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Estimation of the surface tension of the substrates by van Oss-Chaudhury-Good and
Owens-Wendt methods

Two methods, independently or jointly, were used to estimate the surface free energy
components of our surfaces: the van Oss-Chaudhury-Good!"! (OCG) and Owens-Wendt
methods,? which respectively rely on the following equations:
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In (1) and (2), @is the value of the contact angle of a liquid on the solid substrate, », #°, #, #",
y are the total, dispersive, polar, acid (electron-acceptor) and base (electron-donor)
components of the surface free energy of the liquid respectively, and %’ %", %', 7 are the
dispersive, polar, acid and base components of the surface free energy of the substrate,
respectively. Table S1 summarizes the values of the contact angles of different liquids on films
of PS (M, =66,300 g/mol, M, =67,626 g/mol, from Polymer Laboratories) and of PEO
(My, ~ 100,000 g/mol, from Aldrich) spin-coated on Si, on perfluorinated and amine-ended
silane monolayers on Si, and on thermal SiO,. The van Oss-Chaudhury-Good method was
used to determine the surface free energy components for the two silanized substrates as well
as for the SiO; substrate. A set of three equations, in terms of measured contact angles of two
polar liquids (see Table S1) and one apolar liquid (diiodomethane) on the same solid, was
solved for %%, %" and 7 (where the parameters for the liquids: »°, %, %, i=1, 2 or 3 are
known, and were taken as given in ]) For the polymers, the two methods were used jointly.

First, a graph of 7’(”—\/(:%59):]‘{ y—ldJ was plotted after measuring the contact angle ¢ of
2\7,

Vi
various liquids (having both dispersive and polar components in their surface tensions) against
the substrates. The line passing through the data intercepts the vertical axis at /¢ , whereas

its slope is \/E (Figure S1).
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Figure S1 7, (1+cos6) _r \/Z plot used to approximate the dispersive and polar free energies of the PS and
27! i
PEO substrates (see Table S2).
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computed from the errors associated to the measurement of contact angles (reported in
Table S1). Standard errors on the fitted parameters were estimated from the diagonal
components of the covariance matrix associated with the fits.""! Second, a set of two
equations, in terms of measured contact angles of two polar liquids on the same solid, was
solved for %" and y~ (where the parameters for the liquids: %", 57, i =1 or 2 are known from!*!
and the values of the dispersive components of the surface tension of the polymers (") were
taken as given in®). Table S2 gives the values of the dispersive, polar, acid and base
components of the surface tension of the substrates.

The data were fitted to linear relationships, taking into account error bars on

Table S1 Average contact angle values (3 drops) of various liquids on PS or PEO films spin-coated on Si, on
perfluorinated or amine-ended silane monolayers on Si and on 600 nm thick thermally grown SiO,

Substrate DMSO(°)* Water(°) Glycerol(°) Diiodomethane(®)
PS 37.4+0.8 92.3+0.2 - -
PEO 16.3+0.2  Film dissolution 57.310.2 -
Silane -CF3 92.3+£1.3 110.4+0.2 - 87.9+1.0
Silane -NH, - 56.8+1.0 49.04£0.3 38.8+0.1
“piranha’-cleaned thermal SiO, (600 nm) - 21.240.4 10.340.3 28.9+0.4

*Dimethyl sulfoxide (DMSO).

The interfacial energy between two materials 1 and 2 can be determined from the
following relation:

712:71‘12"'712 (3)
where 2% and  y.° are the dispersive and polar interfacial energies between the two
materials, 1 and 2, and have the following expressions:['e!"!

Yh=r v =2y’ (4)

rh=2(\r - )V -V (5)

where %%, %", % (i = 1 or 2) are the dispersive, acid and base components of the surface
tension of the two materials.

Table S2 Components of the surfaces tension determined by Owens-Wendt and van Oss-Chaudhury-
Good methods

Substrate # (mdim?) 4 5%’1'9) 7m(j;s%, P mImdE P (mm?)y
PS 33.9* 35.840.5°  0.5+0.1 0.7+0.01° 0.9+0.1 1.2+0.1
PEO 30.7* 37.840.2°  1.7+0.01° 13.4+0.5° 6.9+0.2 9.4+0.2

Silane-CF; 13.7+0.5° 16.8+0.4°  0.2+0.1°  0.8+0.2° 0.5+0.1 0.7+0.1

Silane-NH, 40.2+0.03° 39.7+0.03* 1.0+0.03° 18.5+1.1°  3.0+0.04 8.6+0.1

“piranha’-cleaned b a b b
Thermal SiO, (600 nm) 44.7+0.2 43.2+0.2 2.7+0.1 37.3+0.7 24.4+0.1 20.0+0.1

*Values reported elsewhere. ®Values determined by the Owens-Wendt method.”! "Values determined by the
OCG method." “Values determined using , -2./,",~ ! “Values determined by the OCG method," using ses” =

33.9 mJ/m? and o’ = 30.7 mJ/m?.

For the poly(styrene-ethylene oxide) block copolymer, the interfacial energy between the
polystyrene and polyethylene oxide blocks is essentially of polar nature:

Vs-ko =2(x/E—\/E)(\/Z—\/E)+7§ + 750 =2\ 757 ko (6)



=3.4" + 0.1 = 3.5 mJ/m?,
using the values mentioned in Table S2.

Table S3 Interfacial tensions between two different materials

(1 and 2)
Materials (1-2) V1.2 (MJ/m?)
PS-PEO 3.50.2
PS-NH, 2.4+0.2
PEO-NH, 0.240.3
PSPEO-NH, 0.5+0.04
PSPEO-CF; 6.1+0.9

Table S3 gives the interfacial tensions between the two polymer blocks as well as
between the block copolymer and the blocks and an amine-ended silane substrate.
For PS-PEO thin film, a simple criterion predicts a surface-induced transition, from
hexagonally packed cylinders to a lamellar phase®® since
Ay = ¥s - pEO = 8.1 mJ/m2 > ¥sEQ = 35 mJ/mZ.



Theoretical predictions regarding the stability of the PS-PEO film on silanized thermal
SiO;

From the sign of the spreading coefficient (S) and of the Hamaker constant of the
system SiO,-PSPEO-air (Asio-pspeo-air), the stability of the block copolymer on the considered
substrates can be predicted (Table S4). Unstability of the film require A > 0, whereas if A<0
the film will be stable for S > 0 and metastable if S < 0.

The Hamaker constant was computed as:

ASiO»PSPEO—air = \/APSPEO (\/APSPEO B \/ASiO ) (7)

where Asio = 6.5 102° J® and Apspeo = 0.35 Apeo + 0.65 Aps, With Apeo and Aps the Hamaker
constants of PEO and PS, respectively. For both polymers, the Hamaker constant was
approximated as:

A =24zxd;y!,i=PS or PEO,

where dj is the average interfacial distance, typically taken as 1.58 + 0.08 A.["! Note that the
presence of the silane monolayer was neglected for this computation, a valid approximation
since the copolymer film is much thicker than the silane monolayers.“ol The Hamaker constant
is reported in Table S4. Depending of the value selected for s and o (Table S2),
Asio-pspeo-air IS found to be positive or negative. This is because the Hamaker constants of
polymers and SiO, are close, which results in a low precision on Asio-pspeo-air» @S Shown by
equation (7). However, the experiments reported in the paper and summarized in Figure S1 of
the paper clearly indicate that the film dewets by nucleation and growth of holes, which
practically rules out unstability of the film.
The spreading coefficient of the copolymer on silane monolayers was computed as:

S = Vitane — ¥ pspE0 ~ ¥ pspEo)sitane
where »wspeo = 39.5+0.3 mJ/m?. Here again, the close proximity of iane-nv2 @and (ypspeo +
1PSPEOSsiiane) Fesults in a large relative error on Spspeoysilane-NH2, WhOSe sign cannot be decided
unambiguously. However, the experimental observed dewetting of PSPEO on the NH»-ended
silane monolayer testifies for the metastable character of the film. By contrast, the very low
surface tension of the perfluorinated silane monolayer allows us to predict that
Spspeorsiane-cr3 < 0, which is compatible with the experimental observations.

Table S4 Theoretical prediction regarding the stability of the PSPEO
on the silanized SiO,

Spreading coefficient =~ Hamaker constant
PSPEO on) Substrate
( ) Substr (S) (mJim) Asiosspose (J)

Si0,-NH, 0.2+0.30r-0.3+0.3 1.7 x10% or
SiO,-CF; -28.8+10r-31.9 + 1 1.8 x 10




Structural data on dewetted films

On the homogeneous amine-ended substrates, X-ray reflectivity (XRR) spectra and
AFM phase images, before and after the dewetting process, showed essentially dry regions
between the droplets (Figures S2 and S3).
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Figure S2 X-ray reflectivity of the film on a homogeneous amine-ended substrate. (a) After spin-coating, before
annealing. (b) After complete dewetting of the film. k, is the vertical component of the wavevector of the incident

photons in a vacuum.
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Before dewetting, Kiessig fringes on the reflectograms testify for the presence of a continuous
14 nm thick film. After dewetting, the reflectogram only shows a broad Kiessig fringe
originating from the silane monolayer in dry regions of the substrate. The regions covered by
the droplets do not show up in the reflectogram, due to their high roughness and thickness. In
agreement with XRR, AFM phase images show a very strong contrast between droplets and
dry regions (Figure S3).
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Figure S3 IC-AFM images after complete dewetting of the BC film. (a) Topography image. (b) Phase image.

XPS spectra at grazing incidence (in order to have access to the outer most layer of
the surface sample) also confirmed that dry holes are formed on the perfluorinated regions of
nano-patterned surfaces at the end of the dewetting process. Since the borders of the
dewetted trenches could shade the electrons in their way to the detector, the nano-patterns
(lines) were aligned parallel to the source-detector direction. The results presented in
Figure S4 indicate that fluorine can be detected by XPS in such conditions, which testifies for
the dry nature of the fluorinated stripes after dewetting. A precise quantification is not possible
since the sample, in the X-ray beam, is not homogeneous.
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Figure S4 XPS spectrum. (F1s region) measured at grazing incidence, of a nano-patterned sample after
dewetting. @is defined as the angle between the surface normal and the analyzer line of view.
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