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1. FL&IC

THAH - 7KAE & SETEERD 5 75 B R THIH O S s A
IR 2K CIEF Akttt e T2 L, HmTOREIL %
MCHES R EEDRET 2 QIKR) [1]. HKRTH
MITREIAVERK T 21T, FEmiE A AN KAz @i S %
B, AE—ICuk S RiclE L, SR e —Ic%x
HTEHEETH S, AEEHIORNI—E~Y I dI2ie
XN BV 7 T OMFME 242729 2] (Fig. 1(a)o
O XD AR R LD R iEEFREICIED T ¢ —
RNw U252 % T & THREGR A A TR S DR E 1
%0 iz, THOVHERERBAGEIC KO RmAT Vv
IV ORI ZARER [3, 4], ZERIEIAMNZR Y VU b RS [5)
MECR T EMHENT VS, fticd, —HOMHE/ X)L
ﬁ%@%ﬁ?g&f,/XWk&DODTH%hK@ﬁ%
WEERT % L WP AL U, MR AR A iR E)
ZIRT T EERENTNS [6]o

HKR T, MECOX S RAmMEE OB ZHWT
ERMCH) < RHZED A B BAKKZEN TS [7-9],
FERENICIE, UK ETOS S v IR & SR iE
DI < KR OBAT, BIURIE DO - i 7 1t X
BAET 5 T & THRMEOIEEE AU S T EHFIHTE
% [10, 11],

—75, W OMDHRIC BT T IR AT,
KSR B U Fe SR mis PRI R EE 2 B o I [A MV
ETHBTLERBEINTNS [4, 5] (Fig. 1), THiZ
RATBIRIVY 3 DX S ERETEER OB K GEEEk
MEETHERR T 556, TGt O i 5 OBk
MHENIC R R8N H S EDIRETH D, —ITHERMNIC
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KRG EETH S EHRBEINTWV . (Fig 1(a) ). L IEX
FURIE MR O 2B ARTE R & 2B R ORGSO L S O
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Figure 1 (a) Interfacial instability observed in oil-water-surfactant
system and its mechanism: Marangoni convection roll, and
collective desorption of surfactant due to aggregate formation.
(b) The manner of aggregate formation with PA (bar with
red circle) and TSAC (bar with white circle). (¢) Motion of
500 pL — oil droplet on an aqueous surface (C, = 20 mmol/
L and C, = 10 mmol/L.). Scale: 10 mm. (b) is adapted with
permission from [23], copyright (2016) American Chemical
Society. (c) is reproduced from [21] with permission from the
Royal Society of Chemistry.
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FRTZ D nm-um OFEEZ Z DG TEIZR TS L33 LA
ErEdNTwizw, ko 2 HiEEHIE mm-cm DX 7
OEBRRTH B 1= DWNA T — )V OSSR & S EE)
RIS T 2Tk, BAMEBTEISE & /N EELSRER O RIRE
EN—DDFERLE VRS, £z, TOXIBREEWRERK
WO A —iLiE s 6 min BETH B, TDDHE
GARERGEE & FmEE) 2 5T 51, SHEOE—L
AW N EELIEBRDS R 755, ARG T, 261k
OERDFEIREN &2 2RI LT, Mkt
Gl (SANS) &/ XHRHEGEL (SAXS) 72 Bl ik 5 &
BN ECTOREMZZDORBSRT 5 LT, SHhNE
RS BT &, HICIIAREEHMERERICHHEEZRLT
WBTZENHLMNEIZST2DT, FOMTZHET %,

2. BlebEEJ 2EE o TIVERM EBEE
ARG IR RS & I E T ameum A7 —)LD 2
BB EBICHEREENRE LT, HKSRED bleb
HE) 2R g 4 LR ZANT B, TORTE, WHELTT
NI THNTIVIFURE (PA) ZIRGLEEDZHV,
KA IR A A RS EA TH B AT 7 UV Y
AFNVTEZDUL (TSAC) ZRELELDZHWS
u%,M%®EW@PA%E%q,mm$®Tmc%§%
C, LIRS, WIS TO/KIAE TSAC IBED CMC IR K
DEVIRRETH D, TSAC DBRIR I BILAVKIAKEHIC T
TWVWBZEMERINT VS, X7z, PAL TSACD XS
P i MBI - & A A VO R E MR 2 KA T
RBET3E, aZIVEMENSHMEEROSEERIERT
5T EPHSENTVS [12-16], DF D, TORTRHIM
ICHFNICIRGEN TV PA DS, /KSR Z i/ U /KR
E@ﬁb,KW$®Tmcﬁ6&5$hwﬁWA%Wbﬂ
T2OWZERT 5 EABICTEENS (Fig. 1(b). H
@',mw IKHHZEME BTtz R Uiz 0h (Fig.
1(c) TH3, TOXIHIT, MHKFE TIEEZAEERIHRIT
WA UKL 5 —7, /KRB TSIROZE R ZEE - UL
WEEZTEMNREINT (bleb EB), THICHAHZE TN &
U COKEICTFENNS &, FIHAOFER D%, 7 X
—NROEEZRT T & BRI NI [17]6
EBHELGLE LT, U EORMENNESNZEM4 TV
IR TOMNFRBEEIIGFELRNT EDPHLMER ST
%o XTOEFO/N XAREELRERIC K D, Bk L 2k
30K UHEE d BB K Z 40 nm TH BT A SROE%
FDa NV THBT LERINTVS[17], ML&KD, &K
RIEEEWERDTEERERN & iz - CHEEIT 5k R &%
DSTWVWBZEIRENTVELEWVZS, TOXKIIKEEK
DERDANS < 7 07 #HE 2z H L TWaHlE LT,
URTUTICRESNE —EOMEMNH T BN % [18],
FEEMTHZY) ATV TIZEBICT 7 F > Haikz sV
b 28EEL S, FEETEOMENIICEET ST 7 F
YOHBKRE TS D, TOFUTINVIE, VATUTD
WETOREFINEKT B 720, ERHEDS & LEHIN S
TFEST 27 IEH IS TEI IS K DA LIS
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TLE S, TOXIICUTHEICIH UHE N7 AR
RACLERER SN TV S T2DNFISINMEC Y A7) 7D
HENC DR S [19], ZT T, K 47LRTORMES)N)
AT V)7 EERROBHTET TS T LA —REE I N
[20,21]c T DETIVIE, bleb ¥ 1 AN A X1 12
FRETKET S Z2HTERE, HHREEORE
D—HBREN TV,

AN, UEOETFTIVCHLUT, MRINRYHEEZ &
BWTHERE KT 2 TV EDREND S T &N
Enkirolc, TOXIBEREEAMT DI
JEINE S 75 AL yir TaliagNTE S, 2D &b, &
BT A X r 2 mm, RER y % 10 mN/m, &35 L ERE
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Figure 2 (a) The region of the white gel formation. The phase diagram
with square symbol shows the parameter where white gel
was observed. As seen in the snapshots, the blebbing motion
stops when white gel appears. Scale: 10 mm. (b) The manner
of blebbing motion and appearance of white gel in a thin cell.
Scale: 5 mm. (c) The appearance rate of white gel, P, with
respect to C,, where C, is 20 mmol/L. (d) The repeat distance,
d, of lamellar structure when blebbing motion was observed
[22]. (a) is adapted with permission from [17], copyright
(2009) American Chemical Society. (b, c¢) are adapted with
permission from [23], copyright (2016) American Chemical
Society.
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HARHT O ERESNZ 10 PaFRETH B, — )7,
HROFE X UNERLTIENIZIBXZ, By TEZ
5N%, TTT, 2AKDY Y THRB ~kPa, ZEHDE
FHh~10"mm, HHYA Xr~1mmEZHWVSEEEEE
FROAEAH LS 107 Pa FEE EHDEWIT/INE W, HHIC,
FURTE AR OB OE T, <7D RR S H
WU Te B RNVER L, FmEINHIET S T & B EEE
Nz (Fig.2(a)., TOT &b, FHETEHEFIOEEEK
WEHMZR A L L TIRD S OH 5T, ElRKH S0
7 DOFBICIBNT, SO IIPEAERICDRN %@
RS T EHEEEI NS,

DLED & 5 s VAR, i 2 Zoeiie VNS T
LRI NI, TOT% Fig. 2(b) IC/RT s Fig. 2(b) IR
T X I1IT, C,=20 mmol/L, C, =20 mmol/L DA TITEH
1T bleb EENEIR T N/zDICH LT, C, =20 mmol/L,
C, = 50 mmol/L DA TSN ¥ Lz )ic kD
dbon, EIHMEIE L, FRAET IV OERIHERNT
[0, HETZIVOLERFEE P LT BE, C, =20 mmolL,
C, =50 mmol/L DZ&MTld 60 % 12 TH > 7= (Fig. 2(c))o

COEITRADE &, WEITIE, SAXS ZRWV7A
RSB RORGERIT N TN Tz, T DR, Kl
ORI IE AR 2SS A—2 e UTHET ST LT
(Fig. 2(d)) DK 1T, bleb FEH RSN B EMITHBNT,
BEENEWVIZE T XS (Fig. 1(b) DD K UIHEEA/NE
{BEBTEINRENTWz, &TAH, HEFHNELET
B L bleb HEBIW R ONZBOREEROMTICELT
X, FICZ0EVWHARWEZENTWEDN ST, DED, T
A TREERFEFD a 7 VDA bleb B DAL T
Hoteh, TREMEEROZBEVIRIIEH 5Tz, ZTTA
WHE Tl SR EBI D E 19 % 264 & bleb EED H 5N %
FMHICBIL T, ~ o aaSmdES) & SANS & B0 id SAXS
DRIFFEERZITS T & T bleb EENCHHE R DR EKD
BERYI R A F 2 7 A% T2 [23].

3. RR%R

TSAC BX U PA FHFILK K DA LT DEZTDF
FHWIz, FlKMHOEE L U T3/ 8Lz 17
5T RIS, EKERHWE, T, WHELTET
FSFEHUEEBE UTHWE. O PA OFIHIHAR
PR 20 mmol/L THEIE Uz, F7z7kAHD TSAC DHII
AR IR LL, bleb HEIDREGIIC (~15h) BIEIND
20 mmol/L (bleb &) & F13 U 727 )L AV pk LB AV
19 % 50 mmol/L (F1L5) 2RV, T T TAMIET
& 50 mmol/L 135 IE5efh & LTHWT WS D, @EICIE
bleb BB & H 2 MBS L L THOWTWS MIERLTIE
LW, THU, HEZIVHVER UEBINMEILT 2 T & AV
RPN 572D TH %,

SANS #2213 A+ — 27V » ¥ [ 17 WF %% At @ High Flux
Isotope Reactor © CG-2 Z Wz, TOR, HEWX 6 A ¥
VIIWETOE—=LZFIF 2 mm THolz, ILELTIE
JEE 2 mm DAHEYEILER Wz, 300 pL DI/KFHAE A U7z
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Figure 3 SANS pattern obtained near the oil-water interface when

(a) blebbing motion was observed, and (b) white gel was
observed. The sector average of SANS pattern in (a-1)
perpendicular and (a-2) parallel direction to the interface
when the blebbing motion appeared. The sector average of
SANS pattern in perpendicular direction when the interface
was covered by the white gel (b-1). (¢) The position of the
first peak, ¢q,, in the perpendicular direction, with blebbing
interface (red) and the interface covered with the white
gel (blue). (d) The repeat distance calculated by d = 2n/q,
with blebbing interface (red) and the interface covered with
the white gel (blue). Adapted with permission from [23],
copyright (2016) American Chemical Society.

%, FELHHC E— LEZIREE L, Z D% 150 uL O
& ECE A URERSIS /M BEUSRE 1572,

SAXS #iZiE, &I IV F — AR I HEAE, Photon
Factory @ BL-6A ZfHH Uiz, ¥ FIVBETOLE —LY
A A1 025mm x 0.5 mm TH - fz. L& LT, JEX, i,
EBEIMZFENFN 2 mm, 40 mm, 25 mm OHEEZ K 4 I R
T4V LELET 70 E BV, 600 uL OIKIH%E
AUz, 300 uL DA% EASICEA L, FmEShh
BRE > TH S 30 701%IC, /KR EEAEOKMHIC e — Lz
e U/ BELIR 2 15 72,

4. SANS BiZIc & ZiREKES

ot EGELRER DR 72 (Fig. 3(a,b)) IC/RT, bleb 5k
- (Fig. 3(a)) &AZIEZEME (Fig. 3(b) DZFNFHICEBNT
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KSR S 10 2% T A T REEICHER T 5
W) VT8 2—=rME5NTz, TOBEOE—-E—7 O]
i1 bleb &t THEBRER ¢ = (0.152 £ 0.001) nm™', {1k
ST (0241 £0.002) nm ™ THo7zo THDHE—E—T DA
B SHEIND bleb X TDT AT DD IR Ui
(41.4 £ 0.4) nm TH D WEDCHAE [22] & —F L T 5,
FAFILEZHTROENTZT AT O/ IR LR (26.0 +
02) nm TH Y, (FE1-SMHDIRE THERMIC bleb EH)H FE
GNBBOIT AT OB ORLUEHECBELSE—HLTY
b, TDT D, 2540 nm FREDOM DR UREER D
T AT R X S EE) & IS HEMHEIICEEN S T b o
720

—75, WK S 10 73%LIED SANS /3% —
DENHIRZ FENE, bleb B EAFIERMIFTREL BIZST
W zo bleb ZEFIC BN TIE, /KT & HEE /7 A TR
BELDESNZNEZ TS ATOIRZ— BN Tz0IT
L, BIEEMcBEOTIRY 7 RIOMBEDH % /8% —
UHBIEFRER SN, TDXKDEIRE—VORFIEDE
LWEWE Fig. 3(a,b) ICEN TV 5, FIEGETHELN
sector *FHIX (Fig. 3(b-1)) (5 M & F17 - BE SR THD
NizBREEL q DT I 7ICRERARNE SNV OICH
L, bleb 2&fF (Fig. 3(a-1,2)) BV TIEFAT - |MESAIT
L BREAEEVSZ—UNMEENTWS, £z, KERIIZE
LICE HT % L5 IEAFIC B TR & AT » TEOMN
FHOmETHE =M@ IE NSNS 75 g NEET
DD, HKDEA 30 7 LIRIEEERNCLARIN B
L, BRI (0.2371 £0.0003) nm™', T AT DEEDIKL
PEEE L LTI (26.50 £ 0.03) nm CEFAER & >z —7,
bleb Z&{tF Tl AT - TE SR & BICHFHE - E— I iE
MEAMANEBB Lz, Sim e AT mICB LT (0.13
£0.03)nm ™, O LS LTl 49 £ 18) nm ICfEAY
WUz xt U, St & FEEBOBEL S 2 — 1% (0.065 +
0.002) nm ', #E 0K UEAEEE LTI (96 £ 2) nm DEICIGR
U7z (Fig. 3(c, d)o 1FIEZMDT ATHBICH SN0
IR UBEBES®, bleb Z&F T & FEATHIMD T A THEED
BORUIHEIEEZE D SAXS BIER L RMEOHKETH -
Tzo —H, bleb S TORMERESHDT X T DD IR
LRk 2 (SRR TH D, Bixd I ATHENEAHEN
TWVWB T EMNRMENTZ, TOXIAEDWIETRNE
INED S ERIHDOT A THENRR I NIMHIEE—
LBEDEWVICER U BSHEBOEWDD T 5N,
&7, KT bleb ST BV TIE 1 mm FZED bleb
HEERT F, #@ED SAXS BV TR E—LER
WS umBETH o lzfzsd, IKEFZRERICEHEZ T 5 HIN
TR S 2 mm RBEFEN KR Z R L Tz,
C D, M7KAHE OB TOEAROBHIZEZE
NTWikhholz, £TAMN, 5HED SANS B TITE—
LOHUL KNS EE UK A FEs T o &%k
FHZE Lz, EWVEOIRLUBEZE DI A SHEIEHE
REINZLEZSNS,
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5. SAXS Ei&Ic & BB KEYE
Doz iR 5728, RIZECIEEICE I RAET
SR 0D IRE R 2 R Y R 2 SR DS T BE T dp B SAXS 2 il
bleb LBV TERAT A TG EZRE LIz, T T Tk
HKRE L EOERERD D SAXS 45155 -8, Hoh
UKtz 8 A U Tz BEOKUKFH O R R B N B L iE 2
WME 0L LTHRAEL L, ZO®%MMHE EHFICEA LUK,
HZKSRE DM EIC K DIEW e Z SNSIETEEERD
BUITo e FOFEHR% (Fig. 4(a, ISR T . TDEKIIL,
HKARHEHIE EHESNZDHA T, H -7 DOME
A% (0.071 +0.003) nm™', (89 + 4) nm DR D X UEHEEE & D
FATHEEDBIRI N, COT END, HyKFREEEIC
BT, ERHAS A SHEENEMIFIET 5 LARE
Nizo TR ELAE K D 2 mm FBREKEAITE BN
SAXS I —E— 7 OALED (0.118 £ 0.001) nm™, H5
UWME (0.144 £0.002) nm ™ & FNFHRE DR UREEEDS, (53.5
+0.5) nm, (43.6 £0.7) nm IZHET BT A THEEDE DM
Beni, DT LD, bleb BV THIKREE I
TR LB EWS A SHENFHET 28 DD, Kil
FTIEZDOESI BRI ATHEEDNFELRVW T EHORRETE
770

6. BEZEILL bleb EH)

D EORERK D, KA bleb ;EH) 2 /R 9 IRRET I
100 nm FEE D 0 R UHHEEZ R DERAM S X /G
KL ETEREINS T EARENTZ, —7F, LT bleb
FEFZRTEMFE LTEZ SN TV, 25-40 nm FEFE D
0K UFREER R ORI S X SREE IS IESIF T B E
N3 EhHEREENT, Lo ek, FATHEDE
JE D SRR AN O ERFE DK SR O bleb #HB) D 2 FSE
HTHs T A RBEINLMERE -T2, KTz, EBEIL
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Figure 4 SAXS image obtained from (a) near the blebbing oil-water
interface, and (b) 2.5 mm away from the oil-water interface.
Adapted with permission from [23], copyright (2016)
American Chemical Society.
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FMETHRONZ W IVIE, HKREER C— AR T %
kL EE VR T T EN D, EIEEMMCBWVT
WHEEIA S A SRS/ L CREEGMETH D,
BT A TMEIIELETHS T L REI NG, 5
5 &, bleb ZFICBWTIKERAT X RGN IR
FTRELUTERT ST &, 7 bleb 54 + 15 1R
& BITIKMIR TR A T RBEDME—DLERIE T
HBHTENEZLND,

ZD &K 57 nm-pm AT —IVDEERDIEFED, I
U T mm A7 —)VOSEEE) & AETCD < MBI LTk
WE LTHEROEZH RV, L LRSS, HATEOK
MaERTZ L, BT X SHEENERIZ X M
U THEETH DOKDEERERNRKRENT EAEETH D L E
ZH6N%, BT ATREENEFIAS X ISR
B, HhEHRDSKBWHEN, FILE L TRIGES S
LEZENS, T2k, BAMI A IMEz AR
27 WA KIERIC R D 5 B 2 Bausic UG L, fE
SIS EER T EBbNE, TOXIBHENDEZ
L, KEDT A ITREED 575 %7 VIdHEIER % T
JVF—EE UTREF 7L 24 D—FE & E 2 5N 5 L HEE
s,

7. &8

MKRICHB O THEOIRENITIG®, FiD B FEES) 28]
RUTSBEOWE T, T Ty IZMBRISERT %0
MFENEETHD EEZALNTER, LALEDNS, C
DR TEZ % & LBNAFIRHKRICEWT, FminE)
RZOHTHBWHMOEIHNRENS T EMHRFENS
DK LT, BRIENE DR Nz R TOHF TR

R OHEND RSN TE e, FRTRNT &I, FHERNE
BIEPHERI A BUN 5 & SN B T O R B R A HIK

ROFRMIHEIOE 5 —DOWTH 2 T EME IR EINT
Weo ZTTARMIETIE, o ZFIVHVERT 2 HkRZ AV
TEEEROERGBEN# & 72 b RmEES 24 AT Rz
MR U7z, IS, TOREIRERGETEZFE/HIIC SANS 35
KU SAXS Bl58 9 % T & T, REHRORIEIER D FmE
FONBELEFTH B RN E LT, 2EROEREE
i, IAIREEOERIAD S HRAIHANO 2B RZ bz -
TBY, FIATHEZRABNMNE TS o 7 VDT %
DTRENNEEZSND, TODX D UM FEBEHFEAE:
T5E, BBEBNZRISNERET S LMD, ARIZEEDIT
WO—FEZ>TWVWAB T LI NG, ThEDHESE
BHSMCT BICiE, nm-ym D& L, Z0O FAi#EETH
% pum-mm DOKEEDEHPEZIH S MM T 2 080D 5,

8. PFADIRE

KW TIE, BIRTEL LD ERETH- Tz, T
BIERLTWAHE—LARY MIEOHRFEIRETES L X
D IEHERERIT A %o DED, E—LROHIHE, BXT
ZF OB O FARBEMBIBRR 2 1T LU TITA 2 T &
FLWEEbNS, cOT EMEEINNE, T
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