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Abstract
According with the European Community report [1], a
Nano-material is defined as:
 nanomaterial means a natural, incidental or

manufactured material containing particles, in an
unbound state or as an aggregate or as an
agglomerate and where, for 50% or more of the
particles in the number size distribution, one or
more external dimensions is in the size range 1 nm-
100nm.
 In specific cases and where warranted by concerns

for the environments, health, safety or
competitiveness the number of size distribution
threshold of 50% may be replaced by a threshold
between 1 and 50%.

Accordingly, developments of techniques to measure
few nano particles in the vicinity of largest particles are a
challenge. In our contribution to LIP 2014, a new approach
based on the use of the Fourier Interferometric Imaging
will be described and validated both numerically and
experimentally.

1 FII Concept

1.1 Generalities

Figure 1: Scheme of the problem understudy.

The FII approach has been introduced in [2]. Here we
only recall the main lines. Let us assume a cloud of
particles illuminated by a pulse laser and a CCD camera to
collect the scattered light. On one pixel of the detector the
total amplitude is given by:
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Where iA is the amplitude of the light scattered by one

particle. Accordingly, the total intensity is:
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The fundamental principle of FII is to work with only
the terms *

i jA A which have the following properties:
 The distance between the particles i and j is directly

measured.
 Each particle is measured N-1 times, where N is the

number of particles in the control volume.
 The signal intensity is proportional to the square root

of the product of the intensities scattered by each
particle.

To extract the terms *
i jA A , the 2DFFT of the recorded

field of interference is computed. Figure 2 illustrates that
procedure.

Figure 2: An interference field and its associated 2DFFT.

In figure 2, each spot of the 2DFFT (right image)
corresponds to the contribution of two particles.

1.2 Application to Brownian particles.
For one particle, the Brownian motion is characterized

by the diffusion coefficient which is related to the mean
squared displacement. Then the measurement of mean
squared displacement defined by:
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where N is the number of measurements of one particle, xi

is the particle location at measurement i and x0 is the
particle location at the first measurement, is a
measurement of the diffusion coefficient which is a
function of the particle size.
In FII approach, the particle location is not measured but
the distance between two particles is measured. It is
possible to show that the mean squared distance variation
between the two particles is related to the mean squared
displacement of each particle by:
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Figure 3: The mean squared displacement for individual
particles (from numerically simulated coordinates). In green 20
nm particles, in red 1 µm particles

Figure 4: The mean squared distance variation between particles
couple (from numerically simulated coordinates). In green two
20 nm particles, in blue one 20 nm and one 1 µm particles, in
red two 1 µm particles

1.3 Numerical Validation of Brownian motion
In the following part of the paper we will detail the

example of a set of six silica particles (2 of diameter 20 nm
and 4 of diameter 1 micron) in water.

Validation of the Brownian movement simulations is
confirmed by the computed behaviour of particles as
shown on figure 3.

From the same series of numerical simulations, the
squared distance variation has been computed from their
coordinates. Figure 4 presents the squared

distance variations versus time. We observe that the
squared distance variation of particles are gathered in 3
classes: the largest displacement corresponds to a pair  20
nm-20 nm, then the 8 pairs 20 nm-1micron, and finally the
6 pairs 1micron-1micron.

Figure 5: The mean squared distance variation measured from
the 2DFFT FII image. In blue 1 of 20 nm and one of 1 µm, in red
two of 1 µm

1.4 FII field simulations
For each time step (delay 0.01 s), from the series of

simulated coordinates, the field of interference is
computed by using the Lorenz-Mie code described in [3].
Then at each time step we associate a couple of images as
display in figure 2. We notice that one trace is missing: the
20 nm-20 nm pair is not observable directly. From the
visible spots locations versus time, the squared distance
variation is plotted on Figure 5.

The analysis of the curves plotted in figure 5 proves that
the slope of the curve is a measurement of the  sum of the
mean squared displacement of both particles (see
Formulae (4)).

To be able to measure each particle individually, the
couple interaction must be identified. Then from three
spots corresponding to three interacting particles, the size
of individual particles can be obtained. This procedure will
be described in our contribution to LIP 2014.
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