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SUMMARY
A%

(g = oF £ )

I. Research Title: Studies on the Order-Order Transition of Block Copolymers
Using Small Angle Neutron Scattering

II. Purpose and Importance of the Research

This research is a sub-project of “Neutron Beam Applications”. The purpose of this
research is to investigate the effect of the addition of selective solvents to a block
copolymer since it can significantly expand the range of accessible self-assembied
morphologies. These phase transitions are typically dictated by complex energetic and
entropic contributions to the free energy. However, the detailed process and mechanism of
the transition between the ordered phases have not been thoroughly understood. Here, we
report the detailed study of the thermoreversible OOT and ODT in block copolymers

[ll. Research Scopes

In present study, the order-order transition of a symmetric styrene-isoprene (SlI) diblock
copolymer in a styrene-selective solvent was investigated. Information on the lattice
parameter for the ordered planes, the interplanar distance, and the stacking sequence was
extracted from these experimental data and this endeavor enables us to define the free
energy difference among the ordered micellar phases. In order to understand the subtle
morphological changes in detail, one of the diblock copolymer is deuterated. The change of
the core size upon change in temperature is monitored by SANS and the detailed
explanation for the ODT is given.

IV. Research Results

We collected materials about foreign SANS instruments as well as acquired the data
acquisiion and analysis softwares of the HANARO SANS data. And then, the
thermoreversible OOT and ODT are studied. With the increase in temperature, unusually, the
mixed fcc/hcp phase transforms into the mixture of becc and hcp phases and those two
intermediate ordered phases are concomitantly transformed into the cylinder phase. Based
on these results, we have located the low-energy pathway among fcc, hcp, bee, and
cylinders. Using SANS, the decrease in the core size with increase in temperature is also
monitored and from the model fits, the disordered state above the ODT is consistent with
the proposed disordered micelle state.

V. Usage of Research Results

Based on SANS data of block copolymer solutions, it will be possible to launch the effective
operation of HANARO SANS. This research will also provide general understanding of the
application range of SANS instruments for the solutions of block copolymers. We believe
that our research will be a great contribution to future research as well as industry.
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. .. Gradient Direction (Vv)
(a) Definition: Vorticity

SR Direction (e)

P
Flow Direction (v)

(b) Parallel plate (Beam sent along gradient direction)

Fixed plate v

Oscillating plate

o i

Kapton Film

(¢) Cone and plate (Beam sent along vorticity direction

Annular cone
Sample /
\\ |
/v Kapton barrier
Annular plate

Figure 1. (a) A& SH3tollAel v Wk Aoo} B dFoA AHEd F
7HA 79 Ag #Ax¢l (b) rheometrics dynamic mechanical thermal

analyzer ¥ (c) cone and plate geometry.
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2}. SANS 439

HANARO (Hi-Flux Advanced Neutron Application Reactor)?]
reactore 30 MWE #%53™ Hdl thermal neutron fluxE 5x10™ n/em -
sec, moderator®t WZAZE DOE AHEsta 1tk 8m SANS ®lEle 7
HFEE Figure 79 2288 YelUidth aolA B %] reactordld YE
/A7 7hol=& uwhel o]F3le velocity selector®] 3 AET] o3 FA
Aol mparol AA AL, attenuator® T FAA W A7E o= Fx
=& 3 X Eo] 127 mme source pinhole colimator®} A &o] 8 mm¢!
sample pinhole colimator& AX A "t} oA A doixl A A7]9
/42 WS AE chamber W9 ME & AF idedtso] HFHo= 234 4
A171 (2D detector)d] E=€3A At AEH #HA79 AzZle 461 molH
of Wi A&HA &3 AFY FHE FAA Wl 94 HAA7)Y &£4& B
A3l Zz} AEFo] 55 mmel beam stopperE AH&sIHTH FHE, A@PAIL F
AR =2 EHE e BAS] Y3 BE A= FAA A7 Ho AN
o 2 Aol AMEF TR B AE 508 AT, WA AR A
/AE 0120195k (Table 1 %)

Table 1. HANARO®] 8m SANS ®#dA 35 A@9 4.

Wavelength, A 5.08 A AMA=0,11)
Sample-to-detector distance 4.61m
Beam stop size SS mm
q range (A1) 0.00693~0.0993
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Figure 7. HANAROY 8m SANS ®W&<le] MFE.

_19_




vk, SANS dHolH A g

doiZ 2D SANS dlolEH+= WA g3 22 Ao 93 background
B3 empty cellel o Athel] didh BAE 3 Foof ot

T

__ = sample _
car (I sample —1I back) Tsam < ([ empty I back) (1)
empty
ANA, Lampes MES AFHFEOII, Lake background, Ilempy™

empty cello] 213k Al@7dEo|n [ 2 BAH Aa7eolty T8, Tsample
o MEo Wl

T

E3 % (transmission)®] ™, Temptys= empty cell®] ¥ F 3% o]

+

o8 A dojA 2D AEHEE thA] 239 HXA|7e 4 gAdxe A
A7l &2 Yol Fof HA7] && Ui BAE 3
cross sectiong ¥ g TFAZERE oA Hg=0)FLZHE HAGFH

A AREE T A Ades T D BURE AN 43

& S, scattering

Ze angUﬂar Had & FH 3l @ﬁﬂ A2 7€ o] wave number g8 IZHEZE
ol
L oy

~A_ 0
= A smz (2)

o]2¢2] 2D SANS dlo|E He#AAL Figure 89 =4 & o2 YUl
ov F#2 FORTRANSEZ 3Q¥d Z2I#L A&t s
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SAMPLE RUN IEMP“!Y CELL RUN | I BACKGROUND RUN
copy raw data to
ADD ADD ADD - workfiles; apply
detector
WORK.SAM WORK.EMP WORK.BGD corrections
L 1
correct for
CORR@ ~4— background,etc.
WORK.COR
divide by
GMDD % the contents
of WORK.DIV
WORK.CAL
ABSOLUTE - Convert to
absolute scale
WORK.ABS
o
( MAsk ) ~— apply mask
i .
{ vs Q form
NAME.AVE NAME.ABS —a— ASCH | vs Q files

(PAVE, FIT )

Figure 8. SANS do]g A& /FE.
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Figure 95 &% 9 &3<¢l SANS A#E B Ft, oo FEAF uf
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2 AFdAMe FAA-FAAM HolE AAUA dojus mAIA A
X Wzt vAde] AV WsE AR BEMEr] AT

o W Aa7E WH3E form factor®} structure factors
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1(q) = (Ap)' NP(q)S(q)

oAl wjdle] FA3A EEH Sl

2 et
P i (‘9) = Jvﬂcom ‘P('C'Yé (Q) + N {c@pﬁg}wn (Q) + QNﬂcorc ﬂ i core ~chan (Q) +
N (N - l)ﬂ in Schain~chain (Q)
-

-Spherical Micelles
. 2
B, =d(g,r)} = | - cos(gr)] @
(gr)
- - - :
-Elllpsmgal Micelles &
R (@)= [®7[g,7(R,5,0)]sin adez core
0 R | p
r(R,e,a) =R(sin* a + &* cos’ a)%
SLD solvent

o]7]4 Table 201 8.9F3t A3 o] ~¥A EF9 SLD go| DEP
DBPY 31 &3] 93 X9 4 7] Wil &vjdt &% BS54 Ad
Zo|d & & W3+ ¥ (Contrast Matching Method)& AF-&3l5 o v A
BEZA WIS A Lolry] Y3 FEF EFo| FFLE AFHIUG
2ol oA FEAF form factorol A cored] self correlation®®tE 1
T e ds] HPAAE fitting®d + JA Ao
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Table 2. ¥ AFoA A1&3 A9} &4 SLD L.

Polymer/Solvent Formula dex?sciétl;t e;]r(lf llgﬂ)gfr;-z )
PS C.H, 1.41
d-PS CyD, 6.45
Pl C.H, 0.269
d-PI CsDs 685
DEP C,H,0, 1.53
DBP Ci6H150, 1.07

Structure  factor®] AE RE  sphered] #  HEHE
Percus—-Yevick modelS AF&3t3 o0 42 olge} Zr),
e — |
q, 14, 1t 244’5@(14) AZZQRhs
A
(+2d)% Y sinA- AcosA) (6BE+0.5T) | 2Asin 4+ (2~ A*)cosd-2
G4) = i ( 3 ]' 3 3
- D) A 1-) A
. 0.50(1 + 20)% Y - A* cosA+ 4 (34> ~6) cosA + (A° -6 A)sin A+ 6}
(1_ ¢)4 A5

o]21 %t fittingS E3) PojA nAde =7 WEE Figure 11(a)d] ¥
i structure factor®] ¥ 3E Figure 11(b)dl el FAEZ FASH
BRol ulg 293 CMT ZAFoldt. wade] zy] ¥ ofvegt &= EF<
vjAde] Buig W3lel nae Foje} IR e A7] o] EF Table 39
8 oFst 3l th
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Table 3. FittingS E3A dojzl 25% PS-dPI(15K-13K)¢] DEP/DBP
(75%/25%) &) stolx 2ol we} Wasls uAe 2r]s} 29T S,

T, °C Re, A Rps, A Ris = Re, A Dns
62 91.4 1299 385 0.510
65 88.6 1256 37.0 0.494
70 85.9 1216 35.7 0.474
75 81.0 115.2 34.2 0.441
80 76.4 110.6 34.2 0.415
90 65.5 100.1 34.6 0.325
100 614 92.6 31.2 0.308
110 57.3 86.8 29.5 0.284
120 50.5 83.4 32.9 0.243
130 50.5 80.5 30 0.241
140 49.1 79.2 30.1 0.236

olg{dt AE uteg o 2 Figure 129 Y}ERA u}
o] PSol AgAR Lnjslo e AMEE 3T
A

JAEE AN-FEA Aol o Fo o]

off
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1. 174 9=
7L A7 B 9 Hote] Zkd
D 13 9= AF0E 58
StEZ SANS FXE o] 43 E=ZFFHA &9 vA 72 R 2
A=A zo] HAdo] & o&EA S
Z SANS FR9] afHQ 8% FHAAE o] 8T
FAs= NG F JAEE A58 FA AFHE AFeTh
(2) H7F8) ZbA
SANS A& B8 AA-AA o] &4 wtUF &4 oAF
st E SANS A28 FAe APE A7 odF

WA T2 2 AA-A Aol B4 &0 9EHF £E IEA4

T o5
SCIH =& ¢dH ol T3 oF
(3) 12k U dF/1E W&

PS-dPI ¢]| T &S FTAE EF AL dEstd 4890
FAHE 53 dodd EEFFEAY EAFNY ESAHE 2FT
718 EAE oy drE FuEE o8 AU
g8 EE A £d9 A w2 §9H EA E FFH A
(Dynamic Light Scattering: DLS) A% & A3t
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A AH
-4y AARES A Vg BY 4¥E FPSA
Aed 298¢ EYE FuU e SCI 5A seAld 1H o4 SAst
don, EF ol BEUR FHA 5 & 2 HA7A ARRIME F
sttt

o1z A= a7y B g4ds

(1) 7742 B8 2=
=9 SANS FX ¢} niz #d AFHEd #% FEY A8TL 5
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A2 A AR Fofolly 7)o

B oATE B “FYAY ol 477 dfoz iz ¥ AT
Azgeld Qe B2FFHA 899 SANS dolee it o] & a4

He a2 H 835l 3R SANS FX9 8o &8 F o 28,
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2483 U AdS Agdoz B 5 glE 713E 224 kAo skAR
B ATE T3 oA ESTTEAY &Y AAF I vA Fx2E SANSE
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StUE SANSE T3 Faste AA-"A Hol& HE3] 7HE F UM=
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B Az d4 AY FA WFEAAY AX AF3HeE duvdE 45
O ol dAY o 100ME F/HE Roiw, I Ux #3 A7 A

AxAAY 2 4L G Aotk BekA B A7 el AT Y o

=35 v]3e] NISTOIAS SANS 48 A¥% o)

% 2= 5¢ EUZ FAR B AW AT +I58L 2F

3 BAel Fu LEA Bkl FAA B ATF FIANLORN FF o
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4, =
g ol A EAT 2ARA AV EA F& d7ske &3 &8 £k A
2te), 34 58 AFshe As H8 o 7o Us F Uv 53 A
23 Y BEFA A4FAAANE FA I} g F8F olfE THAALT
of FAA AAF =} v 2 HHG T YAE B ALY B
B2 A HAE fFASHEA WFE AWURY FALE Zo] 2=
BXE 48 4 9o, F AW Agyoez & + glve A diEor
53], A2 FFaD)Y FAAATAE s ETGE AAELS 1R
2ot go] el ol v & EF U AW 7xE d7st=d A
+ Fa% 9dg& g F, SANSE FAEAY AAEE Ao]E o] &3
27 XA A& A% (Small Angle X-Ray Scattering, SAXS)¢} €2 A€
H F4a AF g8 §F EAE @EHste WHE AR wEol
AALE 27F oA SAXSEE 77 £Vl AladdE $8F <+ 3

=3
AARoZE HI o HAATFRY EE FFEAN AU HFA,
1% EEaE" §84, S #UhA, 29, a8 ed AFA §F
o2 AgHAA T Y} oYy T EHELS F A & I o] FHEAHo
2 08 nEA AEE 9 ERd AFAH 224 Jhssith dRtyew
aL

2 FAHeA7 ddsH oz FAs A 9y w2 (incompatible) T

o AL AR ddyde W BEF F5EAY ¥
I AZFA WEA Ay E—E](macroscoplc phase separation)7} ¢ A5 zt
EES A7y Evde JA 7l AFE "o olZe A&7 1-100
nm 9 E dojur] wFo o]& v M/E 2 (microscopic phase separation)
gtz ddow v BE2S Aggozy dite EUH AEE dHe =
AES TEE F Utk dE S0 AAHeE Fod driaAde ddTH

r-{m

A= glassy3tal rubberyd EE& EF 7FX 3 9o ALolA glassyd
TQlo] EgF 7tng wEugrt 257 E71ge wet stad Rl H



% ohye

ny

L

T o o % ol Ho W
~ N of o T mr ™
o - No T T ap ol
T IR
E.E u; =< :._O ™ ﬂ
&O M 1_,/l M e
> @ BB ox
S oy Mo BT
3 X B e
2 o WL, N
R
8 X Moy s, O o
EN o O R
= = P E o
D
AR,
. B Y < )
,_WL L T 9P o5 = Ar
OO Q —_— O ‘_lv_.Al dll b\_
x EE P In
8T = R o ¥ g
s " L
A M BT Ay Mo M |
ULH. E _ z_.o ° s%. ©° mwu_._
T B o g = ©
oo x
mr o mr _E \% <N 3
T o i
. WI © O# OC ,i
NN = "o oy =
= TJ A= o <
wa ) U i M B 3
fo R o R MO
Ho T w W ool w7
Ho o o W R o W
1 I I
o R oo W E Ao

]

!

uol o},

T

L

st

°©

7td 7tAaA7 fel ol
o MEE 7led

h

-

oA 7kA 4

3

H

(o]

Iy
oz 47

]

R

R
=

st ok o

o owe A
[¢]

%

- 36 ~

3t

]_

°

T
5T

o] &
o], Post-it Notes® Z& 7%,

=

=

=

[
L =

-

3 o

X

e o A1ZA7 2 5 3

=
=

€ Al oA

=

=

7}
SECIEEEE P
3] 3

J

pras

of

Q
hod

2} A9
_/;\_

o 2]

=
=

o] &% ATE EUTFoZH olurtA] FPT F YYD A A A2

A g

H
ATES

st Sl

fuw A
T

S



el 2t

a2

M 6 & AFHLD™AM =F 7l=

de

o
Oh

[1] Bates, F. S.; Fredrickson, G. H. Annu. Rev. Phys. Chem. 1990, 41,
525.

[2] Fredrickson, G. H.; Bates, F. S. Annu. Rev. Mater. Sci. 1996, 26,
501.

[3] Hamley, I. W. The Physics of Block Copolymers Oxford University
Press: Oxford, NY, 1998.

(4] Seddon, ]J. M. Biochim, Biophys. Acta 1990, 1031, 1.

[5] Seddon, J. M.; Templer, R. H. Phil Trans. R. Soc. Lond. 1993, 344,
371.

[6] Pershan, P. S. Structure of Liquid Crystal Phases, World Scientific:
Teoneck, NJ, 1998.

[7] Eiser, E; Molino, F.; Porte, G.., Pithon, X. Rheol Acta 2000, 39,
201.

[8] Korgel, B. A.; Fitzmaurice, D.; Phys. Rev. B. 1999, 59, 14191.

[9] Clarke, S. M.; Rennie, A. R.; Langmuir 1997, 13, 1964.

[10] Hanley, K. J; Lodge, T. P., Huang, C.-1. Macromolecules 2000,
33, 5918.

- 37 -



oA A ® g A

AeA7A LS _
FHI BRI HT AL ]1_ ] FERTIANHT INIS FAI=
BRAaxHs
A /57

FAA £2GATYE o] & ESITFHAY -4 Aojd T

ATAYR B A4 A W, AU S8R

o]l T 7, 4 & A, ol U &, Medsn S&EHEGR

3 A urs) 7]¢& | KAERI ke 2003\d
g o] A p. 37 = = A0, UL ) =2 7 29.7 Cm.
2 314} 8}

o | F/H( O ), sYEI( ), __ FHIE HINFF

AFFY 71 A& g A WHE | HIFAF

25 (152089

£ dFME PS8t PIZ o]fox o|FEEFTHA LAdM vl 4&A =, poor, theta, good
solvent conditiond] W&} @etxE REZXE FHIE Zlo] HF HXo|th AN AAUETER/H
A2AAR B8 727 LEE S/ gel dAddS T 2/8 421 F AR Aol BEon o Wi
YTz SATHAAE L58 o F7A A uel 24 24498 9] 47152 E AA-AA Aolg deR
t}. o] F8 2Eld-olaxd oFEEFFIUA £90] Rol: AN-AA Ho| AFY 2x JEHS
gsiich FHd FRAMY FA A5 FLs &AM B FARE & F e IR FELE 72
2re) AFoAdA] 2polE el AM-AA Mol P& AP T 5 A} T SANS 43S F3 PS—dPI
OFEEZETA AN TZERY FANZ £E 44 driFeziY FAMREY F HAY
AX-FAN HolE Holx AL st o)z nlAdF RE2X WHIE AA3] Lotr7] 3 %
BEo] 25478 FHAYSY o] S ndo ko] #3 AR ujdo] A= Ry £& T AM
g & ddon AR o AM-FAM Ho|] Fo nFa gA] g AFE FFHoz HYE & U
o B AFAL ol dFE F3) o8 EE2TEFEAY £ Az 7 vlA FE2E SANSE 58 e
oz TEA FH A Hopo A A7 AL BT 5 YA HAPoH o] T H AYE
oo AZE AT 7Nt viEE =y 7)1 FHolgkn s, B dFe] /AR e A5 FA4A
B A3, E3] njF2 NISToIA 2 SANS A¥ A doly ¥4y % I=E 5& Bz FA4A &
d A AT FYFEE 2EF FAC FU nEA Folo] FAA #E AT E FANFLER FF
oA 483 SANS AFo] o] FojAE d 7I9E Ao E Jidid

ZAFANA=
agle‘;:;ltﬂlﬂ) AM-AAN Ao|, Ax—FAA zﬂ_o],vps—dPI °|FETZTEA

_38_




BIBLIOGRAPHIC

INFORMATION SHEET

Performing Org. Sponsoring Org. ,
Stamdard Report No. INIS Subject Code
Report No. Report No.
Title]
Subtitle
Studies on the Order-Order Transition of Block Copolymers Using Small Angle Neutron Scattering
Project Manager . L
Prof. Kookheon Char, Seoul National University
and Department
Researcher and
Department
Dongkyu Lee, Moon Jeong Park, Dae-Won Lee, Seoul National University

Publication Publicati

! Publisher | KAERI phiieation 2003. 5
Place Date

Page p. 37 Ill. & Tab. Yes( O ), No ( ) Size 29.7 cm.
Note
Classified Open( O ), Restricted( ), Report T

assifie

___ Class Document °po pe
Performing . . .
.. Seoul Nationa! University Contract No.

Organization

Abstract (15-20 Lines)

This research is a sub—-project of "Neutron Beam Applications”. The purpose of this research is to investigate
the effect of the addition of selective solvents to a block copolymer since it can significantly expand the range
of accessible self-assembled morphologies. These phase transitions are typically dictated by complex energetic
and entropic contributions to the free energy. However, the detailed process and mechanism of the transition
between the ordered phases have not been thoroughly understood. Here, we report the detailed study of the
thermoreversible OOT and ODT in block copolymers. In present study, the order-order transition of a
symmetric styrene-isoprene (SI) diblock copolymer in a styrene-selective solvent was investigated. Information
on the lattice parameter for the ordered planes, the interplanar distance, and the stacking sequence was
extracted from these experimental data and this endeavor enables us to define the free energy difference
among the ordered micellar phases. In order to understand the subtle morphological changes in detail, one of
the diblock copolymer is deuterated. The change of the core size upon change in temperature is monitored by
SANS and the detailed explanation for the ODT is given. We collected materials about foreign SANS
instruments as well as acquired the data acquisition and analysis softwares of the HANARO SANS data.
Based on SANS data of block copolymer solutions, it will be possible to launch the effective operation of
HANARO SANS. This research will also provide general understanding of the application range of SANS
instruments for the solutions of block copolymers. We believe that our research will be a great contribution to
future research as well as industry.

Subject Keywords

(About 10 words) order—order transition, order—disorder transition, PS—dPI diblock copolymer

...39_




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045

