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The atomic scattering factors are measures of the scattering power of
individual atoms. Each element has a different atomic scattering factor,
which represents how strongly x-rays interact with those atoms. F(0)=Z
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Largesize d, 0, q is smal?<

SAXS

"
Advantage of synchrotron light source e
* Collimated emission i ml :'
* High intensity i |
* Continuous spectrum (except undulator) !i ]
* Small beam size 5 1 off
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A5, ¥ES: XFE)| CHAFE] & BcADery WP imaging
Elacinoria ot POARE) X-ray ST}

Local region measurement using microbeam (ca. 1 um)

» Time-resolved measurement (Exposure time: ~ms)
» Structure characterization under mechanical deformation
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Scratch tester

Puncture tester

Bulge tester

Strain

Fatigue tester

sample
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Polystyrene-h-(polyethylene-co-

104 "o amncaling butylene)-b-polystyrene, SEBS
%  —amnealing P L i 13 wt% polystyrene
10° a ) Mn = 181,000
PDI=1.20

Intensity / a.u.

1.

0 02 04 06 08 1 12

no annealing annealing
Scattering vector, ¢ / nm! = -1 = -
.
= 0238 nr®, 0U36 norr?, 0.45 nme* 3 .
1 W2 3 [ 2 1 a
AN0)  (@00) {2} —

Spherical microdomain packed
in body-centered cubic (BCC) latfice
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Stretching rate: 0.04, 0.2, 1.0 mm / sec
Exposure time: 1.0 sec

interval : 2.0 sec (0.2 mm / sec, 1.0 mm / sec)
4.0 sec (0.04 mm / sec)
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Strain

SAXS Pattern
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(Stretching rate:0.2 mm/s)
396 s
Maximum strain 3

— LY

(Stretching rete:0.2mm/s)
480 s
Maximum strain 5




SEBS_SAXSHIRE .

2 BB REA 0=-0r-»
HEBREAR FEAM e .
HREE 1.0 mm/sec O AT -
TAEER: 1sec
Interval : 2 sec =04
=12

Intensity / cps

q/nm-!

BIDBXRRABLICES X H/00300T01 FiZaB I 7R Fv—DIEE Ml
(Collaboration with Prof. Z. -B. Guan, Dr. Ishige)

¢ G.A. Williams, R.Ishige, J. Chung, O. R. Cromwell, A. Takahara, Z. Guan, Adv.
Mater., 27, 3934-3941(2015).

* R.lIshige, G. A Williams, Y. Higaki, N. Ohta, M. Sato, Z.-B. Guan and A. Takahara,
UCrJ, 3, 211-218 (2016)
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Photonic Crystal in Nature

Characteristics

Xp/003003041 FRa@ ISR 37— 3% R A 5E
EiEEOEL AN/ IOZZL) SIEDT

THTN FCC Crystal -
A 2 Polymer grafts, . i crosslinks
olymer g o m
—— I T
S o
-l

ke S

USAXSICLB AL/ D0307T01 FEdE ISR v —DiE & M fcc 8

° 10-40

—I_calc

Meridional

WAXD detector 3
P direction s
=
B
2
8
1 Equatorial £
| j direction fec lattice model
-
sample SAXS detector
P (P 0 o1 02 03 04 05
/nm-? .
arnm Polymer fraction
a‘nm o o/nm R/nm R Dimm o
10-35 355 0.065 0.0025 96 0.045 980 @ Q
10-40 375 0.08 0.0025 97 0.04 980 @ @ g
8-123 72 0.07 0.01 14.9 0.035 240 I+ ]
8124 56 0.075 0.01 14.7 0.045 240 2 a o
8-125 81.5 0.11 0.01 14.9 0.033 240 @ e |
a, g, 0, R, 0,, D represent lattice parameter of fcc lattice, degree of imperfection for the @ Q [}
paracrystal model, standard deviation of the line broadening function, radius of nano-particle,
standard deviation of R, and grain size luated from the line ing, respectively.

G. A. Williams, R.Ishige,J. Chung, O. R. Cromwell, A. Takahara, 7. Guan, Adv. Mater., 27, 3934
3941 (2015).

R N OO FDER

04
Meridional
BL19B2 direction g 03
[usAxs] H
g o #
& o
through s Equatorial v
20 direction T T

Z Strain/%

SAXS detector
IP

y
aP) z
X
[)‘-H" edge] X-ray wavelength: 0.0688 nm = SPNP molded film ) mm-

Camera length: 41,800 mm

Through

6-fold symmetry

2-fold symmetry

Orientation of macro-lattice is investigated by the
anisotropic scattering peaks

Upon elongation: Decreases in symmetry of USAXS Symmetry
Deformation of fcc lattice

Increase in particle distance

Local strain (g,. &,. &)
g, :x direction
&,:y direction
&z direction

Lattice vector of fcc (a,. a,, a;)

a,=(c0530°)g, di - (sin30°)s, d j

a2, =(c0s30°)z, di + (sin30°)e, d j

a,=(12)Gs + 5, e )i~ (275 Je, e
L, mgxa o _axa,

e e T

R. Ishige, G. A Williams, Y. Higaki, N. Ohta, M. Sato, Z.-B. Guan and A. Takahara, IUCrJ, 3, 211-218 (2016)
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| USAXS & Stress-Strain Behavior under Uniaxial Stretching bhange in Selective Reflection ‘

USAXS Results Reflection Spectra

foc Crystal Eg&\‘ Hebond
Polymer grafis, AR, cfcsslmks
i e

Silica core—@%’;,‘ 2 i
e ﬁ =
n1] n 10]

Change in dy,. of fce Lattice

;g*&‘ o

Stress-Strain Curve

Strain 35%
Structural Change.

Stress/MPa

>
7 Strain 35% i

3 " | Stress Plateau e

205 L e [T

%% w0 w0 F I L
Strain/% Strain/% ® i

e

fce structure was gradually deformed until 35 % strain - — e
and subsequently changed from [111] to [110] orientation. L] = L L =

g e

Shift of visible-light reflection band during uniaxial stretching was well
consistent with strain dependence of d;;; and mechanical behavior.
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B Sample
Isotactic polypropylene (i PP) iR f=0.1Hz
ch ------ e

g M, = 67,000 5d=°'°°,5\ )
</ /) M, = 250,000 /M \W/ S \W/A\ /gs
\V4 \ AV ARV 4

Ty 1 X T

strain

0 10 20 30
Time / sec
ERANRS 5

= EIMUTH x YUTE

FESLHFRT : 200 ms

SRR : 1 sE(F500 ms

FERE: 0.1 Hz
S. Nozaki, S.Masuda, C. H. Cheng, C. Nagano
K. Yokomachi,K. Kamitani, K.i Aoyama,

H.Masunaga, K. Kojio, and A.Takahara, ACS
Macro Letters, 8, 218-222(2019)
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JACE 34
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B iR = B8l 52

Local E’ [GPa] bulk £
sample (110) (040) (113) (6Pl e,
— RS
== 13 1.3 6.6 0.8 RS D
R

1.0 1.1 5.7
100 pm

2.0 - 6.2 1.0

1.8 2.0 6.2
T

3.0 - - 2.6

MEERIL  29~31  28~32  333~344 -
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v SFEHIIEEEE>THOBEANEL
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1. Sakurada ol al. J. Polym. Sci, Part C: Polym. Symp. 31, 57 (1970).
© 1. Sakurada ot al..J. Polym. Sci. Part C: Polym. Symp. 15, 75 (1967)
© K. Nakamac ot al Kobunshi Ronbunshu, 42, 241 (1385)

2 FERFHE  XRAEFHRESKEICLZY AEHEL)
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X-ray I e |
? JE@NO— L T L
Fluctuation of speckle intensity
X-ray &r

Intensity

Time autocorrelation function
AR <1g.01(40)>

steady fluctuation of 2,(q.0=

scatterers ’ <I(g,1) S2
M Features (g : scattering vector, 1 : time)
* e.g: JIVVEE)
Dynamics
1) = Aexp(—2I7)+1
Yenm scale 8>(q.1) p( ) 1
Y Contactless g’

Y Measurable for opaque sample

200

/re\axa(ion time
1/2r

T. Hoshino, H. Jinnai, Y. Tanaka, A. Takahara,, J. Phys. Soc. Jpn., 82, |

021014 (2013) e

Toward Dynamics
X-ray Photon Correlation Spectroscopy, XPCS (BL19LXU@SPring-8)

;c;l_..-i-J_:*.-:'ri T xil

o o
[
' "= ne -
| Schematic of optical system of XPCS ) gy ¢ rotron Radiation, 19, 988-993 (2012)
Auto- lation functi = N
. :iuﬂq.d o Amcomsisiontmciin, gk B
mopysst:‘r::;gra od nanoparticles o £ m A=Y} 41 o ETOFRH—
F P - Ay e |
- PR e : -
L s T 2l g
- silica particle: b it i’y -, TR
diameter: 110nm , 1.0 vol% ° - ‘ 3 e
* PS brush: Analyses based on “Continuous Time Random Walk (CTRW) Model™ el -— ]
Mn=23000, Mu/Mn=1.41, 5 " 0 P
0.28 chains/nm? il WU i e S .
*PS matrix: Pyt |y A ]

Mn=10500, Mw/Ms=1.09

T. Hoshino, D. Murakami, Y. Tanaka, M. Takata, H. Jinnai, A. Takahara, Phys. Rev. E, 88, 032602 (2013)




GI-XPCS (#/h B A ay Photon Correlation Spectroscopy)

M Features
Y Dynamics
coherent Yenm scale
X-rays Y Contactless

Data analysis |~

fluctuation of intensity
T T
— Fas] e 7
N

% Surface & Internal

G/-XPCS @ BL19LXU, SPring-8
=Transverse coherence
£, ~15x123(Hx V) um®

calculated from the size of the
light source (113 X 14um?)

1(q.1)

=Longitudinal coherence

& =2 /AL ~1pm
[— g<1 nmis possible |

— .
time autocorrelation function
<I(q.t+A0I(q,t) >

&,(q.A0) = > *Incident angle
<l(g,0)> >
(g : scattering vector, 7 : time) 6=0.14° \ -
o g H@DIG0) > (< 0) ol

<l(q.0)> e

GI-XPCS (homo-PS & PS-POSS /&) (1B FZE M,=2.5k )

PS & PS-POSS thin films (60 nm thick, 393 K)

Time autocorrelation functions

[22(q.0-11/2:(q,0)-1]

o “ 0
fitting curve : &,(q.1) = Aexp(-2I1)+1

T T
12 14x10°
q(m’)

The relaxations for PS-POSS were much slower than those for PS.

T. Hoshino, S. Nojima, M. Sato, T. Hirai, Y. Higaki, S. Fujinami, D. Murakami, S. Ogawa, H.
Jinnai, A. Takahara, M. Takata, Polymer, 105 (2016) 487-499 (2016).
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(BIFIF—1R1H)

|
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Py WA
s> 1 FeCly -
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‘ FeCLOBRREBICAVSERICL > TRE<HEAENS Hirai, Takahara et al.
J. Polym. Sci., Part A: Polym. Chem.

Press Release 2015, 53, 2075-2078.
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[ Hard X-ray GIWAXDIC & DI DTAIE 354 P
L 1
- el
Hirai, Takahara, Ree et al., Adv. Electro. Mater. 2015, i
( ) = dods +1
Kido, Hirai, Takahara et al,,J. Polym. Sci,, Part B: SF d‘ ing. r* gy .
3 .Ed., - =
Polym, Phys.Ed.,54(22), 2275-2283 2016 - palis va Lidy
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SPring-8 BL40B2

Wavelength :0.1 nm
Sample : M, = 8,000 o
Detector :IP (821 mm)
Exposure time :60 sec
Incidence angle : 0.12°

Type 1 Type 2
3

- L -
SERAMICHERIETFOEEOERLD
PR BRI FE

B SREEEDIREEL R GIEICEE
Lo S RORSKTFIEORFAN LE

3 2

y 3
nm-’
Type 1 gz[nm"]
a=241nm, b=0.74 nm,
¢=5.98 nm, s =108°
Type 2
a=2.38nm, b=0.74 nm,
¢=6.00nm, g =71°

10 -




HIGRE N FHROFESH BOBERER (TH. #8)

105 ] % =0.1 nm : Hard X '—
g 2 RAERE LT
10t Dl BARSHEMITIM
£ -
§10 BAAICLBRARSOF MR
‘*%102 | £ —05nm | —%=05nm : Tender X |—
5 t & RAERAA LT
8101} i BARSHE LM
e S t -
0 18I0 LB B AREOHBETHE
10005 04 06 08 10 HACLBBARLOMMITH

a;/ incidence degree

—

BIEPICEFNIMIBEROBERITH LU
RSHAOHERFEOMHBACIE. Tender XERNF A

Tender X##% B L\ /=GIWAXDAIZE ;&

5 wt% Chlorobenzene solution
3000 rpm

annealed at
463 K for 12h

Ctaw:> -

Pilatus3 300K
NIMKFE—LF1U/ SAGA-LS 9.
Wavelength :0.5 nm

Detector :Pilatus3(314 mm)
Exposure time :300 sec

v

sl B

ol Pilatus 300k

,000) DFRE ARDIEEFN

PAC12PDEEEE (M, =

AKRE=LIFMV
Wavelength :0.5 nm i
Sample : M, = 8,000
Detector :Pilatus 300K * &
Camera length :314 mm*
Exposure time :300 sec ¢
Thickness : 126 nm

Type 1
a=241nm, b=0.74 nm,
c=5.98nm, g =108°

REAEOHEERIELTHN.
—%  EHRBRHMEIRICEELEdge-on
HEET R
-
FEROARHEDREE L=
HiE (MR 1)) s>
rFAE—MICRE

PAc12PDIERR (M, = 8,000) MRS A M DIEIEM

AKRE=LIMY
Wavelength :0.5 nm
Sample : M, = 8,000
Detector :Pilatus 300K
Camera length :314 mm = |
Exposure time :300 sec
Thickness : 126 nm

™ ! n -
e i, it g be, ity o
«  EIRFE ClEFlat-oniEEhitE

o SEERNERICIE. Typel, Type2 s &hGRTE
¢ REEETEFERNIERICEELEdge-ontEENRE

PAc12PDIBIRD I F G LB SRR

HENSOEE S AZHT(0.6° A=120nm))

ey Ay

| [ ———

1 -9 4| S R
= 5 | a
\/ane 20, L 4
T § [t -=]]
1o@ = [ 1@p @ i |
o@ = | 1@D(p)dy ih f""- : .
Flat-on&Edge-on® L _;_,r‘ iatg |0
/2 1 F
. e
W@~ [ omlingldp i S,
0 0 [\ & 9y v :
i=lor2 e P Agimmih | fgran

PAc12PDIBRD > FIH LSS

o 0) )
T T T T
0.2 (4 nm) 100
0.4 (8 nm) 100 0.0 0.0 0.0 0.0 0.0
0.45 (11 nm) 93.6 0.0 6.4 0.0 0.0 0.0
0.5 (25 nm) 84.3 1.9 13.8 0.0 0.0 0.0
0.55 (50 nm) 561 2.9 35 07 264 105
0.6 (120 nm) 17.8 1.0 24 0.8 49.6 28.4

Woama 140w
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TERRESFOEEM o tun@ Srin
* Fluorine C-C 1.54 348
Small Atom:van der Waals Radius C-F 132 485
Most Electronegative Element Cc-Cl 1.77 326

*C-F Bond

Short and Very Stable
Low segmental polarizability 3.66x1024(cm?3)

. B

Small intermolecular interaction
Low surface tension
Low index of refraction

o

Surface characteristics: friction control,
wettability control, lubricant,
solvent resistant coating

BKIEORBERLHICTS

IAETIFINTDIL— b RR)I—DERBIMEE (H7 A RE LRI R)
CF h'8LL ET R IFIH#HEKIE
400 -
o PFMA-Tm
= PliFA .
3%0 - o o Ysy=7.43mNm!
X ° PFMA-T
T 9 PFATM
= o
2 300 - N o Structural Origin
L R of Hydrophobicity?
- o
PFA-C, PFMA-C, w0l ° .
X =1fory=12 X=1fory=12 PFATY
X =2 for X =2fory=4,6,8
y =4,6,8,10 200 | \ | | )
0 2 4 6 8 10
K. Honda et al.,Chem.Lett., 34, 1024 (2005). Number of CF,
K. Honda et al., J. Phys. Conf. Ser., 100, 12035 (2008).
K. Honda et al., Macromolecules, 38, 5699 (2005). fﬁtﬁiﬂ‘]m%ﬁﬁ:ﬂ?ﬁk
-K. Honda et al., Macromolecules, 43,454(2010). GIWAXD

By RoHEfm A I E

Droplet volume : 50 uls

T=292K . 1 o
-80

140,
% tact .\ 2}
B120F cing contact angle 62 .
2 o, PERME
e 5 1°F 6, were independent on
B100 = independ
£ & fluoromethylene number
[=
[s] Q
o 140 3
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E )
S ool o .
&80 # B
A Small 6, for PFA-C, withy < 6

B

L i >
Fluoromethylene number of R; groups and 6, increased steeply fory 2 8

The surface reorganization occurred by contacting of water
for PFA-C, withy < 6.
Origin of hydrophobicity ?

GIWAXD PFA-C8 2D Detector

oo fop Scheme 1 Chemical structure of of
e poly(2-(perfluorooctyl)ethyl  acrylate),
O//C O—CH, CH;-(-CFf)—BF Rr group (Mesogen) poly(FA-Cg).

Fig. Grazing incidence wide-angle x-ray diffraction pattern (GI-WAXD) of the poly(FA-Cs) and corresponding
structure model of the smectic B phase. The x-ray incident angle a; was 0.16 degree.

V. Volkov et al., Polymer 1996, 33. 1316, Honda. K et. al. Macromolecules 2005, 38, 5699

* R groups : perpendicular to the surface and form bilayer lamella
Structure (Smectic B)

» Surface is covered by CF3 due to themimimization of surface free
energy

- - AXD ;I - *:annealed at 333 K
PFA cy GIW. D ;ﬂji **:annealed at 348 K
Hexagonal
In-plane pack/iq Out-of-plane | amellar
Powder - struecture-:
Lamellar | | s parallel to
tryctur | Hexagondy { | thesurface
W l\ packing | = Sharpen g Pl
. i & a |
s J\M\\ PFA-C, ﬁ‘ B i
.% A g E i .- i PR
g £ El i/
- | — AL
L A W s e = R e e 23
ghm? c"I_“mr i 5 JJl-|-|1IE' N E
_d4zsing "
R; groups : perpendicular to the surface A

> Both of the orientation and order of R; groups and lamellar structure
were increased by annealing

BRETHLS NARAN EOREORE FTETHH EFMI B0 , PFACEM (#0190
§POY) COVTRES SERABAETOERE METOUE — AWAXDHZERIEL T .

xray 5 puminterval
Y SHminterval

Sx

<

Scan direction

. ==
X xy plane xz plane
b d) =7
(b) ()=i G,
Y z ° ° . teoum % e Q
T—o <2 B
z
Start position 2 %
X X=0pume._ E o o . N
'- 5 20f 85um cosoum Qq : EERLERBORDRE
| DA Yool 0 REABORRE
= . ° Q:Lzl‘(,u}‘smp‘d,u_ i=lor2
[ 50 100 150 200 250 300 3!

X/ pm
Figure (a) geometry of WAXD of PFA-C, thick film. (b) Microscope image of the thick film.
Cartesian coordinate xyz is inset the images where x-ray incident beam is parallel to the y-axis and the normal of the surface is near
the x-axis. (c) WAXD images taken at each x position (d) The integrated intensities Q; in the oriented region (open circle) and @, in
the non-oriented region are plotted with x
QEQNEASFHEL LEAEBOEHIE14umTH 2 12 .
R. Ishige, T. Shinohara, K. White, A. Meskini, M. Raihane, A. Takahara, B. Ameduri,
Macromolecules, 47, 3860-3870 (2014)
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&

120°

Main chain— =~ Water Fluoroalkylsurfactants: Various

‘i applications

PFOS [F(CF,)sSO3H]

> Slightly tilting R; groups
. (Perpendicular to the surface) .

R .
oo 05 | PFOA [F(CF,)sCOOH]
" Hexagonal packing
s i Perfluorooctane sulfonate (PFOS) is a persistent organic pollutant, with poorly
pace. L4 E P - X -
r Wy i understood but significant health risks to wildlife and people.
Carbamyl ! http://www. e.org/ i / ds/PFOS/2001 htm
group _ The half life for PFOA and PFOS in our bodies are estimated to be more than four
Annealing [ > Lamellar years,49 and over eight years, respectively
structures (Parallel http://www.oeconline.org/our-work/kidshealth/pollutioninpeople/report/chapter3
to the surface)
Study on bioaccumulation factor vs perfluoroalkyl chain length
r 4 revealed the low bioaccumulation at CF;(CF,);-
Before annealing L ; i ; 3 .
< Coexistence of different ;';1“:‘ gfsg’ﬁgé"%ﬁgsnﬁ'ier than Purpose: Design of hydrophobic polymer with short FA chains.

orientations of R; groups
. Slightly tifting Rigroups

5 (ca. 1159

_"ﬁﬁn'lt't —

Dynamic Contact Angle =
. Probe Sample Dynamic contact angle/
- - 0  0F AP oF 1
: R PFA-C, 132 52 80 58
g . Water (50 uL) PFMA-C, 120 80 40 28
e R e WY (| el s n=72mNm"  oF 120 79 41 30
- - a-Cl 119 84 35 26
PFA-C 93 61 32 >80 PFBA  PFBCIA
n-Hexadecane 4
AR (5uL) PFMA-C, 78 57 21 40 Bulky ot-substitutent
k. T ] =27 mNm'! o-F 76 68 8 14 gives low contact
a-Cl 75 69 6 12 angle hysteresis

by e et & Advancing contact angle, & Receding contact angle, Ag: G—-

&, o sliding angle Presence of C-F

group in a-position.
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Ch CF CHy CH;-?—)H— ° ®
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M. Kobayashi, Y. Terayama, H. — s kis{lst1eel3s KRS

1y ' Yamaguchi, M. Terada. D. Mutakami,
z ‘ “"“’;. ! R ) K. Ishihara, A. Takahara, Langmuir, TIVEREKPTRETIERNENOTVES—lHERRITED. Z0% . HEGERMORENTLK,
IS in e 28, 7212-7222(2012 53 D
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o Taserws o
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o
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. Settlement inhibition order: PMPC > PMAPS >» PMTAC > PS, Si wafer,
Glass
. Searching action inhibition effect were hardly observed in all substrate.
3. The low adhesive force between adhesive part of mussel and
polyelectrolyte polymer brushes leads to the effective anti-settlement
effect.
4. Polyammoniumcation (PMTAC)

N
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X-ray Emission Spectroscopy(XES)
Soft X-ray absorabion Scht X-ray amission

Prof. Harada & Mr. Yamazoe

R = @ oo
Walsnce
[ —ee- | U _ge-
1 ¥

+ 1 ) " *r"'@

kS W F
—g== Innershel _ag

M core excitation

M dipole selection
M photon-in/out

=element-specific
=>orbital-specific
:Ion% probing depth (~1um)
icable to insulator, solution, gas etc..
M polarization =>or|entat|on angular momentum selection

Water Structure
(SPring-8 HP)

. lb{ 1b.”
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e | |
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1 5
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T. Tokushima et al., Chem. Phys. Lett. 460, 387 (2008).
C. Huang et al., Proc. Natl. Acad. Sci. 106, 15214 (2009).
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Liquid flow through cell

X-ray
transmission
apperture
3x0.3mm?

.'*;-

nn.-nfn

SiC membrane

@ SiC : 150 nm
:11nm

Soft X-ray |

i
emission
.

Soft eray'-/. o r
excitation 2

Polyelectrolyte bru:
on SiC membrane

s
Polymer brush: 100~200 nm Humidification system

K. Yamazoe, Y. Higaki, Y. Inutsuka, J. Miyawaki, Y.T. Cui, A. Takahara, Y. Harada,
Enhancement of the hydrogen-bonding network of water confined in a
polyelectrolyte brush, Langmuir, 33, 3954-3959 (2017).

SPring-8 BLO7LSU §
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mAEE 1111
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T
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Haf r i e
Tetrahedral b . L . | b i =] S’“
20-30% SIS EMd DY AN BJT &M Distorted :
Photon energy (eV) 70-80%

o

T.; Takahara, A.; Harada, Y. Langmuir 2017, 33, 3954-3959.

Yamazoe, K.; Higaki, Y.; Inutsuka, Y.; Miyawaki, JI.; Cui, Y.-

Water in PMAPS brush is similar to bulk water
S e e e e s i S e s

XES, O1s non-resonant

g Ty s PMTAC brush PMAPS brush
5 | — PMTAC brush " "
g8 E{MS\PS brush Moderate Excellent
% ? Antifouling Antifouling
[=
3 1b, . f
N N Effective charge in
g y - sulfobetaine is neutral
1 i
S |m==r .
L2 PRI NI SR MR R
520 525 530

PMAPS
Emission energy (eV)

%fn Lo
o~ NS0

M. Kobayashi et. al., Soft Matter 9, 5138 (2013).

Tetrahedral

KOWEGERBEE. PEHCERCEELTNS

Tetrahedral Distorted
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Galling aphid coat their honeydew with

microscopic wax particles®
honeydew

Lyophobic
particles
1 mm

——

Air
P L L LR '
1 Air layer prevents the contact H
! of liquid. H
1
H B
! i
T iAir layer gﬁ:
I
'

HAROMERSE. BNLVNRIEAEER

Tk — T (laui e p WHF TREALSNIEDEROE]
&K —E (liquid marble) : JE{T DR IAD H HE R Foab b P42 L

NAALH A+ (TS Fa—T) OFREHKIE

Modification: Hydrophilic  Hydrophobic

. L : n E R R I
e PFOTES: 1H,1H,2H,2H perfluomftyltrlethoxysﬂane F,JLVW\/\s,i/\
e ODTMS: n-octyldecyltrimethoxysilane R R s
\\ /
/\/\/\/\/\/\/\/\/\?fn/
K

\LLLLARLY G l/,'l'|’l/;,/
- 7, ,;4 W

b
.

=

8
" HNTs-ODTMS

R 164.1+2.7¢
Materials:

* 1g of halloysite;

e 50 mL of toluene;
« PFOTES (or ODTMS)

H. Wu, H. Watanabe, W. Ma, A. Fujimoto, T. Higuchi, K. Uesugi, A. Takeuchi, Y.
Suzuki, H. Jinnai, A. Takahara, Langmuir, 29, 14971-14975 (2013)

N7t REFEFITIERTEGL 62
Contact Angles Liquid Marbles
HNTs-Raw PTFE NP (35um) S-ODTMS Marble Prepared with Different Liquids
[ .3+t4.4¢ 0==1.0° AR . Qe D
<10 e S 102.0+1.0 H,0 on on on CHala w7 Vf;d/e\/ VP - VIT:CVN);N!@
y=728 y=634  y=50.8 y=59.3 y=502  y=302  y=60.0
HNTs-
HNTs-ODTMS ODTMS-HNTs ODTMS-HNTs

164.1+2.7¢

- b o

High Adhesion and High Hysteresis of Apparent Contact Angle
Cassie Impregnating Wetting Regime
Rose Petal Effect 63

HNTs- Can not Can not
ODTMS Form Form

HNTs-PFOTES is more hydrophobic than HNTS-ODTMS.

Sen, =27 +2(71 d7sd))5 + 2(71 p7sp))5

Ssy, is large enough (>9.8 mN/m), liquid marble can be formed o
6
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Direct imaging of liquid/particle interface by X-ray CT

Rotation SPring-8 BL20XU:
Energy: 12 keV

re ; bt I [elen)
= 4(. +—8amplel |oamerg|  Prolectionn: 900/180°

Pixel size: 1.0 ym

XERCTIGKERKEM ROBEN LR EOHEEE AR

) Structure af ter Marble

Self-repairing after cutting
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Self-reparing of a HNTs-PFOTES/Water Marble

-

30 ms 40 ms

160 ms

HNTs-PFOTES water marble can be self-repared due to the larger spreading coefficient.

67

XPCS

(Chain
dynamics)

GIWAXD

GISAXS

(Surface
Compos

USAXS &
SAXS

XES, XAS
(Water SRR
structure) (Thin film,

water
structure)

XAFS

(Polymerization

SR X-ray CT

(Imaging of
buried
interface)

X-ray
Microscopy

Brilliant Source, Various time and length scale, Element sensitive
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