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Wete] periodE L olebar g, whute] 7|
AE T34 RAEAA ol &gk AFolrt. Bragg
peak © % U= qHEAQl g} 529 high
order peak<> Hee] FA 9} Abglo] e, o
peak?] £xe °Jste] F7l9t 2@} period <}
o WAE 59 dolh A9 B AQ1Y 54
2F Aol &g WskA7)7] $18te] PSE deu—
teratedA 7], P(d—S—h—MMA) 7} AF&= gk
242 DEX| EMH MZ Y EM

ol o <

~

TEZE= AukAel §7] AA BExpol= ALS EA
o] ¢ o= vERdT) upebd i) ghete] 11
A2 RO A& BAE AE AT Ho

p

o
o )
Tk 2R $-871%014 B Bo] gt ¥
sfolt}. mEA] A% z
oz Azt W Fste] 33

A T = h .
Aot A =2 TR 52 elle, 2Ela
Fdol =24 FFE vAA Forw, oHFk Al

ol we i $49S sk e f-4
6‘]_‘:]_'17719
Stamm IS5 ATEL FRA o7 AHRa]7) oo

= polystryene®} poly (p—methylstyrene) (PpMS)

i 14 ] 1 1

ODDO CIOIB 0.020  0.030 A[)0413 0050 0.060 0070
LT

8l 5. P(d—S—b6—MMA) diblock copolymerZ}t iz}
phase separationg O|F= ZAE(2%)2} MK} HHAL
2 X = FHoll wat ’—T’S‘P_F ZAap

o] e vuhs whE & ARt wet Ay
2H2-2] (Spinodal decomposition) 2] A& X—A ut
AHE Sel gate] I ST ™A BojA

A3 o, e 27| 7 BT 504 A
Z gdor EAEk v e AR
=zt 9oy 191 AIZFe] obd¥ (annealing) ¥

o= F#U3 PSWo] 7|d Hwe)] A1, BRLe
HE-& Kol PpMSe 727F w3 =St (OE 6).
olel% 47 T

188t %= AFMel 98t ¥ T3

7= JeRflch el 1Ear Edso) g€l
o] 1) @ BE it @y, 2) 2590
e, 2elan 3) vl uket flefA o] o vt

{arb.units)

loglintensity)

T8l 6. PolystryeneX} poly(p—metylstyrene) (PpMS)2|
SHEQl giato] AlZho| ME X-M Hg FF (1F)
I} BHO AFM ZIH(22%).V

754 Polymer Science and Technology Vol. 15, No. 6, December 2004



AL " (dewetted layer) ¥4 S 4

. ol9lell® 3 WA el <Jgk PS

°] PS=PVP 3% aitzt 714 $lelr o] ggut

P4 Tx 5L ZHF A Sol nuw vk ok’
il

ERlo| MEHY S 24

52 ¥
)

9 RE, LA} whebell A g w2 A
TAREE =R ol A vheolske] Hheke]
o] &% (glass transtion temperature, 7,)7}
A9} 2oz} QAo vk A Frgou
cherst WRlel et e Beve A B H
slom, X—sdel| &gt wpepe] 7, =74 g kst
A AE ek #5 NISTS] Wu 2HAbE 2 PS 4}
2H& hydrophobicdt A2l 712 flelA & ¥
o &gt 77 WakE X—A WAkER F4ste] 7,5
% Ans Rasielrh. 8 714 B, vt

o
rf
=
o

R - awm

Thickness (A)
|
| »
| »
1
| .
.
E: H

0| gaok 1988A

Thickness (A}

E)
\.EI m'zi '1{“:-'.‘:’!:"‘ 487K
= E Hw%m 383K
10~ ", ;"'r"f 358K
- m’l,l(w'“fll'n 33313
B 308K
III;:I‘I I;:IE”_;:I?E'I;}I-"—ISE

=T
Qo Au BAE oS FMEt Fof 20| ME HEL®

DERAENL JlE A 15 W 6 & 20049 129

FAZF ¢k (91 A~497 A) BS WA T, (~
100 O)ell vlste] Fobslas Bof F3vh olsh
A= 71E9] A oxideZb U= V1AL 2
5l HAaEeS BolFe A% A wide] A34
ok ol2lgt 71 e 93 P AAsY] Hated,
H 59 AFHEL PSAEA 2 Afolol Au
clusterg Yol X—-H WSS S4st], 55 ¢
ElZ0] PS 124 FA el 23te] embedding
HE BYE SYsiolth o] A9 AdelMe] T
W9} A thEA GeS BoFa ok
2.4.4 2481 B2+ (Confined geometry) LHOIA{ 2]
IEX AH 2=E

A} wheke] A EAS A g e a1
Ake} EAF mobility, 7y, H4 2 ©A Fo] ol
tEA SAHYES 58], nEat duta) 71499
7ot e Ag-soll 2lste] Capillary wave, 8w 2
At(lateral diffusion), friction®} adhesion %3t 7]
Aol ogt FFs wol v ZloF d#A Qlrt
whpa] whuke] FA7) gkolA|MAl A7) confined
effecte} 712 7e] st 45 2Hge] o3t 7|da
7} (substrate effect) & 242} o]3l|sl FooF &tr.
olglgt 24748 giE #eslr] ko] 7|4 ol &
| X=4 RRAME 574
< Foto] mhule] oFF% AWIR ARV W g
Aol AFHUTE A Born ARl )& REA
==

3y
=

=

2
1(Q2) = %{exp(—qfof) + exp(-QZ0?2)

- 26xp(-Q} 22 cosQad)]

WAHES 919} 2ol AR 5 9lom), ol 217}
A% AL (01, 0ol 2ol e QAN WAt
A7) Zh2rk AR oln) Arjdow & AL

e

7178 Sl Aol Q= B (o1=02) v eol =2
QOIME A Ee] & ARV 2 wdE o Q= W

W, 1(Q) = 4§ 1QF exp(-Qio7)sin*(Qd/2) STl A & =
AR e BT (o02) HAREC] &3k 250
e QolME NE Frw yehA "

T8B! 894 free—standing PS Bl FAof u}
2bA Z43%F 43 17 22] Radius of Gyration©]
39i7F He= T4 olstol A= free—standing B
oFm o] AHZ|7} w9 thEA Yehgd o, ALt

755



A& (specular reflectivity) 2} 7 diffuse scat—
terings &3to] 7140l gl & AWe] s v
AL Hajdlo] HaE vk gt} o]F Fato] o]&3
O 2 &3t symmetry”} oo 3= free—stand—
ing BEFe] ok Awo] confined effectol] 2]3}e]
delayed relaxation®] dojd 4= S5 & + A
0.2

T A8 4olA] Y= At vl Ato] o] AW
ol A%, dgTe] o3t AW 2
o] oJ3t AW Tt @do] A wHE v
29 A% (Flory's parameter) o ]?l’ A
Helfand—Tagami®ll 2|3t o]&2o] dg] who} %C’Vﬂ
o FHE F 18R AdALo]of EA5k= capil—
lary wave°l 2J5lo] o] Yojd Zolgl= Aol 4
Zxo] ghgltt o= AW ARNE vEhE v
+207 AEd & Qled, A HA g F 1E
Z+8] compatibilityol] 2Jste] A ¥, F WA
= AAFEHY F IRA meltol|A] A= capil—
lary waveel °JgF J8kS MA|sta glrt

log(intensity) [arb.units]

L

18! 8. free—standing polystyrene2 & ZA|HZIO| &
8ol BA(AF)1 FHO TE SZ X-M BAE
Y AL (EH)Y. Inset: X—A EIALE HIIS fitting
OI5t0 HOTl HET|IE SFHO et EAIE.

2 1y fob

a’ kBT / (Qua)’
Opp =57+ In 2 2
3ty 2may\x  (Quen)” +(Quin)

o]|Z AlgA o7 o] AFRE0] FAA} HEAL
}2 5 o] &38lo] deuterated PS¢+ PMMAZS]
}o],] 74] %Ho]_E. _z_ﬂ ]_Oﬂ1;}_ (:,_El 9. 3
tefo] Sas A3k Q7] wiEe] X—4
2 HolA ¢h= F HEkxjole] Alwo] 1
Stk ofef wEbA d—PS wuke] FA| 9 Iﬂr
Ast A7}, capillary wavee] &3k AW %

% A9 T Yeh}r] wio 7‘*2]—
ARE HoFa 9l

f
LJEON
>~

1

o

-
>

i
A

o2 JN K

X OO E

rEAQ

o]
1017} broadening ¥ =
o} 28

2 TR 1AL A £3E e 3He 18

] interdiffusion ©% oJaid 4 k¥ I8l 10
olA] 22 PMMA double layer& 3441713 PMMA
7F A5 Aoluwrke 34 SAA T A6
osto] SARAATE Skellx e TR AR g0
A o]8H F49 isotope?] deuteriumS X EHA|
7 d-PMMA/PMMA AWS G 5, 7, ol
o A otd® AHstlSw, 7= d—-PMMAS}

]_

107
10°
10°
0
10°
10°
1040 !
@107
0"
107"
10" b

eflectivity

&

n
@
T

Interfacial width [A]
e

o a0 1
d-PS film thickness [A]

8 9. d-PS2 PMMAZ 0| 20{Al bilayeroll Al d—PS2]
FHE HENA SR HAg 5F (|1F) 249 fito]
olet AH FHel Hat (EEZ‘E).28

756 Polymer Science and Technology Vol. 15, No. 6, December 2004



log (Reflectivity)

187 minutes|

1 T T T T ‘“r"" T
000 002 004 006 008 010 012 0.14

q@h

—&- As Cost
—0O— 2 minutes

—%— (7 minutes

300+ - 187 minul:es.—
& 200J L
100—‘I L
S RRRES ™ T T e

0 200 400 600

22z) 2
— /-

PMMAS] AWo] v-¢- smoothstF o), Algte] w

e F Awe] Ego] AV AE AT 5 Ytk

olme] Ae] %% Fickian diffusion coeffi—
cient® #4184 ¥t} Lin et al.o] A3 Y&l
oahd whutke] interdiffusion 7148 A3k uhe] F
Aol @& Qo] mH= Aow gt
25 HiAlE J|HE 0|3% HO|2 AH £
IREAE o] g3t vlo] @ BA} HhERo|u} A dfo]
=1 Zo] dMAE Al e iR vlole A
ol E4elA Wi FQ3 53 MY oE WA A
T Yt X2 o]8Hr}, 53], polyelectrolyte
A AR5 & ¥l Langmuir =0
o] 7¥satH, X—d3 T2 WAk 47t
Ag] o]g-H} mak 1A 71A YollA] end—group
functionalization® &%+ polyelectroylte brush&

HYE 5 9lol, WA He A v swell-

r_{

i flo o v &
o2 X

Hroml

Mmoo fUoto NopE O

DERAENL JlE A 15 W 6 & 20049 129

=5 FAAL WA A7 o] &
ot 42 H2 FaEAS AeEolv Quartz
9} 2o I AA ol energy—loss@le] F3al7] w
ol obe 2" Ze AA/LAT} o] F= AW
=

Lozt AAEte A Holx]= thekst AstetA] W3-
2 oo Ay e AAEAbEe] ¥ F2 T
Z9 &4 A8 1 o] Fadt], olul= X—Aof H]
sto] iAoz Fae] gk T A9 FEa
(deuterium) 2] X|ge] eJ3to] 574 Aol T4
S slo] Wi e alghdo] Wxo] AJo)E Zhe
FAA AR AR7F EEETh 55 9 xW
A GEAE DOE ARESE A9 ol =2
ctddoe] WEgE ZHA wo] A utolut gl ok
oF 6l o9 =2 Wx thu] (density contrast)
£ o]&3te] thekdt shAel Ao dhuid Fa w4

Vertically aligned molecules

of §9E H
polyelectro—
& geometry

O3 1. Y- oA THEMEo| FEtof| ofst
BHE fiprilt = BAE (R1F)1 WHE Fst
yteQ brush 1= & FMX =
(2Ex%),

e
Pt
o

757



27 Aol hssit. oleld FAA Aa &

= 54

e olgst] H W A7 I &l
Aol A At A AR AR A AT
£ st 3ok

AN A, nhx] A8 surfactant} 22 THEA} AbE)

S 24 4 Qlrk olu, Aol
RS U]y ol e AR BAEY, ¥F
FAL] A, 2G5l gk Ap2e) osto] wlg- =
& wloldo] 43 = vk 8l 12914, PS—-PVP
(poly styrene — poly vinyl pyridine) ¥%3%A+=
PS¢} PVP H3ldel] xfolol SJal|A EAeHS] <]
2 B27h dojdtr ! o]2jdt pSel PVPE HEd &
of ek HsH, = HFAdol Aozt v, PVPe
=719 ¥Ff AAPEe] vEeAdE o) &3 1
S vAlekAl 22 4= Stk a8 12914 Hojs
AHLE PS-PVPe T4 X3d FHe 0T
(d-C4D & F-3sto] FE7loA vdes a5Aw
o] 28] FdE BT Foidt 1iAt §9& B9

I ox Z

Yo RA 22 A7) 2HE T2E 2= B
919 v+ Langmuir BeFe] A 722 44} Bk

A ZHAAE olgalel SA% Aol ol @
4

Langmuir 7%5 SA3sk= 1M 2¢ W og:=

e e = &

20 4] 20 40

z [A]

2 12. PS—PVP(d—Cyl) diblock Langmuir 22 ®
Al

B0ty
B DEI(2AZ p)OIH LEO| IBS oy WS NElE B

A8 SYIYRE 5P 2O

upekg 3A) EWe] §70 F AAAv Aol AFM,
AL el Soz %733
se1A e AgHQ Az

!
59Y NEE o8 & 9

L Eg 49 WabE 37} ol gHn) =

= 3t 3], X—

A HARE &4 FAE o] 8-3te] Todine o9 &
XEF olgsto] A PVPYIY F2E 43k,
PVPe] & hydrocarbong deuterated A|AA =
AR o] gste] Hlwehe A3 AYE Ho Frh
AurAel A} Ba xR 9413 du)A Alxo] O

2l 12(a) 4ol Az 1do® RoFy gty 1
HollA 221 "4l (2D micelle) @ core ¥9]= PS
o1 coronaty PVP—C4IZ o]Fo|x it} C49
hydrocarbon< deuterated Ho] lor=z A=}
o oJ&te] S4o| 7hestt. o Ay 8 12 (&
E&) ol vl slon, 54 WAk 21 gEo] 5
7Vhell whebA, 1 MEF719 Hagol v Q9
WEko® o|Fatal, olef wEt 1 wheke] pVP A}
5o xS Aoz =48 = A drf

3 4=
3AX-AI} EMK} YIS TEIQ| 45 Hey
ob Thaket ool AREE A} o] A} uhv}

o w2t X—4 BEABO| O30 2 (1% a)9t 1 BUE fi
SOl $7 M3 ARKY HOIZ AR 22 ANE B4

758 Polymer Science and Technology Vol. 15, No. 6, December 2004



3} #AAE ordering 1%, viscoelastic E4J, dif—
fusion, polyelectrolyte, brush, ¥¥3 &2+ &= 1k
2 FAeA X-A7 AR A venlE oy
o Fu|A] vt 25 olFetal FAIAQ FRE
A Qe W F8S ARlo|nt sk st
AR X—=4 RRAHE g7 bt
A - FQ8 JHE A ]ﬁﬂ"ﬂc H:rLO]'J— AA g

Zpo] frel o] Wieh=

(e}
I AL R F

WARY 7HES712 JeE X-448] A5 S43 el v
A e vk (background) ¥ & A7) W&
ol g =& Q, AANHE =4t &> n;},t_ ;g-x%o]
9lo}, AA|ES EHak o7} _LE]—E]
Aol the 7 7 ol E S92k H]'/‘]'E 2
7} Y -8t 2Rtk A= S9Ae] Fiy
= 5 7 Utk odE 29 FHTol HoaL Q= BT
o] A 7]l A, F2 fAF 1F A (bio
mimetic membrane) 2] A¥oM = 0]5’—g FHESE Q1
A FAF Al FFsta &
e %é’\]f’ =3 O]WH O &

JEE
Lo
L Lo

SO
=
2 we 49 Ei}%‘ RS IEEE I

y = = ]
S O o) I~
;317 QIZE‘ 27T J= R el

o FHEE wolTh E OE Yy

= ol

RS o, T

23} (deuteration) & &l A2 54 F919
contrastE A4 248 4 k= Ao gk X-—

0] AgolE gEstER o]Folx f71A59 A
AP S} - fARIER oE Eo, PST PMMA
9} & C, H, OFto g o]Fo|x EZAlo]e] &
o] ml$- ot} olof nla) FAAY] B¢ 38
O W fAte AAE 2 o A4S S
AAAM WS- =L contrasts oI = vk B
AS F5AE A¥AIZ], deuterated PS (d—PS),

d—-PMMA 12]9] 2kd x3lel EZo|}, &&
AHRES A FAAA THE 24 A HHE

S O

==

o

= Ans a% s
1=

AN

&
i
_>,"_
B
H
N
W
2
_
(@]
)
(@]

g HAbE 54 FAE ol &l oM g -8
sttt wEbd 54 W8l 2Akeke BEs dH6t
ol W S FHZ 23 125 33 Ay
FoE HHAT F Q= AFMo] FHE ol AREH 1L
Atk st 72 RS SEde 4 e B
© 7ol RE=A] o9} 2 vpeksh AR A
T BeHAQl AR FRE W g5 AT
d= A AIE VU = o

L AR, 3 59 B} AT
3t o gitk. X-H7} 54
A by HAAE AR P 20 T
o s 9 £4% 3H9 o

Tl X—ray d1ffractometer—€ 0]%3]-01 A
ol 7ksstth olel nlsto] FAAF N
AR O R 400 o] AA7F AEE s
5= =roha, dakRels | Al

Aol o3| W&
o ol BA3FK] Kok e, 9]=r2 A
A sk A F2sh] o Hol ATk

AAEAT L Yo 478 4w shire] 54
& A7 el HaetA] 4d Wl &7 dAlel 9L
om, 2005del= ARt AT A=A S8 A
olth. Hd wwA T A7) A Fx FHe A2
g @A ARle]l Bk 20087l Hiole

219 AM =Ao] 75 8E AX|7HA| BSS)
Al ek ol gk FA ] A vEe], sl =
FAA 8 X-HE o] &F MAME 53 ZAE o]
galol, we nhEA Bope B4 A7) /14
715 718k, 53], BT7 &3 e A4

N

E219] in situ—real time AA Aoz} A 2E
A& dA 2 do] 4R AUSS Gl

\
o

ZEAlS] 218 AH UgE Qv fadAed
Fa R 37 AR e 92
AT A AR W 2147 ZEE] AT A}
do Ast FA st 7)EAkRle) Bt
7}&7] o] @A} 2@ (No. M202AK010021—
04A1101- 02110) 9] A+4A3}4].

411

759



1.
2.

ot

i

i

T. P. Russell, Mat. Sii. Rep., 5, 171 (1990).

J. Daillant and A. Gibaud, X-ray and Neutron Re-
flectivity: Principles and Application, (Springer, Berlin,
1999). R. J. Roe, Methods of X-ray and Neutron
Scattering in Polymer Science, Oxford University
Press, New York, 2000.

. M. Tolan, X-ray scattering from soft-matter thin films,

Springer, Berlin, 1999, Vol. 148. J. Als— Nielsen,
Sructure and Dynamics of Surfaces, 1. Phenomena,
Moddls and Methods, W. Schommers and P. von
Blanckenhager Editors,. Springer, Berlin, 1987.

. J. F. Ankner, C. F. Majkrzak, and S. K. Satija,

Natl. Inst. Stand. Technol., 98, 47 (1993).

5.41#-9- o] 4= Physics & High Technology, Feb/Jan,

11.

12.

13.

14.

15.

16.

17.

18.

19.

760

27 (2002).

. M. Born and E. Wolf, Principle of Optics, 7th Eds.,

Cambridge University Press, London, 1999.

. J. Penfold, e al, J. Chem. Soc., Faraday Trans,, 93,

3899 (1997).

. J. S. Higgins and H. C. Benoit, Polymers and

Neutron Scattering, Clarendon Press, London,
1994.

. L. G. Parratt, Phys. Rev, 95, 359 (1954).
10.

S. K. Sinha, E. B. Sirota, S. Garoff, and H. B.
Stanley, Phys. Rev. B., 38, 2297 (1988).

M. K. Sanyal, S. K. Sinha, K. G. Huang, and B. M.
Ocko, Phys. Rev. Lett., 66, 628 (1991).

S. Garoff, E. B. Sirota, S. K. Sinha, and H. B.
Stanley, J. Chem. Phys,, 90, 7507 (1989).

0. H. Seeck, New techniques for reflectivity
refinement, (1st workshop of X—ray and neutron
reflectivity techniques for surface nano—charac—
terization: GIST, 2003).

P. Lambooy, T. P. Russell, G. J. Kellogg, A. M.
Mayes, P. D. Gallagher, and S. K. Satija, Phys.
Rev. Lett., 72, 2899 (1994).

S. H. Anastasiadis, T. P. Russell, S. K. Satija
and C. F. Majkrzak, Phys Rev. Lett,, 62, 1852 (1989).
S. H. Anastasiadis, T. P. Russell, S. K. Satija
and C. F. Majkrzak, J. Chem Phys, 92, 5677 (1990).
P. Muller—Buschbaum, S. A. O'Neill, A. Af—
frossman, and M. Stamm, Macromolecules, 31,
5003 (1998).

P. Muller—Buschbaum, J. S. Gutmann, and M.
Stamm, Macromolecules, 33, 4886 (2000).

G. Henn, D. G. Bucknall, M. stamm, P. Van—
hoorne, and R. Jerome, Macromolecules, 29, 4305

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

(1996).

. Z.Li, etal., Macromolecules, 30, 8410 (1997).

. W.J. Ortz, etal., Phys Rev. Lett., 71, 867 (1993).
. J. L. Keddie, etal, Europhys. Lett., 17, 59 (1994).
. W. L. Wu, etal., Macromolecules, 28, 771 (1995).
. W. E. Wallace, J. H. van Zanten, and W. L. Wu,

Phys. Rev. E, 52, R3329 (1995).

. R. Weber etal, Phys. Rev. E., 64, 061508 (2001).
. M. Tolan, etal, Phys Rev. Lett.,, 81, 2731 (1998).
. K. Shin, Y. Pu, M. Rafailovich, J. Sokolov, O. H.

Seeck, M. Tolan, and S. Sinha, Macromolecules,
34, 5620 (2001).

. M. Sferrazza, C. Xiao, R. A. L. Jones, D. G.

Bucknall, J. Webster, and J. Penfold, Phys. Rev.
Lett., 78, 3693 (1997).

O. H. Seeck, I. D. Kaendler, M.Tolan, K. Shin,
M.Rafailovich, J.Sokolov, and R.Kolb, Appl.
Phys. Lett., 16, 182 (2000).

E. K. Lin, W.—L. Wu, and S. K. Satija, Macro-
molecules, 30, 7224 (1997).

. M. Stamm, S. Huttenbach, G. Reiter and T.

Springer, Europhys. Lett., 14, 451 (1991).

A. Karim, A. Mansour, G. P. Felcher, and T. P.
Russell, Phys. Rev. B., 42, 6846 (1990).

A. Karim, G. P. Felcher, and T. P. Russell,
Macromolecules, 27, 6973 (1994).

K. Kunz and M. Stamm, Macromolecules, 29, 2548
(1996).

E. K. Lin, R. Kolb, S. K. Satija, and W.—Li. Wu,
Macromolecules, 32, 3753 (1999)

L. T. Lee, O. Guiselin, A. Lapp, B. Barnoux, and
J. Penfold, Phys. Rev. Lett., 67, 2838 (1991).

J. Su, R. K. Thomas, and J. Penfold, Langmuir, 13,
2133 (1997).

T.J.Su, J.R. Ly, R. K. Thomas, and J. Penfold,
J. Phys. Chem. B, 101, 937 (1997).

S. W. An, R. K. Thomas, F. L. baines, H. C.
Billingham, S. P. Armes, and J. Penfold, Mac-
romolecules, 31, 7877 (1988).

M. A. Johnson, C. M. B. Santini, J. Iyer, S. K.
Satija, R. Ivkov, and P. T. Hammond, Macro-
molecules, 35, 231 (2002).

K. Shin, M. Rafailovich, J. Sokolov, D. Chang, J.
K. Cox, R. B. Lennox, A. Eisenberg, A. Gibaud,
J. Huang, S. L. Hsuy, and S. K. Satija, Langmuir, 17,
4955 (2001).

Polymer Science and Technology Vol. 15, No. 6, December 2004



