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Intermediate Structures between Lamellar and Onion Phases under Shear Flow and
Long-range Orientational Order
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Although the transition from the surfactant lamellar phase into the “ onion

phase” where all the space is filled by multilamellar vesicles has been reported for many systems,
conditions of onion formation and the transition mechanism are still unclear. We have performed the
following studies by using simultaneous measurements of rheology/small-angle X-ray scattering
rheo-SAXS and simultaneous measurements of rheology/small-angle light scattering rheo-SALS) for
a nonionic surfactant (Cl14E5)/water system.
(1) Development of a double cylinder cell which can be used both for SAXS and SALS. (2)
Determination of a temperature-shear rate diagram and elucidation of three-dimensional structures of
the onion phase with a long-range orientational order. (3) Determination of the intermediate
structure between lamellar and onion phases formed in the low-shear rate region.



102 s

cosurfactant

CnEm CnH2n+1(OC2H4)mOH

m

coherent buckling”

coherent buckling”

CioEs/

rheo-SALS
/X rheo-SAXS

20

CioEs/

CieE7/

@

CieE7/

rheo-SALS

rheo-SAXS

()

um

nm

CZlOE3

C 14E5/

CioEs/

SAXS

CiEn

C16E7

Cua E5/

rheo-SAXS

m



Rheo/SALS X /
Rheo-SAXS
2R CuEs/
(50 wt%)
(1) SAXS/SALS
SALS
@ -
(©)] /
(1) SAXS/SALS
SALS
rheo-SAXS X
rheo-SALS
SAXS
)
SAXS/SALS
1
( ONRH-1
2
rheo-SALS
C14E5/ 50 wt%
3 st
2 SALS
3
rheo-SAXS
/ / um
SALS
2014
SAXS BL-15A2
2014 11

X-ray
. or
radial  /7Z\ laser
DR
tangential —— X-ray
solvent/]
trap \Tf
(-
e
1 SAXS/SALS

Torque meter

aTaIyzer beam stop polarizer He-Ne
CCD !

? : o
camer;\ t 7 concentric \NDf||ter

lens cylinder cell

rheo-SALS

polarizer-
T /| T

®
o
P
o
®
®
2 | : .
30 40 50 60 70
temperature / °C
3 2 CuEs/ 50
with 3 st
2 SALS
SALS
rheo-SAXS
4
@ -



BL-15A2
ONRH-1

@
rheo-SAXS

C14E5/ 50 wth

shear-thinning
shear-thickening
shear-thinning

shear
-thickening
(intermediate region) CuEs/
5()
/
/
5(b) -
5(b) e
BL-15A2
rheo/SAXS 6 50
wtlh, 60
60 s 400 s
7
7
5(b)
7
radial beam
200 pm

tangential beam

L L
TD_—(b} ! 3‘ ¢ o
[ 1
=/ 10 1
_=LJ 5@.-_ : Ip & i.i-:. rlr
[ oy I ead e
% i | o see¥ 2] |
& S0F | le F 8 Sage
2 [ 1 i 8 ]
g [ 1 = B ’!-
E 40. ‘\ . ls i !":
Lt e 3
S Ml CT A |
sof . -
sl e e | |

. 10" 10’ o' 10’ 10

10 1 -y &l
o (c)
& \\l"}lut"-\'\
= 10'} .
"l @\
1ua .?u il -’y _lI o)
1% w10 1w 10
shear rate /5
5 (a) C14E5/ 50 wth% 60
®
rheo-SAXS
° 7 °
8(c) 2 shear-thickening
(c)50 wt%,55
@
(S N ZZ” 2 O, N\
\,’J\\'\ 1 1A/ \ggmé;
N N
Mgt R
A/\-A 200\. 200
\M\nm N N
’\J\J 60\‘ :
0.05
"./n\uﬁ/\‘.- S ot 005,

0 120 240 3600 120 240 360

¢/ degrees
6 CuEs/ 50

¢/ degrees

wth, 60
@)

radial beam, tangential beam

/st



radial

-

tangentia

)

:

=
=
400 =)

60 /s™
(3) rheo-SAXS rheo-SALS /

5(b) -

5(a)

55 5(¢c)
shear thickening

shear-thinning

shear-thickening

@
rheo-SAXS
8 55 SAXS
@) ©
(d)
5(c)
10 s
8 (c)(d)
shear thickening (1 )
| shear
thickening ( )
neutral

flow

flow

shear
-thinning
~ neutral >> flow
neutral
= — o —~
O —Feat .
ow S Nl (el b
neutral
B, F e - ”\\ () A
veloclty PN RN T B
gradient, e
10 l )' ' a1
g \/ z//// z/////w g/nm-!
’§10 -Egg @D
§ ] o
B o e
s (d) @ gradient
210°F @ neutral
= @ flow
= 162k ot i
2 4l ""'?—r'.. !
E 10
D il T
= e
S (@ EnE o
f—10“""':"':;'7?#;!uf£%
10 10" 10° 10" 10°
shearrate /s '
8 CusEs/ (50Wt , 95 )
radial beam (a) tangential beam (b)
SAXS
©
(D
®)
C10E3/

neutral

" coherent buckling”
radial beam

radial beam tangential beam

rheo-SAXS

8(e)



viscosity / Pa's

£ @ -t
g 10 S L, 30
107 a0 100 a0 P
shearrate /s~
9 CuEs/ Gowt , 55 ) 2
SALS €)
b)) 2 SALS
()
2
rheo-SALS 9
neutral SALS
um
neutral
8(e)
4
T. Kato, Shear-Induced Lamellar/Onion
Transition in  Surfactant Systenms,
Advances In Biomembranes and Lipid
Self-Assembly, , 27, 187-222
(2018).

Y. Kawabata, K. Ohmoto, A. Murakami, Y.
Takahashi, Y. Yamauchi, T. Kato,
Hydrophilic and hydrophobic tail effects
on vesicle formation in a non-ionic
surfactant aqueous solution below the
Krafft temperature, Colloids and Surfaces
A, , 520, 779-787 (2017).

M. Yamanoi, Y. Kawabata, and T. Kato,
Effects of Oscillatory Shear on the
Orientation of the Inverse Bicontinuous
Cubic Phase in a Nonionic Surfactant/Water
System, Langmuir, , 32, 2863-2873
(2016).

Y. Shimada, Y. Kawabata, and T. Kato,
Rheological properties of wormlike
micelles formed in concentrated region of
nonionic surfactant (CieE;)-water system,
Colloid Polym. Sci. , 293, 3275-
3283 (2015).

T. Kato, Shear-Induced Structural
Transition in the Surfactant Lyotropic
Phase, 2nd Asian Conference on Oleo
Science (ACOS 2017) (Plenary Lecture)
(2017. 9, Tokyo).

/ , 68
2017.9 .
K. Suzuki, Y. Kawabata, and T. Kato,
Simultaneous measurements of rheology/
small-angle light scattering on the
lamellar phase of a nonionic surfactant
and re-entrant lamellar/onion transition

with varying temperature, 97
2017.3,
- , 66
2015.9,
95 2015.3,

http://www.comp.tmu.ac. jp/tkato/

@
(TADASHI KATO)

30142003

@
(KAWABATA YOUHEI)
50347267

©)

)

(KUGIZAKI SHIORI)
(SUZUKI KENTO)
(OHNO KOUSAKU)

(NASHIMA TAKESHI)



