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Definition of orientation angles Orientation order parameter, S
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0: Pitch
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X Face-on
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/N :
& 0
0=<S=<1
x: molecular axis o 1
xz: imide plane X: Shear direction S =—(3(cos” u)—1)
Y: Width, Z: Thickness 2

y: out of imide plane

Dichroic ratio is independent of contact condition

Uniaxial symmetry , ,
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“%(2) k(X) D 2 /4 1D 22 mode with a tran5|t|‘on .
> : ¥ z moment parallel to i-axis

H #: Ishige et al, Polymer 2021, 221, 123616



0.4

OrientationloflsBRDA=TEDBIPIlcrystallinifilm

GI-WAXS pattern

Transmission WAXS pattern

X // shear dir.

Index of each diffraction spot

"TTT]bc-plane /7 XY-plane

© ERFE .
(232]
_ K %ioj
°I<( [222]
E02 l |‘ 2|11 _
q, [0201] | [0210]
o3 X X [E*[ozs] Pﬁ X |
0.1 [T101|103] PRI114] Tog]
x x'@ )(:( Kj [100] *x b x 7[0113]
‘ | [010] |[0T5] [018] |
3 & i | l '[oosl] 8[0010]
0.4 0.3 -0.2 -01 0.1 0.2 0.3 04
qX/27T/A [
B |shige et al, Polymer 2021, 221, 123616

Triclinic crystal
a=1.18 nm

ab-plane ac-plane
£ =105°

=90°

7

M

b

a

c=4.29 nm
b=1.37 nm
bc-plane
o=126°
c=4.29 nm



7)) T EELE

BB F A (BELIREN EFEEN 7 — ) T E#ICLY IR
TEREIGEMTESZ) LTI, 7)) T EBEERALLTV
EERETILEBETSIE T, BELBABMBICTE TESL)
12725,

B Y o DEHIAG f*g DT —") TEH#IT J[/ *¢] 1T I[/] J[g]
Y725, LI TETEHDEE S 'EARAAES ) TETI/ILL
TS, BELIREIIBRERBOEEND T ) T XD TFF, kiel),
¥ THIEF].



FBHIAARD ) ETEALEERRARDORIRE

b

FE p)l, BFOREAES| 2 ERTE SO HER p, . L BEAETF FRYRLUEM) AD
TPy (pu) ED Tl BABIESD” TERT U HEKS. T, IIBEAAANDIT.

i

CANT T CE Zﬁ(x—na) # RBIADEE Pu (Pun) = pl)= Y pealr—na)
5()6) §(x_§a) 5(x§_2a) 5()6 3a) 5( 4a 5 x Sa plattlce pcell 25 X = na pcell chell X = I’ZCZ)
: . . . . p attice Pcell — -

I 1 1 1 1 M—) WW\M > X
0 a 2a 3a 4a

Fig. Convolution of the lattice distribution and the density in a lattice (unit).
5 MO ME S BB 1=HAH ﬁ
W [ 8()de=1 @ [ o(&-2)s(&)de=f(x) @ f(x)*5(x)=]" (¢ x)dé =f ()

%&ELJ:}E“PE: (platticeo)_)_ I) l’éﬂé*ﬁ) X (pce110)7_ l) lg’é?ﬁ&) < 7‘—: 7‘—:‘;7'%&‘;7'0)7_ l) ll}ﬁéjﬁ%d}'l\ig

E(q,)=3[p(x)]= 3P * Leer]= I Puttice ) Peer ] %ni5(sx _gj
'S )| 3] S 0(5n0)| -1 5 o(5-2)

n=—00

A

I 1 ! I | | > g
5 = nlalZ DA BT HEHIRHS! | 0 a g e na

Fig. Fourier transformation of p, ;.. to s, space.



7= I EHBIGE L ABBABOERE (BARALNDTER)

P (l’) P (l‘) pcrystal(r):pa (r)*pb (l‘)
3 @) 00000000
> (% —ha) © ©0Q000000
= b P ooppoooo [3=4a
Real space = 000G©000 . —> Q0 ®€ad 000 b|=b
@) Y _Ih 00000000
' k:z_;og(% kb) 00000000 a-b=abcosy
@) 00000000
3 p,(r)]oc Y 5(h-s-a) 3| o, (r) ] 3 o, (r)*p, (r) |=3] £, (r) ]3] £, (r) ]
h=—0
3380, |
. 028930
Reciprocal L] :? 70:::‘:\ a*=1/(asin y)
space 1 —> a0 Re®.2@.
P & ‘:‘:&}Q‘E:: b*=1/(asiny)
%0 99.99:
o i ~ * — °_
ERRAR S

Fig. Two dimensional real lattice made from the convolution of one dimensional lattice functions p, and p,

anf correspondingﬂtransfc_)’rms.ﬁ ] ] B LINI )T — ')l?{@@'ﬁg
pmce(r>=zzé(r—(ha+kb))=pa('">*/%<'” 3 Puse (01302 (1) 2, () 2. (1)
c p(PaR)= 3 S [[o(-na)o(i-4p )i =3[e.(7)]3[ 2 (r) ]3] 2. ()]
=% 2 o=

) hiki 5(7—h5+k5):hik§ 5(’7—}15—](5)

N

Ql



BHAATED DB HBERF B FEF) tIsKE F (3832 A F ) Form Factor

o s BEARE DR ,
Prasice (1) * P, 11(r)225(x na)* Py = Zp ai(x—na)

—00

FE I FDiEE ) TREAREE L DEHIAA

. . . . >Xx  ARITPLOIBEDILHNYERLAA—Y
0 a 2a 3a 4a S5a

FF DRBRECS : p (1) = p(x1)5p(x) %0 (x5) :
‘_2 T )T EHM L THBLMEFTES

[[] (7~ (ha+ kb +1¢ ) exp(-27i5 -7) 7
= ] 8 -ha) (5, ~40) (5, ) exp (-2 (s, + 5,5, 5,5,y
= Té(x —ha)exp 27rls1x1 T x2 kb exp( 27r1s2x2)dx275( lc)exp( 27zls3x3)dx3

|:/O xl ]‘5[:017 xz ] |:/O ):| pabc(r) I pa(xl) ,Ob(xz) pc(x3) D & AL%‘J ’( %%
AELBEREFFE D E SHERED 7)) TERISHINT S
[=ExE =3p(r)|x3[p(=r)=3[p(r)* p(-r)] 7=tzARAHDT—) TEB=2FKNT7T—") TEHENDI&

Il
L

0

p(r)*xp(-r)=[" p(&)p(&—(-r)) de= p(&)p(&+r)d

BB I (r):p G) ¥ ZNE r T 57 pEtr) LDFEDFESD



MO FRF (BEEF), SV R, AU HIEE

d, b,¢ : a,b,cEABOEARERTRIML BBFRIPIL)

+M,b+M ¢ c7=27z(slc7*+szl;*+s35*) f&agig)’;&

JORY =L ELSL DL

—»i R,=M,a

—

P Rog=(M.d 2\ ( 5% 45,5 % 45,6
R, -q (Ma a+M,b+M, c) ( 5,4 *+8,b *+5,¢* ) 2 bt LR
B a —> v B NN, N B
E(§)< Y F, @) expl-iG-R,)=3 > > F(q) @) expl-ig-(M,a+M,p+Mc)
a °$ b M=1 M =1 M,=1 M;=1
N, N, . Ny
{ ex lecj-é)}{z exp(—iMzci-b)}{z exp(—iMﬁ-E)}
a-b-cEERZ Z DR F DR BReVEC B My=1 M,=1 My=1
N, N, N,
{ expl—27iM,s }{Z exp(—ZEiMzsz)}{Z exp(—27riM3s3)}
M,=1 M,=1 M;=1
i exp(_ S ): e~ (1 _ —%ﬁiNl & ) _ e—27ri 5 e—27ri (™,/2)s) eZ/ri (1771/2).91 _ e—an’ (N, /2)s, )(1 _ e2m'sl ) 1 cosx
! H 1—e 2" (l—e_zms1 )(l—ezmsl) =1-cos(x/2+x/2)
o 2 (st 2 (2 /2y _ 2wt (42D (g 2minl2 _ g2min/2) g 2ni N2 (06in (27 N 5, /2))(2sin(27 s, [2) =1 00" (3/2) +sin’(x/2)
- 2(1-cos2zs,) =2sin’(x/2)

= (2—62”isl _e—27risl)
—27i (N, +1)/2)s, . g s N. .
_e (2sin(z N, 5,))(2sin(z s,) _ ¢”sin(zN,s,) =L (s,) 4=-x(N,+1)s, L,(s;)'LauefA%l N,—ooDYE, J(x)¥%45%

2(2sin?(275,/2)) sin(7s, )
ALABANL, SOM, Z 19 5N, T, —N2H6N,28 T B2 THAS. TR EL>TUEZEANEL S,
NaclFGP T (Y 1.3V 1. (Y <R sin(ﬂNlh)_sin(ierk).sin(ﬂNJ) ’
1) (@) 1P (0¥ 1(aF =@ { SN S k). sl s

BN , 50 5,0 B (k) DL EDHEEE D, DFY §=27(ha*+kb*+c*) EBLTHBEQOHEH RIS




HIE: TBLANLIED | DAA—T (ARIT LD LBRIEY DE§IZ)

o S RRRERIEK R() : :
B + Ae e
ROXZIIL pasoertipizny) — BHSBARIIL
F(2) ﬂ
* —

H5 ) IEDIEKE & L IZHBITERBEICIE, 2T
DB LDEFESHEINS

BAABRD
Fu(A)= D F(4)R(A-4,) => F,(1)= TF(I)R(/I—I)dl
SEFRDN

v




ﬁ/’lk.%‘!b—)\'\T
~ERBFADORFEINIIBEIT R DRE ZRD S~




BifE (—o Dfc@migF) DigisHEF

KT DEE p(r,,) & BEEABRE AR LA, RFIIRFLYEBRINZDT,
p(r)EBRFDEEp(r)DELEHLETET.

F, (q) = J._[ij (’_;Mk )exp(— I Zj ) ’_;Mk) dek = ZIZ: '”._[pk (’_;ki )exp(— I C_j ’ (’_;Mk + ’_;ki )) dvki

N N
ZGXP(_iq'FMk)Ijjpk(Fki)eXp(_i‘?'Fki)Vki :Z eXp(_lﬁ'FMk) k(‘?)
% %

<

£lh) RFHAET (HEET)
\ SERDIGE, s=ha +kb +1¢" ZRETHBEDAHERHHTRNS.,
o ZITHFAOER, B0, b, EAVTET 7 _yayofiag
Ty RLFMFOLEEDRTF £ Ol D REZLFIENS). e
DEZDHEAY L i ) ) 7.k )= £, (hd" + kb +1E")
FM(Q)=Z eXp(_iq'FMk) k(6)=z exp( (x1h+x2k+x3 ))fk(h’ k, l)
k k

RFkER RO 51T TS, BER FI5=—q rDUEEINELS.

JRFHEERF f,(q) NETE

n o B DO EF DL
q):-";[ pk(?ki)eXP(_ié'Fki)vki :IIIIZNiQ)i(Fki)q)i (Vki)eXP(_i‘]"’ki)Vki (Dz]'\([l’_;ki) iﬁ;z;;;;&

Bl Ll 1sEEI2ME, 25 @, (r)=(/Va)2Z/a,) e @ - DK +K4(2h2_K2Xh2_K2)K—Z/
REEDEFLO20T, o, (r)=(/v7 )2/a, ) Z/ao)r)e T (K 4 04 (k2 +n?) o

"MEHSOEIRAEREREFEMBEOEM,, LI LR, SHEE &



F2AK B F (form factor) ¥ #& F K F (lattice factor)

B—35ASDRIR ofr) SASDESHLE DD 2(r) IASTEREIE p(r)

— N v__.
=il
E L * E::::Z ]
£4 N :::::ﬁ::::d E 4 d
K * = =
BHiNH =
L Flo(r) Flo(r) 4L Flalr) Fzln) 4

Form factor : f(q)? Lattice factor : Z(q) I(q) ~ flq)? - Z(q)

o X




R fEth: #FEF (AHR) LekEF (AL FD#2)

0.010

o 2
74 sin (7Z'Sj)

= g
a Y CN p Structure factor: F(s) Lattice factor: L(s) =i .l ﬁ 1

BiE& RFETS WBiE (R BAF L)~ 1

Form-A Cr. ForB LC.

o #
¥
i
: ' .‘l.i
AL —ees

1 \"

Ez:
B

Ye
-

- . g By R. Franklin
H B I Larson. Acta Cryst (1975). B31 1864 Fuller et al. Phil. Trans. R. Soc. Lond. B 2004, 359, 1237

sp3 SERRENIE DEBR, 9>/ 7 H DI, etc. DNAD—E 5 HAEE



B9 FREOREH
~7 Oy HEEARDIT OB IS~




SBASSHR DS RIS AR (GI-SAXS/WAXD)

ALELIEDATEDFEES
(1) ESI-RIEL © o~ ag, Incident beam
(2) ER-AEL-REY © o, = a,ta,
(3) EH-IBY-RYEL * o3 = a,to;
(4) BS-51-51EL-REY © ay=a—a, |[EIEES

E(q,, a) = t(a;) () F(q,,, a + a) + o) r(a) Flq,,, —ata,)
+r(a,) () F(q,,, o—a,) + Ha) Ha) Flgq,,, —a—a)
£1, 418 £ (a+a) . PINVIEEE—ANE, 52, 318 +(a-a)
— RN &
R(a)~1/a*K VD, F2I8EFLBDFTSIFa~0aBEMINTIIERTED
— BIBEFIEOSSHARFE

[(qu, a) ~ T(ai) [(Qxy >, O T ai) T R(ai) [(Qxy > OC_OCZ-)

T(@)DLESIBalCXT T DIKFME(EMBD TNV (T(a) ~1, a>0.5deg)



@ FEREORER (1)
~ BT IVICEDKHELRE ST B URE/ oA —FRE ~



REMABARL k1 TOw I RBESEDHRYIEITES
Hacromolecules

Fully Liquid-Crystalline ABA Triblock Copolymer of Fluorinated
Side-Chain Liquid-Crystalline A Block and Main-Chain Liquid-Crystalline
B Block: Higher Order Structure in Bulk and Thin Film States

Ryohei Ishige,*’-z- Noboru Ohta,” Hiroki Ogawa,§ Masatoshi Tokita,|| and Atsushi Takahara®'*

"Institute for Materials Chemistry and Engineering and *Graduate School of Engineering, Kyushu University, 744 Motooka, Nishi-ku,
Fukuoka 819-0395, Japan

“Japan Synchrotron Radiation Research Institute (JASRI/SPring-8), Sayo-cho, Sayo-gun, Hyogo 679-5198, Japan
”Department of Chemical Science and Engineering, School of Materials and Chemical Technology, Tokyo Institute of Technology,

Ookayama, Meguro-ku, Tokyo?}q‘fl, Las
© Supporting Information \
ABSTRACT Fully quuid-cr 'S[thllt‘ ( ABA- PC 5 JH Perpendicular ljal IIarstruc‘lureinThinFilm
; sﬁmdi s W (5B-5(3-Mel SE
merization; the A block was | fluorin: =
mer, PFA-Cg, and the B block was a
0.11—0.70, and the B block had a constant molecular ;\'eight
Nanometer-scale segregated |structures in the bulk and thin

copolymers were synthesized by ato

3 > P
BB-5(3-Me). The volume frfiction of tj Al (
film states were investigated |by synchrotron X-ray diffraction

BB-53-Me)

c
GI-SAXS (Thin Film)

1
q /nm

. .. . L . . - g 3 lLamellar long
(XRD) in transmission and gl\qgmndcncc (GI) geometries ‘ k spacing
to examine the effect of competitror—betweer—tre—trc—etrer !
. . . B -1.5 -1 -0. E -12 -08 04 0 04 08 12
tation and polymer chain dimensions on the morphology. q /nmi 20/deg.

When ¢, is 0.11, matching of the mesogen orientation in the

A and B blocks dominates the main-chain orientation, whereas when ¢, exceeds 0.28, matching of the lateral dimensions of the A
and B blocks dominates the mesogen orientation, although all the polymers showed lamellar structure before isotropization of
BB-5(3-Me). GI-XRD revealed that the lamellar structure in the thin film with ¢, = 0.70 was completely perpendicular to the Si
substrate without surface modification or solvent annealing.

H # : Ishige et al, Macromolecules 2016, 49, 6061
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Spatial Average of Powder Intensity
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Z(q) Involving Grain Size N
(k+1) Z(q)=Z2.(4)Z,(a)Z.(a)~Z.(q) D: Position
& s o o Vector of
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L
LAY N—
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(a) GI-SAXS (upper) and GI-WAXD (lower) patterns with a;= 0.08°
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(b) GI-SAXS (upper) and GI-WAXD (lower) patterns with a=0.16°
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ABSTRACT: Determination of the three-dimensional (3D)  gT 3D Model :
shape of microphase-separated block copolymers (BCPs) is 10 SAXS analysis
essential to investigate the “packing frustration” of the 10 21 layer linef
constituent bloghS WhICh  dominates tHel  sell-assempled 10

nanostructures. Electron tomography (HEQ is_ofter N 7

visualize the 3D shape of BCP interfay 1ﬁ 5 1 | Wy CE
staining often engployed to enhance co weel 10°] o' layer Iir"e-r
of similar electrpn density. As the nu O 10 o !_
BCP structure iglincreased and the accompanying microphase- = 3 i b
Sepal‘ated struc (= IH‘\H\',WU\ nore i'l‘l]l\“l]\"nl'l{ I"\’\i\\' v

determination of interfacial structure from ET methods Q ;:WTL)V 0 zlojm;?ualo 60
becomes progressively more difficult. Herein, the precise -

location of the interface was investigated for an intriguing

complex double-helical structure formed by an ABC-type triblock terpolymer. The structure was characterized through the use of
a novel structural analysis method combining the advantages of two dissimilar methods: intuitive real-space 3D observations
provided by ET and quantitative, statistically accurate, nondestructive Fourier-space analysis provided by grazing-incidence small-
angle X-ray scattering (GI-SAXS). The effect of staining on the helical structure is also discussed.

H # : Ishige et al, Macromolecules 2015, 48, 2697
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Phase separation structure of Hard/Soft block copolymer

Tokyo Tech

» TEM Image (no stained) » SAXS Image (face & edge)
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Domain size: TEM & SAXS

Tokyo Tech
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