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DESCRI PTION  THI N- FI LMY POLYMERI C STRUCTURE AND
“METHOD OF PREPARI NG THE SAME 5 TECHNI CAL FI ELD The

invention relates to a nethod for preparing a
“@ﬂ@ﬂﬁﬂmun1polyner structure of an arbitrary shape. 10
ND ART As nethods for creating organic

*IfoP'ecular thin fil ns, g nethod, an
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e are or
*GPPFm ng  an a?m%eﬂtﬁt Iay r, tﬁe ﬁ_angwmett

(LB) method is THOTR (. PRERARING REE L5MEs per f or med
as follows. Anmphiphilic nolecules are dissolved in a

volatile organic solvent to be devel oped on a
EEQ?IN : Ir%M)erface After the solvent is vaporized,

the rERUpblesdH: ifHREbAREIR L So COMBMEE 6 pre-lp;gxg?é gstﬂlnt A polymer

nononol ecul ar layer is transferred to _
Usture E ¥4W§WW§ met hod, the nunber of the thin
filnse and the order of Iam nati on can be controll ed.

' thod is only applicable to nol ecul es
gg&ﬁ%ﬁéguﬁg%ggiedeveloped on a water surface as a
nonomALmethads E@y@éatﬂigdo BWi6 molec@MrthinefifRChis g?h f:(%m% method,

ich are water-insolu

I
FEPRutl FvReiestonineshertea baos deRosHen BRMe repeiodepositon
pﬁymerentms netipeingiduke Hiel ax@&ﬁﬂ@éntlbﬁalﬁya@ehy RanRdh&Hed for forming
RSO RSB E0 F Br T frg  m
lﬁlpleé‘guh@s ay é{jlsul%sr | ykmpidplahabdquecﬂxllesgﬂedh@ﬁlvad stirsf agletikeforganic
I I nu
sgmzﬁg %’Iebeo?a;eﬁ{dleﬁor &l%%cﬁ(ﬁ'ﬁ? %tgrf @ﬁ{e‘g gh g}‘qu@é s vaporized, the
resultagtesup $ta@qeas S)OmilftﬂS@dt edhe msu@aynt hlamoheﬂéoutze Sayteh &t trdrlsferred to
AR5l QubeirateS OGN YneByad gk fuﬁnb%h@f ﬁllék}ﬁ%‘l ﬂ{rﬁﬁ ang tl"?e - prder of

i s. st.abl e, and the nmonol ayer can

lamination gan QF ﬁﬁP‘éo ligdnnEfowgven shis meshodyisapnly @pekmable to molecules
vttt parebd dmeldp%ﬂ @InYa Shafekisiiadens aSrHQx%rﬁaE&nma?e d thus is only
| uti qdltlon this technology 1s applica
PGP ap o amolRgiles. i are vogar nacite. b B method is not
effbdém beaive tie equipateatio B used iedkpeivedid daRfiotedRlhanled.
nanot echnol ogy for constructing a pattern of organic

nol ecul es on an ultrafine pattern witten by a
it ho@r tphyologe hao begy eftbsiafied Weforaling a%&eéé(sen@l&mmonolayer

R Er?udlfx% gr%aglﬂ:grglﬂlze{:ﬁu%éeggp 41& 8@ sgpggeﬂ%nsqin‘ﬁta sﬂ%ace c?f a metal
¢ruad;tsunheaS| gold or platinum, or a surface of an inorganic material such as silicon,
silica or glass. This technology has features that the monolayer is strongly bonded to
the substrate and so is stable, and the monolayer can be formed at low cost and in a
simple manner without using any special equipment by merely sinking the substrate in a
solution.  In addition, this technology is applicable to a substrate having a complicated
shape. This technology is a target of attention as, for example, a nanotechnology for
constructing a pattern of organic molecules on an ultrafine pattern written by a
lithography technology (Daan, W et al., Angew, Chem. Int. Ed., 43, 2480-2495 (2004)).

An attempt now has been started to construct a three-dimensional structure in a
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1 bottom up manner by |am nating nol ecul es on a

t wo- di nensi onal plane by, for exanple, an alternate
| am nati on nethod using electrostatic interaction of
pol yel ectrol ytes. This Ilam nation nethod is based on
the foll ovvi ng pri nci pl e. A substrate surface is

|.ect t | havi th
RS PR O FEL A0 DI Sy, cpamre
mhalltermte ldrmylemoroﬁletlhé upmgmcerottatmd yiteraaibawiipslylelectrblgtes. This
{%&Hﬂtfoﬁt e%rdf ?sc %a el?iy of! B&! FIRLA t at | Icpﬁnﬁt %r aC%un é&dggfe surface is

st Cat e st
t!lpip@@dfd enya b?pl}telaetrebyoaasehluen dtaamgeﬂxeobppds&e achargebionghat of the

El@)lsﬁfﬁle SR Q’J ﬁm DXk er%ﬁ?hé o@%pgerlecu%i A sorbstt8 tl%eh%ltbst&te surface

g el ectroly aV| n
%@D%@ll@elﬂtﬁrﬂcyt@ | At éhis polinte sk sab;mateb surtace sis craemd g ctharged

5%)0@&'&? rb'? the ekdiBsiSe Eﬁﬁ'g@s offe aﬁﬁ?ﬁgg {b%lfemcﬁog{ ¢ Next, dhe layer

i <layer structure contro

af thet ROAY%}GQUMIBGR haxingcthp oppositsr shatge wothat ef theppalyelpatrolyte layer
A12adP 2@BorbRBOTst &fsdd 8 288188 WHE sbﬁade'mﬁ? }egéﬁﬁglg tlﬂgs %rocess a

el ectrostatic interaction, on a structu

PHE- Ly e piRudtere) contralied &m hawe RBRrbifTery titiekngsy sars be gbrmed.  For

eavple i Hag b@@l"feﬁ@hé‘&tﬂa@in Qﬁ‘fhl‘é@éﬁn‘ltﬁ&ﬂ)xﬁ%@ By €l2edORatic interaction,
reactors nd |ight emtting devices

0
o1 o SMGUepRPRIER. Rb<he i lamipation ohgbyd. for the purpose of
dexelopthgahévowaoRcdlar dbviess d’lcﬁﬁi’lfg @ﬁ@lmeSHa@HréJ BodeBsd?€ and light

S 1 AP SRR e s gl tows

 thfeepdimerdioml strudthe tbibk epmﬁamdhn I?[&ymplb endi@Biedith®m using any special

h v eSCI‘I d stru
MR nd I8 SRAG 05 RS RTGs PIeESled 58 Beis peshe ik which may
@biwewd@iscrl bed net hods are for constructing a
functional thin filmincluding the substrate. No

attenpt has been made to use the structure exfoliat ed
f r om thi@wevey ihe pkave-deperibied skmetwres tare fiesessarilycforpedesn afsubstrate,

a'fhdpcﬁé )é§J>V9eC&Jst|1Uéd9m9{Ploas St foR CEnRfucind'g! fgn(itﬁﬁalf tgfr{rﬁﬂn cluding

g gqo ani_c or met m croparticle or ce
tage- t PO REERpt éles ppe made 1ig| ysevihe tstryetury exfiokistied from the
sabiedté ow of the shape of the nold is fornmed (David, 1I.
et al., J. Phys. Chem B, 105, 6846-6852 (2001)). As
the mcroparticle formng the nold, silica, |atex
bead, It RubvAe t6 €5 aod’orﬁﬂ]ék |0f lﬁep dﬁelétﬁx@ljﬂe Baea B@xestel 6F a mold

RO el o B et and e i3 g mold, st
alidloey sinugfurs hining aablldsmtblfd[bauhhpecdatﬁhd: folts BFordSedDARIAIL. et al., J.

I V] at ed sha
B8 VT S48 SOTR 68 B e ol i
lmex btid gmimmae peésivs br he rikk ds useﬂ'h eThd ookl 1std|il§s61vﬁ®biﬁ@ﬂ? Qh?drogen
e I e a reusa

ARRREF A0 oreahlsC ol ARl S RS Thes FoResiotigm qwhere <
spbcrtc@hmgomnbr 1s usheé aswrfnahie buf asmm:lki lmving a complicated shape is
highly precise and thus is expensive like a plate for printing or a plastic mold.
Therefore, this method is usable only when the mold is stable and reusable. Since the
above-described structures are formed in a bottom-up manner, the surface of such a
structure in contact with the substrate is not modified even after the structure is freed

from the substrate.
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structure in contact with the substrate is not

nodi fi ed even after the structure is freed 35 from

the substrate. 2 fa i There is a pol ynerizati on nethod

by which a polynerizable group is introduced into

anphi philic nol ecul es to di sperse nol ecul ar assenblies
formed of such nolecules, for exanple, mcelles,

vesi cl es, rlbbons tubes, discs, or sheets in water,

and 5 Thege n§| acpelimenzaionpimeshindaby phichmar pelycherivithll group is

Inhbﬂué’@tlﬁt@damp}ﬁpﬂﬁc %%Qie@%@ Eﬂ%pér@e m%YeQEQFﬁéséﬁbh@seformFd of such

i ¢ nol ecul es ficult to cont

C‘élteF JJE{ ErranRle, misell esag‘?aséfi%?ﬁ F@bon%etb&miésosmr sheets in water, and
ﬁhbﬁbl@kbkil@r @iseﬁlbﬁeﬁﬁx%eg&klhﬁﬁzécﬁ @Itﬁ‘rtﬁ?snﬁgthga Hh@ tbélbleéome to

st r.uct ur hili ul es.
Bt uﬁﬁfv@ﬁﬁ#“&ﬁl“ﬁf@ ‘ﬁ‘f lh\féhgﬁcesh tﬁaf@ﬂﬁﬁl 6\@1 sgryeture of the

Bﬁemblmsl bcagseahé Bﬂru%tuﬂddf‘tlﬁ@is}ﬁ&ﬁbhé%tﬁ détHhiBed 8 tStructure of the
arQi.tr. hape and a nethod for preparing the sane.
tlg lg é} €Cles.
& 8t°Sacti ve studies conducted in order to

sol ve the above-described 15 problens, the present
§%RE film polynmer structure is
OE% R% Qﬁ??g&ﬂﬁﬁgﬂgfggﬁf assenbl ed nonol ayer on,
for ethvmreSenalrwentmﬂ }ms apodtdecs lmlﬁ?td’vﬁ?clhﬁg blaﬂl‘ﬂ filnd !)‘tgi}merb structure
functlona nol ecul es to adsor
g?‘é@%@ %nglr oss PR néor er%anmgrEh ¥t hen

exfollatlng a circular al bumn polyner thin filmfrom

the gold, r%ﬁséff ae& Ge gﬁQYe’s c-ggaluc‘cte(ggl orde e n 0% leve q}ogﬁ Elascribed

has been conpl e sent or a
Rrpflems, the\presgnt Bé(ﬁfﬁpfef@ﬂﬂ chataa thrrg filthepolymner stiukcture is obtained by

BRhMBRS sQi-hdsehble8 mbidlsy e}hﬁl g&l Sty & %&118’0%%1(1 sﬁbstrate body,

ecognltlon proteln I S bon e € surtace
g?f} FRistieealbyiinas palyfunciipgal un@leusleSesq adsogh titretyVaed arémslinking

dlfunfiinf iahdn thér @ﬁfoﬂihﬁng ] &%ﬂﬁ&dalb@rmrﬁﬁblyﬁﬂ:r AhU AR B0R the gold
|ng | ecyl es recogni zed he recognition
SB$%¥aé? ﬁ) %ol L&y BIFSE e MYERHOL a§ H:@F’éo‘iom ¢fed.  The present
istenturt alsoefound phe fdld wirs CEeg‘d?Vﬁf@[Hﬂlngtth@Gﬁﬁ (ﬂilﬁl%dl}t}ﬁerz§ructure
modi. f i er

nother .
e 64 s5% sHhairore BN A aneepiien” igpian BRGNS ermiface of the
strheul:ﬁppéihes,mhé awectofe it befolihtedct WienaheltHim €iim tsh&cture is caused to
a%{1 OHC% u u%st'r Fubgc%él&oiﬁ %téée dnagl{eo T E?co%ﬁ%?% rbayg mlgg protein
seligifiad o8 tluehmr@m thxeeof) the stm@upnepkaned upfmﬁ:nddvﬁnancBattached to the
| ed o I 0] t filmpoly
ngdtlécﬁlgétsur éﬁ%bt gxfor'%féﬁ {?Mﬁﬁg fé)?eexé&% eA ;]ngar l%ragr 1 O8ided to a
spERGef wiichi BnBOW ribe etmppregurtf@peaqﬁ threb sttrmctum atde&henf thanstructure is

eRfoNatedd om m%strdtg b@c‘fy 'tﬁet B AGE sPRINE s BiffrS B Bn the two

body and a |i P
surfaces thereof. Namely, he present invention is directed to the following.

€)) A thin film polymer structure obtained by the steps of:

(a) causing polyfunctional molecules to adsorb to an area of an arbitrary shape
in an interface between a substrate body and a liquid phase;

(b) polymerizing and/or crosslinking the adsorbing polyfunctional molecules to
form a polymer thin film; and

(c) exfoliating the formed thin film from the substrate body.
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(b) polynerizing and/or crosslinking the adsorbing

pol yfunctional nolecules to forma polyner thin film

and 35 (c) exfoliating the fornmed thin filmfromthe
substrate body. 3 Ri (2) Athin filmpolyner

structure conprising a functional substance on one

surface of the film the thin film polyner structure

bei ng obtained by the steps of (a) causing

0! yf uAdhindiiml patphercsntueturé comptésirgoa fimceonatsetsstice @ one surface

rf b
T AT N L
cr ossl (2 waoglgtﬂvéyfad@mnbi mglepaley fouadsbibotoain ared efar &bittady shape
fnocfnnfhf%rfgeé Bﬁﬂ@f@#b Jdbsfrhd %ﬁ?gl‘g(i}é FI%HIQEJQQ N9 a functi onal

substance to t orne hen exfoliating
t he t hibhpelymerizingndioe crogslinkingt the bdsbybing PolyB)nchondiinmlecules to

fdrinmmrﬁémhmsﬁmy%yre conprising a functional
substance on one surface of the film the thin film

pol ynele) Bending u fnchena gubisange e thetfprmerbthin 6jrs and them)exfoliating

theaicth Fiom BRIy fnénabitpR@bodyp! ecul es conprising the
functional substance to’an area of an arbitrary shape

in an interface between a substrate body and a liquid

Bhase, A tHi® filhi 9oBmed strﬁ%k%dﬁﬂ;rﬁm%%h@&ﬁﬁl Elﬁ)%%?@é &4 Be surface

| subst b), pol
b ¢ TR S PabARS sy nmecchihend e sepes

form e(aplﬁdrMi‘f@rpdlﬁfﬂJﬂctfdnhmnoQﬁﬂﬁ @amﬁi‘sﬁ@ ih@tﬁlr&%oﬁﬂesubstance to an
rom.the sugstrate bod

m f.
45 R by bl P ioteciace Boset S sHestdaia ot #hnliquid phase,
thebeh ambelinga cutetaoe f'@ogmzmg tlﬁehﬁnéﬂldrﬁl aivdtagi@Ipri si ng
o oI D ol B R i s o
fbynlamelmqsp@né'ﬂm( ajd bondi ng the functional substance
on t h )oék?olfalt‘l?xg@}?eefoﬂixg(; ﬁﬁ%hl?h Brofd th8su S?Jta%rBE‘rgi structure

accordi’ng to to a Su
solidified on a substrate 25 body and recogni zi ng the

@ynct i Om@l iRy BSkyAe @brucﬁcgl)re CISBW}IIISI(H% Q%ﬁn?ﬁm@f %)Jr Bt{z:i gey on one surface

géfl cation on"the ot
oft fity aad comPEsinggrHanhBatificeipn on thef gthen furfone D he film, the
tBMHHhﬁﬂilﬁn&oﬁﬁﬁctu@bé@é obralled B R @&psoPNPri sing the

above- cﬁscrl be ructure dispersed in a liquid.

(a) bonding t e nctional substance on the one surface of the thin film
polymer structure according to (2) or (3) above to a substance solidified on a substrate
body and recognizing the functional substance;

(b) providing the arbitrary modification on the other surface of the structure;

and

(c) exfoliating the modified thin film from the substrate body.
(2) A dispersion comprising the above-described structure dispersed in a liquid.
(3) A method for preparing a thin film polymer structure, comprising the steps of

(a) causing polyfunctional molecules to adsorb to an area of an arbitrary shape
in an interface between a substrate body and a liquid phase;

(b) polymerizing and/or crosslinking the adsorbing polyfunctional molecules to
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(3) A nmethod for preparing a thin film polyner
structure, conprising the steps of (a) causing
pol yfunctional nol ecules to adsorb to an area of an
arbitrary shape in an interface between a substrate
body and a liquid phase; 35 (b) polynerizing and/or
ss| ipking. t .adsor bi ng pol yfunctional nolecules to
gf;r%oa?éélg%%&%nrrpélrem’taﬁlgn film and (c) exfoliating the
f or med(ch kxfiolidtingmhe fametihkindilbstomtle substyate bddy. A met hod
for preparing a thin film polynmer structure conprising
a functional 5 substance on one surface of the film
fHe mefhesthed fasrirepanigstaheains fibp polyimef ajructaes Eangprising a functional
j - rea of.an
Ty RNt ARG, 08 PR ohisBlh BE §RaChe o
body al#dcausingcpalyfupttinset mplsyulps toyadspitziormp aealdHan arbitrary shape
r ikl [ . konal nol ecules to
e e A A e
funct i @ﬁaplywziémar@@éfor grosslmking the adsonbing fpolyfuretidnal meolecules to
¥ poMh&Ghint flgh: bhgn filmf rohm t h;e Isubst :rat e body.
(5) A hod for, preparing a thin film pol ynmer
st ruct ?é‘"@b‘iﬁﬁ fgichgnal Sﬂhﬁgaﬁcr— dmahe fosmeds thim§tm @nd dhea exfoliating
the thia G@mdforh bR subdtfate b&y, Met hod conprising the steps
of 15 (a) bondi ng pol yfunctional nol ecul es conprising
the functional substance to adsorb to an area of an
@)bi t rAmpetisdiafe prepadig lanthBr filde ol et ictareSétirisaleea functional
Rl%gt%?&nodnge L ”'%tﬁh?fe’ B he area | ncl udbn% a .
Supst ance nresblo%‘f‘ﬁ i 1A It he misEhodsemPrisingdhesters of )
pol y]ETE(ﬂ) lZ(:Pﬂd@lgapd&lﬁmcﬁdlimShdlad(l;tlésgcdd‘n;&idix\ligldfbdﬁanﬁt_iona% substance to
t ocul es to. for mer thin film
BPEBArCERE af RIEAy Sl i lnbPriaf Best e Rl b0y and 2
lsquibd phast.che ety inclBling\a swtstende feopgpiziepatid fugctiortahiubsfanten
p0| y . r' 14 . i <
o onaPLPaIHERHEE TP kit 1 B AT o BRARER B tecules t
feemiamolyseer shindiims ped ot her  surface of the film the

met hoqtc FQaRdt ik ke fo'?ﬁe@ﬁﬁxﬂ)ﬁhﬁfﬁo%?th(agbbé?ﬁwwlﬁet he

functi onal substance on the one surface of t thin
film polymer structure according to (2) or (3) above

6 a AlpftivAcRr Wipahng 9 thial filel hbiomeP Qtr@tﬂureaffo%ﬁ‘)ri@fntgaanﬁmctional
et ween a substrate

SR R U G b o eon the ot
sutfacd ofthalilms,the hieted, cofdplisiigané stepioft he arbitrary
ggdla];]lég)atgo'n&r}lgoﬂlet IqJencggrlga rs'ubgtlzjirrlgeacc:)g t fe ctJrIPee sf?rtfa[clfecg)g"J rtl?e; thin film
polymer structure according to (2) or (3) above to a substance which is solidified on an
area of an arbitrary shape in an interface between a substrate body and a liquid phase
and which recognizes the functional substance;

(b) providing the arbitrary modification on the other surface of the structure;
and

() exfoliating the modified thin film from the substrate body.

According to the present invention, the step of polymerizing and/or
crosslinking the polyfunctional molecules may further comprise the step of laminating
polyelectrolytes having opposite charges to each other alternately to crosslink the
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(c) exfoliating the nodified thin filmfromthe
substrate body. According to the present invention,
the step of polynmerizing and/or crosslinking the

pol yfunctional nol ecules may further conprise the step
of lam nating 35 polyelectrolytes having opposite

P&l?él%ﬁolﬂd@s qACHRRY @rclﬁl'%egr mﬂl@'ﬁ() C)‘fgn&{ogﬁls %rLongcu elgema; be of a

polyelectrolytes Interns of
B%‘V@’Pamftq ofanomen aadioese melyfectionala mq@mryqsruncfheo palyfunctional

FREQIRE iATeY Slanpldql ;M'Btléﬂpta' ﬁ"‘ﬂe'lec%&&@rﬂ?ra po-ﬁr}ﬁer bead According
¢lfunct|onal macroner for e prote

% é@reéeret IBYSptien, the PQIY@éﬂC;f/lﬁé%l m@rnerA@mr@sai@ked by tfheexample

plysianérobdlivieitigisaéh ad tAErnRd Hlﬁﬁdﬂﬁ‘r‘?ﬁ%&ﬁﬁémﬁ?@fa@ﬁaiﬁl E\r &t by fusion.

crosslinked by, for exanple, physi cal crosslin

such as thermal denaturing or thernal plast|C|zat|on

or by Attording toAﬁ@@f&blﬁgmg&mtIdﬂe Y ﬁx%ﬁﬂTcatxé‘rY B prdvided by a
IOV

ication b yner co ound
B e oA RS B taTopeeiogh of @rqﬁemaam@n{)qiqaea, sugar chain
avgariahedarivaave/ or bi otin derl vative. 10 Al so
according to the present invention, the area has a
structure of a self-assenbled nonol ayer or a
sel f - aAlsenicedling Itaythe. pr'Ebcmt sialéntms ehb| f6a NGOk agtRicture of a

%gyaspﬁnglgﬁ '}'F&\topag { opgaaj’elfh a¥sem gﬂgl ?,yc%p{l'}?e gel? assembled monolayer

risin rmnus,
ng? e I0§ lihgdr hgdmppoblamcﬂédulmycahipyllsmgj atla tgrmaid@s, aB'SH group,

al'f‘ éﬂl&)ﬁhlkgfsﬁﬂp egg&ﬂ? I §1§F&'a§ﬁ§ggwl g]ldouﬁglcgrilgaa Vigyl group. The

conpri se st 'one se
wHrassembl P@bthyer ProsiemaIrispiatileastrrine selactied ftwas €tk gropp donsisting of

Iﬁﬂgﬂfollbl&'ﬁmm@%uﬁ@&s‘egq rP‘;dl kLgag lipld'€arftl ERidn$ hlpld The area is

6% abl'y. nDdl Pat uf'e- responstv
Fg Vi?\gf mgitie éVlﬂkﬁoterrmera@#eTrgspopww erodsngr erdighel egfoliation is

prefepbtyatausel Bles feagetaturdYedeggr di ng to the present
i nvention, the substrate body is entirely or partially
formed of a netal or an oxide cover |ayer thereof,

si | i cdweoniing matheqireseat inVesitdon, ahe AlbARte HHAYES 'eﬁhreﬁ“ﬁppartlally

t or a ca lciu ound such a tite,
Bt AP0 of i BB oo SRS Shtoieias i a carbon
Mylaieuciamdplﬁtp or eedlcremtconipbuird blthaisapittact ant or an
organi c solvent, or by addition of an aqueous sol ution
conprising a conpound which is conpetitive against the
f unct iAsaetding toshe present BRIeEFoDERCRBITAtEN ©ky BtEaused by treatment

iAW Hﬁ%cﬁn@ dr b APCEN Ml Vi ng production
of athinfi 5 &ﬁergstrJ% u?%ts aggﬁ%r |Eg‘¥@e?ﬁ solution
Cﬁfﬂég@ﬁg aj Cﬁm@ﬁpm(gwhlch 1S competitive against the functional substance.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG 1 is a conceptual view showing production of a thin film polymer structure

according to the present invention.
FIG 2 shows an outline of preparation of an albumin nanosheet.

FIG 3 shows measurement results of the contact angle at each of steps of

preparation of the albumin nanosheet.
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FIG 2 shows an outline of preparation of an al bumn
nanosheet. FI G 3 shows neasurenent results of the
contact angle at each of steps of 35 preparation of

t he al bumi n nanosheet. 6 FIG 4 shows a change in the
nunber of oscillations by a quartz oscillator

m cr obal ance nethod. 5 FIG 5 provides m crophot ographs
showi ng observation results of the al bum n nanosheet
wi t h al'fF dothesesen changer insthe primbier Gféossitlatisnsably auguartzeoscillator
aficrBbAReahdiRsy of an ODM5-Si 2 substrate and
adsorption or exfoliation of rHSA. 10 FIG 7 shows the
observation results of rHSA adsorbi ng to the CDMB-Si Q2

subst r Bice srevibeemidYp

sho pp’ i ne of rlg)éﬂéé%ﬁsﬁg E@%é&ﬁ ltﬂ)ﬁth gloumin
Eﬂ(?\g“@ f o a1 QEEASSHLMHLEOSCANEG 9( a) shovvs observati on

results of rHSA—SH or r HSA before and after CIl2Elo is
addedelgs@eh su?strate provi ded by a

fl uor tS “@r?.)% e Qhdrenaration gy a@hW&ﬁloz substrate and
meqjtmatorexfonmﬂéfrmfsp{ he rHSA sheet on a cover gl ass
plate. 20 FI G 10 shows SEM i nmages of (rHSA)LB on the.

ODMS substrate body ((a): x 300, (b): x 200) FIG 11

shows HEW ishawe shobbsuvatiohlTéule stherga fa@fdmgléw tﬁy@ms Si0,

ubstrate bod BEST MODE F
%‘#ﬁgqvﬂ?@%{s (1-%598‘% foéF‘yp Cenbodi ment s of the
present invention wll be descr| bed. The foll ovm ng

enbomf’f@inﬁ 3h&LE o' o\ﬁﬁgn Lfecrtxoé%flaﬁt g—%aheteb opltm pDMS -Si0,

present invention
uh#raie.esent i nvention |n any way. The present
invention can be carried out in various enbodi ments
wi t hout de artlng fromthe scope thereof. The
documdilBsd(a) shewpgbseryasion; esulisons rHPAtHHits &ISA defoee and after

(3E RS adiiRd 4oens ODMS-5R duBsthRé gro%ﬁfeﬁ'b; B drORe fiicroscope: and

c rated herein by referen
PIIE} Q(rb? ohows an observation ryesult of the rHSA sheet on a cover glass plate.

FIG 10 shows SEM images of (tHSA)LB on the ODMS substrate body ((a): x
300, (b): x 200)

FIG 11 shows SEM images of an (rHSA)LB sheet formed by fusion on the
ODMS substrate body.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, embodiments of the present invention will be described. The
following embodiments are given in order to illustrate the present invention and are not
intended to limit the present invention in any way. The present invention can be

carried out in various embodiments without departing from the scope thereof.

The documents, laid-open publications, patents and other patent documents

cited in this specification are incorporated herein by reference.
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Herei nafter, a method for preparing a thin film

pol ynmer structure according to the present invention
(hereinafter, referred to also as a "sheet") will be
described. 1. Preparation of a thin film pol ynmer

structure 5 The nmet hod according to the present

i nvent Herinafer B&ﬁélﬁécﬁfdrzgﬁg)ahﬂ%tanﬂin ﬁlﬁ’rpbbﬂgmfgﬂr&?@lje according to

gﬂgl ecul es are zﬁ\used to adsorb to an are
BIESPY) VAP Shereinafier, fefrreadrtg also e g weheat " hwillibe desaribed.
body (hereinafter, referred to also as the
subst ate") a . Liquid phase, then the
bol yf Lﬁ{gﬁr@?’% gfdr?oﬁggbh%gc’lﬁmér ¥BISHRr i zed and/ or
cr ossIThekeBdetHi(ﬂl abeording tdithe fprksléht anvkntibg f‘shbﬁhridtérmeﬂsm that
% ﬁngp e the subs &at B % The t hod
G 9 FHES (S SBHEd itR\AARAIP 3P e BPééplErh'é( shape in an
mtwﬁacé bétwetma blﬂbse'xfecﬂddglt(bdelﬁm@éﬁ tdf€@redsts ioratiRe bsﬁgé/crate") and a
rst.time. The

| I f he fi
W 8 S DSEBSS g B ey T otk

fotin ﬁhm ﬁhnpmnylrtbq: this filmds exfoliaed drah g fubstrite blaﬂyas €THe method

dngr?Efg' l%nth ré'aser?tv\ﬂg lﬁlon a(s?rent lglﬁ? (t)lhe{ %ﬁ[”ééﬁl slsthl @téﬁ Fom the

Sp\bqitmb@dye(@rarqd#cbq:armrasasmyrfkedhe fifsteimehi n fil m pol ymer
structure according to the present invention may have
a functional substance on one surface of the film or
may hahPé methodherepsrrsl 2 thimdtlmnpdywer stnectiser f be thlnfﬁlhhﬁolymer
sfMEﬂﬁk@Ekd:omﬂ% ﬁgtlﬁrﬂ?égeﬁﬁfrﬁ(/em fs'acﬁ{lﬁlgq?rxgp tl{.)g%il[%\t &4 2 multi-layer

E‘grff ace OL L I'm 20 The struct
4 1y yhic m?\‘xf%q@@fléh raﬂle@#leqo@nemd-ymerxzed dindfoe rcmssimked The
thlavtﬁlng pbigenet Rirlicthifel 0cBRINETRY that ﬂrHéEBP frﬁz%n@&f:g{ 9'lﬁge aCfunctional

resent ventjon_ dispersed in a |1 qul
ST 25 500 SHAGERE BB QSRAsHave edsaronApestancson gre surface
ofttecfilof argirhagingj drbietayy mbaﬁeatm @Mehe BERF baeRe Retnvaam t he
substrate body 25 and a water surface In the present
invention, the term"interface between the substrate
body dhel mctulrfquma:y bhaﬂném&bfaeras thio fm id¥pefidr of Polymer. A
bl%n) t]l;}ﬁ,l {HeC{h Hﬁﬁ p% ?ner g é}?@loap:ﬁ{; gr%gat%t trh\émdﬁgsegt invention

qU| suc as ma
dépgfét?ﬁ‘ i %Mwémencempa‘md map scapk of He @eeat inventtine h
pol yfunctional nolecules are to adsorb nay have an
arbitrary shape with no specific limtation. The area
may b€l for Aesazfianearbitrary shaparin an éuteefmgubeaween the substrate body

afd h WRtdrGatface! | bbon- shaped, cord-shaped, branched at a
pl ur apt of €O| nts, or st ar - shaped. 35 According to
the pFeUiEmresenlENentim, the teym "interfase dstweendhé substrate body and a

ligeidfphases e bfel 2@ anBnieEa&d A%eHicK SRNbIQ rsulﬁ;tr%ﬁ:l Bcodgsl% n?ﬁt with a
hbllaxga (SAB) at the interface between
816’839 B YHE: PR 4BBUD FRIVEON, SE 8 PEEARG sPbyeithe prese nt

i nvention, the interface
The shape of the area to which polyfunctional molecules are to adsorb may
have an arbitrary shape with no specific limitation. The area may be, for example,
circular, rectangular, elliptical, ribbon-shaped, cord-shaped, branched at a plurality of

points, or star-shaped.

According to the present invention, it is preferable to form a self-assembled
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is preferably nodified with a tenperature-responsive
pol yner. Hereinafter, a substrate body treated as
above will be referred to also as a surface-treated
substrate body, a 5 SAMforned substrate body, a

SAB-f ornmed substrate body, or a tenperature-responsive

ROhMBRr tS%MQF -drof RE aﬁéﬂﬁi gp%\%ﬁpqg@}hﬁt the"i erface between the

Ugelf assenbl ed nonol ayer 0 a
fUosiReig bedy Ian%éfyrhqunﬂ/ah@sho eordink de mmeememwmgpnm the interface

{s@rdferabn, m@dlﬁb@ Wlﬂhchnl@hlpgxraﬁhlp ré’yﬁbmecliﬁg?/rngl' bq;ﬂaqquaﬁe]' a substrate

to, the s at e hody he self-asse nmono
badxy e%t%‘F e Wﬂlaae dﬁfegeé 0P fakseeasof surfagettaated E)shStraﬁeebody a

ARy fdpned BEbstrdrAiold %ABffEHﬂ’edé?lbgt%t@b@d)f bt Mol Sﬂeﬁtgn@responswe
ti elf-a senb b| | ayer (SAB)™ refers to a
qY’Bﬁ/@PY?otﬁ qﬁ“?’étﬂatﬁ hi phi | i c rml ecul es

contalnlng a hydr ophobi ¢ hydrocarbon chai n such as,

for e hilic polar head
gr oup*ﬁ{%ﬁgmg Wfl aasgesrg%@ é‘H’“Bﬁ‘V%‘yy&A?‘? SApNers © & Byerslgrmed of linear

lﬂyﬁrqtélbbkcanslenhbyhavtfmg; ab ¥ dérafiis| h@uﬁft@ﬁzftl‘%trﬂﬁ@ QVthkl)'l can bte bonded

or i n area o e .substrate

B8 LBl IRy e S8 BremBisf cuptduR dsgdy & immobieed on o
rfecqoof armbtehshbgtrampb(raﬁy byt the faAptivnahigtdu @OfRRUA &m (hﬂDG 1A).

s i - asse

e L B B U RRARS (S e % e Fenns agtphiphili

raolgmw%pmltmn@g@hy@gqubic hydrocdrbdrayieain Bﬁchms;iefor example, a lipid,

iﬂMcﬁr Qﬁﬁb%}hﬁc RéHp Hedl Qﬂoh?yei"hm Fs%amﬁl%grbl ayer. @&&g Lsgoréned by

f-ass e ayer
SF]zﬁgﬁéfie"&)éb i érfé’éumhj}lcf el the sbswatdibody tsorfadecopinesmeatea of the

substRR b&dy: surfage SHRBIHAS LR g@ﬂ?né@argeet ARyt SH R P&@} filkd d. group of

1o mlyfunctlonal estoasorbt
t "oa@gg'e icdnglpgslesat iy the qaﬁe wherezasbléaa/sewv\ﬁ@emed by sﬂl@qasnembly of
a&@lBlphshcf fblEdledin 8 hyaﬁiahélﬂé Arddddimed bea %mtahattﬁebm#&ée of the
bq'ag#/ ﬁ‘\{%m |chgllowsteSAMor SAB t o

SrAumpAEPUBRPIIG Rure {sier may be regardestasarSABn t he

case where a substrate body is nodified with-a

t enpe ure;respan e substrate body ma

b AnyH g B gDl e it el i Wopigneously Tormed.
specific limtation. The substrate body may be, for

elxgﬂ)ﬁ%g(r:ﬁ)rac %girle gr%sgnlt "ilrtlveelnIlo ! Eﬁensﬁ{s ?tglpo&ﬁ,]srrllalgf?/l?&armthmg which
F lpps Ppk@nctlgnal an¢lbm1eq31oa¢cksonﬂvabhmg) szuhrnoaspeeifal limitation. In the

cE@%t»@lﬁéré‘la S’z@ploii r &8 Q§'f&%‘fjedt +}1e£ El%strat SUARL r§ trate *%09_\}’ may be

{ be entire parti al ormea arrest
apghieg; ybwée@l&cr%w §I6Me0roSABnt0 bei fd)emed)\/cherebmmth no specific

lith@fieef . Sthl i @ON.casd | '\ﬁl@lré oxi ngéékeozhmpﬁ ! ks' Cﬁlodg'{eas with a

m ca, a car bon mat eri al such ra
tBACEA R TEERATSIVA O, the sdpgmetl@dy 3iyebe anything which can be thus

modified with no specific limitation. The substrate body may be, for example, a metal
plate formed of gold, silver, platinum, copper, iron, aluminum, titanium, zinc or the like,
or a flat plate having such a metal material vapor-deposited thereon. The substrate
body may be entirely or partially formed of a metal material described above or an
oxide cover layer thereof, silicon, silicon oxide (SiO,), silica, glass, mica, a carbon

material such as graphite, or a calcium compound such as apatite.
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According to the present invention, a hydrophobic part

of the hydrophobic nolecules form ng the SAM nay be

formed of |inear hydrophobic nol ecul es having, at a

term nus, an SH group, a chloroal kylsilyl group, an

al koxyal kyl silyl group, a vinyl group, an am no

group, A@Cwaﬁg‘myﬁle (Prévént Q{vehd’t& ld kgdropledtdd Ip¥st dfMie hydrophobic

b rt 5 f t t ed
SRR R b s 7 b i poppebia mobecatys having, a
ptafemab hiy SS:Ingchlpt Q chﬁ)roﬂkﬂrlblﬂyﬂagroﬁb’ ddrﬁﬂh&@a?ﬁ'l@i’l}yﬁ%#ﬁ@ a vinyl
u or e et Ai 0
bt Bgp e AGetoBy huF GG e pec Litbel, ohe drophobic part is
fbomed aﬁetsitumlted Iyaitocatteinr dhdizcleavitighi edrbor hembarditapiactol greferably

t
R T T N Chp—
tkanstiolng Exampleuraf, abmnathist endide ldecanetitol, Waﬁecaaethlol and
QhabSARRbT at qgﬂy%dhébﬁsrggluuﬁ %&A h%?a}% gfl)(ene or alkyne containing an

spont aneousl y i SSOI Vi

yisatieatefe bend, tﬁé’dlshgrdn@pfhﬁbkbpmdlae'mg e drirmhinggstantuse] or a steroid
RUP in a solvent such as ethanol, and putting the

gol d substrate body into contact mﬁth, or i mmrersing

the 15 gold substrate body in, the resultant sol ution.

When <'3W§éﬂ h &M MtsrﬁtE%r@%t?@Q%d' £ Y98%ande S§Wa*1§ouslg formed by

(%)Ft ﬁvl'n )é ong- chai n | ecul es havi ng
QY128 Cie|apeye éﬁsscrlh%ct mdrgmqraplécwwpam@g &l@éH grau;smm solvent

Jush abtthhms dad@iypdt@r@th‘é haldsuber &6 El)@f' uﬁ@%brﬁgct%thg or 1mmersmg the

ch oroalk | . group or an al koxyal kyl si | up.
@@aﬂfﬂ té% P‘%F@u@ﬁ‘éls?ﬂ“tl?fydr\gbﬁ’bblsélcﬁﬁ IS‘éleEﬂa@ body is used, a

S‘JLHVII i’sg)tﬁa.lﬁéd aygbﬁ)gl-ﬁhalﬂt‘rhélé@les havmg a vinyl group. When a silica or

I
tad@g&ét%'e %2 |>Hcs|§<i!l | aaﬁleggg)btamed by long-chain molecules having a
Cd)tnrmibydyxl)tlrgnwp hax w8 i dlleswy alk@IMR) gréup. e]X)&Iffqilés, oft thé&Adhg-chain

Hg)ﬁ( @gb@gg@?lreg le @zﬂgﬁ %ﬁﬁ? e %O#Jﬁ,] g 8r0%%({5:8%lfitrp%ﬂylchlolosdane
trl@lk@ﬁ}shemﬂehblatlamg aaddoqlatmylltmnetgowsslainst(QWS) n Bor example, a
S\/A@@qg%taﬁféﬁ%}ﬂf O]Ea'é? eﬁ%ﬂgb 900Gl & c?x%e su rﬁ[‘r%tﬁs‘oody The

that a thin fil )stance 1S
terT £ aner d*epas@%squéﬂsetob’@ﬁﬂ&mg %dAcapondungga tsabstdmee in.a vacuum

cBﬁcﬁﬁSﬁbr h'&SﬁdﬂhbfP Rlosé REvANRM P{ai & tmlfg\ﬁ%fetﬁe g!ﬂ{ [Hg@gls formed

be any type of’ ecul es ichin

OFI‘QE‘?%E@SB”? 2 substrateRedy hydrophilic pol ar part

therein. Exanpl es of the anphiphilic nolecul e usable

to formthe SAM include |ipids such as hydrophobic
phosphSFPISing to; then Bresent dnyesien, Fheparaphlahléws,ruglg@ulﬁs forening the
SS’Q/IM@’ teednyappeof m@leaﬂe§%f&h@§ch§’de@i K;vdramm ;SHH éﬂl 4 hydfophilic
SGI tIhorrernad I%% Zl | owng. e[5 haV| n l%

Pg l?@ftu gehn BRSSPyt ef"(ﬁl ¢ me &é’%%f‘g‘ﬁhﬂ@ SAM
umhlldcdrplds sbh ak hedloplyotidd plsbidlipad, amiho Bﬁﬂanﬁedﬂml&?%H%%ar lipid,
aﬁ&lg lO%?C la(}lgs gucgoﬁggqilgfj g{qglu?n SSalIItbSt rate. After t hat a

cer

A SAB is formed as follows. A layer having a bilayer structure can be easily
formed by applying an organic solvent, obtained by dissolving amphiphilic molecules
such as lipid molecules, to a substrate. After that, a certain area is masked, and

electron beam radiation or the like is performed to decompose and thus remove the

10
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35 electron beamradiation or the like is perfornmed to
deconpose and thus renove the 10 bilayer structure of
t he non-nmasked area. Thus, an area having the bil ayer
structure is fornmed. Alternatively, a SAB can be
spont aneously forned as follows. A substrate 5 body

il SHht9urd B A AN ade8arddl qhﬁétah%?éacha%ﬁn%ﬁtthg%%l er spucture is

result of surface treatnment is plt
9Fmedmersed in, a dispersion of cationic lipid or
anionic lipid. The SABis forned in the area A SAB

can al so be spont aneousl%qfor med as fol |l ows.
subst rafEnY5EY. 210ABneaRR mrprsneavn foravidne ﬁDUSXWI A substrate

Kdﬂ&ﬁﬁduﬂxﬂ?r&%ldxﬁc gk ok @t&tl&ﬁata?éﬁtas"éﬂ rteghlt of Tdrﬁ@? t3&6hent is put
n a sol.ytion or a rsiaogn o c . . .
RS etad SMitha OF Ypeersgd t"b at%épeﬁle% @ﬁpatrqweﬁpxﬂcm, aniqyéc lipid.  The

SAB $4 foained Odhy aray be nodified with a

t enper at ur e-responsi ve polymer. The

tenperat ure-responsi ve polymer may be a 15 pol yner

whi ch A SSABt cainnilso deg§lontdnadislya forinedhas EolldvdSi A |sQBstrate body

erature g hobi c .interactio
hEURRE Ly Y SN Bl MG BRI ACnEA Wbt mmersed in,
a/\mltcttonl o a usptersiont of angfhiphilic slokdceleat t he phase
transition tenperature or lower as a result of the

pol ymer chai n being expanded. Exanples of the usable
t enperqucgrcbng tisthe psisem inpoitipnethe isatsstratkebody may be modiﬁed with a

Lér eof Bérgsmghﬁg gxlsezmosﬁél %ern {'p%n%ﬁ offRer may be a

no YVARRY | wh@h It PRpértatauge seate fak ghphase ttrla&smam efm’lmzﬁure or higher by
l@ﬁﬁdﬁﬁ@ﬁc ihieRacBoPaS £ Adshit l?)‘?@ﬁ/ n@d]&'m&#@q p’?i&é‘igg ?{)}'ﬂf’a%te(af add & hich is

enper at ur e-r esponsi ve pol'y
Pé‘ﬁb%‘?raaﬂgldoﬁfaﬁﬁ itsthphpsspifalsition (gmneesdereaer lotuer phasesult of the

ot 40 PO Tl T Sl o

RSB0 OB RO ReReide) (B AT be enolness Bsasof. In

they/case bfaPXPAaADml i the pﬂs?&ﬁﬁélﬁ(ﬂl tehtpeﬁaﬁglé B;%{%ﬂ?rb HBin@dce between
0 a

i Pl P. ppl yi.n
t%%ﬁy[é%* i e’%?é‘-‘/s b4t ‘é“atﬁgcR} gwf ﬁ*snt%?p&r%tvwgeswéwe polymer
niRidiHA MY bhe pnibyumel b@dyl asn Iﬁ)ldr@pl@bld I@hébreisa(ilt athe 0PhasdOtransition

be, cause sorb to, or

éﬁlgér?ﬁl@gf IX%[ analﬂteér B P 59&? g'gll‘:ea of the substrate
body u5|ng the nasklng technol ogy described |ater.
Accor e ) , rea of
sur f ag"gél? ?I{e]g eratife R{)ét Fat e‘s ({g%ggg }ngg be%gu%datr? r&?%@ S adsorb to,
thgasubsgataepdy lhysmmmamwg PEIHAémeap tfe subSABe foodyradd drying the
PIRRAK, 3k By appl ﬁl?éjPIIDAAﬁlntoae[ a?/&}%@ne éubstr te bod B otggln grafting

erature responS|ve stra
tl'lifagni%@éxm Py polymerization through light radiation.

Such a polymer can be caused to adsorb to, or chemically modify, an arbitrary

area of the substrate body using the masking technology described later.
According to the present invention, an area of a surface-treated substrate body,

namely, an area of a SAM-formed substrate body, an area of a SAB-formed substrate

body or an area of a temperature-responsive polymer-formed substrate body may be

11
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formed to have an arbitrary shape using masking. A
phot omaski ng nethod will be described below, but a
person of ordinary skill in the art can sel ect
appropriate elenments for masking. The nethod is not
limted to the nmethod described below. 5 First, a

fd?ﬁlb@tto'hﬁvé ah "B uRR, §’ha U ﬁlgemﬁsrkﬁ?gt edy @HQ@H&@&S l?l?eglé(c{d will be

For exanple, a posit t or esist e a p
desiribest Yoo, but @nessan o6 pEtinasy skilgayhepart aansq@iqqt appoegrate elements

fr nfQling PNTHE ﬁleﬁloa‘?Qﬁ’&qﬁm?éadtottﬁ@ﬂeﬁ%d Eg&gg&fﬂél&gg 20

seconds, and heated, for exanple,
seconds to be dried. The thickness of t he photoresi st

I's demifsgas eskisys fdi}ﬁl'é@a)%'2{1Qxﬁi&@-tfe@{eﬁtdugﬁra'i@Bgdyanq:o'i h&ample, a
tine. Th erature and

rotati on ﬁq;?eat llmq %
e a5, Y st SRAiSH e M UREE- AERNAL SeiEatpngodsby a spin
mamrcapIS_Dah&hyfor a|st:@fnﬁ§laﬁd$tﬂe@% motrm f*élow@monei ahheheated for

resj i 0 Next 0 or med
TREP esﬁt Sltl\sa(grfér éﬁesef’@‘éf(stf’ t?esg’é‘ééj:a @lﬁ ifl?sgrﬂf th?n&lotoreswt is
deesdasdd rbyy ineeasingosied romtibn glate byid fhedicihtidid tie.  The heating

tl%l'nggra u%] ab(? flnm aft %h%{ﬁgl\éé gotépg*e@l?tg&ﬁ@ %%/Ie asxd?nraaytz% appropriately
d@o&dnrdislong' he thrhs:onﬂ\mn‘asf‘(tmfaymkms vhporized aﬁNbﬁty adhotomask is formed

I k. havin i ze f 10 X ,30 t .
6(:1}6{?%3 a# %l{edsﬂé rg@& ng ¥ Grake & of 8% regst W)P(e ex?ﬂ%e(a 'toTight by
resiging an a}egtior@beetrmsmrtdtsrmbleo nayt e X5 aysdrrthe Bk fudyl 10560 seconds,

ﬁ@%ﬁlbﬂp%} 5""?5j 29 deB6hd a V\?ﬁé ﬁﬂé hﬂ?k Qr?ayolfg( P& d Rﬁ‘ﬂrlee aas%gtangular

he resist is renove ar ea
TB?S ki hayper asige @f rldgpo r>fs$Q/lemp@1 3 megularamask lwkvungm idsanreodr of 3 um.

NEQL et @)ﬁl)og’éﬁ bRE Sk StesibS on HRIRYEE Y b & R Mped and dried,

treat CO pl asma treatnent, or reacti’'ve |on

v&teee?ﬁsﬁge BepeyPotsd st gbheggsist 1si removed. tFhenr agjazma ofsthe SAM,
srm &énb&fa@ré—%p@rtsn&%dl%@r SO Wﬁichslld%t %?ot@@(&i 99 eihe resist is
. eép gjﬁ PZ omatthane s, an area of desirab

Sty ok RlactianFestmatly G0 P oo et O CHS: ieh Sfpbne using
haldgay ges. stRinaltyykiee @sistiireoved byoaltdsiseeolMble BoRrent such as acetone,

r at,yr e-r esponsive poI mer.
TS UL ERIRT 4, B8 Rl A B oy Skt nving
mictophtiero) | ehadh  nasl eaculager Estamplres oof viH’uh sigbshadified t &ith a

B RIS ea TSR Rd ot ween the

an'in
substrate body and the liquid phase i.e., the

BT R e AL AR, ncion

s and pol yfuncti onal rracr Oners.

pol yf yneihbRERK tRPRBSEAcLMh JH@&%QH% {:Jgjrd mlE)Ygo afl" area having a

mor e honogeneous. or = heterog eneous F
SMen é%ﬁwré) inpAAtsriage bsrtwpﬁethscsuyamqumaﬂ the liquid phase,

1@“@6@%5&&’1@& eludEBNATRE thifk (mﬁla'lrﬁ'lm ﬁol@%H&ﬂJnﬁf ¥oReules such as
roups such as am no_acid sugars

pg lﬁbwgpalg%w?rs F%?QJX@/‘P%‘?‘@%@CTOR@F tapto groups,

i socyanat e groups,
A polyfunctional monomer or macromer includes two or more homogeneous or
heterogeneous functional groups in one molecule. Examples of the polyfunctional
monomer include monomers containing a plurality of amino groups such as amino acids

and sugars, carboxyl groups, hydroxyl groups, mercapto groups, isocyanate groups,
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12 al dehyde groups, epoxy groups, cyanuric group and

the like; and nononers containing a plurality of

vi nyl groups such as divinyl benzene, divinyl ether,

di vi nyl sul fone, bismaleimde and the |ike. Exanples

of the polyfunctional macroner include proteins,

pldelpide growps, grwixy @rodm@antyanace gromlﬂnﬂtthenn% a@btlﬂcbriwﬂ:r@&’ontammg

t / 5
Dialie s o P AT il DT
lmsmlnomﬂg aod therdde. rrEnamp}es of thewolyfumitionslymixreomseidciude proteins,

f ne, macr.o
B ERE Bty R S  BIRAE R Pl F O RO ppapg matec
aGiq anhydgige b@%}ﬂngeﬁltqsarad@mb atid, argr pdlymehtemmiical |y .
nodi fy, a surface of 10 beads formed of a pol yner such
as pol ystyrene or ?oly(s-caprolactone), or an L-lactic
aci d/ gkye@nq -fungiongl qopnsimaregr. magrpmer atayi he iusedismphisture with a

J:tﬁfrlapfm«grtlﬁné’f’abﬁr %&LJHM’ e Pt &l lé’]chy@%n&tig@& molecules

hﬁ m ns such as ovi ne serum al bur
@ P OF the kel p@urhergause 15 adearb go.olita chempisglly biodify, a surface of

@l Rirfhed @f'aﬂﬂﬂﬂnerasnu‘éh fals DI yIRBER: or Po (i o‘gzliorq#g%iﬁfrean L-lactic

but are solu

or| |n%L ter sol uble
&%%@ﬁ@ ?9H9 ®dnt ai ning an organic solvent or a
surfactant are usable A protein obtained by purifying

a Iiv&g% body- deri v | e by ? gnomn nmet hod, or a

pept i d¥7s PRI 15, &2 9 %ggﬁP#ﬁeo ¢ ﬁtW@@T?@Pmenﬂyn%@ include
allmenins A&bl(:)le peBSA gbyvina seR@o AtHuRdEA) a@dE@ISﬁA thﬂﬁ@:ﬂ WeReh lalbumin),

S scherichia co
BRI CpS O BT E et 2idh SORASEN  dpigie anhich are not
Qr@r@ﬂlﬂa&mtemsdlﬁblg Ebn&arec sulibig im ah aiqgeduspsromé@nl’hogﬁdﬂﬂng h@norganic
d,i ubst ance. obt ai ne 0

s?Wehﬂ‘ oz ls;urﬁ%ﬁg rarcay satélI sul'g aré)t %ﬁamgd ﬁg\/[ UH?)HEE a living
bedpggriv samplgcey rfi Khekn gmcibpdtgr a qumtlsyndiemged)w afpeptide
s?nﬂ%sﬁiéi“' tha$ U u @, 2 IRMARQeRCh dr%ﬁcorﬁ'blﬁ%t Ot a?{'oo(#le ?rh a host

ydroxyl “group via ac an appr
SP%“ Et%élfﬂaé“m 53314; P Eﬁdleﬁlcgfﬂw%e oy g eeast iy tahknofrar metbtbd using base

SE ef¥e hﬂ&%tl@ﬁ\é@rg%ﬂesv\éddlih%t Q@argé't%&'eirﬁ Qﬁda en?ﬁﬂ@‘gh fSudble. A

r ou mer beads

SHEHTCE bk Y 000, fHeowmpIcos RYidAdiodide sunes snaleimide

g@odﬁ) ({J3) HEﬁcdﬂﬁmldEggr@uy itV ¥ Ifur@kiohs dréup 6@@&%@&%&&’1‘1 as an amino acid,
riz 30 or su? pendi ng

| Si [
ST EAB, B A EDe0R 0if § siset il Enaprragca s is usable.
Acmmq))emndlaysbet nesl ad thd fdrnt iofidatepeitallg cBAr¥dTBYitIZ fhd ?Fbtem (see

E%?WﬁkquQHgégkzzf the,resultant polymer is enulsi

sur a pol yfunctional macroner is
pol yneri zed. Exanples of the pol ynmer beads i ncl ude

lo?t teﬁeh‘? @%& 'fp%??m?po ef}crirse rr?:t7 %@esogbt%:n\é | bgfgﬁg\g%g various

manners. A monomer having a vinyl group is treated with emulsifying polymerization
or suspending polymerization. O/W emulsion is used. A ring-shaped compound is
treated with ring-opening polymerization as a monomer, and the resultant polymer is
emulsified with a surfactant. Or, a polyfunctional macromer is polymerized.
Examples of the polymer beads include latex beads formed of
polystyrene-co-divinylbenzene or the like. The polymer beads may be biodegradable
beads.
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35 beads. 13 The pol yfunctional nol ecule (for exanple,
t he pol yfuncti onal nononer or rmacroner) nay be

anphi philic. Exanples of the anphiphilic nolecul e

i nclude polynerizable phospholipid having a diene
group or a vinyl group at 1-acyl chain and 5 2-acyl
chai n, anino aci d-based lipid, and sugar |ipids. The

thinf film polynme eforrred of _one

type o g‘té(?‘fﬂcggn%rmﬁlec‘@&@?rn%’fai e, othe Pqlyfypetiqnal, memomer or

tnwemeo)f ki B@Udrﬁ;ﬂuplﬁh@ CER@h;ﬁl@i |dfnth€a¥mplﬁpﬁlhc molecule include
rality,o functi Enal nononer s

on_ o
EONEBRB RIS PhpbFliske Br s e AToud op 8 i derupoRial-acs! chain and
Pracyl chminsamino a@idsleaybd lipitl] &l wadigied. yf unct i onal
nmononer and a pol yfunctional macroner. For exanple,
pol ynmer beads covered with a protein nmay be used as
pol yf uFet thon@lm (rbineftl ﬁﬁymér)pﬁﬂyyﬁdjﬁmcméd)ﬁﬂbnep@by HEfnglecules ora
t AB-Qr te ture-r onsiye .1

QI?D%;Q%n §§Zar iﬁ%lﬁsaﬁ WER- P & (?%Cd‘les?ubs eaF%mté‘&ag}oft gnay be a

¢thmaawp01f;amdnradlm of polyﬁmnctloﬁabmhmmers 4 hemhnhamnbbﬁg plurality of

1{};@%1% Lo%%l (nfnaQ:rrOIﬁé@ ke c[)nlﬁgmqm;{? 5 fPolflsﬂ'ﬁrﬁg;{lonalg monomer and a

part a formn
mlyfan@}mamﬁm hlindre@pmpbt polpawet bedde icogered withacprotein may be

@E@Egp&bﬁm&%ﬂa@hoﬁ&%lés' ke. After the pol yfunctional
nol ecul es adsorb (FIG 1B), polynerization and/or

crosslinking is performsd as necessary to forma 20

| i a v
po zﬁ(@ﬁ% gE)l}'é‘l)E(hacftnglhgﬂ %&&ﬁacﬁb‘(b&/y@@% §/I‘.1% tS%QB .§P%n%ﬂg?aggre res&)onsx e

g 1aY8T R Bf éH’f’éaLCFﬁwaqed nibEiEA P e@db’otca(f@f@r ¢ pelymesalin film,

THE@efoﬁAMHeoraﬂﬁﬁbﬁl@bSﬁdl@Ju%stﬂM RRYmPe, PHE WQuRSNiRAlding a
ion or 2S a dispersjon

*yf’“m‘?sglﬁowr BHHE Forat ol b arerpgaized i et RYckpRhobic part
el @ig@ngd wheigi tha SAMIraheliks CAﬂerbﬂhefm[ymﬁbtlohﬁll ﬂbﬁ&iles adsorb

S functi onal ecu t o adsor
ER TR ol ber Rl URT ot RS RRE L B2 Shrestsy B form 2
mbmi thin fitrarqe theosurfaat-trefited vebstsite badye (fof ekixaplSABn ITay SAM)
ﬁ];c sed to adsorb to the SAB. In order to cause the
0 nctional nol ecules to adsorb to a
tenperature responsive polynmer area also, the 30 area

may b, RtHerd B ga&s‘%nﬂécgol %Qm%rﬁf dﬂfp&?ése?o aﬁsor? to a SAM, the

sol ution or | sper Sl uncti ona

Wefeun@%,submerg ogy Bl \PewuL Nt ﬁorftﬁlqt rWltilanr iseméreedviaga solution or

aliiSperdiSARE gt b‘é’l?ﬁfn@ﬁ&ﬁpﬁio\@m%l yms %tthfnhﬁ'ln; 'off?neogolyfunctlonal
preferably in a state.

aqjsor?sta%ag}rbél Sfm?Che Iflu%erdp ca&ghw@lﬁﬁmmw afodgcalsis yo adsorb to
ahSQB ab bARRA thiiefiRhas BollélBEtadIte Having GHP BpAbsite ©hfge (tB®hat of the
sur e op tt}lfler gA%e%Pa?lngé Y:Susp 8 Ito ac{sorb to the SAB. In order to cause the
polyfunctional molecules to adsorb to a temperature-responsive polymer area also, the
area may be put into contact with, or immersed in, a solution or a dispersion of the
polyfunctional molecules. Thus, a polymer thin film can be formed. The
temperature-responsive polymer at the time of adsorption is preferably in a gel state.
The temperature at the time of adsorption is preferably higher than the phase transition

temperature of the temperature-responsive polymer.
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35 14 According to the present invention, the

pol yfuncti onal nol ecul es can be caused to adsorb to

the SAM SAB or tenperature-responsive polyner |ayer

by repeating an operation of deriving the SAM SAB or

t enperat ure-responsi ve polymer |ayer fromthe

soI ut i Aoconding h@t}féqirys‘euﬂﬂ%rﬂm| the Qo8 @At m&lBcules can be caused

{ HF S n this case, the 5 contact is
r ea S zeé’ i |%8ﬁt éBs BF feapEr At WA HE Rolyzer laxsgiby repeating an
DmﬂrardnadaierIthgr thé S, SAB or mhpe‘ratﬁﬁ‘d—ﬂe@p'tﬂimvmﬂo%%ﬁzﬁyer from the

edto adsorb ta the | aye
SRR oD BRCBL RRRcldodf M 5757 BoPprinteovert o R Case, the
¢anjash ity tealizednesing the supfabe raasion atni a)gas-h@h&ﬁﬁteff@cea Therefore the

f n mer C
R hamalt RSy S B BN ORrisg LS. SR f e Tér more
%@éﬁ%lwlﬁrﬁh@dnd@nh@tldon ri ng- openi ng pol yneri zati on,
addi tion polymerization (radical polynerization,
ani oni_.c polynerization, cationic polynerization),
solid ﬁh@gdﬁr?{snbam\jﬂnﬁcm,z&lmt@m byool'ymmn,zatlon" refers to a reaction of

HOQhGRL 51?He;.at| on, radi o polynerization, plasm
pol ynmeri zation or the like. In the present invention,

the term"crosslink” refers to formng a chem cal bond
bet \/\/eelrhesmeoﬁl@chfablcb@t lernzeglh r‘rzngag xrd%gia)ftgﬁr ‘poly-addition,

&OSSHH forrrs a ree-
RO BroRae S HHer ioheseRanine pelymseizetioss sxiies cpdiymerization (radical

Iwi)ﬁh&razraaoborwn&ﬁeu OB keBEidY MtiodisO 6 B5AUP o]
of a Ech:pf?’ basel(m[ an lgllde%p?ﬁ%rgu BYPsolid phase

Pd’? u‘r‘fﬁaﬁS“ bdWd BSPta Ph%‘PB%st“@aﬁwp & ?hepqurkelzatlon plasma

fekengizesondr thediker ossl i nker include al kyl dii mn

dates, 25 acyl di azi des, diisocyanates, bisnalein des,

triazinyls, diazo conpounds, gl utaral dehyde,

N- suc én fienresent @vémiqny thedyind I'drhisdihk 'aielﬁeys) tafoemirgWchemical bond
c 0 nkj b fungti |

%ﬁ%nﬁ?@e eﬁ'%g&r zﬁ&lg%ch{ rP‘:i?:r g}és H’§¥ suc roé i‘“g forms a

tér@agun%ttsmmlwsvhetuml denat uri ng V\,hen t he macroners

are 30 proteins. Wien the nacroners are thernoplastic

pol ymer beads, the surface of the beads may be

part i 4Pfymeleedes myayhbatarerglinkedr bwrethansheicd aF urea bond by an

1@09&&1&! gﬂ@hﬁ Oformbti Y ¥t SMEHbase l§3h§n Qﬂ'eb( r%g?}?cﬁs% lpo%d by a

heating to Torma

’%ﬁ%é‘t tﬁr?‘¥PaP9 tEtwé’gé Framplee afi thy fereﬁfémthrron@hdﬁ elkyldumxdates
apyldtaeudes rmyodgem&eprbwmalainede\s &RkinyR, d@g&e&ﬂﬁ&ﬁﬁs \r'%lﬁtgraldehyde

s of ein. For exanpl e,
5uccﬁlem[)(ﬁ'i'>h@rqy“%%mg@ﬁéﬁﬂf’%et36‘ dibsempeyanc r ossl i nki ng
by bei ng treated at 60 to 120C, preferably at 70 to

2

The crosslinking between polyfunctional macromers may be physical
crosslinking such as coagulation by thermal denaturing when the macromers are
proteins. When the macromers are thermoplastic polymer beads, the surface of the
beads may be partially fused by heating to realize physical crosslinking.  Alternatively,
the polymer beads may be completely fused by heating to form a thin film having an
arbitrary shape. The treating conditions of a protein may be appropriately set in
accordance with the properties of the protein. For example, albumin can be thermally

denatured to realize crosslinking by being treated at 60 to 120°C, preferably at 70 to
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15 100C,. for 1 to 60 mnutes, preferably for 10 to 30
m nutes. Pol yner beads, for exanple, |atex beads
formed of, for exanple, polystyrene-co-divinyl benzene
can be partially fused to realize crosslinking by
being treated at 100 to 150C, preferably at 110 to

181C,. fo@ r1 do SBQﬁiﬁdte& Opﬁfdi‘hlﬂy'tfﬁﬁ lo%ej(ﬁ maRht¥s. f WolyhBert Beads, for
60 s nds rnat,i v ﬂg the 5 ynmer beads can be
al'Pz&X

ComITE LBy P AR SHOHTRGe 85 anslagnzene can be
partiilyt fu@éﬂ edeslize ci&H@llﬁl@n§.5Q5e1ng) irehred ab100 Bt1509@ préferably at 110

ut
LTI AT ) AN T
pdypeubeads caabe m)llnﬁletﬂlysﬁlsﬁﬂiyO rdadizd Ufol‘si]ﬁlﬂclrfgaMSBﬂné @eat-treated at

t , SAB- f
BER RS Biedg @R QAR f o 10 1 BB eggably for 1 10
mhowtesd. Ak yirepolyaeiizatioo ror(nrmhﬂlklmgglthg pmyy’urﬁeonéllﬁnolecules may
l%eeﬁ%&e&uls& ttotHd‘?ca'm{be ?or amBr ESe t hi nﬁ@oﬁrmgd substrate body

ormation. Accor |nve
o Mhighe gher tiity tf'lémrrayaltﬁ@dja iedncab Polymodrizhtione tor amasslinking may be

A&t r. For exanple, a

surf§g§l?$2§hﬁgqgsEEQ%PQ?%HEHdLh%géR as a SZRIor . SAB

is imersed in diluted solutlons of 15

pol yel g&boFdihy (t6Sthe pﬁjeyéﬁ@tlh (ﬂ’ltl%ﬂd ap?&?@i@&tﬂ?@t hﬂl\fi&lnﬂe W& as a
osite charges to each

R‘ﬁ@-‘ﬂ?ﬂ%‘ é@?’f%‘l"‘_\ytléglué%dw ing ﬁa‘tﬂwt%é’é@sl Yon@samples @ sunface-treated

Sobdd & lﬁa‘@ suc;fhl-éﬁ aaSAN Noff iIgAB h@‘élnﬂger@&! yl?na‘&illﬁ’t'éd agtqutlons of

nately | am nated therein is forned
@‘é@f&ﬁt@ éa‘&ﬂ §hpolgRMPRIChaYiRg eI Spepite effarges to each other
dlfetrassy), sortﬁitythéf pbRelectrflley 2ngispdrigeodl MRt ikSHHESAM or SAB,

onen, uat er ni zed.
S Py B RO RPSiftsh e o Riaptesnaigl dpginated. therein is
fpohgdani Bmamples udte thd giohycatiac idelupe! pdymeRmot kigiseh, polylysine,

p%?}%a}‘%ﬁ%n?a‘g&ﬂgkt? ﬁi ?nenpgn%/fqg.\ A II(F:? Sylfr?chré‘g g}r{aﬁ%}éwgkﬁammomum
saltkal iExamples t lof mélteal padgdnicn t meludef alginis ulasidanpelyglutamic  acid,
Wrﬁétﬂ%l}l‘yaéﬁ k@(!elif%ﬁhéwg oé)égggtgregé s@iféﬁ% % aﬁ<|aldrgﬁ metal salts

anhydrlde styre er na
thereof, oy alkalingneagthd metal ysalts dherenle Lm@@lbmnqehebtmned by alkaline

Hyafalyiad 8¢a Lrﬁl’e% gci Qﬁﬁ%;ld@é dy‘r@r?e eﬁteﬁna@?yﬁéq-géclg' Fg%sable The

pé#ternate asorptlon met ho are Cross
yegheh gand pRolyanions| eludedt it i thef dpmimatedndayeansisfosmedi by the

aBb‘l/emiés‘érlB&I MRSnat &b Rrfiadnl Methyd a%‘cr@f@hm?ecgfnolléﬁn?ep%&rges by an
ggrbox C a0|% resi due_of. polyion conpl exes ma

PP YRR ee andiEy @rthim; fm lécg‘l)rﬂﬁgr i 2diernstivelygan m@o group and a

caibossglid kel byesdueamofe fidn Tédspleest Ninfayf | bén §u§Jected to
ns fo med as descrlged abov

AT e R o 1) M S IBF o Hoa BPsehard. — Thus, a thin il

1§ fovand.i on.

The thin films formed as described above are encompassed in the scope of the

present invention.

The thin film formed at an interface between the substrate body and the liquid

phase may be a single layer film or a multi-layer film.
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The thin filmfornmed at an interface between the

substrate body and the liquid 3S phase may be a

single layer filmor a nulti-layer film 16 According

to the present invention, the substrate body nmay be

washed before and after the adsorption and

pol ynmeri zati on/ crosslinking of the polyfﬁngtLona

nol ecu Th ubstrate bod e washe y

rer Mg 4HE T HFob el TBB0)T 1he afbs ot et gwashed before
adb sftent the bfadisy)rpt[ttno andnpayinevizition/ c&oMﬁlﬁﬂnQ gof i gy golyfunctlonal

BRBSRE TR 8 R ol it L R by i, on

puifing ithet gobsfrate rhadyensubsitacatvett adwaghidie fiquil Corre SAM phairality of
$8Fped, fromthe surface of the SAM to obtain a thin

m pol ynmer structure (FIG 1D). The thin filmis
exfoliated in the follow ng various manners. The

substq? ng&uQ%Xlﬁgthﬁjhg{n filmfornmed thereon is

put 0 cont act sed in, a 15
sur f ackherthindgmpolymer thue fasatedtis exfolitted frotathiersgbstiaee body (when

4 QAN fsl fb%é@Wtﬂe%Fﬁ@J‘of fhe ISAIR] ?’e(g%%lﬂ iaﬁcgﬁl;ﬁlﬂél%& structure

solution, an hen an operation © _
@1@f§?rng the substrate body or an operation of
deriving the SAM SAB, tenperature-responsive polyner

| ayer gr the_like is repeated. The substrate body
havi ng}ﬁ\eh ny film, i exfelintsd tadhe follovang VRBOumantery  The substrate

Kvallyt}ﬁetngV\ﬂhE hhmofﬁlm r{lﬁfﬁfeﬂ Qﬂiﬂﬁ&i tlsaﬁutoihgﬁ&rﬁao% %gme{b::r] imffefsed in, a
strat ayin e r e er eon

SR Quion - Abe (LPSEE ROTK OIS A Derforap thereon i

iopearsedi imna efirfadiaki sotutioh, ¥id flhi ﬂgopdﬁﬁx@ubﬁ.ﬁﬂaﬁﬁ@ HOWYrating the

SR L R T TR —
noeb)peqtleytr qmlye lisaiisfrapeatedt iy sbbstraseblodyi luahmrgOths pkiaifflincformed

i I QN: f ctant |nc u
b O PO gL IR 1Ry o0 i
body |having (theethirefilm formednR@eomnis imngersediin carsubfactamt sotution, and then
a?n%;fe?a(fﬁ)ﬂrgf%h%ﬁ o?%nb‘?‘zﬁﬁ% ik %mltr%neebodsro 'aﬂnap% alq%ﬁyof deriving the

fate or um pa tate anli c 'soO
KRYle A% teé&ﬁeéam@rr@anméw HPalyien Hasearotbtheu el is Wepdatedo  Any

sbFB&hdti rhay} béMidedtv/ino Eﬁ%@ﬂﬁ' l?mﬁ‘itx&nhe E?(El ?fék of $R sYl?fQEtant include
i ncl ude al cohols such_as ethanol hanol

NOfYeNIC: AWEREAST Shehyias rﬁ@%ﬂ@ém@hﬂ@eﬁ zléhleuryﬂ cﬂﬂeréh eTW@ﬂﬂzo or

"Bitb\r)Lb( asrefonice surfittarex fsad ab i 0Biun ca6Rk deaath UOdQGE Yhlfate, or
the SAM or SAB and the 30 thin film Wen'the

PRI , ANV BT SSEnt o IER G B Plete 1t (AR GTmAg be used
witlono epeuifid Emitadiomul Exanpay of tie J)ﬂgmﬁlersﬁﬁzéntbx‘{lchh@ alcohols such as

I
S PR DA RSPl EABEL S e o
eebyﬂ atatatti ofihé¢ exfohatmds bynsideeedtotdccer KofBeddrthe BAM or SAB and the
thin film.  When the thin film structure formed on the surface of the SAB (for example

3

a multi-layer film formed by the alternate adsorption method of the polyelectrolytes) is
exfoliated with an organic solvent, such exfoliation is caused by the entire SAB or the
monomolecule layer in the bilayer structure being dissolved in the organic solvent.
Accordingly, in the case of the SAM, the dispersion of the exfoliated structure does not

include any element of the SAM, and the structure is formed of the polyfunctional
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nmononol ecul e layer in the bilayer structure being

di ssolved in the organic solvent. Accordingly, in the

case of the SAM the dispersion of the exfoliated

structure does not 35 include any el enent of the SAM

and the structure is fornmed of the polyfunctional 17
aonpassst SBy Byntad] (raste, cdse dfithe Gags Bk difjRrSABof the exfoliated

i spersion.of the exfaljat structure includes .
nguéﬁ‘é%tlgalﬂfiest FETERE odnihey ﬁngt ?‘lﬁ’cttfﬁ STUGHIT 2B PS FRusified by
teptrifogation] filigéibn corulttaflltratédn. on, or ultrafiltration. 5
For exfoliating the thin filmpolynmer structure forned
on a gel-state tenperature-responsive polyner
nodi f yHongexthBatsngr fthe ethof fillne polimsdrr atrectiiedfornidde on a  gel-state

[ g p n r

SHBERLAL SesOR RO Hbalhe, B8TLRLe i M, Sistpisbpay the
suhstrate hpdy atayrke pw intpecquitans avithy an $intriecsed tigngre RpropEate rqueous
SoRMBh to A\erth ' Al LT

tohe n l}%_st r%lrtteg Ebénﬁ?atg&ecggﬁ g}%ﬁgtrtaﬁ il %gnp%FatlYﬂebor%\!v&gand then
anerRpreFadionr efr sBPonsi e pibrapmer theyeybstraty Bwdyepwatdediving  the
@mpditivie fdshBRAY pIIRherSh i Ghadl 5 Bgask g a functi onal

sﬁ stan%esgn one}ysur$ac%éll fﬁgreo€¥%§%ording to the

present invention, a functional substance nay be
dondedHi® fAm pSlytRE Rtdubtufd AR¥iAE e didYoR! MB8ahdd BE e surface
tgros l'i nki ng poyyfunctlonal nol ecules (FIG 1E) and

HEX the thin filmmay be exfoliated fromthe
subst radcerdd@tho thElptesdit)inveblfids, a AincliGhdl shibstdRcB M4 bonded to a

tr$Ftuge.hg¥|n a functional s bstag;g on one surface

eHEbPOREARC Y POLYBeFRg: OF SossHkingchqlyiupetipna| giplgcules (FIG 1E)
adbémtheethin flnehsayt 5y etfoliatek &Rl the Aubstds thadg €FIGRYFNY Thus, a
i 4B SRRRI AL TR SHRao ol SHEEL el e
mapduckddy exi stent on a cell nenbrane, a substance for
pronoting a specific reaction of a catal yst, an

enzynme_or the like, or a substance involved in a
speci flihe tenme afmcaenadsubstangat refersiteafor exampldiacabstance having a
MOBNROBRbaMtioh MGty &Rh ad? tBRYed Qi CAh anti
athin fi ml%ol yr%eyr st raﬁctrﬁrogﬁi 1s gg tggloﬁ)g\?\%ﬂﬁ# nmlzrf%tft J?lantlgen
Priex arhody crpBeiinghe el MeEbRIIEs @ntubsigven foroptonidtingta specific
rBAvtivh WICA CRaRAt, JAADLRGHEES B ikea s GsiRiaRtS HdIed @AMa specific
area of an arbitrary sggpe in an interface between 30
re3rdion ohan pof-axidarty 2 Fadirah sqavengeropladike and then the

adsor bi ng pol yfunctional nolecules (for exanple,

pol yelectrol yte) is.pol rjz or crosslinked tqg form
5 pol yrBethoster %P?lfﬁlf?g( #Eglt&nﬁﬂww@ﬁn%}mcw i§ a follows.
prepared in a simlar manner to the above-descri bed
thin

In a preferred embodiment of the present invention, first, polyfunctional
molecules are caused to adsorb to an area of an arbitrary shape in an interface between
the substrate body and a liquid phase, and then the adsorbing polyfunctional molecules
(for example, polyelectrolyte) is polymerized or crosslinked to form a polymer thin film
(FIG 1A through 1C). This is prepared in a similar manner to the above-described thin
film polymer structure. Next, a functional substance is bonded to the formed thin film
(FIG. 1E), and then the thin film is exfoliated from the substrate body. Thus, the thin

film polymer structure having a functional substance can be obtained (FIG 1F). The
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filmpolynmer structure. Next, a functional substance

is bonded to the fornmed thin film (FIG 1E), and then

the thin filmis exfoliated fromthe substrate body.

Thus, the thin 35 film polynmer structure having a

functi onal substance can be obtained (FIG 1F). The 18
exfobhii@t bbmheothit Hdmt fibm fheel sAbtraBeNbb e nSdyDBE HBHBrRAM a similar

Rfn o B GRCTion @ f 1P deECEd PRS- above. The

functi onal substance nmay be bonded to the th|n film

| h b
Subst anbeinc ) ofisiaPe iy Y bGP CIR cbY v Rl incheihotnal group
whohoersr bé rhohdiatk b lansublsramtdtmnroﬂud:emh into a polgfunafiériad monomer or
era%ﬂler ?nc‘?r?tfegqéﬂle iPH % h%dz{rﬁ) ;;1%819&@ Iqup,p gydroxyl

group, an Isocyanate group,’ an ar
BI9YRY 2 GraseaApto groupyammopnangreog:pumrmaldehwib gowyan dpoky group, a
@%ﬁﬁﬁk E‘groﬁ;rI or bao(lﬁtw %rc{u‘f)acfl:op Qx?xﬁé)l‘é’em Bgrgirre% l%ga% ib? %3l ween the

| ecul™es 'and the 't ause
f}r’rﬂéftl?fﬁih cigsiites ond drecthirpltmag bbycalased @siogivpethdnethomd or area bond

W qrr@%)fion gi'e%’&:nozf drof] %t?u;g b glalﬁ ?’?ﬁj% gfbdpseﬁl%yﬁng&g'anatﬁ group,

by are
Wafggrll nﬁ? ﬁehlgrb@eq)bm geaghiombetwiagnian anginougspupaidian aldehyde
gi'loﬁtﬂ hdifte dROMde Hond HyeReLdcAbn BEAWEE '?né?@ig‘f@%t&lggr@slr’r%sa reaction

u5|n%ya reacti on between, a mer capt o

f RESSAPES groug et 3 Ryridy dh%lllfé,fi%reép GF @upalelusdmsroap, using a

fe@@titini atw et a/\wbbr@'l gﬁﬂ@%ﬂﬁ |a sﬂE&Mﬁué@ groﬁpSMQEé RicdN dIglternatlvely
tiyvel Igan

may
B3 BBl FiratRa it e ARG O e o BremAoetange, so that the
foulrsirah adstance tahﬁlte fnftRobifizedCdn BB @hn&ﬂﬁh&lsﬁ@cﬁc&ﬁﬁlebﬁf the ligand

AL AT AT Ao TR B i o
theilspecaine eorobinatien tnhlurde fbidtim arExavigihesigaf chdifend pednfirtigen and
&ﬂﬂgﬂfﬁmﬁﬂtd' r@géptjcg rﬁ' e Hrgog&fis ¥ gln. sugar chain and

l'ectin enand’ rug and receptor, and
enzyne and substrate 20 In another preferred

enmbodifeitois x@fér@ﬁ eérﬁquﬁl@%eﬂf itl‘PJ] rﬁAhqveﬁﬁEre a SAM, SAB

t enrper at ur e- responsrve pol yrer | ayer
B REFABIT¢-EFSRORNYSS PaliEnsT et for cthe lllqeellcmgnd Ae asubstance which can

rémtje%hctm%)tﬂﬁ&ﬁcé (r@ife?r@ﬁ %ja§ 9280 1t1<§ne§h‘g9tgh$é"fﬁ formed on
sub tan?ésg! a surface o Sstr

PaiAce @ Estfaterh%d% @Fh ¥k c dgiteimb rreseaitiomebstanes gefrs to a

sbstance Z6rmsivi 3 tpa Gt BE MungtihaP Albstantd Niebffbedfayhed | onal
subst ance" descri bed above. Separately from above, a

functional substance is bonded to pol yfunctional
mol ec Lﬂep&a(ei)OIfroerxaB@‘l'e? a Plcyen Cdubahidee)s, beHidd ttbepolyfunctional

r%)iﬁ}%/ f un@t Iog{]a?% é)roiyfeuerc 3 yZé)Saﬁ@ﬁv oéggugﬁtg)%sa (ax}g tglefsJl are caused
tTladsorb a0 e ENMe K ABOor &mbﬁfaft&dr&ﬁom‘sl\t’eeﬁcﬂgrﬂbrt ja9&  Thus, a complex
i$ lfgl%e%nSF bxoecgergtréno s&l?s anice rgo%ﬁ d ?o the suéaAce ofS /_}1e gAM SAB or
temperature-responsive polymer layer and a functional substance bonded to the
polyfunctional molecules. The polyfunctional molecules are polymerized and/or
crosslinked to form a thin film, and then the bond of the complex is removed to
exfoliate the thin film from the substrate body (in this case, the recognition substance).

Thus, the thin film polymer structure having a functional substance on one surface
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t enper at ure-responsi ve polynmer |layer and a functiona
subst ance bonded to the polyfunctional nolecules. The
pol yfunctional nol ecul es are pol yneri zed and/ or
crosslinked to forma thin film and then the bond of
the conplex is renoved to exfoliate the thin film

fhemot taaebespibailidedt € body (in this case, the recognition
substance). 35 Thus, the thin film polynmer structure
havi ng a functional substance on one surface 19

t her edforbandibg tiy feuisa] sdbetanboiacthe goliAifictioms nddales, a method

SR 768 0 DS HBLY BB BB inl e S50 ERCOE L e i

filimas ivsatde. sTbstrecopaition fubstahdd mMaySbé iBoiiéds toSIBOIIAM, SAB or

LELan, bstance pay nded t he . ..
e R P, PR e P S RS g fiodspy R recogniton
fubbtanee isg:oweltemhyjbom(ed) inThianeecogn phit @f thes uladdcatesanéladed in the

WQLS@L yor {Pﬁ%‘#ﬁhfé r%?%oﬂglgg Ak}?ly%l,&ga a%zermc antdh Fhe SAM, SAB or

@@npr@ttacmseonse@qo@nbmwe lpmryrseformayer(u)aﬁm tehegnﬁt@cM s@fdBance is
ensléaﬂgpe&at gg,%laaﬂ YRS RO! WTBLypRYClofl S gm
e n su ance 1s chem ca

recogniti
tﬁmygrawwsspbmwe@otvmea layarf a&'be @hemh:el SAMlnngethod uses similar

rB@'c{Hg &6 ﬂia‘t‘ 6? tHeea?)B%‘ aés\éﬁb&f)lrﬁé%ﬁ dJr %ﬁamg T%@mﬁ&?&ﬂaﬁ &lbstance to the

tgon |n uses sim means
Bo{ibn. deEEfr Pbéﬂcq%étqné@gome@@ﬁ dHSAY eten@omrmmmqnon hydrophobic

iBteRRiBACIEy dr Seh MO ndink] htdrlh&ecullyefoPy S tﬁ@lllkpon“ﬁh@gondmg density
qr{:ﬁﬁhod uses electrostatic interaction, hydrophobic

SFESRBHAN SYRSHOES KHhe SAN AYABi % terPRaTR M ESCIFSRANSFS Molymer layer

iopréférablyi d@ﬁtroﬂhﬁnbﬂ‘l@dtdﬁlcedﬁﬂﬁ ithey dditPlof thEhBFRMANbdsRAce of a
SAM_SAB or tenperature-responsive

sub n

tﬁlgleﬁt&?@r{: %9’8 ecu a§St[5‘l’ $&r ably controlled in accordance

with the density of the functional subst ance of a

targe ruct.ure. e t hi

may bé[htg)l}bfé] iﬁlg# ﬂ}&y e exg%laaﬁeds é\y g(%g% gns&xg %%m%&ng against the
fag%thnsk sybigtanc@ Or famnlbstamamrspﬁbmg agemsothearesogyiti@nsbstance (for

&9 f%t 'aﬁ] QQQ&%E NShutibh %o{ntgﬁﬁ}%q& %VQ %(ﬁé&?&rwquht(g mpound) When,

eous so contal nin
ﬁbP’@@m ngBJéb tis Bendas tihel funchjgnah SubSt'cmce exchdpdasapeptide is used as

tl tbidifod Ssubfcas dB&E%aﬁe{bﬁﬁE' B33 bEURRIRECH A as the low

dodecapeptjde is used he recogni tion substance

PRl aetlarpusig hideorRRAYING do senasaiel theghichilm Fomnise |suhstrate body. At this

pm{teqw ﬂzrcog&ﬁtlélrhtsu@sﬁ’iﬂé@ Wodst 6h SIRPSARE eSABCo {E'rrfbefdtur@ lresponsive
om the su strateb At this 25 point,
RSB G gm%ttlaﬂeiedima%seearafqééhxsﬁfmﬂ g structure.

t enper ature-responsive polyner |ayer, and is not

[ in th epar at e thlnfl mer structure.
et B BSOS e
therbsﬁ(mgmaﬁd sﬁlh;@arﬁé\)’lhﬁlﬁﬂe bideheaf a(nﬁﬂfi @Qgh!rfch@iﬂ and lectin, antigen
apg Elﬁn(f €) Hfugg%rﬁiu recep Bro tamﬁ1 eggy%eagn su strg’tlégabng 0 each pa(ljxr can be
bonded to the film.

Examples of the enzyme include catalase, horseradish peroxisidase,

kimotripsin, cytochrome, a-amylase, P-amylase, galactosidase, glycocerebrosidase,

blood coagulation factor, peroxisidase, protease, cellulase, hemicellulase, xylanase,
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30 and anti body, drug and receptor, and enzyne and
substrate. One of each pair can be bonded to the

film Exanples of the enzyne include catal ase,

hor ser adi sh peroxi si dase, Kkinotripsin, cytochroneg,

a.-anyl ase, (3-anylase, gal actosi dase,

gpaseocpulbhamase, dasmmeraskh g]yooainydl&gulgatcbm fsagkfke, glutamylase,

d I h
g hg%ggéee Qf?cgﬁnﬁ eeageS %Bbﬁ"%dllsém%grgz'yrr‘egén Celggléeda t?xereto
gl ycoanyl ase, glucose i sonerase, gl utanyl ase,

§3-91 UKARAAR poRfHr SELLAPLAL S Pmoltitha IG,dsabl e enzyre

i's not |mt M pol yirer structure
havi ngTke peeaerttiipeensionfracedss a'heetb®®§@nprepmmg1h|thm ﬁlm polymer

Bh&‘t‘drg%vﬁ‘i e RQAa{L 5 J@# 'bggc%la%ehgtﬂ)s% céntg o'n\é &' both of the

structure aV|ng a nmo Sondi
siffeesefche thin e or both of t he surfaces of the t hin

film According to the present invention, the thin
filmpolynmer structure having a 10 modi fi ed surface

i s obt%@qqggnwo HRedPFege I dnYemtiont the thig filtm gelyofer tstracture having a

Sbdified Whfadeal| dbhifed by RESIORB! the WaRE @H b |@__estructure having a
t her eof produced in Section ov

ur f ac
’?’HF%O‘PFF%SBB?%/%P“%% e¢ theesofarpd H@edanfsmmnﬂow
substance on one surface thereof is imobilized on a

surfa f supstrate body having.a recognition 15
subst ;lﬁ@g a%h’é’ 1 tlY’P‘?af urge gh Q’H@ aulyagtionak sybwgnce on one

spfin sreeenfs ymoobilized loy zpsﬁrfacte g)ﬂdﬁﬁlb’ittﬁ&:lfoﬂg%abﬁlg)’a recognition
con e strate
B g e milobUien it ey Uit ReBamepianesioh efcuine) putting

thelssbstiatet body. in8i peadt heitlf, unmtelmﬁ\gllthessﬂbsﬁraedﬁ)dyﬁn or shaking the

Jﬁgﬁpagg bb ﬁlh ﬁxetcfl'lép%r{)%r{ngi}e té;% subs{t 8&“1;’ Ielc dlécﬁs F gﬁnc%onal substance is

lwsgci émélee thin filme themlnifdmais plabst apsde @FWG dndGs. bded to the
Et?gfi‘un(;nrb%b§Hﬁ<fe@9§th@fﬁjﬁéﬂi%nﬁl@hgstgdcle lt((?ﬁg%f)'s urface

erent fromthe surface having uncti ona
subst ance bonded thereto) is nodified with an

appr oprea! e ST e Yo ik thﬁﬂﬁ’ﬁ‘i BRE Surfdck @ﬂéf%nt fi’(ﬂﬁ tﬁJ‘s%rface having

hin fil exfo @g&e Thus, the t avi n
Tné““cfﬂaﬂ??t %”gﬁfa{lces 4 rikeretn 16@@@‘?‘* A6tk %mép@r@pnaﬁdnodxfymg
shbsmmg (tFtn(e lm)dlaﬁd/ ltl'ﬂfgtkﬁﬂl b‘ﬁﬁﬂ@%&f&l&&&ﬁd Tha9 the thllﬁeﬁl% M&Ving the
ere

The 1 I 1m
R B R P it of bt e Meship bl sstance bonded
tagfa athdzr suffece themeof is@oeducediFIGarige or a substance
conpeti ng agai nst the recognition substance (for
exanpl e, an aqueous sol ution containing a | ow
nmol ec (barthmeilghtmag Cbl&‘[mu‘.b’ld)ed Mhedding@ sflb)srtar&:&a:ﬁﬂipeung against the

f@é@??L%@sﬂa ceu81§ gusgﬁ%}&pc% colflrpp% 1|n§ rz‘a%éunstut gtrgcno%mtlon substance (for

example, an aqueous solution containing a low molecular-weight compound). When,
for example, GPIIbIIIa is used as the functional substance and dodecapeptide is used as
the recognition substance, dodecapeptide may be caused to act as the low
molecular-weight compound to separate the thin film from the substrate body. At this
point, the recognition substance stays on the SAM, SAB or temperature-responsive

polymer layer, and is not included in the separated thin film polymer structure.
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the recognition substance, dodecapepti de may be caused

to act as the | ow nolecul ar-wei ght conpound to

separate the thin filmfromthe substrate body. At

this point, the recognition substance stays on the

SAM SAB or t enper at ure-responsive polyner |ayer, and

i s not Thewthinyfilm obtairted by kg areahceiobfttlm prefdnt mveafiotee., the polymer

%ﬁeHﬁ&uﬁﬁn havind & fIHSlo%Qll &bfst'a}u!n nﬁied gc? gn%t}rg‘acg d}beémt{%n having

present— 1 nve
FertfﬂrYl amdtfgcaaon Qn G]N Qilhaﬂ SLsfabs(rafwed hmaideds b Onamogellyfish") is also

ndobpaSsel f}?{h%%o@éﬁ&hngg}eg&é eml‘%r{ ary modi fication on

t he ot her surface rre sSo as a "nano
jellyfish") is aIso enconpassed in the scope of the

presenthd rpaAtl YT tiR Hi‘ﬁ:tﬁﬂélt @Qﬁst?{cet I?m%thE{P Qﬁ‘ea - ;qang I“ellyﬁsh

éubstance i ncluded in the nano je reco

EIRSPLIRAeTubsRYc) emay Dgha SHpsERNCe acpaaahle obf spsptécalfy Cfalloglylzmg the
ﬁme@@m BitRGEO s ddsbrbdd ML, HHBS d
f# é . for exﬂgPtg GPl ba, 'GPl akéﬁﬂ %cﬁ?%ﬁ%rﬁ%ﬁhcunorﬂw
G Ut iy gpt kirgit P¥ited to these. 10 The modi fi cation
made on the surface opposite to the surface having the

functignal ggbstanc onde thereto is not limted to
anyt hlﬂE Phen 8% dfp | surface; RRPAFHE| tPi hgt Susfacerdgving the

foectprmal/ subsdmbg bamﬂﬂl t}iereto ﬁQﬁpﬂHﬂt@d td @ﬁytﬁ?ﬁ%{’%g&ﬁc For example,
ene cql pro pepti des, sugar
‘Bﬁaﬁ%gfhn }‘8" %‘%t ﬁ) d’% ‘%‘i b¥se P?@ﬂtﬁf CRABPPYIL t (fein agxample,
palsthyteneglyed) I(BE@)) phmm&s poptidds sugda @hki@rand/di bdbtid derivatives,
&%%f’{ﬁfcﬁc\(rﬁll A g‘megtl e%t %n having a functional group

such as an am no carboxyl group or an
active ester group such as pyridyl di sul fi de group or

a sucqidigl lteﬁlg othuH %@ﬂ@ﬁlJeh(? 81%0 k{zug]tml H%vﬁlggo at}&‘ncuonal group

enbodi ment’ o resen |nven Ion,
sugh I%?fimsﬁnﬁﬁ‘i’ltgréhlécpr ab@vkoxyh\Ereup WSesh astive dstery group such as

pyaﬂplldfshlﬂ(fecgrro&i(@lnpsd%mnﬁnfd'}}l"grtohﬁg@{‘ldegQBérbﬁ‘)r or a

platelet substitute in a drug Ivery systenm). Wen
the nano-jellyfish is used as a drug carrier, the

modi f il ahdtaer emdodiferty Wﬂh@?ﬁes@h{b m(ré}ftlo‘ﬁxﬁ{gpﬁa‘ﬁo élg)ﬁsh entioned
sybst ances i ncl ng 25 site speé T

(;b
? "gﬁﬁr" ‘?e) B8 35af JEYE FHEEY ééi’(iim(’lspécﬁlmtt,onale%gﬁr of erplatelet
Ssbdbmmmedbug m‘vefﬁ’cs}v’Stsh‘let Wheg shef r&ﬁo—‘jél@ﬂ]shhiud@g ab Q%rug carrier,

tHeaﬁ]xﬁdif'%L C{I #n%}/ Il?le r;]>rt h(ieid%y Xo e}r(gr%ggepfa& 83)§asggstances including a

site specifically recognizing a target tissue/cell (specific recognition substances), or
(c) substances for stabilizing the nano-jellyfish in the body. The specific examples of
such a modifying substance are as follows:

(2) Drugs: anti-inflammatory drugs, hemostatic agents, vasodilating agents
thrombolytic agents, anti-arteriosclerosis agents, etc.

(b) Specific recognition substances: collagen, laminin, VCAM-1, selectin,
fibrin, etc.

(c) Substances for stabilizing the nano-jellyfish: poly(ethyleneglycol),
polyvinylpyrrolidone, polyvinylalcohol, polysaccharides, polyglutaminic acid, etc.

An arbitrary substance may be modified by, for example, providing urethane
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(a) Drugs: anti-inflammatory drugs, henostatic agents,

vasodi |l ating agents, thronbol ytic agents,

anti-arteriosclerosis agents, etc. 30 (b) Specific

recogni ti on substances: collagen, |amnin, VCAM 1,

selectin, fibrin, etc. (c) Substances for stabilizing

bérel DAMmEes) bd)ri@/ibetg\hcn o hydrekyly breapgbry & lanino group of the arbitrary
rolidon

n r
BT U RS BASERSL g st rup o
tiebarbiteary mibbtat@need nayvidmgnanidd ®dndywith oin axan®| goup of the

bond
BP0, WD 35 AOH i ARSI ESE0 v
the mame-¢ la‘ﬁslh ay thes boyHirbaseby ghugraldehytdee or providing amide bond or
Mq’)ohg lblatx‘fe'e B © %Hll a%}éﬁ]pgf fhe %188?%[1%&51%%P%lagﬂltaﬂn%%group ora

ar |trary su st ance I ovi |ng
Ryrdrerey! greppobthet mﬂ@o-mlésrftshj el yiei gise vijwnalitregarhitraayrisulsstance is a

SEI4BcHakidt hey 1%{?&! RBhte ?ﬁ?ﬁr}g?@ﬂﬁ c?le@ﬁaﬂ b?gﬂnnf% A0 5hydroxyl

of " t he nano %
gruR 9fa e acchparige gvaydibeg ceasslkedomdthorn @siner ghmoipd of the

rkh%blﬁﬁ%fﬁsﬁ Cﬁﬁme' bSﬁcperﬁyolge ﬁ)ﬂﬁn dObhREY A ngsttdﬁtgchoup of the

E an amno group or a . oxyl group o
riitnagy | Yybstange ¢ c%lseaWéWé tTRRICante| graupy ofuibe anem-jellyfish.

ABerfatiep), yARASMAIda6R, a@ﬂdiaﬂ"dgs? Cﬁfs‘%@%ta?es ”B)énﬁ?eufnﬂfege tHazinyls,

cyan br o de .and (i? en a roup
‘g%ﬂoys%’&w yral h&ﬂ%ss%swéramml %pmﬁyﬁ@t@)ouﬁkyonate
b)f)mbb%nlﬁr ﬂﬁ:nbke} eddyyf)é Sibed BX SUérf)ks(ﬁﬁlf(é}?fr?drMYebQ{%sslmkmg with a
ray en.a nerc e .ar rar
BiBRie BT F0TR, o Bt HECHBieD. gF o 6r Tbierh diestance is
l}ydtd;&lbblsh éhe Attitearg adubmahae, maylgbd dondedd@t @shydrophobic area of the
anat es IS
L I R VY T ——_—
hﬁdsqg@mbnndnb@ltheaarp@naw subdtahck lnhy b} bahdedanathydrogen-bondable area
@tﬁé"ﬁ&%%@ll%s}f E#dr%ﬁerpﬁﬁndbe dth@%rb%trgrgos%% taS cBarged the

real i ze Cross cor respon
arbjHary BiRsanes may be Qpnfllqd 9l anearemof ﬂl@lnﬁnowils’ﬁistx ieving the opposite

b2k bl aletrdbthed AfGScon.  hydrophobic, the arbitrary
substance may be bonded to a hydrophob| c area of the

nano-j el l yfish by hydrophobic interaction. Wen the
arbit H—Ba?éinﬁiﬂ@sﬁxérﬁ-‘r@sehﬁmvgﬁ’tﬂfnoﬂﬂﬁb@ggﬁﬁm&@ in b¥e detail by way of

arb rar ance may be .bonded to a
E&SX%S% a‘o & PESERL InyFptioh s RAHEed tp fhepespepific examples.
hydrogen bond When the arbitrary subst ance is
ar eg 20 rbl rary substance nmay be bonded to
?e ?ﬁe@aﬁ’% of gt ¢ f‘i“é‘hnaﬁ‘é?gli‘% the opposite
char gén blyls eﬂxempreoahadlbmnﬂnnﬁﬁbaﬁaet s priepeédaf HRS folloieng steps
(?f(?%Z invention will be described in nore detail by

speci fic exanples, but the present invention
(ills nototmatianed atSAMhese speci fic exanpl es. 25

A gold substrate was immersed in an ethanol solution of 1 mM undecanethiol
and kept still at room temperature for 18 hours, thereby forming a SAM. Next, the
SAM-formed gold substrate was washed.

(2) tHSA (recombinant human serum albumin) adsorption

The washed SAM-formed gold substrate was immersed in an acetic acid buffer
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Exanple 1 Preparation of an al bum n nanosheet In this
exanpl e, an al bum n nanosheet was prepared in the

following steps (FIG 2). (1) Formation of a SAM 30 A

gol d substrate was imersed in an ethanol solution of

1 mM undecanet hiol and kept still at roomtenperature

boe. 5118g/1m1u rHSAt (p&F £DY afid keptngillaatSAvin Nexgeratiufdefor 1 hour, thereby

?r 8CE ?nﬁlg%’fq ?(lh Sc}éﬁ’btéépﬁ Wﬁﬂ?’ﬁ ) tlplg a‘ébéirﬁzel V{S‘T?l_is‘é"éh% e

washed SAM formed gold substrate was i Mmersed in an

ti ' 23 of 2.5 /L r HSA H5.0 d
et T CapeL e BUbERL, 23 of 2.5 m/m rHSA (pH S 0) ar

Foom t enperature for 1 hour, thereby
causi nghe wesheiSubttmteaesoimmmersed inea W(Vmgmtalﬂélﬂ'de and kept still

ﬁ%gﬁﬁ') J@r‘hﬁ%\ﬁﬁﬁ‘e W%B%ﬂnu&? )thérg%rﬁgsqa)lﬁgllgg%“ ﬁ—g%é The

strate was
gl ut al dehyde and kept still at roomtenperature for

M NS hebNSIEIRNioG" 0SSl i nking the rHSA. (4) rHSA
ésﬁgeet exf ofleatﬁ%{)n Tﬁe substrate on which the r HSA was

cr oss| Thkalsigs onrhaehsdg rH§ Aawasyerosslioled was immersed in a 1% (v/v)
m&&@é}{f@/‘l&ﬁél 1®08udPelndy! fdlefo § Bl k{{)@%gﬁjap}%o%]geb dture for 1 hour,

til room t enperatur

éi@@b’l Py "’lghéher HERAs sheet (b%éméﬂﬁaff?@fred rtef alsp exs @ "albumin
@ndshe@f)an "al bum n  nanosheet”). Exanple 2

Measurenment of a contact angle at each step of

preparation of the 15 al bum n nanosheet Regarding

Etingsde 2anpl edebicaicnedf al cisd Mblet ReetheRs of preparatlon of the
eﬁﬁ %r atign of the al bum n nanosheet in Exanple 1,
PRPSheft er the SAM formation, (b) after the rHSA

adsor Régarding chreafimplet lobtaitdBAat s lof akd Qlep&lof hepatdii®n of the
B U], 150 e e SRl e
BlserptiamcR aft¢rcthe THFA sheetpedoliariohy the Flo@as) anghowewater drops with
b 1y AP 8B Yo e 5
@bVQ#‘i ofﬁSBfFCthFlSAF@@I—?)? h§>wewre whep mlueadﬂsmgscepm sté@Bstep (b))
Wwddpdrif metSA MBS”@%o%ﬁH&%fF&ecﬁ?ﬁ%P éolﬁﬁ&{) g' HgAyg)H % 4), the

was confirnmed was caused to adsor
COPHAGt ge Was B2i anddhe dhifbas rotycaeser 60 pdsodl i n st ep
(c). Exanple 3 Measurenent of the adsorbing amount of

r HSA usi n artz
Accoigdmgl ) 1t was confirmed that the tHSA was caused to adsorb in step (b)

and was completely exfoliated in step (c).

Example 3 Measurement of the adsorbing amount of rHSA using a quartz
oscillator microbalance method

A gold-vapor deposited quartz oscillator was immersed in an ethanol solution
of I mM undecanethiol, thereby forming a SAM on a surface of the gold. The washed
oscillator was immersed in an aqueous solution of rHSA (pH 5.0 buffer solution), and a
change in the number of oscillations (AHz) of the quarts oscillator was measured.
FIG 4 shows a graph illustrating the result of the frequency change. It is clear from
FIG: 4 that the number of oscillations was changed by 86 Hz. Considering that a 1 Hz

change of the number of oscillations corresponds to the adsorption of 0.86 ng of rHSA,
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oscill ator m crobal ance nmet hod A gol d-vapor deposited
gquartz oscillator was imersed in an ethanol solution

30 of 1 mM undecanethiol, thereby form ng a SAM on a
surface of the gold. The washed oscillator was

i mrersed in an aqueous solution of rHSA (pH 5.0 buffer

is obast ¢abav)atednicht 74 mghaf gdS Aradsbiedunivext, etfe ﬂ@rﬁbéﬂ &t meRules of

Kl 0 L 5B "o MERRB O wh hie) of ne
whlengle .of IrHS|As thd mdio dfrthersurfdod of thdrgdldt wikich ste:rov@xfed with rHSA
‘?gﬂzohglgg,l El ﬁlay@s[?%Fﬁgged by 86 Hz. Considering that a

a

nge o umber of oscillations
corresponds to the adsorption of 0.86 ng of rHSA, 24

Edamfias4cal c ldb%éx%?tl&h?i‘ thd é#bﬂgxru’?_é%r[ ;E et ag‘;fg‘? Qesael\ﬁdglcroscope

t he 'nunber of no es o
cal cullieexanmplerhas e ehiest aafechedringoehettiee ahd 3Hapen®) albfimin was

&Qﬁgedrﬂ?ln%Q BY theUxfd1HE ’é\a 0?9{% Jaﬂé%x%\eﬂjsirgnae fﬁﬁ{aﬂp e Afe sthhfjae of the

ich was cover
f’%‘%ﬂ“&'ﬂl nanggheelhop dheg gold ;wbaxqmbp@rel tl@o@efpkmtqnonnd)fthet Bleape of the
a%mm I{hnﬂﬁ{égtsﬂ?&tthWnﬁﬁbsﬁeétl\b'%r&?&l V\ﬁd H‘o&rfﬁg&)@ ﬁub-';njat% using a

fa has an obj ect of checki ng
%}ﬁ?tnmmgt O%hahg%wbéﬁratﬁowerwawde\xma iﬂapre@qaﬁn@fmuhecope
nanosheet using a surfactant. The shape of the

al bum anos t o he gol d substrate before the
exf ol |I"J<‘jﬁs'i oﬂle gﬁgAt R é’ﬁaﬁlg“@ﬂn tHeoshseh | 95y i gpAhosthssate was
fhforastertlyelabded sge FITas aﬁd(ftﬁé erlSéAd ol el h»eerlgc’J)BTéL,erved with the
BURSHR B GaE. SHeds A GRYIr s plS et SkeiiRe the shee, and
thé di9A omberulesFers obserel dsd-ﬁiA gidss Eﬁlfstra}ebumﬂ \gas{lﬂﬂﬁa @ the shape
t [ t e

R ARl (R S8 B1eb s T B Bk et Phe The resu

indjcates thatethe BASAmas rtwgtd@rpelsmﬂﬂaém crobSkinkedv) C12E10 was

added to exfoliate the sheet, and the rHSA nol ecul es

wer e observed on the glass substrate It was found
Expaple he sths@uctmsofmhydemwgemndo@pmmeambmwer t he

addi t ioRthdefy lﬁﬁ%th@&kamDﬂﬁBQv%) é&?{?h ton a silicon oxide
es t'hat the’r HSA was nS| 0
(E‘E%ié&%ﬁ%@d Then. 5 eptise phprasesiss twasnanplied th@!@@ob}ﬁlal §pén coater

(SOCHp@apas & er nm@ospmstzro%!) eanmédﬁ&yé& kb MRt Bﬁédﬁé ?('16@@9 %o ). A

Si i con oxi
P@ﬁ‘tﬁ’&?%‘&@“ﬁ%@ l‘gugbé?bwg w%@%them%ﬂta@tpﬁ(ub@aate and the
stbsemaet Wad)xyraaxasqall Witle QB eT s) ( &Q’Qr dpvelopmént and Q%g RiNesidOpattern

W% ootbg dgkwglf Pgegia“gﬁté?ﬂaar me% 3(%8 MSPTPE?FWQobYoWet‘ﬁ%‘St was

rcres\teldtlanﬁz qoidsﬁtartaéaanemr(dOtSMGmBEherub&trl‘eattGWH\ﬁSemoved by acetone.
T'é\[lg azg h?&x%%p\g Ig; 10 %cr%pat eg}, substtraete (%?)\ﬁg %DSE substrate) was produced
(FIG 6)

Example 6 Measurement of a contact angle before and after the rHSA adsorbed to
the ODMS substrate

The contact angle of pure water with respect to the micropatterned
ODMS-SiO; substrate produced in Example 5 was 83+1°.  The contact angle was not
changed after the substrate was immersed in an rHSA solution (pH 7.4, 100 ug/mL)
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was obtained on the substrate. A part of the ODMS not
protected by the resist was renoved by 02 plasma
treatment (30 s), and then the resist was renoved by
acetone. Thus, a hydrophilic mcropatterned substrate
(ODVB- Si 2 substrate) was produced (FIG 6). 30
Bxbrple Vivhass sdeRae vk uﬁnfé%@& At hn ANGA 8olRBEP (S arml the contact
after the rFSA adsorbed to ODMS substrate T

T (it g‘iﬁ’%asﬁ\%tt%r“\?&lt h I@é,plécctonﬁléerteﬁeto have ocourred

becatsepthktrepulsion P Sb Was Slotreret adt eanBr Lo thel Boelectric point of

SO 2ol ﬁédam%%%ftﬁt AESA T Hhsr QUSRS Asieat? By drophobic

sicdrattionnwép profuated IBII} o)L Also2 Shd Tedresoluble YMSA ddi6rbed to the

PSRRI QDR HEFEOREE st prkiius SrefuioP ety the surtace of

fhhissbstmtecwasindensed. t in hldﬂlﬁorocsmue tlmdcontmcm@ewtah éncreased back to
{hggg%fg‘ﬂque %S& Qg{&@?on\’@}ﬁggg\#a gn of! Farb?c{]u%ﬂ@sr ?Cﬂl@tlon cg}eCnElo, it was

ectric
endiompd thahth@frHGHe whiBonce adsoebedDives etfbBited(lGoY).
hydr ophobic 5 interaction was pronoted (FIG 6). Al so,
t he wat er-sol ubl e rHSA adsorbed to the hydrophobic
Tabls] o eact gnglenwitb uisspech te thea QPYIRuplatehefore and after the rHSA
dgreBRhi licity of the surface of the substrate was
I ncreased. In addition, since the contact angle was
#ngpeaged_bagk_t_g_t_haf hefore the rHSA adsorption by
t he adgista QRoQkioAN agqueous sol uti ow&ftac@%@?‘?) It was
confirnmed that the rHSA, which once adsor
exf ol BRI admEi®) . 10 Table | ContacB3thgle wit h
r especA ftdradidy @I\/Bp]qbate before and gfter the rHSA
adsorption r HSA ads g i on Cont act angle () 15 Before
adsorption 831 Aftel dsor ption pH? 4%40b pH5.0 671

2C12El 0 821 20 1) C12E10 was added to the pI ate after

t he ri:@gdsor bed (pH5.0). Exanpl e 7 %flervatl on of

fluorescent m croscope The m cropatterned ODMS- Sl

BUBSE | aE 28R5h Meplhdd JREATRIBSK W8Sibed (pHS 0)

Example 7 Observation of the rHSA adsorbing to the ODMS-SiO; substrate with
a fluorescent microscope

The micropatterned ODMS-SiO, substrate obtained in Example 6 was
immersed (room temperature, 1 hour) in rhodamine labeled rHSA (1 pg/mL) and then
observed with a fluorescent microscope. Only the ODMS area emitted fluorescent
light, and thus the selective adsorption of rhodamine labeled rHSA was confirmed
(FIG. 7(a)). The fluorescent light was not observed after an aqueous solution of C;;E ;o
was added (FIG 7(b)). From this, it was confirmed that the rHSA selectively adsorbed
to the ODMS areas of the micropatterned ODMS-SiO, substrate and was exfoliated by

the aqueous solution of C;E 0.

Example 8 Production of an rHS A sheet on the ODMS-SiO; substrate
To the rHSA, LC-SPDP (succinimidyl 6-[3'-(2-pyridyldithio)propionamido]
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25 imersed (roomtenperature, 1 hour) in rhodam ne

| abel ed rHSA (1 g/nL) and then observed with a
fluorescent mcroscope. Only the ODVS area emtted
fluorescent |Ilight, and thus the selective adsorption
of rhodam ne | abeled rHSA was confirned (FIG 7(a)).

Hex@nddte)a e eqaivhlehi)3hts adasd AOL cRﬁﬁﬁﬂ&?@o@ﬁh@ﬁ &fture, 20 minutes),
oI ution of C12E10. was added (FIG 7(b)). From

?ﬁuﬁlgur%f ultang sebstance ws Pficd Be GRiSAsdepesmention 9hromatography)

theby bfbehlﬁag tRD (P dRVR Aa©asIIA tm@a mﬂérmﬁ:&@ RaS reduced by
' eoy
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@Dbfﬁfﬁtmahvﬂr(prodﬁﬁednmlikﬁﬁblg 6)angk trﬁhﬁexfsa‘sui tlgdamine labeled

rg—ﬁ?% ngggro\gf?‘;telfxgera{utﬁe:?eggo% it asﬁﬂ}eﬁ g E,Bx%an adsoxq)mg rHSA-SH was
remprediythelresultdnt dehstratdSaas Nemersed hnearP@egc racm bnﬁﬁer solution ([Cu®*]

d
L qgﬁﬁﬁfl 1183 Ot%@b%?f%@ le':) Bc?dr%) %@re i’o%gf\ﬂm 1rrT1g fﬁe §‘2§§rtﬂﬂ§ rHSA-SH
wing dméﬁd@nf i Fhved & ham 7ila. malymbrecsmue'fwr@fwm oftziogd on the
I HSA. After
%ﬁ?ﬁaﬁg@? ?g)rl? 1%3?0%@& rsﬁg%-@ﬁ?mﬁsr obt ai ned. The
m cropatterned ODMS-Si Q2 substrate (produced in
Ml & 6) \Bielvalisy §F§tﬂ1£‘ﬁ!xﬁ?f3§ﬁ%&%ﬁh@tﬁf‘é &94Hs’ *ﬁ%d&!'éd on the

oom.t enper at ur e hour) t he non- adsor
(IS §1@2v§5§str%wbééluoméemé@m0@%nne substrate was

| mver sgé rhidrabatta@ed ODMSLSIOb Hﬁﬁsﬁ&te%bﬂig' t88 tHih GUR ¥brrddd thereon
r at ur ther eby

Pc{?é%ﬁ %E?‘%ﬁlﬁr’nﬁé %Q?F’afeﬁ yl%ﬁgﬁgﬁfiea&mﬁfgowpew fPplx the ODMS

afbmusmiteedt fiuorebéenmlight, yamy tlﬁtsruhetsd:reetlva&dahpmmeﬁ ®ISA-SH was

' t bst rat
L 08 B AR, SIS Ul s
solutiohiSA (relod (Ted comditiore caplebleCbiVG Sl b gstho SHE At feomi thé substrate)

(dOIGTREReTY RES5 AL AIIRNHILEL AR AP TP ol he substrate
f}sﬁ@yd@dae@rsmf xm(mrpbe thevidtS /oBBewae finallyt kxf@lifted (FES R HRIG. 9(a)).
THi€ E@%&&%e% Yabd1©c fdtl Ha ng\%ﬁ)gdregéo or S@E@g& thin film

[1ght, and t the sel ective adsorptfon o
RRBGnercHEtUr s foumed thproginssien b the dindiide amslrrdqu@ fathe thiol

grouR b ek HHIS ATSHRQUSHAY fo %\Qtoﬁﬁhé'tdx%tlefx ﬁ:]tgﬁcl Q)n Eln t(f" exfoliate the

condi tj on. capabl e of exfoliating the rHS

sEUFRES BY é’alele ROORE B fastanhthanein the waser yvherteﬁée laIiBAblSE-I rHSA was
oneiatwdt exfoliated and stayed on the substrate. After

6 hours of inmmrersion, the rHSA-SH was finally

exfoliated (FIG 8, FIG 9(a)). This is considered to

have aeukibgilnf gulymbesthrblrewas @xfofiatednind ShrREalyt théhstefed onto a
cfolvér glass plate (room temperature, 6 hours) and observed with a fluorescent
microscope. A sheet-like shape substantially the same as that observed on the
ODMS-Si0; substrate was observed (FIG. 9(b)). It is considered that the

microphotograph was defocused because the sheet was curved in the liquid phase.

Example 10 Preparation of latex beads covered with rHSA (rHSA-covered LB,
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pol ymer structure was forned by progression of the

di sul fide crosslinking of the thiol 25 group of the
rHSA- SH owi ng to automatic oxidation, it took |onger
to exfoliate the structure by CL2E10 as the
surfactant than in the case where the adsorbing rHSA
@HSA)EBj ol i ated. The thin film polymer structure was

exfoli d carefully transferred onto a cove
ol s b 020 R maseiisedand, o an gHhusaptian 28 psnbed mL) and

WSE? @'r?f)ﬂnttempér@ﬁiﬂé 2amtﬁ§)oﬂfé@éb@f calg;lg??/l@é rI-kS/KQo §ﬂ§’§i’&lly adsorb to
R Blidt 1 aT B HBRTSBL ar e TE e B {20000 (P10 minutes
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RRERRE AoPeblfhalii AN Ravesh LRTaSL, B Blhritesin).

r HSA (rHSA—covered LB, 27 (rHSA)LB) LB (200 nm) was

di 20 .
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mplepulestprsticle welcuthdairone-tm sAyeragedsurfac®BBeq pifl FHBA). It was
10

dRBFREY PRI ﬁl_?; abEWAS &ﬁ‘ﬁ@leﬁf& k&/e(‘%{s\ii?é dl'l'e(?%% X

particles/pt). e anount o Ing to
the surface of the (rHSA)LB (1 x 109 particles/L, 10

ms110. 8 Wa@ﬂs{enﬁﬂﬁof‘@&)nﬁﬁt ehpieb&dre a‘?xdk%?te? th riiSACGvered LB

aéaer. afiche RBisub b ot | cal val e (4.9 x 103

ol eCLA Bﬁsf)&&bhldf'rﬂSAC@d\ﬁék@daLBCtlu o0 ﬁﬁﬁcl@é/ﬁl?%s dispersed in an
ifned that the LB

surface .ar nf
a§a‘i“‘r 5%‘3 r §ﬁ'f‘f*f>€l%€$1é|‘§> e&% é‘teeé?%m [fubsieate pag immersed therein.
Axanht east bf MeadifAesahnion) thecontitt aglle aaglierdeédad ad increased

vered LB 15 ad
LBk M WA E NS ke B PR HRDAPES iy Blon or i
(Pable iyl ek/was M@ge:’dcds pet sedn ithe aase afabe irtHSAcitle HI$Aeovered LB

LAY LBy OBt B USTTOf e
IE:WH% mete elaay thatthe adbethiemBESA cancteddB wasallonsd to bhdethched.

to the angle before the i mrersion by the addition of

an agueous solutlon of Cl2Elo 20 (Table 2). It was

12hlg e &108tRCt 1RAEleawIthnrespret clastheoDIIMS subisisate t bpfore and after the

rHEBAcHRIANER adBrptRfSor bed to the hydrophobi c ODVS
areas of the ntcropatterned CDVB- S102 substrate. It

LB was

-was—ade—clear—that—the adsorbing rHSA-covered
al | oneHshadispist ached.  Table 2 Cqiynggt a@%];ttg_tﬁ wi th
respe$§ to éhe ODMS substrate before and atter the

efore adsorption 83+l

After adsorption 7343

CizE10 8246
Example 12 Direct observation of adsorption and exfoliation of the tHSA-covered

LB to and from the ODMS-SiO, substrate
An operation of slowly deriving the ODMS-SiO, substrate (Example 6) from a
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2S r HSA- covered LB adsorption rHSA adsorption Contact
angle () Before adsorption 831 After adsorption 733
------------- 30 Cl12E10 826 Exanple 12 Direct
observation of adsorption and exfoliation of the

r HSA- covered LB to and fromthe ODVS-SIi Q2 substrate
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&R8ipa6h it the TITNSU &R wdsRoRf I &l théla@ mi@bs A,%EE)O ng
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Bfan(l2EL0 ( rm%htb IRt éﬂ(ﬁISA)L@Hﬁ the @@mcsll %ubstrate

desorp]té_t? CDgB ar.eas confirmed | cal

mi cr os %(po Yﬁﬁ'l‘% VF‘EPQP‘HHC Wé%\’f“F‘i‘Fg‘“’(S‘fW ﬂ)@Bferentla]

somihe cﬂa:tlﬁre&}ﬂz "Bhbgﬁdsﬁmtxfasl‘i m FAE09.9°C. The ﬁlSlOI‘(lj temgerature of

st,yrene- co- di Vi measured w
(E@WLJX ?0? JFalk BFS sgid 8nlﬁ|}sn€ c G%ﬁ)waswsqde@mdéorb to the
QRN SFMO: a08tr&€. inTthe donditons t@r@eirrqﬂurle @hd thé¢ HSAK)rlgBtime was
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T TN TN T .
iflepbeagpkept ipthe padiclhgatedBIG rig).t | Freisywasvas chweforkred .thdtra thin film

p%%/lﬁ&%gﬁlre R £br ?re@af%rg(ii\}ﬁﬁ]—[%rc%vérgé ?% tﬁ‘@ &)Ey*%z crosslinking or

acent LB particles 2 e being kep
%\P’@ Faused By heatingr| G 11). Thus, it was confirmed that a
thin film polymer structure vvasforrredfromthe

I@m over ed LB %UI cal crosslinking or fusion
m IIREBUSTR AL APPLI CABI LI TY

The present invention provides a thin film polymer structure of an arbitrary
shape and a method for preparing the same. The structure according to the present
invention, when bonded with a target labeling site or the like, becomes usable as a

functional carrier or a platelet substitute in a drug delivery system.
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2S The present invention provides a thin film pol ymer
structure of an arbitrary shape and a nethod for
preparing the sane. The structure according to the
present invention, when bonded with a target |abeling
site or the like, becones usable as a functiona
carrier or a platelet subsigitaihg in a drug delivery
system 29 CLAIMS 1. Athin filmpolynmer structure
obtai ned by the steps of (a) causing pol yfunctiona

ol ec U &fn fiin ?ewéa strictafe MSRedty B8 s@prit rar y shape
and

5in an inter bet ween asubstrate
l'i qui 3a)p??éf§‘é‘g p@é&“%‘loi}ﬂé?? Isyles Wrmslserb te @6%‘1’4 ‘Pﬁ@fh@j bitragy shape

mﬁﬁﬁ)lﬁtfbn‘fﬁl@ Hb@dv%d‘nmbbtﬁ]l}albocﬂsﬂirﬁﬁdﬂl d bRasef gr mha pf0| lymer
thin an X1 ol | rmed thin film
£ om (FLPLyREEHRE hodStgossiohE e Sasombing pobBiryeRal molecules t
&tm:taqblymer?hmﬁ‘ﬂmsamg a functi on?I I subslt ance otn on;e

surfa il m r ructure

bei ng(igoﬁf)(%lhail&gﬁhe tton}@ és[}glbbp%?ro Sheé %é?f‘gbc’di"

pol yfunctional nolecules to adsorb to an area of an
Qfg:;;w maiggzg{i ncthr%tc@;égg@ﬁggg NS maPaRRsHe & Sne surtuce

it i, 1 palgser krumgu ey wbctinedrtgl therslepsof: es to

151 100 B DA o T O TSR, 0 iy s
functl%ﬁ]nafl %’ anc {ﬁor{' l1’lorme R i Al atrPllgﬁryS ape
B R Fiteriadepgtweena sphstratqs bodn afndoirhqdnéphmb,st r ate body. 3.

A thi |

| o) ﬁdl%%lﬂﬁﬁd/ﬁacggghﬁﬁﬁgf(fﬁ’é‘rﬁd'esblf% %(ﬂyﬁlﬂg‘&%{a? Bdlecules to

subst ance on one sur
fprm g pplymprehin ddmygadir e bei ng obtained by the steps of

(a) b@@‘-ﬂo‘ﬁﬂm@cﬂ pohvsial QRtanBOl LG 6 ARRY filh BEd Méﬁ exfoliating
Funct bstance to an area of an arbitrary shape

%thé{hh]lnh r@P‘f g &ulstietidiodya substrate body and a liquid
phase, the area including a substance recogn|2|ng t he
funct| ﬁ ubst ance ner i

Serossh én PRIEMSH B‘é‘:&u’)ﬁ&ow&ﬁ‘é‘gl ﬁ'\%‘&‘ %‘gﬁtlagge Qrpone surface
of Sheffdmytlee thiol fylrrepolyinenstfudtm being obt’a)neel)bfyahd: &tepsn@f the

f or neg bl'&la]mg B}ﬁg cglPIéglCnéo ?qqgfqt?%pzxs?r%qﬁ? ﬁgﬁgpnal substance to an
asqsitxsftaarm m@ny dmee swah amerfam‘ bettWeerf a kubhsamatt teoalypanid si guid phase,

tl?tr ?Eﬁ fn@[%lﬂld%éjévfbhﬁﬁéé I%P réwmflg ﬁle%nrtq{onglt‘gufoﬂg of t he

in fi mer structure
obt ai (BPobymerirng ardier 9¢OS§lalj<lltgoﬁlé|htgxdcmeol‘ylﬁmmmpodaholecules to

fStabs hagaRr Ain G fae surface of the thin film
(¢) exfoliating the formed thin film from the substrate body.

4. A thin film polymer structure comprising a functional substance on one surface
of the film and comprising arbitrary modification on the other surface of the film, the
thin film polymer structure being obtained by the steps of:

(a) bonding the functional substance on the one surface of the thin film
polymer structure according to claim 2 or 3 to a substance solidified on a substrate body
and recognizing the functional substance;

(b) providing the arbitrary modification on the other surface of the structure;

and
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pol ymer structure according to claim2 or 3 to a

substance solidified on a substrate body and

recogni zi ng the functional substance; (b) providing

the arbitrary nodification on the other surface of the
structure; 35 and 30 (c) exfoliating the nodified

t hi n f{c) exfolising the neidifsddrthinefilbofilym the subsite Bedyr e

according to any one of clainms | through 4, wherein

the step of polynerizing and/ or crosslinking the

ﬁ)ol yf uAcstxiuotruad acoording k@anjf oné bétlammrﬂhmghtmawhéeiﬁttli@ step of

Iectr t V|n char ges
P hOTLOBLLB- A 1) VGBI ORREE) P es e
gop 9élaeun¢tmgyncé$eleanoﬂseemhamfg «zﬁm)rsgesharges té eath othtuialeernately to
@rﬁgﬁﬁg't%(gl el@&% F'sem% gfs through 5, wherein

ecul es §re of a pol yfunctiona
nonomer and/or a pol yfunctional 10 macroner. 7. A

gLr UCW&R@E&P%’&B&I% t8: gHymoge W%[a?ﬂnp 1f5ht§fou&h 5, wherein the

poI uncti1 onal macro
%‘é?t&ﬁf’@ I aecdesudsnaret of élmlﬁmthmbmnnmh@nd/or a polyfunctional

ﬂghﬁﬁ&pctlonal macroner is a polyelectrolyte. 9. A
structure according to claim®6, wherein the
pol yfunctional macroner is a polynmer bead. 20 10. A

Bt r uct AIlsBruaGfOictorfing @ RYm V) eviRkein ! tBi %ly*-uﬁcjﬁf)gélgrﬂaéomer is a
mhereln the polyfunctional macromers are crosslink

B9'hysi cal crosslinking or fusion. 11. A structure
accordlng to claim10, wherein the physica

r oss IS re lized .25 by ther nat.uring or
Ehor meb Y88 Ricoftne, Sl 5p Whereia by eolEeist draighasgomer is a
mdlylenteblyteher ei n the nodification is provided by a
pol ymer conpound, a protein, a peptide, a sugar chain
and/ or biotin derivative. 30 13. A structure according
20 cl a sinaQurentnspwiing tchelapol 6y mareraio o poly fuetpndl seacromer is a
IM&q;eg?(leneglycol) 14. A structure according to any

one of clainms 1 through 4, wherein the area has a
structure of a self- assenbled nonol ayer or a

mel f - apsenblued Reb@UR' to 3Ry3dne of claims 1 through 5, wherein the

polyfunctional macromers are crosslinked by physical crosslinking or fusion.

11. A structure according to claim 10, wherein the physical crosslinking is realized

by thermal denaturing or thermal plasticization.

12. A structure according to claim 4, wherein the modification is provided by a

polymer compound, a protein, a peptide, a sugar chain and/or biotin derivative.

13 A structure according to claim 12, wherein the polymer compound comprises
poly(ethyleneglycol).
14. A structure according to any one of claims 1 through 4, wherein the area has a

structure of a self-assembled monolayer or a self-assembled bilayer.
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15. A structure according to claim 14, wherein the

sel f-assenbl ed nonol ayer is forned of |inear

hydr ophobi ¢ nol ecul es conprising, at a term nus, an SH
group, a chloroalkylsilyl group, an al koxyal kyl si |yl
group, or a vinyl group. 5 16. A structure according

19 cl ahmréurerbeopding thelasl 14, aseesthl Be sBIFlag¥Ribled monolayer is
pongf|?qs at . | east .one el?cted fromthe group

OBHE] SF 5o by GIABRYNO P LeS ATHRS 1S 4 Ao B #1 §H group, a
chlgaalklyispyigroay) dinaikdox9alk glsilyIrélp, bf a vihy$ fodp! Ur e

according to claiml or 2, wherein the area is

nodified with a 10 tenperature-responsive pol yner and
the exA oftrmturenadcsrdisgised chim al4 enjiRrad Uthe sélfedsembRd bilayer

ture accordi tQ any one of .cl ai I .. .
Hosfief o 1okhie el RS thenPbuProas i Ghitoatplpid, amino
gsad-basadl lipid engae tipidf amd entibaic lipid.an oxi de cover | ayer
thereof, silicon, 15 silica, glass, mica, a carbon
mat eri al such as graphite, or a cal cium conpound such
Hs aphasirueure] gocoming taictaimel ac@omdiermn tthe ateai immodified with a

' e I At | ' b reat nent
Y IER L PR IR OB BT he, SRR HEEOBTR temperature
deereas: ur e according to claim3 or 4, wherein the
exfoliation is caused by addition of an aqueous
sol ution conprising a conpound which is conpetitive
Byai n<t stiyghgeragerrdingia)ang ope ofskaéms 2 thropgh 4Awherein the substrate

UG REERIORy GrOsHRidIS f38mad oF h W' & ACSLETENG '(ij&eﬁgbére%@,esmcon
f claims 1 through 20 dlsgersed Inalrqurd” 22. ’
sﬂglah%l&ssp &?lc%@e@éﬁ)q%@xagrx@m% fas| gﬁ@gj@ﬂey%ql caleye eQpeound such as
apatigpr i si ng the steps of (a) causing pol yfunctional '
nol ecul es to adsorb to an area of an arbitrary shape

30 in an interface between a substrate body and a

1i qui & phasere dcbyrdpgl somelninziingr andhereire tHRsSifblidtionds tdagsed by
L ct i | ol ecules to forma pol ynmer

t?gélilnmnf F‘f‘??hap%h%&%“é%&éﬁﬁ 41N he formed thin film

fromthe substrate body. 35 23. A nethod for preparing

t hi ' Strct une Lsing a functiaona
2 0, ROk My TR eyl R st
additipn jof jap apprusssodpionofon(pglsingaa spmpgoyl which ds icompétitive against

thfuaSl BB sliRtaaslsorb to an area of an arbitrary shape
in an interface between a substrate body and a liquid

phase;
21. A dispersion comprising a structure according to any one of claims 1 through

20 dispersed in a liquid.

22. A method for preparing a thin film polymer structure, comprising the steps of’
(2) causing polyfunctional molecules to adsorb to an area of an arbitrary shape
in an interface between a substrate body and a liquid phase; '
(b) polymerizing and/or crosslinking the adsorbing polyfunctional molecules to
form a polymer thin film; and

(c) exfoliating the formed thin film from the substrate body.

23 A method for preparing a thin film polymer structure comprising a functional
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(b) polynerizing and/or crosslinking the adsorbing
pol yfunctional nolecules to 5 forma polyner thin
film and (c) bonding a functional substance to the
formed thin filmand then exfoliating the thin film
fromthe substrate body. 24. A nethod for preparing a

mean{) d ddTORAVAIEY ofSthe HE5h UE nfePHERY oﬁ@?g in} ﬁzﬁagémqna'

stance on one surface o Thod

conpr i(8) erysnEepokifepssiontl malecenti atoraoyaniame ofoatedrbitrary shape
S AieHRS KRR asmgtrét@soéwmu RORY lpﬁy%st ance to an

area of an arbitrar In an1n ace between a
subst r(i} Roleggiziag@andlor Fr@mlwkmgatb@ adsortring aplyfurictienal diaiercules to

@n§QQ§m@mgqhhqgggghglng the functional substance; (b)
olynerlg ﬁﬂfr crossllnklnqﬁthe bonded o
pol yf Ut ing @ fsctent sebstance 1o thedormed i filmeand phen exfoliating

the ttih fidA drdn€ Jhe@¥bRtkbddyg the formed thin filmfrom
the substrate body. 25. "A nethod for preparing a thin

filmpolynmer structure conprising a functiona

Bubst et @ﬁ @répafih@aeniaf filkhgo ghﬂeﬁk%r@ur‘é%ﬁrﬁln 9@; ﬂ.mctlonal
surrace 0O e

itrar iC on, t he ot
%F)ftﬁﬁlce b 6%? %Iahfpﬁk%.thﬁ ﬂ?ﬂ@d&@,sg%s thestensfdi ng
the f L(mpltondmgl cﬁﬂfﬁﬁétﬂiﬁﬁﬂn@l&cﬁlbﬁccﬁﬂ%}s{iﬁg’ ﬂla(ﬁﬂlcﬁhnilrbﬁbstance to an
str.uct ccording.to cl

a%rgé (gf eférlxul rStT}tr melrlg R0, 1gte§’(18J B%We%raacm teal? | ar)g.f2 a gauig phase,
the hich nrmh;dxsmapd)stancarecogmang almeeﬁjbetiomlesubataﬁw)st r at e

bod h
L A
fﬁm‘!lafplob’alndr@lmnéihmt med ot her surface of the structure;

and ( ?é) &)f(glgaltllngttﬁé"t%rﬁlg@th@ﬁﬂgﬁ 'ﬁ%% 1thg sﬁlbsflfa erBO gom the

substrate bod according to any one of
clains 22 through 25, wherein the step of

20l ymey ingtidd BPPLephricg Q38ihi Mk Myﬁlgﬁstﬂg#ﬁ/rg %Bﬁlfﬁ)hgﬁgla functional

| ecul es further comrises the
nEW@Fé’étq“Glsyffé%e ?fatb? AYn 3pphsempEsiag arbgfé@rvtr@octeﬁemlootqmethe other

sa}fh@rdfah@ﬁh‘n tthe nﬁﬂ@a%bm@kism ehdabpelrectrol ytes in
to any one

terms g od accordi ng
cl ai m§ o[efﬁh t‘o%lllesﬂ‘%ﬁﬁn‘ieh@“ g %l Wfﬂ?&t plotha hin film
p’aﬂymutrasmaf z&c@ffdlrfg to@laiinneit 3 Wkub@ﬁﬂ&f@hlcﬂnﬁé&fm@ed on an area
o yf oner. 28. acco

AR, T8, A B BT LSRR DORCH i BiiaHa ppase and
vydndt mcqgmzes the functional substance;

(b) providing the arbitrary modification on the other surface of the structure;
and

(c) exfoliating the modified thin film from the substrate body.

26. A method according to any one of claims 22 through 25, wherein the step of
polymerizing and/or crosslinking the polyfunctional molecules further comprises the
step of laminating polyelectrolytes having opposite charges to each other alternately to

crosslink the polyelectrolytes in terms of charges.

27. A method according to any one of claims 22 through 26, wherein the

polyfunctional molecules are of a polyfunctional monomer and/or a polyfunctional
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5 29. A nethod according to claim27, wherein the
pol yfunctional nmacronmer is a polyelectrolyte. 30. A
nmet hod according to claim 27, wherein the
pol yfunctional macronmer is a 10 polyner bead. 31. A
met hod according to any one of clainms 22 through 26,
wh&oelep the pol yfunctional macroners are crosslinked
by physical crosslinking or fusion. 15 32. A nethod
according to claim31, wherein the physica
28.0SS| AdtAeH aScor@ing 114 @himby7 tWiei-&R! th8 QAWM BHal Fhacromer is a
thermal plasticization. 33. A nethod according to
P 25, wherein the nodification is provided by a
pol ymer conpound, a protein, a peptide, a sugar chain

d/or biotin derivatjve. 20 34. A nmethod according to

‘ai m 33, wherein the pBlEiosr EMIBEN o oftpi s&4  Wherein  the
Pl fugetidigl maaohee il 9 polpdectdlyret hod according to any
one of clains 22 through 25, wherein the area has a
25 structure of a self-assenbl ed nonol ayer or a
el f - o seatiddededording e .cladfi. 27A wiekdin dhapolfighiciigndl Onacromer is a
@hﬁ%gg%g wherein the sel f-assenbl ed nonol ayer is

ot Ie og I i near hydrophobi ¢ nol ecul es conpri sing, at
a termnus, an SH group, a chloroal kylsilyl group, an

| koxyal g u vi nyl,..aroyp., 30 37, A
P hod nd, kol Ry, i fnd ohYotaledR ahiCheh” 26 wherein. the
pody funetipnehtbresdmigrs| aag evoselimkpd by physical cloeslskingre fusion.
selected fromthe group consisting of phospholipid,
am no aci d-based |ipid, sugar lipid, and cationic
13 pi d.A gwtiwd acpordinghior!simcht. avhegein shecphyisipaborosslink@g is realized
AR BE@AD dekRuleest themiPHialtigshidhth a 34 o
tenper at ure-responsi ve polymer and the exfoliation is
caused by a tenperature decrease. 39. A nethod
3ccor i ngtiiod #0eyrdime totlaih @ismvherid HeomobifikBtionMiesdiided by a

t he substr at 5 body is.entirely or rtially formed
A SRR ORE o708 HoeRishos sisky Ktk AP hihiSta feriine
silica, or glass. 40. A nethod according to claim 22

r 23, [ e exfoliation is.caused b treatment .
3\% th éA‘ g}rﬁ{ogcz?cgé{a%%ﬁ %(oaolaléx} égmwgerg& %n[eo_(iymgr compoungecompnses
poly(ethyleneglycol).

35. A method according to any one of claims 22 through 25, wherein the area has a

structure of a self-assembled monolayer or a self-assembled bilayer.

36. A method according to claim 35, wherein the self-assembled monolayer is
formed of linear hydrophobic molecules comprising, at a terminus, an SH group, a
chloroalkylsilyl group, an alkoxyalkylsilyl group, or a vinyl group.

37. A method according to claim 35, wherein the self-assembled bilayer comprises
at least one selected from the group consisting of phospholipid, amino acid-based lipid,

sugar lipid, and cationic lipid.

38. A method according to claim 22 or 23, wherein the area is modified with a
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10 41. A nethod according to claim24 or 25, wherein

the exfoliation is caused by addition of an aqueous

sol ution conprising a conmpound which is conpetitive

agai nst the functional substance. 35

temperature-responsive polymer and the exfoliation is caused by a temperature

decrease.

39. A method according to any one of claims 22 through 25, wherein the substrate
body is entirely or partially formed of a metal or an oxide cover layer thereof, silicon,

silica, or glass.

40. A method according to claim 22 or 23, wherein the exfoliation is caused by

treatment with a surfactant or an organic solvent.
41. A method according to claim 24 or 25, wherein the exfoliation is caused by

addition of an aqueous solution comprising a compound which is competitive against

the functional substance.
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