
Macromolecular Investigations by Laser light Scattering

S. Chopra

Department of Physics, Indian Institute of Technology, New Delhi - 110016, India

ABSTRACT

In a liquid suspension the small particles dance around
randomly executing Brownian motion. When laser light is
focussed onto such a solution, the total light scattered consists of
superposition of the light scattered from the individual particles
in the scattering volume. Interference effects between the light
scattered from different particles executing Brownian motion will
cause this total intensity to fluctuate rapidly in time (~ n sec.
time scale) about a well defined average value. Analysis of the
time scale of these intensity fluctuations yields the information
of interest.

INTRODUCTION

Laser light scattering has now matured as a field of
research from its inception almost two decades ago. Its
applications involve various disciplines of engineering,
biology and medicine. The earlier studies on laser light
scattering were confined to the elucidation of macro-
molecular characteristics such as diffusion coefficient,
hydrodynamic radii and molecular weight determinations
while they were later extended to the evaluation of
chemotactic movements in bacteria, motility characteristics
of spermatozoa, protoplasmic streaming in the unicellular
algae, aggregation properties of biological macromolecules
and flow of blood in capillaries1'3.

The principle of laser doppler velocimetry (LDV)
technique involves the analysis of scattered light caused by
moving particles and to extract relevant information from it.
The moving particles, whether in random Brownian motion
or induced action by any electric field, cause doppler shift
in the frequency of the incident light by an amount
proportional to the velocity of the particle. This spectral
broadening of scattering light is a well known phenomenon
and has been extensively used for quantitative
measurements by LDV.

The frequency shifts produced by these slow moving
biological scatterers are very small when compared to the
frequency of the incident laser light and hence conventional
spectrometers cannot resolve such shifts. However, with
the emergence of newer techniques and fast digital
electronics, such studies have become feasible4"5.

THEORY

If intensity measurements are made at time intervals
which are small compared with the time that it takes for a

typical fluctuation to relax back to the average then the
intensity autocorrelation function can be formed by
averaging the product of the intensities in these small
intervals as a function of the time r between intervals.
Intensity correlation function is expressed by considering
two photoemissions at x1; tj and x2, t2 registered by two
photodetectors or by the same photodetector at different
times given by

= (aS)(aS) (1)

where a is the quantum, efficiency of the photodetector, S
the surface are exposed and the brackets ( ) denote the
ensemble average. Now in general

(2)

which means that photoemissions are not statistically
independent but because of the fluctuation in radiation
field, information about one photoemission influences our
assessment of the probability of the other giving rise to
departures from poisson distribution or correlations. For
a monodisperse suspension of rigid globular particles the
autocorrelation function C ( T ) decays exponentially viz.

C(T) (3)

DT is the particle translational diffusion coefficient K,
the scattering vector. The corresponding spectrum will be

(4)

and is obtained using a spectrum analyser.

For particles, moving with a velocity v the correlation
function is expressed as (as in LDV)

C(T) = B exp(-DK2

and the corresponding spectrum is,

(w - K.v

(5)

(6)
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APPLICATIONS

(a) Macromolecular Diffusion: Photon correlation
spectroscopy provides values of translational and rotational
diffusion coefficients (DT and DR) from which the
hydrodynamic radius RH can be calculated using Stokes-
Einstein relation:

KBT
(7)

Some of the macromolecules which have been studied6

by this technique are BSA, Ovaltumin, TMV, Lysozyme, E-
coli, Ribosome etc. Precise measurement of 'DT' and
macromolecular dimensions enable a detection of change in
size and shape of these molecules if they undergo a
structural change.

(b) Aggregation of Macromolecuie: Macromolecules like
proteins, micelles, detergents, dyes etc. exhibit significant
aggregation behaviour while in solution state under
favourable thermodynamic environment. The behaviour is
monitored through the measurement of RH.

The apparent aggregation 'A' can be qualitatively
obtained under certain assumptions by the relation

A = (8)

(c) Motility Studies: Biological microorganisms like
bacteria, viruses, sperms etc., are capable of exhibiting self
propelled motion. The dynamics of the motion can be
visualised through the correlation spectra of the scattered
light. Assuming that the system under consideration is
isotropic and homogeneous, the velocity distribution of the
swimming body is given by

2vP,(v) = — [Kx g(kt) Sin(KvT) (9)

(d) Laser Doppler Velocimetry: Another important area
of application is the mapping of dynamics of fluid flow
which is done by measuring the Doppler shift of the light
scattered from the moving fluid, thus providing velocity of
the flow. There has been number of applications to study
flow in narrow microscopic channels like blood vessels in
humans and animals, down to 60 pm. This has also been
extended to human retinal vessels, arteries and protoplasmic
streaming. The advencement in fibre-optic technology has
provided a further impetus to this research. It has been
demonstrated that light scattered from the surface of the
skin contains information about microcirculation of blood
near the surface of the skin.

This technique has also been successfully used in the
electrokinetic differentiation of biological cells8. Here one
measures the mobility under the influence of the external
electric field, the diseased and healthy cells are associated
with different surface charges due to which their mobilities
are different.

(e) Fluorescene Correlation Spectroscopy (FCS): When
both chemical reaction and diffusion occur, the rate of
relaxation of concentration fluctuation can be expressed as

(10)

m, being the number of reactive components and elements
of the matrix Ttt are composed of chemical rate constants
and equilibrium concentration of the reactants. The auto-
correlation function now becomes more complicated but
experiments have been done for a biomolecular processes
viz Dye-DNA complex.
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