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Abstract. Suspensions carrying deformable inclusions are ubiquitous in nature and applications. Hence, high-

throughput characterization of the mechanical properties of soft particles is of great interest.
Recently, a non-invasive optofluidic technique has been developed for the measurement of the interfacial tension
between two immiscible liquids [8]. We have adapted such technique to the case of soft solid beads, thus
designing a non-invasive optofluidic device for the measurement of the mechanical properties of deformable
particles from real-time optical imaging of their deformation.
The device consists of a cylindrical microfluidic channel with a cross-section reduction in which we make
initially spherical soft beads flow suspended in a Newtonian carrier. By imaging the deformation of a particle
in real time while it goes through the constriction, it is possible to get a measure of its elastic modulus through
a theoretically derived-correlation. We provide both experimental and numerical validation of our device.

Suspensions carrying soft inclusions are frequent in
nature and applications, e.g., biological cell suspensions.
Their behavior is strongly influenced by the mechanical properties of the suspended particles, thus being able
to measure these properties could be crucial to understand and control suspension flow. Moreover, biological cells can modify their deformability and functionality depending on their health state [1], so the measurement of their mechanical properties can be a powerful tool
to discriminate whether they are healthy or not. In the
last twenty years, several methods have appeared in the
literature for the measurement of the mechanical properties of deformable particles, like atomic force microscopybased techniques (see, e.g., [2] and the references therein),
micropipette aspiration [3], compression between parallel plates [4], osmotic compression [5], and capillary micromechanics [6]. However, all the aforementioned techniques are quite time-consuming. Some of them are also
‘invasive’ for the investigated samples and the measured
values of the mechanical properties can be influenced by
the contact with the probe of the measuring instrument.
In the very recent years, microfluidics is turning out to
be suitable tool for the measurement of the mechanical
properties of biological cells [7]. About a decade ago,
Hudson and co-workers have developed a continuous-flow
non-invasive microfluidic technique providing almost realtime measurement of the interfacial tension between a
liquid droplet and an immiscible suspending liquid [8].
Their method offers considerable advantages in terms of
device fabrication and operation ease, low costs, and high
throughput. We propose an adaptation of such a technique

to the measurement of the elastic modulus of deformable
particles and we validate it through numerical simulations
and experiments on homogeneous synthetic particles with
sizes and elasticities in the range of interest for biological
cells [1].
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Figure 1. a) Schematic drawing of an elastic particle deformed
into a prolate spheroid. b) Geometry of an initially spherical
elastic bead suspended in a Newtonian liquid flowing through
a device consisting of two coaxial cylindrical tubes.

In Fig. 1, the geometry of the device is depicted:
an initially spherical elastic bead with radius Rp is suspended in a Newtonian liquid flowing through a cylindrical pipe with radius R1 . This channel undergoes an
abrupt radial contraction to a narrow cylinder of radius R2 .
While going through the constriction, the particle feels a
time-dependent uniaxial extensional flow with extensional
rate ε̇(t) that makes it deform into a prolate spheroid. If
one monitors the transient response of the elastic bead to
such flow and measures the deformation parameter D(t) =
(L(t) − B(t))/(L(t) + B(t)) (see Fig. 1a) and its time derivative dD/dt, a plot of η(15/8ε̇ − dD/dt) versus D (with η
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the suspending liquid viscosity) should show a linear trend
with a slope corresponding to the particle’s elastic modulus G [9]. Therefore, such a flow measurement provides a
means for measuring G in a continuous-flow process. This
argument is conceptually analogous to that proposed by
Hudson et al. for liquid droplets [8].

ries of data all collapse on the bisector of the first quadrant
of the Cartesian plane. Experiments on PEG-DA microgel particles provide a further proof of the validity of the
proposed device.
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Figure 2. (a) Green diamonds, red circles, cyan triangles: Taylor
plot of η(15/8ε̇ − dD/dt) versus D for three different G-values.
Green, red, cyan lines: linear fits of the three series of symbols
(the slopes are equal to 100.71, 1009.5, 9998 Pa, respectively).
(b) Taylor plot of (η/Ĝ)(15/8ε̇ − dD/dt) versus D, with Ĝ the
estimated value of the particle shear modulus, for the same data
sets as in panel (a).

In order to validate our approach numerically, we have
run simulations with beads having shear moduli of different orders of magnitude and verified that the aforementioned relation holds. Indeed, the data sets from numerical simulations appearing in Fig. 2a can be suitably fitted through linear functions with null intercept and a slope
less than 1% different from the actual simulation input. In
Fig. 2b, the sets of numerical results appearing in Fig. 2a
are plotted each one scaled by the corresponding estimated
value of the elastic modulus Ĝ. As expected, the three se-
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