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INTRODUCTION

 Static light scattering (SLS) is a technique to measure absolute

molecular weight using the relationship between the intensity of

light scattered by a molecule and size, as described by the

Rayleigh theory.

 Rayleigh theory states that larger molecules scatter more light
than smaller molecules from a given light source and that the

intensity of the scattered light is proportional to the molecule’s

molecular weight. There are two ways to measure absolute

molecular weight by SLS:

1. Batch measurement using a cuvette

2. In combination with a chromatography instrument.



When light interacts with matter, it can….

 Reflection 

 Refraction

 Diffraction

 Absorption (light absorbed & 

converted to heat)

 When light is being scattered from 

ordered particles this can cause 

such phenomena as reflection, 

refraction or diffraction.

Scattering



Brownian Motion 

 Brownian motion is the random motion
of particles suspended in a fluid (a
liquid or a gas) resulting from their
collision with the fast-moving molecules
in the fluid.

 This motion is named after Robert Brown
(botanist, born 1773). In 1827, while
looking through a microscope at
particles trapped in cavities inside
pollen grains in water, he noted that
the particles moved through the water;
but he was not able to determine the
mechanisms that caused this motion.



Brownian Motion and Diffusion 

 If a number of particles subject to Brownian motion are present in a
given medium and there is no preferred direction for the random
oscillations.

 The physical process in which a substance tends to spread steadily
from regions of high concentration to regions of lower concentration is
called diffusion. Diffusion can therefore be considered a macroscopic
manifestation of Brownian motion on the microscopic level.

 Thus, it is possible to study diffusion by simulating the motion of a
Brownian particle and computing its average behavior.

 A few examples of the countless diffusion processes that are studied in
terms of Brownian motion include the diffusion of pollutants through
the atmosphere.

 The diffusion of “holes” (minute regions in which the electrical charge
potential is positive) through a semiconductor.

 The diffusion of calcium through bone tissue in living organisms.
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Brownian Motion 

This is a simulation of the Brownian
motion of 5 particles (yellow) that
collide with a large set of 800
particles.

This is a simulation of the Brownian
motion of a big particle (dust particle)
that collides with a large set of smaller
particles (molecules of a gas



Scattering of Light

 Scattering is a general physical process where some forms of radiation,
such as light, sound, or moving particles, are forced to deviate from a
straight trajectory by one or more paths due to localized non-
uniformities in the medium through which they pass. In conventional
use, this also includes deviation of reflected radiation from the angle
predicted by the law of reflection.

 Reflections that undergo scattering are often called diffuse reflections
and un-scattered reflections are called specular (mirror-like)
reflections.

 Scattering may also refer to particle-particle collisions between
molecules, atoms, electrons, photons and other particles. Examples
include: cosmic ray scattering in the Earth's upper atmosphere;
particle collisions inside particle accelerators; electron scattering by
gas atoms in fluorescent lamps; and neutron scattering inside nuclear
reactors.



Single & Multiple Scattering

 When radiation is only scattered by one localized scattering center,
this is called single scattering.

 It is very common that scattering centers are grouped together; in
such cases, radiation may scatter many times, in what is known as
multiple scattering.

 The main difference between the effects of single and multiple
scattering is that single scattering can usually be treated as a random
phenomenon, whereas multiple scattering, somewhat
counterintuitively, can be modeled as a more deterministic process
because the combined results of a large number of scattering events
tend to average out.

 Multiple scattering can thus often be modeled well with diffusion
theory.



Why LASER Beam Visible as a Line

 A light beam is not a physical object.

 Objects can be seen when they emit light into our eyes, either
because the objects emit light themselves or because they reflect or
scatter light that falls upon them.

 The reason why the LASER beam is visible from the side is that some of
the photons hit dust particles in the air and are thereby deflected into
our eyes.



Basic Principle 

From the intensity fluctuations in time (see
Figure 1), information on the dynamics
within the solution are obtained.

The evaluation of the fluctuations is
commonly named as dynamic light
scattering (DLS) while the analysis of the
absolute mean intensity is known as static
light scattering (SLS).

The intensity is very sensitive to variations in
size of the solutes, so that it is
advantageous to investigate aggregation
in solution.

The scattering vector Q is defined as
difference between outgoing and
incoming wave vector and its magnitude is

Scattering geometry and intensity 

fluctuations at detector



Basic Principle 

 The refractive index of the pure solvent

 The refractive index of the suspended molecules

 Interaction forces between particles

Intensity depends on:

 The molecular weight of 
the particles

 The concentration of 
the particles

 The size of the particles



Static Light Scattering

 The main quantities influencing the static light scattering intensity,

are the molecular weight M, concentration and size of the

particles in solution.

 Due to the long wavelength, particles of size of nanometers

(typical for proteins) can be interpreted as (independent)

scattering centers whose intensity interferes constructively.

 If the particles are big enough (>λ/20), an angle dependent

change in intensity can be observed.

 The Rayleigh ratio R ∝ is introduced as quantity independent of

the experimental setup.



Equipment Set-up

The scattered light intensity is measured as a function of the scattering
angle, θ. The measured intensity is divided by the incident laser beam
intensity, which is measured by a reference detector. This can be much
less sensitive than the detector measuring the scattered light.

✓

✓



Working Principle

 The laser beam passes through a beam splitter in order to detect a
reference intensity at the monitor diode.

 In transmission it impinges on a glass cuvette immerged in a toluene
bath.

 This bath avoids reflexes and its temperature can be controlled
accurately.

 The beam scattered by the sample is detected at an angle θ by an
avalanche photo diode (APD), or photomultiplier tube, a PMT
transferring the signal to a PC.

 The purpose of the attenuator is to protect the APD from a too high
photon flux.

 Detector used for measuring the scattered light is mounted on a so-
called goniometer which makes it possible to control from what angle
(usually θ) the scattered light is recorded.



Precautions Taken 

• The sample solution must be completely transparent.

• The sample concentration should be high enough. The lower

the molecular weight the higher the necessary concentration.

• Experiment can be performed only if the sample solution

should not absorb light of the wavelength used.

• Refractive Index of the solvent should have different from the

molecules in solution.

• Before Conduct the experiment must know The weight

concentration (i.e. g/L) of the solute molecules.

• Should know the refractive index increment dn/dc of the

solute/solvent system.



Similar Technique(s)

 Coupling with Size Exclusion Chromatography.

 Dumas method of molecular weight determination

 Ebullioscopy

 Dumas method of molecular weight

 Mass spectrometry (MS)
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Some Examples 



Case Study
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