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Abstract

The role of the polymer volume fraction, φ, on steady state slippage and interfacial friction
is investigated for a semi-dilute polystyrene solutions in diethyl phthalate in contact with two
solid surfaces. Significant slippage is evidenced for all samples, with slip lengths b obeying a
power law dependence. The Navier’s interfacial friction coefficient, k, is deduced from the slip
length measurements and from independent measurements of the solutions viscosity η. The
observed scaling of k versus φ clearly excludes a molecular mechanism of friction based on the
existence of a depletion layer. Instead, we show that the data of η(φ) and k(φ) are understood
when taking into account the dependence of the solvent friction on φ. Two models, based on
the friction of blobs or of monomers on the solid surface, well describe our data. Both points
out that the Navier’s interfacial friction is a semi-local phenomenon.

doi:10.1021/acs.macromol.0c02804

Introduction
Forcing a polymer fluid, melt or solutions, to
flow past a solid wall is frequently encountered
in a number of practical situations, ranging
from polymer extrusion,1 surface coating, or in
microfluidic applications.2 In order to optimize
the corresponding practical processes, it is of
out-most importance to be able to predict the
exact flow behavior, in terms of velocity profile
and of boundary condition for the flow veloc-
ity at the solid wall. Contrary to simple fluids,
where it is usually assumed that the fluid ve-
locity at the fluid-solid interface is equal to zero
or small for classical flow rates,3,4 a finite and
measurable flow velocity at the wall (or slip ve-
locity) appears for polymer fluids.5–10 Indeed,

when the fluid slides on the solid, the surface
friction can be an important contribution to the
global dissipation in the system.
To characterize the friction at the solid inter-

face, two classical ways are described in the lit-
erature. The most common one is to measure
the slip length b, which is the distance in the
solid where the velocity profile would extrapo-
late to zero (see Fig 1). Another approach pro-
posed by Navier,11 is to characterize the friction
on the wall by a friction coefficient k and as-
sume that the sliding of the fluid on the surface
at the the slip velocity Vs as defined in Fig. 1,
creates a friction stress τ = kVs. The continuity
of stresses at the solution/solid interface allows
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one to write the slip length as:

b =
η

k
. (1)

For polymer melts, the physical picture of the
friction when the fluid is flowing on an ideal sur-
face is now well established, and the interfacial
friction appears to be a local phenomenon, in-
volving length scales comparable to the size of
a monomer. This idea, proposed by de Gennes
in his seminal work,12 gives a physical under-
standing of the large slip velocities reported in
the literature for polymer melts.13–16 It allowed
to predict a slip length of polymer melts pro-
portional toM3

w, whereMw is the molar mass.8
It also allowed one to understand the observed
temperature dependencies of the slip length of
polymer melts17 or the surprising equality be-
tween the friction coefficient measured for elas-
tomers and melts made from the same chem-
ical monomers.18 The case of polymer melts
flowing on surfaces with either grafted chains
or adsorbed chains has also been extensively
studied both experimentally19–22 and theoret-
ically23–25 and the overall picture seems largely
understood.
The situation appears more confused for poly-

mer solutions. For dilute solutions, where the
chains are not overlapping, the general picture
for non-adsorbing surfaces is that a depletion
layer develops close to the surface, so that pure
solvent contacts the surface. The thickness of
this depletion layer can be affected by the shear
due to hydrodynamic interactions26–28 but the
generally admitted idea is that no noticeable
slip is expected for dilute solutions. Despite its
strong interest in many situations such as en-
hanced oil recovery, cosmetics, food industry,
the case of semi-dilute polymer solutions still
remains poorly understood. Only few experi-
mental data are available,10,29,30,30–33 and they
lead to contradictory conclusions.
We present below the results of an exten-

sive investigation of the slip and friction mecha-
nisms at semi-dilute good solvent polymer solu-
tions/solid interfaces. We used a recently devel-
oped velocimetry technique, based on the moni-
toring of the flow-induced deformation of a thin
line printed into the fluid by local fluorescence

h

Figure 1: Definition of the slip length b mea-
sured by velocimetry using photobleaching. A
drop of homogeneous polymer solution of vis-
cosity ηφ and thickness h, sheared at a velocity
Vshear, slips on the bottom surface with a slip
velocity Vs. The length at which the extrapola-
tion of the velocity profile v(z) reaches zero is
called the slip length b.

photobleaching,17 which is an optimization of
that initially developed by Migler et al.5,19 With
the aim of gaining insight into the basic molec-
ular mechanisms of interfacial friction, we have
defined model systems composed of a series
of solutions of a well-defined ultra-high molar
mass polystyrene (PS, Mn = 10.2Mg · mol−1,
Ð =1.08), in a non-volatile good solvent (i.e.
diethyl phthalate, DEP), and of two different
model solid surfaces (i.e. silicon substrates with
and without a dense grafted layer of short PS
chains). The paper is organized as follows: after
a brief description of the materials and meth-
ods, the results for the dependence of the slip
length b, on the polymer volume fraction in the
solution φ, are presented for the two surfaces.
These data, along with direct measurements of
the solutions viscosities allow one to determine
the polymer volume fraction dependence of the
Navier’s interfacial coefficient k. The observed
scaling are compared to available theoretical
models and provide precise lines of thought for
a discussion on the molecular origin of the fric-
tion in these systems. In polymer semi-dilute
solutions, mostly solvent is in contact with the
solid wall. However, contrary to polymer melts
were the interfacial friction is driven by local
phenomenon involving monomer sizes, in solu-
tions the strong dependence of the interfacial
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friction on the polymer volume fraction, ap-
pears to be compatible with the idea that it is
mainly driven by the screening length of hydro-
dynamic interactions. This opens a new route
to finely manipulate interfacial friction in such
systems.

Materials and Methods
Polymer solutions
Series of semi-dilute solutions of a high mo-

lar mass polystyrene (PS) with chosen polymer
volume fraction φ in diethyl phthalate (DEP), a
non-volatile solvent, have been used, so that the
polymer volume fraction could be kept constant
during the duration of the flow characteriza-
tion experiments. The protocol used to prepare
the solutions is detailed in.31 We briefly recall
here its main steps. PS (Mn = 10.2Mg ·mol−1,
Ð = 1.08, Polymer Source Inc.) and ca. 1wt%
of a photobleachable polystyrene (PS di-NBD,
Mn = 429 kg ·mol−1, Ð = 1.05) were dissolved
in diethyl phthalate. Toluene was used as a co-
solvent to accelerate the dissolution. Solutions
were gently stirred for at least 3 weeks before
evaporating the toluene under vacuum at room
temperature for at least one week. The photo-
bleachable labeled polystyrene contains nitro-
benzoxadiazole (NBD) fluorescent groups emit-
ting at 550 nm when excited at 458 nm at both
chain ends. The synthesis and characterization
of PS di-NBD are detailed in the SI of.31 The
Newtonian viscosity η and the terminal relax-
ation (reptation) time τrep of each solution were
measured by oscillatory rheology at 22 ◦C using
an Anton-Paar MCR 302 rheometer in a cone
plate geometry (2 ◦ cone angle, 25mm diame-
ter) (see Fig. S3). Small angle neutron scat-
tering experiments were performed in order to
check 1) that DEP is indeed a good solvent for
PS and 2) that the prepared solutions were in
the semi-dilute concentration regime (see Sup-
porting information). The blob size could thus
be determined in a large range of temperatures:
T ∈ [10 − 55] ◦C (see Fig. S2). Table 1 sum-
marizes the characteristics of the PS in DEP
solutions samples used in the present study.

Solid substrates

Table 1: Characteristics of semi-dilute solutions
of PS (Mn = 10.2Mg ·mol−1, Ð=1.08) in DEP.
The viscosity η and reptation time τrep have
been measured by oscillatory rheology. The
blob size ξ is deduced from the SANS measure-
ments, through the scaling law ξ = aφ−0.75 with
a = 0.36 nm the effective size of a PS monomer
unit.

φ τrep [s] η [Pa·s] ξ [Å]
0.0230 2.7 64 61
0.0314 8.3 401 48
0.0397 16.3 1,147 40
0.0495 24.3 3,840 34
0.0608 50 12,000 29

Two different model substrates were used: a
bare silicon wafer and a silicon wafer covered
with a dense layer of grafted-to short PS chains.
The bare silicon wafer (2" diameter, 3mm
thick, Si-Mat Inc.) was cleaned by UV/O3

treatment for at least 30min before each mea-
surement. The grafted PS layer was prepared
following the protocol detailed in.34 The grafted
PS (Mn = 5.0 kg · mol−1, Ð =1.17, Polymer
Source Inc.) layer was 2.8 nm thick, as mea-
sured by ellipsometry, and could be considered
as a dense polymer brush, owing to extensive
previous investigations.

Slip length measurements
Slip lengths were measured by a velocimetry

technique based on local photobleaching. The
technique has been previously described in de-
tails.18 We only describe here what is necessary
to understand the present results. As schemati-
cally shown in Fig. 1, a drop of polymer solution
is sandwiched between two planar substrates,
separated by spacers of thickness h. A thin line
is photobleached through the fluorescent liquid
while at rest. The liquid is then sheared at
a constant velocity Vshear during a shear time
tshear. Monitoring the evolution of the photo-
bleached pattern under the effect of the shears
allows one to directly determine the full veloc-
ity profile and to measure the slip length b at
the bottom surface. The real shear rate can be
directly deduced from the slip length measure-
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ment:
γ̇ =

Vshear
h+ b

. (2)

Dependence of the slip length
on the polymer volume frac-
tion
The slip lengths were measured for the various
semi-dilute solutions, different shear velocities
Vshear and different shear times tshear. As re-
cently reported,31 a transient onset of slip at
small shear times was observed for all inves-
tigated solutions. This transient onset of slip
has been shown to result from the initial vis-
coelastic response of the solutions to the sud-
den onset of the shear, and to last for 5τrep.31
In the present paper, we focus on the steady
state regime of slippage, corresponding to shear
times larger than 5τrep. All data presented here
correspond to shear rates lower than the criti-
cal shear rate γ̇c = 1/τrep above which the fluid
enters the shear thinning regime. The flow be-
havior of the semi-dilute solutions is thus only
probed in their Newtonian regime.
The data obtained for the slip length b as a

function of the real shear rate experienced by
the solution on (a) the PS grafted layer and (b)
on the bare Si wafer, are reported in Fig. 2 for
shear times larger than 5τrep.
Even if the polymer volume fraction φ re-

mains small, typically only a few percent, the
observed slip lengths are large, with values of
the order of hundreds of micrometers and even
millimeters. This underlines that slip phenom-
ena cannot be neglected in semi-dilute polymer
solutions, with orders of magnitudes for the slip
lengths quite comparable to what has been re-
ported for polymer melts.5,8,18
As can be seen in Fig. 2, for some of the in-

vestigated systems {φ,surface}, two regimes of
slip are evidenced: at low shear rates, b first in-
creases with γ̇, until it reached a plateau for
γ̇ > γ̇∗, with the critical shear rate γ̇∗ de-
pending on both the substrate and the poly-
mer volume fraction. A similar transition from
weak to large slip has already been observed
for both melts5,35,36 and polymer solutions.6,10
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Figure 2: Slip length b as a function of the real
shear rate γ̇ for semi-dilute solutions of high
molar weight PS in DEP flowing on (a) grafted
layer of PS brushes and (b) on a bare Si wafer.

It has been attributed to the progressive dis-
entanglement between the bulk flowing chains
and few chains adsorbed on the substrate. For
shear rates lower than γ̇∗, entanglements be-
tween the surface attached chains and the bulk
ones are responsible for a large interfacial fric-
tion, and thus to small slip at the wall. The
surface attached chains can, however, deform
under the effect of the friction forces, and be-
come sufficiently elongated to, for large enough
shear rates, be completely disentangled from
bulk chains, so that high slip develops, with a
high shear rate friction regime comparable to
what is expected for ideal surfaces on which no
adsorption takes place.24 The presence of two
slip regimes in the present experiments suggests
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that an adsorbed layer of PS can form, on both
investigated surfaces.
We now focus on the high slip regime. As

shown in Fig. 2, at γ̇ > γ̇∗, the slip lengths b(γ̇)
become essentially independent of the shear
rate for each polymer volume fraction. We re-
call that the range of studied shear rates has
been limited to the Newtonian regime for each
solution, in order to avoid entering into the
shear thinning regime.
As b(γ̇) is constant in this high slip regime,

a mean slip length b∞ at long shear times can
be deduced for each polymer volume fraction.
The corresponding data are presented as a func-
tion of the polymer volume fraction φ, for each
substrate, in log scales, in Fig. 3. On both sub-
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Figure 3: Mean slip length b∞ as a function of
PS volume fraction φ for solutions of PS in DEP
flowing on a bare Si wafer and a grafted layer
of PS brushes. The dotted lines represent fits
b∞ ∝ φα.

strates, b∞ increases with the polymer volume
fraction φ, with, at a fixed volume fraction, b∞
on the Si wafer larger than on the PS grafted
layer. The dotted lines in Fig.3 are best fits to
power laws, leading to b∞,PS ∝ φ3.4±0.3 on the
PS grafted layer and to b∞, Si ∝ φ3.7±0.2 on the
bare Si wafer. These results differ from the ex-
trapolated data reported by Methar et al.6 and
Sanchez-Reyes et al.,10 mainly because these
last experiments were performed in the shear

thinning regime of the solutions. The scaling
exponents found on both substrates are close
to each other. This suggests that the molecular
mechanisms driving the interfacial friction are
similar on these two model surfaces.
A first naive approach to try to rationalize

these data consists in assuming that, as it has
been observed in polymer melts, the interfacial
friction is a local phenomenon, involving length
scales comparable to the size of a monomer or
of a solvent molecule (indeed, for the rather
weak polymer volume fraction used, essentially
solvent molecules are in contact with the sub-
strate). It would assume k to be independent
of the polymer volume fraction. The slip length
should then follow exactly the same scaling as
the viscosity. The scaling description of semi-
dilute polymer solutions gives for the viscosity:

ηφ = ηsolventP
3φ3.75 , (3)

with P the number of monomers per polymer
chain and ηsolvent the solvent viscosity. This
would allow predicting:

b =
ηsolventP

3φ3.75

k
, (4)

The scaling exponents obtained for the volume
fraction dependence of the slip length on the
two surfaces are quite close to what predicts
this simple naive approach but it relies on the
assumption that the viscosity indeed follows the
scaling prediction for polymer semi-dilute solu-
tions, which may be questionable.
We thus have decided to independently char-

acterize the volume fraction dependence of the
viscosity (see data in supplementary material
and Table 1), so that the interfacial friction co-
efficient k could be directly determined from
the slip length data, relying on the Navier-
de Gennes approach summarized by equation
(1). Fig.4a reports the interfacial friction coef-
ficients thus obtained as a function of the poly-
mer volume fraction, k(φ). One can notice that,
as we focus on the Newtonian regime for all in-
vestigated solutions, the resulting friction coef-
ficients all are independent of the shear rate in
the high slip regime.
The interfacial friction coefficient is found to
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strongly increase with φ for both surfaces, rul-
ing out the first naive hypothesis presented
above. The dotted lines in Fig.4a are best fits
by power laws, with respectively kPS ∝ φ1.9±0.3

on the PS grafted layer and kSi ∝ φ1.6±0.2 on
the bare Si wafer.

Discussion
Two main molecular descriptions have been
proposed in the past to account for flow with
slip in polymer solutions, depending on the or-
ganization of the polymer chains in the imme-
diate vicinity of the solid surface, as schemati-
cally shown in Fig. 4b and Fig. 4c. We briefly
present these two scenarios, and compare their
predictions to our interfacial friction data.

Scenario 1. The first scenario applies to sur-
faces which are repulsive for the polymer. Then
a depletion layer forms close to the interface
meaning that pure solvent is in contact with
the solid surface. When sheared, the polymer
solution flows on top of this pure solvent layer
in which a large part of the velocity gradient
concentrates, due to the much lower viscosity
of the solvent. No noticeable slip at the wall is
expected for the solvent/solid interface, like for
any simple fluid.4 The polymer solution thus
only displays apparent slip. One can estimate
the slip length, bdep, balancing the shear stresses
at the solvent/polymer solution interface:

bdep = δ

(
ηφ

ηsolvent
− 1

)
, (5)

with ηsolvent and ηφ the respective viscosity of
the pure solvent and of the polymer solution
with volume fraction φ. δ is the thickness of
the depletion layer. As for semi-dilute polymer
solutions in good solvent ηsolvent � ηφ, the slip
length can be approximated as:

bdep ∼ δ
ηφ

ηsolvent
. (6)

The question is then to decide what fixes δ. For
semi-dilute polymer solutions in contact with a
repulsive wall, it has been predicted37,38 that
the thickness of the depleted layer δ should scale
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Figure 4: (a) Navier’s coefficient k = b∞/η as
a function of PS volume fraction φ for solutions
of PS in DEP flowing on a bare Si wafer and
a grafted layer of PS brushes. The red and
blue dotted lines represent fits b∞ ∝ φβ. The
green and purple dotted lines correspond to the
expected scaling laws according respectively to
the blob friction model, the monomer friction
model or the depletion layer model. (b) Illus-
tration of the depletion model (scenario 1). δ
is the thickness of the depletion layer. (c) Il-
lustration of the blob friction model (scenario
2) and the monomer friction model (scenario
2bis). ξ is the blob size.
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with the polymer volume fraction φ as the cor-
relation length of the excluded volume interac-
tions in the solution, ξ:

δ ∼ ξ ∼ aφ−0.75 , (7)

with a the Kuhn’s length. Lee et al.39 and
Ausserré et al.40 verified this scaling by di-
rect measurements of the depleted layer for
polystyrene solutions at air interface and xan-
than solutions on a silica surface respectively.
This first scenario thus predicts an interfacial
friction scaling as

k ∼ ηsolvent
a

φ0.75. (8)

Scenario 2. The second available scenario
applies to ideal surfaces, and, relies on the
scaling description of semi-dilute polymer so-
lutions. In this framework, as long as disentan-
glements are not involved, the solution behaves
as a closed packed suspension of blobs of size
ξ, de-correlated from each other both for static
and hydrodynamic interactions. When submit-
ted to a shear, blobs slide on the surface. Their
friction coefficient with the other blobs in the
solution is the Stokes friction:

ζ ∼ ξηsolvent . (9)

The interfacial friction coefficient of one blob
can thus be written as

k ∼ ζ

ξ2
. (10)

Both scenarios predict exactly the same scaling
for the volume fraction dependence of the in-
terfacial friction with an exponent 0.75, which
strongly differs from the measured ones. It
is interesting to notice that the first scenario
assumes a repulsive surface for the polymer,
which is probably not the case in the present
experiments, as evidenced by the observed tran-
sition from weak to large slip, indicative of the
presence of an adsorbed polymer layer on the
solid surface. Concerning the second scenario,
it relies on the classical scaling description of
the dynamics of semi-dilute polymer solutions,
which validity may be questionable.

Figure 5: Zero shear viscosity ηφ for PS (Mn =
10.2Mg ·mol−1, Ð = 1.08) in DEP semi-diluted
solutions for 5 volume fractions φ. The dotted
line represents the best fit, the dashed line in-
dicates the expected scaling law.

It is then interesting to look closer to the poly-
mer volume fraction dependence of the viscos-
ity that has been experimentally obtained for
the PS/DEP polymer solutions (see Fig. 5 and
S5). The predicted scaling for the viscosity de-
pendence versus the polymer volume fraction is
clearly not obeyed (dashed line in Fig. 5), and
the measured viscosities present a much steeper
increase with the polymer volume fraction (dot-
ted line in Fig. 5) than expected from classical
scaling arguments. This is not an isolated ob-
servation,6,10,41–44 as visible in Fig. S5. Such
deviations to scaling prediction have been at-
tributed to an additional polymer volume frac-
tion dependence of the solvent friction which
appears as a prefactor in the scaling laws. Such
an additional volume fraction dependence has
been evidenced long ago, in particular through
self diffusion measurements of small molecu-
lar probes as a function of the polymer vol-
ume fraction.45,46 When taken into considera-
tion, these solvent friction dependencies versus
the polymer volume fraction allowed one to re-
cover good agreement with the scaling predic-
tions. Such a sensitivity of the solvent viscosity
to the polymer volume fraction has classically
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been attributed to the dependence of the glass
transition temperature of the solutions versus
the polymer volume fraction, so that, at fixed
experimental temperature, the data for differ-
ent polymer volume fractions correspond to dif-
ferent temperature distances to the glass transi-
tion temperature of the solution Tg .47 As a con-
sequence, the solvent viscosity which appears as
a prefactor in the scaling predictions for all dy-
namic quantities, and more specifically in equa-
tion (3) is not a constant quantity, but depends
on the distance to Tg and thus on the polymer
volume fraction. This applies too for the prefac-
tor of the Stokes friction of one blob in equation
(9), leading to ζ ∼ ηsolvent(T − Tg(φ))ξ(φ, T ).
Ferry48 and Berry and Fox49 have already dis-
cussed the complex dependence of the Stokes
friction on the polymer volume fraction.
Notice that we have shown through SANS

experiments that the screening length of the
excluded volume interactions, ξ , follows the
expected scaling law with φ: no effect of the
glass transition temperature is expected for this
static quantity. Whatever the exact origin of
the sensitivity of the solvent viscosity versus
the polymer volume fraction, one can insert in
equation (9) the polymer volume fraction de-
pendence experimentally determined from the
viscosity measurements ηsolvent(T−Tg(φ)). This
leads to an apparent power law dependence for
the interfacial friction versus the polymer vol-
ume fraction with an exponent 2.3. For an easy
comparison to experimental data, such a power
law is reported in Fig. 4a as the green dotted
line, and appears to be much closer to the ex-
perimental data than the 0.75 exponent pre-
dicted by the simple scaling or the depletion
layer approaches.
As in the depletion layer description, pure sol-

vent is supposed to be in contact with the solid
surface, there is no reason to introduce any cor-
rection to the scaling associated to distance to
the glass transition temperature varying with
the polymer volume fraction. For the depletion
layer, the 0.75 scaling exponent comes from the
identification of the depletion layer thickness to
the correlation length of the excluded volume
interactions in the solution, which is a static
quantity and thus insensitive to glass transi-

tion temperature effects, or any other specific
dynamic effects.
It is then tempting to conclude that the ob-

served polymer volume fraction dependence of
the interfacial friction in this particular case is
the signature of a friction mechanism associated
to blobs sliding on the surface when subjected
to shear, in the specific conditions of our ex-
periments (large enough shear times and large
enough shear rates so that the effect of the few
polymer chains adsorbed at the interface can be
neglected).

Scenario 2bis. An additional scenario can
however be imagined, slightly differing from
scenario 2, while starting from very similar ba-
sis, which are sketched in eq. (10). This new
scenario, that we call 2bis, just because it is
quite close to scenario 2 in its principles, can be
summarized as follows: first, as either solvent
molecules or monomers are in contact with the
surface, it seems not unreasonable to assume
that the interfacial friction can be evaluated at
the scale of a monomer or of a solvent molecule,
a. This is then the length scale to be entered in
equations (9) and (10) instead of the screening
length of the hydrodynamic interactions ξ. This
is why we call scenario 2 bis, the "monomer fric-
tion model". We have shown experimentally
however that the solvent friction was depend-
ing on the polymer volume fraction. That sol-
vent viscosity ηsolvent(φ) is the prefactor which
enters into eq. (9), and its dependence in the
polymer volume fraction will thus induce a de-
pendence of the interfacial friction coefficient k
on the polymer volume fraction. The non local
character of the interfacial friction, is, in this
scenario, assumed to only come from the sol-
vent viscosity. The corresponding scaling, with
a 1.55 scaling exponent, is shown in light dotted
green in Fig. 4. It appears to be quite close to
the friction data on the bare silicon wafer, while
the scaling corresponding to the blob friction
model appears closer to the friction data ob-
tained on the grafted brush layer, so that we
have no clear indications allowing one to chose
between scenario 2 and 2bis. The larger fric-
tion coefficient systematically observed on the
PS grafted substrate, could be attributed to the
structural and dynamical features of the ad-
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sorbed polymer layer in the vicinity of the inter-
face which is not taken into account here. One
can notice however that there is a kind of intrin-
sic contradiction in scenario 2bis, as locality at
the scale of the monomer is assumed, while non
locality is introduced through the polymer vol-
ume fraction dependence of the solvent viscos-
ity. This could possibly be justified provided
the fundamental origin of such a dependence
could be fully identified. This would certainly
need additional work, including systematic ex-
ploration of the temperature dependence, in or-
der to evaluate the possible incidence of glass
temperature effects, along with direct measure-
ments of the local and semi-local friction, for
example through self diffusion measurements of
small molecular probes of various sizes, as a
function of the over all polymer volume frac-
tion. Part of such a program is presently un-
derway.
Interestingly enough, this means that, for

semi-dilute polymer solutions in this case, and
whatever the exact origin of this effect, the in-
terfacial friction is not only ruled by local fric-
tion phenomena developing at the scale of a
monomer or of a solvent molecule. It is rather
ruled by semi-local phenomena, developing at
scales larger than a monomer, for which the
screening length for the hydrodynamic interac-
tions in the solution may play a role. Our data,
however, point out clearly that this screening
length is not the only length scale entering into
play. Essentially solvent molecules are in con-
tact with the solid surface and their whole dy-
namics is affected by the presence of the poly-
mer, through two effects: the hydrodynamic
correlations at the scale of the blob, and, more
locally, by the fact that the whole solvent dy-
namics is affected by the polymer, possibly
through the proximity of the glass transition
temperature of the solution, which strongly de-
pends on the polymer volume fraction.

Conclusion
Thanks to a velocimetry technique based on lo-
cal fluorescence photobleaching, we have mea-
sured in a systematic manner how the polymer

volume fraction was affecting interfacial slip
and interfacial friction in model semi-dilute PS-
DEP solutions sheared on model surfaces. Us-
ing independent measurements of the viscosity
of the solutions, we determined the Navier-de
Gennes friction coefficient at the fluid-solid in-
terface. The observed strong dependence of the
interfacial friction coefficient versus the poly-
mer volume fraction is the signature of a friction
mechanism ruled by semi-local length scales. It
can be interpreted in terms of blobs sliding on
the surface, meaning that the important length
scale is the correlation length of the hydrody-
namic interactions in the polymer solution. The
interfacial friction appears, however, to be a
more subtle quantity: for the particular poly-
mer solvent system used, additional polymer
volume fraction effects have to be considered
on top of the classical scaling approach, due to
the variation of the glass transition temperature
with the polymer volume fraction in the solu-
tion. Such additional effects clearly show up in
the dependence of the solution viscosity versus
the polymer volume fraction. If introduced as
corrections to scaling, they lead to a neat im-
provement of the description of the experimen-
tal data for the volume fraction dependence of
the interfacial friction, compared to available
models. More extensive experiments will cer-
tainly be needed on other polymer/solvent sys-
tems to fully confirm the present interpretation.
It seems clear, however, that, even if essentially
solvent molecules are in contact with the solid
surface, the polymer organization inside the so-
lution do fix the semi-local length scale which
drives interfacial friction in polymer solutions.
This gives tools allowing one to manipulate this
interfacial friction, and the level of slip at the
wall by adjusting the polymer volume fraction.
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