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MATERIALS AND METHODS

No unexpected or unusually high safety hazards were encountered in the preparation and
characterisation of our samples.

1.1 Preparation of single polymer layer systems

Thin films of polystyrene (PS), poly(methyl methacrylate) (PMMA), poly(4-tert
butylstyrene) (PtBS), and poly(4-methylstyrene) (P4AMS) were prepared by spincoating
dilute polymer solutions onto silicon wafer substrates, covered by a native oxide layer of
~2nm. PS, PtBS and P4AMS were dissolved in toluene (>99% purity), while PMMA was
dissolved in benzene (>99% purity). Before spincoating, wafers were rinsed with a series
of appropriate solvents (typically acetone followed by isopropanol and finally toluene, or
in the case of PMMA samples benzene). Details on the polydispersity and source of the
polymers used in this study are presented in Table S1. The thickness of the deposited
layers is controlled by changing the concentration of the polymer solution while spinning
rate is kept constant at 4000 rpm. The thickness of the spincoated polymer layers L
ranged from 10 to 500 nm. Depending on the molecular weight of each specific polymer,
these thicknesses values were chosen to cover the interval 2R, < L < 30R,. This choice
allowed us to investigate the effect of nanoconfinement over a broad thickness range. The
measured adsorbed layers range from 3 to 15 nm. Note that films below ~3 nm are
intrinsically unstable and they spontaneously dewet, via spinodal decomposition.'

After spincoating, thin films relax due changes in the microscopic structure upon
evaporation of residual solvent. These phenomena induce a time dependent reduction in
film thickness. Following previous work, to allow for structural relaxation®> and reach a
stable value of L, our films are dried in vacuum for 20 minutes and pre-annealed above
the glass transition temperature for 10 minutes, which is over a thousand times larger
than the structural relaxation time. The spincoated film thickness was determined via
ellipsometry (MM-16, Horiba),*” see 1.4.

1.2 Preparation of polymer bilayer systems

For the experiments in Figure 2E, we prepared series of multilayers of the type
Air/PMMA/PS/Si02/Si. PMMA/PS bilayers have been widely investigated,”’ which
permitted an easy and reliable fabrication routine: 1) we prepared single polymer layers
of the type Air/PS/Si02/Si following the procedure described above; 2) we spin-coated
solutions of PMMA in acetic acid directly onto the PS films — as polystyrene is not
soluble in acetic acid, the previously spincoated films of PS are not affected by the
deposition of the upper layer; 3) the samples are again dried in vacuum for 20 min and
pre-annealed as described above.

1.3 Adsorption experiments
Samples were annealed on a hot plate (STUART SD160, with a temperature stability of
0.1 K), from 0 to 72 hours, depending on the system investigated, to allow for adsorption
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of polymer chains onto the substrate (see Figures 1D and S2 for examples of adsorption
kinetics). After annealing, non-adsorbed polymer chains are washed off reproducing
Guiselin's experiment:® samples were rinsed and soaked for 1 hour in the same good
solvent used to prepare the spin-coated solutions (due to an intrinsically lower solubility
of PMMA in benzene, samples are soaked for 3 hours’), in a one-step for the monolayer
samples and a two-step (first in acetic acid, then in toluene) protocol for the bilayer
samples. The thickness of the adsorbed layer, h,dss, was measured using ellipsometry
(MM-16, Horiba),*” see 1.4.

1.4 Determination of L and /.4 via ellipsometry

The deposited spincoated thickness L and the adsorbed polymer layer thickness h,q4s are
measured using ellipsometry (MM-16, Horiba). The thin film polymer monolayer
(Air/Polymer1/SiO,/Si) and bilayer (Air/Polymer2/Polymerl/SiO,/Si) systems are
modeled as a multilayer Cauchy model to fit the spectroscopic angles ¥ and A at
wavelengths A between 430 and 850 nm . Film thickness is obtained by fitting the
ellipsometric angles to a model considering bulk optical properties ''. To accurately
determine the different thicknesses in the system a step-by-step process is followed in
which the thickness of the underlying layer gets determined before the deposition of the
successive capping layer. For example, for the system Air/PS/SiO,/Si the SiO, layer
thickness is measured before spincoating the polymer, using the bare substrate and fitting
the oxide layer thickness to the optical model Air/SiO,/Si; the obtained value of the
thickness of SiO, is then fixed while fitting the PS layer thickness, in the monolayer
systems. Similarly, for the bilayer systems the thickness of the SiO, and that of PS
(Polymer1) are measured following the same procedure as above and then fixed, while
fitting the thickness of the PMMA (Polymer2) layer. Thickness of the SiO, layer was
found to vary from 1.5 to 2.5 nm. Spincoated polymer layer thickness L range roughly
from 10 to 500 nm and is chosen depending on the molecular weight of each specific
polymer to cover the range of interest. The measured adsorbed layers range from 3 to 15
nm. Note that, in agreement with the scheme presented in the main text and in 2.2, films
below ~3 nm are intrinsically unstable (i.e. have a positive Aqg) and spinodally dewet.'
The thickness of the adsorbed layers, 4,45, was measured following the same procedure
indicated above for single layers, using bulk values for the optical parameters of the bulk
layer. We expect the error induced by this choice to be on the order of the density
difference between adsorbed and not adsorbed state, that is smaller than experimental
uncertainty (= 5%). To further prove the validity of this assumption, for a selection of
samples covering the whole investigated range of /4,45 we had considered comparison of
the thickness value obtained via ellipsometry with that determined via atomic force
microscopy (AFM), as the height of steps obtained by removing the organic layer with a
soft sharp pen. Comparison of the values found via AFM with those measured via
ellipsometry confirmed our assumption and validated the optical model:*> '*"* slopes of
linear fits to plots of the two independent measurements (i.e. /aqs via ellipsometry versus
hags via AFM) deviate from 1.00 by less than 5%.



1.5 Determination of the adsorbed amount I'

The thickness of the irreversible adsorbed layer, /a4, is directly proportional to adsorbed
mass [, that is, the total mass of all the monomers directly (those pinning on the
substrate) and indirectly (those connected to pinned monomers) irreversibly adsorbed, per
unit area

I Ooo Im(z)dz

Pads

hads = (Sl)
where p,4s 1s the density of the adsorbed layer, which, following our optical model and
its validation, can be approximated with the density of the bulk, p. Considering the
extremely low surface roughness of adsorbed layers (3 — 4 A),'* S1 simplifies to

I;
Pags = 2
ads p

(82)
Considering that the number of contacts a chain makes with a flat substrate increases with
N~1/2 with N the polymerization degree, the number of molecules adsorbed per unit

area, I, is given by

P = 2l 12 o ol (1) 12 (S3)
Ny Ny \my

where N, is the Avogadro number, M,, is the average molar mass and m,, is the mass of
one monomer; the approximation N = M,,/m,, is valid for monodisperse chains long
enough to consider negligible the difference in mass between inner monomers and chain
ends.

Equation S3 is valid at any time during the formation of the adsorbed layer. More
specifically, after long enough annealing times, adsorption reaches an equilibrium state
and Eq S3 can be written as,

e = s (ﬂ)l/2 (S4)
Np Mm

where we have used the superscript “c0” to indicate the equilibrium state. Introducing in

S4 a dependence on the thickness of the spincoated film, L, we get

o nea W) (M) /2
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Considering that each macromolecule makes in average the same number of contacts
with the substrate, the total number of contacts between macromolecules and substrate
per unit area, n, is directly proportional to I'. Therefore, from Eq S5 we obtain the
relation used to generate the results in Figures 1 and 2,

rew  a®w  h%W)
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where we have use the subscript “bulk” to indicate bulk properties (i.e. L > 7 — 10R,).

1.6 Kinetics of irreversible adsorption, data handling and fitting to the kinetic model
At short times, the thickness of the adsorbed layer increases linearly with time,”*



hads(t) =vt fort < tcross (87)

where v « q®, g is the monomer adsorption rate and @ is the product of bulk density and
N'/2_ where N is the polymerization number. A formal derivation of Eq S7 can be found
in reference.”” At later times, although the mechanism of adsorption is unaltered, the rate

of adsorption gradually drops due to surface crowding. This second regime is described
by,"”

Rags = B +1In |1 — Aexp( — =222)| for t > £ (S8)
T

where A = 1 — exp(-(h”-heos))~1 and T = [exp(—h®)PCq] . For thick films, we
carefully verified that C is a temperature independent constant'> and that Eq S8 is valid
for all the polymers investigated in this work.

Kinetics data sets covering a time scale from 0 to 72h are simultaneously fitted to Eq S7
and Eq S8 through an iterative method that provides the crossover point (¢ oss, Reross) (1-€-
the transition point between regimes) and determines the kinetic parameters v, h;°, and
7. Finally, we perform control tests on the fit results to discard unphysical conditions, as
for example growth rates in the logarithmic regime being larger than in the linear regime.
Examples of fits to Eq S7 and Eq S8 are included in Fig S1, as well as in Fig 1F.

The value of h;° can be determined as a fitting parameter to Eq S8, that is via analysis of
the whole kinetics, or, directly, and with high accuracy, by averaging the values of /45
obtained in measurements at times t > T (See Fig S3). Note that to use the second
procedure proper characterization of the whole kinetics covering the thickness range is
required, (i.e. the value of 7 needs to be determined).
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Fig. S1 - Adsorption kinetics for monolayer films: (a) PtBS74, L = 180 nm (dark red diamonds) and L =
29 nm (light red diamonds), (b) PMMA350, L = 120 nm (dark orange triangles) and L = 42 nm (light
orange triangles) and (c¢) PAMS72, L = 74 nm (dark red diamonds) and L = 17 nm (light red diamonds).
For all the polymers, the kinetics are well described by a linear region (dashed lines, Eq. (S7)) followed by
slow-down in the kinetics (solid lines, Eq. (S8)).



SUPPLEMENTARY TEXT

2.1 Effect of nanoconfinement on the Kinetics of irreversible adsorption

As shown by data in Figures 1F, S3 and S4, at short timescales the kinetics of adsorption
is not affected by nanoconfinement (i.e. no dependence on L), while a significant
thickness dependence is observed at longer timescales. The results in Fig 1F for PS,
together with those for other polymers in Fig S1, reveal that for 2R, < L < Ly:

Ohags/ 0L, = 0 (S9a)
ah'ads/al‘lt>tCross <0 (S9b)
atcross/al‘ = ah'cross/al‘ =0 (S9C)

To understand the molecular origins of this trend, we have considered how a change in L
affects the physical quantities governing the kinetics of adsorption. We have thus
analyzed the impact of changes in molecular mobility, adsorption reaction mechanism,
density and interfacial potential on h,44(t).

Monomer reaction rate g: We have shown that the activation energy of v (and thus of
q), for the polymer/substrate systems considered in this work, are on the order of 50-120
kJ/mol . These values are similar to those of local molecular rearrangement, as those of
B—relaxation processes.'® Based on these observations, we proposed that adsorption is an
inefficient process requiring the repetition of a large number of events (eventually > 107)
occurring at the timescale of molecular motion.'”

A change in molecular dynamics induced by nanoconfinement could, therefore, alter the
value of q (and thus v). Similarly, the value of g could be affected by a change in
adsorption mechanism (e.g. due to an alteration of molecular rearrangements in the
thinner films, which might ease or inhibit pinning onto the substrate). In Figure S2A we
plotted the result of perturbations in the kinetics induced by changes in g by + 20%. We
remark that the pattern in Fig S2A does not resemble the experimental trends in h,q4(t,
L), see Fig 1F and Fig S1. A mere change in ¢ cannot thus be explain the changes
n hads(tJ L)

Density p: The density of thin polymer films differs from the value measured in bulk
melts by not more than 1%.'*"” As this difference is smaller than the relative error on the
determination of h,4s (2-10%), we conclude that the contribution of a change in density
on h,y,(t) is negligible and cannot explain the experimental trends in h,45(t, L). In Fig
S2B we have shown an exaggerated change of 5% in @, which at constant molecular
weight is only affected by density.

Interfacial potential €,: We have verified that, within experimental errors, the value of
h*®is not affected by temperature, while v (and thus q) has large thermal activation
energy (50-120 kJ mol™) (8). Simulation of the adsorption kinetics of polymer melts onto
attractive interfaces have shown that the equilibrium adsorbed amount is strongly
affected by the depth of the monomer-wall interaction potential, €,.” ** A linear
correlation between the former and the latter parameter is found at small €, values, while
saturation is reached above a threshold depth of the monomer-wall interaction potential.
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Because above this value an increase in I' requires a larger interfacial density, saturation
is, intuitively, reached because of the finite compressibility of the material.
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Fig. S2 - Representation of the two-regime model and the parameters that can be used to affect the kinetics
and the equilibrium state. Top panels: Linear scale. Bottom panels: logarithmic scale. A: Kinetics
associated with an increase/decrease in q (i.e. ~1.2q dashed line and ~0.8 q dotted line) due to an
increase/decrease in temperature of 5 K with an activation energy of 80 kJ/mol. B: Kinetics associated with
changes in @ due to increasing density by 5% (dotted). C: Kinetics associated with changes in h* through
changes in the interaction potential resulting in 0.8h® (dashed) and 0.65h®. Note that the solid line
represents the same reference kinetics in all panels given by q, ® and h™. The vertical or horizontal green
dotted lines intersection with the different curves indicates (Rgogs teross), the transition between the linear
and the logarithmic-exponential regime.

Importantly, this trend in I'*®(¢,,) resembles that of ' (L). In Figure S2C, we have thus
considered how an arbitrary change in h[°, at constant q and ®, affects h,4(t,L). The
pattern in Figure S2C satisfies the criteria given by S9a-c and is in agreement with the
observed experimental trends in h,y4,(t, L). We conclude that the results in Fig 1F and Fig
S1 can be explained via the following relations:

0qd/0L ~ dq/0dL =~ 0 (S10a)
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|0he /L] ~ |de,,/OL| = |02/dL]

(see Fig S3 and Fig S4).

(S10b)
Relation S10a could be promptly verified by analyzing the thickness dependence of v
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Fig. S3. - Linear regime adsorption rate v (top) and normalized equilibrium adsorbed amount I'y’ /iy
(bottom) as a function of the spincoated thickness L for PtBS74 (a), PMMA350 (b) and P4MS72 (c). For
all polymers, the adsorption rate in the linear regime is independent of L while the equilibrium adsorbed
amount is affected by confinement.
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Fig. S4 - Normalized linear regime adsorption rate v/R, and equilibrium adsorbed thickness I' /T'pyy as a
function of the spincoated thickness L/R, for PS 49k (light-blue), 325k, 560k, and 1460k (dark-purple), see
Table S1 for a legend of colors. For all molecular weights, the adsorption rate in the linear regime is
independent of L while the equilibrium adsorbed thickness is affected by confinement.

Experimental test of Eq S10b requires the existence of a material property Z ascribable to
the interfacial potential having the same thickness dependence as €,, and, whose absolute
value is directly proportional to h*. While searching for this material property, we
discarded those components of the interfacial potential acting only on a short-range, e.g.



electronic and polar interactions, since those saturate at distances from the interface
orders of magnitude smaller than those reported here.”’ We have, hence, considered long-
range components, as for example those related to dispersive (van der Waals) forces. The
effective Hamaker constant A.¢, a conventional and straightforward way of measuring
the magnitude of these long-range interactions, is thus an optimal candidate for Z. Fig
2A-E provide the experimental evidence of the validity of Eq S10b for & = A.¢, that is,
the changes in the adsorbed thickness with L are proportional to the changes in the
Hamaker constant with L.
We remark that the thickness of the spincoated layer should be just considered as a
functional parameter to vary the effective Hamaker constant, A.¢. Other quantities (e.g.
the thickness and the chemical nature of the other layers, such as the thickness of the
PMMA capping layer in the bilayer experiments of Fig. 2E, could be used to modify I'*
in the thickness range where the Hamaker constant depends on the layer size. This point
justifies the use of partial derivatives in Eq S9 and Eq S10.
We have verified, in fact, that it is possible to modify the thickness of the adsorbed layer
(e.g. of PS on Si0O,) without changing the thickness of the adsorbing layer (Lpg) but that
of a capping layer (Lpyma) in multilayers systems (i.e. Air/PMMA/PS/Si0,/Si). A change
in Lpyma at constant Lpg permits to vary A.g, see Fig S6. Remarkably, regardless of the
sample geometry, the equilibrium adsorbed amount I'® depends only on the value of A
and not on the thickness of the single spincoated layers, see Fig SS5.
Lps [nm]
0 50 100 150 200 250

LA L L L L L L L LY I

1.1

L0811 77 | &
8B i X
S - 1 =
i - 1 ©
~ 0.6 1 =

041 10.95

L il by BNy

0 50 100 150 200
Lpynvia [nm]

Fig. S5 - Normalized adsorbed amount as a function of the PMMA layer thickness for bilayers with Lpg =
320nm (pink triangles) and Lpg = 140nm (orange triangles), and as a function of the PS layer thickness
for monolayer data (purple circles). The solid lines going through the data (linked to the secondary y-axis)
show Ay for the same systems (colors as in the experimental data), dotted lines indicate an error of +2%
error on the effective Hamaker constant. The vertical axis has been adjusted according to the relation
between adsorbed amount and A.¢ found in Figure 2E (i.e. I'/TY = —3.94.4 — 3.65). Note that the
same adjustment is valid for both bilayers and monolayers.



2.2 Calculation of the effective Hamaker constants

The Hamaker constants for the different systems presented in the main text have been
obtained following the approach used in the literature. *'** This method is based on the
estimation of the free energy of a system of parallel layers of known thickness. In this
framework, the free energy of interaction due to long-range dispersion forces between
two semi-infinite layers, separated by a distance L, is given by:

w(L) = — Uk (S11)

12mL2

where A;j is the Hamaker constant between i and k layers separated by medium j. The
Hamaker constant of this three-layer system can be calculated by combination of the

Hamaker constants of the single materials (i.e. A;jx = (VAu — JAjj) JAkk — /4jj))
where A;; is the Hamaker constant of two layers of the same material separated by
vacuum. Alternatively, a more accurate formula is given by,

2 2 2 2
3 gi—¢&;\ [ex—¢j 3hv, ny-ns){(ng—nj
Ajjr = ZkBT<l J)<k ])+ - (v 1’)( ’)1

T
gitej) \ex+e; 8v2 > > = >
J J (nl?+n]2~)2(ni+n]2-)2 (niz+n12-)2+(ni—n]2-)2

where € is the dielectric constant for each media, n the refractive index, kg and h the
Boltzmann and Plank constants respectively, and v, is the main electronic adsorption
frequency constant’’ Note that, in systems such as the ones considered in this study, the
first term in Eq S12, denominated as the zero-frequency term (v = 0), is typically one
order of magnitude smaller than the second term (v > 0), and is, hence, usually
neglected.

When considering systems with additional layers it is useful to introduce the concept of
effective Hamaker constant (i.e. the effective interaction potential that gives a free energy
in the form of Eq S11). In a system with 4 layers (i.e. Si/SiO./PS/Air= 1/2/3/4) the free
energy for layer 3, PS, is given by:

(S12)

. Azzs Ai13s—Azzs
ws(Ls, Ls) = 12112 12m(L3+Ly)2 (S13)

where L; is the thickness of the ith layer and the coefficient on the second term can be
approximated by Aq34 — Az34 = (\/A44 - \/A33)(\/A11 - \/Azz) ! or more accurately

calculated using S12. Under this scheme, the effective Hamaker constant acting on layer
3 is given by:

A13a— A
Aeff,3 = Az + ﬁ (S14)

Note that it is important to differentiate the material layer at which the Hamaker constant
or the free energy is being calculated. For example, in a Si/PS/PMMA/Air=1/2/3/4
system, the free energy for the PS layer is given by:

_ A1z Aq124—A1z3
w2 (L, Ls) = 12713 12m(Ly+L3)? (S15)
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and the resulting effective Hamaker constant is given by:

_ A124— A123
Aura = Apgs + 222228 (S16)

Similarly, we can expand Eq SI3 or Eq S15 to a system of 5 layers (i.e.
Si/Si0,/PS/PMMA/Air = 1/2/3/4/5) to obtain the following expression for the effective
Hamaker constant of the PS layer:

Argza—A
Aesry = Agpzs + (11233/;2)335 (S17)

where the effective Hamaker constants of the 4 layers subsystems have been calculated
using the analysis given by Eqs. S14 through S16. Examples of the evolution as a
function of the different layer thicknesses for the monolayer and bilayer systems
presented in this study are included in Figure S6.

O 4 B Air/PS/Si0,/Si Air/PMMA/PS/SiOy/Si

|

p—
e

L [nm]

Fig. S6 - Effective Hamaker constant for a monolayer Air/PS/SiO,/Si system as a function of the PS spin-
coated layer thickness with a SiO, layer of 2 nm (purple). Effective Hamaker constant for a bilayer
Air/PMMA/PS/Si0,/Si system as a function of the PMMA spin-coated layer thickness for 140 nm PS
layers with a 2 nm SiO, layer. The solid (dashed) lines indicate the retarded (non-retarded) effective
Hamaker constant according to Section 2.2. The arrows indicate the directions in which the effective
Hamaker constant is reduced by decreasing the thickness of the PS layer in monolayer systems and by
increasing the thickness of the PMMA layer in bilayer experiments. A reduction in the absolute value of
A 1s, hence, induced by a decrease in the PS layer thickness in the case of monolayers, and by an increase
in PMMA layer thickness in bilayers.

It is important to notice that Eq S14 and Eq S17 provide significantly different trends as a
function of the thickness of the single layers. According to Eq S14, the absolute value of
the effective Hamaker constant monotonically decreases when decreasing the thickness
of the polymer layer in a monolayer system (i.e. it becomes less negative). On the
contrary following Eq S17, a similar trend can be reached by increasing the thickness of
the capping PMMA layer, while keeping that of the PS layer constant. As a result, both
decreasing polymer thickness in monolayer systems and increasing capping polymer
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layer thickness in bilayer systems yield a reduction of the absolute value of the effective
Hamaker constant, and therefore a reduction of the equilibrium adsorbed layer thickness
(See Fig S6 and Fig S12).

Considering that the relative error on the determination of the spincoated thickness L
does not exceed 3%, the corresponding relative error on A ¢ would be negligible. Taking
into account the approximations behind Eqs S11 — S17, we have considered a 1% error in
Hamaker constants of single layer systems, and 2% error for bilayers. We remark that the
relative error on A does not exceed that on I', and that the largest uncertainties in Figure
2 are thus given by the latter quantity.

2.2.1 Retardation effects on the effective Hamaker constant

The second term in Eq S10 is affected by retardation, due to the London component of
van der Waals interactions, requiring a non-zero time to cover the layer thickness. The
determination of the exact contribution of retardation effects on A, requires elaborate
quantum mechanics calculations. However, considering the experimental uncertainties on
the determination of L and h,qs, for our purposes a satisfactory correction to the Hamaker
constant can be achieved by considering a correction factor: **

f(L) = AV>0,ret/Av>0,non-ret = 1/(1 + b L/;{) (818)

where the value of b = 5.32, is chosen in agreement with more detailed description of the
London dispersion energy,”* and the characteristic wavelength of the interaction A =
< ~100 nm, with c is the speed of light in the interaction media.

Ve

SR L DL L i rrrrprre LN UL I
3 E 11 -
4 ; ] ’«o_LM
i 1 10 - 1.0
g 8 E § I 1r ] 3
= 6F 415 1[ 1 2
S TR 4 1f 1 =
15 1 05F 1k 0.5
10 E I 1L ]
5:C...|....|..... 3 I I IR VA I R T
-1.1 -1 09 -1.1 -1 -09 -11 -1 -0.9
A x 10" 1] -Ac/Aca(Lo) Az x 10" 1]

Fig. S7 - (A — C): Equilibrium adsorbed thickness for single layer systems (see sketch in Figure 1E) of
PtBS74 (A, red diamonds), PMMA350 (B, orange triangles) and PAMS72 (C, green squares) as a function
of the effective Hamaker constant (A.g) acting at the polymer/substrate interface. Importantly, in this plot
of the same adsorbed amount data of Figure 2, the values of the Hamaker constant have been corrected via
Eq S18 to include retardation effects. (D) Equilibrium adsorbed amount normalized to bulk value as a
function of the ratio Aeg(L)/Aeg(Lo = 7Rg) for thin films of PS of different molecular weight (same
symbols as in Figure 1D). We remark that datasets of I'®/Tyovs Aer(L/Lg) for different molecular
weights do not collapse in a master plot, because A (L) is not a linear function of L. (E) Bilayer systems
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(see sketch in the top right corner of the same panel): normalized adsorbed amount for layers PS1000 (320
nm pink triangles, 140 nm orange triangles) capped by thin layers of PMMA.

We verified that though retardation affects the value of Ay, the linearity of h,gs(Aefr)
remains unaltered (See Fig S7 which is an analogue to Fig 2 of the main text accounting
for the effect of retardation in A.y). Our reasoning is thus valid independently on the
introduction of retardation effects. We furthermore remark that retardation does not affect
the absolute value of dh,4,/0A.¢ (See Fig S8 and Fig S9). Due to the easier computation
and simplicity, in the main text we show experimental data as a function of non-retarded
Hamaker constants.
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Fig. S8 — Partial derivative of the effective Hamaker constant with respect to the PS (PMMA) film
thickness for monolayer (bilayer) systems in purple (orange). The effect of retardation is shown by the
dashed lines.
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Fig. S9 — Summary of the effect of retardation in the estimation of the slope found in Figure 2A-C. Solid
bars correspond to the use of non-retarded values of the effective Hamaker constant with the patterned bars
with the same color correspond the same data analysis applied with retarded values of the effective
Hamaker constant calculated using Eq S18.
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SUPPLEMENTARY FIGURES
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Fig. S10 - Adsorption kinetics for samples of PS325 of different layer thickness, L =134 nm (red circles),
74 nm (green circles) and 35 nm (black circles), L =22 nm (magenta crosses), 15 nm (blue crosses) and 9.6
nm (green crosses). coincide (marked dotted lines). For this molecular weight R, ~16. ForL > 2R,
(circles), the crossover point (see marked dotted lines) is independent on L. For L < 2R, (crosses),
deviation from the linear regime occurs at progressively shorter times and smaller thicknesses (see colored
arrows). At longer times, due to depletion in available adsorbable material, the adsorbed layer thickness
quickly saturates to a constant value smaller than hcrOSS(L > ZRg).
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Fig. S11 - Normalized adsorbed amount as a function of the Hamaker constant for PS of different
molecular weights (same color pattern as in Figures 1D and 2D). The different datasets, with exception of
the values for the lowest molecular weight, are fitted to a linear expression of the form I'® /Ty = a +
bxA.¢. The value of a was obtained from the analysis of data Figure 2D, that is, imposing that for A.;=0
the thickness of the spincoated layer equals 3.0 nm. Data for PS49 were not considered due to the excessive
scattering, due to the relatively lower thickness of these films. In line with our reasoning, the slope b (see
inset) is inversely proportional to A.¢(Lg), which justifies the used of the scaling I'® /Ty vs Aetr/Actr(Lo)
in Figure 2D.
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Fig. S12 - Comparison of the kinetics of adsorption in bilayer and monolayer systems having similar
effective Hamaker constants (£0.5%). For the bilayer with Lpg = 320 nm and Lpypa = 25 nm (pink
triangles) and the monolayer with Lpg = 250 nm (red circles) Ao = —1.18x1071°]. For the bilayer with
Lpg = 320 nm and Lpypya = 150nm (cyan triangles) and the monolayer with Lpg = 103 nm (blue circles)
Ay ~ —1.14%x10719].
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Table S1. Supplementary information in polymer Materials and Properties.

Symbol Polymer M, [kDa] PDI Manufacturer
pS 49 1.03 fgggf;tl;)ries
o PS 99 1.06 Polymer Source Inc.
® pS 325 1.03 fgggf;tl;)ries
® pS 488 1.05 fgggf;tl;)ries
o PS 560 1.11 Sigma-Aldrich
o PS 1040 1.03 Sigma-Aldrich
o PS 1460 1.04 f;’g; ’;’;{0 s
| P4MS 72 2.61 Sigma-Aldrich
< PtBS 74 1.07 Polymer Source Inc.
A PMMA 350k - Sigma-Aldrich
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