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Abstract
The science and technology of light scattering touches a

very broad range of fields, from cosmology, meteorology,
oceanography, all the way to nanotechnology and
produces an enormous amount of research and application
literatures. This review intends to only cover the
progresses of light scattering applications in the field of
particle characterization in the past decade. It is divided
into three sections, static light scattering, i.e., scattering
intensities as result of light-particle interaction at various
spatial locations, dynamic light scattering, i.e., scattering
intensities as result of light-particle interaction as a
function of time, and scattering tracking that tracks
particle movement through scattering.

1 Static Light Scattering (SLS)
Light scattering intensity measurement instruments can

be categorized mainly into three types, i.e., optical particle
counters (OPC) that measure scattering from individual
particles; granulometers or goniometers, often being
referred as multiangle light scattering (MALS) or static
light scattering (SLS), that measure particles in liquid
suspension in a broad angular range, typically can be
continuously from near zero degree to 180 degrees using a
rotating arm or fixed detectors throughout the entire
angular range; and angular scattering intensity
measurement instruments, commonly known as laser
diffraction instruments (LD), that measure dry powders,
sprays, or particles in liquid, using a set of fixed detectors
at small angles with some additional detectors at large
angles. Because the intended uses in research and
industrial applications are different, the three types of
instruments are designed differently. Particle counters,
even though they can size individual particles, are mainly
used for counting particles as a monitoring means for
particular matters in oil, water, and air. Goniometers are
used to measure macromolecules such as proteins and
polymers in solution and mostly in research environment.
On the other hand, laser diffraction has become the most
popular tool in sizing solid particles, liquid droplets, or
even air pockets from submicron to millimeter in various
media, liquid, air, film, gel etc., due to its broad dynamic
sizing range, high reproducibility, rapid measurement,
few required known physical parameters, instrument
automation and intelligence, and capability of on-line
measurement. The major limitation is that it is not a direct
sizing method and the size retrieval is limited to spherical
model assumption. With approximately annual dispersion

of several thousand new laser diffraction instruments, LD
has been transformed in practice from a modern
technology innovation to a common working horse or tool
box in many industries, for example, in pharmaceutical
and cement industries where it is widely used in Process
Analytical Technology (PAT), both in-line and off line, and
in food science and production, just name a few. The
progresses of these three types of scattering technologies
are to be reviewed in the presentation [1,2,3,4].

2 Dynamic Light Scattering (DLS)
With the advancement and popularization of nano-

science and technology, various nanoparticles or
molecules, such as fullerenes, carbon nanotubes, quantum
dots and carbenes, which are small, fast moving in liquid
and scatter weakly individually but often in more
concentrated suspensions, have become the subjects of
DLS measurement. DLS instruments are no longer limited
to the laboratories of academics but have entered
industrial laboratories in coating industry, rare earth
materials, fluorescent powders, pharmaceuticals, food
science, and even for diagnosing pathological conditions of
body fluid. DLS is often used in combination with other
techniques to simultaneously obtain more sample
characters. For example, when combined with scanning
probe microscopy (SPM), reorganization process during
multi-stage self-assembly of a liposome-based delivery
system can be studied statistically using DLS and in detail
by SPM.

With the annual dispersion of new DLS instrument may
surpass four digits, operators of DLS instruments are often
industrial technicians or undergraduate students who
require easy operating and rugged instruments. The DLS
hardware has being evolved accordingly [5].

As a variation of DLS, electrophoretic light scattering
(ELS) has also become a mature technology through the
development during the past three decades and has been
incorporated in an ISO Standard. ELS measures scattering
intensity fluctuation from particles as a function of time
while particles under both random Brownian motion and
oriented electrophoretic motion in a well-defined electric
field. Particle electrophoretic mobility is measured from
which particle zeta potential can be derived. Past ELS
configurations were mainly for measuring particles in
dilute suspension or solution. Zeta potential is a property
involving not only particle surface but also their
environment, e.g., pH, ionic strength, and even the type of
ions in the medium. Therefore, measurements of zeta
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potential of particles in concentrated suspensions become
a must in many occasions. A unique sample cell was
designed in which a transparent electrode is attached to a
thick window to transmit both incident light and scattered
light through multiple refractions. Particles move
electrophoretically in the field created by this electrode
and another ordinary electrode. Light scattered from
particles near the window surface are refracted twice
before exiting from the other side of the window. This
configuration enables a short light path length at a small
scattering angle (∼35◦) so as to avoid the interference from
Brownian broadening [6].

3 Particle Tracking Analysis (PTA)
This is an emerging branch of scattering technology

applying to particle analysis. It is based on dynamically
tracking particle movement through scattering from
individual particles using image recording.  Even though
single particle tracking or time-resolved particle trajectory
analysis from sequences of video images has been
proposed for two-dimensional diffusion of particles in
membranes more than two decades ago [7], only within
the last decade, it has been used for particles in suspension
and latterly for nanoparticles. Since it is a static
measurement for the purpose of tracking particle
dynamically, it is treated in this review separately.

Even though the principle is simple, for small particles
or biomolecules such as bacterial and viruses, its scattering
is typically not strong enough so it can be imaged as
scattering spots individually. Carr uses a transparent
substrate partially coated with a thin film of metal and
illuminates a beam at a point adjacent or close to the metal
coated region. The beam propagates above but close and
substantially parallel to the metal surface defining a
measurement zone where scattering from suspended
particles can be detected in the far field by conventional
photo detection systems [8].
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