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The rheology of complex fluids has been the subject of
attention for decades, partly in relation to its relevance for
many processing or commercial applications.1 Recent studies
have pointed out that many reported nonlinear behaviors
may be related to the heterogeneous nature of the flow,
which can adopt various forms, from simple steady “shear
banding”2 to more complex spatiotemporal organizations.3

This has triggered the development of experimental methods
to probe flow and structural heterogeneities �birefringence,4

NMR,5 neutrons,6 light scattering,7 and ultrasound8�, as well
as theoretical effort.

In this letter we propose a complementary experimental
method to access directly relevant information in this con-
text. We flow the fluid in transparent microchannels of con-
trolled geometry and measure in a spatially resolved way the
motion of tracers embedded in that fluid. The resulting ve-
locity profiles allow us to measure directly the nonlinear rhe-
ology of such fluids, with simultaneous information as to the
occurrence of heterogeneities or wall slip. After a presenta-
tion of our setup �Fig. 1� and experimental procedure, we
demonstrate here the power of our method by quantifying the
bulk nonlinear rheology of model shear-thinning polymer so-
lutions. We then comment on the observation of wall slip and
point out perspectives for studies of more complex fluids.

The experimental setup developed to study slip for
simple liquids on solids is described elsewhere in detail.9

Briefly, a transparent microchannel is positioned on top of an
inverted fluorescence microscope with a large numerical ap-
erture objective. A piezoelectric actuator is used to control
the displacement of the objective along the optical axis z.
The microfluidic channels used here are obtained by adhe-
sion of a molded bloc of polydimethylsiloxane �PDMS�
on a thin glass slide �170 �m� following a now classical
procedure.10 They have rectangular cross sections, with typi-
cal heights of a few tens of microns, width of a few hundreds
of microns, and lengths of a few centimeters. With the optics
we use �100� oil immersion large numerical aperture �NA�
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objective, NA=1.3�, the focal plane inside the channel is
�1 �m deep.

The fluids flown in the channel are seeded with a small
amount of fluorescent tracers �FluoSpheres sulfate fluores-
cent microspheres, 200 nm, Molecular Probes�. As in �Ref.
9� the adsorption of a few of these on the glass surface al-
lows us to locate the glass fluid interface with a precision of
±100 nm. We move the focal plane by steps of 200 nm along
z, with an observation window of lateral dimensions �38
�19 �m2� in the center of the channel, where the velocity is
expected �and found� to be uniform, given the high aspect
ratio of the cross section. Thresholding the images rejects out
of focus particles and yields a narrower “effective” depth of
field �700 nm�. To measure the tracers velocity in each such
“slice,” we follow a classical particle imaging velocimetry
�PIV� procedure.9,11 Two snapshots of the observation win-
dow are taken at a fixed time interval �t=20 ms, and their
intensity cross-correlation determined for a variable transla-
tion �x along the flow direction. The correlation maximum
gives the velocity �x /�t. Repeating this 50 times for each
slice limits noise due to the Brownian motion and yields a
mean value and a variance for each z slice.

To validate our methodology we study solutions of long
polymers obtained by dissolving in de-ionized water polyeth-
ylene oxide �PEO� chains of various molecular weights

FIG. 1. �Color online� Sketch of the experimental setup.
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