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Analyses of Hierarchical Structures of Soft Materials
by Using Combined Scattering Methods

Mikihito TAKENAKA (Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University, Kyoto

615-8510,Japan)

Most of soft materials form hierarchical structures and their rich varieties of mechanical properties originate from
the structures and the correlation among hierarchies. Here we discuss how we can analyze the hierarchical structures
in soft materials by using the combination of various scattering methods. We describe the features of each scattering
method briefly and show the examples of the analyses of soft materials with the combined scattering methods.
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Figure 1 Observable g-range for various scattering methods
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Figure 5 USANS, USAXS, and SAXS profiles of PI/CB

9



HiE757 5N Y4

BRELEE 72V 7 M= 5 ) 7V O RSk % o T

HA T At &5E

TWAENT Y RIN=HBT T 7NV oTnD, En
ATENREZONL., -3 TOXREFEO/NHlg = 0.03
nm - MBEIIRY a vy = as5hs. Zhid, CBRE T
DEREMBBICHETE2I0TH L. 2O a vy —ofiiE
X0, COBREROTFHNERE S0 nmTHD I &
Mbnd. S SIT/MIHNIE VTR SIS FEBIN 2 25813
g = 0.0002~0.008 nm ~'iZ USANS & USAXS O FHIIZ A
DNBZMWEIE - 220 EMEBTH 5. 2L, BELLHR
JEA G R DOREFINE->TVB I ERRL, —REHEAE
BT 775NV HCHBELEZ L o TWwb I EE2RL
TWh.

BUEL AR A & B 5 2212 7 - 72 PI/CB % O 1% % Figure
612 T. ZOPI/CBARIECBALT-—— Kk Hih—— K&t
BIKIZE 2757 5 VR, L) BEEREEZ L Tw
B Lo T,

52 dLOEEBEEDEN

TADOLEEREEICE LT, T2% B SE TS
Ay I —r0ary I A MNEDY, WEEELZE
2 & o THUEREEDOMIA T T b, SRR T
LAREWA VTV ThEEARFEBEEICEE ST
SANS T & 1) 8 H Hi#E O A — RSOV TREM 2 AT
o Twa W, lH S, B SR T2 oRELRE K
XL TFIZ/RT X 9 % Ornstein-Zernike-Debye (OZD) B
¥ Debye-Buech (DB) BHEoHI

80nm

BR7I77% 1L -
13nm  d=2.2 at L>100nm | BLBIAEFASH

d=2.6

Figure 6 Hierarchical structure of PI/CB
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Figure 7 Scattering profile of SBR rubber swollen
by d-hexane/hexane.

Figure 8 Hierarchical structure of SBR rubber swollen by d-hexane/hexane.
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Figure 9 Hierarchical structure of PE.

THE G THEE B X R T A FHOIEMIZHE S &bz
WTHIEZIT, BEHEEICS R 2B L THESR
ZATo 7. WEL L THW/ALLDPEIXLLD-a (%0918
g/ml (25 C), Melt Index 1.0 g/10 min (190 C/2.16 kg)),
LLD-b (#F£0926 g/ml (25 C), Melt Index 50.0 g/10
min (190 C/2.16 kg)), LLD-c (#0931 g/ml (25 C),
Melt Index 26.0 g/10 min (190 C/2.16 kg)) ®=fHFT
H5b.

Figure 10 (Z=ZHBE OB O] & MR IZH LT T 10
v FL727 7 7 %Y. MR eld GEMEROREHR/IE
MR OREHR) TEFL 72, EMEO IR FI T,
HEC Ko TR LIRS ZR LIRS, BRI
LLD-b, clCORIFFET B &\ o 72 U CTHEMZE BN E WS R
biiz. T LICEMZBEOENPRONLHKRZ RS 2%
(2, XMHELEE &2 W TR RS RE g IS B 1T 5 I T TokE
EZAL DN F ATz,

INS TR 2 — v DREE DREMIZ X 5 2 LI DWW T,
SAXS, WAXS#% MW7, Figure 111 =fHH»
ARE DO RIEMIRIE T, Figuer 12I1ZEMIRIE T 2D-
WAXS#ELE ZRT. Wi REMIRE TIZEH W%

Figure 12 2D-WAXS patterns of LLDPE at e = 1.2

(21)



FZHEBELEZ W2V 7 b= 7 ) TV O BRSSO RN

HA T At &5E

LSy — V2R LTV 228, HEMIREE CILAER 5 a2k
U CHEE 7 1) CA S A& -1 (200) T 0 014 50 BE AS84 0 L
2. SHURIEMIT X0 KERAG T O adil ASIEMR T I LT
MESFINCEA L2 L 2R LTWAD. F 7B A X EEN
BLBALETHAIOY 4 DIFEMIC X Y EL L RnwZ &
Db o7z, Figure 1312 =FHO B O REMIRETD
2D-SAXSHUELBE ZRT. IR EF ML EE Y — >~
ZRLTHY, M7 A 7R EDRNZ R rnwIl L
RLTWwW5A, Figure 141 2=HMH 0 S E O T D 2D-
SAXS#HEME Z /RS, Wb M I L C )
RV, BAENRHESE R L. 2O e HEMICK
0 AT X T IZEEM G AN U CPATICELR S 5 2 &A%
Moz, M KT 2 T RSO RO 2L
5, WFNROLLDPEIZOWT LT A SMEIZT 71

LLD-ae=1.0

LLD-b e=1.0

o

VERIHES TERT DL b rolz. ZOX ) IEM
TTOM K TREE RN T A THEEICE LT, #oEH
TRERBVWIIAS N2 72,

P70 Y AT = VOREDEMIC X 222 WT
¥, 2D-USAXSiEZ MW Tii~X7z. Figure 15IZF N Zh
DR O RIEAIREE T D 2D-USAXSHEE Z R T, i
D REMRETIIET LG BEEZRLTEY, AAal
WCHELRE OV S B ) AR SNz, ThiE0RRHID
REMIREIZB N CTEL WY T I 70y Ay —VOEE
WO EPHFIELTVEFHERLTWAD, Z OFIROFELRE
NI ~q POREFEANSE->TBY, ik Figure 9
WRTRRGRAE S T A T 55 7 B BBCRRE R OB A —
B, TIFTIIVRIG26DAT T I ¥ Mk EAH LT
5ZExRLTVD. —F, EMEBEOWEL Y — 21

LLD-ce=1.0

O

Figure 14 2D-SAXS patterns of LLDPE at e = 1.2

(a) LLD-a e=1.0

o

i
- 1 0.10
0.0lnm 0.05
— 0.00

o |- o

0.20
019
0.01nm’' 0.05
E 0.00

Figure 16 2D-USAXS patterns of LLDPE at e = 1.1 (LLD-a) ,and e =12 (LLD-b, ¢)

0.01nm"

(22)



H84% 515 (2011)

((CH N

LLDPE OFfIC X > TR E { 7% 572, Figure 161"
X 9 (2 LLD-a @ HEMUIRAE T o gL HEM 5 ek LT
MBSO 7AE I OBEUR & 2o 72, SHUIHEMIZ
£ 0 BRI O B BCRARE 3% 2SI 7 ISk L CFEAT A TR
W2, H-ICEM SN EERLTWS., T LTI
O LLD-b, ¢ OHEURIZEM F7 et L CTHAT A IS
TN T FGANRY — VR LIz, NI TTANRY =
OHNZHE LT, AR LLTVHBETLNS.
UG DR S & FV IR DML T TOE BB A% ) 72
O, WARFTORE ML) KRESBIML, K g iR
TOWELREDEIMNT 2 2 LICL TN T T 85—
PHNDLZEPHMONTWA., T OBAIZIEMIC X ) Bk
ARHEE N ORI BE D R A AR WA — R AT &l
CYTILIZED, 20X RHELBIHNEERZ LN,
E 52 LLD-b, ¢ @ HEARER O FEL R L HEM A6 L C
FATHINEA ) TR CEEHFTOHMLTEY, HERE
LEDMALEI>TWAIEZRLTWVAS, P EOKHE
XD LLDPEQEMIZ L 207 I 70y A7 —VORED
A THEEIC L o TRES BRE D2 LD 5.

6. & & &

BRHEEICL DY 7 b= T ) TV OB TSR R,
KB BREERNTOA L ST, FEOME % S %
DIHEMGTETHA. By ryrao o U gzt s
R 7 UG & o 7 XKBELE O ML A A X, ST
HEAR 7 B2 BT B0 ETIZBT 5, RAVWRI AT
—WVZh 7z 2 BERERE G DL B X OB IR o 2 o 8581
BEWHRIZTLHOTHY), WikEEOMMRE X ) B
ICTE530LEZONE. SHI2I1F, XMMCTICXD X
DRE MG L BISEOMAGE TV T EITLD, BIIR
= NVE Y=LV AT BT TR, LWL 8L
DHRE Y — AV AIBHTE L L b S.

(23)

SN
Z

-
~

10)

11)

12)

[
—

References

Takenaka, M. in “The Fifth Series of Experimental Chem-
istry, 26, Polymer Chemistry” , Maruzen, Tokyo, 323 (1997)
Takenaka, M. in
Tokyo, 215 (2010)
Hasegawa, H. in  “Shin Kobunshi Jikkenngaku, 6, Kobunshi no
Kouzou (2)” , Kyoritsu Syuppan, Tokyo, 207 (1997)

Koga,T; Hart, M.; Hashimoto, T J. Appl. Cryst., 29, 318 (1996)
Takenaka, M.; Hashimoto, T.; in “Polymer ABC Handbook” ,
NTS, 196, Tokyo, (2001)

YagiN.; Inoue,K.: J. Appl. Cryst., 36, 783 (2003)

Shinohara,Y.; Kishimoto, H.; Inoue, K,; Suzuki, Y.; Takeuchi, A,
Uesugi, K.; Yagi, N.; Muraoka, K.; Mizoguchi, T.; Amemiya, Y.
J.Appl.Cryst., 40, s397 (2007)

Koizumi, S.; Iwase, H.; Suzuki, J; Oku, T.; Motokawa, R.; Sasao,
H., Tanaka, H; Yamaguchi, D.; Shimizu, H. M.; Hashimoto, T.: J.
Appl. Cryst., 40, s474 (2007)

Koga,T.; Takenaka,M.; Aizawa,K.; Nakamura,M.; Hashimoto,T.:
Langmuir, 21, 11409 (2005)

Koga,T.; Hashimoto,T.; Takenaka,M.; Aizawa,K.; Amino,N;
Nakamura,M.; YamaguchiD.; Koizumi,S.: Macromolecules, 41,
453 (2008)

Karino,T,; Ikeda,Y.; Yasuda,Y.; Kohjiya,S.; Shibayama,M.: Bio-
macromolecules, 8, 693  (2007)

Fujii, S.; Nishitsuji, S.; Takenaka, M.; Hasegawa, H.. Kobunshi
Ronbunshu, 66, 612 (2009)

“Koubunshi Bunsekinyuumon” , Kodansya,

HABRLSEXM

Py - 45 5 IEBRAIL ARl 26, w01k, BT, 323 (1997)
PN« N A, s, SRt 215 (2010)
EMNE— . #reo TEBREE 6 Bma T ok (2) 367,
B, 207 (1997)

e N, A © BELE (SANS, SAXS, SALS%) |, KU~
— ABC/\> F7'v 7, NTSHIIL, %5t 196 (2001)

BRI, PEaERERER, s A, BRI BTk
66, 612 (2009)
*
*
13



