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Abstract
Diffusing Wave Spectroscopy (DWS) is a modern light

scattering technique that allows the quantitative
measurement of microscopic motion in soft mater systems,
from which the rheological properties can be extracted via
the so-called microrheology approach.

In this presentation, we will first review the
fundamentals of DWS microrheology. Next, we will show
examples of soft matter systems including mixtures
(suspensions and emulsions) on which we successfully
applied microrheology. Specifically, we will show that one
can obtain the same results as with a mechanical
rheometer, if certain requirements are fulfilled. Finally, we
will demonstrate how DWS can also accurately measure
the mean hydrodynamic radius of solid, liquid, or gaseous
particles in turbid mixtures.

1 Diffusing Wave Spectroscopy
DWS can be applied to highly turbid media such as

concentrated particle suspensions, emulsions, foams, or
gels. In such opaque mixtures, light is scattered multiple
times by solid particles, liquid droplets, or gaseous
bubbles. These scatterers perform Brownian motion, which
makes the intensity of scattered light fluctuate over time.
By assuming a diffusive propagation of light within the
sample, the path length distribution P(s) of the scattered
photons can be determined. When the diffusion
approximation is applied to the intensity correlation
function of the scattered light, the mean square
displacement (MSD) of the scattering particles, droplets or
bubbles, can be then extracted [1]. Moreover, the
rheological properties of the surrounding medium, namely
the storage (G’) and loss (G’’) moduli, can be derived from
the particle MSD upon application of the Generalized
Stokes-Einstein Relation [2]. The MSD could also be
obtained using other methods such as video-based particle
tracking. From our experience DWS is, however, the
technology that obtains the most precise MSD, if the
boundary conditions are well chosen. Microrheology thus
represents the most frequent application of DWS. A far
less known application of DWS is particle sizing, which
uses the particle MSD and the standard Stokes-Einstein
relation to calculate the mean hydrodynamic radius of
particles in Newtonian fluids [3]. Only few publications
have discussed this topic, because the precision of DWS
particle sizing was often considered inferior to dynamic

light scattering (DLS) sizing. A recent study conducted by
us shows, however, that DWS precision is comparable to
that of DLS, and results are highly reproducible.

2 DWS Microrheology
This section focuses on experiments we carried out

using the DWS technology for microrheology applications.
Using a DWS-based optical rheometer equipped with the
DWS Echo technology [4], we show, in particular, that
accurate and reliable measurements of the storage and loss
moduli have been achieved over angular frequencies as
high as 106 rad.s-1 and in a matter of minutes. By contrast,
typical rheometers are limited to angular frequencies up to
~ 102 rad.s-1, and may take several hours to complete a
frequency sweep. Figure 1 compares the angular-
frequency dependence of the storage and loss moduli of an
aqueous solution containing 0.55 % wt/v of xanthan,
obtained by a mechanical rheometer (Malvern Bohlin
Gemini) and a DWS-based optical rheometer (DWS
RheoLab from LS Instruments). To perform microrheology
with the latter, 980-nm-diameter polystyrene particles,
used as tracer particles, were added to the aqueous
solution at 1% wt/v. The data obtained from DWS
microrheology are in excellent agreement with the data
obtained from mechanical rheology within the
overlapping angular frequency range. We note, moreover,

Figure 1 Storage (G’) and loss (G’’) moduli of an aqueous
solution containing 0.55 % wt/v of xanthan, measured by a
mechanical rheometer (Malvern Bohlin Gemini) and a DWS-
based optical rheometer (DWS RheoLab from LS Instruments).
To perform microrheology with the latter, 980-nm-diameter
tracer polystyrene particles were added to the aqueous solution at
1% wt/v.
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that DWS microrheology extends the measurements of G’
and G’’ to considerably higher angular frequencies.

Other examples of soft matter systems such as
everyday-life products (yogurt, gelatin, mayonnaise, etc.),
which we have applied DWS microrheology to, will be
discussed.

3 DWS Particle Sizing
The well-established state-of-the-art imaging techniques

to measure particle size such as scanning (SEM) or
transmission electron microscopy (TEM), require tedious
sample preparation and are typically sample destructive.
By contrast, DWS is a non-destructive and a non-invasive
technique that can be applied to many samples with no
sample preparation at all. While some advanced DLS
techniques allow measurement at very high particle
volume fractions, nearly all standard commercial
instruments require dilution of the sample. DWS,
however, only works in systems containing high-enough
particle volume fractions.

We have successfully applied the DWS technology to
the measurement of the mean hydrodynamic radius of
particles in highly-concentrated suspensions in a very
accurate and reproducible manner. Figure 2 shows the
accuracy of DWS sizing measurements as a function of
turbidity, here characterized by the inverse of the transport
mean free path, l*, for different particle materials, sizes,
and volume fractions. Figure 2 not only demonstrates that
DWS sizing is able to measure particle sizes over a broad

Figure 2 Accuracy of DWS sizing measurements as a function
of turbidity, characterized by the inverse of the transport mean
free path, l*. Measurements were carried out on aqueous
suspensions of spherical polystyrene particles with radii of ( )
111nm, ( ) 220nm, ( ) 280nm, ( ) 385nm, and ( ) 960nm,
and on melamine particles with radii of ( ) 296nm, and ( )
516nm, at different volume fractions (indicated by the colored
numbers in the bottom right-hand corner). Within the size range
[100nm, 1m] and the turbidity range shown, an accuracy of ±
5% is achieved.

range of radii, typically in the range of radii [100nm, 1m],
but also at very high particle volume fractions.

We present, in addition, other experiments where we
have successfully applied DWS sizing (characterization of
the Ostwald ripening in concentrated emulsions,
determination of the bubble size in a shaving cream, etc.).
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