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METHOD FOR PRCDUCI NG FULLERENE SUSPENSI ON, AN

FULLERENE SUSPENSI ON BACKGROUND OF THE | NVENﬂmm’m memm
Field of the Invention 5 The present inventio

to a nethod for producing fullerene suspension, aAd>”

METHPD)| EQR PRADUC NG FEELERENESUSHENS TQi, AND ) FHELERENESUSPENS ION
present invention relates to a sinple nethod for
produci ng full erene suspensi on having hi gh dispersion
stability w t hBACKGRYUNDeOF CRHECDONPENTUSN and rel ates

. o ful erene _sus ension 10 obtained by the nethod.

Fiel t Background Art Generally, a
fubhergpesést CORVERLISH +0108¥8 BoN9! havhar! ecy! Bfoducing
about 1nmin dianeter, and the nol ecular conprises

fUllﬁﬁﬁeetﬁaﬁpeoseenboﬁndlse&abﬁs tonfistiedena aubpsketon.

parc 0508501 GEOUBL o O MV O TSRO0 ERLB0R pocrion cox

ons aré con

produoing Sﬁmmétehé|buéb@ﬂé18n7haﬂhh§ thﬁeﬁﬁéﬁefbﬁon stability
fullerene in such a nmechanismis known to have
withgpe 1y Chepy calleEPRBEHBAF c AN Prispertd s FBthanpealsuspension

obtapﬁQQGB ERe QRLLGE! properties, and gaseous _
adsorption properties. Also, the fullerene 1is highly

expected to be applied as a new functional substance
Desc£9 tvgrlo s . fie ds such as electronics, |life science,
3 ck industries. 25

Especévdl Yy, iat fi31@ténaGld ¥6nt 0gapitd hevei W henene ddlecular
the field of life science. Use of photodynam c

aboug H@mby d&@emterreqemieté}q meleapéamqqrr}pl@fse%more than 60 carbon
atomgfééﬁﬂé%ﬁéﬁ.foagﬁggk@Elgﬂa gtlﬁ éﬁg}éﬂlé Hﬁﬁgglﬁore than

[ight, and its ow toxicity to
60 cmq’rerqummlagh qoaneatrey| ef orr(9=0 gQ@bmﬂfarganéeauuag shaped in

gL, px oppared_tq, ot her representative
a so% 3 ose%§|¥g F 8 gpnm in 81ame

The fullerene in such a mechanism is known to have specific
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.

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

low toxicity to human body.

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

such as methylene blue (¢=0.52), rose bengal (¢$=0.83), and eosin

L
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35 such as nethyl ene blue (=0.52), rose benga
(0=0.83), and eosin 1 =0. 57) etc. Furthernore, it
is estimated that C60 has no toxicity to hunman body.
Therefore, it is highly expected that C60 is
(b =@ppT | ceibt e Furd helvanqateot 68y hane st tihet @yt lege itk hes no toxicity
However, it was_difficult tpo adm nister C60 inside the_ .
to iRy Ry - ?Be_rﬁ_éoractltt A&t €0 NSRS SUbPRT 4rve RagPPlicable
to thewpdotpeakskhiki therBpyakgent A | ot of nmethods for
di ssolving or dispersing a fullerene in water had
been previously disclosed. 10 Especially, a nmethod for
chem y-modifying.a fullerene.b wat er - sol u
oY R beela P B LSRR e Cor i R heopody due

to thy €patitigrtaciihd eriene luplel ahdnhaidel SwIRDNEss i sUTht ASn water .
Cycl ophanes, Cyclodextrin, and Calix-[8]-arene (e.qg.
Pat ent Docunent 2 and 3), 15 and a nethod for renoving

a Rrgapi Gr SMEMs D ASPARZERE ot AL UBAS: | gn ful%erene in
tetrahydrofuran, 1n which fullerene is 550l Ved to be

watepmi ked- bpenwotrhviately( sobeénsedxchange net hod) (e.g.
Pat ent Docunent 4 and Non-Patent Docunent 1) are
representative and wel | -known. 20 However, there is

eaESpHE OBL B | &) idtend IfYr @hlefidS 1MTRNWIANEY i ndPaveull Brene by
the first nmethod, nore specifically, in the nethod for
wategpgpPtybhg BReIPTRIRMELDY (Mat%er PasENS BogaeenhDl lec @ ®Sthod for

prepgpﬂlg é_sf@ll%é?xﬁ?:'ﬂéfrﬁatt@&tat%g%%h\ io%nglgySisﬁgh ?ﬁeCyclophanes,

propéerties o ene nay nged due to
Cyclefiertrah, meddf Ceadi ko8] rarsheclkiemgy Peseht Doctihent 2 and 3),

expressi pn_ of the carcinogenicity. In the second
ana EBREGY FBr stens s T9R T et Agth s beggene, toluene,
and Eepaiydeofutd el ene wby ctl atinlal-ensonP Ak ISHE t385be mixed-up
cl ophanes, it requires very conplicated operation,

withaf@tes i(ipb¥senpl exeBaBaearAthodpure - gul PaFepe Document 4 and
Non-BHEBARSHBBument 1) are representative and well-known.

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
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
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

an organic solvent such as benzene, in which a fullerene is dissolved
2
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In the third nethod, nore specifically, a nethod for
renmoving 35 an organic solvent such as benzene, in
which a fullerene is dissolved 2 to be mxed-up with
wat er, many researchers have attenpted to prepare
to bg Arireds WLEHERNAET aRanyHess et daks Aayenehtefpted to prepare

c t S inte

var ihErLABne bt 1, IR PR S e ot b ERaP e e o
the BthEaMeBhods fier pdiasebvbng ﬁhadlSherSEBQdﬁaiUbfetEQGOrganic

n_water have been well known. However, in each of
SOlVFHE pfi 6FMAEREds, there are problens as nentioned

above. Therefore, the full erene suspension obtained

by the nethods was only applied in the limted fields.

10TEs peetiladdy fan dissodiviihigcalrt di speppiygian faallerene in water

havepggégd¥gff1Qnt@§FQB¥ﬂqg%g; 'used&%%f}E%ﬁaéggpggmethods there

ar maceu

are hrdh 1 e tast@eﬂbpdnyedi iR frekde®brEoodse andilerene suspension
envi_ronnment. [Patent Docunent 1] 15 Japanese Pat ent
obtafPRRaPYPEBF] BSEPORSHYA235035 appateft iDoéhfenimired fields.

Espeé@ﬁ@@?selﬂg%%nél fokkdi v tl&bgbg_?‘& lqpagg%%?(g%}tg?on ‘E@E@%EY agent

Docunent” 3] Japanese Patent Ka
used2pn [tPet énelﬁocﬁnmdldb]l dagapbsemPatent cdbkkaience. It was also

Pub c tion 2001-348214. n _Pat ent unent 1 G V.
aiee 4RI BL) IBoEIRIR bhay BiR OO oL OBAE o0, CaVLFohment .
Dovbeshko, "Conparative analysis of two

arueous-col | oi dal solutions of C60 25 fullerene with
helP2benFTPRCBeNECct Ance and UV-Vis spectroscopy", C

st P R B R, (50

[Patent Document 2]

Japanese Patent Tokkai Publication H7-206760

[Patent Document 3]

Japanese Patent Tokkai Publication H8-3201

[Patent Document 4]

Japanese Patent Tokkail 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
fullerene with help of FTIR reflectance and UV-Vis spectroscopy”,
C. P. L. 364. 8-17 (2002)

DISCLOSURE OF INVENTION

PROBLEMS OF THE INVENTION AIMS TO SOLVE

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 makes it possible to be applied in various fields including
the field of medical and pharmaceutical science and the field of foods

3
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30 In order to overconme these problens in the prior
art, the present invention provides fullerene
suspension and a nmethod for producing a fullerene
~suspensi on having high dispersion stability w thout
and gRyireRBRPEal iR ddie Audd,eneme Bugbeasdpm obtained by the

prlo§uﬁgﬁﬂéhgnh3§dnbESb@éﬂdﬂ F nethod makes it possible

be applied in various s including 35 the field
of nedi cal and pharnaceutlcal SC|ence and the field of

whi ch the full
MEAN%S?gZﬁQiXﬁngﬁggih&gngsn:helnprig? netﬁodg h:geﬂgt been
apphé ke MEMNS R QWEGEROBLENE Hn The iR Qsleé‘fathes to a method

i nvention described in CCaiml relates to a net
for Hmdlmmmélmgefnﬂmeeseﬁpesaspemrmrmm Ils"lraglatlng fullerene

a | erene oor s
in p%%%s% ?beﬁgu é%e%%sFﬁt 5usﬁa b EP%?%ﬁgnelén?ﬂethe
nanopaeseéniiesnventi on descrlbed ind aIWIZ relates to the

met hod for producing the full erene suspension
according to Caiml, the step of irradiating

f ubh&reRedt Pl%’ént??!)?{ %%tsc\ﬁﬁtb%dl %ﬁaﬁf%%%%%t%trsietgée %E{% method

the fullerene mxed wth poor solvent
for Ifrmﬁi;mllrm tdestul berena sOspiems3 onehatesdingtteciretad, the step

or 1B BISHEVID Lhe | ren SUERENclon ACCOT NG Lo, oriring

the fhe1éaaﬁé miRedpwesRNpobRveBL;eAtdescribed in Caim 4
relates to the method 20 for producing the fullerene

suspensi on according to Caim3, wherein the pulse

| apid p %%e%&%%éh@:tor?%\égg 1b%‘an11f1 e1Lq e?%‘ﬁt‘e% Lo the method

sever al - hundred nanosecon rese inventi
for exbrd eyl the Chaleréne ehadmsnd oon iae:amtdm@ tBEcIaJIm 1 or Claim
rodu0|n the full erene syspensjon_according to Caim
’ wge el%ﬂ%gl laﬁﬁeré?nu?ﬁé %ﬁ|§% | 488F%s i rradi at ed
at an excitation light intensity of 30 to 50 mJ /cnR
The resent invention described in Claim6 relates to

RSNt invention described in Claim 4 relates to the method
for‘produ01ng 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
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?

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

1 to Claim 5, wherein the fullerene is C¢, fullerene.

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

4
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30 for producing the fullerene suspension according to
any one of Cdaim 1 to Caimb5, wherein the fullerene
is C60full erene. The present invention described in
Caim7 relates to the fullerene suspension, wherein
EFFECReOF yFHE8r dN¥EYEEPEnsi on is produced 35 by the nethod
de ' LNyan n ak ' : EFFE .
o R BN O Rcbrartiy. ¢ B ERs Zorie BeRF e Btdnt Homiain 1,
fulldesoei bedpensCbai hatingfhigkrénspsuspenssoabhbit \ogwithout any
. _high dispersion stabiljty.w thout any  dispersing
dlSpgﬁgﬁPge? en seBSta?ﬁeakﬁglP?@aBVaPFHGdF3§é It 63FRE 5O the
fullb¥kheEaRetedited pdoR RAertOl AR th&n G AR B LA A% lerenes
. the fullerenes into the nanoparticles.” Furthernore,
intot ReoheaPpadtialeer eRurtbaspensi onhhasbhaghedi §péisirene
NN 1.t hout _any ot her, chem cal . conpounds 0 .
suspEhEPbp ity My HieB Rt e bRt s Ry R er if o davyoe iy chemical
compwganisysso thakdshé felludireget fespées dowmaiBBE Gpadt in various
har maceuti cal science and 10 the field of foods and

£1e18RMOHHLIRG TR RhPER ANBeRarRd o RAREERS i cal science and
the f0RiR Bedebyad Q%dpéhQIr%&Q@? il'hthQgB @Feegug@elrhgg'suspension
According to the present 1 nvention described I'n alm
obtagnedhbyethenprhersnephofisi haddnati hgehhepplliedr enes
wth [aser, the poor solvent 15 with the fullerenes
is stirred, so that the laser may be irradiated to the
f Ut @5 eAESg R thel e dBed nvenith®rnPaeEcsb¥a@ntn eMenhy2, while
and certainl Therefore, the fullerene particles

in thegtag 9 @ﬁragléﬁﬁi@g&he SvabrreRgsEtinéaspraitiwipoor solvent
with&fd q‘lﬁrltéﬁ/ergbd_i%é%E?L%¥adgosé‘ctﬁ%t:tﬂ'e{i%ptl%stel}emggfﬁlé??rradiated

i nventi on descri aim 3, ul'se’ | as
to theeflubserbmesapertidtesruirngllyini thesppossibleehd evenly and

' Kk dto, ti Us - . :
ceorchIELF299,8 B00k OULB SOIBALELLLP: ODLIBHAUE, 1RLE o cpercon

stabilitgreag parbbthtseticebeicidnbeyg snatekatyly.25
According to the present invention described in Caim

4, the
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.

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.

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.
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pul se |l aser has the pulse width of several-ten

fent oseconds to several -hundred nanoseconds.

Accordingly, it is possible to crush the fullerene
particles efficiently and certainly. 30 According to

t hRCPPEILNY Favidre irvTe IRt rinyed tiiprnodgisers bedhén glase 6, the

cunkesgh Lp dLiAbhet she; MG 20 Ll bR dopny che

obtatnadhftheefethé enanpengiant iel eSe qidwodinamiand He@apy agent for
revent the fullerene being damaged. 35 5 According
Cancgﬁ'the present invention described in Claim®6, the
fullerene is C60 fullerene. Accordingly, it is
possible to apply the obtained fullerene suspension
i NACGer@hog oty rdr eudraTdpyinagerttichodescanbed. 16 Claim 7, the

According to the present inventjon described in_C aim
£ul1EEER SUTRP TR A oS B eSO oY s BT UM B e HRek RBany one
of cugsaribed thagnyesoneo eha€l ahd #ul DebAbMsfispsAsiBAt has high

the full erene suspension has high dispersion

disperabPrit A t HoutV 1&HPuthary catetisb Goapoundsr-eThesefore, the
- ' ' i-hl . - -
cun 1L DEpa 0 s e gk an 00, TBKES d Lo BRSSO sicas
includdngathanfiighdroficeedical sodeplcermacetticcalietdenfe and the
. .foods_and environnent, in which the fullerene _
£ie18 ShehEPUR BBt SFALLPIYThe Y O7: bt Hifas et TS pREpension
obta2ppdi BY. A8 §§RIﬁgtEbhEFhI&EnBBEEEBBEE?EMBQ@lNENTS

Her eunder, the preferred enbodi nents of fullerene
suspension and its produci ng nmethod according to the

DESC?E?@?BE bﬁv§ﬁﬁiPﬂgﬁﬁkkEBeEmggﬁﬁﬂﬁgﬁg with reference to

e acconpanyi ng draw ngs. e met hod of
prideiveumde t het Heauldrerfeneesu spensiiornaccof diwyletens uspension

t. ] tion, fullerenes are added in poor ,
and L7 FERAICIRF MEPRO0 PRAPARLEOW T (FHRSar SR CHAETEREn ill be
desciubt@r@NEE 2&€egeNadrbOther Btcompanying drawings.

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.

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
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
apparatus (2) for stirring fullerene suspending solution (4) added

6
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their nanoparticles. 25 Before explaining the nethod

of producing the fullerene suspension of the present

invention, a brief description will be given for a

produci ng_apparatus used in the nethod of the present
thereﬁ@enenénlaﬁﬁg lxraelats@nedQVﬂeeduagtaﬁhewnhsfeat1ngad1atlng

'lase%gtqﬁzx%'g)lt% g%%tr%r Jéql fRPalf attq'?e or sofvent in the

d of pro u0|n erene suspen
contadeerdi(ny .to the present |nvent|on The produ0|ng
apparatus includes a container (1) for retaining a
poor solvent with the fullerene particle added

t hoRei Bonda $hiL! (DY 1§5m§3935§t93m£g%rigi éﬁ%&ﬁ'@glaser light

ful | erene suspendlng solution (4) ere
can $W$Szﬁ%ﬁomghadF@tlmmamEmﬁﬁ (h@tcehewnheﬁor is made of a
rradl fuIIerene contained in

eranpRb8hE: hae i AT kbR a5 figsl HunhERTRat 0N,

container (1) is made of a material which a | aser
l'ight can pass through, For exanple, the container
(1¥7 %hﬁaeee%qm’a llfwelﬁ%pelaentthwe@raqso%\a@ht ako gh@assixed with

the & mer&ez %@f = PEESE Gdd 0. (De Ragr srhéel\{lec{g water,

e mxed 10 the uI erene partic
methennﬂwauhaddb napennahadeumhtec1opanthaedTh&mhaﬂmeicalpoor

n- pent ang, and cycl opent a The nost i cal poo
so1vgpPURRY Ry "Beotat O Chf FRLLPEIPGWEHG. EhBT LAl | GRcer is used
as tn@tpbotssé§egntasahbetﬂéobtﬁéfVﬁﬁﬁesa@ﬂ @Sroégﬁﬁents (stable

es of poor solvents (stable_ against light, and to

agalmﬁgchlghe fand drend isthithie §udderessl eshibiys pgoprsolubility
or 1h969hﬂ9ihtg¥ar beegékéougéﬁd1hB§E§8d09fwﬁﬁéﬁhe The

stirring a I's configured to st
fuIIerene suspendi ng solution in the contalner (1)

{ { |
o PR i APRRTpS e Foi S OREG SR TR Gitidy thggfullerene

suspfRENAG €6l uESNS rSHER @SnSdif&t NA )V.aRGRadBY L 8¢ St il8er is used
used. The types of | aser |rrad|at|on agylpnent to be

as an SRR BE 'St iSE 1rstiM%eapRIERSUSUED) mGinaEey,l, and other
mechéh&égiuﬂééﬁgpghEﬁ ggngirQQngUQXes 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 as GaAs laser, gas lasers such as
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.

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
the residuals of that dispersing agent in water.

7
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| aser, sem conductor |asers such as GaAs | aser, gas

| asers such as 25 exciner laser, Ar ion |aser, and CO2

| aser, and then liquid |lasers such as dye |laser. The

type of oscillation to be used may be pul se

0S8 Farben. nurgee miFai e 8R08s00f opf o dire i Grg dsh& st Gsb €pene Cos may

] : rd] . Lnventi.on w he.

be sERPISLANSLRO Al Nthe ANE AL BSSOLLMARLON e ceures

of thaspendedsimayaberalsot heedoakather fullreht if BBé present
requirgs to add di spersing agent in order to avoid 35

invephioRe QUf LR TaF LEaTaned SPEHS REesgRh i nvenkdcarare ngfyl imited
to tK& Pen RREbabguch n?e%aq&%&?toaiqi%%c%ﬁlg?eﬁéoa%1@8%, hollow

C90 or C96 may be solely used as the fullerene in the
fulleresenmaynbenused. iThehai rresest dhveheicmrbons may be

al so used as the fullerene in the present invention,

but the fullerenes in the present invention are not

| Thi ted PrdLedthaRvdntitdier M) Ghod 168t al11¢eREALN 1§ preferably
fullerene as well as hollow fullerene nay be used in

usedi e theegbRver AGERTILERI FindneohrrdseAtllaveneponbec®ase Cso has
. £hol ] full el |y ' -
o ns GO RSB SR AL PLAT Ym0 LS g 4, rpeceea
to bhago fiOxachaghigsanhumayi bbdyof Ageneratlagisehyl ethe Cq is
. oxygen_and. is ected to_be no toxicg _against _human
e PRI AT B0 LT ol RSP S 1 R RERPTL bt 7 JOSY RRBpgted that
the Hhe1efene, salupissens. applisabighty expesh8dobiPAimitNenerapy
fullerene solution is applicable to the photodynam c

ageng hgpapyanagent for cancer. 15 The full erene to be
m xed with water may be synthesized crude powder, but
it is preferable to use pretreated ground particles
(Ther bulteyshal 59 be hmixehl srithseatarmpan pardéyctieesi Zzed crude

of the micro crystal i s preferabl bout 1-100 m _
powadly Pt Lh Sode? Frh e £ a0t Biger ori R DY BRFROCERE (micro
cryspals) cl Bs drargeasthan A9 sorsc 1o itfdolthehe micro crystals
nanoparticle. Therefore, it reduces the processing
is P e ralelic pboMbr @0k €P, it Thslis is because it takes a longer time

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.

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.

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.
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inmpractical to grind the particles in a pretreatnent
process until a size thereof becones less than 1 m
25 Fromthe viewdoint of the efficiency of
nanoparticle preparation by laser irradiation, it is
pidear sbeefudldeeneninevatreapy dpraati@tegwinh ohet haser, the
fullerene to be mxe i th water. Faor_example,. fhe
ru1 158 Fhe AR R kP he Heos0 et pap i apt Locally
heateadl efhi 30 deduilte IEXEhsteghtlA®sWatehgi-&§ 68 X thRefullerene
fullerene (the fullerene suspending solution) is
participped using the stirring apparatus (2). Then the
fullerene in the suspending solution is irradiated
with the laser using the laser irradiation device, as
t e tkeshgid tapsothitrigpmegs ong nt he uangleyr asturter @lcr8ase occurs
. Wh the fullerene in water is irradiated with the
instpnfly UppR Che) Jaein e A ad aBor ey RESTHESI Y | ghpund the
1ight0aB8okBRhE! Yedih | adR! k¥mpbeatade YHELE1LEVULSd Bue to heat
the light-absorbing region of the fullerene
condpgtippl eShesefarehewheghthabfot bengne eppodertihes a relatively
. Lagrease r.S. _instaptly upon_the | aser
targp FTREEEIIAE LIRET A RRERHRT 1aheE, Bhhgtonds chdaee®oth tne
lightighbeabsngbragioregmd,iddedreipenat goethAer EA8eparticles are
occurs due to heat  conduction. Therefore, when the
CracFE&Pe?@ﬂetBGRUEFuﬁﬁgda relatively 10 larger particle
size, a marked inner stress is created in the
i ght-absorbing region and its periphery so that the
pﬂgﬁnctbg A blexene ke t igne s ket idrigshégh dheorpheon relative

r part.i xhi bit hi absorption. relative
co = PAVEIEERGPAE Ll 45584 Db 1 00 AOEOCRLLOR L BIPHLYRLy ocours
on thbspaptiobenBinfycoOcCthisreb ¢&es Padta ct émSerdtges difference
: er&@g causing a tenperature difference, between the
ht=Tr

th . .
betweey YL Gt B AT R WS At anthéRer 4gP8R. TeaisRcnIn such

case§2%9%® stiPLoSHALAYRAIGY WBLEE Robarthe 1Rl & . This results
surface. This reSults in tenperature gradi ent between

in tenpesatprcednadiene beheeeneghensurface 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, visible 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 fullerenes.

Examples of lasers used in this invention include the 2nd, 3rd,
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20 which causes stress in the particles and crushes
them The lasers to be irradiated may be, but not
limted to, a laser wth a wavel ength of ultraviol et
light, visible light, near-infrared |ight, and
and 4Bk _hawmenbes | iiﬁnmmsa%er epde2fynibe BesRetbve kymof NA**:
k sen1condu ar |
vAG By R R et TP e B T 38855, TTRgon’ 248nm,
308ninasatd vé £1n na apptmgeﬁt:ms?ého @00 nfm) wexed engtilbni Saser (488nm
referred. VMen the wavel ength is shorter than 200
or Sﬁ n‘ﬁhotoenergy of the laser 30 is easily absorbed by
water. Especially, it is not negligible that the
wavel ength of the |aser shorter than 200nm may be
aBs tybed olfy osgliddet iend oduahez lasee ¢onbainemadiahed may

t he vel e h is,longer an. 600_n ik
prertggnl P TheTHur PR ER SSThLAED OB heth U arenbaraisie 't Gise the
puls&xaapeeswothl aspussuseddatn bhi sel-avgntten kastydecbh8s to
2nd, 3rd, 9 and 4th harnonics (532nm_ 355nm and 266
sevegay - FE§6§E@|W95;€%<PHMB inypG v dr effasienaavef epgephing the
m , excinmer laser (193nm 248nm 308nm and
fUlI%ggﬁeg' , nitrogen laser (337 nm , and Ar ion |aser
(488nm or 514 nm 5 A type of oscillation of the
pr ef er abl_y | ude pul s

| b
LS89 e AL B0 TR e ol e s B e

1nteM&ibyauPQbSQOWMQme@fT?@Ngkéhtéﬁﬂoﬁeﬂi GRS i@y lower than
sever al - hundred nanoseconds, in view of efficiency of

30 mIg/qs i neRee BoghiAN@IEnES. CTReth skanfillexdre . The excitation
11gn B FHELALL By ANGRCPThIE BY hbPLLDndy Mlarddl K #ud Perene.

e excl Ion nte
than 30 nﬂ/cnﬁ may not be high enough to crush the

IIerene he excitatiqn 15 Ii i ntensi ty higher
R EGB G Ry RReFIad CLREHY | PR ABRE SPTH TSR P T Pulse
reped W& IARRES, Akl weyferam i%@ét e dANgee§licAYYSBIowever,
r epeat frequency her repeat
hlghﬂﬁ%ﬁﬁ@h yeqmﬁngy@@atswatertxabe1ess 1fference311temperature
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
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
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.
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hi gh repeat frequency heats water to be |ess

difference in tenperature 20 difference between water

and the fullerene particles, thereby |owering the

crushing efficiency. Thus, it is preferred to set high

r &5e S SFréheEnaPovs t HacBxEBAt watAat CeRRevAtere is maintained

t4r e si.ye

Lo e Faaer e L EEEFET L phRET BT R ko BRBLA P icpe markea
temparaange dfifSe?2@ncklzbetnethewhneenthdntha ﬁumﬂéﬂgne particle

device may_be used to cool the container (1)
SurfESEt?8|W?¥§ 2RePEENpENat if T Bt L EHEVF UPREF 1IEC %@rface and the

inne#® gl pgesabyt 0 tfh?ﬁ@k@n%%z;@ci% akBa8héh easily crushed
predeterm ned tenperature (for exanple, 10C or oweriy

upon, tiausaser ixrpdssibbe.to avoid a reduction in

process efficiency resulting fromthe increase in

wat er tenperature caused by the laser irradiation as
Examdegsri bed above. 35 10 As descri bed above, when the

wat er tenperature is maintained |ower than a certain

t eRfefRLdPY¥ing: exampdesills| 8hpyngérecdes ifive thgr kédect of the

pres&ﬁgpfﬁééﬂffog'féﬁ%‘%ﬂ%&éﬁg%gﬁﬂ;fﬁyéﬂfl g %B PE“&R&EEQS to it.

particle surface as et ween 't er ene
particle surface and the 5 inner region thereof. The

full erene E%rﬁicles are then easily crushed upon the
IZ?QﬁO radic8Yi on. EXAMPLES The foll owi ng exanple is

shrawn £,0 1el-ahkefl ¥ukbenefibactael pirdauctd RE8$Nthe producing
i nvention, but the present inventionis not limted to

aPPaF@tus(éﬁﬁﬁﬁlhﬁnFéy The full erene suspensi on was
produced using the producing apparatus shown in Fig.
1. 15 First, water was contained in the container (1)
. Fihetf uvheernms contained in the container (1). The fullerene

particles (Cg) (microcrystals), 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 magnetic

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

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

inwater 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 electron microscopy (SEM). In
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particles (C60) (mcrocrystals) , 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
the Wﬁchamémmll@@@é} aupannatenttsohitalgrosthe Cso nanoparticles

The water i.n_the,container was stirred
were, GBREPRETI A dITE SPRrFAFICati FRADTHG FaHG%t kfgndreds um. on

the B@ﬁ&kchgﬁdmeﬁﬁ gHapended iPr&@?a@@&eéup@?ngbgnwﬂégiut1on the

mxed wwth the fullerene particles was
Ceo gilpbudiat Ranepaht i hee 2wk taaohmsoed W@vlea'eﬂgat R0 -BI2nmnparticle
hal f pulse w dth: 7 ns, repeat frequency: 10 Hz) of
nanosecond Nd3+: YAG | aser at an excitation |ight
intensity of 50 mJ/cnR using |laser irradiation device

so as to induce ablation. The fullerene particles were
grleeRd 361G Wt ssgbsieaPtien GReshdophatop@tes absorption
specEPL@! G328 HEAANUAS 1APLALNEHy STUBCAURBRAZ! BAE was the
utions beforel/arter laser i1rradration are
1aserespeadnaeé¢ ﬂunppednensaspgdsmphobéntftEaged stlacosrational
gogrgﬁ After |n% grocess the fullerene particles
speef2BBBi BN { ARdshber Hubahc a8 SOF it Bhs Her B bt Jetppension
set BY §CanghBgsBliechea@nplhecoseepy (SEMs. In 11 the
pre-laser irradiated supernatant solution, the C60
nanoparticles were observed to have a particle si ze
abaut h r t a t
B R R EET L CHRLUR s b 6 IO (P02 2R che pig,
, agdcm]hﬂllammaanpappeel Bﬁqa\ﬁrmdmttgafemd:ﬁe()abam&palb&- 8Pectrum of
i cl si ze. Then, using UY-Vis absorption
the R e HBEBE s oR Bl B SpOLBFUNS AR RSy beicates
the thbPﬁtE&ﬁ SHEREPEMORE. tRBe WAS rt Regehagaty bhg§ehakégt for 2
full erene suspension centrifuged at "a rotational 10
weekgpeed 2000 rpm and the other was the sane centrifuged
suspension set in a |light-shielded place for 2 weeks.
The result of the measurement is shown in Fig. 2. In
thétFW@s cdnfirmmmmthauuth@aﬁuuﬂp&@dd Beﬂutﬁdhcabeslhba by the
absar n run1of 15 the centrif %q suspensi on,
presgﬂg QZﬁL (Sélqw ?}lﬁg?n?ha{lc‘s lty, ecause Of fewer

changes in the absorptlon spectrums between both of the suspensions

size

in Fig 2.

INDUSTRIAL APPLICABILITY

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.

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
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t he absorption spectrum of the centrifuged suspension
rest for 2 weeks. It was confirmed that the fullerene

sol uti on obtai ned by
superi or suspension

woackBE SRR ke 1

us

the 20 present

stability,

gh hééFu

i nventi on had

. , , : because of fewer
ch&hges2i ASt Redabsoapt idhuspretings tbet mempaboshnobf the

NDUSTRI.AL APPLI CABI LI TY 2
LR P ER Rt SyPRE B oo Ur heatter the

prodbyttibe apdegenkekavafitieenthe phedvatious fiel ds such
and agricul tural and
the fullerene
EXPLARNATION bF REghR¥neRPNuMBRRegt O the field of medical
0 BRI EF DESCRI PTI ON COF
THE DRANENGSIFig. 1 is a schematic diagram
produci ng appar at us

as electronics, life
| i vestock i ndustries

and pharnmaceuti cal
ilj u%&r%th one ex
used 5 E & 3P
agcondiskeg to the pre

sci ence,
. Especi al

SCl ence.

le of a

oduci ng fullerene
sent invention;

ly,

suspensi ons
and 35 12 Fig. 2

is a diagramillustrating the conparison of the

alis o FptlileR e8ise SSRGSt e ladntan f uged suspensi on
just after the production and 2 weeks after the
production. 5 EXPLANNATI ON OF REFERENCE NUMERALS 1.

container 2. stirring apparatus 3.

suspendi ng sol ution

10 15 20
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25 30 35 13 What is clained is: 1. A nethod for
produci ng a full erene suspension conprising: 5
irradiating fullerene in poor solvent with laser to
crush the fullerene into the nanoparticles. 2. The

Whatmishedafiedprigduci ng the ful |l erene suspension

according 10 to Caim1l, the step of irradiating

fullerene in poor solvent wth l[aser includes

stirring the fullerene mxed with poor solvent. 3.

The nethod for_producing the fullerene suspension o
actorimRrhad oy @raducing acfulAezenghepebpanpipsecomprising:

| aser .| : h rs d_f.
pr odusy og i he Fal FEFLeEREE in hod STV At age; fp orue
3, whthei Aiul herpukséntasehehaanapardiblet.several -ten

20 fentoseconds to several - hundred nanoseconds. 5. The

nmet hod for producing the full erene suspension

according to Caim3 or Caim4, wherein the pul se

| aser is irradiated at an excitation light intensity

of 230Themsghed fenPresivginphehasihioefere pusgeosngnt decording

full ere pepsLQ ccardi . 1.0, an e of Qaiml

b CREEfSnePa I ACE 00 1 A0%038 2heTALEL sotvens
30 7withe lhsklret aokuddspensioing Wiss gul iidien®nieds with poor
any on of CCaimlto Cdaim5 is applied for the

pr odFEe VRS 114

3. The method for producing the fullerene suspension according
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

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?

6. The method for producing the fullerene suspension according
to any one of Claim 1 to Claim 5, wherein the fullerene is

Ceo fullerene.

~]

The fullerene suspenéion, wherein the methods in any one

of Claim 1 to Claim 5 is applied for the produce.
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