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Fig. 1 (Color online) Schematic diagram of GI-XPCS. k;, k;, and
k, are the incident, reflected, and scattered wave vectors,
respectively.
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Fig. 2 (Color online) Time and length scale of various scattering
techniques and hierarchal dynamical structure in polymers.
(Modified from the figure provided by Professor Toshiji
Kanaya, J-PARC, KEK) (Reprinted from %)
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BEIZOWT L FEDOBEET- /e 0¥, T E 40k &
25k CIMFIZAUERLPEINTED, JI Tk, FE
25k (LI PS-POSS25k, PS25k » #4) & 2.3k (PS-
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smooth surface
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Fig. 3 (Color online) Optical micrographs of polystyrene (M,=
2.3k) thin films annealed at 393K for (a) 0 and (b) 72
hours. The film was dewetted after annealed. The length of
the bar is 100 ym.

Table 1 Bulk viscosity, surface tension and 7, of PS25k, PS-
POSS25k, PS2.3k and PS-POSS2.3k. Reproduced from &
with permission from Elsevier.

surface tension

Sample viscosity (Pas) (mNm-1) T, (K)
PS25k 5.86x 104 (413 K) 19.6 (413 K) 374
PS-POSS25k 5.75x 104 (413 K) 17.4 (413K) 374
PS2.3k 1.09%x103 (393 K) 21.2 (393K) 348
PS-POSS2.3k  1.10x 103 (393 K) 12.8 (393K) 348

4.2 PS-POSS BEOYIMS L UHNIEE
BEORMIR WD XA 327 AF, KWl LUEMRHA
HCOBALMETTIEL « Ab—7 ZAHBRRNEM L
Tih I b, ZOBRICEE /NG A—Z THHHE L F
HERINCOWTIE, XPCS £k &3NS, EERZE TOHl
T L DML 72, WERIEICIE LV 4 A — & (Physica
MCR101, Anton Paar) # M\, EHEENDOHEEIL, FH
RDDBEEOW A AW/ EMANE, GEHL 72, &
72, B AWBEEICOWT L REEHEAENE (EX-
STRA DSC-6000, Seiko Instruments Inc.) I L D EL
Too ZORER% Table 112 % & 7z, POSS & L 5%
HEDOE TS Wb, ChidEHEHRT IV
F =DM\ POSS AEREICRIT I 5 LI k- T, 5%
HIINTWEEEZLTENTE, thTiliR%PS-
POSS #E OIS & & —FK 35, —FT, NIV REE
BLON T AEBEEICKE 22 IBB SN - 7,
PS-POSS #IKOERIREE I DWW T, AdEF SR
N K - TEREAB L OCEMA 1~ D POSS R8s <
NTHBW, ThIZ LA &, K5 FED PS-POSS iK€
i%, POSS-rich %z B2 I EMHICHATEL, ZTOHE T i PS-
rich (¢ 745 POSS-poor) BV FAL TWAT &%
WMEL TS, ERAmMICE VTS, EmaEICE
POSS-rich BAFFEL, £ DO HE EiCid PS-rich @) F1E
LTWAIZEEHEL TS, 2% D, PS-POSS D
POSS #7313z L UEBRAmE A ANTE D, PS I
FL A Z DTN S XD 7 PS-POSS 230 0F A L 728
MNEMABS LOCERICHFET AT EHREL TV 5, KiF%E
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k0 E=16x125um? (HxV) L RBELOHN S, Ak L
Fi~1lmOMETAY v FIZLD 20X20 um2 IV — A%
YL T, ARERCHAEREL A BRE L cRicmae —Ub
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Fig. 4 (Color online) Schematic drawing of the structure of PS—
POSS thin films for PS-POSS2.3k (a), and PS-POSS25k
(b).
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Fig. 5 (Color online) GI-XPCS results for PS25k and PS-POSS25k thin films at 413 K. (a) The representative results

of the measured normalized autocorrelation functions at g;,=7.74x10~3nm~! for 44 nm thick thin films. The
solid lines are fitting curves for Eq. (2). (b) g, dependence of I" obtained from the fitting results of Eq. (2) for
44 nm thick thin films. The red solid line and the black solid line are calculated from Eq. (3a) with the values of
Table 1 for PS25k and PS-POSS25k, respectively. (¢) g,d dependence of I'd for various thickness thin films.
The red solid line and the black line are calculated from Eq. (3b) with the values of Table 1 for PS25k and PS—

POSS25k, respectively. Reprinted from 8 with permission from Elsevier.
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Fig. 6 (Color online) GI-XPCS results for 58-nm—thick PS2.3k thin film and 61-nm—-thick PS-POSS2.3k thin film at
393 K. (a) Representative results of the measured normalized autocorrelation functions for 58—nm—thick PS2.3k
thin film at g, =4.74x 1073 nm~! and for 61-nm-thick PS-POSS2.3k thin film at g;,=4.76 103 nm~!. The
solid lines are fitting curves for Eq. (2). (b) g, dependence of I" obtained from the fitting results of Eq. (2) for
44-nm-—thick thin films. The red solid line and the black solid line are calculated from Eq. (3a) for PS2.3k and
PS-POSS2.3k, respectively, with the values in Table 1. The black dashed line is a visual guide. (c) g,d depen-
dence of I'd for various thicknesses of thin films. The red solid line and the black line are calculated from Eq.
(3b) for PS2.3k and PS-POSS2.3k, respectively, with the values in Table 1. (¢) g/d dependence of I'd for vari-
ous thickness thin films. The red solid line and the black line are calculated from Eq. (3b) with the values of Table
3 for PS2.3k and PS-POSS2.3k, respectively. Reprinted from # with permission from Elsevier.

%
il hy 5, P3

72
n 4 R 130 P

71
1 By s> P

Fig. 7

(Color online) Geometry and notation of a supported three
layer film. Bottom layer, center layer and top layer are denot-
ed by region I, II and III, respectively.
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Fig. 8 (Color online) g/ dependence of I" obtained from the fitting
results of Eq. (2) for 35, 53 and 61 nm thick PS-POSS2.3k
thin films. The solid lines are derived from the fluctuation
dissipation theorem for three layer thin films with 4, =h;=
9.6x10*Pas, h;=1.10x10°Pa s, d,=16nm, d;=17 nm,
pi=p=p3=1.0gcm3, y=9,=0 and p;=12.8 mN m~1.
Reprinted from ® with permission from Elsevier.
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Dynamical studies of soft interfaces using X-ray
photon correlation spectroscopy
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0395, Japan
4Institute of Multidisciplinary Research for Advanced Materials (IMRAM), Tohoku University, 2—1-1 Katahira,
Aoba-ku, Sendai 980-8577, Japan

Abstract X-ray photon correlation spectroscopy (XPCS) is a coherent X-ray scattering technique for dy-
namical studies in real time. In the grazing incidence geometry, unique dynamics in the vicinity of
surfaces of thin films can be selectively measured. We measured surface dynamics of polymer
thin films were measured by GI-XPCS and quantitatively discussed the difference of surface dy-
namics between functionalized polymer thin films for inhibitting dewetting and non-functionalized
polymer thin films.
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