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AXELIADHZANCHFUIZEREL Rod, Disk
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1 " 2R HEROB
b Rod L = 600 nm, R = 20 nm Gm:R = 5.765,9.111,11.22 (i = 1,2,3,---)

HERDIE
dm,iR = 4.98,8.364,11.46 (i=123)

EHhDR
Gmih = 8.76,15.14,21.61 (i = 1,2,3, )

FARICEE U CIRN DN ZEA

#(Rod, Cylinder, Fiber)
L1<<g<<R?! [ZRTI(g)~q*

2% (Disk, Plate, Lamellae)
10° L LA . S S FAAL e BRI Rl<<g<<hl [ZHU\T I(q)~q?

Intensity (a.u.)

NRAISD9)) EirpICSFNIEEM
M~rim  dy YRIDSD5)VRIT

N AT 205 IVRITORIELEEEL
1(q)~q %M J. Martin et al., J.Appl.Cryst. 20, 61,1987 9
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Bragg equation ---

I = 2d sinqg
d =2p/g,,., = 11 nm
d
> & I : wave length
' d : domain spacing
' 2q : scattering angle

g : scattering vector
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Model Calculation

r. (SAXS) SLD (SANS)

= L] 1 L] T ] L] T L] I -
e 3 PDMAA 12 ]
2 . .60 Shell 400x10 PDMAA/Solvent
i T = - Matlix
- - o
£ E
5 - % 0.58 — E 300
L 4 E PDMAA/Solvent 2
> Matlix a
= 0.56 £
c D 200
1. - [ 3
- - [m] -
- - c e
- L 1 & 0544 £
= I 7] - £
: - 8 g 100
E d = E w
— i 0.52 - PDMS|
_E Core
= I I 1 1 1 0 I I 1 1
0 20 40 60 80 100 0 40 60 80 100
Volume fraction (%) Volume fraction (%)
- inD,O
O SAXS
O SANS
N
IEBRMRKER DT
1 1 1 1 1 'l 1 1
2 3 4 5 6 7 89 (water-poor)
0.1 1

pN

PUKIERYI -/ Water 21
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TEMPOEZ{t, CNF

Intensity (a.u.)

1000

100
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-
I

O  Rheo-crysta
—— Form Factor of Cylindrical Object
Radius = 2.0 nm
st. dev. = 0.5 nm

TAL SRS A N AL
0.1 1

Rheo-crystal
JKSBICNF (1%)
R 2.0nm  (BZE{R{ZE 0.5nm)

MEFENITZBVICDERL COVBIRREEZE X /NS

EORELRIER

P(q) = Af% lzjl(qRSII’la’) Sin(qHCOSa{) 2
0

. sinada
qRsIna qHcosa

< 2H P
G | 2+

i LIRRyE)LEGER
a BRELANINLESN A —BHDRT A
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Hydrophilic head - Hydrophobic tail

ERIRS L 1S oo
ydrophobic
STl (FRIKEB)
» R
17 (EoKER) IRUWIR (9K) Hydrophilic
pc Rc Po )l
Ps A \=
5o \31{/ RN
( mmamE 1@

I(q) = NF(q)P(q)

AXELEAZN : BKIZOYEUR  P(q)
: AIFREIEEERE F(Q)

\  BEE N / 21 27 41sing
q= |q| —7(31—30)_725”19 1
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Core-Shell Sphere Model

HRIRSTLOIBEEE R "I p = Lo
: Rg = 2.3nm
:/I) b (%HZKEI%) ’ polydisperse
7 Rs 3
17 (ERaKaEh) TMWIZ GBI E
Pc RC Po g _ Monodisperse
Ps o.om—§
BRELBASK | FARET (BRAZOBRELLE) ST e
3[sin(qRc) — qR:CoS(qRc)] 3[sin(qRs) — qRsCos(qRs)])’
P(q) = {(Pc — ps)Vc : T Rc)gc ==+ (ps — po)Vs : q Rs)ss : }

BIZ(E, DfER9%% (Gaussian distribution)

1 (R — R¢)?
W = e ) .



Synthesis of Block Copolymer

UES DT A EE(CLDPolystyrene-b-poly(2-vinylpyridine) (S2VP) Z & B,

Sample M, M,, PDI fos
S2VP  1.96>=<10* 2.61><10% 1.33 0.34

Br™ "\
o
DMF
Sample Quaternization Degree Volume
Butyl Hydrogen Fract(l)on
Bromide Bromide (Vol.%)
PS s 33

gP2VP 0% 100% 67 28




Preparation of the Micelles

5wt.% DZTiERZAEUIE 1wt.% ([CFTRU TR e Rk
= =IO RE A ZETOY>TILTHE—

+HO THF
' PSICBREREAX
. P2VPISBAFEEL
qS2VP BwWt.% KR . AR
0.29 0.29 0.29g
H,0:0.61g H,0:0.42g H,0:0.21g
THF:0.19g THF:0.38g THF:0.59g

iwt.% (H,O:THF =8 :2) 1wt.% (H,O:THF=6:4) 1wt.% (H,O0:THF =4 : 6)
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Dynamic Light Scattering

AR ZERF1ER,

10:0 (KiBR) 38.8

8:2 10.0
6:4 9.0
4:6 6.7
kgT
R, =
h 6mnD

kg : NILYNTEER
N BEREONE
D HLERER

30 =
— dqueous

25 —— H,O:THF=8:2
- H,O:THF=6:4
& —— H,0O:THF=4:6
& =7
5
2
E 15 =
(]
s
= 10 =
=32
5l

5 -

0

LR | T T T 1 l'l'l'l'l_l__l_l_l-l'l'l'l'l_l_l_l_l'l'l'l'l'l
1 10 100 1000
Size (d.nm)

THFOIENNCON TV OFRAAR T F B RN

SNV TS

== D=
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SAXS Profiles

100

10

—_

I(q) [em " (g/miy"}

S
-_—

0.01

0.001

gP2VP

. THFZHNZB(CDONT
—— H,0O:THF=8:2

HOTHR=6:4  BRIRZ )L DR IS IS TBE—IH
—— H,O0:THF=4:6 r—ﬁ{Eu/\/jl\
w7 )LV NETRD TV

(A7HEFECRZEIT 0 THNIL
FRIIBEKRIDET)

at PF BL6A
Detector : Pilatus 1M
Wavelength : 0.15nm

\ 4

"}l IHHENELEDLEERIC LB

Distance : 2054 mm
T NN A B EE 2 VA oy g T IVAN

0.1
q(m’)
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Core-Shell Sphere Model

A7 - TIEFITIEEDRL

3[sin(qRc) — qRccos(qRc)]
P(q) = {( — ps)V, +
q Pc — Ps)Vc (GR)?
“1.. (e — v SIS(RS) — qucos<qu)]}2
: Ps — Po)Vs (GRs)3
10
‘Tg 1 - :
e i
= :
T 1 |
0.01
O H,O:THF=8:2 © $e O
—— Core-Shell Sphere Model Og-%éo Shell Shell
(R=6.5nm, Rg=22nm) o ®, | solivent
o i solvent core Y
L 2 3 4 5 8 7809l
0.1 1
2




EATET IV

—J0FERIRNIFET I

I(q) — Nzaggﬁzcorercore(q) + 2NzagchoreBcoronaFcore (Q)Fcorona (CI)
+N agg(N agg 1) BzcoronaF 2corona(Q) + N aggBZCOI‘onaP chain(q)

———
- ~

Bcore = Ucore block(pcore block psolvent) s \R R

Bcorona = vcorona block(pcorona block — psolvent)

sin(qRc) — qRcos(qRc)

Fcore(q:RC) =3

(qRc)? 4

R ,sin(qr) A

4t [ @(r)r q—rdr ~~~~~~ i |

Feorona = - ' E

4m [ @(r)radr N

T‘ _b

o(r) (Rcore) corona Icorona

solvent core solvent
2[exp(—Rg’q ) 1+ Ry%q?]

Pchain(q) — 33




SAXS Profiles

Intensity [cm_1(g/ml)_1]

10

0.1

0.01

[ pp 1 1 = 51
Aopoyp: 1.14 = 1,187

|

O H,O:THF=8:2

H,O:THF=6:4

H,0: THF=6:4

— R¢=8.9nm, Rg=24.1nm

~—— Rg=7nm, Rg=18.7nm

—— Rg=6.9nm, Rg=10.5nm

T
2

T
3

L]
4

g (nm’)

r T 17Tr17a
5 6 7 89

Fitting Parameter

A7HFE (RY)

-EROITIOFEE (R,)
A7AEBOPSOIEDE (RE) ()

H,O:THF 8:2 6:4 4:6
R (nm) 8.9 7 6.9
Rs- Rc (nm) 15.2 117 3.6
b 1.8 1.8 1.8

fc (vol.%) 70 48 29
Nagg 211 71 41

Pcore (molicm3)  0.543 0.527 0.514

Peorona(Re) ~ 0.552 0.539 0.550

(mol/cm?)

Psolvent (molicm3) 0.541 0.529 0.529
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Mobility of PS chain

NMR spectra in dTHF/D,0O

Intensity (a.u.)

 ribooais PS corelZ &I+ BTHFE DEIE
—— THF:D,0=2:8
— D0 phenyl ring (PS)

D,O: THF Vps Wps T
(vol.%) | (wt.%) | (°C)

/‘J’\//‘LL‘ 4.6 29 33 -38
t 6:4 48 52 0.5

8.2 70 73 45
Typs = 100 T i = -108

P 4

Glass T* = wpsTy ps + (1 — wps)Ton Tur
PScore PS coreDETD RV, EET)FHEW,g
FANRE(FT=/R(20CIEE)

pyridine ring (P2VP)

| | | | 1
10 9 8 7 6 5
Chemical Shift (ppm)

BE/KPBLUIATHF 20%BE TIEPSE—I1RUL
THFEDIEDNAEVPSONR T IIRDE - Fe#i(L

= PSEHOEEN4EME)_E

= PSOV(CTHFHAEDIAZFNTWLS 35




F e 0 B SR AR UERIA S/ NEXIRAELEACL D

Z D RE D F AR ORBISHET
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Anomalous Small Angle X-ray Scattering

NN ) f® = fo+ B+ if(E)
Incident or fo : EZ
X-ray Energy /\/\/\/ f'(E) : IR FENELEIFDEED
or f’(E) : RFEELEFDRES
NAVAVAVAS) N -
-
Sample =
HWETRIEFETS B
ﬁﬁ'lﬁ*ﬁwatﬁgmj 13.2 13.3 13.4 13.5 13.6

E/keV

ASAXSEGISAXSZEFHAENETIZAGISAXSICEDT
Z kD R Em D ERDEEFHTZITD
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Samples : Where Br-PHS is located?

T i~ ) 552/ N\
‘ n k Polymer M, PDI  f.g
- PS-b-PHS ~ 4.76><10* 1.06 0.84
\ , "B 15 Br-PHS  2.8x<103 207 -
_  OH \__oH /
Polystyrene-b- Poly(4-hydroxystyrene) Blend ratio
poly(4-hydroxystyrene) brominated PS:PHS:Br-PHS=75:12.2:12.8
(PS-b-PHS) (Br-PHS)

Solubility Parameters d (cal/cm3)%  SCRR{E
PS 8.3-9.3 PHS10.44-12 BrPHS 8.81-9.2
Tol 8.8 THF9.1 Methanol 14.5

Experimentally obtained using THF, Hexane, and Water

PS (9.1) BrPHS (10.3)  PHS (11.3)
| | |

| | | | | |
9 11
Tol 8.8) m 10 MeOH (14.5)
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R FENELEF O RAXFIE

f(E) = fo + f'(E) + if " (E) . J

Non-resonant term  Energy dependent term -

ElkeV  f(E)  (E)

g
13.2 348 052 5
S
13.45 -6.08 0.50
13.47 -9.43 0.81 Br absorption edge

13.471 keV (XAFS)

I(q,E) = F(q,E)F*(q,E) . e
F(q,E) = FO (q) + [f,Br(q; E) + if"Br(CIr E)]V(CI) 13.2 133 13.4 13.5 13.6

Energy (keV)
! ! 2 n
1(q,E) = Fo*(@) + 2f"'5r (4, EYFo @V (@) + [f'5r" (@ E) + f"5r" (@, E)]V*(q)
Non-resonant Cross-term Resonant term related to Br distribution
VZ(q) - l{ AI(C[, El!EZ) . AI(Q! El'E3) }
K f,Br(CIJ E4 ) o f,Br(CIJ EZ) f,Br(QI El) _ f,Br(q’ EB)

Al(q, E;, E) = 1(q,E;) — 1(q, E})

K = f’Br(q' E3) _f’Br(q'Es) +

"2 "2

"5 (@ E) — "5 @ E) "5 (@ E) — f5,(q. E3)
f,BT(q’ El) _f,BT(q’ EZ) f’BT(q’ El) _f,Br(q!E3) 39




1D SAXS Profile / Morphology

ey VA= ¢
1:4/3:2:7:3

Intensity (a.u.)

2.02q* 2.66q*

/RBFIEI -8 Top View

PS-b-PHS+Br-PHS Blend _ Br-PHS[RECICIFET DN ?

—— 13.2 keV
—r \\ Where Br-PHS?
———trT T — « PS domain
S L e PHS domain
gy(nm’) e PS/PHS interface
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1D SAXS Profiles

Intensity (a.u.)

PS-b-PHS+Br-PHS Blend
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13.47 keV
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Analytical Model

Core-Shell Cylinder Model

I(q)~NP(q)5(q) (Hosemann’s paracrystal Theory)

Structure Factor S(q)
S(q) =1+ B(q)lZ(q) —1]1G(q)

(2m)?-1 mhklfhklz I
vy PR nk1(q) |
{hkl} Lo
o
|

Z(q) =

Form Factor P(q)

1 (R— (R
V2mo? AP 207

sin(gHcosB) 2J1(qR¢sinf)
qHcosp qRcsinf

sin(qHcosp) 2J1(qRgsinf)
qHcosp qRssinf

D(R) =

Electron density
i~
9]

Po

P(q) =f0 D(RC) Jj{(pc—ps)Vc

2
+(ps — po)Vs } sinfdfdR
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Core-Shell Cylinder
(re_Core > r-e_SheII)

Intensity (a.u.)

Core-Shell Cylinder Fitting

O Experimental (13.2 keV)

Fitting Analysis

D-Spacing 30nm

Core Radius 9nm
Shell Thickness 1.5nm

\olume Fraction
Core 24.8%
Shell 8.8%

Form Factor @&

2nd v — 7 (DR —E

—— Simulation (pe_Core o pe_SheII)

Form Factor

Electron density

Br-PHS23PSARIZIRILH 9

Br-PHS/PS

/

PS
. PHS/BI-PHS ! !
L meem
0.56
nm "
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Fitting Analysis

Core-Shell Cylinder
(re_Core < r.e_SheII) D-Spacing 30nm

Core Radius 6nm Br-PHS PHS/PS interface
Shell Thickness 3.1nm

Br-PHS23PHS/PS A 1 I fmAT

Interfacial Thickness
Core-Shell 1.7nm
Shell-Matrix 1.7nm

\olume Fraction
Core 11.2%

= Shell 14.2% | |
= | |
5 L L
\ L t3.16m
091 (>
>
D R:=12nm
D & n
Core-Shell Cylinder Fitting 2
O Experimental (13.2 keV) 21 056 0.62
— Simulation (pe_Core = pe_SheII) § S
------ Form Factor -
l T 5 f Liiegl nm ]
0.1 1 44



Fitting Analysis

Core-Shell Cylinder

Br-PHS23PHS/PS A 1 I fmAT

(re_Core < r‘e_SheII)

Experimental Br-PHS

— 13.2 KeV
— 13.45 keV
- 13.47 keV

Intensity (a.u.)

££3.16m
!

#IIII—I

Electron density

Form Factor >

nm

PHS/PS interface
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Intensity (a.u.)

Fitting Analysis

Br Distribution V2(q) Br-PHSASPHS/PS S (AR T
Br-PHS PHS/PS interface
3
E|
1 ' 1,=3.1nm
2
E ) R.=12nm ‘
O Experimental (13.2 keV) g
o V() .
—— Simulation (Core-Shell Cylinder) nm g

—— Simulation V(q) HEVE /S5 A — 5 IS

2nd~Agth ' — 7 D55 F) 2 Al PIBE 46
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Conclusion

—

d

e

Solubility Parameters & (cal/cm3)>  SCjakfE
PS8.3-9.3 PHS 1044 - 12 BrPHS 8.81 -9.2
Tol 8.8 THF 9.1 Methanol 14.5

Experimentally obtained using THF, Hexane, and Water

PS (9.1) BrPHS (10.3)  PHS (11.3)

11
‘ ‘<— BrPHS
(M)

Solvent

THF: PS, PHS, BrPHS
Methanol: PHS, BrPHS
Toluene: PS

| | | | |
9

11
MeOH (14.5)
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