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WFZERE R OMEEE (Z£30) : We succeeded in preparing various non—-spherical polymer particles
by emulsion and seeded polymerization. Among these particles, “mushroom” —like polymer
particles were prepared by seeded Atom Transfer Radical Polymerizaion (ATRP) of
2-(dimethylamino) ethyl methacrylate (DM) in the presence of hemispherical ( “Janus” )
poly (methyl methacrylate) (PMMA)/poly[styrene—2-(2-bromoisobutyryloxy)ethyl
methacrylate] [P(S-BIEM)] composite particles in an aqueous dispersed system. The
obtained composite particles had a Janus morphology: PDM layer only on the surface of
P (S-BIEM) phase. We also demonstrated that PMMA/P (S-BIEM)—g—PDM Janus particles exhibit
dual responsiveness to pH and temperature.

AT ERE
(GFEHANL - M)
[EREE S EE S & &t

2009 4E i 20, 200, 000 6, 060, 000 26, 260, 000
2010 4 8, 300, 000 2, 490, 000 10, 790, 000
2011 4F 8, 600, 000 2, 580, 000 11, 180, 000

2012 4EJE

AR
Wk 37, 100, 000 11, 130, 000 48, 230, 000

WFgesr s (ke

RO SR - B« PRHES:, 50T - BkHEb R
X—T— K BATHEAR, 3 RA K, BT

1. WHEBAR S MO 5
MHIEREHIL 3 2ERNICHIFT L A L

WFETFZE A B B A o 72 o — REALEA

(LD 2HIHD &S F 0 b2 2 HERLA D



ARGBEE BT, AR o BIRL 0
AR A L, REED OB 6%
OREENER/NTHDEERIZ/D Z LR
BETHDLZ LD, RKEEXEZ LTI
b, ZRLk, 48 F THx 0RE
REARFOERITERE L2, F b4
TH, N—2ARV ~—DH T ZAEBIEELL -
DTS 5 L BEERIL LT, oF D, *
DO EIBERIL, EERF O BAREERIE DR
TTREN e IRl - Z N A A G B A A 1=
T2 <, BIIFMNICRLEEIIRIE TR &
Ni-, BE3nE, Hni-v— FEARICE
WTC, RUv—FRDGTHLT /) ~I 71
YA XN DOBREE (1] 2 13R5
RY ~—oftE7e &) ZHEd g, #20%
AN 725 FC “bD-3< 07 HA[HE
ThY, xR FOARICKIIL,
72, 2B OREEDOERIIE AR N T
TR S 2 BARRE S & R B a3 2
EEBLMMITILTE,

ZO XS REEE S FRFIZERMCEB WY
THMICEE T, BERRRLHI2IER o7
W =— 7 RERRER AN STV d, K
W7D B « B BRSSOk BHZ B 5
MRIIAREE SN LM A =T THY, Zh
HOEY IO W TIZE NSO 7 L —
TOBHEETFL TR, AFRAREITZ
NWET, &5kl ARIZ 2\ T 350 iz
B2 DR ERIE L C& T, T ORMMI,
TUPAC 4y 22 3 [, & 62 HRAY
WCHE D DIERE L Mish Tnd I — R
VIR RICHEE A 5 T 3 L R
LTSNS Y, Tk CICEBESH
(ZEF 31 HEoMEfEE AEEAE L) O
MEnNEz b2 LIRS X9 ICHE
AT < Bl S v T b,

ZD XD Iem TR A Bl ORI Y,
TRVELRIZ & & F 59, ] 23 Ess N ER
L—F—3Rg & L CRIL 2, ./ £
— MVZERNZ IS T D @I « @ L 72 e il
HFito7e—7L L TCitkDEEa— ML
T A NRN=Ta—=TIThbdMEE L
TRERB LT T2 7 no—03REIC
HEkT 5 LS5, Fmdnmn 0oy
HEREYE I 5 2 DB >\ TORF%EE, =2
1 0OFEIZB W TEAIITONTE 0, Wi
NL7 4V bRO~= 7 2R BICBITAHD
ERZBIZLTEY, KEKRIZET DR 7H O
NS T D F ) LU D FRE RS A
WZOWTIEHT LWk ©H 5,

2. WO HBY

ARRGEIE, BB ERCT U N —2 X
T LA R TS oA T Y
= MBS L CTRABSEIZIAE D DD
o D @ ki1 O EiiRe b, REARBIED

eNra B THLOTHD, TihvE THFZEFER
F ORI TiEEL, V—FRLTZ
7o BT B R 1O 0RE 22 PN A R 7 o Al Y
EERRICHELT 22 L 2AMET D, &
D252 b 2 BB 1 B B RE M AORE - B4 )
DISH~OH R 28R 5, AR TIE,
T4 AR, FBRELHEIR, IR, AFRRR,
ST R—IVAR, Rk, HEERE, B OER
EETDHH S vNAL A ESWR T —T
TH U TAHK L TE = BIRL 7O
AR e S HIICIA ST L, ARFA
R S RE 5B 00 T IORE - D B BB 2 IR R 1Y
\ZHENI T 5 & & BT, FIo DS OJERE
\CHRT DM EHFEZB ST 5, 2
DR %8 U TR O i TESBICBIT
LT 7RSO R AR T 5,

3. WD Ik

(1) ¥— FRFOERENB IR — N
WA O SR RAEE 72 BRI RE K OV
RGO E L 52 5 2 LIZBRICEMRICIE
oML TWER, v— AL - piES
DRGNS 2 58 % ERNICIHET 5
VBN HD, TDT-DIZIIHBEESM (2
J~—/RU~—tt, BE, BRMAAIEE, I
PR, R ) FCOEAZEE A FEMIC
BT 2 0ERHY, EEFORAELREE
in situ CHFGEANIHIE « I PTRE 22 St 2
BT LV 2O AR LT,

(2) v— FogBEEGEHNTCILVTHR—L
WO AR 72 E O BEERIR D B BT %
FERENTE AL ST < A DKL O E R
BESDTEIAOENTR ENT L UL TR
BRI IBNT 5, £72, EAOH O BERE
EERFRBD KA A U5, K&EX, bW
TOHAMREDO BB EZA SN L, FimE
(LRI BLAS D B ARG &2 f i L=,

(3) KRIZBT DA/ VT T HN
HAEBRPRFEORICHEIGSESZ %A
BLL, FTEEMILINTWRWVWKRTD
BHEHEE/ ) o 7T NES O A
HAEEAEDIZI=v /L g VES, b
EAENORESEMEORT, KOENHESZ
O & LT,

(4) KRIZBTDH/ V7T H0
HOE— NEMEICRESE, EFICHT
BNGMOY v —T 7T ay 7R v—0
T NRY =575 & kL1 % H
BERLL, BSOS kRS 12 5 2
HEBEPRTT S Z L2k, BIBRF DA
BYEDRENL 2 B LT,

(5) HFHEESENME IR LTV D IR
BEERH LT, BERTNEEL 7 4+ a Y
o4 OFZ R LTe, DS, RiFFim o5t
I AR T & Bk & Ze FmEiE A 2 s 2k
WL W ELESE, ZOEALT Y 4 L O
B2 S2BRI), BRERIIBLE DRRET L7,



(6) LRCIABEARTEE T b 7o NE AR S BiE
BERLT LKRICEBT DM/ Ve 7Ty
ANEEEFHATLZ LICED, AT
HE 2 L2 RIRL T, 3 L0 X AMKkL
FOERRE R LT,

4. BFgEEk R

PRI EBELEC U A e U — 2 &
DRIZBNT, BEERIRKRLT & 135872 DK H
SEOWNEE BT D Z ERM B R, (B
MEGER /2 L UM EN S I
N7 R— VIR BRI EICE S E Y T,
BkMEE ) ~—THD p-AF LV ALK
VW R U T A (NaSS) &=L EA L7 S-NaSS
EHEAMPESNaSS) ] &> = /VBIZHT D
PS/P(S-NaSS) =7 v = LR & v — K& L
THY, RTHUHFHETTnBMA O — R4
WMEAZITY, — NRi Rl OBIKMERE,
1B Ot ki 0 BRIBALICE 2
BB OWTHET L7z, SNaSS B & &4
2oy — FRitZ2 AWz & 24, DED NaSS
FHELSTH LT, T R=IVRKAN
B HNT=7Y, NaSS BN E - THak D3k
AL, A X /hEL oz, T,
2— RRIF-OBKMEDBIN LN, v— R
IR THKMETH D Pn-BMA R A A 0
L ORNANC ANV ARG Z R T 5729
THDHI PRI, v— FRiEH%ES
TBRY~—DBIK « BOKIED /T > R D3KE
T ORI 2 DBIZONTH LN
Totle, £, v— NRIF-FREMKR Y ~—
DO FEICEY, RifILED Pn-BMA R A A
YOEEVT 4 BPENT DB, ENLOE
— B AE B2 52 E RN LIRS T,

7, B/ ) ST HVEED—D
T D ATRP & Wiz — REAE (sceded
ATRP) L W {ERIX I D, A OLERE THER&
DR DIENH (T XR) RTFBIY, Zh
EZHAWTER IS IMIEE M~ v v 2L
— LR BT DG RRIZ OV T HRE LT,
I BIFERDIES FHALA L S H A%
WPZERE L TRERISHAPRES NS,

ATRP OEABABIE(CL B A2FT 5700
AFILAF L (CMS) & AKX 7 U LVERAF L
(MMA) D HFEA A [P (MA-CMS) ] e VR Y A F

Ly —
A 1 um

[X. #% 72 S-NaSS kb ((a) 100-0; (b) 98-2; (c)
90-10) ® ¥ — NRi % AWV TER L 72

PS/P (S-NaSS) /Pn-BMA # &1~ SEM B H. 35 L O i
BRI & D Wi o> TEM 535

Ly P »H KB, X AR
POMMA-CMS) /PS v/ o Af = = —H —3/ —
RRET- 2 IRBIFRREIC L D fERLL, > — Rk
FHEFTTCOAFAT I ) FANAEZTY
L— |k (DM) @ seeded ATRP #1795 Z & T, A
DO PAF VT I ) F)LRAHAT
UL— kP EZET DY X AR DAL
WZEEh U7, PDM 13 34°CATUTIE T BRG Siasik
BEQCSH ZAL, &5I27 2/ EICERT
% pH IEMELH LTV D (pKa =6.8), 55
TR0 POM AR S, JREEIZIE U TR MRS
BrgEZox L=, LasL, DM OEAHENIE
WA BN TR o7z, EAEHEE ZH
EEEAEZDIZ, NS IV, XoiEED
BEWAX 7V ILFRHAD Br A FTLH T 0E
A TFIaxTFLAZT Y L— ]
(BIEM) & = & 2 A, EAEEITRERIZ
ER U=, BT X AR ORISETE
EEoh oy g AMAERIZ LD R
L&A, LCST LR, pH % PDM @ pKa
FOET AT IVMANCHAELEZRIZBWTO
I, Ewvh o rmelia VRERIN,
REF- DRI Z DWW T bR ST,

(@) O b o nd

[X. PMMA/P (S-BIEM) ki FBAMES (a), SEM B (b)
BIOEHEY I L 28w O TEM BE (c) & Zi bkt
FETFTCDIMD L — RATRP IZ L V& 57 X ARk

B ASARFE 138 72 B R 16 i O R REME
Z BN LT KR BGR TOD CLRP (IZDWT
DOIBHRHT 2 S 5D 5 L 2R
HBARY £ LHDH7-DIC, BB L O
FESRBLE N EL 7+ Y 4 DY M
o5 2B L, TOR, HES
U—P—BAMEE A G AL, BoNv X AR
RYAFLPS)/ARY AKX T UILVEEATF IV
(PMMA) &R T O NI & 2 B H2Mc LT
B, HOEEL- PMMA FHANERRE DS DI
PDM AR L TWAZ &AL LT, F
7=, TOMOEEREE B LS T2 Licky
K BIROHIE b AEThH 72, B, Z
DOIBFRIZIBNT, FREDORELIZ L0 X A4k
KL YERICEI S N D L ) FEF I Bk
EWES A B L, #iz e BB e ik
BIBLE ORI & A SEZ I 5 Iz LT,



B VYXAKMFORFEMBESE - HAEMBEEE
(RUABOYIBECAFILT I/ IFILERLSIANIL)
PLEDORERIZ, 16 MO sIc B S
TEY, 24O OB REZIT>TND, 6
W2 EREAFSRIC B W T 3O HBFRREZ =T 5
8, BRIBEREFTH LN T,

5. ERFRWILE
(BFZE AR, DRI LA DS RTE1
AT

(ERERmSC) (Gl 16 )
(DN. Matsusaka, T.Suzuki, M.Okubo, Effect
of partitioning of monomer and emulsifier
in aqueous media on particle formation in
emulsion homopolymerization of
hydrophobic and hydrophilic monomers with
a nonionic emulsifier, Polymer Journal, 45,
153-159 (2013), 10.1038/pj.2012. 109,
M D

@T. Yamagami, T. Tanaka, T. Suzuki and M.
Okubo, Preparation of Hemispherical
Polymer Particles via Phase Separation
Induced by Microsuspension Polymerization,
Colloid Polym. Sci., 291, 71-76 (2013),
DOI: 10.1007/s00396-012-2625-y & d ¥

@bl sk, KRALR By, KEARRE—
RIZBT B, BT U hIVERIC
X B05F B O ER AT LD
), HAREEREE, 48, 248-261 (2012)
HHHY

(@N. Yamashita, N. Konishi, M. Okubo,
Preparation of Hemispherical Polymer
Particles by Cleavage of a Janus
Polymethyl Methacrylate/Polystyrene
Composite Particle, Langmuir, 28 (35)
12886-12892 (2012),

DOI: 10.1021/1a302442t, &HH Y

®T. Tanaka, T. Yamagami, T. Nogami, H.
Minami, M. Okubo, Preparation of
Hemispherical Polystyrene Particles
Utilizing the Solvent Evaporation Method
in Aqueous Dispersed Systems, Polymer
Journal, 44, 1112-1116 (2012),

DOT: 10.1038/pj.2012. 71, F#iH Y

BN. Matsusaka, T. Suzuki, M. Okubo,
Effects of stirring prior to starting
emulsion polymerization of styrene with
nonionic emulsifier on particle formation
and its incorporation, Colloid Polym. Sci.,
290, 561-567 (2012),
DOI:10.1007/s00396-012-2593-2, #AFcd ¥

(DT. Tanaka, M. Okayama, H. Minami, M.

Okubo, Dual stimuli-responsive
“mushroom—1like” Janus polymer particles

as particulate surfactants, Langmuir, 26,
11732-11736 (2010),

DOI: 10.1021/1a101237c & HY)

®Y. Kitayama, Y. Kagawa, H. Minami, M.
Okubo, Preparation of micrometer—sized
onionlike multilayered block copolymer
particles by two—step AGET ATRP in aqueous
dispersed systems: effect of second step
polymerization temperature, Langmuir, 26,
7209-7034 (2010), DOI: 10.1021/1a904296h
b

@T. Tanaka, M. Okayama, Y. Kitayama, Y.
Kagawa, M. Okubo, Preparation of
“mushroom—1like” Janus particles by
site—selective surface—initiated atom
transfer radical polymerization in
aqueous dispersed systems, Langmuir, 26,
7843-7847 (2010), DOI: 10.1021/1a904701r
THbd)

@T. Fujibayashi, T. Tanaka, H. Minami, M.
Okubo, Thermodynamic and kinetic
considerations on the morphological
stability of “hamburger—like” composite
polymer particles prepared by seeded
dispersion polymerization, Colloid Polym.
Sci., 288, 879-886 (2010), DOI:

10. 1007/s00396-010-2211-0 &£ #H H")

@DT. Tanaka, Y. Komatsu, T. Fujibayashi,
H. Minami, M. Okubo, A novel approach for
preparation of dimple and hemispherical
polystyrene particles, Langmuir, 36,
3848-3853 (2010), DOI: 10.1021/12903309t
b

@H. Li, T. Suzuki, M. Okubo, Formation of
nonspherical particles with uneven

surface in emulsion copolymerization of
styrene and methacrylic acid with nonionic
emulsifier, Macromol. Symp., 288, 33-40
(2010), DOI: 10.1002/masy. 201050205 % 3t




')

@3T. Tanaka, M. Okayama, M. Okubo, Effect
of polymer end group on the morphology of
polystyrene/poly (methyl methacrylate) %
% &) composite particles prepared by the
solvent evaporation method, Macromol.
Symp., 288, 55-66 (2010),

DOI: 10.1002/masy. 201050208 & H")

@N. Konishi, T. Fujibayashi, T. Tanaka,
H. Minami, M. Okubo, Effects of properties
of the surface layer of seed particles on
the formation of golf ball-like polymer
particles by seeded dispersion
polymerization, Polymer Journal, 42,
66-71 (2010), DOI: 10.1038/pj.2009. 313 %&
Ebay)

@T. Tanaka, N. Saito, M. Okubo, Control
of layer thickness of onion—like
multilayered composite particles prepared
by the solvent evaporation method
Macromolecules, 42, 7423-7429 (2009),
DOI:http://pubs. acs. org/doi/abs/10. 1021
/ma901100n &3 bHY)

@Y. Kitayama, M. Yorizane, Y. Kagawa, H.
Minami, P. B. Zetterlund, M. Okubo,
Preparation of onion—like multilayered
particles comprising mainly

poly (iso-butyl methacrylate)
-block-polystyrene by two—step AGET ATRP,
Polymer, 50, 3182-3187
(2009)DOI:http://dx. doi. org/10. 1016/j. p
olymer. 2009. 04. 055 £ 5

(%K) (G4

ORI B, Bk okl — 2%
B —, e rFaR)~v—Tur7 47
21, 2012/10/8, H L KEpi=fE

Qb 7%, #A BT, KA B/,
FALHIE A & o Tk 7 & 7o th 22k 7
DR, 5 61 m&my T HFRFRKE,
2012/5/29, /337 ¢ Al

@M. Okubo, Synthesis of “mushroom-like”
polymer particles by seeded atom transfer
radical polymerization with ”Janus”
polymer particles and its application to
particulate surfactant for Pickering
emulsion, the 4th Asian Symposium on
Emulsion Polymerization and Functional
Polymeric Microspheres (ASEPFPM2011),
2011/12/12, FHWHETRY:, &

O &%, oA BT, KALR B,
J =2 MRS TR A O e R 0 B 7
5%/ ~v—DHAEGICB T A IRLHE D
R 60 [Hlm Ay T nTEmas, 2011/9/29,

RIS B v

Ok E, md R, gk BT, m
FN, KA BOG, “KTBERIZET iR
WO HEBRAATIAE/ Y B2 7T AN ERIC K
5%/ RBIFOEE, 5 60 Al 53752
Afama, 2011/9/28, ML HEF ¥
INA

®F L R, mA B, dbih ek, 1k AR
B, RALR BOF, KOBCRIZKIT 514/ Y
BTN EREER WD RIEE S T
RFOER, & 60 [HE4SFFEHHE,
2011/9/29, RILKRZ HEEF ¥/ &

@R BT, & #B7, EFHA, KAL
B, BAEAERT IR V=P
VHRZE S TR OB, 2R 60 By
FRFRR, 2011/9/28, WILKYE HERF
¥ N A

®EH - A, Kk BT, B, FA, K
DR BOS, RIBET U NVEAIEICLD
RNT T 4 WNEH FRIVKRLTOARK, F 49
] H ARBEE PR KRS, 2011/6/18, &H
T¥K

ORI BT fh, KEAERE—EHAIZB T
L COMy G R L BB RS
TR O/ERL, 16 RlES FI/BA 7 o
TEERSS, 2010, 11. 11, @FKRF

@OM. Okubo, A novel synthesis of
multihollow polymer particles by emulsion
polymerization by utilizing incorporation
of nonionic emulsifier , 43rd IUPAC World
Polymer Congress (MACR02010), 2010.07. 14,
A ¥ U A, Glasgow

ORI BT M, KR T O BB 64
/U BT I NNERICLDERENLT
F Y 4 EHTDEy TR DA, 5 48
o] B ARBEE A ER RS, 2010.06. 24, BAW
K100 JAAFERE R

@RI BOF fth, "FEFIR ORRIEE LA



T D RZEE kL - DR, 5 59 [BIE Sy
TR KRS, 2010.05.26, 2327 ¢ g
i

@3T. Tanaka, T. Tendo, M. Okubo, Effect of
polymer polarity on the thermodynamic
equilibrium morphology of solvent—swollen
composite polymer particles, The 1st FAPS
Polymer Congress, 2009.10.29, % & =ER
AnTEE

I i

@N. Konishi, T. Tanaka, T. Fujibayashi,
M. Okubo, Effect of Hydrophilic Surface
Layer Thickness of Seed Particles on the
Formation of Golf Ball-like Polymer
Particles by Seeded Dispersion
Polymerization, The 1st FAPS Polymer
Congress, 2009.10.29, 4 REESES

@Y. Kitayama, Y. Kagawa, H. Minami, M.
Okubo, Morphology of Block Copolymer
Particles Synthesized by Two—step AGET
ATRP in Aqueous Dispersed Systems: Effect
of Polymerization Temperature, 3rd Asian
Symposium on Emulsion Polymerization and
Functional Polymeric Microspheres,

2009. 09. 21, ¥E[E FINE

@®T. Tanaka, T. Nogami, M. Okubo,
Preparation of Hemispherical Polymer
Particles by the Solvent Evaporation
Method, International Polymer Colloids
Group 2009 Conference, 2009.07.05, A #
Uy, vl

QWP K, KigE #H, KA B, 826
155y okl 1 o BARKE 1 va~ﬁﬁﬁ
KIFT 2, 5§ 58 &S FHRFRKRE
2009. 05. 27, *$fqll‘rzzﬂ%4ﬁ

(®T. Tanaka, M. Okayama, M. Okubo, Effect
of polymer end group on the morphology of
polystyrene/poly (methyl methacrylate)
composite particles, The 2nd
international symposium on advanced
particles (ISAP2009), 2009.04.29, BEIL3%
YN

Z M 61

(XEF) GF1)

ORARBOGH, HAStETX - T — - =
A, FYUANEENY RT 7, 2010, 25 %
— VR

(PEZETY PEHE)

OHRREL GE2 1)

DA - s 7 L OFoRYEHE
HE - RAR BUS, 89K B, M HA
FERIZE P R

FHYE : HFeF

F5 5 2009-33079

HFEESEH A : 2009/11/20

ENS DR - [EN

@4 TR« R D B 7 1k
HE KA BUF, B FA A BT
MRS« AP K

FHYE : HFeF

F5 : H5E 2010-33008

HEESEH B : 2010/02/17

EINF DR - [EN

PRI GE 1)

O« 2@ TR &k O OfbEE
T KA BOS, M BA
HERIZE « Fh P K27

FEEE « RreF

e FFRTER 4448930

A4 H B : 2010/02/05

ENA DR -

6. WFFEHRK
(D) WFFe A
KOASFEE (OKUBO MASAYOSHI)
ME RS KPR LEAER 4 580%
&35« 30031131

(2) BFZe sy ins

Or  H A (MINAMI HIDETO)

PR « RFBE TR ER - WS
WFgeE 25 : 20283872

@A BT (SUZUKI TOYOKO)
RS « KRBT TR - BhF
WFFeE 25 + 40314504



