolJaht 1nand tonwhi gh the ful lerene

exhi bits poor

The container (1) is made of a material which a laser light
can pass through. For example, the container (1) is made of a

transparent material such as glass and quartz.

In the present invention, the poor solvent to be mixed with
the fullerene particles in the container (1) may include water,
methanol, ethanol, n-pentane, and cyclopentane. The most typical
poor solvent may be water. In the folleowing explanation, water is
used as the poor solvent, and the other types of poor sclvents
{stable against light, and to which the fullerene exhibits poor

solubility or inscolubility} 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 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,



solubility or insolubility) may be al so 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 exanple of the
stirring apparatus (2) shown in Fig 1, and other nechanical nmeans such as
stirring vanes may also be used. The types of laser irradiation equi pnment
to be used nay be solid state |asers such as YAG | aser, titanium sapphire

| aser, 7 aaddriitubylakasperserseshéomauctiasetaseks ssciarads 1688, l@aser, gas

| asers such as exciner |aser, Ar ion |laser, and CO2 | aser, and then liquid
| aser s sudhsass dyehl aseexcifiee typer,oRroso |Uaakkpnarnd Coe issed, nawyd be pul se
oscillation. The nethod of producing the fullerene suspension according to
t he preserthenniignidonasgtd spehexpldrienddsemn detail below. First, the

full erene particles are suspended in water in the container (1). It is not
required to add dispersing agent in order to avoid the residuals of that

di sper si nghagkrie ioF fatellatAR) EBartsonsadmystr Psuehl s cesbl Brpog74 C76 C78 C80
C82 C89 C90 or C96 nmy be solely used as the fullerene in the present
invention. The mxtures of the carbons nay be also used as the fullerene in

t he present iny nt|o the, fullerenes._in the resen,t i nvent | n are not
i Pea Eo. t holfe piiset b ot oAt Sr e EP T Bhogn 8 e i he

hol | ow f ul I ecégn JLI% e*ﬁj\fsen ;b0 llh_Le regst alnegventde%all 0.1 he present
i nvention, I"fow Tuller ene‘)’

First, the fullerene particles are suspended in water in
the container (1), It is not required to add dispersing agent in

order to avoid the residuals of that dispersing agent in water.

Any carbon number such as Cg Crp Cqs Co6 Cog Cap Caz Csg Coep OF
Cgss may be solely used as the fullerene in the present invention.
The mixtures of the carbons may be also used as the fullerene in
the present invention, but the fullerenes in the present
invention are not limited to them. Furthermcore, a metal-
containing fullerene as well as hollew fullerene may be used in

the present invention.

In the present invention, Cg (hollow fullerene) is
preferably used in the above-described kinds of the fullerenes,
because Cg¢ has a high gquantum yield of generating singlet oxygen
and is expected to be no toxic against human body. Also,
relatively, the Cq is easily-obtainable. Therefore, at present,
it is highly expected that the fullerene solution is applicable

to the photodynamic therapy agent for cancer.

The fullerene to be mixed with water may be synthesized



preferably used in the above-described kinds of the fullerenes, because C60
has a high quantumyield of generating singlet oxygen and is expected to be
no toxic agai nst human body. Also, relatively, the C60 is

easi | y-obt ai nable. Therefore, at present, it is highly expected that the
full erene solution is applicable to the photodynam c therapy agent for
cancer. The fullerene to be mxed with water may be synthesized 8 crude
powder, butuiié¢ deidpiefwimhlte ikop s rppeé reated groimdtepagiduglaes (mcro
crystals). In this case, a nean particle size of the mcro crystals is

pr ef er abl paaboultesl-(h00r¢ pmysThis) i Inbebaus@se| t a tradads part oeigersikenet to grind
the particles |arger than 100pm so as to formthe nanoparticle. Therefore,
it reduceshehmicyy geEstd iy isf Prefamrabyy Aprwoveit 0 ivm.i §hiapraderceateto grind
the particles in a_pretreatnment process until a size thereof becomes |ess
than 1 pmitFE¥Ea Re lONERPJiIAE BP IHEdeFRe FEReGLoT kedaspakdcIl@0BPepar ati on
by laser irradiation, it is preferable to determ ne an appropriate anount
of the fulSPefen® {68 Bethf YEFORIT H &L eFPeFTP e extnpieducehe - tount of the
full erene may be 80-400 pg per. 1 m of ,water. In the next step,. the water
i xtur e oP FPREST U B OHE i He. MTTT"SPentt S JBRET TG 01 £F | B 508 (| rred
using the stirri ._app tus . T fullerene.in_the suspendi ng

sol ution ipérkli(gire%gilgt goﬂvﬁattr%attéégﬁ fsrgggﬂés?%&#hae ?lazfeﬁ:hf??%%ibgf:?lg%s devi ce,
as the sygpendiflgsghution is continuously stirred.

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 pg per 1 ml of

water.

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 continucusly stirred.

When the fullerene in water is irradiated with the laser,
the fullerene particles absorb the laser light to be rapidly and
locally heated, which results in the light-absorbing region of

the fullerene particles.

In the light-absorbing region, the temperature increase
occurs instantly upon the laser irradiation. In the meanwhile,

around the light-absorbing region, the temperature increase



When the fullerene in water is irradiated with the laser, the fullerene
particles absorb the laser light to be rapidly and |ocally heated, which
results in the light-absorbing region of the fullerene particles. In the

| i ght -absorbing region, the tenperature increase occurs instantly upon the
| aser irradiation. In the neanwhile, around the |ight-absorbing region, the
tenperature increase 9 occurs due to heat conduction. Therefore, when the
full erene ocpontletuehas meatelcahbvet \on.argere foaket | €hen shzefunldmenked | nner
stress is created in the light-absorbing region and its periphery so that

t he parti chedemrmscrackbativapd tdmercpastiede When theatked errerme particl es
exhi bit high absorption relative to a wavel ength of the l|aser |ight,

optical alf$&fptilsncranted yrotkarsiat-pheogungi Epelgurpdcets tH‘Péliéb?rBtaum ng a
tenperature difference between the light-irradiated surface and the inner
region. | ﬁosEE?F(£§§egarT%ﬁ§g§uPF%LﬁﬁﬁcﬁdewﬁQQ’tESBI%FQ%%@ -particle surface.
This results in tenperature gradient between the surface and the inner

regi on, which causes stress in the particles and crushes them The |asers

to be irradiat @eRByhdEu1DotelObakt d1ad kRiv hllaaeébéfurtﬂalanwavel engt h of
ultraviolet light, visible light, near-infrared l'ight, and far-infrared

light. A lrasetite/ne Abyatdengehest athef 10 M 1KgAWN §AilcdiSidadeaser, a
sem conductor |aser, a gas laser, and a liquid |aser described above. The
| aser w t maanlapprooxinat ec0Pa600ckd punewved engbhelhs causing a

temperature difference between the light-irradiated surface and
the inner region. In such cases, the surrounding water cocols the
particle surface. This results in temperature gradient between
the surface and the inner region, 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, wvisible light,
near-infrared light, and far-infrared light. A laser type may be
selected from a 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 is 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 fullerene particles.

Examples of lasers used in this invention include the 2nd,
3rd, and 4th harmonics {532nm, 355nm, and 266 nm, respectively)

of Nd*': YAG laser (basic wavelength: 1064 nm) , excimer laser

10



preferred. Wen the wavelength is shorter than 200 rim photoenergy of the
| aser is easily absorbed by water. Especially, it is not negligible that

t he wavel ength of the |aser shorter than 200nm may be absorbed by gl ass-
and quartz-made containers. Wen the wavel ength is |onger than 600 nm it
is likely toresult in inefficient crush of the fullerene particles.
Exanpl es of |lasers used in this invention include the 2nd, 3rd, and 4th
har noni cs ((58@&nm248hbN3osang 266 IBN nhespaeirbyeh Y)aseef (bBmm) YA&nd aser
(basi ¢ wavel ength: 1064 nm) , excinmer laser 10 (193nm 248nm 308nm and
351 nn), Artiogdrskaset8q33drni)4 remd Ar ion laser (488nmor 514 nnm. A
type of oscillation of the laser to be irradiated nay preferably include
pul se oscillation. It is preferable to use the pulse laser with a pul se
wi dth of several-ten fentoseconds to several-hundred nanoseconds, in view
of efficiency 6ft¥RusHi AGCIIE1rnl Peridwelpast itd £S. irndiakadpiay, t he
preferable range of the excitation light intensity is 30-50 mJ/cnR. The
exci t at i oRTFF AP YN ERALTS PRAGRrOSHHAATL BT mifch? BREfFerBPLlDE hil§h Eifough to

crush the fullerene rticles. The excitation |i intensity higher than
20" n cp Pty THERTAHEEE b BHERS it OF f Seran- b IR RP SR 5Pt e encyan

appropri at f | se _repeat f.reguenc . be preferably.higher repeat
f requency.ngégym%\%él?lfjrﬁlﬁ)ghanﬁgSgg?%’r elaugln%wy O?léeg?%s/l%a er ?]g reus?{lérslg di fference

in tenperaiyr g, Petween.yaten.and the fullerene particles, thereby

For example, the preferable range of the excitation light
intensity is 30-50 mJ/cm’. The excitation light intensity lower
than 30 mJ/cm’ may not be high enough to crush the fullerene
particles. The excitation 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 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 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

suspending solution therein to be lower than a predetermined

11



| 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. Wen the excinmer laser is used, the frequency is set within a
range of 5-20 Hz. In the invention, a cooling device nay be used to cool the
container (1) for controlling the tenperature of the fullerene suspending
solution therein to be |lower than a predeterm ned 11 tenperature (for
exanpl e, 1@fperatuewerjor Hxuspléf lI0ScpossSidiee)t orhway0iid as rpdisGblentd n
process efficiency resulting fromthe increase in water tenperature caused
by the | aseridra agdatiom de pdestys bédiabowe. rédsulddsgr fbed tadeove, when the
wat er tenperature is maintained | ower than a certain tenperature, it iIs
possi bl e tiocregpgteriat eatdie teppReetutenpersadiby the flasercerbedivgdénnwat er and
the fullerene particle surface as well as between the fullerene particle
surface af@SehEP9hABP“?egi on thereof . The fullerene particles are then
easily crushed upon the laser irradiation. EXAMPLES The foll ow ng exanpl e
is showmn to clarify the effect of the present invention, but the present

invention is not limted. to it. (Enmbadinents) The fullerene suspension was
produced usi nggfh%espﬁ'rdgﬁéi ﬁ%oveapﬁé?%tt&f YRbwn GeAPEFYtuLe 1S

maintained lower than a certain temperature, it is possible to
generate the marked temperature difference between water and the
fullerene particle surface as well as between the fullerene
particle surface and the inner region thereof . The fullerene

particles are then easily crushed upon the laser irradiation.

EXAMPLES
The following example is shown to clarify the effect of
the present invention, but the present invention is not limited

to it.

{Embodiments)
The fullerene suspension was produced using the producing

apparatus shown in Fig. 1,

First, water was contained in the container (1) . The
fullerene particles (Cq) (micrecrystals), which were the basic
ingredients for the fullerene suspension, were then provided in

the water.
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

12



First, water was contained in the container (1) . The fullerene particles
(C60) (mcrocrystals) , which were the basic ingredients for the fullerene
suspensi on, were then provided in the water. The provided fullerene
particles were precipitated to the container bottom which nade the
supernatant solution alnost transparent. The water in the container was
stirred using a 12 nagnetic stirrer, so that the fullerene particles were

suspended mabRet e swat edr, TR tWat efheaMieX ek Minkhpl hes J1tls! @é@@%xﬁ%@h&&i es was
then irradiated with the 2nd harnonics (maveFength: 532 nm half pul se

wi dth: 7 ns, thepeaker{requency: 10 Hz) of nanosecond Nd3+: YAG |aser at an
excitation light intensity of 50 ml/cnR using |aser irradiation device so
as to induce ablation. The fullerene particles were ground in water so that
yellow and transparent colloid solution was obtained. The supernatant
sol utions bef ofetafater hased WithadhatfidAerene pegspetes walsy then pped on a
hydr ophobi c-treated silicon boards. After drying process, the fullerene
parti cl es iraadbttedorl Emerhes dpér Rt c8 of 1ied RBI Wier @ 38bB®r Ved fbyuksanni ng
el ectron m croscopy SE%{. In the pre-laser irradiated supernatant
sol ut i on, “tAEM 060 PRanbpRidt (FREUSRTYE OB ved Perdnsrend Barti®% size about
several hyndreds pm On, the other han inth ser, brradiated supernatant
ol ut§ on. AREE G0 i 88U S RAnopY carees haePE oB3EH el EHakES 16-80 nin
particle $'r%§aiation device so as to induce ablation. The fullerene

particles were ground in water so that yellow and 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 solutions were observed by scanning electren
microscopy (SEM}. In the pre-laser irradiated supernatant
solution, the Cq nanoparticles were observed to have a particle
size about several hundreds pm. On the other hand, in the laser
irradiated supernatant solution, the C4 globular nanoparticles

were observed to have a 10-80 nm particle size.

Then, using UV-Vis absorpticn spectrophotometer, absorption
spectrums were measured in the two suspensions. One was the
laser~irradiated fullerene suspension centrifuged at a rotatioconal
speed 2000 rpm, and the other was the same centrifuged suspension

set in a light-shielded place for 2Z weeks.

The result of the measurement is shown in Fig. 2. In the

Fig. 2, a bold line {an upper line) indicates the absorption

13



Then, using UV-Vis absorption spectrophotoneter, absorption spectruns were
nmeasured in the two suspensions. One was the laser-irradiated fullerene
suspension centrifuged at a rotational speed 2000 rpm and the other was
the sane centrifuged suspension set in a light-shielded place for 2 weeks.
The result of the nmeasurenment is shown in Fig. 2. Inthe Fig. 2, a bold
line (an upper line) indicates the absorption 13 spectrum of the
centrifugegdestispensi ohe @M rachddd shispendidn, owed a lthig) 1imdli Gateset he
absorption spectrumof the centrifuged suspension rest for 2 weeks. It was
confirnmedlthat irkigchtés errenebsotrttioanspdttaiumeds byhe tchetpi®sent | nventi on had
superior suspension stability, because of fewer changes in the absorption
spect r uns sbepswspnboeht ofort Bewesksspensions in Fig 2. It is possible to use
the fullerene solution obtained by the present invention in the various
fields of electronics, life science, and agricultural and |ivestock

i ndustries. Especiall - fulle [on i i ghl ihcable to the
field of  med i w%né%ﬁﬁé%‘pneg%et&ta:tcgfé]gfélﬁg%géede B9 e o tafRRL AP S 10 )
met hod f or pRr oAUGIRG 1 f A BI8NEa§ USRERSLPTS GRRREI S NGapi LI fRdiALLAG. ful | erene
particles in water with pulse laser to crush the fullerene particles into
It heh ?anOD@rft E61 S chaWhes ainn thbeapidr$@ i basHleck Suhé AGHAERUh&h @%CiEat i on

9

suspensions in Fig 2.

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

medical and pharmaceutical science.
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intensity of 30 to 50 mJ/cnR. 2. The method for producing the fullerene
suspension according to Caiml, wherein the step of irradiating fullerene
particles in water with pul se laser includes stirring the fullerene
particles mxed with water. 3. The nethod for producing the fullerene
suspensi on according to Caiml or Caim2, wherein the pulse | aser has a
w dth of ygeveralqten.§end.oseconds to several hundred nanoseconds. 4. The
met hod for producing the fullerene suspension according to any one of Caim
1, daim2, or Caim3, wherein the fullerene is C60 fullerene. 15

1. A method for producing fullerene suspension comprising:
Irradiating fullerene particles in water with pulse laser
to crush the fullerene particles into the nanoparticles,
wherein the pulse laser is irradiated at excitation light

intensity of 30 to 50 mJ/cm?.

2. The method for producing the fullerene suspension according
to Claim 1, wherein the step of irradiating fullerene
particles in water with pulse laser includes stirring the

fullerene particles mixed with water.

3. The method for producing the fullerene suspension according
to Claim 1 or Claim 2, wherein the pulse laser has a width

of several-ten femtoseconds to several hundred nanoseconds.
4. The method for producing the fullerene suspension according

to any one of Claim 1, Claim 2, or Claim 3, wherein the

fullerene is Cg fullerene.

15



