B RFFEEFN L

BB SPIER L Fa X VEhiF o
B CHERRM LI BT A RS

FEANEREE « 7 7 A N—TLFEHEK
2016 4 3 A

YA ET]



H¥ Page 2

=P/

G
1.0.  WFFEH

L1 o

L.1.1. & KuZ ki1 ok B AEH
1.1.2. ACHMbOEE

1.2. ZECHK

F—E E FOTLBRBFSRARDIIRBE

E—Hf

2.0. Poly(N-isopropylacrylamide) 5" LI F SR D ERIRE

2.1. #HE

22, FEBH

23, MR EEE

23.1. 37 v A X Poly(N-isopropylacrylamide) 7 Lok DAk & FEAT

2.3.2. 2 7 1 YA X Poly(N-isopropylacrylamide) 7 /L A0hE 45 B oD iz gt i

23.3. X 7 v YA X Poly(N-isopropylacrylamide) 7 /WA80hE -3 iR O iz /g R o B AR B122

234, 7R —UZEBT HHEEF O Poly(N-isopropylacrylamide) 7 /LU - 0 258

23.5. TOBRRIF-IRIE 228 L S 72 & & D Poly(N-isopropylacrylamide) 7 /W icki - D & /K i i ©
YN

2.4, fEim

25. BB

|-

2.6. Poly(N-isopropylacrylamide)7 /LS4 ¥ D EER B2 DA [+ 1-RHA

2.7, FEBRIH

28, L BE

2.8.1.  RUKSHEA~OWAERBFRIZI5 1T D Poly(N-isopropylacrylamide) 7 /LKL - D L 0> 528

2.82. XUKFHEI~OWAERFRIZ I3 1T 2 Wi N O XA DA B

2.83. KUKFE~OWEBRIZEIT D Poly(N-isopropylacrylamide) 7 /LR - 0D 2845 FE 12 £ 5 W
FE P DR

2.8.4.  EUKSHEI~DOWLFE 2 HE 72 Poly(N-isopropylacrylamide))& 0 J& A2 -5 C

2.8.5. (HOMBBN G ICER L2727 VLT 2 RiBEAR S VR 0 &K i W 25 24 8h

2.8.6. FIVHRL - ORZE - IUHRIREBIZHE 5 KUK 26 E)

RBRBREZTER Lice Fu kv o B EMEBEIZBE§ 24058



H¥ Page 3

29. fiim
2.10. & ik

FoE [KREICEBTEWFF LT F Q7 VM FORE

E—H

3.0. hFF LT =F D Poly(N-isopropylacrylamide) 7 LESHI F DB E
3.1 =

32, EBUH

33. fERELEE

33.1. BFF LWL T =F LMD Poly(N-isopropylacrylamide) 7 /LR - DA R & #EAh

332. HFF WL T =F L PED Poly(N-isopropylacrylamide) 7 /LKL - DI I ZME

333, BT A UNEE T =AU ED Poly(N-isopropylacrylamide) 7 /USRI~ D 73 - EEEEIRAE
33.4. BF AL T =4 D Poly(N-isopropylacrylamide) 7 VKL T-1R & # D43 B - EEE IR AE
335, BRI LIREHROHEL - BEERIRIBOD A A LR &R O BIR

3.3.6. AyH - BEEIRIEICHIT DA F A LML T = A AR VR TR A TR ORI

33.7. WFAUMEE T =4 LMD Poly(N-isopropylacrylamide) 7 /VASchi 17> B 72 5 BEEEIR D FE45

i€
3.4.  ffm
3.5. ZHEIE
EZH
4.0. [UKREICETEZHFAMET AT ILBHEFOECEMREIL
41. =2
42. FEEBRIH

43. FEREEL

43.1. HF AL T =3 LMD Poly(N-isopropylmethacrylamide) 7 /Vihi D A Rk & G4l

432. hF AL T =4 LMD Poly(N-isopropylmethacrylamide) 7 /LKL 1~ 0D HLAy ik

433. HF AL T =3 LMD Poly(N-isopropylmethacrylamide) 7 /LR - 0> & 85 AH FLAE

434, HFF ML T =F LMD Poly(N-isopropylmethacrylamide) 7 Vohi 43 Hik & 1A L 7=
BRo o A RZEMEIZDNT

435 RKRHIZBI DI TFALMEET =AU Fa Z ki 7+ ORAIRREDO B £2

43.6. RKFHIZBT DI TFALMEET =AU MO Fa 7 ikl OEFEFE O 7

43.7. HFAUNEE T = A L NED P NERL T B 7r B EEFEIRIT R DR DR

438. HFA ML T = L NED T AR T3 6 72 HEFERI T B IRE o

RBRBREZTER Lice Fu kv o B EMEBEIZBE§ 24058



H¥ Page 4

439. DFA ML T = A NED T NAERL D B 72 B EFEIR T ORI 43 A O fREH
43.10. IBASMICER L7 Vish TSR D 2451k

4.4, FEiw
4.5. ZECHk

BEZE (A UBKREFRLEY IS0 94 X0 E FASILBALTF O R EKE

DEE
50. =S
5.1. EBRIHE

52. Akl BLE
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A. AAc
AAm
AFM
AIBN
APS
2-AET

B. BIS

CS

D. DLS
Dy
DVB
DMAB
DHEA

E. EPM

F. FE-SEM

GMA

H. HAuCl
HCl

K. KPS
L. LCST

M. MAPTAC
MAc
MeOH

N. NaOH
NaCl
NaBH4
NIPAmM
NIPMAmM
N/BAm
NH>OH -+ HCl
NIH

P. pAAc
pAAmM
pNIPAm
pNIPMAmM
pN/BAm
pStyrene
p2VP
Pt/Pd

Acrylic acid

Acrylamide

Atomic force microscopy
2,2'-azobis(isobutyronitrile)
Ammonium peroxodisulfate
2-aminoethanethiol

N, N'-methylenebis(acrylamide)

Coefficient of variation
Core-shell particle

Dynamic light scattering

Hydrodynamic diameter

Divinylbenzene (mixture of isomers)
Dimethylamine borane

N, N'-(1,2-dihydroxyethylene)bisacrylamide

Electropholetic mobility
Field-emission scanning electron microscopy

Surface tension
Glycidyl methacrylate

Hydrogen tetrachloroaurate(I1l) tetrahydrate
Hydrogen chloride

Potassium peroxodisulfate
Lower critical solution temperature

3-(methacryloylamino)-propyltrimethylammonium chloride
Methacrylic acid
Methanol

Sodium hydroxide

Sodium chloride

Sodium tetrahydroborate
N-isopropylacrylamide
N-isopropylmehacrylamide
N-tert-butylacrylamide
Hydroxylammonium chloride
National Institutes of Health

Poly(acrylic acid)
Poly(acrylamide)
Poly(N-isopropylacrylamide)
Poly(N-isopropylmehacrylamide)
Poly(N-tert-butylacrylamide)
Poly(styrene)
Poly(2-vinylpyridine)

Platinum / palladium
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S. St
SDS
SEM
SN
T. TEM
U. UV-vis
V. V-50
2VP
VTT

Relative humidity

Styrene

Sodium dodecyl sulfate

Scanning electron microscopy
Poly(styrene-co-N-isopropylacrylamide)

Transmission electron microscopy
Ultraviolet-visible spectroscopy
2,2'-azobis(1-methylpropionamidine) dihydrochloride

2-vinylpyridine
Volume transition temperature
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B TR T A B ] D e ORI MR L e am A R e LTE b,
AR CORFRIM AR, £HEE2 TRT2Z L1280 —KITOHE, 1212 Kok O,
226 3 YR IL DAE AR IECEHE R R AR &L B2 R IRGTITHLA EIF BTV D, T2 R S LT
B FEEFEMRIL, E OIS &R OMEE D E > T, — Bl ORL 7 TITRL LIS WRA O - B -
WRHIEEZ T 720, B =7 b=y 7, 77— A ML —Y b0 oo, RS
ME~DOISABEFE S TS, 292 B3R L7 /eiliE 2 AT 72010, Skl 4R
ENZNE TSN TV D, FIRIX, BYOHS I &2 BRFE— A v b Z2iG ] LERIRIC

RBRBREZTER Lice Fu kv o B EMEBEIZBE§ 24058



J¥if Page 8
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F—F EFOSLBHTFREBREORIERTE
E—Hf
2.0. Poly(N-isopropylacrylamide) 5" L F 2 BUE DL 1R %
21. #E

0.1 THAZMZEE ROB &, £T & FaF ki 10 B 30722 EIETE Ol R O fiF il 2
RAT, SN E LT BB RGEIERRREL, ZOEERFE L T 57012, HEHT L7 kL
FIE IREIREMEO e Fr S k& LTRSS MBI, YA XOHil - 7ok & i v 5 72
pNIPAm % BIS TG L7fhi 23R L7, F7z. WP O 7 VERL 1 % EHEFIMEE I TE
BRL., ZOEEEMRIEREHONE T A7, EBRIIEHAT 5 Na Z ki 7oA X,
lum & B2 Uiz, LATRIC, ERFELZRET 5.

2.2. ERIR

221, RE - ERBELGL
ZOZRTHONTWHRFETETHEMERAE LI VBA L, AL OZZDEE W

TN, T2 TWDUSRCEIRIEE, KGRI > T DKL, ETEBEL THLA A 3H

Z1T > 72(EYELA, SA-2100E1), & #8537 HERICH WA Y 25 L o EibE, Twaki & 0 A

L7i=W% %D E £,  (Iwaki, Asahi Glass Co., Ltd.)

2.2.2. HiFEH

S PSS TR 2B 572012, 1 umBL ORI T OB R ARSI, THH L=
JUVBSCREF1d, BE 2 238 RS R E S EIC L O ER L7z, ' NIPAm, BIS, KDIEGW #4
DANET T XA, B v — KEKTOEFHRFEZR R, EFRE2EH AL, £0
%, EABIGHITHLOKPSZ 7 7 ZAaNITRAL, EGEE LT, EGK. 50N Lk
ToOrER A EIRE T LTz, ORI iRz m D L, R U7z, mOR R, ok 10 Bk
BT LT,

2.2.3. pNIPAmM 4 )L 51F O 5%

T DOV IIFHELRIL, BIREEGELEIC L Y RAE S -7, (DLS: Malvern Instruments Ltd.,
ZetasizerNanoS) Vit FHIEEZ, KO T 7 VAR DILBUREL % Stokes—Einstein equationtZ A
L. 3R TV % (Zetasizer software v6.12), KR D 77 Vo 13, 5 HOGF D 71 A 7 (ImageX Earth
Type S-2.0 M Ver.3.0.5, Kikuchi-Optical Co., Ltd.) & #5#k L 72 &7 BAFREE(BXS51, Olympus)iZ THIZE L
7o TR OB B 2R T 5720, FIURIf 2 E hoF a2 —7WICAN, A R
A ER L7z, oA MERTEROP—~ AT ==V V7B L0 ER LT, 23 ZFUki -0
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ERVKEBENE X, ~ /L \— 10D ZetasizerNanoZS(Malvern, Zetasizer software Ver. 4.20)%Z 75 H L
BE 21T 272,

2.24. BTIRBEOHE

TR T Bk e AR ) AF L o HAR BT L, AN TR S 7, wmiiEd
DD~ 7 a 2%, Y/ VROF U H T A FITT, i B & A 2 R LRkl 24T
©7z(Canon, EOS kiss x4), = L C, HTIE) Z &M TERWI 7 a2 Vhi 7-OFENT, Wik
O SRS RO [ S I DRI & BRI CIEEBIR 5 2 & TR AT o 72, i DRz
\ZRE D BRI - O FUL R EEBE O A IX, SR O Y FBAMEBI RIS 2> & L R EEEE 2 RS 0
AEA U7z, REEREER O OE & & S OB T/ F AL TRIE L, i@l owmm 137 o4
VT AT T 7257 HImage T ver.1.45m (Wayne Rasband (NIH), free software) % 7if F L 5FAfh &
1Toloe 7 NABRKLf OIS E OFEMIC L, EARE 1M 2 15 A L 72 (SEM; Hitachi Ltd., S-
3000N), B> T NDF v —TT v T HPi< T2, FRNIY TV E T DRIk L A438T
VU LDHEEETO TN D,

23. FHREBR
2.3.1. 2% 0O>44 X Poly(N-isopropylacrylamide)~* )L F D & % & §L4f

pNIPAm 7 VB DAL, KRILEEA 28R L2, AROEA, 7 ki1 % W
MO BAHEE TIBIN T 5720, EERORELZTE L, I 7 n YA XOT7 k12 FR L
foo | R L LTRBIVE S VBRIFE, DLS, L—— Ko 77—k, S FBIEHAIC L Y
#Hli A 1T > 72, Table 1-1-1 (2 25 °C & 40 °C (28 D iR S FINE (D) & &7 AL 1 D3R 1 7E
TOFEIE L 72 2 BRKKEB B E(EPM)DOFE R A £ L5, O, ZOUR 7132 N ZE N OIRE
T, TAEREE & IR EE 2R T, fERA D, VB T ORZHE - IEREEIC L 5, S 8o
RIGIHE A L7 EABIMAA] (KPS) HRDOERIC XV | EXKEIBEIEITABHMOMEEZ R LT
Do W, TP A DZEMREEDORHIIFIZ 0 Z2/R L TW D, ZIUXF AR -2 A L, 7
kL T OREBMBEEMET L7272 B2 b5, AEO—HEORGTIL, 7 AR 03
LTV 5 & X DONMIKO SRS SV TRA E1T/R572(DE Y 25+2°C),

£
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Table 1-1-1. Chemical Composition, Hydrodynamic Diameter (Dy), and Electrophoretic Mobility (EPM) of
the Microgels. Reprinted with permission from { Horigome, K.; Suzuki, D. Drying Mechanism of Poly(/N-
isopropylacrylamide) Microgel Dispersions, Langmuir 2012, 28, 12962—1297. }. Copyright {2012}

American Chemical Society.

NIPAmM BIS " Dn [nm] EPM [10°m?Vv-'s™]
Initiator
[mol.%]  [mol.%] 25°C 40°C 25°C 40°C
99 1 KPS 1190 430 -0.45 -3.0

WA F AR D BB ORER DT 7 AR OIRFEEISE M AIEH L v A R
f & ER L7z, 23 Figure 1-1-1ICfF bz a v A NG ONFIAMEIEGR L 7O 2 NV A T 5H
AT, REREY., PR TRIE TE D, ROREWVRIFAE LN, EBE ki1
BITBAWHREICWA TR BRI, E O ARSI DREEARIF LI TWD Z ER50 0,
TR DB BERNE N ERGN D, 25°CICBITH2F ¥ BT U —NOR FRIZBLE
1000nm & ZAES biviz, TOMITEFPDLHEELIE L Y /S EEL O, ZhiEFyET U —
F a—TNTRME SN TR FREE L TWAL Dl EEZ NS, (FYET7U—N:3.0
wt %, DLS ; ~0.005 wt.%)

Sum

Figure 1-1-1. Optical microscope image of microgel colloidal crystal assembled in deionized water at 25 °C.
Microgel concentration is 3.0 wt.%. Inset was photograph of the microgel assembly in the rectangular
capillary tube. Reprinted with permission from { Horigome, K.; Suzuki, D. Drying Mechanism of Poly(/N-
isopropylacrylamide) Microgel Dispersions, Langmuir 2012, 28, 12962—1297. }. Copyright {2012}

American Chemical Society.
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2.3.2. 24 0244 X poly(N-isopropylacrylamide)”* LS F 43 Bk D 8L 1248 &

BoNTZI T v A=A DT NMRIF2TER L, £ 35 K773 iR O iz s e 2
HHRIZTHIZE LT, Figure 1-1-2I2 7 VISR FIRIEZ 2N ZdiBE L, RY X F L o Sl RIS
L CHBR S H L 20— OB RETT, TRTOERRIBNCT, T—XOHIMEEZED
T, HZEERFOIREIE25 £2 °C, FHXHEEIF20 %L F CHEESETW5D, #REND, Foiics
IUCRLF- D B2 B iE, ZVBRLFIREEDIR T & & bITZE b LT, 77 VAR 53 O D P BE 703
FEVE X(0.1, 0.01 wt % : Figure 1-1-2a,b), #zuEfE 248 C. EWRBEREKR Iz, £ LT,
0.002, 0.001, 0.0006 wt %lZ 7 /VACRE 1 I B 2 FHE U 72K, 77 VIR 170 B 72 2 TR I 1 A
%7~ L7-(Figure 1-1-2¢c,d,e), & O 27 VR 1R B 2 (K T S 72354:(0.0005 wt %, Figure 1-1-2f),
HOBHRENER SN, 2O, D FrTEH 508, il 2 RL WL EZALEEIN
72 (Figure 1-1-2f, FRWEHEWN), ERR L7ZEKD 2 7 o /etEE 0Bl ozn, AR E Ik
B AT o2, MR LD 0.1, 0.01 wt %D 7 ARLF- o0 iR 2 Welig S B T2Rpd, BREY & 0 7V
B IXEWVICREE L. BRIROKI 138152 T & 720> 7= (Figurel-1-3a,b), Z VTR AT,
TR DB LT IT@AE Lz, ZIREENGE OO E Ly, —J5 T, 0.002,
0.001, 0.0006 wt %D &7 /WKL o3 WU & Wi S B 72 & &1, BRRO Z Ak + 3 BlE STz
(Figure 1-1-3c,d,e), 712, 0.001, 0.0006 wt % THzM: S 7z & & 2iE, 7R3 flfE & 22 1 F
HERE L7 1E DS, BEMR & FRRICBIZR S -, 45 Figure 1-1-3f12779° K 9 12, 0.0005 wt.% Tlk, %

D FESE CERIR D 7 Wk 1138122 C & 720> > 72 53 (Figure 1-1-3f), Figure 1-1-3gl2~9° XK 9 12
ROWEFETHAIEE S & BT 25EDOHEBICIHE W TIE, MRZZET TASHSEN BRI
Too FERDND, B VBRR TIRE 2B LS ED Z LIk o T, B LD FILVEk 1O
WEETEDZ LR Ghole, EMEEE R HBIZIWTIE, 7 VR 123 fIRRE 2 2217 C
WA TEREEZTERR L TV D 2 & A ffEd LT,

5 mm

a

0.002 wt.%

0.0006 wt.% 0.0005 wt.%

Figure 1-1-2. Photographs of microgel thin films formed after drying the microgel dispersions. 50 pL of

microgel dispersions were dried on polystyrene substrates at room temperature (25 + 2 °C). Humidity was
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less than 20 % in all cases. Microgel concentrations were (a) 0.1 wt %, (b) 0.01 wt %, (c) 0.002 wt %, (d)
0.001 wt %, (e), 0.0006 wt %, and (f) 0.0005 wt %. Reprinted with permission from { Horigome, K.; Suzuki,
D. Drying Mechanism of Poly(N-isopropylacrylamide) Microgel Dispersions, Langmuir 2012, 28,
12962—-1297. }. Copyright {2012} American Chemical Society.

Figure 1-1-3. SEM images of the microgel thin films dried on polystyrene substrates at 25 °C. These are
close up images of Figure 1-1-2 (white rectangle). Microgel concentrations were (a) 0.1 wt %, (b) 0.01 wt %,
(c) 0.002 wt %, (d) 0.001wt %, (e) 0.0006 wt % and (f), (g) 0.0005 wt %(f: white rectangle, g: red rectangle).
Reprinted with permission from { Horigome, K.; Suzuki, D. Drying Mechanism of Poly(N-
isopropylacrylamide) Microgel Dispersions, Langmuir 2012, 28, 12962—1297. }. Copyright {2012}

American Chemical Society.

2.3.3. 34 0> 4 Xpoly(N-isopropylacrylamide) " LRI F 7 8k D EIEBIR D BRI
TIARRLF R ED LI IZHEBE L T BB E T 5720, FIVBRL T/ 8Kk O HE ke
B~/ aRAr—neI a2 — VTR LT, MIDIZRIZBOZBIZERT 5, £33,
BEIC b b o7o, MiEAL T HEOEBERERAH O E T 5720, ZOEBER S L5
PEIZEW T (Figure 1-1-2d : 7 /VHORI 7R EE 0.001 wt.%) 7 /VBORE 103 ik O iz iRt 2 % B AR
\ZTHIZE L7z, Figure 1-1-4 (ZiEi 4 L8 LRI DR LTIZRe DTV Z NV A T BERHEZRT,
FTo, T OREORIGIAE S WRH O M S S00E, Bl ORI 2L % Figure 1-1-51CF & 72, iR X
V. RN ISV T SOVERL o B O S ITHEFHICEAD LT b oD, £D0—5T
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W OWRIZ—E Th o7, ETo. £ O OIREZAIT > THIE O#fit A 13D LT\ D, 4
BIR 2 BRI TEDS LT DB L 2100575 & O RO DM FE L) o 7RSI, TR
ORI % BR4E L 7= (Figure 1-1-4A(h—j), Figure 1-1-5), = O OEIEZALIT, HiAk O gz
ERESHERD, WiKERY AF LU ERICED L2 BRBIZESR (Figure 1-1-6B) |
NZOKMOE S L g, B ORRREZE L2 1F & & R R T (Figure 1-1-6A), ik % JLMIZ
M LIRS 6 . TOKBO® S SMEIIR2 ICBUD Uiz, £, b I3ERiEpi £ <l
F—ETH Y, HITEERR 2 4R L TV 7= (Figure 1-1-6AB), & - T, & /Lo 145 BiR o Holik
MR TR O NI OTCREZKIZ. B & INTHRTEN O T 0372 7 WKL D FFAEBIR L T
EEZ DIV, TR DN OO Z B LT\ 2 L33 h D, FEEICHIE Ofx 2 8l
L7z & Z A(Figure 1-1-7), BRI D3R ICHERE L TV 2R3 L B 7z,

100 min

®) [

105 mln

Figure 1-1-4. Time dependence of shapes of the microgel dispersion on polystyrene substrate at 25 °C. The
photographs were taken from different angles: (A) top view and (B) side view. Reprinted with permission
from { Horigome, K.; Suzuki, D. Drying Mechanism of Poly(~N-isopropylacrylamide) Microgel Dispersions,
Langmuir 2012, 28, 12962—1297. }. Copyright {2012} American Chemical Society.
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Figure 1-1-5. (A) Changes in height, width, and contact angle of the 0.001 wt % microgel dispersion as a
function of time. The droplet was dried on polystyrene substrate at 25 °C. (B) Schematic image of the drying
process of the microgel dispersion. Reprinted with permission from { Horigome, K.; Suzuki, D. Drying
Mechanism of Poly(N-isopropylacrylamide) Microgel Dispersions, Langmuir 2012, 28, 12962—1297. }.
Copyright {2012} American Chemical Society.
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Figure 1-1-6. (A) Changes in height, width, and contact angle of the water as a function of time. (B) Time
variations of a shape for the water. The droplets were viewed from above,(left side:(a)~(e)) and the side.(right
side:(f)~(j)) Each cases the droplets were dried on polystyrene substrate at 25 °C, humidity <20%. Reprinted
with permission from { Horigome, K.; Suzuki, D. Drying Mechanism of Poly(N-isopropylacrylamide)
Microgel Dispersions, Langmuir 2012, 28, 12962—1297. }. Copyright {2012} American Chemical Society.
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Figure 1-1-7. Optical microscope observation of the droplet of 0.001 wt % microgel dispersion as a function
of time. The droplet was dried on polystyrene substrate at 25 °C. The air/water interface of the droplet was
observed. In this case, the amount of the dispersion was 5 puL, and the droplet was dried within 30 min.
Reprinted with permission from { Horigome, K.; Suzuki, D. Drying Mechanism of Poly(N-
isopropylacrylamide) Microgel Dispersions, Langmuir 2012, 28, 12962—1297. }. Copyright {2012}

American Chemical Society.

2.3.4. 2/ ART—ILIZE TS & FE D DPoly(N-isopropylacrylamide)4* )L F D E &)
IR 22 25BN D3 L & VT2 7 VARORE 53 B D RSB R DFRBA D 72D . N D 7L
TR DZEB DB A ATz, o TV ORI E & FRRIZ0.001 wt %IlZFH%E L, fzaEfe
(23T 2R DORRREAA L 2 - BIER I CRBIEE Ue, RN O & Wk 1 D 28 8h & 3/ 2B IR
LI, 32D F ax—3 a3 NI, BlEi21T 5 72 (Figure 1-1-8 : (A) K//KSHE, B, (C)
WY AF L bR ), BRI O KUK I, WO iR LIS R | A ERBIEBR OIS
WEETdo o723, REHT 7 VIR - 03 UK Sl CRLEE STz, IR OfENZ Ml $ 2720, B LT
EERLL, OB E T2 25, BIE3SLNICRI I E T/ ki - Bl s ni=(7
— X IEFRIR), 2001%1TI1X. ZEO T AR & KRR NS CTBIER T D 2 & 3T & 7= (Figure 1-1-
8Aa), Lo T, Z/VHKLF13~2053 LINIZZUK A MG LTV D EHE S D, Z DR, 7 LK
BT IERIR A ECEE S TIEW D88, b MIcBGESRh S LT\ e, £ L TR LE605 & 9 I
G T 7 AR 1, TR 2 ICKUK R ICERIMICEE SN TVE | [ & bIcBEY A9
7 VR~ & O U REEE IR &2 12D L7 (Table 1-1-2), Z AU, /K OFLERIZE 9 W7 0 2 mfs
OB LTV D, 605712121, 7RI -0 7 Z 7 LSBT 22 S 720> - 7= (Figure 1-1-
8Ab), 607714 D7 VKL O L HEEEEL 725 & | OB Oz E TIE L A 2 kD2
725 7= (Table 1-1-2), IZHKH ORI OZEENTEH 35, KUK E TS 7 AR D Bl
SENT-DITH LT, RN TIZIEA D DT 0O 7 ki1 L 5 BI22 S 72V (Figure 1-1-8B),
Zhang & PeltoniX, pNIPAm#H & % D & 53 80 DR S D 7 VIR I3 R TG 2 R 2 & &
WELTWD, 8 ZHHOMEDOPTH O IT, K9 O T HEIAMBEIKAF L, ZHGED
RV pNIPAmM 7 AR 1% W 7o & 2 DR mRENE, Fexr OBE/RE—HLTEBY, HKHTK
DREES 2K T STV 5, Figure 1-1-8CIZ R U A F L bk EOBIZAE R &2 79, Z DA
FLIEWIHA(~50min > ) DB L, HE O @ S 03m < . RIRTLH D> D IR E TO RN R o b Bl
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TETHE TEhen oo, LinL, S00% OO R A 25 & | BAEAD 7 AR F- 3K )
AF VU ERITRAE L TWDRETH Y . FAMRL - OB 2 ERTE TIRTHI L2 h-o
7z(Figure 1-1-8Ci—k), Z D&, 7MKL 7 & AR Y 2 F L RIS 7 7 7 U —/v 25|
HIMENZ EER LTINS, WL, ~10353 TrRABICHE L, BER & RIBRO MR Z 281 CHERS L
7o RIS DS B L S 4172 (Figure 1-1-8Cl1), 43

A
100 min

Figure 1-1-8. Optical microscope observation of the droplet of 0.001 wt % microgel dispersion as a function
of time. The droplet was dried on polystyrene substrate at 25 °C. (A) the air/water interface, (B) inside, and
(C) the solid/water interface of the droplet were observed. The arrow indicates the microgel in focus. The
microgels are indicated by the arrows. Reprinted with permission from { Horigome, K.; Suzuki, D. Drying
Mechanism of Poly(N-isopropylacrylamide) Microgel Dispersions, Langmuir 2012, 28, 12962—1297. }.
Copyright {2012} American Chemical Society.
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Table 1-1-2. Changes in center to center distances of the microgels adsorbed at the air/water interface
through the drying of the microgel dispersions (n=20) Reprinted with permission from { Horigome, K.;
Suzuki, D. Drying Mechanism of Poly(N-isopropylacrylamide) Microgel Dispersions, Langmuir 2012, 28,
12962—-1297. }. Copyright {2012} American Chemical Society.

. . Centerto centerdistance [um]
Time [min]
0.01 wt.% 0.002 wt.% 0.001 wt.% 0.0005 wt.%

10 2.3 ND ND 6.2
20 1.8 ND 3.0 5.6
30 1.4 ND 2.5 4.8
60 1.4 1.8 1.7 3.7
90 1.2 1.5 1.5 24
100 1.1 1.4 1.5 24
110 0.9 1.2 1.4(Dried) 2.3
115 0.9 NA(Dried) - -
120 NA(Dried) . - 22
130 - - - 22
140 - - - 1.9(Dried)

2.3.5. FIL WM FREELL S - & ZEDPoly(N-isopropylacrylamide) 4" L4 F D KK R H
TOKE

T IABRL T4y BOR DI L 2 1065 5 < LRSI OBIZE 21T > 72 & 2 5(0.01 wt% (Figure
1-1-9)), FZEROIHNC I CTRIBRIZ, 280D 7 Aok D3 KUK SN B4 S 4172 (Figure 1-1-9A), L
L TRHFIZ S 2D 7 Nk 1 3B 4E S 41TV % (Figure 1-1-9B,C), Z DA b [RIERIC, §L
L b B\ RUK I O 7 AR O HUL R BRBE I I AR 4 (298020 L 72 (Table 1-1-2), Figure 1-1-9Ad &
Table 1-1-2 5 ¥ . = OHULEIIEEEL, J2E MKV & X (Figure 1-1-8Ad) L W <L 2~ 722 & b
%(0.01 wt.%: 0.9 um, 0.001 wt.%: 1.4 pm), F 7=, Figure 1-1-9AdIZ/~9 & 91T, SIS CHI L
T2 7 MK OREEIN & | SERICKDRSE LR T AT T HMEAMBIE SN, REITk L2
116 min THEAR L7z, T OBA. RN & R IS 7 AR 7N SR ET B 12, BG4 2217 T
A A T2RE TS 1T AR X A3 (Figures 1-1-3b, 1-1-9C1), #5%: & L CFigure 1-1-2blZ/R L7= X 512, &
N 7 IR T & KUK NG LTz 7 VBB 7S Rae & & B IS 0 E2r o T 720, 1S
DYEL SR W TR T-R 3 g U 7= 28 OFRMEIE SRk S 1v7-, (Figures 1-1-3b, 1-1-9Cl)
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(A) [
10 min

-

Figure 1-1-9. Optical microscope observation of the droplet of 0.01 wt % microgel dispersion as a function

of time. The droplet was dried on polystyrene substrate at 25 °C. (A) the air/water interface, (B) inside, and
(C) the solid/water interface of the droplet were observed. The microgels are indicated by the arrows.
Reprinted with permission from { Horigome, K.; Suzuki, D. Drying Mechanism of Poly(/N-
isopropylacrylamide) Microgel Dispersions, Langmuir 2012, 28, 12962—1297. }. Copyright {2012}

American Chemical Society.

S AT MR- OFOK S H TOESEFEZ B 520 & 35728, Figure 1-1-1012779 X

912, 0.002 wt. % D7 VAR o3 FiR O RESMFE 2 BIE5 UTo, 2 DRED 7 VBRI 21X, Figure
1-1-85 0| 2fFELSFHEL T D, T—HIIRE 20N, RN OBIZ4% X Figure 1-1-8B, C &
LT | R ORI E L 0 D7, —J5 0 KIS E TS VKL DR EEA30.001 wt.% & 0 &
<720 HULREEEEE S 4 < 22 o 7= (Figure 1-1-10, Table 1-1-2), Z DT —X b b 7 IVHEKRLT-73
PRI T INTRAE LTV D 2 L3 %, FedkiZ, 0.0005 wt.% 7 /VAORE 1 B 2 B L |
ZOWMH R Y AF LU FER EICTEDS LEREO, KUKREIZE T 5 7 /VRL 1 0O %) % Figure 1-1-
1R T, ZOFRMETHBEIE25E . B RENE O 2 L ICE L TE LV (Figure 1-1-2f),
ZOKMIZBWT S, ZRETERERICITE A LD ABR PRI EICHE L T e, &5
2y Z ISR IMFAE L TR WIS AE U Cnie, B L ZOBZEIE, TR 1
TR E DM T2 DI N DRI ER D I W= DITTER SN T2 D Live vy, Z ORFOHRIHE O iz
WRICERT 5 &, TOMRMOEITRER & & bicmieote, Zhud, KOFERERE &L LT
V5, FERE LT, BENTMHEEOY A XX, Figure 1-1-22a—diZR T H D LV /S otz &
RS TEEY L 72 E 1T D30NS A ST iz 6 O O (Figure 1-11d), {{&i 23283 25 i BERE 2
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BWT, ZFVRL S FEINZ S R B D KO ITHRANCEM L, BET 2R F L Ron, xR
& LT, MR 5k 2 220 CTHERE L 72 fBpr & BeR LR Eiie, 2 oRsaafE OR
WIS EHBRE T 5720, ROEZ a3 TE TR O A ARLYMEEE, TR w5
BRI L W o To S B R DA OFFMEZTRD D Z L LT,

5um

60 min &t 90 min. Dried
Figure 1-1-10. Optical microscope observation of the droplet of 0.002 wt % microgel dispersion as a
function of time. The droplet was dried on polystyrene substrate at 25 °C. The air/water interface of the
droplet was observed. Reprinted with permission from { Horigome, K.; Suzuki, D. Drying Mechanism of
Poly(N-isopropylacrylamide) Microgel Dispersions, Langmuir 2012, 28, 12962—1297. }. Copyright {2012}

American Chemical Society.

100 min

Figure 1-1-11. Optical microscope observation of the droplet of 0.0005 wt % microgel dispersion as a
function of time. The droplet was dried on polystyrene substrate at 25 °C. The air/water interface of the
droplet was observed. Space is highlighted by white dot. Reprinted with permission from { Horigome, K.;
Suzuki, D. Drying Mechanism of Poly(N-isopropylacrylamide) Microgel Dispersions, Langmuir 2012, 28,
12962—-1297. }. Copyright {2012} American Chemical Society.

2.4. #H

AWM T~ A 7 0 A— b — & —DOpNIPAmZ /VIcki & IR E AL E AT L D
YERL U T2, D7 WAk 1% 15 F LpNIPAMZ VIR - O W IEE B FE L DWW TR L 7= & 2 A
PNIPAmM 7 /VBRE 113, BB KUK RSB E LTV D 2 ERD0 0 Z OBG#E
B RGRRR IS W CHEHERER L 72> TWHZ 2D THLNE Lz, £70, ZOWIEO TS
WFRIE, MK ORZEEERR & B 5> T D Z & & BB KOS FBMEBIE O RN LI LM E L,
A EIBIE2 L720005-0.01 wt % & V9 Z VBRI EE DFIPANIC IV T, 7 AR I3V o
FEREIRIC BT b RUK SRS E G TG L. 2 ORGSR OIREEAFEIL, 1ZIEAbh ol
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ZEWy Dol KRR RS Lo Z AKX, ZORE CHEMBL, ToM, KKK EIZE
F DR T O LB, SRS ED IO TEL ot F. WTHhOREICE N T
HIEE A EDT AR DRIENEICKE L TEY , [UKRE~ORENFEIEE TS Z &
Moy oTz, TORFHIEBWT, 0.001 wt%LL F O 7 VK1 FE Colge S ¥ 72854, pNIPAmY
JUBBRE A1 P & BATITIZ A DD U LOMEIE L TN e dvo Tz, KU CIERR S iz Bl
X, ZOFEFEMRCEE SN, TOERIIEECEZ R LI, LnLZO—FT, ki rRE
730.0005 wt % LA T OIF, FiF L TN oA IE IR FR I EL S v, B 2R R & Bl L 7o s
BAET D X5 s fE oz, U EOHENS, 4% O e Ra Z ki - O LRI i
LI D | FEARN 72 pNIPAMZ VIh - DEHBFEZ A L E 35 2 6N TE, A% ORI, K
fa7e < BRI A-D3BEH) L T2 IR D AF L 2 DR R IT O3 % LIE LTV 5,

S
FEHENCB T D S HIE. BICBU IS &R LT,
http://pubs.acs.org/doi/pdf/10.1021/1a302465w

2.5. &k

1-1(1) Meng, Z.; Smith, M. H.; Lyon, L. A. Temperature-Programmed Synthesis of Micron-Sized Multi-
Responsive Microgels. Colloid Polym. Sci. 2009, 287, 277—-285.

1-1(2) Lyon, L. A.; Debord, J. D.; Debord, S. B.; Jones, C. D.; McGrath, J. G.; Serpe, M. J. Microgel
Colloidal Crystals. J. Phys. Chem. B 2004, 108, 19099—19108.

1-1(3) Suzuki, D.; McGrath, J. G.; Kawaguchi, H.; Lyon, L. A. Colloidal Crystals of Thermosensitive,
Core/Shell Hybrid Microgels. J. Phys. Chem. C 2007, 111, 5667-5672.

1-1(4) Tsuji, S.; Kawaguchi, H. Colored Thin Films Prepared from Hydrogel Microspheres. Langmuir 2005,
21, 8439-8442.

1-1(5) Pelton, R. H.; Chibante, P. Preparation of Aqueous Latices with N-isopropylacrylamide. Colloids Surf-
1986, 20, 247-256.

1-1(6) Zhang, J.; Pelton, R. Poly(N-isopropylacrylamide) at the Air-Water Interface. Langmuir 1996, 12,
2611-2612.

1-1(7) Zhang, J.; Pelton, R. The Dynamic Behavior of Poly(N-isopropylacrylamide) at the Air-Water
Interface. Colloids Surf., A 1999, 156, 111-122.

1-1(8) Zhang, J.; Pelton, R. Poly(N-isopropylacrylamide) Microgels at the Air-Water Interface. Langmuir
1999, 15, 8032-8036.
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-]
2.6. Poly(N-isopropylacrylamide) " )L F D &R B BFE D AZBR I [ [+ - &
B—HIZ BT, BRBIZUTHE D pNIPAmM 77 /UKL 143 BIOIR D AR 1) 70 TR Al R2 12
DWTHLNE LTE L, RRBRRICBWTEER AL LTI, pNIPAm 7 /VHhi 125 #2 i 4) H)
ICRKFENCRAET D Z ENEERT R EARATHDL Z ENghrolc, TITRIZ, EZETED
FEARY 72 N R FR 38 FTRE N D B 728, F 72, KUKSE TO 7 AR D% 2 LD
HIEIZEED 729012, pNIPAm 7 IVESKL T- &2 06D & L 7= 8k 72 7 VAR 1 DK St il 25 8h % B 5B
Bid s &C, ERBGEED D Z LA AT, KUK E O, ARl & R FBME
CTHEERZE L 23 A 7o, ZABR 203 S PSR COBEBIEN/HE LV H DT LT
I, R O & KRR NDPEEZIT O 2 & TRl 27z, DL TICERNE 2@l T 5,

2.7. EE1F
2.71. HECERBR

NIPAm, AAm, MAc, BIS, KPS, Ethanol, Aceto nitrilelZFIEHIERIE N SIEA L, Bz d
D& ZDEEM =, NIPMAm & NBAm(ZSigma-Aldrich/ SHEEA L, FHEICEW - b DE2ZDE
FHNTND, ISR AW T X CToKIE, —EEAFA L, TOWITA T 3%z Lz
H D% VTUV %, (EYELA, SA-2100E1) 7Y 2 F L o Hb(Iwaki, Asahi Glass Co., Ltd.) 1EHEA L
=& FDFEFE RN,

2.7.2. pNIPAM 7 LI F D E R

H AT U T RROLEE % R L 7= pNIPAm 7 /LBki 113, EAWRHCIIT 5 SDS i
JERLEARE, ZBEHAOMAALBEEZ (ST D 2 E TR L, EAEIE, FH—H & FRERITKR
DI EAEEIEA L, KK mZITI L & L mBlgix, RHoiEicE8LCLES
W, TR O L FJT ATV, TE LR R EZTD BROTN D,

o

I

2.7.3. Poly(N-isopropylmethacrylamide) 5" L4 F D & B

pNIPMAm 7 /WKL 13, AR EASIZE D Ak Lz, £9°, €/ ~— (NIPMAm, BIS)
405077 AN AI, IRWTKEFRIERIZINZ 7o, RIS, ED 7 T A 2 ZBEAFEICEY 17,
BHHECHAE . EREADLZERETNEDY 172, £/ ~—KEMH OEFIERE B bR 72
W, BH#EEE ) ~—KEBETICANTZ, 51 UDEN L TBWEABMGH KPS 27 7 2 2l
IZEAL, EEEIToTo, GO AR F itk 2 =R £ Trmo L, FiRI3EO - oo
WFEZ MY IR UER L7, EORRE, BthaiTo72,
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2.7.4. Poly(N-tert-butylacrylamide) % LIS F D &

pNBAm 7 )Lk 1%, Kawaguchi S.D 7 L —7 DL %2 5E1Z, kLT b= kU ViR
BRI CORBEARIEICE Y A L7, ' N/BAm, BIS, water, Aceto nitrile % 4 D17 7 A 3|2 A
Nd, WIEDT7F7 Az BRI M7, £0%, £/ ~— RN OBEAFRER 2 B BR<
e, BRI AZEH AN LT, D%, BABMAI KPS €/ v —IKITIEA L, A Z BRI LT,
POt RfFoiikame L, mORREZITo 7,

2.7.5. Poly (Acrylamide—co—-methacrylic acid)%* JL#¥i FD & K

FIZT 27 VLT 2 RvbAERk S5 Poly (Acrylamide—co—methacrylic acid) 7 VR 1% |
T )= NAVHICBIT LB ERIC I VR L7, Mac ZLEHA SERVRLFOMFERE KA 722
(Table 1-2-1), KL DB EEDN R T, KEARPTIHEE L TLEST272D, ARFITHWS
RT3, AX 7 UAEEIEAS L TWD, £9. AAm, MAc, BIS, ethanol 2 4 O 7 7 A 2|2 A
o, WZEDT7 T A%k BEHIZEY e, 20k, €/ ~—WIRNOBFREZ T Br< 72
W, BHRARAEE AN LT, BERIEH AIBN 2E / ~—KICEANL, BEAZMG LT, EAE.
B A o3 2 & TEAXIFILL, mORBRAITS 7,

Table 1-2-1. Polymerization list of AAm microgels.

Cod AAM BIS AAc Initiator Initiat Solvent Size
ode mol%] [mol%] [mol%]  [mM] e SOVt e SEM

AAM-B1 99 1 - 2 AIBN P floc.

AAM-B2 98 2 - 2 AIBN P floc.

AAM-B5 95 5 ; 2 AIBN P floc.
AAM-B10 90 10 - 2 AIBN P floc.
AAM-B20 80 20 - 2 AIBN P
AAM-AAC 08 1 1 2 AIBN P
AAM-AAC 03 1 2 AIBN P
AAM-AAC 79 20 1 2 AIBN P ~22pm
AAM-AAC 79 20 1 2 AIBN  IP:IB (3:7)

AAM-Ini. 99 10 - 2 V-601 P floc.
AAM-SDSo 1 99 10 - 2 AIBN P floc.
AAM-SDS; 80 20 - 2 AIBN P floc.
AAM-SDSs 80 20 - 2 AIBN P floc.

2.7.6. Styrene-co-NIPAm 4* LA HIF(SN HIF)/F S

SN RLT1E Y —7 7 U — BB AL CIER Lo o T ABA R BRI BA 5 KF / ~— (St
NIPAm, BIS) %, KO A-7=WUDH 7 T A Z, REEF ORGFEEFE ZRET D010, EH
TN T EAT o7, BGEHID KPS Z/KIZIEN L, VU P HAWTINA T, 7 VR4 8O
ZEEAMAEECTHEAIL T, ELEITV., TO%, BAMET 2177,
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2.7.7. FIBHFH A4 X0
TV ORL - O AR T ) AR 1T B B O #CEL 5 (DLS: Malvern Instruments Ltd.,
ZetasizerNanoS).\Z X 0 #Ali L TW 5, fHliOFNHITEOHE THI L2 HELFRTH 5,

2.7.8. RERNAE

BT AR T Sy B ORL IR IR, A A K TR L. £ OfEIE 1 wt% ~0.0001 wt%
DOIFECTHEE Lz, Vel Lo T AT ¥ — I, R FIREZ TR U 7c 7 VR /3 B0k % N 2 72,
T TMTIRE I ET 5 E CHE Lo, 7 AR+ BiR R ETR 1%, Y HBIEIC L0 H|
E LTz, B/ ~—OREENZ, FERICEHEL COHOREEDZIE Lz, JEXBR S me
PRkt BB R ERJPEF (CBVP-Z) 24/ L7z, HIEIL S BV L TITW, 20
il & KSR O FwER T & L,

2.7.9. W FAERDIEZIR

PRI Bk A AR Y AF LU FER BICTES U, S|IRIC TSz, WMO5HEIL, 2
NETERBRIC, TYH T A TITTHSE L= (Canon, EOS kiss x4), R HEHIZEBIT 5 7 /L ioki+
DZEENT, EFBEAMEEIC LV EBHEE LTz, ZUVBRKI T4y B O X 7 v A R 1T, LR EERK
8 L BT - I EE(SEM; Hitachi Ltd., S-3000N)IZ & 0 #1%2 U7-, SEM (2 THIZ 21T 9 BRi2IX
WIS IZ A8/ T VU ADEEEIT> TN D,

28 fERLER

2.8.1. lFEBIRICH (TS Poly(N-isopropylacrylamide) 7 LKL F D 1 XEALIZ# 5 LI DT
]

ED X DT R DNERAKRREICEE L T DONRMEL D72, —RICEZ S D
KUK A~DOWAE BT 5 KL OIER, @ FEHO B RE, RO BOMG 2R A7, £
TV, PR OIEEUCIER 75, — ISR G AR B 50 81 O KUK SR R 25 BLG I PE s C
AT D Z ERE B AL, pNIPAm SO ZK S W& 2582 B L CTlE, Langmuir-blodgett 1512 X 5
FE I ORE VIR EVEIC L D REIES) OZEAEH D, pNIPAm ST KUKAHIZERAET 5 Z &35
NTW5, Pelton HlE, BREEIC X > T pNIPAm 7 VR D EREIC DWW CTHiET 21772 > T
WD, B ST BRI IN OGRS 2 AT L0 EMERICIREE L, ZVBORI 2R 1 O -8
ODHHENEE CTHSTZ LRI TND, FZOMEERD L. TOWFERETHLS, o7
PRI T TITWAE LT e, 3 Ko T, KUKFREOWEBIRDRA o MZ o7z, pNIPAm 7 /v
OB Ty B OWEBIEEGRIE 2 E 2.5 & 5 Bk Lo EBITmHcE v, 22T, i
RV FRIERD 72 2 pNIPAmM 7 VKL 1 % ESL L (Table 1-2-2: 56-1473 nm), JLEERELD #7022
TNARRL T T, £ DR ORI & 2 OEEEIE OB 21T o712,
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Table 1-2-2. Chemical composition, hydrodynamic diameter, diffusion constant of the pNIPAm microgels

Code NIPAm BIS Initiator SDS Hydrodynamic Diffusion Constant
[mol.%] [mol.%] [mM] [mM] Diameter, Dn [nm] D [10"°m?¥s]
N1473nm 95 5 2 - 1473 28
Ns17nm 95 5 2 - 517
Na3gonm 95 5 2 0.1 399
N211nm 95 5 2 1 211
Nssnm 95 5 2 10 56 77.7

BT D T KL DR E, SDS IR EERCE A R O L 2 R LIE AT > 72, 77,
RLFROET D4 0 T AT 5 BB ARRRIC OV THRETT 5720, &3 A X057 kL1 D
JEAFRE L, F O HKE R U AT L o F T S (Figure 1-2-1, Figure 1-2-2), SEM (235
W T2 DR 28152 L 72 (Figure 1-2-3), 211~1473 nm O Y A RIZB WL, ZHETOR & [AEE
(2. FEE O EFERIC BV THE OIS S FL(Figure 1-2-3 (b-e)). 399, 517, 1473 nm D47 /L
TORL -0y R DO RE A S 13, (0 %2 7~ L7z (Figure 1-2-1(c-e)), 211 nm OEREL, ki 103 E %
BT THREL TV 00, MAOHEEGIZR LR, ZiUL, KO A4 An6BE2 5L,
B OHEFEIZ L 0 TER S VTR R O MY S i O R T & 7o T D B 2 B,
HNEBIZ AT L2 & LTHZEOMN AR TERNZDIC, BRI TEBLTLES 2
D, REEBIZITEHE 2> TWH EEZ LD, Lo TR L D LIEENEWERIME O G
BT LTV D000 LIVZRYY, 56 nm DR FIIERE 2 7R U727 VIR 12 B L CTiE, SEM T3
WTCHBRKL B E LB 252 ENTE 20> = (Figure 1-2-32), L)L, WI@RBEEHD &
(Figure 1-2-1(a)). i DOMEIIZEDL T, EROEEIE S —FTH V. 56 nm O 7 LKL Sl
ORLT & FRRICKUK R IR E LR L T E W) ZEMRHRTE S, Lo T, T/ Mk
FOVA REBEZ2T-E LThH, THIETHTE 7 pNIPAm 7 /VH0RL 143 Bk O W /g0 m e 2 m 3 2
EDRDDY | B DREORE TIIRFHROMIM A A LIEIEA G O D Z & mnol,
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56 nm 221 nm 399 nm 517nm 1473 nm
@) o0001wt% (D) 0001wt% (©) 0.001wt%  (d) 0.001wt% (&) 0.002 wt.%

awi]

237 min

Figure 1-2-1. Observation of drying process of pNIPAm microgel dispersions. The droplets (50 puL) were
dried at 24.2 °C and 60 % (RH). The scale bars are 0.5 mm.

1473 nm - 0.01wt% ; | 0.001 wt.% 0.0001 wt.%

517 nm ‘ 0.002 wt.% 0.001 wt.% 0.00005 wt.%

-

399 nm 0.5wt% 0.002 wt.%
211 nm o0Twt% 0.005wt% [ 0.002wt%

56 nm = ~ Jo.001 wt%

Figure 1-2-2. Observation of dried structure of pNIPAm microgel dispersions. The droplets (50 puL) were
dried at 25 £ 2 °C and 60 % (RH). The scale bars are 0.5 mm.
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(a) D, =56 nm 0.001 wt.%  (b) D, =211 nm  0.001 wt.% (c) D, =399 nm 0.001 wt.%

(d) D, = 517 nm 0.002 wt.%

Figure 1-2-3. FE-SEM and optical microscope images of the dried structure of pNIPAm microgel
dispersions. The dispersions (10 pL) were dried at 24.1 °C and 67 % (RH).

D& E HERERNCIE R 5 &7V T4 B O W A3 HLIR T H s o T R 237
246min TH VY | Z ORFRENITRLFMEBR LA T 201 H0EWVEE 2 55 (Figure1-2-1), £5°
TR, TARRLA DN ENL BWTRAET 2 D00MERT D720, iR Z R Y ZAF Lo B ki
T L7ZE& D B £ ORI O KUK O FBMEBIR 2 0o, W FLIEER OB L, &
MWD DR~ IR EICES < K9 ICBIZE Lz & 2 A(Figure 1-2-4), KUKFmEIZE SN E
7elg (~60sec) (ZIFF TIZ, FAPKLFIIXK A HICEE L Tz, Ko T, pNIPAm 7 /L ks
FOKUKFH~DOBFERELIIIEF RN &3 DD D,

1 Starting point of the observation
2 Moved into inside of the droplet
3 Moved into the air/water interface

E
1 2

e

water air
polystyrene substrate

Figure 1-2-4. A schematic image of the observation method.
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ZOBFERENZ YN E D il 2720, KR ORI A D REIC KD KD
7-(Figure 1-2-5, Figure 1-2-6), & & 13— TE b oD, O IIIEFICE L,
A ZPRE HLHL LIS W 1473 nm D7 VR T 6, MIEERICITT TIOKOEmRENZ T
i T 7= (Figure 1-2-5), /M VU BIEORE TIE, ASIERKEICEIET 5 £ T L% 20~30sec 1T
Ennbizd, EREREEMNICIET TICRKREICERE L TV D EHEHITE 5, Lo T, JEIEED
> 5 HL 72 7 VR A O KUK R EEZERE X ZH 12 B2 6D,

60
- <> 1473 nm
= <> 517 nm
Z 55 | <» 399 nm
£ <211 nm
_ <> 56 nm
c L
9 50
7]
c
9 45
Q
Q
o
Y 40
=
(/2]

35 1 L 1 1 1 | 1 1 1 1 1

0 10 20 30 40 50 60
Time/ min

Figure 1-2-5. Suerface tension of pNIPAm microgels as a function of time. The microgel concentration is

fixed at 0.5 wt. %. The surface tension is measured by Wilhelmy method with Pt plate.

90
- <> 1473 nm
<> 517 nm
E 80 |- <>399 nm
£ o o /2 211 nm
- 70 | @ 8 > 56 nm
c
°
[72] L
c 60
L
8 50 | <& p'e
S % <o g
£, ®
(7p]
30 L Loa i sl 1 Loa g sl L L Ll L L1 aaial a4 a1l
0.00001 0.0001 0.001 0.01 0.1 1

microgel concentration/ wt.%

Figure 1-2-6. Suerface tension of pNIPAm microgels as a function of microgel concentrations. The surface

tension is measured by Wilhelmy method with Pt plate.
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TiX, ZOKUKFE~DOEZEFE DKL OILBIE T T TE L200E 2 5720, LLTFD
KZEM L, 3 WITZEMNCIIT 5 BimA 2 R BREE(Lp) &2 5RO 3l L 7=,

Lp= V6Dt
D ZEEDEEELIED & BAE S - T HEBAREL, 13 &2 £, JEBUREI B HGELIE D D R b
o7, Wil ¢ 128 D IEEEEE(Lp) D BIfR & Figure 1-2-7 (2”7, JEIF & RFE D - 72Kk HA~D
BIEERHH (~60 sec>1) NHEZXD L. ZOIBEEREL)X. 0.014 mm >Lp L7201, 30sec T&
THAE LTV ERBESERN S T2 & ST TREL TV D LixB 2z v, LLEDRER
P BRI OYLEIT R A ~ORLF O ENZEIITTE L TWRWZ ERbro Tz,

S
b o

o
(1)

e
-

Diffusion Length / mm

0 1000 2000 3000 4000
Time/ sec

Figure 1-2-7. The diffusion length of pNIPAm microgel as a function of time.

2.8.2. WEBEICEITHIREADHFTOFEKL

R KUK BRI R R T 2 ER A AT D720, IRICKHRO B A B L7,
ZAVE TIT 5 THR7z pNIPAm O 7 VR FIZ B W TiE, 1E & A E D7 BRI T- D3 KK Fm 2 W&
LTLES 2D, fiic kb a—e—U 7 RITZERL NPT BFOWMEIZH D X
NN T~ 7 T=5 RN TN D Z & FED Y 7, 72 2 TETWEN O 7 KL 1
WENZTEZN TS BIE LTz, BEFOREICED & KRN ORHRIZHLHE & TE O
SHERDZEPMOENT NS, 8 KXo T 2 NN TRIE AT o To, T HEERITHEHEOK %
B LT L 2 A TR D356 K Tt S v, KUKFUINIZWE T D ZBBN b itz — 5,
PLEZBIZE Lo L E1iE, FAMRL I 7 7 0 BB L TR Y, itic & 0 it 415 7 Vs
TR DR & T & A EBIE SR o Te, ZOBREIEFORE L —H L TEHY 87K
B OXHEOFBIL, BFEBEORI ZAF L0V U hEnoloffhif-E KRES EbbRnE )
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ZERghoTe, Ko T, RIFHN ORI 04 LTV D Z AR I B L, s 2R
D—D2LlpoTNDHEEZEND,

2.8.3. IS BIZIZH (TS Poly(N-isopropylacrylamide)7* LI F D EEEBEIZ{E S5 RS EEDR
58

WIFBBEEIER 35, 2B S 7o/ BRI F O KUK R E A R BT 5 2 L&

Pelton & 23 #AE LT 5, 4 Pelton b DIRFIEDREFIZ L5 & pNIPAm &7 /WKL - D KK S~
DOWAEEEIL, BOHDOTI0MNEENN->TND, TZT, T E TLREBICEBERED
W5 o S TR AR I - % 2 BB A Rt LTz, BB AIA A B D 72 % pNIPAm &7 /L Hk: -
EARROEBEAICE VER L, Bohizki Oz Table 1-2-3 ([ZF & ® 5, R 1-£1E~700
nm FIZICHRE L, WO Ak b 8 TH S Z L% FE-SEM ICTHER L TWD, £0D
K+ O BORER L O 2 Figure 1-2-8, 9, 10, 11 (2oR”d, KX 0 | #&iE TR & R
DRIEERR A TR L, ZEEAIZ 2, 5, 8 mol. %ffiA A TERL 112368\ TR E O EEFEIIZ W)
THEEGZ R TIEN SO D Z 033> 7-,  (Figure 1-2-9,10) BIS 0.5 mol. % fLiAATZGE
M A3 212 < V(Figure 1-2-8), Z UL, ZRAEE DMEN T2 D 7 VIR FE N 2 B 2N T2 DT

AIHEA M E L TR TE RV bW, FAVBKLF S EN T LE > TnD EER b D, £,
ZEF TICRAEEEZ B OPIEIC L VRO E Z A, BBEAIHHASLERE 8 mol.% DR IZE
T, OFDNKROEHE RS O FHEE MR MEMA R 511D b OO IFTHEEZITTLE LT
% Z L D35y o Tz (Figure 1-2-12), Pelton b DOFRES & Figi L, S RIOSGEIRUG LI L & FYogd g
TTHWHER Lo TV D, ZOBEREDEIIMTER L THDNNELEZT->E D L TRV,
b LT D & R E IR OERIEAI 2 N 2. 5 S OMD 72 FNAD Z0WE T 1EDE VAR LT
wéﬂ%bﬂ&woLﬁbf%tﬁﬁﬁﬁif@f”ﬁﬁ%@ﬁ%ﬂ%LT@\mm%m5W%
R OWE, FEFICRNZ ENbN0, HETH L »o7, BEH L FUVIRRL - ORI SE~
DENERE 2 HE T 256 pNIPAm £ VD 5 LI WMEFFEZ 8 570>, KR O FRFIZ 31T
HLERy FOXR ELBET OLENH TS D EEZEZ LD,

Table 1-2-3. Chemical composition and hydrodynamic diameter of the pNIPAm microgels

Code NIPAM BIS Initiator  Solvent _Dn Inm]_
[mol.%] [mol.%] 25°C
NAmM-BIS0.5 99.5 0.5 KPS water ~640
NAmM-BIS2 98 2 KPS water ~720
NAmM-BIS5 95 5 KPS water ~600
NAmM-BIS8 92 8 KPS water ~640
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BIS 0.5mol.%

0.1 wt.% i i 150min

0.001 wt.% i 120mim

‘ 'ﬂl “

Figure 1-2-8. Drying process of pNIPAm microgel dispersion. The 0.5 mol.% crosslinker was used for the

0.0001 wt.% [ 120min “
polymerization.

BIS 2mol.%

0.1 wt.%

0.01 wt.%

0.001 wt.%

Figure 1-2-9. Drying process of pNIPAm microgel dispersion. The 2 mol.% crosslinker was used for the

polymerization.

BIS 5mol.%
0.1 wt.% 120mia 180min>

0.01 wt.%

0.001 wt.% 120min 150min
. ' -y (

Figure 1-2-10. Drying process of pNIPAmmicrogel dispersion. The 5 mol.% crosslinker was used for the

polymerization.
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BIS 8mol.%

0.1wt.%

0.01 wt.%

0.001 wt.%

Figure 1-2-11 Drying process of pNIPAmmicrogel dispersion. The 8 mol.% crosslinker was used for the

polymerization.

_ 80 - 80 _ 80

£ L (a) £ - (b) E - (<)
S0l BIS2 Z 10 L BIS5 S0l BIS8
= S [ £

S 60 | s 60 | s 60 -

@ G : G

350 o 50 50 |
§40W §40W §40.—m
‘= | = | =

>3 3 3

® 30 ” 30 “ 30

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Time / mim Time / mim Time / mim

Figure 1-2-12. Surface tention of pNIPAm microgels. (a) 2 mol.% (b) 5 mol.%, and (c) 8 mol.% BIS was

used for the polymerization. Microgel concentrations were fixed at 0.5 wt.%. The surface tentions were

measured at 25 °C.

2.8.5. QIEHOMBEEBEITEB LE=72 VL7 2 FEEES ILBHFOR KR ERESES
TFOVERKL - NRK R EIC T ED X D ITFE LT DR D720, 7k 1- &k
TOLFICHER L, ZOMAZ AT, ZIvE TIT - TR pNIPAm IBHICHER 25 & I8
(ZBUKER L BUKE 2 LT Y . pNIPAm (ZHHEMEME THH LW D Z ENTTIZE BT
D, M ZI T, ZOMBHICA LD WBBMEOREICER L, LA LISE 5 2 LT, IR
& & RERIZ S VAL DIEETE RGE R 7> b KUK S W AE TR Ol 257 7=, BEHaiEH L=
IR, ZNETHRET L TE 2 pNIPAm IR oD T 7 U LT X REKERARE L, £7 7
UNT I RFERT AR 2GR UG Lo, 3. 7V 2R 5 E /) ~ — S S iaiE
AR HERT D720, /) ~— KRR OFRE IR & 5 0 BIEC K-> TRIE L7-, Figure 1-2-
14 ([2ZDOfERE/RT, 22T, NIPMAm & N/BAm (2B L CTiE 25 °C OKHICIAT & 2 B E T
FLTWD, RiEEHNOREREG, pNIPAm & FERITRIBIIBIKES & BB EZF>7 27 U7
RFERE ) v —X, ZRENKORERENZAR T S TBY , RElEEZ R L TWD DIk L,
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BRI 2 FF 72720 AAm 13X, KOREENZIR TSI W LR850 5, Z Ok R4 i
F 27 VIR -4y B O 22 1H9E ) OFE % Figure 1-2-13b (2R3, 457 VIR 143 BOK D 12 %
FHEE L. RERICHNE LT= & 2 A, pNIPAm, pNIPMAm 7 VS 1-13E / ~— L RIFRIC R R )1 &
BT SETWHDIZH L, pAAm & pNBAm 7 /VH0k: 712 B LTl MBEIEME H AR S
TWBIZHEPND BT, KORFEFENEZERFIERNE NI ZENghole, KREREMBAD
AUTUVD pNIPAm & pNBAm 7 VRRIF-IZVEH L, EERIZ 2416 O 5 VKL 23 KUK SN W g
LTV DR D72, SFBMEBIC L 0 KUK OB 2R T, fiRE LT, Rimnkx
KT STV 72D > 72 pNIBAm 7 VR 713, B E SR ST B Iz b b 53,
SUKRECTHEHESNT T 7 7 Vi EshE LW e, £/, &7 VIR 150 B0k O W & 72 2 & |
SUKFURNC WA L TR0 pNIBAm 7 VIR 713, BERROBRICHEE TR 6T, AaOHEEY %
£ U (Figure 1-2-14(A)(b)). 2 7 n/pfitiz SEM IS CHIZ LT- & 2 A, BEMROBRICHoh 723 Ik
BT THRE L COAHEEIT R ONT, KA ERY | BTSSRI S HERE L T\ D 2 b
233> 72, (Figure 1-2-14(B)(b)) £ o THZEAEIE D D & 7 VIR - 23 KUK SN WA L T/
WZENRIBEND, FTo, TR TR O E 1L, SOKRE O E B < KB LT
D EBNymD, ULEORERNS, MBSO ) ~—BETERERNEZETSE TV EIC
b B R Lz Z & TRAKMERERPME T LTWD Z b, Rt & LcE» K
SR ~D 7 AR - OWAE TR LTV D 2 E RS D,

@ 4 ®) g

A F ON ANt T L O Ninicroger A Nipicroger
§ 80 | 0O NMonomer <& Amonomer ; 80 - O NMmicrogel < (A'CO'MAc)micmgel
E I £ =
= 70 ©] gb = 70 ¢ @ B & 4 oA
2 i (I) 00 (] [
@ 60 A ‘w 60 -
o . 5 O
@ 50 | 5 @ 50 -
8 AT © 3 o}

L 1 L
u‘g) 40 | ? t a0 | © o o

L n L

30 T R T B WA TIT B S AR T TR R R T E R R TET 30 L n .
0.1 1 10 100 1000 10000 0.00001 0.0001 0.001 0.01 0.1 1 10
Concentration/ mM Concentration / wt%

Figure 1-2-13. Surface tension of (a) monomer aqueous solution and (b) microgel dispersions. The samples

were measured by Wilhelmy method at 25 °C.
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O (2) Nuvcroger 0002 W% | (B) Nejeroger 0:01WES .. -

(B)

Figure 1-2-14. Drying structures of (a) pNIPAm and (b) pN/BAmmicrogel dispersion. The microgels were
dried at 25 £2 °C and 10 %(RH)

F 2T WRITT IR D & A 7o i N KUK R~ D& | LB % 52 15D D h et &
ATz, TTRIEEOERSMEEZEZD L, 25 °C DKFIZEBWT pNIPAm [ = A WIREETH Y
TR LT D, —J, pNIBAm 7 /WKL -IZBI LTI, G s nvcmmr T8l s =
o —/LRIETH U | kL FIXUARIRRE & 72 > T D, (Figure 1-2-15) % 2 CTZ D7 VKL 1D
IR RE DN RUK S O REIZ R L TR0, BT a A7, pNIPAm DR EISEME %
T&H L. pNIPAm @ | RRES S AR EE AT (B W T AR o iR il S e e & 2 A,
WRRECIIBEHIE » AL XA 2 221 THERE L . & A Z R Lcolcxt L, IfRiRRE <71
ORI T2 HEIR S 72 & X, ZFOVBRRL 7137 U # AICTHERE L, e L CHAaDHER Z R L
7. (Figure 1-2-16) X~ T, Z DOFERMN ST 7 A0k 1 O BZE U IRRE 23 &7 VAR 1 DRIk
REREREZLSETND Z LR #RE L THLNDEEOE DD Z &M
272, pNtBAm D&, WAETFNLE 72D 5 D tert-butyl LT I FEPKUKSmICmE, WAL XL
5L LThH, BUKED tert-butyl FEASBRKS IEoTHEAELTLESTWATZD, KA E~
@w%ﬁm%énfbiofwéwfm&w#k%z%ﬂé(m@mLLB)

RRBSREZTER Lice Fu Ak + o B EAEBMEIZBE§ 2458



H% b RE AR T OERBE  Page 44

pNIPAm chain pNtBAm chain

coil state

-

(b).50°C™ =

L

A9 21 120, OlVapi] Ol

\ 5mm.
o O

Figure 1-2-16. Drying structures of pNIPAm microgel dispersions. The microgels were dried at 25 °C (Left)
and 50 °C (Right).

2.8.4. [RKRANDBREICHET pNIPAM BOEAIZDWNT

PRL - F 1 WA ERAL & 72 5 pNIPAm 28 £ AUE ETFET UL XK EIZ R AE T D DO
At L7ce HINOZRR D728, TEHT 200k 713, EAERD poly(styrene-co-NIPAm){HKL - 12 %F L |
Z ORI F-FRE I pNIPAM JEZHA L Ta 7 ¥ = VHOBR T 2ER L, 202 = VEDER LXK
KR AEREZ R 2 2 & THMMOER 23 A7, (R L7kl 7 O#ElE Table 1-2-4 2R
T, TR SIEAE AR D 25°C OFERND, v LBOHWE O T 28nm, JEVWE O T 222 nm DJE
HrEFFOAT v o VR OMERICE 722 b D, Fo. BoToki 1A EAE IS
TEELLEZA, BRRTHSBMEOE WKL 7283 57 (Figure 1-2-17) , fFoh7za7 v =
IBRL T DRI e 2 R+ 5720, ZHE TLRBRCAY 2 F L U B RIS T L, #g s
7o, fEH % Figure 1-2-18 (29, HleE LTy = VB ARTO 2 7R 1 b RIRRICHZ B S H T
%, (Figure 1-2-19) %" pNIPAm J& Z3E AW TR 2 7RIF1E, 0.01,0.001, 0.0005 wt.% ki
IRIEEDEMFIZBWT, IRHOERBA L, ZHETOHRNGT 5 & KUKFEICIAE LT
ZEERBLTNWD, a7 R oBIRORRR y A5 L, KORERNEZRFESETEY,
KUKFUEICRAE LTV D Z L A R-B T D RN b LT, KOKRER A FIF 255, BFIL R
poly(styrene-co-NIPAmM)FCKL 7- DR H DB 2 B 5 728D ITHEFBAMEBIIC CTRIBRICBIZE L=,
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a7 ¥ = VRLAE, RUKSEIC THEE SHL, 2 ORISR ER BICiET Shizolicxt L, a7kt
3. ROKSEATICEL FIIBIE SN D5 b OO, KKREIITEESNTELT T 7 U ViEE %
LTWe, Ko TR IR L & B ICBEICHERE L, £ ORI IE IR L o7& B A B
%, TIHARKOREED ZIK T SETNDO0HERT D720, mOER% O EEAORERES
ZRUELTLE A, KOREEINIME T L7, Lo T, a 7R AIZEYIAEIL T2V pNIPAm
BEHREEL TWDLIERBLXBND, ZOATRAIZ pNIPAmM ¥ = VEAZHA LT 27 ¥ = /UK
B 7-1E, 0.001wt. % DFKL - E DORFIZ < F VIR Z A L, pNIPAm 7 VKL 153 BOiR & TRl
IR AR AR D Z & b o T, WG BT AR T O 04 BT B 7, EERE T
TSR CHIER 21T 72 & 25 (Figure11-2-18(c)) . =27 ¥ = /Vhi FIIEIfE % &1 CTHERE L T
LHZENDhoTe, BLEDRERNG, ¥ = WITE AN LTz pNIPAmM J8 DEARIT L 0 #iEE N b
D2 ENGMY . RKFEASOREITIZA TR 289 L 972 pNIPAm 8B UNETHDH EEX D
b, AWTEEEREED 2 7R T2 D700 53 pNIPAm BNEAINTWDHZ L E2EX D L, EA
L7277 AR ORZM L 7= pNIPAm JE 3N XOKFUE IR AE T2 5 . TEES LRV,

Table 1-2-4. hydrodynamic diameter and shell thickness of polystyrene, poly(styrene-co-NIPAm) microgels,

and core shell microgels.

Shell
Dhnzs Dnao thickness
Code [nm] [nm] [nm] [mN/m]

pStyrene microgel 467 - - 74.5

cSte0N10 microgel 367 - - - 443

cs(St90N10/NSOmMM) microgel 424 367 28 . 434

cs(St90N10/N100mM) microgel 778 419 205 42.4

cs(St90N10/N200mM) microgel 811 - 222 42.1
(a) pStyrene (c) cs(St90N10/N100mM)

2P BkY X38.0K '1.80xm

Figure 1-2-17. FE-SEM observation of (a) polystyrene, (b) core, (c) core-shell particles.
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Shell N100mM

0.001 wit% 0.0001 wt%

Figure 1-2-18. Dried structure of core-shell particle dispersions. The dispersions were dried at room
temperature. When 0.001 wt.% microgel dispersion was dried at the temperature, the dried structure showed

the structural color.

St90,N 10

o <

0.001 wt.% 0.0005 wt.%

Figure 1-2-19. Dried structure of core particle dispersions. The dispersions were dried at room temperature.

2.9. #EH

VLRSI I\T 2 7 /VIORL T4 Bk O FEARI 7 B AR B L T A AOAB I
EAEERBELRNE WD ZENGNY | RIEEED LIZERZRICT TIT AR 2R AE LTV D
Z LW hols, ETT KA HIRN OXHRELRIE, BERO@®E & X< —|LTBY ., #KiH
WOXRFRIZES U CIXERRL - & FRRICE 2 DIV D, T AR O XK R A& 12T 72 < &b 30
nm FREED pNIPAm RN EETH D Z L3000 | FRULFREORE Tl MR mBE
ERFOIZT TR B L@ FHOIAM - IGRKIE L HEETH 5 Z L B2z mnoT,
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BIE SKREICETE2hFAMET A DT ILBHTFOEE
E—8

— B TRE LT & 72 U 7= M 0 &7 VR - I R R B LD . KUK SR
BB BOMMEZTERN L. ZoETIX, FAMB R O5 Ha s L, FZERIC T VhL
T AL S ETMFHIOWTRLT D, EEEMEEOFIFI T, 111 HTHRATARIZ, 7V
RLF-REA O 7 WKL F DB LSRR T 2 @O B E PSR L, &I 25 I EERIZE. &
FA LT =F MO Fa Sk OFERSI N EZBR LTz, £z, ZHE TIERERD
PEE Z 5D pNIPAm 7 Wk - DRREH skt L, #72 2 PEE % © - pNIPAm 7 VIR -2 1RG5 5
Z LT, BEIRARTORFHIIER L, EREOZHEIERATND

—{iCik, FTHERBEZHEL QNI X TEEL LD, IFALEET=F %D
v Fa Uk F R OBERIS I ICET 5 an A REEMICOW TR 21T o7, 2 OfRE
5. FAMKFRICHI ME < hThH, RHREEIZEL T, BT OIRERH D L3 0h
0. TIPSR T OERIRE A FTHICIE CE 2 Z A R LT,

FEHITIE. 2O NRRL R ORI RE AR M AER TG L. 2B OB

L C& - EEEAORIE DI R, & OTHT, KUKSHIZ I D 7 AR DR DI g & 5 T,
FUTIEET. ATF AL T = DT AR I EAER OFEICA D IZH 720 | RLF[FHE
AAERICET 2 R LU FIZHEB LT,

31. #E

ST L SHUE B2 D aa A RO EEOHIEIL, WRIESEAT~0 s o 1]
D2 BT CRLEED TS, BIZIE, A N1 ok EAE R OS2 HEx
7y AORBBRIZB T, EONBIROFEIG 5 58 ORHEC M EITET 57
DIFFICEHEL SNTWD, | THE TORFHMAMERICET 2%, 1 FEO SO
SIBRIZ B U TR AZAT IO T & T, 1 DML -/ BRI W TiE, k& V| DLVO
BRI L o T, YU ARRY AF LR E W o T2 BAIC K - TEEL SN Dk 1RO AAEH
DEBAICEHE SN TE 2, 2 FZERIC, U IRRY AF LUK e Wo @Rk Foan A K

REMIZ, A F ROy FHAR FREICREIED 2 & ThIl s S,

Bk U7fiuicst U, Balf Tl 3 D 2 HE oS O S ic i, B 2O
PRI T2 IRA LI RICEEDEE > TV D, ZHUTHEWZE ORI AERIC DWW T H L E
FVOOHDH, THETIC, IEEMEABMOEBRORFZIEN T LICED, ZOEET

JERREED DIEEIZ DWW TIRE N B Z 2 bV TE 72, >0 T, BARDFEBEDOWBL b7
BT B REEET, RO RS &\ o T AR~ OIS b ST B, 101 B
L7ziatidd 5 6 D00, BEMR HRAROP CTHHRIC, B2 b RmEM A LIk A L%
RE LIZRICONWTIZZIUZ EFN HAL TR,
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BRI & el L TR b WKL F 2RI LTz 2 MRS RIL, 2V E TORURRIF D
BET TR Z Lo a=—7 MZEE 28T 5 etz o T s, &I TE 6
VKL T T D & R RT3, IR pH, . ALFEOG & W o 72ARIRIE K - T B
HINE RN E Z R T RE R T DIEH 22D T D, 127 Z oM E 2R L. DDS!S2 oAb/
FHHERA, 28 7 b=y 7, 2T IALA] B0~ sm VT s = B m L
R ST EOFEENAIRE R T H 1 7 8 B LR TN RISAPREIN TN D, SHIZ, B F
17 R ORFEE LT, 111 TR, £ DR OAMUNIALIE T 2 KR L 7z @ o F- 84
ICREPET, BWIBEENEZRT, Rl U722 ME DD, v Fa b Vehi I3 kL
FATEHA RIS E 2R L HEETE D, B R ki 0 2 lREWICET 5
WMEITNL 203 D, 394 Snoswell HI1EHF A LD p2VP 7k 1 & 7 =4 LM pStyrene Hi
FONT BERIZONW TR 21T o7z, Y OIET =AW U hF 2 RfF2iRNmT5&, 20
KLFAT T F A DT MR A DOEENCRAET D72, T /R Z W25 2 & TAT v EED
EMEIT A Z EEZH BN LTz, Iyer & Lyon (%, 1A XDOBRIR D —HS>D7T =F M7 VKL
FEEA LT, auA NSO F7 RO B CIBERIEIC OV THE LT D, “Hou B
JEHGEL & oy R e A - BRI & T, B & AR L T2 S VIR D Y — T o
Y IIZBTDMDONRIZONTHRE LTV D, M 51T, ISR~ A F o ORE 2 B+ 5
TEDIC e ET L E LT, 7 =4 LMD poly(N-isopropylacrylamide- co-sodium acrylate) 7 /LfCHE
LA F A LMD poly(N-isopropylacrylamide-co-vinylbenzy! trimethylammonium chloride) 7 /L ok
FEMERA Lz, 20X ONOHRETH DL DD, Fox DHDIRY B FH ML T =F
MWD F NPT 2 IRA LIoREHE, ZOYREZ 2128 b0 L/ FRCEBR & ABMO
TNRLF 2 IRA LTz 2 IRGRICE L TE. BMICT &S00 R LI E 20,

Z ZTAMIETIE, & Fa 2 Ak 7+ ORI HT . 20 2 IR E R O R R 2
&2 DL, EEM & ABMO T AWHRLAZIRA LIZBRO 3 v A FLEMIZOW T, FEERIIC
JREEFRICIE D Mt 2 T o7z, ZHVETERERICET LV ET 5720, pNIPAm 7 /UKL 2 34 L
7oo IELRDOEMIT, EAFBHIEROEMEIEN L, MR 2 FR L7z, AREHIRN T
L BIR A B LT 272D T MR- O A ZITRFFE L7225 L O ICHRBE L, BEEOEEE,
FEZEED, d6 K OVEEERE 2. S T YeiE(Uv-vis), JEFBRMMEE, BRI R E R E 7B
HIE(FE-SEMIC K VAl L7e, £7o, ol - BERREO Al thiZ SOV T O RET 21772 o 7o,

3.2. EERIR
3.21. BE

ZOMETCTEM L TV HRFEITT N TREMIERE N OIEA L2 2 £ O F £ W T
W5, HoREEERRIC, AL TWLKIE, —EARE LW EA A L, Yo T VR
A LTW5%, (EYELA, SA-2100E1).
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3.22. hFF S ILMBFDER

ANF A MDD T NRLT- DA D T2, EEBIMGANAI D F A MO T IV sy
FHHOREHEAFREZR V-50 Z{EH L, KRICBIT HLEEAEIC I > TERLZ, L2, &
L[UKEBENE OFER NS, V-50 OF 2V EKOEMIZT TEATDTHDLZ N Do T-T2,
NFA D axEr ) ~v—ThbH MAPTAC ZHLEHAEL TWD, £, &/~ —(NIPAm, BIS,
MAPTAQ)% 4 D7 7 AaNIZA L, IRWTKERERIIM A7, EABREFIZBITS,. EIZ
MAPTAC OFEMFR N ZMEIT 2720, T/ ~—FKRNOEREZREL T D, £/ ~—EK
N OBAFIRFR A BHR I AL > THY &, EEBWGA V-50 2F )/ v —/KERPICEAL, &=
BEBIG LT, BONI 7 VR T iR 2 |IRE Tme L, BRITEO - OB &4
UK LT, 2O TF A AEDOF AR 1X, NM(+) & RiL L, £ O FROMIT Scheme 2-

1-1 (2”3
?Hg ?Hf NH:
——fCH — CHz 3=—k-C —CHz 3=—LCH — CH: 34—C =g A
| : | I N H-
Cc=0 c=0 c=0 CHy A2
[ | |
CH (CHz)s CH:
N Le |
CH: CH:  CH;—N=CH NH
| |
CH- B~
|
——— CH = CHz ——
NIPAmM MAPTAC BIS
I
—— CH — CH: }—{CH — CH: 9—4—-0— ﬁ—o—
| |
C=0 C=0 @]
B | |
N(-) NH NH
| |
CH CH
N |
CH: CH NH
|
?:O
e CH = CHz e
NIPAmM BIS

Scheme 2-1-1. Chemical structures of the microgels in this study. Reprinted with permission from { Suzuki,
D.; Horigome K. Binary Mixtures of Cationic and Anionic Microgels, Langmuir 2011, 27, 12368-12374. }.
Copyright {2011} American Chemical Society.
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3.23. 7=AUEFILBHTFOERK

T =AM R b IR L2 F A S AR T LIRS, T = A o E
BBIAEHITH D KPS 2T L ACROIEESIEIC L ER U, sl RETV BT - 7,
ZOT =AM T APRIAIIN(—) &L L, A AL O BLIL Scheme 2-1-1 (27377,

3.2.4. EHEA &

7 NERL A OFARTVF BT, BIYEHGELIEIC X o THIE L7z, IE L TV 2 %EE D
BTz, BRI IE IR EET 5,

ERIKEIBENE 1L, ~ /13— D ZetasizerNanoZS (Malvern, Zetasizer software Ver. 4.20 %
IEH L, JIE LTz, ZOEE TIEI R FOBSIKIBEIE 2 gL 21Hzy, L—¥—F
v 77 —DFHEEH L TWD,

RO -3 HCHR 0D 73 1 » BEHRIR TR, #8514 40 R HHDEIA(JASCO, V-630iRM), H #i#i%% (Canon,
EOS kissx4) . 27BAMSEH: (Olympas, BX51) . FE-SEM (2 L - Cili L7, LRticBdEd 54
IR Ty BUR DO ZEi =%, #8546 55 AT YETE(JASCO, V-630iIRM)IC L > THREEH - T 5,

7RI D RLEAEE X, FE-SEM (2 X - THI%ZE L7z, (FE-SEM, Hitachi Ltd., S-5000) 7

RLF-or Bk A AR Y AF L U FER B R L, #olth, PUPd OB ZITWBIZ LT,

33. MRLER
3.3.1. AFA L7 =7 2 1%D Poly(N-isopropylacrylamide) 7 LI F D & Bk & 514

HF A VD NARL - (NH) T =4 0 7 ViskhiF (NG) 1. KI5 b
HAEICEVIER L, ZOEGEXIREINEES WKL 2 6T 5 — KR FiETHY | T
AT ) ~—LBoN5 R Y ~—OBKFRICBIT BIEIEOENETERT 2 ik Th b, £/
v —NEASEN, WEMO, PR THABEEITE L L ZATEY THEAEATIC THYBEL .
B UC< 280 AR EA T D, 1215 ARIFFETIL, pNIPAm % AR & 32 7 Aok 7 & L L
72 pNIPAm |3~31°C (23T FERERFILEEIRE (LCST) Z/Rm L., ZOIRE A SIS T8 A
Bolzaf VRN ESFEPTIV I ERTZ 7 n a2 — VIRE~NE ZOREZLE(LI YD,
4546 Z D pNIPAm M OB S 4L D 7 VIR 1%, 4846 L7 pNIPAm $HOMEEZ 5| &/, 20
LCST {13 CTHARIKRE D> S MR IE~ S R OB L 2RI WL - &£ 72 2, V£ T, ThZ2h o7 v
WL DB DOV CTEHEAAT 5720 N(H). N()T KL O ELIKEBEIE (EPM) 1%, 25°C
DOKRFUIZEBNTENENIE EAZRLTZE  1.637x108m?V-ist, & 0 -0.590x10° m>V-'s), fifH
KV, EERMEABMEAT DML T BHONTZZ ENGND, 2T IREREMEORR
WZHEET D &L FUVBBR A IEAEIRRED & & O EPM IHERWMEZ /R L7=02x L, IR RE Tl
EVMEZ R L TWD Z &R0 5, S HITIAFIRIEICISVW T, EPM OfEIZ NaCl R 2 i S &
B EIFEAE 0125 < (NM(+); 0.090x108 m2V-Is! ([NaCl] = 1 mM), 0.005x10¥ m?V-Is! ([NaCl] =
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10mM), N(-); - 0.109x108 m?V-1s- ([NaCl] = 1 mM), -0.075x10- m2V-Is"! ([NaCl] = 10 mM)), = D
TEEOHIMC L S BLUKENEEIE O FId, SHEREICB O TIRE I FENEROMITIFEA EE
ELTWARNWT EnDEZ D E(NM(+); 615 nm ([NaCll=1 mM), 609 nm ([NaCl]=10 mM), N(-); 638
nm ([NaCl]=1 mM), 627 nm ([NaCl]=10 mM)), EAFEOFHEEMDEITER L TWDH EEZ BN
5o

WIT, TR T OB B 2 Wi+ D 120, FABKIF OREISEM 2 1EH L
NMH). NOD A R ER Lz, 220 £49 0 70O FEMEE T H % Figure 2-1-1 (TR
To N N EL DY U TV NHEEMKE T ATEY . ZOBRIMZRESING, EHb 1
MiEEAZRT, LLEORERED | N, NOOBEGHMEREWZ L5 hoT,

— 9 Hm

Figure 2-1-1. Optical microscope images of microgel colloidal crystals assembled from (a) NM(+) and (b)
N(—) microgels in deionized water at 25 °C. Microgel concentrations are 5.0 wt.% in each case. Insets are
photographs of each microgel assembly in the rectangular capillary tube. Reprinted with permission from
{ Suzuki, D.; Horigome K. Binary Mixtures of Cationic and Anionic Microgels, Langmuir 2011, 27, 12368-
12374. }. Copyright {2011} American Chemical Society.

3.3.2. hFAtEE 7 =7 214 dD Poly(N-isopropylacrylamide)4* LRI T D iR E it &4
WA, &7 WKL DIREE IENEIZ DWW TR L 72, Figure 2-1-2 (2 NM(+), N(-) Dk
TFRERDORERENEEZ RS, EH 007 MR bIRED LR L & IR E R
D UIRIEFREROMFR A RN TV D, E72B 7 AL 1-13~33 °C THRREZELZ LTV Z & hone
o7, BIREEICEB T B8 7 ABK - O K& 13 EH 5 H~600 nm, UHERAE TIE~250nm TH -
7o REZELER DT ITERMICT 7 B LTV DR FRWEE / ~— %2 @A AT NMHH)IC
BEINT  WET /) ~ =R FNEBICEA SRS S, TR T OREELIREE EA S F
HZ LI MBENTVWD, KW T, NMH)., NG EPM OIEERKIFM: % Figure 2-1-3 (2177,
TEFEDMEROEE (RFEZERT) . EPM OEIXIEIE 0 128V, —F CTRES EF ST < & EPM I
ER L, AFEIORGTIZ45°C ZRKREE Lz, 20 EPM O ERIZ, 78R 28 FIRIZ I

MRBEZEERA Lz Fa XAk o B AEBILICEE 3 285
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ML, K2 5 &0 THOBEDHIN L > T, F AR FOREERMEED LA Lz
WIEEBEZ Bi5, Figure2-1-2,3 K0 | &7 VKT EPM OfEIL, 7 /VIhL 1 DR EE I (K
FL, BECL>THREMETHDZ ENShot, MRELT, FxidhFA b7 =4
PEDOBEILG: 2 FREFTRE/R 7 KL 21572 2 L 3o 7o, 2 2 T i FiiE e & EPM O
REREECR BN D ZNENOMEDOZLEDEN L, BE 5 < ZABRT OGRS DR —
PEIC LD EHEET 5,

700
’ A NM(+)
£
£ 600 | ‘!l! sty
5 “a,
£ |
& 500
a u
L2
§4m ! .
>
K A
§ 0
T30 S VA A A
i .llll. [ ‘
200 i L jt 1 L L I ! ! ! ! I ! L 1 IE
20 30 40 50

Temperature / °C

Figure 2-1-2. Temperature dependence of hydrodynamic diameter for NM(+) (red triangle) and N(—)
microgels (blue square) as measured by dynamic light scattering. Microgels (~0.005 wt.%) were dispersed
in 1 mM NaCl solutions. Reprinted with permission from { Suzuki, D.; Horigome K. Binary Mixtures of
Cationic and Anionic Microgels, Langmuir 2011, 27, 12368-12374. }. Copyright {2011} American

Chemical Society.
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F-S

A NM(+)
" mN() A

w

N
T
>

—
T

Electrophoretic mobility
{ x10-8 m2y-1s-1
i o
=
o

”4 L 1 1 1 1
20 25 30 35 40 45 50

Temperature / °C

Figure 2-1-3. Temperature dependence of electrophoretic mobility for NM(+) (red triangle) and N(—)
microgels (blue square) by laser Doppler velocimetry. Microgels (~0.005 wt.%) were dispersed in 1 mM
NaCl solutions. Reprinted with permission from { Suzuki, D.; Horigome K. Binary Mixtures of Cationic

and Anionic Microgels, Langmuir 2011, 27, 12368-12374. }. Copyright {2011} American Chemical Society.

3.3.3. hF AL 7 =4 214D Poly(N-isopropylacrylamide) s LB FOBIEREIZH TS
BEROIE - BRIKE

T NAIRLTF D3 ENEZ 31T DRI EE DS OV THRFTT 272012, FHREICE
T D BEROEIERFMEEZ BT L. (Figure 2-1-4), 22 Cld, TXTORICBWTHAPIZLY
B)—{tZAT> T 5800 rpm), IREED EF-& & HITHEWEITHD L TR, FFTTXTORICE
WTTRFEZAGIRE~33°C T, ZOZEEBRITRE KT Lz, ZOFZBEROETIE, 7 /WKL T
IHELZ A O BELWTERE O EFIC K 2 DIEEB X HiLd, EARERENEWEE (0-10 mM, N(+); 0-
ImM, N(-)) . RREZE(LZ R LEEREROBRET, 1IE-EThotz, — 5 CEMEREN R
IKF (50mM, N(+); 10-50 mM, N(-)) OFmEFEIT, —FEIEKT L7 ZANDIBIZETL, ZDHE,
RREZGIREDL ETE LM LIz, ZOBERE(IZ. T MR OREZEEICER LT D
EEZLND, FEBIC, WEBRINLOY U T NEEBICB O THELE L 25, EBRICEED
DIFAEL TV, ZORBEELZIZB W TR SO 7 VIR 03 E T 2 ER & LT, ERYE
2 & 2Ty FABRLT Doy & TEME &0 o TN A 70 SO 1 08l S 7= 720, U LBk
HINZ 72 S T BRDBOKBIZI I3, FERE L THo7zledic e BEx b5,
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100 100

(a) (b)
90 | 9 |
80 80
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60 | £ 60

2 2
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:
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: :
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Figure 2-1-4. Temperature dependence of optical transmittance for (a) NM(+) and (b) N(—) microgel
dispersions measured under each NaCl concentration. Microgel concentrations were 0.025 wt.% in each case.
Temperature increased at the rate of 0.5 °C/min. The dispersions were stirred at 800 rpm for homogenizing.
Reprinted with permission from { Suzuki, D.; Horigome K. Binary Mixtures of Cationic and Anionic

Microgels, Langmuir 2011, 27, 12368-12374. }. Copyright {2011} American Chemical Society.

3.3.4. hFF* it 7 =4 D Poly(N-isopropylacrylamide) 7 LM FREHR DD E - BE
N
FPFRIESTTRS OCERF ZTEH L. NM(+), N EIRAS LTZEED . KE 77 ik
OB - BEEZEENIC OV TR &2 3 2 72 (Figure 2-1-5), ZH 5 2 TORICE W THBIZE D
Wz —( L TV 5(800rpm), NM(+), N ZIRA L7ZBR, TOIRAHIL, M UEE —t v M
B o fliEFEZ —xt—TRA U, &R 7 R IR B 0.025 wt%lZREE L T\, 22T
DFRIZEBN T, RFEELIEELL ETIE(~33°C), A O 7 VR 13EEE Uy iR o0 it FE 13 - 5-
L7z, FEBRICHRICBWTEALNEZBE LT 2 A, BEWE MR L T 5 (Figare 2-1-5b 45D
FE), — 5. TR TORICEBN T HRBEEMIRERT CTIXA SIS W TEEDITBE IR o T,
LinL, EBREOFECY T ERIELI-E 2 A, BRELZ M THRNRIZENTIE, T
NN > TV DT 0 B2 S 7= (Figure 2-1-5b /EDGE), Z D X 5 728X, (KR4
LIRERT TR S D (121X 20°C), Z OEFEZALIRERT TOBEERDIENZH SN 57
O, —EIREEQ25 SO\ T HEROBFEE N 2 B & Rl L 7~ (Figure 2-1-6), #{#E%1T
VR D 5000 B E W) IRFRI R — L TRIEZAT o7 & 2 A, BREOETITE A LR LR
ofz, UL, WEHZELVAZBRICBWTHR LI E 24, BELZMZA THVRNRICEBWTE
OBV H%LTVﬁW@mﬂl&ﬁE@@) TR 7 OB & o3 < T 572
D, TR FIRE 2 m < LR Z21TR o7, IRE LICRICE Ry T 4 U T Z2TWRTO¥—1t
AT, WHIATHOT, TOEEFHEL, BIEE21T o7& 2 A(Figure 2-1-7), ERE 2%
TR WRICBW TR - OB N B S, 7RI 13~12 FERICIERE L & > Tunvie, K
FZGIRELL DY G, B TEHRELTLE S, SV 5 L NMH#), NQES R, BEEL
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[N

BERNCBWCOBOEMEEZMZ D Z EICX D GRHUREETEET D2 0N ghot-, EBRIC,
BARICBWTEMEREZ 1 mM ISR LBIZE2ITo2 8 2 A, BLZE 20 A MIT7 AR T
DILITBER S o7,

(b)

NaCl
omM 1mM omM 1mM
=
@
]
c
]
£
£ :
0 | e
g —NaCl 0 mM y &
'_
40 | —NaCl 1mM at 50 °C
—NacCl 10 mM
30 |
—NaCl 50 mM
20 T | PR U WA W NS S S W |

20 25 30 35 40 45 50
Temperature / °C

Figure 2-1-5. (a) Temperature dependence of optical transmittance for the binary mixtures of NM(+) and
N(—) microgels measured under each NaCl concentration. Total microgel concentration was 0.025 wt.% in
each case. Temperature increased at the rate of 0.5 °C/min. The mixtures were stirred at 800 rpm to
homogenize them in the cuvettes. (b) Photographs of the mixtures under different conditions. The conditions
(a-0) correspond to those shown in (a). Reprinted with permission from { Suzuki, D.; Horigome K. Binary

Mixtures of Cationic and Anionic Microgels, Langmuir 2011, 27, 12368-12374. }. Copyright {2011}

American Chemical Society.

100

(a) (b)
20 4 . NaCl
g 80 J{ iy omMm . 1mM omM 1mM
o 7
§ 70 \a v
£ 60
&
s 50 | _Naci omm Yy &
T 40 —Nacl 1mm 5000 sec
30 | —Nacitomm
—NaCl 50 mM
20
0 1000 2000 3000 4000 5000
Time / sec

Figure 2-1-6. (a) Time dependence of optical transmittance for the binary mixtures of NM(+) and N(—)
microgels measured at 25 °C under each NaCl concentration. Microgel concentrations were 0.025 wt.% in
each case. The mixtures were stirred at 800 rpm to homogenize them in the cuvettes. (b) Photographs of the
mixtures under different conditions. The conditions (a-d) correspond to those shown in (a). Reprinted with
permission from { Suzuki, D.; Horigome K. Binary Mixtures of Cationic and Anionic Microgels, Langmuir

2011, 27, 12368-12374. }. Copyright {2011} American Chemical Society.
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Figure 2-1-7. Observation of the binary mixtures of NM(+) and N(—) microgels at 25 °C without stirring.

Reprinted with permission from { Suzuki, D.; Horigome K. Binary Mixtures of Cationic and Anionic

Microgels, Langmuir 2011, 27, 12368-12374. }. Copyright {2011} American Chemical Society.

335 ETIMATFLEESGRDOH - BRREBOA 1 VK LREDORERF

FBL72E 512 NM(#). NOZRE LB, LE LD EOEMEZTENT 52 & T, #
BB 1EMHIL, 284 RELEIEDLZENAEETH -T2, Lo TIORERSG LT, H—
DT FRDORTT S E D, A A L RE L IREICET 2 —H O - BEEREEZHNICE LDz
(Figure 2-1-8), = Z C. Ay BCIREEDHIWIZY o 7 VFHTE D 5 12 BRI BEICRB W THER L,
WL TWb, S5, BREZMZTORWRDA 4 ORI, BEEDOHED H~1.0x100M
ELTRMEb o7, 7 X<HMBN TS K91, NME)Z AR 71, BAEREDMRWE A,
7KL T O BTEEIZ B D 5T BIREETH Y (o), BMERENE N E XX, v/ FELT
RLEE & 72 0 BEET 5 (e)(Figure 2-1- 8 (a)), HH Z O X 5 7REEMIT, B < EHE L TWDH 7295
BITIEE B LRV, ZOERRERIL. NEOT R AIZBWTHRERICA S 72, 10 mM
DR\ LIRS L7, 35°C & 40°C 128\ T, ki 25Tk k: LRSS L C U 7= (Figure
2-1-8b A), ZOBGUT, FREZKIZHE S @b Lt ZOEBCOW IS BB 21T
TETH 5, Figure2-1-8¢ |[ZIRARICE T DK 27T, IRAGROWE | KFEZAIRELL ETiX,
BAFEREICEOTRIRICEEL THD 2 LMD, THUIKIIL TWzEaF8E KT L
T Ie ONRZEACGNR N K AN L= 2 & | FRICAREARE IR E Tl FFEERh RO ZENMRN 2D
K- OFERIS DT DEE LT LB GIZEZ DD, X LT, 1| mM DL EOEREDSE .,
BREEGRERNCBWTCIE D F A e 7T =4 o MO F AR 2IRA LI b b 595y
BORRECLE L 2D, TN TOMHREL banf FELTREELRVEEL, ©o< 0 Lk
Fed 2, BAHEAC 12 RERIIEEMER R 6N 20 BELIZ(A), DX D e EEx,
AKFTURAE UTe 7 VR & R - ORI AAERIZ L > T T&E 5 &2 %, Okubo &
Suzuki O Tl KHFIZIEWT pNIPAm 7 /W + O JE D ITESR HEN BRI L) Z

RBRBREZTER Lice Fu kv o B EMEBEIZBE§ 24058



BE RURFEICRT B IEELT & AERT OV VR RO Page 59

D, e R OBEERERZRI-T L E2REL TS, 79 KriC, MUEMICHER L
FRZIE, T RIZT B DY A XL R L TREL, BHEHT L2 &TTERY, £z, A
F U RHBIE WS T A BRELS eo7c & LTHESR TS 2 L HkZn, 27
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Figure 2-1-8. Phase diagrams of (a) NM(+) microgels, (b) N(—) microgels, and (c) the binary mixtures of
NM(+) and N(—) microgels as a function of temperature and salt concentration. Open circle: colloidally
stable, solid triangle: colloidally unstable (slow flocculation), solid circle: colloidally unstable (fast
flocculation). Microgel concentrations were 0.1 wt.% in each case. Reprinted with permission from { Suzuki,
D.; Horigome K. Binary Mixtures of Cationic and Anionic Microgels, Langmuir 2011, 27, 12368-12374. }.
Copyright {2011} American Chemical Society.
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3.3.6. 7 - MEREBICE TN FA U MET A U ESILBHFREROEERE

W\ F AL T =F LMD T NVPRRL T D> 6 70 2 BEEM O RS % 3 2 72 FE-
SEM ([Z CHlEEZ T Tc, o 7 UE 10 WL DKL 70 ik 2 RN U AF L HIRICEDS L, ffis
BT, BT TESIVARIT  — XA pNIPAm 7 /WO 1 0 B 2 S O 72 BofR R CRER S H 5 &
Z ORI % 220 CHERE 95, 552 Figure 2-1-9a,b |29 X 912, NM(#), NP7 L
PR Ty BOR DO RLIEAE I 1T, BER & RERICIEIRR 2 22 CTHERE L 72, — i CIREGROGA. BEIR
xR LIEBMREZMATORVRICB W T, FABK 00872 - i EM N B R S
(Figure 2-1-8¢), Z DOFF, 7 VBRI FEIHITEHE L TV DI b b 59, TS L2 N DAV L
FICB W CHBMEZER L TRV . BHEMNER 7= X O 228 OWBEE I IR S 2o
oo ZHUTH —E TR L CEX R RGRRN G E 2D L. £ R T 2V RUK R 2
L. Z20%, [UKFEICTEE L, BRICIEGE SN0, T O7 VIR 723 6E LT
EERGHNIZDTIIEEZBID, ZOEBMEEABREOFEMIZ OV TIL, RO THT
%o B U7 RITHK L, D &ED NaCl Z3IN L, BV O 7 /W [F 1 2 5y BORBE TR E S,
HEfp ST & XTI, K& O VKL H IR & 22 1T CHERE L 72 H83& 23 8142 S 7= (Figure 2-8d),
ZOEE, HEUTCRBHIR L THIAK Z LS LS 20 THer L NaCl OERZBREL TWD, F

7o ZOUHE TRMG DN WS B e 52 o Te 2 L 2 LT\ D,
1um

(a) (b)

Figure 2-1-9. SEM images of (a) NM(+) microgels, (b) N(—) microgels, (c, d) the binary mixtures of NM(+)
and N(—) microgels deposited on a polystyrene substrate dried at 25 °C. Sample of (d) was prepared by
drying the mixture with 1 mM NaCl, after which NaCl was washed with deionized water gently and

repeatedly. Reprinted with permission from { Suzuki, D.; Horigome K. Binary Mixtures of Cationic and

Anionic Microgels, Langmuir 2011, 27, 12368-12374. }. Copyright {2011} American Chemical Society.
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3.3.7. hF A L7 =F %D Poly(N-isopropylacrylamide) s LRI Fi 5 745 2 B EHKDE
SR

S BITT VORI T2 & 72 5 B DO T M DUV TR 247 - 72, Figure 2-1-10 (Z#E
EN DA OWIRE R, NMH)E NQT VIR TIE, BHED SEH AL 2 Rat &2 1T-7
1 ik, BEZ ER S S20EICEHE S (Figure 2-1-10 L), 2 2 H X, BRE I F=RIE T
o< 0 LEE S5 EETT o o (Figure 2-1-10 ), N ENOFIED%, £9°. B krsu
ORI 2N 3 DR ICFHE U, 2 U CRAMEAIZRIEIREDS 1 mM & 725 KO ICEMELIML 1
RPEFE 21T 5 2 &L THOBERR T, fR. IWHRREED b RURICEHME SE RO EIT 272 R T
X, ZHOBEMNBESNI-OIIKT L, B LT DIREED SRR EHE S H AT 7255
IZBWTIE, 7B CEEMIIBE SN hol, I 7R A —WZB W T HEEM D TERK S
AWTWRWVINER T 2720, EFBMEHIC LV BIE LI L 2 A, QERENOHIRERAT-FR
IZBWTIE, O ICEEMNFIE LT DITx L, FRIBEE D i 2 AT RIZE W TE
BEDITZTIFEL T RWZ En3ghnolz, EHLOEFETHAEWVZEEIZT L2000, HH
REBIZB W CHSBR AR ThH o722 L b AR OAMINIALE S 5 K FN L7z @43 18512
X DN ZEARNRIC L o T, AFEBIE LKA 7 — Wi W TR, RAMEREERIZE B 220

SO TIE RV EB 2 BND,
Addition of NaCl
Cooling to 25°C E (Total conc. TmM)
and stirring and stirring for 1 h
Flocculation

Addition of NaCl
Standing for 12h (Total cone. 1mM)
(25 °C) Stirring and stirring for 1 h

- -2

Figure 2-1-10. Test of redispersion from flocculation composed of NM(+) and N(-) microgels. Microgels

The mixture of Flocculation

NM(+) and N(—) Heating for 30 min
(50 °C)

L.
Initial
Condition
Total 3 mL
0.1 wt.%
NaCl 0 mM
25°C

were flocculated at 50 °C (top) and at 25 °C (bottom). Reprinted with permission from { Suzuki, D.;

Horigome K. Binary Mixtures of Cationic and Anionic Microgels, Langmuir 2011, 27, 12368-12374. }.
Copyright {2011} American Chemical Society.
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3.4. #5H
KR BB EAIECB TR D & A 7 OKEVEBRMHI RO, kT I v i
SIE ) v —EIEAT D LI 5T REISENECRIEFREDY A ROHF A MR OT =4
AR VR T AR LT, I F A MR & T = A A R TIRA RIS R
Vo TR, TREERS K OB ISR Ch Y . TORREB S L, o, DR
BIVE OAFAEN, KR U U7z IEE & BEMOR 7 MR 4 R G L0 BB K &
FRE AR 2 T, BURENZ L2, IRARICBWTAROEME ORI, EBH L AERHOS
IR OBEE AT, R L UCH% ., BRI OROR & REBRICE 5 72 B 2
BT CHERE LT, BRIBIREEIC K o TR S N EMIT, L BROBMEOWRM & HIc L T
BB AR T >72, T OMWEE, SEMAER & 7R 7 OSMII AT 2 K5 L= s sy
FHASR O R ELR L OFREVIC LD L EZbND, —fRiC, BREEMNASZ Lix
N4 RERZEICSED Z ERMBNTNDEN, AF A LML T = Mo F UMk 2 RE L
BT, TuA RERERTHERE LOHRIEL T D 2 LiE—oEBEARMALL LTHET bR
%o ZOHUWERLIE, BB ICHE SN BS A B o AR D 2 —T 4 v 7R, RO
WFinbie s and Mg, 3L OMEIICERFT - - ERIROMRER EOISRIC 72735 L{E

LTW5,

8

BEER
BT 2L, I FICESEER LT,
http://pubs.acs.org/doi/pdf/10.1021/1a203035¢
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|t )

BB E M TTERMICHD L LTE SRR ORI AER 2 % L |
O _EITIE, RO S R OWEIRTE RO EE & #& 6D F AR ERER DR &3 2 T,
AL TEERLRWR, 20L& BE LEREOXKNE TOEBBREOMBIIE, F—2F
HilZHB U T, pNIPAm 7 /UKL & IZIE R BG4 7~ L 72 pNIPMAm 7 ViR Z i H L T
V. pNIPAm Z ki 7211 T/ < . MORIF BN TS ZAVE TORRINEH ATREN & 9 Hile
WD, LU, R FEBEROE RN D, B TF AL T =F UMD 7 Vih FAEFER
D HARK) 2L BALEIZ DWW TR 2,

4.0. RERARTEICHEITE2HFA o7 F o HOF VA FOBECERELE
41. #E

T ERFI 7 u oY A AOMKLFIR, BRx RBIROLERBGEZ T RT L2818, —
WRICDOFRL, “RIUIROEE, =T DR s, £ L TEMERERIKR S VW o 7ok & 2R TTITHEA
EFOENTWD, BRESNZMRFERAL. B —=7 4 b=y Ui, T—2 A L —V
EVSTIEHNZ DR D K9 78, KA DOIEFHIRERH ., MK E 2”1 7 OEH ShTn b,
ISHTH - ROTOHFIRIEIE L, EORIROEEIZH > TEFROEBZ B2 5 Z LN TE, MO
MWEEMEGTHZENTELLDERINATWND, 4 THETIZ, 1RO RESEIL, AR50 T
(f5] : DNADRIERSE) 0| o TEBME., o> 7 vAv— Bl h—ARoF/Fa—7) |
B e L— 8 K o TEEMITHE DN T 72 2 — e & ek T 7 L — N &G H
LIRS TE T, 72 S 612, HIRMEEITESLOWYS & W o TN 2 EHT 2 2 LIk > THE
"I HZ LM TED, 108 TR ZIRITTOERR & IR | IRTESNIE, F 7897k 1
O TERT 20FE Ly, SIREEOERIZIT, —BICIEFE TR EERMNER SR 5,
BIZIE, ¥ X AR LT D B T L TTAROA L F R D 270 2 FFE T 72 ok 1%, —IR
TCOSREEIZEBMIE L Z N TE D, WML FFOR 7202622 5 8IREEIL, ~(f 7=
YEI RNTFY Y MECE > TR SN, ¥ 72, FEICE, b ) FHEICEEISEEO~T B %
A LTI T OANTRAIL, &L TFA—NEOEWDOKGEN L CEREEZ BT 5 2 &2
HHILTND, B L LAns, WRPICEIT 28UREE ORE X, RirMo7 77
T — )L A S)ROFHERIFE AAER OHII A EE L=, RIEHEAI 723 ETH 5,

BRI TCIHRARTERLLOIC, BRI e Re XAk a2 thik4 25 &, B R
TSR 1L, ZAVE CEMEKLF CIRBIE TE R oM au A ROBGER~T 2 LN AlHE
Th o, £t e ARk, REPpH, M, ALFEUR & W o TR INE L. #EiL
FHME 2L S5 Z ERARER T, L OMEENOIER SNTWVD, 820 5T, K7
v TT VN =W BLE S BERIR, T Faz—% T4 b=y 7 s, FULAL 42 a )
T Z—EWo Tk x RGN Ra AR FATENT 5 2 & TRETSITE Iz, 74 S 512,
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P

B Tl ARZARIZ, B R VR 13, £ DOSMANTALE L TV DKFI L 7zEmm8iic & 5. &
WBZEYEN D . BB & BB O T BT RN EWICHFET 2 THL A BIREA RS Z &2
ARECH Y, ZOHADGE LT 2FEATREIZS AR ZEEMLE S5 2 & T, —RICOEHD K
O IR ARRRIR b . BUZIRE L 720 TR TERIT X 20 Tld e L HEI L7,

ZZTET. ZOHTIE, BRP TO—RITHEDIERIZOWCTER L, 7KL O
HERERD T, ZOBEOZERDOT-ZDIC, BT AL T = D AR 2 A X 7 UL
T RFERE ) v—, 3/ v, BEREEH L TER L, EEADEME ZNLIAE
T BT, Rlp 2 KEMBGAR Z EAICHEH Lz, 240 07 WKL 12 IR ClRA Lz &
Z A, RIERHEIC T RITOFREEICER LTz, DT AL T =4 LMD F ki 7085 72
LERMEEDTE S IBFEZ A DN E T 5 HEIRE, R HREE, W TFA e T =4 okt
DEZHEBIONWTIHF 2 To7, £, WTF AU HET=F MO Ra Z Ak +-0RE
Kz L, EREOZHRIL AR,

4.2. EERIF
4.21. HEB L UERBR

NIPMAm, DHEA X Sigma-Aldrich Co. LLC/> b A L7-, BIS, MAPTAC, AAc, V-50, KPS,
NaCl,/3%Wako Pure Chemical Industries, Ltd. 72blEA L7z, ETOMIEIL, A LM EZDOEE
Bz, AU ZAF LU EHRIE, IwakiD LR T ¢ v & 2 AL EOE E H Wz, (Iwaki, 60
mm/Nontreated Dish, Asahi Glass Co., Ltd.) FEBRIZIEH L7z/Kid, 1F LRI S N-H 0% H
WTW3,

4.2.2. NFAETILHEFOER

B F A AED F AR A1E, T T A MO KEEMERRERI TH HV-50%TEM L, KRILE
EABICTERI LT, V5007 2 V) 1200 TId 07 BB OBEINENE SR> 72720,
VEDHF A NMaE ) v —ThHDIMAPTACE HLEA L, BEMELFE L7, NIPMAm, BIS,
MAPTAC, waterDiR G % . SR L mAE | EREADZI T ZRET 7 2 aNIc&AL
72o MAPTACHIRD 7 —a R &Ik L, 15505 7KL DY A X% diHd 572, NaCl
BE )7 KERICNZATWD, £/~ —IRIRTOBEGFIEFEEZRY R T2, BREAT Y Ik
1Tolz, BHBBAIOV-50% 7 7 A aWNIZIEAN LESGEZ M Lo, 5D 7 ki 7/ 8k %
FHRETHRL LTz, ZOF R IE, 3O LESET 2 2L THERILL, 0%, EirxiTo
oo ZOTNMRLFZNH E LTRL, EORF DI FHEEIL, Figure 2-2-1.12777,
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Figure 2-2-1. Chemical Structures of the Microgels in This Passage. Reprinted with permission from
{ Suzuki, D.; Horigome K. Assembly of Oppositely Charged Microgels at the Air/Water Interface,
J.Phys.Chem.B 2013, 117, 9073-9082. }. Copyright {2013} American Chemical Society.
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4.23. 7oA UETFIL BB FOER

T = A MED T NARL AT, T A T AR DAL & R FRER D FINETIT > 7,
T = A MO EEGBEAIKPS) ZTEH L, KROLEESICEVER L, €/ ~—%3H0 Y
(NIPMAm, BIS) . JUET 7 A aNIZEA LTz, £/ ~—KIBHKANOEAFIRHE 20 R T2,
BENTV T E{Tol, KPSEHEAL, EEE(ToT-, BEAMGEEILESE L0567
Wiz mA Lc, Bonfe Akl o L, EEAEET, Bt 5 2 & TR
EATo T, mULKERL, BT EITo T2, LN AR FIINC & L. Z O b4 1 L Figure 2-
2-112 777,

4.2.4. HECTREGERBHALEZE L= LBHFOERK

PHIRDOEFEREAER T DI T A ML T =4 M7 NRL - DA & R T 5728, 4y
AT RE 7R BN 2 L7 b R a Akl 2 ACRIEEEEAIC LV Bk LTz, Y &%EF /) ~—% 5
0 HLD (NIPMAm, AAc, DHEA), /KZ AN KT T A 3 Alz, £ DK%E /) ~—IRIKNIZER
EEALT, BEAEZHGT L2720 KPS 2, 77 AaWNICEA L, EHE LI2E, 15670601
DR Z K LI T 2 & CHASEEIESE T, NGO & RO THREZITV, Bohiz
T NARLA- D 32— RIZNADQ) & Lz, 7 AR 2 R B L5265 1T Figure 2-2-1 (27T,

4.2.5. 7 JLIHLF O ST

Bontz 3 FEO 7 AR T O TR O E LB BELEE IS L 0 554 L 72 (DLS:
Malvern Instruments Ltd., ZetasizerNanoS), 155415 7 /Wi ORI FHIERRIL, BeELE b3
TE ST JRikFR %% % Stokes-Einstein equation (28 A L3R & TV 5 (Zetasizer software v6.12),

PSR D BB IKENS BN E 1L, ZetasizerNanoZS (Malvern, Zetasizer software Ver. 4.20)%
& LIEE 21T > 72,

IKBEAR R O 7 AR T D2 EYNE, KFBAMBEATEA T2 2 L CEOEBOBELTo -
(BX51, Olympus) (ImageX Earth Type S-2.0M Ver.3.0.5, Kikuchi-Optical Co., Ltd), .3 #PEDRFMi1E
anA RiEEEER L, TNEBIET L2 L TITol, BIERZ ARk E BE ST X
STRIWDOATZ AF v T U —NITRW BT, £ ZTHEEIORELZNT T =—1 7 &2{Tna
2 A R OERZ T o7z, 334

RY AF L2 MR b CRuE S W2 ZOVERRL 11k, ARSI L 0 B LEEE L7,
(SEM, Hitachi Ltd., S-3000N), #2332 > 7 /UIZIL, FHICHE/ N T P U L DOEEEIT> T\ D,

4.2.6. FILWHFEBADERE

AF A ML T =F MDD T NABRA IR IRE L. €O iEEZ R Y 2AF L
VHMEICED Lz, O LR OXUKAE PR Y AF L it LKA, € L TR 2%
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BAMEE CRIZ L, R LB T, ERRERES S NABRITIRE, A F A LT = o
TR DIR G L DR B2 Wt LTz,

43. FHREBR
431. hFFA &7 =F4 %D Poly(N-isopropylmethacrylamide)s* LIHIFDERX &
Bl

RLF DAL, ZHETOREFERRICKFICH T HILEESICL VAT, 18 T
R DIEAREHR & L TIEEIC pNIPMAm Z 34 L7z, pNIPMAm |, pNIPAm & [R£R, JA&LIZH
MRS TWDIREISEMEDORE ST TH Y, AKFIZIBWNT~44 °C Ui T BRER IR L
(LCST) &9, #30 X 5T, pNIPMAm 7> HAER S 42 7 /Wi~ & pNIPAm 7 /W Hohi 1 & [RlkR
(2. €D LCST i THRBZAL 2R3 (VIT), A BNIEANIZIS T 5 7V ih 7 DL RS 4 H
BT 5720, 27 vt A ADO SR A ZAFR L7z, Table2-2-1 127 MR ITAEIA AT
LR, WA FRIERE (D)% L CH AR D K A DR & 72 2 d XUk BV 8) £ (EPM) 2
Y. BRI, N & NQOT KL %2 —EDOFEBRITHEN LT\ D, TAMRL O DyiZEH 5
HLIFEL CNDEET~15um THY, EPMIZZTNETNELAZRLTWD, X5, FiREICHE
WEERTKENVEEIE N L 72, 30 ZAUd. SV DEFEOR T TV 3R 1 D3R
HEMEEN EH L2072 8B 2 6D, NADQ T WKL - O EXIKERS B 13, IZEREIC
WTCR LT = D N T ARLT- & LN REREZ R LTV D, ZAUSRT VR 7 ER A
BRLBRDT 7 IVNVBEBEALTCND7eDTH D, S EIOT KT OEMIZET 5 ERTIX
25°C BT HIE LI ki - Z2iEH L T\ %

Table 2-2-1. Chemical Composition, Hydrodynamic Diameter (Dy), and Electrophoretic Mobility (EPM) of
the Microgels. Reprinted with permission from { Suzuki, D.; Horigome K. Assembly of Oppositely Charged
Microgels at the Air/Water Interface, J. Phys.Chem.B 2013, 117,9073-9082. }. Copyright {2013} American
Chemical Society.

NIPMAm cross-linker comonomer . Dy [nm] “EPM [10°m?v-'s™]
Code Initiator
[mol.%] [mol.%)] [mol.%)] 25°C 60°C 25°C 60°C
N(+) 94 BIS 5 MAPTAC 1 V-50 1380 520 0.54 27
N(-) 95 BIS 5 - KPS 1500 500 -0.49 -3.6
NAD(-) 60 DHEA 10 AAc 30 KPS 1350 720 -1.60 -3.0

“measured in a ImM NaCl solution.
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4.3.2. hFF &7 =F 21D Poly(N-isopropylmethacrylamide)”* LS4 F 0 8 2 # 4
DN ABRRL T O A EME 2 BT 5720, aa A FiEREER- L2 2 ek
HiCBlE L7, Figure2-2-2 I 204 NSO FHMEITE L BRBIEAERZ 77, 2o o
B s, ETFBMBE T HOBUERATRER TS AR A PG DI 2 L3 D2 D, £ 7 kL1
IR TR TG I A TR Y . TOBAINEEENORERE L TEERZ LT D, 20
HARGE X7 VR OB BMEN SN L 2R L TWD, ¥¥ BT U —F 2 —T7NOFVIkL
TP A XERIEL D EL 25°C IZBWVWT, ZAE4 0.9 um N(+), 1.0 um N(=), 0.8 um NAD(-) & 72

277,

4
b |

Figure 2-2-2. Optical microscope images of microgel colloidal crystals assembled from (a) N(+), (b) N(-)
and (c) NAD(-) microgels in deionized water at 25 °C. Microgel concentrations are 5.0 wt % in all cases.
Insets were photographs of each microgel assembly in the rectangular capillary tubes. Reprinted with
permission from { Suzuki, D.; Horigome K. Assembly of Oppositely Charged Microgels at the Air/Water
Interface, J.Phys.Chem.B 2013, 117, 9073—9082. }. Copyright {2013} American Chemical Society.

4.3.3. hFF L7 =74 21D Poly(N-isopropylmethacrylamide) 5" JL$8 I FDEHERE
H

Figure 2-2-3 (Z N(#) & N7 /KL 1D 25 °C $31} 2 B IKEN RSB O K (R A7 %
T, OO S AR ISR E 2R LT\ 5, XA, FILVBRKI TS SR RE D L & =
DELKENBEIE L, IHEREIC HAMRVMEZ R, Flo ZVRIF- 03 HE L NER DK G+ % 1%
T L IR OREEMEEN LA L, EXIKBBEEILES 2D 2 ERMbNATND,
SUZ AR IEIRAED & & | EXRIKIBEENEMEREIKETH L2/ L, 20
ERKEB B E O I, EREOFEEREIRPER E LTEZ 55, NaCLRENFEN & &
10mM), EBXKEBHEITIEL LD 7K F HIZFE 0 ThDH, LNLRD b, EREREDN
v & EIEE M & AER O T MR D EXSIKEBE E ITIIREEVN R oIz, FICERE
EMAIRVGEZ DENRKRE N, S BIT, TR T VR[] O SLAR 2 EAL DR M) < 7=
D, RYAF LRV eV o T EIRRL T & X wo <D EEENG I X > T 7%
Pefit S5 2 EDNATRRTIT VN EB X T,
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Figure 2-2-3. Electrophoretic mobility for N(+) (open diamond) and N(-) microgels (open square) measured
at 25 °C as a function of NaCl concentration. Reprinted with permission from { Suzuki, D.; Horigome K.
Assembly of Oppositely Charged Microgels at the Air/Water Interface, J.Phys.Chem.B 2013, 117,
9073-9082. }. Copyright {2013} American Chemical Society.

4.3.4. HFF e 7 =4 %D Poly(N-isopropylmethacrylamide) 7' LS FHRE&E £ EA
LIRS FREMICDOLT

ET.NBENOQT UKL T 2IREG L. TNHZIRA LIZBEO a4 REEHIZ OV TR
AT ol FHEIREIZHEE L, 25 °C TRA L7ZBEOBIER R % 7~ 7 (Figure 2-2-4), NaCl J#
FEDME & X (0-0.1 mM, Figure 2-2-4 (a)-(¢)). BA L7 EZNOHRFEE L, W L7-, NaCl
FEZ 03 & 0.5 mM (IS L AWICIERA LERICIE, TORAMIIHRAIZIEEL T o7, Zh
X, & FaZ ki 7 OREN D > DE#EITLTWD Z L 2R LTS, KEICT BRI
Z 3 mM LI EICHsE LIRA L 7ZBRICIE(Figure 2-2-4 (f)-(j)). B2 L7-BERIANIC BV C, ZouVikkn
FALAEWIZEEY T, L ERIREL R LT, HiEV T, Figure2-2-5 X0 | N(+) & N(-) 7 /VHhL
TRERICEB T, K7 MR AR RE 2 R TIREER CIRE LIZHE (44°CLLE) | W
THHREARREFRBZ R L, 2 — 5T, b Fa ki EHIREE (~44°C LLT) | 23D
BEE & INZ T2 & 2L, O ERIRIEEZ R L, pNIPMAm 7 UK fREG R D an A REZ2E
PEIX. pNIPAm 7 LBk 1~ & [AERICHEIREEIC L D %8 T & 5 2 & 2 7R- L TV b (Figure 2-2-5), X
- T, Figure 2-2-4 |28 L7z N(H) & NQOFT AR FHRARICET 5 a v A REEMOHIR KT
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PEIZ. AT O XS IR T X 2 BAFEIRENMRN & & ZOUVIRL 1%, KL 1R D5V ER BRI
HAERIC R lICEET D, — 5T, EFERELWEINSEGG. 7RI O R EMIX
W SAv, HEMBIINIT< feofe, TOIDEERENEL 720 | BENIZZORGWIL. &
EEIREN BRI FIZBW T, KM oOREE2 /RS 72 < 72572, Figure 2-2-3 OEXIKENLE)
FE ORI, R U7 B A ER O R/ OB E X< —H L TEY, b K sk
T OUREERE DOFHII RSB 20N, ZOM/NREIREDODEIZL > TR LN, BT A
UM E T = A UM AR D4R - BEEEZENL, A% 7 AR OETE L O RIZ AT THER
ICEBERARLTHDEBZZTND, KL, 20X ) RHEFEHIN O0@E S Tnb, 25 4
Z AL, Spruijt 51X, poly(vinylpyrrolidone) & 73 HU L EAN & Lo U AF L ki & /3 B AT K
DIERLL . AKHPIZBIT DB E) 7 VO NVEAICE > TEORFREND DT AL T =4
PEDORY ~—T7F &AL L, Bt LTW5, Russell Hid, fer-butyl methacrylate & trifluoroethyl
methacrylate # B & L, bR ENEA LIZBIGSEN O D F A AL T =F D @y ERE
TIVEBEAL, BRELTWD, SEIOFREDENWE LTHE, BEIX, kT OERICB W TaRK
REZIEH L TWRNWE NS ZEThD, RAER. RETBEERREE R LIZONEZD &,
TR DS IFRIREE D & & 1F, BE ST o T ORTE S (D)8 & THIRW 2D, FAVK
b7 7 T AT — VA EAERITEGE I D, 35 20 ZDOHNNE LIZEERD &7 /VHRL1-[H]
B < 7 7 TN T =V ABINZET %A, Gath)lE. BT OB A, o, KRR, b, I
DN T —ER % A, T L TRD O N~ I —E$ %, 4, & L, Vincent IZE > TUTFD L S 1
HxbiuTnd,

(All,/2 — A:/Z)Z Dia

12h

£ o T, Figure 2-2-4 THRONToE Fa ZF AR ORI S /o fk - e ElE, ER L7
AR D 7 7 TN T — L ABI N E TH/RESNWT & E 727 k7 O /KA L7 5y 164
ICHIRT 2 Y 7 MRS EERICER LTS LB 2 bhd,

Ga(h) = -
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Figure 2-2-4. Photographs of the binary mixtures of N(+) and N(-) microgels at 25 °C as a function of NaCl
concentration. (a) 0, (b) 131073, (¢) 1x104, (d) 3x104, (e) 5x104, (f) 3x1073, (g) 5x1073,(h) 1x102 (i) 1x10°
!, and (j) 1 M. Total microgel concentration was 0.05 wt % in each case. Reprinted with permission from
{ Suzuki, D.; Horigome K. Assembly of Oppositely Charged Microgels at the Air/Water Interface,
J.Phys.Chem.B 2013, 117, 9073-9082. }. Copyright {2013} American Chemical Society.
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Figure 2-2-5. Phase diagram of the binary mixtures of N(+) and N(-) microgels as a function of temperature
and NaCl concentration: (open circle) colloidally stable state more than 12 h, (solid circle) flocculated within
several minutes (fast flocculation), and (solid triangle) sedimentation within 12 h (slow flocculation).
Microgel concentrations were 0.1 wt % in each case. We did not try to assemble microgels at high
temperatures because of the fast flocculation as can be seen from this Figure, and focused on salt
concentration dependence on microgel assembly at low temperature, 25 °C . Reprinted with permission from
{ Suzuki, D.; Horigome K. Assembly of Oppositely Charged Microgels at the Air/Water Interface,
J.Phys.Chem.B 2013, 117, 9073-9082. }. Copyright {2013} American Chemical Society.

4.3.5. [RKRAICET D FAUEET A EOE FOSFILBHFORESKEORE
WIZEWD R a7 Uk OIRAIRIE 2 YA BRI L 0 BB L., Hxorn
WRL Tl 2 R Y A F L B B CRIBFHCIRE -8, B v T 0 v 7 %fTo72, 9, B8
LT EDORE DT KR A FHE L, BlE 21T - /- (Figure 2-2-6), 7 /VH0hL 1-IR £ %
0.0025 wt % & U = < FHEE L72BR, 7 VBRI F- OB LREEIT R0 5 Z L3 TE R o Teled, 4
EIOBIEET HIREEIL 0.0025 wt.% & L7z, E72H—F D pNIPAm 7 /LI 1 O %5 8) & [[ERIZ .
pNIPMAm 7 VK1 & 350 TR EIC S LTV /2, (Figure 2-2-7) ZiUiE NIPMAm €/ ~
—RE DR Y v — OWFBEE & BIfR LT D & B X B LD (Figure 1-2-14) : HEE M 727 7 U LT
I FFEIRD NIPAm &, 37 R U ~—Lhi 7 L R FmiEtEz r L, 39 2L TEN b
SUKSHIZRAE T D, © Figure 2-2-8(A) 7 VKL & Z DEFAR D N FHMEE T E 4 <7, 50
53 LA D SROK FUEN T D 7 AR D 22 0 A 13 A RIE AL 2o T2 le®d IREDNS 50 3 F T
F—HIZOWTIEHR LTW<, Figure 2-2-8B)Z15 5 7= 7 /VIki + DEFRIRIEZ LI T D 5 DI
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KB4 5: (1) B—CTIEAET L0, (i) &I, (i) —&IK, (v) 8RS @ Sl BR300
STNDHHD), ZLT (v) 7 ¥ L7EEIR, Figure 2-2-8 AR 6D K91, SR T 44
B EERRIE, EMEIREAME & XTI S 472(0,0.3, and 0.5mM), LU, FEMEIREN G
W& E (10 mM), SUIRAERECE OMOEREITE ST NG RE LRI A TEREDBIE S
7= (Figure 2-2-8(A)(d)), /K It T S 472 pNIPMAm 7 /VIcki 1- D Z2 /541, pNIPAm 7 /L
ORI B A R F BRI T Lo L I T TITBIE L T D, O SEOHE, B &
ABTD T NERI AN, NQ)YDOFFERISI 153, 10 mM NaCl DIFEFEIC & > THf & 41, pNIPAm
TNARRL T Fx TG B VT IR & Pl 7MY, RUKS IS CTRIZ Sz, NaCLIREEZS 10 mM KV
HIRL Ae o T TR, BEVOBENSI N 720 | IEER & AERO 7 R F1X AV
ICRK IS CHEM L, BSOS S iv7z, FRIZ, NaCl Of 1 X - TERBEROKIZE
WAL 540 5 (Figure 2-2-8(B)(a)-(c)). 15 HALTZELEH & 738 D & & % Imagel (Ver. 1.45s)IC THIE
L. £O7—X%XFigure2-2-9 I[ZF L o7, fRE LT, BERENEVE &, TOEHDOE
S, BRENMINE DO LY b RoTn, ZTIVH DT — XX, Figure2-2-3 OFERND & 3FF S
NTHY, BEFEREZ S LT EEXUKEIBBIE TED L, 10mM TIXIZE 01230 T
W<,

-

10pm

Figure 2-2-6. Optical microscope images of the binary mixtures of N(+) and N(-) microgels at 25 °C as a
function of total microgel concentration. NaCl concentration was 0 mM. The air/water interfaces were
observed in all cases. The images were taken after 50 min of the mixing. When total microgel concentration
was high (>0.005 wt %), it was difficult to distinguish one dimensional structures of microgels. Therefore,
total microgel concentration was fixed at 0.0025 wt % in this study. Reprinted with permission from { Suzuki,
D.; Horigome K. Assembly of Oppositely Charged Microgels at the Air/Water Interface, J.Phys.Chem.B
2013, 117, 9073-9082. }. Copyright {2013} American Chemical Society.
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(A) air/lwater interface

(B) inside

(C) substrate

Figure 2-2-7. Optical microscope observation of the binary mixtures of N(+) and N(-) microgels at 25 °C as
a function of time. NaCl concentration was 0.3 mM in all cases. Total microgel concentration was 0.0025
wt %. The droplet of the mixture was put on polystyrene substrate. (A) The air/water interface, (B) inside,
and (C) the solid/water interface of the droplet were observed. Note that almost all microgels and microgel
assemblies were observed near the air/water interface. Therefore, we observed the microgel assembly at the
air/water interfaces in this study. Reprinted with permission from { Suzuki, D.; Horigome K. Assembly of
Oppositely Charged Microgels at the Air/Water Interface, J.Phys.Chem.B 2013, 117, 9073-9082. }.
Copyright {2013} American Chemical Society.
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Figure 2-2-8. (A) Optical microscope images of the binary mixtures of N(+) and N(-) microgels at 25 °C as
a function of NaCl concentration; (a) 0, (b) 0.3, (c) 0.5, and (d) 10 mM. Total microgel concentration was
0.0025 wt % in each case. The air/water interfaces were observed in all cases due to the adsorption of these
microgels, see Figure 2-2-6. The images were taken after 50 min of the mixing. (B) Number distribution of
microgels and microgel assemblies for the binary mixtures of N(+) and N(-) microgels shown in (A). (i)
monomer, (ii) dimer, (iii) trimer, (iv) chain like assembly (more than 4 microgels), and (v) aggregates.
Microgels or microgel assemblies observed per unit area (3640 um?) were counted. Reprinted with
permission from { Suzuki, D.; Horigome K. Assembly of Oppositely Charged Microgels at the Air/Water
Interface, J.Phys.Chem.B 2013, 117, 9073—9082. }. Copyright {2013} American Chemical Society.
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Figure 2-2-9. The distributions of the linear(L)- and branched(Bra.)-chain like structures as shown in Figure
5 (B)(iv). We counted the chain-like structures per unit area (3640um?), and measured with ImageJ (Ver.
1.45s). The total numbers of the chain like structures were (a) 32, (b) 49, (¢) 111, (d) 19 per the unit area.
The average lengths of the chain-like structures were (a) L = 6.6pum, Bra. = 10.9um, (b) L = 5.6um, Bra. =
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10.8um, (¢) L= 5.3um, Bra. = 8.7um, (d) L = 4.3um, Bra. = 6.3um. As a result, the average length at high
NaCl concentration tended to be shorter than at low NaCl concentrations. Reprinted with permission from
{ Suzuki, D.; Horigome K. Assembly of Oppositely Charged Microgels at the Air/Water Interface,
J.Phys.Chem.B 2013, 117, 9073-9082. }. Copyright {2013} American Chemical Society.

4.3.6. RAKRAICE T DD FAUEET A UtEDO E FOS LR FOEFBEDOMEHA
KOKFUE CTO 7 AR T ERGBRZ I D E T 5720, Z O & 2 BsEic
IBWR L 72, Figure 2-2-10(A)IZ NaCl 21 2 72 W BEOERBRE 2 /8T, 13 0% OMRERD &, £
RIS <, BH—TFEL TV D 7 UKL b 28U T H 4125 (Figure 2-2-10(B)(a)), & 51T
RE S ETe & (27 min &), 7 7 A X —DOEIGIIR X < 725 7= (Figure2-2-10(A)(B)(b)), L 7> L727A
5. SRR E L Lz 4 DL EZ VISR 725872 > TV D b DI Ze vy, e B9I213(49 min
#%). ZHOBIRAEE DAL S 172 (Figure 2-2-10(A)(B)(¢)). 5% D - SIS OBICHER T 5 &
2 BiA 3 BIR, FLUTEERID L RE Lo TWND I ENRNGDH(EfE Figure 2-2-10(B)(b),
Figure 2-2-10(B)(¢c)), £7-. $HIRHEDO Y A XL Wb o7& 2 A, 2OV A XIFRFHE AR DHITD
NTRE 25T 5 (Table2-2-2), ZDEHERDT A7 FNMEZRIET S & 0.51 Lo LT
DENDT A7 Mb(@Z RO a=xy, x L, y i, ERERNOZEZ LN 7RI
OEFEIEFE % Figure 2-2-11 12777, < O NH) & N VIR 71X, T 5K R ICENE N
#79 %(Figure 2-2-11 (A)), Figure 2-2-4(a) CTi, HICH A DEHLAED R SN TWoD LT 5
&L ARIOSE BEMMTI SN TV K2R x5, ZORKIE, 7 VKL FIREEAS 20 512 &
RN HEMBEE MK 7o o 72729725 & B 2 5415 (0.05 wt % Figure 2-2-4,0.0025 wt % Figure2-
2-10), £7-, Bt 1 EICKT HKAKREDOIASIZHERT 5 & i EIT Figure 2-2-10 @ J57)° Figure
2-2-4 L0 {0720t O D(Figure 2-2-4 : 3 mL. Figure 2-2-10 : 20 pL), K7 1 f#iZxHd 5 &K R
DR SIIREWIZD, EHFTOREENRDR, T2 DR ONRN-T2OTIE RN E
EBEZ oD, EEE BRI B0 7 VR OHERRI LB 42 S 4172 5> - 72 (Figure 2-2-7(C)), <K
R ~DOWFE% (Figure 2-2-11 (A)), BT A M7 =4 UMD 7 VR F-(N(+), N()IE, KK
VTS CHUMILEFE T 5 (Figure 2-2-11 (B)), = b IZKFf 2N e & | 15 BV BFEIRE £, 720X
LRI L T AR [A LN VSR L, $UIRDR S 28 < 72 % (Figure 2-2-11 (C)), Z D, 4R
BIEDT F o U EIICERT S L, KEFMOT T EMIBEINLLOD, KKREND
BN TV K RRBE S WA~OT T v U EBIBE SN o T, LR -> T, kil U7 IR
TS5 2 L3, RIEREICEREL TS LB OND, REMIC, 70 % D7 Nk
THEBENEWVICER L, BELT, HEOCHEEHE o TWolc b BEX bivd, BEF bRt
ZEhCxT L, EESD & WA ERIRICEEMMEN RO BB E LT, T AT =4
PED AR T3 EEEET 2 2 & TR S L7z, Y X ARLT-O X 5 A BGHEORERBER L TV D
& & %2 T 5 (Figure 2-2-11 (D)(E)), 01701
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Figure 2-2-10. (A) Optical microscope observation of the binary mixtures of N(+) and N(-) microgels at 25
°C as a function of time; The images were taken (a) 13, (b) 27, and (c) 49 min after the mixing. No NaCl
was added. Total microgel concentration was 0.0025 wt % in each case. The air/water interfaces were
observed in all cases. Concentration ratio of N(+) and N(-) microgels was 1:1 (wt %/ wt%). (B) Number
distribution of microgels and microgel assemblies for the binary mixtures of N(+) and N(-) microgels shown
in (A). (i) monomer, (ii) dimer, (iii) trimer, (iv) chain like assembly (more than 4 microgels), and (v)
aggregates. Microgels or microgel assemblies observed per unit area (3640 um?) were counted. Reprinted
with permission from { Suzuki, D.; Horigome K. Assembly of Oppositely Charged Microgels at the
Air/Water Interface, J.Phys.Chem.B 2013, 117, 9073—9082. }. Copyright {2013} American Chemical
Society.
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Table 2-2-2. the size of the aggregates shown in Figures 2-2-10(B)(v), 2-2-12(B)(v), 2-2-14(B)(v) at each
time. Reprinted with permission from { Suzuki, D.; Horigome K. Assembly of Oppositely Charged
Microgels at the Air/Water Interface, J. Phys.Chem.B 2013, 117, 9073—9082. }. Copyright {2013} American
Chemical Society.

time ave. size Max. Min.
code . number
[min] [um] [um] [um]
13 4.8 51 46 3
NaCl OmM 27 5 6.1 o 10
49 7.6 19.5 35 10
3 4.4 7.9 29 4
NaCl 0.3mM 25 3.9 6.6 2.9 10
55 6.5 10 36 10
19 35 75 2.5 20
NaCl OmM 26 35 56 2.7 20
+:-,1:9 50 4 6.3 2 20
1. AtFirst 2. As time advances 3. Finally
(a) Ya (b) Y ajr,

ir/
Yater inte,f.
@ e

" o
@ @ o
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%

“ Attraction Repulsion
'@ @ e

Adsorption or Assembl Dipole Structure

Figure 2-2-11. Mechanism of One Dimensional Assembly of Oppositely Charged Microgels. (a) Cationic
and anionic microgels were adsorbed mainly at the air/water interface, respectively. (b) The microgels were
assembled each other by electrostatic interaction. (¢) The microgels assemblies grew into 1D string like
structure. Reprinted with permission from { Suzuki, D.; Horigome K. Assembly of Oppositely Charged
Microgels at the Air/Water Interface, J. Phys.Chem.B 2013, 117,9073-9082. }. Copyright {2013} American
Chemical Society.
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43.7. hFAEET A DT IVBRFISLIEBECHT HEREOEE

HEREAROEEZRET 5720, LIFEL 0 BHEREREH VST T0.3mM), FERICK
KA DOBIEE 51T > 12 (Figure 2-2-12 (A)), BEMERE A5 &, SIS EEBRII N E TR T
X 72 Figure 2-2-10 <> Figure 2-2-11 S LTV 5, LU b, B % 74 % & (Figure 2-2-12
A)(©)). EREEDOIDEIEIT Figure2-2-10 TH- b D X0 072720 | B—THEET D7 K
B DN L AFEL TN D Z &5 (L : Figure 2-2-10 (B)(c) & Figure 2-2-12 (B)(c)). 7]
KR D YRR FE CUFHE R E 238 ) - 7= Figure 2-2-4 (d) OFEHE 595 & Figure 2-2-12 O R1%,
KUK E TO 7 AR T OREEN IR STV D X912z 5, 51T NaCl IBEZHEMSES
L AZE AN EDT PRI IX A WTERE L 72 < 72 0 (Figure 2-2-13), 45-H#fE]((a) 11 min, (b) 32 min,
(c) 68 min)IZ I3 1T B HL— 72 F R - DE A 2. 5 L (a)82, (b)281, (c)1117 & 72> 7-, Z DFEF 68min
HBORFEITIZZTED Lo 7=, & LT, pNIPAm 7 /UK 7 TRt L72 I & RIBRIC, N
IR OMEEDTF DTz, ©

(A) SHm
(a) (b) (c)
3min 25min 55min

(B)

100 100 > 100
] (a b) ~25min c) ~55min
X 80 | (). o\°so-() 3330-()
= ~3min il )
5 60 'a': 60 3 60
o e Re]
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i diifiiivv i diiiiivyv i diiiiivv

Figure 2-2-12. (A) Optical microscope observation of the binary mixtures of N(+) and N(-) microgels at 25
°C as a function of time; The images were taken (a) 3, (b) 25, and (¢) 55 min after the mixing. NaCl
concentration was 0.3 mM. Total microgel concentration was 0.0025 wt % in each case. The air/water
interfaces were observed in all cases. Concentration ratio of N(+) and N(-) microgels was 1:1 (wt %/ wt%).
(B) Number distribution of microgels and microgel assemblies for the binary mixtures of N(+) and N(-)
microgels shown in (A). (i) monomer, (ii) dimer, (iii) trimer, (iv) chain like assembly (more than 4 microgels),
and (v) aggregates. Microgels or microgel assemblies observed per unit area (3640 um?) were counted.
Reprinted with permission from { Suzuki, D.; Horigome K. Assembly of Oppositely Charged Microgels at

the Air/Water Interface, J.Phys.Chem.B 2013, 117, 9073—-9082. }. Copyright {2013} American Chemical
Society.
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Figure 2-2-13. (A) Optical microscope observation of the binary mixtures of N(+) and N(-) microgels at 25
°C as a function of time; The images were taken (a) 11, (b) 32, and (c) 68 min after the mixing. NaCl
concentration was 10 mM. Total microgel concentration was 0.0025 wt % in each case. The air/water
interfaces were observed in all cases. Concentration ratio of N(+) and N(-) microgels was 1:1 (wt %/ wt%).
(B) Number distribution of microgels and microgel assemblies for the binary mixtures of N(+) and N(-)
microgels shown in (A). (i) monomer, (i) dimer, (iii) trimer, (iv) chain like assembly (more than 4 microgels),
and (v) aggregates. Microgels or microgel assemblies observed per unit area (3640 um?) were counted.
Reprinted with permission from { Suzuki, D.; Horigome K. Assembly of Oppositely Charged Microgels at
the Air/Water Interface, J.Phys.Chem.B 2013, 117, 9073—-9082. }. Copyright {2013} American Chemical
Society.

4.3.8. NFAUELETF DT IVHHFI 5L LKBEERICKHT HERLOEE

DIz, EHEEMIB T2 T A NEE T =4 O F AR -(N(+), N(-) DIRFELD
WA IRICHET LT, Figure 2-2-14 (A) ([CEME 2 N2 720 GAEIZB T 2 5K m OBLESRE R %
AT, ZOKE, BRE LTI VR0 HOR OIRFE T N(H):NE) =1:9 (wt %/ wt%) & LT\ 5, 1:1
(Wt %/wt %) TIRA L Tz Figure 2-2-10 OFER & 1T 720 | 4 DLL B > TO R W EEEIR(v)
DOFNEDHINN U 7= (Figure 2-2-14 B)(v)), ZAUXREREDO B F A LA L T =4 0 7 MR- 47
IR OBE LD, SIREEARICBWTEETRNE W) Z 2R LTS, ZOROEREED
YA XE/ELD L~dum THY . ZOT AT MNUITIRAFREND 50 5% OWT 075 LipoTz
(Table 2-2-2), EREZMZ 5 H D ENMMZ 2 DO(Figure 2-2-10 & Figure 2-2-14) TH. H L7248
ARz T DL, 2OV A XERNRE > TV 5, Figure 2-2-14 TH O V- EEKROIRITLL
T XS RBEBENE LILRV: DF 4o 7 AR A DE 0 I2WN L DD T = A D F ik
BN A DR EZ LD,
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Figure 2-2-14. (A) Optical microscope observation of the binary mixtures of N(+) and N(-) microgels at 25
°C as a function of time; The images were taken (a) 19, (b) 26, and (c) 50 min after the mixing. No NaCl
was added. Concentration ratio of N(+) and N(-) microgels was 1:9 (wt %/ wt%). Total microgel
concentration was 0.0025 wt % in each case. The air/water interfaces were observed in all cases. (B) Number
distribution of microgels and microgel assemblies for the binary mixtures of N(+) and N(-) microgels shown
in (A). (i) monomer, (ii) dimer, (iii) trimer, (iv) chain like assembly (more than 4 microgels), and (v)
aggregates. Microgels or microgel assemblies observed per unit area (3640 um?) were counted. Reprinted
with permission from { Suzuki, D.; Horigome K. Assembly of Oppositely Charged Microgels at the
Air/Water Interface, J.Phys.Chem.B 2013, 117, 9073-9082. }. Copyright {2013} American Chemical
Society.

4.3.9. AFAUEET ZF DT IVIERFH 5 2 5 RBAED DK F 5 H D EEA

ED X NERLAHEEE L, e > TOD B B0 E T 570, ot OZEFEENL
A LTz NADQZ USRI 2 Gk L, Batailaiz, N & NADQ) TRA LA, bRk
25 0.0025wt.%, HEIEEEAY 3mM &\ 5 &I T, Figure 2-2-10 & [FIFEIC, KK IS TR
BEONT, TOREEER L, Mok z R Y AF LUk BlcES U, @i, riil
72 NaCl Z Wi L. $0IEE 0 BI22 21T > 7=, Figure 2-2-15 (a)DFE RA 5 & 7 ishivR+
DY HANZIERE U, BER D pNIPAm 7 VKL 153 BUR CORER L 13 R > T D Z & 3innd, 1860
ZOEBIEDO T Z 7 ZNRTE, Ry 7 AA 0w MEZE-> TR o7z, 26

N(r) o pOr
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NOWIr CER LRy 7 208, r ITEHLTZAR Yy 7 A0 A X&m L TWbd, figke LT, £
D777 ZNVRITDHIE, 1.88 & AFEH A7 (Figure 2-2-16), * WRICHIEEEZE 5 X O 125wt %
DiE = v FERET b U T DK Z I ZNADG) 7 AR DR Z AT~ 12 & 2 A Ak D *
v MU — 7 HEEIFBE ST, TR IS BRI 38152 S 72 (Figure 2-2-15 (b)), Z4UiE, 15
DAVIZEERERDY, Figure 2-2-11IR L7z K 912, HERBINICK > THEEWEEL TWDL Z &
EXFFTAOMELENWZ D, AEL BIZIEE L2 CHIEEDNER TE 5 2 L 2 b0 e LR,
Ltk X0 RS TR L 72 7 AR O — ST O 2 M LT LTI, KL FHUR OB A LY
B ICHIEI L T, IRET 2L, RFr—HOMEOm ERLETHDL EEZHNLD,

Figure 2-2-15. SEM observation of the binary mixtures of N(+) and NAD(-) microgels dried on polystyrene
substrate at 25 °C. NaCl concentration was 3 mM. (a) before and (b) after degradation of NAD(-) microgels
by soaking in a 5 wt % NalO4 solution. NaCl and NalO4 were washed with deionized water gently and
repeatedly. Scale bars are 1 pm. Reprinted with permission from { Suzuki, D.; Horigome K. Assembly of
Oppositely Charged Microgels at the Air/Water Interface, J.Phys.Chem.B 2013, 117, 9073—9082. }.
Copyright {2013} American Chemical Society.
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Figure 2-2-16. The fractal dimension is obtained by box counting analysis. The analysis is commonly used
technique to estimate the fractal dimension arbitrary for images. Each image was covered by a sequence grid
of appropriate size (r). The numbers of squares which belong to the grid N(r) (box) were recorded. The
square (box) size is 2x2, 3x3 square pixels, and so on. A lot of the number of occupied boxes is developed,
and then the slope of the straight line fitted to the point gives the fractal dimension. As a result, the dimension
was 1.88, implying diffusion-limited aggregation. Reprinted with permission from { Suzuki, D.; Horigome
K. Assembly of Oppositely Charged Microgels at the Air/Water Interface, J.Phys.Chem.B 2013, 117,
9073—9082. }. Copyright {2013} American Chemical Society.

WIZ TR DN ETEEE L2 WRIIZRB W T, AT A e 7 =4 L0 7 ik
RLF-D 5340 D 2k T T, BURMEIE DI L [RIRRIC, I FA AL T =F kD 7 Uk 1 D —
T w03 U, & Ok OIS OBIE 21T - 72 (Figure2-2-17) , Wik OfEREH D &, 7L
Pk 13T o X LITHERE L TR Y . ZORRINE, KKRETOLF A ML T =F o sr
IRLF- DAL TV H BITHFEL TWD EEZ HND, SEIOEEEIBRTIE, Hain b, A
WORLT DR HAIZ AT 5 £ D I i3 G S e oo b oD, ZOROFHERREIZER L,
WLIREER 2 1T 2 & T, o mERN S O D0 E L,
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Figure 2-2-17. SEM images of the mixture of cationic and anionic microgels. Total microgel and NaCl

concentrations were fixed at 0.0025 wt.% and 10 mM, respectively..

4.310. BEEHITER LS LB FREEDOSHKIL

BB\ VR T EREIR D SRR L A B 72 IRG R REE LIRGT 21778 5 72,
(Figure 2-2-18) . (a)fttt, () A AtLA LIRS LI2E 2 A, — DOk 71Tk L THEE O 7
BRI F- D3 EEHR L TV AR F VKUK U I TR S, 2D X 7 m & A SEMICI W THIEE L
7= & 24 (Figure2-2-18,inset) . EUFIV 72 b DD, KKK ETDO 7 T AL — AU TG S iz )5
BCHLREBRICBIE SN, 7 T7AZ =D SiE, B 5  HIRIEO KDL ) MFOEA
B NZ E S THBLTLESTHDHO0E Lt RIC—FHOREERBTRVIGEIZIBNT
HIFRERIS, — DR OJE VIZT MR NEEE LT T AZ =BG NRnh e B 2| its
ATz, BWOREIL, WEEERDINVEXVIVEER LIZAAcE BB ATe Z & T,
e a R T2, FERTHG DT A O FHRER R & R B ORI EFRE KA Figure 2-2-191277 7,
HFBMEROBIEFE RS | 7RI OB HUE L& < | BRI EROFHARE R 5, 5
NFF N T =F LMD T NAERLTF OV A XTI BEB L EFE LN ™m0 D, 20T 7
FEDALIAT A AL S TR 2 TG U, 7 VIR TR DO 2R b 2 3 1o, BERE 2 N2,
[FREE DT F A M & T =4 D T VAR o0 Bk 2 [RMARE TR G L. € DO 0 KUK St &
BIEL L 72k R & Figure 2-2-201277, IRAG L T BB I B30 RmOMERE LT 5L, 727U
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NBEDHIAB BN NS DITE | BERIKDOY A ARRKREL RHHEAN RO, Dok v ay
THRARTE I —EHORMELME X DL, AR THEAEZ Y TTERRUKREIZB T 5 7 R T
ERMIT, B—END I I E TR TELRMEMEST D2 LT, SHAMERRA R TH D
ZLERELTEY, SBOBEMETHD THWEEZZ TV,

(a) (b)
N(+) N(-) (+) Small (-) Big

900 ;
@ %0 - | @
: @@@ 1 um 2 um

1:9 @ 9:1
(W% | wt%) (Wt% | wt%)
Total 20uL, 0.0025wt %, OmM Total 20uL, 0.0025wt %, OmM

Figure 2-2-18. Optical microscopy and SEM (inset) images of the mixture of cationic and anionic microgels.

The experimental condisions were shown in above the data.

Table 1.
Size [nm]
Code Cc.V.
Dn D
NM-AAc10 - 1030 8.6
NM-AAc30 870 710 9.3
NM-AAc50| 940 640 9.0
Size ratio: D/ D,
D/ Dy= 1.28 D/ Dy= 0.88 D/ Dy,= 0.80

NM-AAc 10 NM-AAC 30

Figure 2-2-19. Characterization of cationic and anionic microgels.
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NM(+) : NM-AAc 10 = 1:1

NM(+) : NM-AAc 50 = 1:1

NM(+) : NM-AAc 30 = 1:1

Figure 2-2-20. Optical microscope images of the mixtures. The cationic and anionic microgels were mixed

at 24.3 °C and 20%(RH). The microgel concentration was fixed at 0.0025 wt.%.

4.4. #55H
OB CRARDEMER LI T AL 7 =4 MO 7 VR 71%, NIPMAm% & &

LTeKRICEESGICEVIER L., 22N oEn & 2EH O E IR L =25/ ~— &
AN Z VR Uz, Bl U727 AR - I30oR FERMMEE CEBF -2 DIZ+a R E e S AR 172
2 To TNRLF OELGKEB I D BOEMREREICTHES 2 Z AT ERE210mM
PLEMZ % & Z2DEITIZZ0NCIT SN, Bl LAk 1 & MR ZIERH L, BV O 7 ki1
EIRETHZ L TRAREIC TEHODIESHZ 25 2 LN TE T, SHIZ, AFAUMEET =4

NED IR iR A IR AT DEROWREE L, YR DSBUIR O 7 VIR R R IR 2 AT D B
DEBERNTTHDZENYNoTz, ZOBEMODER D 7 VR & BICIRE 5 721 THIRREE
IR TE D LWV ) Fox DT RIT, T AR A B & OREZHIf 25 2 & TE 0 MR —
WoCkEE, B2, ZEIRED X O REEEOEIC SRR 5 EFEZTWD, £t Fefth %
G 5H LT, ORI LI ORI 7036 LT Fi8i 70 7 7 A X — %4525 Z &3 T
& KR CHARTE R, HEHGIIES B Ra Z Uk 7o B CHMRE ORI SV 2 & 235
N,

EEEE
B ENCEET D BARNAIE, BIRICESEER L TWD
http://pubs.acs.org/doi/pdf/10.1021/jp4035166
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BEE (A VBKREERLEY I/ 04— 4 —D 7 LA FORBRERE

INETOMFTIE, HREVDODHEBREREDOHELRARTE T, ZNED 7 Ak
TERRIL, EREARZICITREIRIE L 2> T LRV, PR 58 OJSE M ZTEH LT
WIFGFTDRE SN T LE 9, 13 bNTERIKRD ATREMEZ e KIRIST 5 72 I2iE. T OEEEDZK
HiX, A%, TOREZEELTCWBICEEL RS B2 60D, 22T, o ERBEZ
REETLRHOR, BRICBWTEE LeWA A URIRICHER Lie, 44 U IRIZ EFE LB
FTRL, BHEENTDHE, RO TF AL T A3V BESICREL, A4 ikikEE&ie L
7 AT BT 5 Z ERMBNTWD, ERa NS AR TN Tl E 5 29575,
5 DN EFREERDINEMEDZARTZT Tl <. ZDA F 2 OAR O 237 WAk D CTE I % A4
C3¥, £HEEAEEOFELE LTHIEHTE LD TIERVMNEB T,

T, R B UTOIRE AR T RREDIZE RN A A URIERICIER L, -
R LIZRBIZ DR, ETNEA A IR E AR INEBICE AT 5 2 L 2Tz, BLTIC
X, A A IR E R NICEANT HERICETE & 22 5 06 TSR & . ARIREE D 7 Uk T 2 Bl52 5
BEICOWTRET D,

51. %5

BT OB IS N EIEE G T 5 8 Re Uk i%, KB CRAMS 5% 10 7
~PI T A= MVF—F DRI TH Y, ZOTDKPITHBTHIENTED, | FRZ
INETHIRARTE L DT, ZFIVRKL T ORI 72 Rtk & LT, pH O & Vo 72 AN IS
IS D AMBAS B VEDN 2T b D, 23 BlAIE, HABRIREINEMED 7 AL f-1X NIPAm
BT 5 2 L THB S, 3 pH ISEYED poly(4-vinylpyridine) 7 Wik I3 FALEAIZ L - T
éﬁéhéosﬁﬁ%mH%%zézkf RO DTFNRITX, PR T AT D By
BDOTEREEAIZHE N, AR OIGEMZ R, ZOF VK- OMHEIL, DDSS {5y
FEFELGR, 10 R F-DFALAL, 1 T b=y ViR 128 2 UTEAHMEE 1415 Lo Tekkx A sy BT
ST A ENTE D,

B U727 ORI ORI I, S BEMERE OB BIERE & W\ o o AT LI S B
b TWb, ZNLOFEL, BV TVEBRTLILENTEDLRD, anf FOBIK
R0 VKL T DT HERTAM 2 BT~ % DICEHE /R Y — L Th 5, 216 SR EEIT 7 5 v o &l
PR CIAM L 72 Z AR T OB ) Z L3 T&E D, L L, BFEMEICHV STV
DHIROW RN AN CTH 2 Z & E-mll 2 7 ki 1 O\ I3 K D JEHT =I5 <
72T, T NARLF 2 BN DB D F e i fffelT s L% lum L7225, 7V 7 I
VAT =T DT IERLTF DTGRP 215 M 215 2 729121%, SEM <° TEM & Vo 728 1-BAK
BRI B L DI TS, SEM L, 7 27 v A — L ORi - OREFREDBIZIC %
FIZR AW TWS, BSEM THR LN DK F&IL, BTEHNBH S D —RET 23l
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SR LA U, sBRE 2 HIEFMEREL L C& 72 ki -2 a4 5 2 & CHEB ARG 5,
L7 L SEM Tl HANCH > I N 2@ S w2 e b3, £/, SR 2 B2 RE THERF L
RITER SR, S HIT, TR T O X ) RERUSENE AR SRV iE 4 SEM TBIZET S
BRIZIZ, 7—7 4 77 7 FOJRRE 2 DR B RIEOE FOEE L <72, AuRPYPd Lo 7
G a7 S, REHCBRBEMEZ MG T 2 0NER S 5, BRFIZIN T, Z Ak 113K
INEMELE Wo Tl =— 7 B AR T, Ko T —IICHZBRIR BB ORI & 72 2 B T BEMSE Tl
B U7 7OV 1 O REEIRBE O REMIFEE Ly, Ko T ESREAMEE TIERTM Lic < WA X
LD, VT8 RSO T KL OREE L BERE OB A RO H 72910, 2oz
DBIZB W TEL AV DD ILARZ SEM 12 X - THAIRRED 7 Vikki 7 DOEIE3 % AlE &
LHZEITERPIODEEZ D,
iR U7z SEM (Z361T 2 L7 7 Ak DB IR A 2 FafiR T 2 7212, Fox 13=iR
TIREIRBE &2 7R A A RIRIZHER Uiz, A A U HRIR 192 [ 32RKUEMEL 20 A A BN &
W, B ZELTELSDE) =R =BT D E WO E A2/ T 5, 22 o7, b
L AR F IS ZE R FIZBWNTA A iRIA T S5 Z &N TE 2R 5, SEM IZB W T
U727 KL DBIEE R ATRE TIX AR W N & B 2 T2, S B O 7V — 7 Tik, fex 72 R R (B
BOTE, M &) ISR L, A A VIRIRE SRS Z L T, B FICB W TARE O E T B ETE
LBhAfeL LTWD, 2 LLBDB L, A F RIKDBEEINICY AL TN D 0y, Eidh 7
NEEIZRFE L TWDIET 20N E I Do TE, REHMETIER, Ko T, 7 Lol
FIREZHEICT 20 ERNDH D, o, FTxOMDBRV VT I 70 A7 —)vOE o1k 112
%t LA A ARIARZ B U OB E & A L7 FEIT R0, L7ed > TARIFZE T, &7 Vakks
T~DAF ARRDIRIAI LT T I 7 0 A — )V ORGE Ui 7 RO SEM 12 & % EH#
BEERAR D, ZOREDOERDIZD, IR BRSBTS TWD 2 O RIBUSE LD 7 Aok
F p2VP & pNIPAm Z &R L ER AT o7, 14152

5.2. BER1E
5.2.1. ¥

2VP, DVB,V-50, AIBN, NIPAm, GMA, DMAB, 2-AET, NH,OH-HCIl, HAuCls, MeOH |1t
FIEREE N DHEA L, O E EMM Lz, LFAOSRCRIETHE, RS THWIKIZ, —REAE
L., TNEaA 4o LI-b a2 L Tuwb, (EYELA, SA-2100E1, TOKYO RIKAKIKAI CO.,
LTD. (Tokyo,Japan)) R U AF LU BD T T3 2AF v 7 v — Lk, Vo TNV ERESEDEIZED
HEM I PYPd 7855 & 1T - 72, (IWAKI, ASAHI GLASS CO. LTD.) i M L7=A A4 &K imidazole
1,1,1-trifluoro-N-[(trifluoromethyl) sulfonyl] methanesulfonamide ([Im][NTf,]) & diethylmethylamine
trifluorosulfonate ([dema][TfO]), IIBEHRZ S B I LMHEH L=, 77
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5.2.2. p2VP S LM FDE R

p2VP F AR 71E Y —7 7 U —HALEAIC LV ERI L7z, 4 07 T AalZ, KEMATZ
%, RFEEMZ (2VP,DVB,NaCl) WHIE &L A W=D NAX —TF—% B 1) 72, KEAET O
PR Z I BRS 7o, IREMITK LEREZE A LTz, KITEN LT F A4 o HBRIHI T 5 V-
50 %7 7 AaNITEALEGEME LI, EA%. SONoiiRikRLGRT L TEAGE
ik L, £ L THRLREHIRIT, mOEDEOYA 7 VEITH & THERLE,

5.2.3. p2VP NIV FILDERE

p2VP LT FOVITERREAICE W AR L7z, £9 2VP & DVB % A ¥ / — /LD AT
T ADY T NEILWNTZ, RIS, BRI AZE ) ~—FRERTIZE AL, & L THtEA] AIBN
EZDOWRPICAN, BE LT, BN SV ZFuid, A% 7 — L PIcRE LR#RL T2,

5.24. HETIVBHFDERK

b R 7RI T ORI E) 2 AT LT D 72 Is, ZFARI T INEIC AT R T 2 A
LTz —HOBEE T NWHRITI1X, BIFOFEEZSBICER LT, 45 £3°. HET 24 ki1
DT 7 b— k&7 % pNIPAm-co-GMA 1%, HALEGITL VG, K& 42077 2 3|2 A,
NIPAm, GMA, BIS % Z OHIZIRN LTz, RIC, &/ ~—REE G T T A2 2 BEAICEY 1
. KR T OEFRFEZIR Y R T2DICERE T O ) v —FRNICE A LT, KEEOES
BHAEAI V-50 27 Z A aNIZHEA L, EAEZBA LTz, 15570k 1oy Hoi 1 30m O/ FF o B D
FRAITWVERL L7,

WRIZT MR- DD GMA FLIZEH 5 =ARF VB E 2-AET OF A —VEk & 2 K6 &
. FABRITNICT X EEE AL, B U7 OVERNITRIY & 572 2-AET 12k LK Z A,
Z ZIZNaOH #1252 & TKIERD pH Z 4 Uiz, & OIS 7 VKL 143 ik & A L ROR
ST, TIMEINTT BRI ITIE D - FHOBER DR U L, BT &7 o7z, HRE,
HAuCl & 7 VAL T NIC R BB ) L W g S8, T O TRIGE D 5 2 & T AR TN
(2T iR AR LTe, BOGSIE T 2 2L LT 7 AR -4 0 & HAUCL & K BEAR R CRERE L
M CEWZ, ED%, RO HAuCL DR AT o7z, Z AR % & AT KESIRIZ AT Z
AP TVEIK Lz, TR EEFHNC, KIZ NaBHs 20 Lic, T OWIRIE. 7 Vki 1O 1F
FET DIPTSRy R Tl T L, L2006 S B, 155 7= okhi 15 ik L i FEm O
w7,

BT, PRI NICEA STV b4/ b2 8 TBMSE Tl I L 5 x03<
THD, TOET I RADY A XEMEMA v FEICLVRER ST, T & KA
TNVEIZANI, R EIT 572, HAUCL & NHOH-HCI & AdL, SGEITo72, Btk ik
AT o7,
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5.2.5. I RLFY A XD FTi

VAR ) F ) E AR X B L EGELIE I L > TRAE S o 72, (DLS: Malvern Instruments Ltd.,
ZetasizerNanoS) JifA 1 FRYELITRGEL & BAR S o 7ohL 7 OIL#R# % Stokes—Einstein D=
IZH TIEOH TRD TS, (Zetasizer software v6.12) pH (X (HORIBA Ltd., 9618-10D)(ZHt V) {1} 7= D-
S4SE(HORIBA Ltd.) & W\ ) & 275 L, |IE Uiz, 7 Ak -0 A X%, SEM % 721% FE-SEM
2 &Ko T2 Eif % Tmagel(ver. 1470 K> TREFT L, RAES o7, 30 EDOFEHEE Z DA X
DL LT\ D, Z AR DB BAEDFEIE & 70 5 B8R E(CVIZR ORI L W FE Lz, CV
=o/A, 6 [ L7 VRL - A X DOIERER A, A TXFITEY LI FEE Th D,

5.2.6. LRI F D SEM/FE-SEM #RE

TP, BRI T 2B TOERBEMGIT 5720, Yo 7V ORERENT, FRIC PS FEK
(2%t U PYPd &2 Uiz, RIS AL 73 ik & = OB EICH B L, SRS THR ST,
MBI ORIRE . T D EFOEME T 5720, b FAREIC PYPd ZARAE S
7o EREOFINETIERL L7250k} 2 SEM (Hitachi Ltd., S-3000N (Tokyo, Japan)) & FE-SEM (Hitachi Ltd.,
S-5000 (Tokyo, Japan))IZ THIZE L 7=,

52.7. 4 A UBREEFR LIS ILEBIFD SEM/FE-SEM #5

— R 72 KIENED A A EIRTH D [Im][NTH] & [dema][TfO] Z1%H L SEM & FE-SEM
BEEIT o7, T A A MRIKEKIZEN L. Z L TH VRT3 Bk % & ORI S
i, HEREAEAL, TOOBIROY—{bE1To Tz, WEBROREWERY 2AF L U R EIC
WE L. ZOBIKREZFERICBW TS, g, ¥ 7123 PYPd OZEITATHOT
SEM & FE-SEM [ CHIZE LT-, 155 7-mif1E Imagel (Ver. 1.476) CHEFT L 7=,

52.8. FIMHFOTO I 74 ILT—4L2EFIE
Image] OIEBEZTEH L T, IRIRIC X 2Bt O#E 21T o 72, OO HMmD=a T
AR, [FRRIZR DT,

53. fRLER
5.3.1. Poly(2-vinylprydine) % )L #§F D & Rk & 54

FT. pHIGEMD p2VP F AR % BEMAZEICHALESICL VG LT, * 20
TNERLA- DA XL pH ISENEITBIRDERGELIEIC L > TR » 72, p2VP 7 ki pKa
3~4.1 DIz, 260 ZD 7 Vki 11X, pH 3.3 TIXMAM L pH 6.4 TIIINAE L7-, BMEREE 1
MM (T L2 & %, 2 OIS FIOFR R, pH33 T 1347 0m (D) « pH 6.4 T1Z 234 nm (D
o6 & 7R 5 20 p2VP VBRI T- DS AWML T, ZHZH 0152 & 0.024 L7 o7-, IRICHA K
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PEDHER DT, Hf LTz p2VP 7 ABRKL1-1Z PYPd % 7875t . FE-SEM |2 CT#122 L 7= (Figure 3-
1(a)), ZOBIEFIAIL, —MRIVRE T BEMEIBEO HIETH D, SEM THIAERIZBIZATRETH -
7273, FE-SEM OEE DI ) NHIEICBIZE T& | -l Lo 0> 7272 8 (Figure 3-2), 4 [EllE FE-
SEM OF — % %7l L7=, Figure 3-1(a)% 7.5 &, p2VP 7 VBRI 1135 ETEE L2 DR
EMPRICR 2 D0 2O MR T OERIE, Z BT NESO KBl Lz 2 & Els
WORLF DN EEARNZEAE L TOND Z LR EXDND, Flk LT p2VP FIVERLF OS2 A X & A%
H 5 & (Dary). 245+ 130m (N=30)TH Y . EENRE(CV)IL 53 % ThoTo, Lien>TH L
p2VP TR FII D HTH D Z L35,

Figure 3-1. FE-SEM images of (a) dried microgels and (b) IL-swollen microgels. In both case, 10 uL of a
0.001 wt.% microgels was dried at 24.5 °C on a Pt/Pd substrate, and the sample stage was tilted at 40 °. (b)
The microgels were swollen using 0.5 pL of [Im][NTf].

Figure 3-2. SEM image of dried p2VP microgels. (a) A 0.001 wt.% microgel dispersion was deposited on
a Pt/Pd substrate and dried at 24 °C. (b) A mixture of the microgel dispersion and [Im][NTf;] was dried at
~25 °C and observed via SEM without Pt/Pd sputtering. The microgels were located near the pools of

[Im][NTH:]. In both cases, the sample stage was tilted at 75°. The insets show the magnification of a microgel.
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5.3.2. 4 # &% ER L= Poly(2-vinylprydine)4* L% F ) SE{f
A T RIS p2VP F R Tk L E D X 9 IS 2 0t Lz, p2VP 7 Viki 1-
IEERE T T T 5720, KBEMETHY 7r F U 2RHZ & TE<HALN TV D A A R
[Im][NTf;]% FE-SEM BIZIZ o, ZKISHT LA A R & IR IR S, 2 O 7 AoR 153 Wik %
RE LI, ZORAEMERY AF L HR BICH T L, RIS TS E72(25£1.5°C), KN5E
BRI LT, 2OV U T ITIZ ARy X277, £DOFE E FE-SEM |2 THIEE L7, (Figure
3-3) ETBIRICHEU A F URIREZIRET D720, 2 T VTHEERRCIN 2 5 [Im][NTH] & 4 2
ZIRMBRETELT72 > 72, (0.5, 1,2, and 5 uL) 2 TORICEBNT, A A RIEDOKIZE 0 BES
7=, (Figure3-4(b)) £7=. ZTOHIZH LI TV D p2VP ZF Ak H W\ D, A A U ARIKOHR T %
D DY A XL, M2 D[] INTRE]EOWED I, hEL<2o7, £ LT, 0.5 uL O[Im][NTH] %
I mL OKIZED LRI ST & 1T T ARL A3 DA F AR DOHRTZE O Ot TR S
}U7= Figure 3-1(b), Z~ O, BEHICH L P UK LIBH LEEFOF v — 27 v AT - 5742
Molz, 2 ha—V3EERE LT, 7 IIVOFEERRA A ARIEZ I 2 72 0SR20 TRk
BB LT A, BRI TOF ¥ —7 v 7R bl (Figure 3-5), L6 OFERITE #8005
i ST — KRB B INR A RECERE LT 2R LTS, ZORREND . A A iRIE
FBEREEEO~T VTV E L TRLIES> TWDZ EBNND, ¥ BXEEEE -2 E SN
DA F RN EFLORRICIR S8 5 JRRIT £ 2R TIER WA, BADOBIEE 1T X > Tl itk
HHNTN D, Wishart & Neta 1T, B34 4 7KDL 5 72 A A REOFEHR Tz T
BARFEERETHDH L/ NVNAT VA Y D RIEICLD —HOA & A IFREDKRFNS THER L
TWD, B A F IR TLENSIIZE AL, — RIS A A IR TEDN Y T b0
TIREFOERIESE D LRI N TWD, ZLTENTT ¥ —27 v 7OENERGEDOE
PSSR EZ AREICL TV D, ® F2MOLDO 7 N—T"TIIHEIZ, NMERMED T Y a4 A L &EE
PEOWIE R LICBIZR LBSITIE. LW A XL LB ICEAVEEAEE SN L) B oy
= VEBRERE L TN D, ZIUTK L CA A RIR WL 2 B TS TR LB
FWV A RFIBE SN2, ZORRIE. A A VRIEO@ENA AU FHEAN T ¥ — VT v S %
ZERVWERDO—DTHDHZ Lamme L TEY , SEM BIZEOEEREE 2 - TW\WD 2 L 2R
LTWb, ¥ B2, A A VIREEEATZERT /7R3 TEM IS TR BICBIZE T2, Zhb
BINA AV RERERGIZER L TND I EEZRLTWARERTH D, 30 Lien>T, AED
B BT S EFIL, BB L7 £ 9 IZ[Im][NTR2] X° [dema][TfO] & 2l L TV 5
#%Lhﬁwoé@@%%#%&%@mmmnﬂwmpmf\#%%mﬁﬁwfw%ﬁ%@Fﬁ
SEM #5283 AR T o7, 72, 2D FE-SEM gL, A A IR TIAE L7277 I 7 m oA
) R 2 BB TR LRI OBIRIZE BT\ D, A A RIETIE LS
ISR DA I DWW IR D B CTilkam T 5.
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1. Mixing 2. Putting a mixture 3. Drying of water
lonic Microgel Mixture Room Temp.
liquid Dispersion

: -1l (25 £ 1.5°C)
; -microgels
Ef"’ “ ) \ -water
Water ' @ ‘ Q

(Total 1mL) Pt/Pd substrate

Figure 3-3. Schematic of the sample preparation for scanning electron microscopy (SEM) or field emission
SEM (FE-SEM) observations of IL-swollen microgels.

Figure 3-4. SEM images of the dried state of a mixture of a p2VP microgel dispersion and ionic liquid. 0.5
pL ionic liquid was added to 1 mL dispersion and the mixture (10 pL) was dried on a Pt/Pd substrate. (b)
and (¢) were magnification of the local area as shown in (a). (b) Pools of ionic liquid. A white arrow indicates

one example indicating a pool of ionic liquid. (¢) IL-swollen microgels located at near the area of pools

Figure 3-5. SEM image of the dried structure of a p2VP microgel dispersion. The sample was observed via
SEM without sputtering (i.e., the microgel was not coated with a Pt/Pd layer). A white arrow indicates one

example indicating artifacts due to the accumulation of electrons on the microgel.
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5.3.3. Poly(2-vinylprydine) 7" LI F D A 7 > &K< & 5 B B o 54
A F AR THREM L7z p2VP 7 VKL T ORI 2 &3 5 72, FE-SEM Efgn s 7

BRI D A X% BFE S o 7= (Figure 3-1(b)), 1 A 2RI THAM L 7= p2VP 7 WAk 1 D - E
(D)l 523 +39nm(N=30), =D CVEIZT4%E o7, Lo T, A A VRIETIAE LI L &
DELE D (FHLE LT p2VP BRI T DR FEAA LV 2 513 E R E VW (Dary: 245 nm), L~L,

FRMER CREIZHE L TV D & &0 p2VP Z AR - O A XD L ZDH A X304
R LS LT 72 W (Dypuis: 1347 nm), L7228 > T p2VP Z LBk 713 e 54
[Im][NTE] TIEABE L TIEWD SO0, EAHICE D mlEE & 72> T D K95 2R AE (Dhepns) £ TIENE
BATNRNE NS ZENGmoTz, T p2VP ZFAPRKIA DR+ 5372k, A A IR &
WA A BRENFE L TOND0 G LIVARW, A A BN B D (2525 B8 % A
L D720, pH 3.1 TEiA A 8 &0 9 S FIZHB W T DLS IZ X 57HiiZ1T > 72(1 M NaCl)
(Dhprzavnact)o B3R L7256 FIZHR W T, WA FRIER Dy 2 E LT2 & 2 A, ZDOfEIX 677 nm
THY, ZORTFERL, A AV THEEL TS & & Ok FERE DTSV T 5, p2VP
i 7-OERICET 57 — 4%, Table3-112F &z, ZNOHOFERICESE | A A4 UiRikHIcE
D AR5 72 EIR AR, NaCl & El72[Im][NTE)C K 5 S EiEw s RN ER 72 3 c & 5,

Table 3-1. Measurements of the diameter of the p2VP microgels under various conditions.

Code Dy [nm] pH NaCl concentration [mM]
Dhopns 1347 33 1

Dhphs 234 6.4 1

DipH3-1MNaCl 677 3.1 1000

Dary 245 - -

D 523 - -

BT, p2VP SO SN D E S THOF v MU — 7 O Z RS 5 729
[Im][NTf2]% p2VP 7L 27 7LD FIZTES L, p2VP 23V 7 VO RGEIR e DBIE A7k A 72, p2VP
2V VORI EE X B GBS R0 © FEA L 7= (Figure 3-6), p2VP /v 7 L OA L, KBk
THIZREH LTV D, 8 HERIZ p2VP ST TV A BIEL LTI IZIR, 2D V7 FL D% A XL, §
L7207 v 0 K& < 725 72 (Figure 3-6(a) vs. Figure 3-6(d)), &> T p2VP /L7 F LT
B 520 [Im][NTR] CHAB L T2 Z &30 5, £ LT, VKL - DK DERHEEZRD D
7o TRy IR O R ERAT R DR BEZFE Lo, TOMRIL Table3-2 IZF & D, HlEf
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D p2VP 7RI HH DK E R HRIL 01% & FHRE S 4L, ZAUZT RIS A A iR Tl 72
SINTNDEND ZEERT, ZDX T, p2VP TR T ILHE DN A A AR % & AR L T
WHEWS ZENHABNE RS,

Figure 3-6. (a) A photograph of p2VP bulk gel. [Im][NTf] was dropped onto the p2VP bulk gel, and the
bulk gel was observed at (b) 3 h, (¢) 5 days and (d) 8 days.

Table 3-2. Measurements of the weight before or after drying of p2VP microgel dispersion and the mixture.

The water content (Z£) was calculated by the following equation: Z = Y/X*x100 using the measurements.

No Weight of mixture [g] Weight of water [g] Water content (Z)
" | Before Drying AfterDrying [Im][NTf:] 5 uL | Before Drying (X) After Drying (Y) [%]
1 0.1038 0.0077 0.0075 0.0961 0.0002 0.21
2 0.1048 0.0076 0.0075 0.0972 1E-04 0.10
3 0.1041 0.0075 0.0076 0.0966 -1E-04 -0.10
4 0.1042 0.0075 0.0073 0.0967 0.0002 0.21
5 0.1037 0.0076 0.0075 0.0961 0.0001 0.10
ave. 0.1041 0.0076 0.0075 0.0965 0.0001 0.10

5.3.4. N-isopropylacrylamie Z X Bi#& & LI=& 7/ HFEA S LA F O ERERER

WIZ ik U T E B FIEO SRR Z R T 5 729, 1T pNIPAm Bk S 5 7 v
Wk 7125t LKIEME T 1 b o PED[dema][TFO] & W 9 A A IR ZTEH L, FERICEIE 2R, T,
B Z ZC, BT TW o [Im][NTH] T HBIEZIT > T, ZDO%4E pNIPAm & Wk 1
M L 722> 5 7= (Figure 3-7, ZAUidA A4 &K & pNIPAm & OFEFEVEICBI#E L TW A b Lt
72N, 2 Ko T, FAMKLT & A A IR OBFIEZAG D 7201 A A ik & 7 Ak
EFRITFEERS BSEULEN DL Z 00 oTc, ZO%E. pNIPAm 7 Wk 1 O 2 ) %
XV FEMNICEHMT T 57201, MEE#Eio BEIE L CTaT /2 k7% pNIPAm 7 Wk - NEBIC &
SH7, b L. &F k1% 5T pNIPAm 7 Wk 1-(#5 7 WAk 1) 23 [dema] [TTOIZ & - T
B LG E., TR TN O& T R 70, TR & W 9 ZENICE 4 1[5 8095 2
ERHERITE B, A AR DA Suzuki & DOHEEBEITAR LIz, 1415 A4S Lok
FORBIE LR T D72, TR Bk 2 BRI TR S, 2oV 7V ae T
T BDFEFE H ATV FE-SEM (2 C#1%2 L 7= (Figure 3-8(a)), ~ DA, &F /R #HMICE D 2
%72, FE-SEM MW E 72 - 7=, Figure 3-8(a)lZ -~ 9" X 912, 47/ Kif-(bright dots)i% 7 /L HChL 1
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DOHLNZZH L TND Z ENghnDd, BRI, R LIZES 7RO %A XX 372+£25nm (N=
30), CVEIZ 6.7% & 72 o7z, — 75T, G 7 WKL 753 H0R(9 uL) & A A i K [dema][TfO](1 pL)
DIREW & EBEMEOIR LT &8, B4/ 7 V7 ADHKFE LIC FE-SEM #8184 L= & %I
I%(Figure 3-8(b)). &7 VK F DY A X% 555 £43 nm (VW =30)IC EH- L. CVIEIZ 7.7 % TH
ST, ETTNMBRIFWNEOET IR FE2BIE L, OV A X2 /Eboe A, O X
1$29nm (N=30) k72 o7, ZDOW A RXXTEM THRIEES o 72&F /i A XERS—&HLTW
% (26 nm, N = 30) (Figure 3-9), SEM (XXM KB IEDFHMIZE DIV H A, Z DA VKL
FTHEBICHEA LTt R 128875 2 LN TETWD, %O pNIPAm 7 Wk 1- DK E
AT 0.27 % (Table3-3) & 72 0 | LI EOFE D pNIPAm 7 Ve 11X [dema][TFO] CAZE L 7= &
WA Do TR ORZEREEZ L 0 FEMICRHE T 572012, £ DR LI 7SN & A A
AR CTIAME L7 7 AR NR 7 F 7 ¢ — % IR ) BEE(ARM)IZ & 0 3R & 7= (Figure 3-10,
11), EBROFHIIH DX v 7L a AAZF#E L7z, AFM IZ X 2 ERERIL FE-SEM 07 —# & R
W —E & B AFM 5> 53RO 72 Wi T BRI O 2 A 72, A A IR ORI L7 Lkt
FOY A XN, B LTS AR OY A XL b RELS | A A WRIKTIAE L7 7 AWk 7 o
BRI, A A R TIAE U727 R T OB S K0 b R&E Mo de, ZAURT VKL 1231 A
VIRIRTIAME L, £ L CA A RIR T L S AR FI3ETE L TS Z L2 L TnD, &
D AFM I K D FHIE, A A RIRIZ X 2 7R O 2~ 3 5 555 & 72 5 7=, pNIPAm 7
IASRE A DIMEE (p) & LL T ORISR BFE S o 72,

¢ = ViL—swollen/Vary (eq 1)
ViL-swollen |3 Figure 3-8(b)IZ/~ 97 VKL DRFE, Vo 13X Figure 3-8(a). |2~ T Mz BuRRED A 7 v
TORL - DAEFE, Vitswollen & Vo 1X AFM OF5 R B FLFE S o 72 (Figure 3-10), UL ED/XT X — & —
Db & eql M L, [dema][TFONZ K - THAM L7 A7 AR 7 OIAME ¢ 2Rz A,
3.82 LieoTn, TR KO Z RIE L CTE Y, Figure 3-3 (2R L= A RIOBIZH LT
pNIPAm & &7/ b OEAKRICHEHT 52 &N TE T,
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Figure 3-7. SEM images of pNIPAm-based microgels obtained using 0.5 pL [Im][NTf;]. A mixture of the
microgel dispersion and [Im][NTf;] (10 pL) was dried at room temperature and then observed via SEM
without Pt/Pd sputtering. The sample stage was tilted at 75°. The average size was calculated to be 347 nm.
The size of the hybrid microgels was thus approximately equal to that of the dried state of the microgel when
[Im][NTf>] was used for this observation (372 nm: Figure 3-8(a) in the main text). Therefore, to observe
swollen microgels via this method (as shown in Figure 3-3 in the main text), selection of the appropriate
ionic liquid (IL) is required in order to obtain good affinity between the IL and the cross-linked polymer
network in the microgels. For the pNIPAm hybrid microgels containing Au nanoparticles, the water-soluble

IL [dema][TfO] was found to be effective.

Figure 3-8. FE-SEM images of hybrid microgels containing Au nanoparticles. (a) Pt/Pd sputtering was
performed prior to the observation. (b) The microgels were swollen using 0.5 pL of [dema][T{O]. In both
cases, 10 uL of a 0.001 wt.% microgel dispersion was dried at 24 °C on a Pt/Pd substrate and the sample
stage was tilted at 40°.
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Figure 3-9. Transmission electron microscopy image of the dried structure of hybrid microgels. The

microgel dispersion (1.5 pL) was dried on a carbon-coated copper grid. The average size of the Au

nanoparticles, determined using ImagelJ software, was 26 + 6.8 nm (N = 30), and was in good agreement

with the size determined from the FE-SEM observation (Figure 3-8(b) in the main text).

Table 3-3. Measurements of the weight before or after drying of the poly(NIPAm-co-GMA)microgel

dispersion and the mixture. The water content (Z) was calculated by the following equation: Z = Y/Xx100

using the measurements.

Weight of mixture [g] Weight of water [g] Water content
No. Before Drying After Drying [dema][T:O0]5 pyL | Before Drying (X) After Drying (Y) [%]
1 0.1034 0.0066 0.0064 0.0968 0.0002 0.21
2 0.1023 0.0065 0.0063 0.0958 0.0002 0.21
3 0.1029 0.0067 0.0062 0.0962 0.0005 0.52
4 0.1027 0.0067 0.0063 0.0960 0.0004 0.42
5 0.1030 0.0067 0.0067 0.0963 0 0.00
ave. 0.1029 0.0066 0.0064 0.0962 0.0003 0.27
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0.00 e — -
500w 10.00 x 10.00 pm 5.00 ym 1000x10.00pm %0

cod Height Diameter Radius Surface Area Volume

ode hipm]  D[m]  R[nm] S [nm? V [nm?]
pN 201 315 157 77.39 x10° 1561 x10°
pN-[dema][TfO] 255 547 273 23402 x10° 59.67 x10°

Figure 3-10. AFM images (scan size: 10x10 um?) of (a) dried pNIPAm based microgels and (b) the IL-
swollen microgels. The measurements data are summarized at the Table. The areas that are indicated by
white dotted squares show magnification points, and the magnification images are shown in Figure 3-11.
The pNIPAmM microgel dispersion was dried at room temperature, and then the samples was dried under
reduced pressure. The dried structure was recorded by cantilever (Figure 3-10(a)). The diameter (Darm-dry)
and height (/4ry) of the dried pPNIPAm microgels were measured to be 315 nm and 201 nm (N=4), respectively.
Darm-ary 1s good agreement with FE-SEM measurements (Drg-sem dary 372 + 25 nm). In addition, to estimate
the swelling of the microgels, we tried to record the topography of IL-swollen microgels. First, the IL was
dissolved in water, and then the microgel dispersion was added to the mixture. Next, the mixture was dried
on the polystyrene substrate, and then the dried structure was recorded via AFM (Figure 3-10(b)). As a
result, the diameter (Darm-i.) and the height (A1) of IL-swollen pNIPAmM microgels were measured to be 547
nm and 255 nm (N=4), respectively. Dapmir is good agreement with FE-SEM measurements (Drg-sem 1 555

+ 43 nm). As a result, the swelling ratio, ¢, of the IL-swollen pNIPAm microgel was calculated to be 3.82.
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Figure 3-11. (a) Cross section data of dried and IL-swollen microgels. Magnifications of AFM images of

(b) IL-swollen (¢) dried microgel. White doted square in Figure 3-10 indicate the magnification area.

53.5. 1A VBREDBAIZHES ZIVBHFREIBOE T/ HFDSHELITDONT

Figure 3-8 1O 7 Vi - NIC L LV EEE OV Ry M &) ki 2R LT 5,
ZAUE. AT RiA1E pNIPAm 7 VKL 104 A L IRIKRORERRKBESE & 72> TV D IRBREHR, R
FREDIRITRIZHERE VR EEFF o TWDHTED, D4, BETOENEL, 2 WETIEN
B RO T-OBEENE L 72D, T APRLFWE D4 2 ki 1% 73 % 72 %, Figure 3-8 1 ® FE-
SEM [#if§ % 7' L — R /- — U225 Ha U 7= (Figure 3-12,13), = O ORI, EBRIEICGIH L
TW5, o f IR WER L (Figure 3-12, 13), 47/ Ki - OIF(EZ R LT\ 5, HoEeREE
DELE S VR T-(Figure 3-8(a)) & W35 & | A A AR CIAE L 7= 84 7 Ak - rh o4/
ki1~ O fEI (Figure 3-8(b))IL. Ji< 72> CTu % (Figure 12 vs. Figure 13), < Oy 4F /Rt
DOFEIROMEIL, L4 169 nm & 254 nm & 72 572 (Figure 3-12, 13), L7233 > T, &7 /Kt
A iElix, A AU RiRE 5T 2 & T~85nm FBRELN > TWDHZ &N ghole, Lo T,
TSR IR D 4T ) B DA INIEN 72 Z e b EE 7 k11X [dema][TfOIZ &L - T
A LT\ 5 Lt b s,
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Figure 3-12. Field emission scanning electron microscopy (FE-SEM) image and averaged grayscale value
data for three dried hybrid pNIPAm microgels. The grayscale values were fixed between 0 and 255 using
Imagel] software. (a), (b), and (c) show the grayscale values along the white solid lines (a), (b), and (¢),
respectively, indicated in the FE-SEM image. The width of the located Au nanoparticles (between a and f)
was estimated to be (a) 192 nm, (b) 151 nm, and (¢) 165 nm. The average width was 169 nm.
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Figure 3-13. Field emission scanning electron microscopy (FE-SEM) image and averaged grayscale value
data for three ionic liquid (IL)-swollen hybrid pNIPAm microgels. The grayscale values were fixed between
0 and 255 using Image] software. The black solid lines as shown in each grayscale value graph ((a), (b), and

(¢)) indicate the average brightness, which was estimated along the substrate using Imagel software. The
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graphs (a), (b), and (c) show the grayscale values along the white solid lines (a), (b), and (¢), respectively,
indicated in the FE-SEM image. The distance at which the Au nanoparticles were located (between o and f5)
was estimated to be (a) 265 nm, (b) 267 nm, and (¢) 232 nm by calculating the lateral axis. The average

distance was 254 nm.

5.4. $E5R

fiam e LT, RS HET SN TV A RIUSE MOV 7 2 7 a oA XD p2VP L)/ RL
FHA pNIPAm 7 /WKL 1~ DIARIREE 2 9] D TEFBMEEIZ L W (SEM & FE-SEM) #lZ L7z,
COHEEMED Z LT YT THRT B Ay Z U 2 7R eryogenic-SEM,*? cryogenic-TEM,** %
L T scanning transmission X-ray microscopy>>2¢ &\ \o 72 RERI 72 B A TG 35 Z & 7e < FVERhL
T ORAERREZ B TEX D, IO, IFADD LOA F U HIKE (ca. 0.5 pL) T BRI - DB %2
WHRETH D, TRLTFHOET /R FOEBIL. A A A Z G 2 &I1I2X D ~85 nm KA
STz, LeoT, FAMRL 1%, RIEELE b4 A iRz &2 & CHRE L, Zordiko
FiEX, BRT B2 8E LT Z VB O F 2 K7 Ok 1R BERE O M 705l ik & LTH
MThHEZEZOND, BT, AT VREEEATE TSR T 2RSS LT 52 LT WK
JEBATHI & HTED, B Lo T, ZOHEFERITN~T U T IVDZDOGEERIZA ML
EBEROND, ZOVUTNBRFENRY T I 70 A XDOTNAMELO R & 2 — Rpili ik &
725 LWL, HAMEBIOFT- 2 RICENL O LFE LT D,
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