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Figure 1 Poor and good solvents for PAAm. In poor solvent (EtOH), PAAm molecules undergo
precipitation.
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Figure 2 Illustration of the thermoresponsive crystallization of charged colloids. (a) Aqueous dispersions
of hydrophobic PS particles and (b) hydrophilic silica colloidal particles.(Toyotama et al. Chem. Mater.
2013)
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Figure 3 (a) Migration of small particles on the surface of a large particle, (b) Illustration of associated
particles.
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Figure 4 Illustrations of clustering behavior by adsorption of ionic surfactants.
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Scheme 1 Chemical structure of an acrylamide molecule.
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Scheme 2 Chemical structure of a 3-methacryroxypropyltriethoxysilane molecule.
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Scheme 3 Illustrations of silane coupling and PAAm polymerization on silica particles.
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Scheme 4 Illustrations of silane coupling and PAAm polymerlzatlon on coverslips.
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Table I Compositions of PAAm-polymerization, which were used for the modification of silica particles

(4 wt%) and coverslips (10 wt%).

4 wt% AAm 10 wt% AAm
AAm 32¢g 40¢g
10 wt%APS 560 ul 210 ul
TEMED 46 ul 23 ul
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Figure 5 Experimental systems using four kinds of combinations for particles and coverslips.
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Figure6 The overview of the observation cell (10x50x1 mm).
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Figure 7 Viscosities of (a) a silica-coated PAAm aqueous solution and (b) a coverslip-coated PAAm
aqueous solution.
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Figure 8 A photograph of water droplets on (a) a vinyl group-coated coverslip and (b) a PAAm-coated
coverslip.
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Table II Water contract angles on a vinyl group-coated coverslip and a PAAm-coated coverslip.

Vinyl-coated PAAm-coated
(Figure 8- (a)) (Figure 8- (b))
a 61.5mm 22.5mm
b 245mm 262.5mm
contact angle 53.3° 19.5°
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— A T AKMED PAAm B S 7z Z &R S T,

1A 2% [ DR FE R 1T Cassie-Baxter DR IC kW REN D,

oS Ogpp = @1 c0s 6, + (1 — ¢y) cos b,
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vinyl-coated T30, I% 3-Methacryroxypropyltriethoxysilane D¥Efilifg | 6 1L H 7 A D
PEfiliff . ¢ 13X 3-Methacryroxypropyltriethoxysilane DB A KT, Oy =53.5° T
HY. 6 =180" ,6=0" N, ¢ =02 ERDOITZ, PAAm OEEflA 130, =15°
ThHDHIH, PAAM I L DWEHIL17% ThoTo, ZI0h, kI L O%I 1
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Figure 9 The trajectory of a PAAm-modified particle near a PAAm-modified glass surface for 1s. The
dispersion medium was an aqueous solution with 75% ethanol.
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Figure 10 (a) Mean square displacement (%) vs. t plots for the PAAm-modified silica particles in system
#1 at four values of Cgy (the data points for Cgoy = 75% are not shown). (b) o® vs. t plots for the four
experimental systems at Cg,oy = 75%. Lines in (a) and (b) show the least square fits for the data points.
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Table III Values of the diffusion coefficient, apparent viscosity, and residence times determined for the
observation of Brownian motion.

experimental  Cgon D/Dy n/no T

system (%) (s)
1) #1 0 0.347 + 0.006 2.88 0.2+0.1
2) #1 25 0.265 + 0.005 3.77 0.4+0.1
3) #1 50 0.176 = 0.002 5.68 0.7+0.1
4) #1 75 0.140 = 0.001 7.15 0.7+0.1
5) #2 75 0.228 +0.003 4.39 0.5+0.3
6) #3 75 0.611+0.012 1.64 04+0.1
7) #4 75 0.619+0.013 1.62 04+0.2

Table I 1) ~ HITILFEERRH#L IZEB VT, Crpon AL S ETAEZ T, @V Cron
TlL DIDy DIV E LD HINA R 5415, Table I 4) ~ IZIE, FEERZ#1 ~
#M(Cron=15%) & AL S VT HZ T,

6), T HITIBW T, DIDy DI L OrDEIMN R 6ivd, 2 20hb,
U DRI D PAAm $H & FME T O PAAm O 10MEI< Z & T, EBRR
HLIZBWT, K07 T 0 BB BICHIREN72EF 25, 5)TIL6),7)
([ZHEATR D/IDy, W Z FFO R, Z d sy TERR 1 & HA O+ B AR
D, REM Y DR TRENZERE2ZLND, ZOBBELTHN—F
7 ZADFiD OH FEIZHkT 5 . PAAm IBHOHAAFER BB LB X B D, 7) I
DWT, D IIKFCIHERT S U IR DIEHESR TH 572 Dy & —F L. DIDy
=1 &7 2 ENWIRFS T2, EIRFEE COTMBHFAIHE P ICE Y, TR
DINSWEE RSB0 EEZBND,
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C.PAAmM i U I B F @D Ethanol IZ X A& KR

Figurell (213, Cpoy (2% DRI 1 mm PAAm (ERfiS U Bhi D, ZEHED
TT 7 HRT, DA NIZT—OORERICEENDIR TR ETEEL. {ﬁJ%J ECE
AKDOEERO N ISR EE TlE N=4, N=5 LRI L7, feihi I B5E

Wfi’éiﬂéﬁ%ﬁ/M%ﬁ@%ﬂ%»%ﬁL/QM—WE%f@ 25%
P, 50%% Rk, T5% % HE, 0% %8RB TR L,

FIV Cron T B2 BEOBEMMN R 6T, 2, RirRimDE D1
BHRIDBI 1IN, Croq DM E & HITHRL R TeleD B X BIND, T2, Chon =
5% THREEPELND Z LMD REIZ X S8 IZ EtOH 2MFET D
LT, MEEAMB EEZxLND,

100 -

90

80 -
:\5 70 - S Ceon
:%: 60 0%
§ 50 - 25%
8 40 - B 50%
= 307 B 75%

207 “‘H = 90%

18- O ﬂ o DNNooN .

2

5 6
assomahon number N

Figurell Distribution of association number in the coagulations of PAAm-modified silica particles

(diameter: 1 wm) at various values of the ethanol concentration (Cgy). The inset shows a micrograph of
the coagulations (Cgoy = 75%).

2-4  fim

Rif-& 33— 77 7 2% PAAm S{ CIER L 7 R R Z M L, BRI TH L=
Z ) —)VOIREIZE D PAAm S I EFIH L, 20 A RRiFOh =TT A
FHECTHT T v E B & i L7,

PAAm Bk 1% W22 TOT X ) — M K DB AR L-, L
2L, RETITo @y A ERITE ROl & . SEE» kD BRIk
FHINITBI I OHBBEL 2D, SEEROHEER LD EEIOND, KRE
TiX, ZHEEOR 2 WD Z & T, b EAMUIORL-IZ51 7], AMAl DKL
TIFEAOPMEH ERX L e L,
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BmE AT UHERAEEERFEET COREIRL N7 TR F -

3-11ELHIC

B OETEHES FRIMEAEERICL Y 26K ORGT 21T 1208, o6
SORITEER Chololnd, AETIELVBMONHERERTHS 7 —r v HiC
K60 ERET LTz, 77— hE WS WEROF SIL = 2>%& %
bIVD, RAFFFEMBLTIC L TR TH D Z & [R5 ERBLFITx L
TRAMBS 2L Th D, FTOICABRBFLIFEL, £ VIZIEEBRRLF 5
FELEE X, EEMRFRITHRIE LR b AEMALFIZE e o, EE
PR 125, B D EEREAZ R D e b ABEMBL T ICEAL S v, FREO H 5 S 61K
NELINLD Z ENRWI/EIND,

ABFFeClE, EBHB L OREBEMEFORY 2F L U RIF-(PS(-), PS(H)E T,
SARTE N OV THBTLT-, SSIcanA RSBk ~Dh F 4 M R ETE
PEFIFINCEY  avaA NhL OB 52 R SR L, T A m s A
ICE DA OB AR LT, BT, PSRBT, LUK T BF ALYV = A
BRI AK D RITDOUWNT, FUmTE AW A B2 LS & A ORI LT,

3-2  #UBF - FEHR
1. fafflE =2 A FRI

KL 11X A E M 2 FF> poly(styrene-styrenesulfonate) Kz 1-(PS(-)). 1E 7 i & £
poly[styrene-(2-vinylprydine) KL 1-(PS(+)), B FEAT % 7D silica Bz D =FHFE 2 HIv
72, Table IV IZKiFDOFEE RS, B8 d. B—FBALE KIAEME P Our.
AT Z oy T Do

PS(-)1. PS(H)1. PS(H2IFFALEAIEIZ LY B LTz, PS(-)24 L UPS(-)31%
Thermo Scientific £ J ¥ . silica 1,silica2 X H At L v BEA L=, T_XTo
anA FRFIE, VA RAX T Fa—7 (BRAT YA =0 25) 2w
T MBI %, A A4 ZHHBHIEAG 501-X8(D) Resin(BIORAD) % i\ > T2045 [
R LT, B b ORI O RS 272, B 7V I Teflon 52w 1 0%
7L CTHW=,
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Table IV Characteristics of the colloidal particles . a; silical data was taken from ref **.
d ; diameter, { ; zeta potential, o ; charge density, Z i ; charge number.

sample d (nm) gmV) | o (uC/em?) | Zew (10%)
PS(+)1 420 = 70 — +0.136 +4.7
PS(+)2 260 = 30 — +0.046 +0.6
PS(-)1 380 + 80 -60 -0.076 2.2
PS(-)2 600 + 100 71 -0.070 -6.0
PS(-)3 1200 + 160 -75 -0.090 25.6
silical 110 = 20 -47 -0.075 -0.2
silica2 1000 + 110 -42 -0.041 7.7

2. KU RF VAL ERK

PSR F-1E. PA IS RTHALESIETIC L W ARk L7z, styrene (St) B LD
divinylbenzene (DVB) %, 1 M NaOH/KIEHKIZ K 0 EHEEE 4] 2 B 0 Bry T
L7z, St30 ml. sodium p-styrenesulfonate (NaSS) 0.3 g, DVB 1.5 ml. { 4 > A2 #i/K
150mls A%/ —225ml #2077 A2, 7 aXT7 851 % Hun T
80 ‘COEIEAMH, 9043100 rpm THEHE L=, WK OMEEZTV R 72, 7
A UFEHR N CEAEIT o To, BAAIT & 2 potassium persulfate 0.075 g4 il %
Y TFIZTE BT 6 FFE]L 206 rpm THEFR LG SH 7=,

PS(H)1 BE W PS(+)2 &, PS(-) & RARICHALESES P THEM LTz, PS(H1IE
St#20 ml. 2-vinylpyridineZ 0.4 ml, DVB% 1 ml\ Z&#4 /K %210 ml, A ¥ / —/L% 15
ml WO 7Z7 232Nz, By hAZ—=TF—%H\T80 CIZHRHEARNG, 7
T AR TT100 ppm, 0 L., Fo%. BAKBATH D
2,2’-azobis(2-aminopropane) dihydrochloride 0.1 gl z, # T2 T 6 KEf#H, 600
rpm TG S W72, PS(+)2 CTlXFEFERZ AW, I HEE2 AR I TCEA L,
7'a R 7R 2 VL TL00 tpm, 900 FREE LT, E Dk, BAtAFI N Z .,
JFIZ T 6 HEfE]L 205 rpm TR S 72, PS(+)1, PS(+)21Z[F] UAHAL TH Ak L7253,
B8, B E BIEI LORELNT, ZIUIRBOEN R EIZE S50
EEZBND,
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3. A A MES TG TEA]
A F A o MEFEIE MR & LT, Scheme 5 (38T Y V=0 AEEEE
(CPC, Fheflizk T36) 2 K Rd3 I Hu - 4042

[ @V\/\/\/\/\/\/\/ | or

Scheme 5 Chemical structure of a CPC molecule.

4. B —HEBNL

auA FRFDOEXRSENE L, M ESIKENEE (Zeecom, ~1 7 2T v
740 % W TCHIE Lic, K208 ny = 10°-10" L', [NaCl] = 10 uM OHg i &
TEXSGEEREEZIT -7, silical X Zeecom TIHRETE 22D, V77 L
VAKXV EE VT,

2008 LA EORIFITxt LGB EZFHII L, 2000 O fEuz KD, A9 (Henry
DORP) I eRBEH LT,

&r&oC
n

u =

f(ka)

©

TIT, g BEWY g IAKBLOEROFEERE R L, n 1TKORMEEZRT,

kKlZDebye XT A =X TH | k? = (eg/ )WLV IHESIND, ¢, ITEXREE

ThY ., NINBIEOA T BETHL U=2Zz'c z:jBHOA T DI c;j

BZBBHDOAF DR, a TR, fika) FHenryfZ i TH W kA TR
544

f(;ca)zg 1+ !

2.5 3
ka(l + 2e%a)

2 [1 +

(10)

KL DXFA A 13 Stern J&@NE CER B ERMNE L B ORI M 2 8 LT

WD, TN EBRE LT ERhFR M B E oy 1.2 11 12787 Poisson—Boltzmann =
PEHWCHEATZ 5.
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1

2
2¢e,e0kksT y 2 N 81n (cosh%)

Oeff = ———sinh=x<{1 +
© €o 2 Ka coshz% (ka)? sinh? %
(11)
_at
Y = kT

ks % Boltzmann B4 CTd %, PS(-)1, PS(-)2, PS(-)3, silica2 (Z >\ T 11 & W
TENEMEE o 2RO, FENEMI Z, = dna® ogle, KD T,

728, PS(H1 BLUPS(+)2 D & EBALHIE TIE, Zeecom OWE A F& /LD
AIHFE L, BAVBEEHIZ PSH) SIS LT7-8, Zeecom (T KL 2 BALMIE M Hi sk
2275 72, PS(H)1, PS(H)2 12 DWW CITBRAREE ) b B A R 7= 1, £7=,
silical 7 13RI 7% 100 nm & /)N SN2 O RS AL E CITE TE Ao
7z, Table IV IZ/"d ¢ BALEIX, SFREOLHIOFmM L CTHE LIEE AW
0 F7-. BRUSEEIC LV B LN silical DREEHMBE oL, 02 uC/em® T

EXICEE  XEBRE DT NVIRE ¢, EMRERA, ICE kORI E W ED
gV

K. = Ay C
(12)

An lEEBRMEAF SN TEY . Ag” =349.8 Sm*/mol, Ana” = Aparticle = 50.1 Sm’/mol,
Acr =752 Sm’/mol T 5, 12 K& U T 20 S BIRE (PS(-) T AT H', PS(H)
THITC) DENREZRD, Kt 1 EH Y OBEFEZ KD,
BRI E 21 DS-52 (Horiba #18) 2 M7z, £/ ES 0974 cm™ DEX
(g L2 v RIS K VIREA 250+03 °C IR TIEZTTo 72, &
TOMEICHOWTRIEZRIOHEZITV, ke DI L EREEREEZ RO,

2w A MhA OBXEEERE TR RE 1vol% 10 ml (ZX LT 0.01 M
NaOH % 10 uM 972 500uM F THIl 2 BXA=EE 21 7E L=,
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6. HESt X B VIR (com.c)lE

MK E 21T a v A R BIRICHT 5, CPC /KEEHR O &R 35 B & il
MROEMSE 5 2% CPCEELZRD, cme b L7z, HEITEE 10 ml OBHIK
Foldan A BRio8kIZk L. 10 mM CPC KRk % 10 ul $° oz 7= & &
D fEZHE LT,

7. JLFBATREIEIEE

83770 RS S5 (ECLIPSE Ti-S, Nikonth#l), 1005 DR L > R % v
THEIZ L, BEMEENBII A A — FB AT (FASTCAM Viewer, Photrontl)
(2 & D016 IR LT,

8. Wi ElE

CPCO =111 A FRIF(PS(-)1, PS(+)2, silical W kI3 B W5 &2 KD 7=, B I B
C, = 0.7vol% (PS(-)1), 1.3vo0l% (PS(+)2), 1.7vol% (silical) & L, CPCIRINIES L.
Optima XE-903% /L7 Bff#(Beckman Coulterft) & VT, 40,000 rpm, 60 min, 25 °C
IZCIE OB AT o 7o, B AR ZSEA RIS JE N EEFHUV- 2400PC, ittt i)
IZEOVPEL., 257 nmiZ B — 27 2157, ZOE—27FCPCOL Y Y URIZK D
H DT, WIETREEN SRS L TR WCPCIEFEECZIE LTz, ¥ L 7= Fmis i
FRECE DEMNS, WaE L= RmiEARE 2R -,

F 72, CPCORKL T ~DOWEEITHL T IAF T Them.c. b6 LRz, 2nm
A RRLF 2 H0RIZ LT emcJlIE & RO FiE CERIBEERE LT 72 &
A, BHEDNEAERESEREMCEL L, OB bEERAEREE LTHY
770

9. ZHEIEEL

KT COREGRTEZEBNT OV TR L 72, IR 3B KO B DR 57 H
RERFNT DL, BB —ar Va3 %, Figure 12059 2H0NITF
£ L TV DRI % centralbii - & L AMANTATHE L TV DRI Zexcesshi - & L7,
TRITIRESRIZEB W THBUR DY 7 V4 % central bl {-/excessh - & FEt L7z,
AT =Y OARREN L DAL, (i)centralb 2N IR TIE/E L TV D A & IES
AL (ii)centralki F— 22k L TW O ORL M E L TW DA E 7 7 A X
—. (iii)centralbi FEEE N E L TV DA 2 EEE & LBRIREE TRl S vizhkL
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T OFREE A LTZ(KRE 3-3C-1), £72.7 7 A X =T8T 5 L 7=excess
RO EmEHnE L, n=0,1,2,3, 24T LTz,

no association

©O O :
cluster aggregation

G——central ! 9gres
particle

o
C)gxcess 88 %
particle

Figure 12 Illustrations of no-associated particles, clustered particles and aggregated particles.

DAROBIEIL, Yo 7 ER R HIRICAT > 72, B2 L2 i 5 R
Tl B 7O X D EEEZ P T2, 32 7V IdFigure 13128 T HIEIZ LD
PR ZRT 7o, 10 mlO A F v — UIRIRIZ ) o 7V Z2{FR L. 500 mlD A F 1 —
JUVREIEH T Figure 130 X 5 IZ[EE L7z, 500 mlA F 12— /LR Z KT E L e —
S —H AT R E RS,

oo -
=

Figure 13 An illustration of the rotation method to avoid sedimentations of particles.

3-3 fERLE#
A RXNBFHMEFORFIZLE2EE6KER
SUEIEMA RIS Co . KAHEM 2ok 1 1, 2 OSAEREREEIZS

WTHET LT, R FRIOFEMAEEMITX 13 O XL 5 7% Yukawa RO R T > o
yILELTHRbLENS Y,

U, () exple(a; +ay)] 1 Z,Z,ef ()
= —KT
T ka,)(1+xa,) 4e,6, T exp

(13)
RiAfi = 12012 LT r 3RO IEREE, o (TR -18, Z 3B K Z2RmT,
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BRI EE B2 DT A—2 L LT, Z, a, kDEZLND, EER (k
= O)T“ IZEBRRTITER TERVMETH Y . k= 0 (18 TlEcD U NE{L D 2
MRENTZD, BTORAERIRER TIZELT NV T AREZ 10uM & L7z,
B H281% a5 = 125, 300, 600 nm D & D % 7z,

b RN
(a) ( ) 0 50 100 150 200 250
a 1.25[ y v T - -
3’3 1.00[ 5
S 0751 coagulation
Y * ) = 0.50[
% ﬁ '-'3'3 (;é 0.25F I cluster
0.00le—o—o— ‘ 1
PS(-)3 PS(-)2 PS(-)1 . X = - =l
IPS(+)1 IPS(+)1 IPS(+)1 R

Figurel4 (a) Micrographs and illustrations of the clusters composed of PS(+)1 and PS(-)1, PS(-)2, or
PS(-)3. (b) A states diagram of binary colloids of PS(+)1 and PS(-)2, defined by the total particle
concentration C,y, and the mixing ratio R = Cpg(,,/Cpsy- The diagram was observed 24 h after
preparation. The mixing ratio in terms of particle numbers (Ry) is also shown.

Figurel4(a) (ZILPS(+)1 Zexcessif & L7z & & centralkif & LT PS(-)1,

mozpaﬂ%ﬁMéﬁtk%@E%ﬁ@%r¢ IERE PR35 L OVE BB farhr
DEAR DOIRFNC LD 7 T A2 =035 BT, centralhl T ORL RN RKEL 725
E\ DEFNIL L ol

—WI DA EnITRL YA AWR= alall KRERFEBELEZTHEEZD
NTW5, WHREKICIS T Dné ROBIFRIZ OV TSchade’ H1ER, = a/a, = 245D &
T ENHEAEMEEZID EHREL TS, EAEMIRA FOSEERTIEA A
FREDMEWES, R <286 IZBWTn=4 RH5ZLEHWMELTND, ZDR,
EOE L, REINAHE LI ISR AIBNEH L 72D Th D,

SEERDBBRIZB N T, R RECITEE R/ T A —& Lig s, PRt
PEREIEC, I T D72 CUFRIF IS 5 SIS 2, £ 2T C,D
RN DUNT, PS(-)2/PS(+) 153 Bk 2 - TR L 72, PS(-)2, PS(+)1%2@%“2M>
KRB A IR, 24FFR G LT O B FEHMEE CIHERE - 7 T A X —
BEEE D =S DARREIZ/3¥E L 7=, Figure 14(b) (2. ¥oki 112 cml( Crsn + Crsir)
(vol%)Zxt LT, K- DIRE IR = Cps/Cos o ZEALEET2 L E D, K- ORH
{ZlifFZEJZOD*EI%m L7z, EEpssc I3 R E R LTz, READ Y VR D
FICIEEE, TRITIERZ 7 A2 =N 0Tz, R FERENE < (B Cow)
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RALN/NNENE EUER)PSH) & PSCROEARITE RAREEEZ K LT,
= ML LT T A — X, R IRE DMK < (RC o) D> 2 R WEA HE(FIR)
THEOND ZENGhoTo, AWFFETIER, =100& L. C, < 0.006v01% D 75 i S
ECr 7 AX —ROMRE 1T 12,

excesshi 1 Dcentralbi - ~DAF B TRFR & & HIZEINT 523, =1 hPIBEIT
HNL o 728 INI A 6o 72, nDEFEIZELIZOWTIIC2TiE LS T 5,

B. 2 v A RRLFIZxT 50 F 2 v MR ETEEA R E R
B-1. Langmuir %75
R TEMER ORI ~DW X, Figure 15 O X 5 1ZWE L= REiEMERIEE S
&L A L TR WRIEEMERNREE C I, WoE A R Y S2o, o1
g DA, 14 (2R L7z Langmuir W * 12689,
krc
1+ kC

(14)
VXA R E AL, XA s & (VIR 2on ¥, 7o, RS mEiE TR
Cout=S+C Th D,

Figurel5 An illustration of adsorption of surfactants on the particle.

ARE3-2WAERNTEIZEBWNT, mLOOBED EEANOELZ CPC BEIX C
DT, WMEES % Can=S+C LR Uiz, (K5 V HORRK 7R EMEZ Ao =
Ana’Ny/V & Uiz & & BTN 7 ) OWFE R L S/Aw & LTz,

B-2. WaE IR AR

PS(-), PS(+), silica IZ%43 % CPC DA M A K 7=, Figure 15 (a) (TWH
SRR S/di - C Z7RT,
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020 T T T T T T
a
(a) e
& 0.15¢ _— |
E " PS(-1
L
=
=0.10 .
<}
<
w 0‘05 n
o, silica L
0.00 L .1 g | 1 1 ]
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T 6 %3 _05f(c) o
S {E ' »
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23 4= o
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Figure 16 (a) Adsorbed amounts per unit surface area (S/A,,) versus concentration of nonadsorbed CPC
(C). Blue, orange and green symbols represent PS(-)1, PS(+)2, and silical, respectively. Solid and
dashed curves are fitted to the Langmuir adsorption curve. (b) Magnified plot of silical. (c) Plot in a
wider C region; the data at C above cmc are included.

PSCIZKT 57 — 4 2@ T/ L, silical M, PS(+)2 #@® Tmd,

silical (254 5 WA &IT- DUV T CPCIRIR /3 2 LK L7227 F 7 % Figure 16
(b)IZ7~xF, Figure 15 (¢) (21, cm.c.(Cour= 1.1 mM LA DR E DOWL 521G %
Y, eme Ll BT, FUETEVERI ORI ~OWFE EHITINZ T, 2 BAERKIC
B9 2 Vs A ET D728, WAEEMRITIZIEL cme Rl OT — & & H =,

PS(-)1 & silical & kb5 & PS(-)1 TIIWBEENZ L, i PS(-)1 2Bk M
iz b b, silical [ THKMER T2 FFO7 0, FEIEMER OBIRMEICZEZRH 5 72
DT D, ZDOREMEDENND, R FRHITO Cop DENELD EEZ BN D,

PS(-)1 & PS(+)2 DWW EF R Z LLEET 25 & | PS(HIZ S RIfF 5B 2>l F
A U MERETEVERIDN RS T2 Z N0 0nD, Fi2, PS()1IZEI LT Cour= 10~ 40
UM IZBW T, C=0 L7825, ZOHFPFHATILPS(-)1 IZxT 5 CPC D5ERWFE(S =
CardDNBETND, ZInb, BF A UMEREIEEAO PSC)~DWHEIZIE, —
FEEL D A T = X1 B 3% 2 b5 (Figure 17), 1) KiFDABHITH LT, R
TEPERI O IE B 2 FFOBUKES, 7 —ua Nk VlET 5, 2) REiEER o
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BOKE T 2T XD B OBUKE B LY 1)D A T = X L ThL 12
L 72 FUETE PEAI D BRI R AE T 5,
adsorbed by adsorbed by

head groups ta::ﬁe&
Figure 17 Mechanisms of CPC adsorbing on PS(-) particles.

Figure 18 (2 NaOH {Z & % PS(-)1 DEXRSEEHEM LA ~T, HHhL NaOH
M), fEc BRI EE k. (uS/em) Th D, k. Di/IME % 5% 5 [NaOH]IZ
PS(-)1 OFRMmEMICKTHHFFRZRL, 2D & X PS(H)1 O TDEM DA
TN NaICEEHZ OGNDHT0, —hiFH7eVIZHAE LT- Na OEE & —hi 1
NEFOBEMEIL 8T 5, PSCH) 1X—ki+ &7 v FH 20,500 HOEER (AL
RURBIORANVKR VB BROLHE I,

100 T T T T - -

80 - -

K (uS/cm)

S)
40 — Na+d =
Na+
a*‘@ Na*
20 | @,j) -
Na*

.il.- NaOH Na* NapH

0 1 1 1 1
0 100 200 300 400 500

[ NaOH ] (uM)
Figure 18 A titration curve of PS(-) 1.vs. [NaOH], Volume fraction ¢ = 0.01.
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Z DFEFDS Figure 16 (2B T PS(-)1 X Cour =40 uM (2 H 7= D KB AT & FF
SLEHEEN, ST T TH Sldi = 004 uM /em® OFEY S = 40 uM TlL C =
OuM TH D Z ENGHND, Ciep =40 uM TH Y | Ciep A EDPREETIE PS(-)IFIE
Ba 2D, 2O T S-C #i#flX Langmuir B2 L < —E L7z, DL EORER
2. PS(ICRI L CHEESEMRIET. S=AS+kCh/ A+ k,0)TREND Z &
N5 D, AS = 40 pM. k;=0.013 M, T =246 uM Th %,

Figure 16 2BV T PS(HIZH LTH CPC 3K AE L TWDH I ED, PS(HDE
RINIEIZEZ L T CPC N HRREWAET H Z LB n5D,

silica [ ~D B F A MR EIEMEA| OWEITIL L AFZE S TR Y ¥ pH ©
B & HICHAERENEINT 2 T Z LR STV, T pH O
(2R, silica BT Z 2SI 5720 T 5, BRPED B HFIED M T, silica
WNFFD Zp /NS B RENFAMETH 2720, BHERWHF TR LR,
AL TIE pH=6 (FIEDfEZ R LTIV | silica i R D > 7 /) — /L ILIT AR
BEDH D2, ZEDT2, PS KL {IZ~T, silica B f-~0 CPC WA 13072
W, silical (295 CPC DWW AELIEAR T, Langmuir B L < —E L S = k,CL/(1+
LOW X ORI TEXS, ZOLX L=0069M"'\I,=24uM ThH o7,
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B-3. FESt 2 BVIREE(L

5CICBIT DA I B LVEE(cme)E, BEXLEEHREIZLY KD,
Figurel9 & Cyur-ko” 7 7 %759, Figurel 9(a)l LMKk L C CPC KA & TR
SN U 7=4#. Figure 19(b)ITKIT-IE ¢ =0.006 O PS(-)1 % CPC KIFKIZ L W HE L
RERTH D,

BV T NCEBT D emeld, 7Ry NOEWMENLRDO LD (x #il & EHAZ
T HMAR TR LT2), CPC @ c.m.c.(water)lZK) 1.1 mM (Figure 19(a)). PS(-)1 7
fEFTO cm.c.(PSH)1IFA 1.3 mM (Figure 19(b)) TH-72, TP cme.Z0nbH b
CPC @ PS(-)1 ~DWAEEE AML D ENTE/Z, S=180uM, C=1.1mM &
720 ZHUX Figure 16(@)D 7 7 7 & b —H L7272, cm.c. b0 6 b AE =D
Kb BTz,

120
100
;E: 80
g 60
< 40
20

0

Csurf (MM)

Figure 19 Electrical conductivity, x, vs. Cy, plot for (a) water and (b) aqueous dispersion of PS1 (¢ =
0.006). T =25 °C.
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C. A AU HAHEHRREFEET TOauAL RREFDT T AX—FERKR
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Table V States of colloids in the presence of cethylpyridinium chloride (CPC) at various a concentrations
Csurt, determined by optical microscopy. Dashes, no cluster formation; circles, isolated clusters; triangles,
aggregation containing multiple central particles.
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Figure 20 Changes in particle charge number Z as C,; is varied; (a) positively and negatively charged
particles and (b) two negatively charged particles with different iep. Clusters form when the two particles
are oppositely charged.
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Figure 21 Average association numbers <n;> plotted against number of images of the central particle i,
determined from optical micrographs taken at various C, values (t = 2 h); <n;> values normalized by the
values at i = 1000 are shown.
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Figure 22 (a) Fractions of associated particle numbers, f,, forn =0, 1,2, 3,and n >4 at C,; = 10 uM and
the time t= 2. Cumulative fractions F, of f,s at various C, s at the time ¢ =2 h (b), 24 h (c¢) and 48 h (d).
Superimposed on the plot are micrographs of silica2/PS(-)2 clusters with n =1, 2, and 3 (Cpg, = 5 x10”
vol%, Cien=5 %107 vol%).
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Figure 23 (a) Plots of { versus C,, for PS(—)2 and silica2 particles (Cpg_y, = 5 X 107v01%, Cyjienr = 5 X
107 vol%). (b) Plots of Zy and Z,., versus C,,. (¢c) Distribution of zeta potential { for silica2 particles at
various values of Cy (Cyjier = 5 % 107 vol%).
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Figure24 Non-adsorbed and adsorbed amounts of CPC in binary colloids of PS(—)2 (5 x 10~ vol%) and
silica2 (5 x 107 vol%), calculated by eq 12. (a) Concentration of non-adsorbed CPC (C), amounts
adsorbed to PS (Sps) and amounts adsorbed to silica (Sg) particles, plotted against Cg, on a double
logarithmic scale. The relationships are linear in panels (b)-(d). The dashed curves in panels (a)—(d) are
the results of one-component colloids.
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Figure 25 An illustration of two particles in mediam3 interacting via VDW potential.
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Figure 26 (a) Interaction pair potentials between the PS(—)2 and silica2 particles at three values of C

surf
Red and blue curves denote the van der Waals attraction and the Yukawa electrostatic interaction,
respectively. (b) Contour plots of total interaction potential U(H) in the (H, Cgqy) plane. H is the
inter-particle spacing. The inset figure is similar plots at smaller H.
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