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Abstract
This paper review the work in progress to develop a

multi-angle light scattering apparatus allowing routine
characterization of liquid suspensions of nanometer-sized
particles in freely exchangeable sampling cells.

1 Introduction
"Multi-angle light scattering" (MALS) or "Static Light

Scattering (SLS)" techniques (e.g. [1]) are widely used for
the characterization of micro-particulate systems, see Fig.
1. The so-called laser diffractometry, the rainbow angle
and critical angle techniques (e.g. [1-3]) may be considered
as variants requiring only a narrow angular range to be
analyzed and thus, a simple optical setup (basically, a
CCD camera and a Fourier lens).

For submicron particulate systems in general, and more
particularly for nanoparticle systems (aerosols, sooty
flames, colloidal suspensions,...) in which we are mostly
interested in, the extremely low intensity and low
modulation of the scattered signal made multi-angle
analyses particularly difficult. One fundamental reason for
that is that, asymptotically, the angular dependency of the
scattering patterns of very small size-parameter particles
tends to be independent on the particle size. The use of a
non-optical radiations, such as X-rays ("small-angle X-ray
scattering", SAXS, e.g. [4]), or even the use of fundamental
particles such as neutrons ("small-angle neutron
scattering", SANS, e.g. [5]), allows to overcome this
problem by increasing by several orders of magnitude,
with respect to visible light, the size parameters of the
particles under study. The SAXS technique also benefits
from the development of asymptotic scattering models (i.e.
Rayleigh-Debye-Gans (RDG, e.g. [6-10]), which make
possible the inversion of the scattering diagrams of
complex shaped nanoparticles and their aggregates.
However, it is quite obvious that synchrotron light source
are not designed for routine characterizations, as well as to
perform online and real time analyses of the dynamics of
aggregation processes for instance. Therefore, the
development of MALS systems operating in the visible
range and with freely exchangeable sampling cells is still a
subject of interest, provided that a few set of basic and
practical points are revisited.

Figure 1 Multi-angle light scattering setup for recording the
scattering diagrams slightly below the conventional scattering
plane. The colloidal suspensions is placed into a cylindrical
spectrophotometer cell.

2 Scattering models, inversion methods
Numerous comparisons were performed to evaluate the

validity of RDG predictions compared to T-Matrix ones,
for fractal [8, 11-13] as well as Buckyball [13-14] shaped
aggregates. For T-Matrix calculations, we have parallelized
the code developed Mackowski and Mishchenko [15]. Fig.
2 exemplifies the limits of RDG by comparing its
predictions for the cross-sections of fractal aggregates of
carbonaceous nanoparticles with those of the T-Matrix,
where , ,p p gn r R and fD stand for the number and radius
of the nanoparticules, the radius of gyration and the fractal
dimension of the aggregate respectively [12-13, 16].

Our inversion methods are either algebraic ones (based
on Tikhonov and Phillips-Twomey regularization methods
[13-14]) or based on the automatic extraction of the
asymptotic behavior of the scattering patterns [12]. By
automatic, we mean that the extraction of the Guinier zone
(i.e. forward angle plateau length strongly correlated to the
radius of gyration) and fractal zone properties (i.e. decay
slope strongly correlated to the fractal dimension) are
performed with a given set of parameters and no human
intervention [12].
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Figure 2 RDG and T-Matrix predictions for the cross-sections of
fractal aggregates of the same morphology but for nanoparticles

of increasing size [12-13].

Figure 3 T-Matrix results for the scattering diagrams of water
suspensions of SiO2 particle aggregates with various (a) fractal
dimensions or (b) radiuses of gyration [12-13] - Perp. polar.

Figs. 3 (a) and 3 (b) show, in log-log scale, the
calculation of the intensity scattered by fractal aggregates
of a silicon dioxide nano beads in aqueous suspension,
versus the scattering vector ,q for various fractal
dimension and radiuses of gyration respectively. Figure 4
shows the results of the automatic analysis of the diagrams
of synthetic aggregates [16] when two level of white noise
are added. A similar agreement was obtained for the
estimation of gR [12].
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Figure 4 Comparison of nominal and estimated fractal
dimensions of synthetic aggregates [16] which scattering
diagrams were processed automatically [11-12].

3 Experimental setup and examplifyng results
For the routine characterization of liquid suspensions of

nanometer-sized particles in freely exchangeable sampling
cells, one has to take into account for various these
potential biases, and more particularly:

- The low angular modulation of the scattering signal,
which requires a perfect linearity of the acquisition chain
and minimizing any distortion of the signal (due to
refraction effects at the cell interfaces, variations of the
measurement volume shape and size with the observation
angle,... )

- The weakness of the scattered signal requires a
perfect calibration of the system and minimizing any false
scattering effects (reflections within the sampling cell, laser
source, molecular diffusion, surface nano-rugosities and
positioning of the cell,...), see Fig. 1).

To overcome most of the problems pointed above, we
are developing a setup where the spectrophotometer cell is
cylindrical and the scattering diagrams are collected
slightly above the conventional scattering plane, see Fig. 1.
The cylindrical shape allows to prevent distortions and
false reflections occurring with usual square or rectangle
shaped cells. The latter are also cost effective, and easy to
replace (which is a decisive advantage for users). The
detection slightly above the scattering plane allows
minimizing the collection of the direct beam and of in
plane false rays which contributions may strongly exceeds
the intensity of the light scattered by nano suspensions.
The latter solution, in combination with the use of an
elliptical laser beam, allow minimizing the variation of the
probe volume shape and dimensions with the collection
angle. So that, the calibration of the probe volume angular
dependency is no more strictly necessary. All other
components are quite standard. The scattering pattern is
recorded with a photomultiplier rotating thanks to a high
precision goniometer. The laser beam properties of a few
milliwatts UV laser diode with a center wavelength at 405
nm are controlled via spherical and cylindrical lenses,
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polarizer and neutral density filters. It will be shown that
Lorenz-Mie theory and Monte Carlo simulations did show
promising performances and a good agreement with
preliminary experimental results.
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