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e R oM (%) : In this study, we prepared intelligent coacervate using
thermoresponsive polymer each having a hydrophilic functional group that we have
developed and investigated the possibility of application to a new biomaterial. Actually
thermoresponsive coacervates containing magnetic nanoparticles were prepared and their
coalescence behavior was studied.

AR TE B
(SHEHAL - 1)
[ELHERE REES Y a  &f
2010 6, 700, 000 2,010, 000 8, 710, 000
2011 4FFE 3, 300, 000 990, 000 4, 290, 000
2012 & 3, 300, 000 990, 000 4, 290, 000
R
R
o Fr 13, 300, 000 3,990, 000 17, 290, 000
GRS BT« B R
BHFEDOF « MIE © ARIE LY « ERAERTS - AREE
F—U— R a7ena— | REISEME, W 2R, 2R Y v — MO
WFFEBRAE S I D 5t KW RBREICEE®S D+ TH D
@J WIS EEE Y T2 _X—A L LTz A~— poly(N-isopropylacrylamide) (PNIPAAm)
MBI LW R Z L LIRS, A A~ T DE /) ~—BIEICEB Lo FREHmIC A
V7 vzl LICERW B TISH S DEEE & R TE )~ — 2 AL TR,

TW5, Z OREISEME RSy 1 2 B A
BHEBIT 21213, iz = OB 272 9
Tl GHEH{TP AERREZE A KL N E
BERKNTF L5, TOXIRBENL ZHE
TILBRAZEAT LD OEE L 2 FIERN
REINTVDEN, TNHDE L TINEMED
b zsl =i L, Mm%
ZRkT D, THNETONIET, HiEE BTN

o —HOE ) ~—%Z N5 Z L THE
RINEM AR Y Z LR Eax ORGMEE
REEAEAIELZ LI LTS, 20
FERILT 7 UAEED X5 pt koL AMETE
J = =TI LIGRhoatzZ & ThHY, 72
DHLHEHEONFRICRELZE ) ~—#
EERFROBESEEZ RRTHHDOTH D, £

N BEHTE , ~v—& NIPAAm 756155



N5 B AT O R H e o8 B B2 % ]
#3452 & T, PNIPAAm &\~ 7-%< DR
EINEERm D FICAR NS af - rE
2 — VIR & o T B TLE 2 T 1 D
T, B THPZEOKD 2R LT
FEEEL TR (=27 'L — i) 2
KT 2a7elL_X— g E2RT 28
kot

2. #FFEDOHW

AL T Z ORI 72 BR 25 H L
HLWWAASF~T VT NLAIEZBE LT, +
D a7 'R — s OBE)O G O R R &
Wat Uiz, T7bb, F/ Bk %227
A= MNMZEHATDHIFREZREL, £0F

Stimuli-Responsive Polymer

orpgterpitorgi

e o t —\ Binary System ,& = #
oy on,  ofy cnon ch, cHcoon /\hgr\ﬂ\( P -1

Stimuli-Responsive Polymer-Coated
Magnetic Nanoparticles (MNPs)

P

EEHOWCTHB LEEG 2T BELX— 0
SN C L D) - A SFE A EICB SR
L7, 1IZAF—AER LT,
X 1REBODRF—LA

3. WDk
IKEE N O VR VLS ENENAT
% _FEOFIHAANRIS B TR AR LT,
ZDE T OIREISE 2B, MK YE, pH
JEENE e 8 A2 ICRAT LT, a7 B —
NMERIZIE T 5 SERET 2TV, EORY =
—ZHNWTEE M a7 _— &R L
7o BT, BEEMEZ 2B, HATHEER
X% 10nm FRJE ORI LT/ K1 %
L7z ZOF JRatbki +-FRimiz, FLITHREL
TBUKMEEREE A B T 2 IREISEE &S T
THBEL, KhTartrX—LrELRETS
LT E Y aTRAR— MNERKE R E
AN&EIT- T,

T2, GO T BAERL N E A S
B aT v — kOIS L D B EEE
A8 LT,

4. WFFEE R

(D) BUKHEREREZ BT D IREISENE

RY = —DEHL

KA AT 5 HIPAAm &/ ~— KB L
REIINVEEZHFT S CIPAAD £/ ~—%FN
FAIUNIPAAM & 7V —F U NIELSTDH 2
CTHMOa 7T EA_— FNEKRRY v—%
L7, 2/ ~v—OfhiABEIC I Y hE
AR R L, SRR MR A AT D
HEAEREZER L7, AR LTZEm D T ORI
B W) 2 SRS TRy Y BE R A VT

i L7 G 8. HPAAm, CIPAAm O HIKMEE /
~—OEAMEEE L LICkY, KigIC2
BB ERTBHZ ERbIhoT,

(2) F 7 BWeMERL - OFR L & IR RSB M 4y 1
DOYeE

BBERE DT ki 2 REIC L v L

oo ZOMEHI., RIGOBERT, 4 LA

EREAL TR
- ELLTW5D,
(K 2&mM)
W SelzFRE L
e @ ® xy~—z%
. e Awnwc, Zo
[ Sy A
H2A LA UBEBEHES/
FiF0 TEM &

RN K> CREEM L=, a7 B/~
— MERFB Y <= — & ZOREELRL %)
—IyEEsE, BRI LIk v EAA 2
TENAR—= 2RI EDZ EITmS LT,

(3) Wt/ KB AD T3 D Fef 5

@ 400

80 sH,sClf-Coated MNPs

40

Transmittance (%)

20

20 30 40 50 60
Temperature/ °C

X 37/ HEMaFHAITELA—

AFFETIZ, 27 BAR— MNESR Y ~—
LR T R OB E 2RI LAY <
—IZTBZLITE T, HAREGITRD L
EZZ2l, EBIIASFA=T YT AELTOIG
H%ZE UIKIEAHTE COE) S5 72912
a7 ' — MNERE RIBA IR L7,
FOREFRZK 31T, MAKIZ L - T, Buk
\CHFIBERE N2 (L LT LE 9, FExMEL,
NIPAm 7% 66mol%, /KEg¥s% A 9 2% HIPAAmM %
29mol%., H LR ¥ L HE Smol%IZFHEE LT,



(4) F /) BMEMR 5 HF a7 'L — |

Wiz, T Bk &/ 2 7B _— kD
PEIZOW TR EIT - 7=, BEALE K
BETIL, BIST, a7 A= MNERNICT
J REHERCRL - INMFHET D 2 & SRR S iz,

(@) ., 0 5 10
T ON \\

=

o |

S

= /7

25 {eatind; Magnet

N & S& ON
5o
¥ Opaque

Magnetically
Attracted

Absorbance

=

- o
L] ey, e
-Z
7=y

Transparent o8}
( Heating; ON
~ Magnet; OFF
0
9 & /7
g &
/"
0 10 60 70
Time/ min

K4 NPBEIBIZLDaT7EILR— DB

X 412/ Bk 2 A S a7k
N_R— NOBENOK T 2R Lz, £7., (KR
TR ~—DRNBRICRET 57-012, B
B CTH D, 6 0FITMET S L, —&IZ
BB ER L, AT 5, 27N
— MEKRTHD, ZDOIREEE 6 045~ 7=
BT, SRS TS D & TEIRIT AT
BRI o7, UL, BEASh TS T/
BRI 28 a 7 2 L_— h Z L AN RIS
BIEINAZEEBERLTVD, b L, #HAX
AU TN T BEPEAORL - B CREA 12 5] X fHT
ST, =27 EARN— OB BEHKEL T,
VRIS BN 72 D 2 L I3,
FIZERT= X 91z, RUARY ~—DRAIC
X o TEEITHEMERRL 7 23 E E(L STV
DL HHERT DI, Bk A2 7 =
VEECRELSE, ERIUARY v —IZEH A
TEDLIRFT LT, TOREREX5I1TRT,

25
L Opaque
7
s Applying
- Magnet
215 »
L]
2
o
=B R (CX(@X (PN
< : : S 233y
)2
0.5
0 _‘_‘_S_._ RNIPUNE, | (PRI, | | U | \——
0 510 #60 7180 #360 #720 1440

Time/ min
K59 T UBTRELCIE-HMES/ HF
DaATEILR—FHA

BB BN L DI, BAzEiTS THIE
KITE-T-FFETHoT-, ZHIL, 7=

TREN SN BMERL A D A 25 & A1
LNAN, a7 X— o HBELTLE
STWHEEBEZLND, Tbb, ZORKR
X, 27— MNERR Y ~v—&F gk
Wi OEMZR—ICTHZ LI T, &
ENWMRFFCE DLWV PREZIFTHH0
ThD,

T BEVERSRL T A B A S E a7 'R
— MEIIRZICBEEIEDL Z LN TE D,

X6/ / MAFHAZIIOSIL

K612 =)V ALK CRBEINT-I 2

a7 OBE O EZ R LTz, 27 ' —
MeRUEEBZR LT, ZOFEFaTEL
R— NOBECIIFIREF N THD EE X

5D,

W, a7 a_— s DOfEMET ki % 1R
BTHEA I TITONWTHREI LT, Ok
BAEX 7R,

Opaque
Transparent (After 24 h)

Adding MNPs Applying Magnet

) »

NegHzeCs NegHzsCs
NygHy,Ci-Coated MNPs

®7 HHUEMHFEREAETS21I0TD
mEt

ZOERTIX., BIIR) ~—E2RMISETE
E.EERZ FPREETCaTEALA— AR
IHD, FORBICKRY ~—Ea T L —
MElRE LTz, KL LN R HIZ, Ba
TS THIRKITER I 53, IRELT
WRNWZ ERHALMNTH D, Thbb, miE
MNEERIIBAETH720121F, TORALTE
R a7 v _— NEKEIT 5 LEN
BHDHEFN DO,

a7 R _— M, KIERFISIEE L
HHHSEEE L TWDIREETH D, OBk
MRBRETHDLZ EEFIHLTH R0 E
DB RIS D, AT, BEMERK
K+ Z R BEN S E5 Z LIk LT,
R AT D 2R, L0 BRIy Bk 5



N, WifFsnd, ZhETOar7eL— |
LERD AFEAEDORY v—NaT AN
— RMERIZEBM L TWAD Z & BRI T
HoNZESh TS, T72bb, JEEDOERIC
AR DOIRNT LIy BB ER TE B &5
bbb,

5. ERRERLE
(RFFEAREESE . WFZE 03 M ONHLEERF 2234 12
X TR

UdesEamsc) (BE 5 1F)

O FHWFER., NREESEME &5 OfEE & i
HEJ. SAEE &HH Y, 6% 209-303,
(2012)

@ HEKZE., EWER [A~— A 4~
TUVTNDIEH] TIhNNxz =71
VUL ARirr L, 476 % 31-36, (2012)

® Y. Kotsuchibashi, M. Ebara, N. Idota
R. Narain, T. Aoyagi “A ‘smart’
approach towards the formation of
multifunctional nano—assemblies by
simple mixing of block copolymers
having a common temperature sensitive
segment” Polymer Chemistry, 3,
1150-1157(2012). S > L/ NN
doi:10. 1039/C2PY00589A

@ Y. Kotsuchibashi, M. Ebara, K.
Yamamoto, T. Aoyagi “Tunable
stimuli-responsive self-assembly
system that forms and stabilizes
nanoparticles by simple mixing and
heating/cooling of selected block
copolymers” Polymer Chemistry, 2,
1362-1367 (2011). & & » v |
doi:10. 1039/C1PY00004G

® Y. Kotsuchibashi, M. Ebara, K.
Yamamoto, T. Aovagi “On-off switching
of dynamically controllable
self-assembly formation of
double-responsive block copolymers
with tunable LCSTs”  Journal of
Polymer Science Part A: Polymer
Chemistry, 48, 20, 4393-4399 (2010)
eV, doi:l0.1002/pola. 24226

(3R] Ghefh)

@ T.Aoyagi, “Design of smart materials
In response to indirect stimuli” .
International Symposium on
Stimuli-Responsive Materials (FA%Fafk
). 20124210 A 21 A~23 H, H ¥
¥ TAY A

@ T. Aoyagi, “Smart polymers design
for biomedical application”, E-MRS
Fall Meeting, 2012 409 H 17 A ~21

H, VL x U, R"—F K

® T. Aovagi, “Molecular design of
smart biomaterials for nano life” .
Trend in NanoTechnology (AfF:#iiE)
20124F09 H 10 H~14 H,~ KU » K,
ANA

@ ATE/EZE, WEHZE AR, HoIkE
R, BEGITHET HA~Y— haT L~
— hOAIR T | 55 22 [B] &y 17 VS
FlEme, 201141 A 12 H, B

® WEHZE, aiEEZ, (LA, Hok%E
R, BEGITHET H A~V — haT L~
— FOAIR 11, 2 22 [ &7 vt
Jeatimaes. 2011 4F 1 H 12 B, HO

® Takao Aoyagi, “Molecular Design for
Functional Thermo-Responsive
Polymers and Their Biomedical
Application”, International Symposium
on Stimuli-Responsive Materials, 2010
f£10 H 25—27 H (2010), I v ¥
E— TADAL

(Z D)
R Lr—
http://www. nims. go. jp/bme/group/smartbi
omaterials/

6. WFITHERE

(D) AFTEf s

HH PR (AOYAGI  TAKAO)
MSEATBOE N - M B JERsAE - [ERS -
)T —x%T 7 b= ARG - a—F 4
F—H—

WIEEE S 40277132

(2) WFgE s

R #72 (EBARA  MITSUHIRO)
MSIATEAE NWE - MEHIFSTRERE - EIRR T
)T —=x7 7 b= ARFFEHLS - MANA BF5E
e

WF7ed 25 1 10452393

(3) HEEMFIEE 7oL



