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This project was carried out in University of New South Wales, Australia to
further develop the project -* Synthesis of polymer particles having functionality-changeable
property and its colloidal structure” . Poly(methyl methacrylate) (PMMA) particles containing
reduced graphene oxide (rGO) were successfully prepared by miniemulsion polymerization of
rGO-dispersed methyl methacrylate (MMA) monomer utilizing the block copolymer as stabilizer to
disperse rGO in the monomer phase. The block copolymer was consisted of ionic liquid polymer, poly
(1-(2-methacryloyloxyethyl)-3-butylimidazolium bis(trifluoromethanesulfonyl)amide) (P[MbimH[TFSA])
and PMMA, the concept being that the MMA units impart solubility in the monomer droplets whereas the

ionic liquid units act as adsorption sites for rGO.



B X F—19—2

1. MBSO 5

07 TR 71, BRx 72 TSIV T
BT TEHE T OBEREMEA B & L TS 235 <
FESNTEY, L0HEMCEBE BTG
FIE VB L 2o TN D,

L A TA A RIRITZ DAY « RS
P EORHS AR L TR Y, BREEICE LU
WELTHEAENTWER, A4 OfeYE
2 &0 A A BN COL W72 Bk~ 72
MREZ 5T 2 ERbNTWD, 77,
Wik E LCTide<, ENICBWTA 4]
KEEGhl SBIA TR, U RIRD
A7 E OBERIEEEHT DUV THEE 4T
PITHOI TS, LNLERRD, A4 iR
Z R U7 MSREE RO TR Bt O A R BE T 5
REHI R R THIA LT TV RN
NEARTH - 72,

MR REL, ZNETED FERILFIC
HESWES v A BMEFE v 9 BE R GER
mErAsER L, FRmaAFIH L7 ERIERL L L
ThHTBNVR TS aT v VR 78 R
TR TR TR L AR L CTE e, 2O
BREtOF T, A A KT ) ~—FHWD Z
Licky, S uY A XATHEHSHAERY 44
HRIRRL - OERRICEKRBI L TR Y, Z Okl 1
X, BFEA AN X B Ao &
RHTE D, OF VR HHEEABLFRICLY
B TEHZ L HR LT,

ARFTE, [EEILRAFZEIEIE S OS5 & 7
2 FERR T AR 72 (B) THERE n] 25K 1~ Al
& EE O Tk A R O il CFRk 26
~28FEE)TH Y, A A LEIRE ) ~— DAY
—HEAICL VB LND R A A R BRL -,
EOWHRY ~—L OB b EMNL L, 44
URHAIZ LY, HREE AT~ RICE#T
DT EMHERDRL TR AT 5, S5
2, FORFOfEERIET S Z ik e
NTF 4T Tay 7Rite LT, KEMASL
I U781 7o ok RS AR B S & L C
AIEFEDA Y PF VIR FER & LTSI
HZEEHEBELTWS, ZOREXTICZEW
T, DL EARDKFEREIT XL D000 TR E
g ORI %2 2 FEOSHMEZER =TT
FIHIZ S O% X 2RI, 1 RoTERAE &
WCHOCMB LT D Z EE2HLMNI LTS,
BORBEIEIZ I S FEL T LE D 2 &3
BEINDBPFRERDH Y, HOD08LER|
BEEOT U ANELSTIERLS, VBT T
CANERICI VT RERIADLERH -
770 F7o, HEFETIIRY A F RIS D
KA AR I Y, EEREREE BB
HZLEHZAE LTWDEN, 44U RHETIX
AT DVRFFNEIZHIFR 2 & 2 7= OFEREAT NI
RESTHIREENTCETZ, FDOED, 4
TR T ) =R L OBFENE WD
LICEHL, 797z 7 EOEEMERE
WAHETHTFT ) H—Ro 2RI A I HRIEIC
AL SE D 2 ENEFREOR R 2 IE S
HRET L Ip o TN,

2. WO B

AW HPL, AGREORBEMN R EE S
B2, FEFEIZBWTHRFERELE 2o T
HHEIZHOWTC, A—R& b T U 7, University of
New South Wales (UNSW)® Zeterlund #i#%
Lot ET L LIk, A=A T
U T NRERE T D RAFT EA BT 2851
HZE, BIXOEBTRTETTI T2 ED
FEILIZOWTRBIEDZLEZANET D,
S 512, UNSW i, EEMxRy NU—27 T
» 5 “Universitas21” IZE L TEY, {HHD
—MKRTF L DORET, FESLAY v 7 DR,

BT RO AT > T D, AlElo
HFEBFFEDS, UNSW 721 oL FRIAFZEICRE £ 5
7, S DICMEMRT: & OEEEICEN S Z &
DRWCHIAEND, FTz, HHIEREEOE
BEAWRTET T <, FAOHE T K OEIIIIC
I F—72 FEMEL, HARZEAEIZ LN
WEEDT 4 AN v avid [EERER
B OY | ##Rk+sZLicky, HAD
EERMRED S o — L ERICH TS &
HLREXREHMTH B,

3. WFgED Ik

(1) KFREAMEEZAT D 2 FEEO L EA
EHTHYXARFORRIZBNT, ZnE
T, FET7VNVESTAR LS
LERE FHNTWED, 55+ BHA0OIEE,
BILOKA-~D 7 T 7 MEDSHERZIT b
TWAZENFRTH T, TD7=> RAFT
BEEICL D OBEEROS T REERN A D Z &
ZHIEL, RAFT EGHT2EG T %
HE & 4%, RAFT Kifi 24 L TR EBE
FEOB AT I 0 SURAEE O LA RS 72 [
fEHAREE 72 0, IS~ RN SN D,
(2) HEM:/ EHEEERT 5 21T O 72D A A
RS F ) =R LBFER D Z & ZFIH
95, RIAFT U EEEZRHAT L EI12XY
[ o [N Rl hats o =S el e A o o T )4
EIVTT T T 2 EERTOE R E BRETT
b5, HHNDRTIE, EHICHARY v—L&
DBEEIE, v X AR T Z2ER+ 5 2 &L T,
TR TSR 2 TR AR S B AUTE B IR — R TT
SHIRAE G (S L 7= A28 B AR L IR
MCEHZ ENWFFENS,

AT TI, £3 850 TR B IS8 BN
ONAEREEH T DT ) =R D—DTH D
B2y G0) ##EELESE 56
WNEITY, 777 = BRI EER N,
BESTFEO~ N v 7 RAZHBETHBESED
ZEIIRNEETH DA, TNETRY A AU
KEPRHFDFOT v v 7R ~—ZFRINA
ELTHERAT S EHE S THRICHIEFICE
KHMTEDLZEHRERELTHETND, &£
B2 RAFT EA/IC LY, A Aoy L
AR ~—#S5r2Eot-7ay 7R ~—%
ERLL, R TN HEAIE LT, rGOfFE T
WHRY ~—kiEREITH>Z &L, B
BRI OB R ERTTT 5,



4. WFZERRR
E15F L2 RAFT IR EAHANIC LY, A
IFVITARILE /) ~—Q-@2- A% 7V
ANFHFZFN)Z-TFIAIXSY T L
EA(FYZAF B AR ALK L)T I R
[Mbim][TFSA]) (Scheme 1) & A& 7 U Lfig
A FL(MMA) & D7 1y 7 AR % R
L7z, &ohiz7a v s R ~—37 W iziE
rua< 777 4—Kk07v k> NMR O
—JHEokNG, FOESEIIMMA 1=
k23165, ILx=v k X T00H57 0
v IR ~w—ThrLEEINZ, £/, &
el LT, DT v & LAILEAKRIZON
THIEKESICE VR U7, FRLIE
H1k%E MMA €/ ~—HICEf S &, 20k
rGO Zifs LB AT T A P —2HW\ T,
rGO 5T /) ~—ZER L7=, vGO 73#E /
~—kE ALK TH B Tween 80 KRN
Z, BEHERE A Y=L E /) ~—50
B2 ERL L, 60°C T 24 B ==~ /L
a VEARETS,

et

Structure of [Mbim][TFSA]

\ N ~s /CF3
//\\ //\\

Scheme 1

—7, rGO REPFRL 12OV TIL, ik
ﬁ%@f TECATRE/RRIL 7T 7 = L (GO) &

ST &7z Tween 80 HALAIKEEIZRZALY
F 7 A(LiBr) ZiAfR S &, 7n v 7 HEAK
IR LT A & 7 U VEE T F )L (nBMA) % Al
A CI=x< v a Bl EiToT-, hit%x
Peigtk, e R7 V2 H0WT GO OETE
90°C TG i T~ 7o, EARE LN~ /L
valrE 60°C THREESELHZ LT, GO
4 PnBMA 7 4 /L A ZfE8L L7~ (Scheme 2)

——
| 0
< ,@ Polymerization
© e S 11—
& c _‘% \
S =
S — PIL . copolymer (rGO stabilizer)

Polymer particle containing rGO

GOdroplets M droplet

Polymerization
and Reduction

X

PIL copolymer
(exchanged anion)

Monomer drnplels

in GO dispersiol Monomer droplet Polymer particle armored with rGO

Scheme 2  Synthesis processes of polymer
particles containing and armored with rGO
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Fig. 1 Visual appearances of rGO-dispersed MMA
containing PMMA-)-Poly([Mbim][TFSA]) prepared by
ultrasonication (a) and after bulk polymerization (b)
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Fig. 2 TEM photograph of obtained particles after
miniemulsion polymerization of MMA containing rGO (a)
and Number-based DLS distributions of diameter of
PMMA particles containing rGO prepared by
miniemulsion polymerization (black line) and after
acetone treatment (red line) (b)

F, BONTESR O rGO HHIZE D
Wtk EEFEHT 572, AT AERBIRE N
SIRFREE T, 7 4 L AMEEF 72 GO SH K
U A&7 VNVEET F N (PaBMAKL - % 4 %
9572912, RAFT A2 T, PnBMA-RY
AF RO T vy 7R ~—%ERL L CA
DO FETHEER T OERKREIT - 2455,
PMMA ki % &[RRI ny 7R ~—%
FAW=2RI2BWT rGO & PnBMA oS kL
TOERITREI LTz, &I THLNTEEHR
FE AT, rGO A PunBMA 7 4 VA%
TERL L7, ERLL7=7 4 L 0T, BloiRV R
BR OB ERE R D PnBMA B~ ¢ L A2
B2 GO & PnBMA #7 L v F&HE7=
PnBMA 7 4 VA 5D Eb\%ififﬁ%zﬂ‘ L7,
ZOZ L, rGO AR TICH A S
7= L &L i%#éﬁ%f&)oto LUl
72135, rGO#A PnBMA 7 1 )L AZOWT,
@%%&%%wt%ﬁh%fﬂm%ﬁotk

A, BRIREMNZ RS o T, T,
@%%ht@Ah%@wGOaﬁ4@0hm%
LIRS, BT Loz Bicky, R
@%%NX®%ﬁK£%@@ok$ﬁﬁﬁf
bHbHEZEZ BN,

ZZT, VEO GO IZBW\WThH, LR
L7 4V ANT rGO 1T X HEBE AR ETE
5728, BN ClE e < RillZ rGO %
#HE L7z rGO #%7E PnBMA ki D{ERLZ
7= (Scheme 2 TX), 728, 7rv 7K
~—ZMHHT AR, Il g L EAR
\ZBWTC, KEHAHIZ LiBr 2%, £/ ~—
MRS E =7 1 v 7 ILEARO PIL #5y
DT =F v ZBKMED Br 12A5 T+ 5 Z LT,
7wy 7 EGEEFREICRE T 22 L
IR Lo, OB THEASIZ GO %7k
SHEEZITV, R FREIC GO@%%éh
72 PnBMA K. T2 FRIL 7%, b=~
Nasle RIVUEINZ, GO DIRTTE
179 2 & T rGO #FE &7 TR T DB D
BitaiTolc, S=x~ v a VHEHAER,
b=~y g rrmbpBiLi-L 25,

Tuy R —FERTIE, EEABITE
WEBB LIRS T2O% LT, RIER T,

EEAHD GO ICHRT HEBAIZRY, T
v 7RV~ — RIS TIHEHENRINRL 7 I
LTWeWZ E&Z/RLTZ, SbidfgEbhizx
< /NvariEb RIVUEHAWT 90°C TiE

Frequency (%)

TEITO &, Tuy 7 HEARENZTICHE
WLU-FRTIE, ﬁ%ntﬁmﬂx% hREL
Tw5® X LUTC, MR TITR T EEE
L, DEEEZER LT\, ZOfEL 7 m
v 7R = —1FEH Tt rGO 7 PnBMA Hi
TFICHEL TRy, BWEIC X AR TR0

BEEZHNTWD Z R sz, (Fig.
3a,b), EETE THMEIBIERICL-TYH, &

DI LEMHER LIz, S5, okl
%ﬁ%bk74wbﬁ,7uy7ﬁU7—%
MR 72> TR TIE, BEOTOE—2T ¢
VARG LN TEHEMEZ RIS RN 2D
LT, FIERTIE, BW—7 7 4 Va5 5N,

105 S/em D EXUsENE%E 7R L7=(Fig. 3c, d),

(a) Without block copolymer (b) With block copolymer

Fig. 3 \Visual appearances of polymer latexes
armored with rGO after still standing for 3 h (a), (b)
and the emulsion films (c), (d) without (a), (c) and with
(b), (d) the block copolymer

AREEEILESZE T, Bt oILFEHFFEE T T
72 <, SZABIFEHEB O Zetterlund % &, I
LY N RN ILFRAE AL D 7‘
(B 7 7 = > Z3iHl & LT plisE nl e
BERLTOERK), fwCHEEE TITW (%E‘?i
1), BUE S LFEMEZ ke L T D, £z,
HWERICSM LA —Z 7 U 7 OENES
T ®» % 36%h Australasian Polymer
Symposium (23T, Keynote {4
(http://www.36aps.org.auw/keynote/) & L THg
HEINDRE, ZOMERRIZA—ATFTY
TIZBWTHER Sz, 51T, Z D
NEoMFERD, UNSW 7215 T, &
F‘:—Fki, HAZ =T RFPICHFES N, Bl
T, 7S T <, LEBFZEO rTREME
LOI/\T% BT HRE, (TTICFA~Y=T
KFEL ORI ELBD TN D) FHERILFEF
TA~DOIEE R LT D, £72, ARLFEF
TIZBWT, ELHREBRRTREAEEZ 3 7 H
(2017.1.31~2017.4.30) UNSW [ZJRiE 4
ELUTHRESY, Hiloemm T —~ %%
FT 2720 T, FAOEBLINEEL W)
EWRTHAUREO Sl R a2 G b &
EZTNWD



5. TARRBEHILE
(BFFE 21 T

CMEREamsC) - (Gt 2 1)

1) Yasemin Fadil, S. H. Che Man, Florent Jasinski,

Hideto Minami, Stuart C. Thickett, Per B.
Zetterlund, = Formation = of = homogeneous
nanocomposite films at ambient temperature via
miniemulsion polymerization using graphene
oxide as surfactant, J. Polym. Sci., A: Polym.
Chem., 55, 2289-2297 (2017)

DOI: 10.1002/pola.28613

2 ) Sri Agustina, Masayoshi Tokuda, Hideto
Minami, Cyrille Boyer, Per B. Zetterlund,
Synthesis of polymeric nano-objects of various
morphologies based on block copolymer self-
assembly using microporous membranes, React.
Chem. Eng., 2,451-457 (2017)

DOI: 10.1039/C7RE00032D

(gER) G
1) Hideto Minami, Preparation of polymeric
particles containing reduced graphene oxide by
miniemulsion polymerization, 36th Australasian
Polymer Symposium, 2016 4= 11 H 22 H, Lone
(A—=AFZVU7)
2 ) Hideto Minami, Preparation of functional
polymer colloid, Key Centre for Polymers &
Colloid Seminar, 2016 4% 12 A 5 H, Sydney (4
—Zr7U7)
3 ) Hideto Minami, Preparation of Functional
Polymer Particles , Chemistry Seminar of
University of Tasmania, 2017 4 2 H 6 H,
Tasmania (A —A K7 U 7)

4 ) Mitsuyoshi Yamane, Masayoshi Tokuda, Stuart
C. Thickett, Per B. Zetterlund, Hideto Minami,
Synthesis of polymer nanoparticles containing
reduced graphene oxide utilizing poly(ionic liquid)
as stabilizer, The International Polymer Colloids
Group Conference 2017, 2017 % 6 H 27 H,
Arantzazu (ASA V)

5) AR =pBF, {8H =EJ5, Stuart C. Thickett,
Per B. Zetterlund, F§ H A, A A4 KKK Y ~
BoEAIE L THWEE TR T T
VER R TR T OERK, Fe8mlau A K
BLOR LSS RS, 201749 H 7 H,
FRY (FeR)
6) AR =%, {8H =EJ5, Stuart C. Thickett,
Per B. Zetterlund, F HBAN, A A RIERY) <
DAL LTI b S T 7 = VA
ﬁ%ﬁm“%ﬁﬁ%@Aﬁ R RIS 90
JEAERL A, 20174210 A 18 H, Lt
(HULAR)

7 ) Hideto Minami, Colloidal structure using
hydrogen bonding interaction between colloidal
stabilizer, The First Materials Research Society of
Thailand International Conference, 2017 ££ 11 H
2 H, ChiangMai (1)

8) Hideto Minami, Formation of colloidal chain

using hydrogen-bonding interaction , Energy
Materials Nanotechnology Meeting, 2017 4= 12
A 4 H, Orlando (72U 7)

9 ) Hideto Minami, Masayoshi Tokuda,
Mitsuyoshi Yamane, Stuart C. Thickett, Per B.
Zetterlund, Preparation of polymer particles
containing reduced graphene oxide stabilized by
poly(ionic liquid), The 6th Asian Symposium on
Emulsion  Polymerization and  Functional
Polymeric Microspheres (ASEPFPM2018), 2018
F3IH8H, "YU E—L (EHE)

6. MWFFTkLR
(OWIFZEfERE

M A (MINAMI, Hideto)
R « REFEBE TR 908 -
P HEEE : 20283872

T2

(QBFFE S8
(7= DEM DT
Per B. Zetterlund
University of New South Wales, Professor
WHFEE %5+ 20322365

% S [FIFTE )

(Z O ORFIER J135)

$5AR BfLT (SUZUKI, Toyoko)
R - REFEBE TAHF9ER - Bh#k
WFgeE &5 : 40314504



