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1. XPS results
The sample characterized using this technique was the PS50k/Au (0.1%) flattened layer. Hence,

the presence of PS after rinsing with toluene is clearly indicated in the results by the C 1s peak at
Ebinding = 285 eV and the C n-m peak at Epinging = 291-293 eV. The presence of the Au
nanoparticles (with dodecanethiol surfactant) is also indicated by the Au 4f5/2 peak at Eyinding =
91 eV and the S 2p peak at Epinging = 169 eV.
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Fig. S1 X-ray photoelectron spectroscopic (a) C 1s narrow scan (b) Au 4f5/2 narrow scan
and (c) S 2p narrow scan of the PS50k/Au(0.1%) residual layer.



2. AFM of the PS50k/Au flattened layers
Using free Imagel] software (https://imagej.nih.gov/ij/), the area fraction of nanoparticle clusters,

the number of nanoparticle clusters, the average nanoparticle cluster radius (r), and the average

distance between nanoparticle clusters (/), which was estimated as

total image length

Jnumber of clusters

= [, were

estimated from the AFM image of the PS50k/Au(0.05%) residual layer (Fig. S2). From these
values, the volume fraction of the Au (¢) was calculated from the area fraction according to the
following equation with the assumption that the gold NPs are spherical:

Q= (;—:) X (area fraction) (S2).

Au as AFM area
cast % fraction | »(nm) | /(nm) | ¢ (%)
(o)
0.05 3.1 32 315 0.4
0.25 4.4 60 500 0.7

Table S1. Data analysis of the AFM images

Fig. S2 AFM image of the
PS/Au (0.05%) flattened layer.

Fig. S3 Representative 0.5 um x 0.5 wum AFM height images of PS/Au adsorbed layers with (a) ¢ Ay =
0.05% and (b) ¢ sy = 0.25%. The AFM images are focused on the well-dispersed Au/polymer regions to
avoid the disturbance of the large Au clusters on the morphology of the flattened chains, as shown in Fig.
S2. Height scales of both images are 0 - 2 nm. It was found that the RMS roughness of the polymer
region is independent of Au concentration with a value of 0.21 £ 0.05 nm. All the RMS
roughness values were obtained using the Gwyddion image software with exactly same image

size.



3. GISAXS results on the PS(50k)/Au(0.05%) flattened layer

Fig. S3 shows the GISAXS profiles for the
PS(50k)/Au(0.05%) flattened layer at room
temperature. From the figure, we can see a
power law scattering profile given by 1 (¢) ~ ¢
7 in the nearly entire g-range used for the
PS50k/Au (0.05%) flattened layer. This power
law exponent indicates that the scattering is
attributed to the interface of a randomly phase
separated two-dimensional object (i.e., the
gold nanoparticles migrated to the substrate
surface)’. Hence, the interparticle (or
intercluster) spacing is expected to be more
than 100 nm (i.e., the spatial resolution of the

GISAXS technique). The comparison with Fig.

2d suggests that the inter particle spacing of
the Au nanoparticles migrated to the substrate
surface decreases with increasing the Au
concentration.
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Fig. S4 GISAXS profile of the PS50k/Au (0.05%)
flattened layer at room temperature.



4. Neutron Reflectivity results on the nanoparticle-free PS flattened layers

Reflectivity (a.u.)

Fig. S5 NR results for the bilayer of the bottom PS50k and the top d-PS film annealed at
150 °C over the given annealing times. The solid lines in (a) are the best-fits to the data based
on the volume fraction profiles of dPS (¢) shown in (b), respectively. The root-mean-square
(rms) roughness values of the hPS/Au flattened layer/dPS overlayer and the hPS flattened
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layer/dPS overlayer via thermal annealing at T=150 °C are shown in (c).
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5. Surface energy obtained from liquid contact angle measurements

In order to calculate the E, value, we estimated the surface energies based on the static contact
angle of three liquids for the Si and for a spin-coated layer of nanoparticles on the clean Si
substrate. On the basis of the Young’s equation (y; = y;cos 8 + y,) and the Owens-Wendt-

Kaelble equation (y;s = y; + ¥s — Z(ysdyld)l/z — Z(yspylp)l/z) (v& and y? are the dispersion and
polar parts of the surface energy of the solid, y# and ylp are the dispersion and polar parts of the
surface energy of the liquid)’. Hence, E,=vsp- Vsn (Where yspand yg  are the interfacial energy
between the substrate and polymer and between the substrate and nanoparticles, respectively)

was estimated to be E,= 20.4 mJ/m’~ 14.3 mJ/m’= 6.1 mJ/m’ for the PS/Au blend film on the Si
substrate.

TABLE S2. Contact angles on the Au monolayers

Au ¥ Y Y O
water 7280 22.60 5020 76.40
glycerol 6340 37.00 26.40 55.04

1,4-butanediol  44.00 24.00 20.00 22.67

TABLE S3. Surface tension of the components

1 2
Component Surface tension (mJ/m”)

Y " Y
Sit 51.6 25.8 25.8
PS’ 42.0 41.4 0.6
Au NPs 50.3 47.27 3.04
YBSi-PS YBSi-Au YPS-Au EP

2 2 2 2
20.4 mJ/m 14.3 mJ/m 1.12 mJ/m 6.1 mJ/m

TABLE S4. Surface energies of components (mJ/m?)

YAu-Air YPS-Air
89.72 90.08
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