am
i2d]

574

Z A A} HALS: 2 AZRAERS
o]--3+ 157} Flory w}etoe] £

Neutron Scattering Techniques for Determination
of the Flory’s Interaction Parameter

0|Z0| - M2 | Jumi Lee - Kwanwoo Shin

Department of Chemistry and Institute of Biological Interface, Sogang—HANANRO Center,
Sogang University, 35 Baekbeom—ro, Mapo—gu, Seoul 121-742, Korea
E-mail: kwshin@sogang.ac.kr

1LME

TRR}e] AHol@A, BRI, oA 18} 7ke] ExtolLt Gee] ABEL ol E5hT BAS ol
A 8w S TEAR} TR, 2 nEAje}go) 7o) dlE 2o} lekulo] ojgh 4B ARG AlE
o BAH O R |25 B ofu, LA o 7o) AHEREE AT BRel-SIA AB2HE T}
g y(Flory-Huggins interaction parameter, ©]3} )+ Flory-Huggins o] 2oj|4| Agsl= &t 24 (&
A 3187}, B2 T Gul) 7ke] Bkl T2 Gibbs AHGL (UG o] 2J5ted Z2ke] E3te] gk, 4
Hu®h E310] QLE 23] 45,,,0] of5}] 215 ojsick. oj} A= 2u)7} 2ojol EAt-goje] Sajo] 2
HEo] o, dgul= 24249 segment ] Skl whE ofuA] k2@ o A] unitL thermal energy KT=
LERolA o] 23 0 2= AA Hrt

ot 2 S W WA F2 S 224 ARHIE ] Blo]E| 2 fitting3heA Holx]
A Eloi, guiaolt TEA BUSS 24T Aefol uehy, 224 J14Hel AojE 27 ek 23]
Flory-Huggins o E#.0 2 i 78}e] Rujut 287} chain®] Zolo] S7#.02 EAfsiolof s/ 41
A2 it Fojshs EAke) uit Zojo] Wstss i ol Stoh 4= Slek. wkehd), AAE 24 ¢
9] 79 thi2 574 oo whE gholl FEE™, 1) Akl W x3ke W3l 2) 2kof wE ¢ o] ¥3, 3) 4
of| & T U A|LH 0|4 2] 1 o] HI} T S AN A o2 vl F om, o]t A A HaP | 7HA =
TheFeH AR 2 AR o] of| 4 9 ¢ 9] Q1 ATHE osfsh= A - o T

TR0 JLER}; o] 2ol A= TEEA|C TREA| 9] EHE Fujrt 24 2He] ARgrte 2 HElgsiR|et, AR 1
A= £ o) Fu)7t §iskA "ok AA|= 2= tigh ¢ o] HSkE aEshr] Yste] 2% To W& &
o34 &7t Al Fu|¥5}e} local packing effectE o2 424] 13} Zro] £HT 4= it} 53], 74 A&, A&
do], 9| oEAS 2h= 1 Al «E ARSI Ao lattice model 2 S 4= GINE =S HET
% ol o] AT 0 2 SRIEiE 451 A4 tha ) o] LEo] A dERv)(A) of Lo vt
H]eahe e (B) BHe) gho. AR 4 Sick

(o]

o] Mg

2010 CHECiStn TEXRES) (SIAN 1995 MZtistn atstat (SHA)

2012 Et=ristn nEXREskt (AA)) 1997 KAIST AlAXZESlaL (AAp
2013-8xf  MZristn sfstn} (BRAIFE) 2000 SUNY Stony Brook Xi=Zatat

(4FAD
2000-2002  NIST SMX|HME SHEHATLH
2002-2006 &Fntet7|&d AAxfESskt
2006-5iK  AMZCHEtm 3fstnp o
HIOIERY W

Polymer Science and Technology Vol, 24, No, 6, December 2013



X(T);A+§ 1)

12 GRHA]] 18R BAEL] 43Rl AleE By
o} 1A BT, AR EES Tt A2 RIg A
5 7K 0] A= 7 FFY] = 2tk o] B
SR SO B S ehe S5} S7hte] w4t
442 YERE UCST (upper critical solution transition)
AT oujgich. et WY wEAL EgE] 49 F g
P AEZ7}F A 29 3 2=, ol= B804
8/8S Uehn] =9 71l wet vlg-do] S7tst
+= LCST(lower critical solution transition) A-5= @3t}
o] 29 WMo wEhA e ThefRt aLEAL 7H) A o]
£ A5 5 A= vhE S5k FRlshs A2 w5
fsirta g 4= gl

ubA, e Aoyt B e 2 k= v kol = A9
H 54 B 25, 283 | (deld, B8 4 Els
o) 2 A 9] ygho] theFdt o= SAEY, 24429 A
TAE] gt At 219 y3ks EH s 45
71 v ol dAlolt). e, E Aoz A os
AT 5 S B HIF BRI 2HES HEY, 7}
vt Al A” o] £l Uelgls SAx0 A9E 3
A o2 g-gsto] oA|Sat AaHEA o] &&= Ao] YRt
Z|Q1 ILEA} 3HA 9] URkA Q1 Wholgtar & 4= Qlrk. 53,
2o B2 AEAE ks 2ol AA 2EAY] 7t
7 71221 Al 1] EA ol B Y] 7] 24l AR
= 0| & o83 =8 S0 e S8 d7tet Aol
Z517] wioll SEAIH ] ArAtEol ol2gh it AE
o] Y]of| tste] 2 =1 SRS Nk B W
o] HA Hrk. AAI= sHAlelA 71 21t Ale), oS S 3t
Ao 7 22 540] Qlthal s FUe BARRE A
£ deuterated polystyrene¥} hydrogenated polystyrene
Ato] 9] 2k Zpolof| e & BAtgS B2 Al 2"loA= 4
E27t dold &= ks HE, 22y 3= AA dolle 2

MISHE 7P & 5 SIThs St ol & 4+ ik 2 53

ko1

=

o

fa>)

>
Source Kk

L |
T u

2 ncident beam

Sample _k_s___, e
— 120

Attenuated transmitted
beam

-

o
Wave vector: g=k -k

B 1. D2X S22 Flory Interaction Parametes”

Polymer Blend A B (K) T Range
dPS/PS -0.00017 0.117 150-220
dPS/PMMA 0.0174 2.39 120-180
PS/dPMMA 0.0180 1,96 170-210
PS/PMMA 0.0129 1.96 100-200
dPS/dPMMA 0.0154 19.6 130-210
PVME/PS 0.103 -43.0 60-150
dPS/PPO 0,059 -32.5 180-330
dPS/TMPC 0.157 -81.3 190-250

AT olefRt xghe ABHOR BAsk v FolA
Lol Qi FHA Arhiiio] ot FEUA FL B
= 2"l B4 A0 BEE 4 9l el
FAAHEE XA) T A 3 BANE 25

B,

ol ANGE = SR Wien]E o] S 7t
AT k7] whol] TEAR) AR S W10 nm) 271,
Z e 372 A Belh 34 Holk BE FEaAe
Qejaky 758 Aehe of$ Aatelch. 53, 25 3%
A 9] 45218 Alg(Flory’s Interaction Parameter, x)+=
2ZF3 A4S Small angle neutron scattering, SANS)
o] &Jste] =&k o] d2] ARET ojd, 13 19
Al Bz vle} Zho] Al zof| o8} Akt SRS 221 HE
715 ArgSte] S

2P/ IRY 2R 9] A9 AR 1(9)9} Leibler 2]
H|=4] Alkgl(scattering function, S(g))oll 2Jsted yy
(T)E 7= = Ytk o|u, AR} =E= contrast factor (ki)

9} 5(g) 2] Fro& T} o] o)’

a eris b 0as
1e+14 024
18413 10 220 023
fe+12 N“ 200 0z
Tes11 o *c _ 021 I
1= M = e ——{i" 3
1e+9 /\“‘—_._"_ﬂf_ = .

o 1esT 180 °C =

g /\\\__w_nz_ 120 017
1845 M =, o
To+d M - 018
1e+3 M 164 o
1042 /_\““‘*‘_._“_"L iz

240°C g oo
we j e | I
o £
02 04 06 08 1o 12 7 00
- 152
q(nm7) 120 135 150 185 180 135 210 225 240

T("c)

2.100-200 CollAf Z2UHS 2= dPS-b-POA E2 ZEEHQ 424

DEX st 7lE M24 3 65 2013 128

575



576

S) = s ©)

o714 2Ny= 2 E5 A& ¢} jollA A7]+= Gaussian
Ao, k2 B2 A3e] F47) Ak o] 2jo] )
o] d 4= Qlrk B2 Ao s U= E5 3
SIS dPlo 2 Sh=t] o] AL Leibler o]29|A] fluctuation
HIE TSR] 37 diZelet. webA S Al At
BAEE 2 U5} WSS Eolgch

%9 2= disorder A1) deuterated polystyrene-b-poly
(isooctylacrylate)(dPS-b-POA) 2 F53A|2] &= 0f u}
B AEEAS BojZr) SANS profiled B BHE 5o
A peak7} oj= F e B S Hol=t], oA H L= UEt
Y= EE F58A9 correlation hole scattering S0 =2
A, dibe R B2 FEIAE AR O T 4l
HAEgAl 0 2 olslo] WS 2 o)A x}7] 23 (self-assembly)
A 2T, 27} B NelRA) A o) daso] 7
apoz wsRIc), ofeieh HolRS MR A Hol(ordered-
to-disordered transition, ODT) 2kal 3}, ODT typed] &5
FEIA) A9 57} 271ekA Hojkebeel domain
A=7t skl B2 FWHM ghe 71T 1E 2b).
5h LDOT type] 28 53R ODT typex} dh) 7
& e 117 32 7 29 f3o] Leibler ©]&
& ol g1l AR fiting S T 45T 72 vheh
th 2 EZoAE A2 thE AI7HA] Al2H](monodispersity,
bidispersity, polydispersity) &2 7}73}o] A&l 1]
Wkt o] I F EARS] polydispersity= Z2F E5&
Schulzzimm B2 & sl A58 A4 &k
ESH AT Al dPS-H-POA Afo|=9) 71 &4 Ak
HZof] YAPGohE FEEo] HF A0 ODT typed] £5 ¥
A th=A A3t dEZY] 7|07} Jltks RS Hall &

a 0.098

0.083 |
0.080
0.087 |

r 0.084 F ‘L.N‘-‘ 4

0.081 |

0.078 } - ._.__o——“"'_‘
_._.-."._ @® polydisperse
0075 | *® & bidisperse

B monodisperse

0.072

0.0022 0.0024

1T (K"

18 3, dPS—b-POA B2 IFEHC| 20| TIE HE0IRE: il 2Xf
2 2M JHR0| wat 450l A4ol wale B 4 ct

0.0026

Polymer Science and Technology Vol, 24, No, 6, December 2013

t TEX} Flory mi2tHE =X

o} At 4 AL exmat bz} erelel SfshE Alo]
Hrt o] 739 454 random phase approximation(RPA) ©]
Eo] ARGE: ofuf g AR Y5/d-2 Cho-Sanchez(CS)
AEEgA] ol 2ol efate] 7S H: A5 AgE 1
&} YeompZ U0 A Hzd] gz DA 3 28 oY
A WEE AUSIAL yom= 7 FHATE H12{5}7] 213)
& 7] A=Al BAE . AEA ol = 1S
grejz} e o) FkE ek,

FZoll= 7 UV lightof] 27t 7o) A-d vt ek
Azobenzene EJ5h= E2 5= UV lighto] w2t
microphase separation¥} microdomain orientation®| =
FaPA Tk A vt dek ™ 213 4= hourglass o] =S
ZE= polystyrene-b-poly(n-butyl methacrylate)(PS-b-PnBMA)
E5 33 AI azobenzeng E35to] AlghaAl © 2 HE
A1 AeE e BAieka B 7he] Rajulo|
weh AR the AkEele Aol AREE HolA, UV
lighto]] w2l #4/4<] £5 353 &5 LDOT Aso=
Aol 4752] Wk Kol o|f+= azobenzeneo] UV
£ F573 ol JEAIRIE doA AERNT} I o
golt,

2.2 34X HIALE S B9 A HO A S SN 7iE Y
Flory Parameter®| £H
Flory parameter7} 5= ILEA}0] A= 4|0]X] gb= ILEA}
2 QI3+ AlHo] order to disorder® Ho|El= TpAollA ¥
Blsl= AHE] W3t HoF= ARPYE] wet A oA

2
e

Ny N
N N

O

130 140 150 160 170 180 190 200

o ™
114 i J 3
© e 24k a0k47k
113 B '
by i
1.2 TN 75
b (G 3

3 ’
1ALy =0.33-15.76/T-0.042InT ] # s

e e e
gAiozak

iAzon‘lTk

—_—
—————

Vis 436nm

H
” Yim
)*3‘“55 °
n o 02
dg 2 UV 365nm
Oé

101 (8)

2
10.0
J W

1,,1:0'25'13'86/7-'0'03”“7-

o “"’zAzoﬂ'Uk
P 7 - -~ N '._‘.
~

e g
6.6 S
@ £ 4
&4 o 24k a0k 47k
6.2 2l \ '.

Z,=1.27-83.39/T-0.17InT
6. o 0 0.5 1
130 140 150 160 170 180 190 200

o) Volume fraction of d;-PS

Temperature

T2 4, Azobenzene2 X|H E2 ZEFH|Q| AS0I2: UV 2} cisOllA
trans2 H5IH 22 SSEH|Q| A

A S0l HEsls Ag BEY 4 o’










<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


