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Light Scattering Theory 

Aims of this Section…………… 

1 Understand what light scattering is 

2 Understand what Rayleigh scattering is 

3 Understand what Mie scattering is 
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What is Light Scattering? 

› Light scattering is a consequence of the interaction of 

light with the electric field of a small particle or 

molecule 

 

› An incident photon induces an oscillating dipole in 

the electron cloud 

 

› As the dipole changes, energy is radiated in all 

directions 

 

› This radiated energy is called “scattered light” 
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Rayleigh Theory 

› Rayleigh theory is applicable for small particles and 

molecules whose diameters are less than 1/10th of 

the laser wavelength (

› For the He-Ne laser (  = 633nm) used in the 

Zetasizer, this equates to particles less than about 

60nm 

› The scattering produced by such small particles is 

isotropic i.e. equal in all directions 

› The intensity of light they produce is proportional to 

d6 where d is the particle diameter (ie. I α d6) 
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Mie Theory 

› Mie theory is an exact description of how spherical 

particles of all sizes and optical properties scatter light 

 

› When particles become larger than /10, the scattering 

changes from being isotropic to a distortion in the 

forward scattering direction  

 

› When the size of the particles becomes equivalent to or 

greater than the wavelength of the laser, the scattering 

becomes a complex function with maxima and minima 

with respect to angle 
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Mie Theory 

› Mie theory correctly explains the maxima and minima 

in the plot of intensity with angle  

 

› The Zetasizer Nano uses Mie theory by default to 

convert the intensity size distributions into volume 

and number for all sizes of particles 
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Mie Theory: Polar Plots 
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Mie Theory: Polar Plots 
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Particle Size Concepts 

Aims of this Section…………… 

1 Understand what is being measured in a DLS measurement 

2 Understand the Stokes-Einstein equation 

3 Understand what a hydrodynamic size is 

4 Understand what influences the hydrodynamic size 
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Particle Size 

› How can a 3-dimensional object be described with one 

number? 
 Most techniques use an equivalent spherical diameter  

 

› All particle size analysis techniques measure some 

property of a particle and report results as the 

equivalent spherical diameter based on this measured 

parameter 

 

› Different measurement techniques often give different 

sizes for the same sample 
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Equivalent Spheres 

dmin 

Sphere of same  

minimum length 

dmax 

Sphere of same  

maximum length 

dH 

Sphere of same  

average diffusion 

coefficient 

dvol 

Sphere of same  

volume 
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Dynamic Light Scattering and Brownian Motion 

 

› Dynamic light scattering is a non-invasive technique 

for measuring the size of particles and molecules in 

suspension 

 

› Brownian motion is the random movement of 

particles due to collisions caused by bombardment 

by the solvent molecules that surround them 

 

› The technique of dynamic light scattering measures 

the speed of particles undergoing Brownian motion  
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Dynamic Light Scattering and Brownian Motion 

› The speed of the Brownian motion is influenced by  

 Particle size 

 Sample viscosity 

 Temperature 

› Viscosity is important in determining the speed of 

Brownian motion. 

 The temperature must be accurately known  

 Automatically read back by the software 

› The temperature needs to be stable during a 

measurement. 

 Convection currents in the sample cause non-random 

movements which prevents accurate size interpretation 
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Brownian Motion and Particle Size 

› The smaller the particle 

is, the more rapid the 

Brownian motion 

becomes 

› The larger the particle is, 

the slower the Brownian 

motion becomes 

› The higher the 

temperature the more 

rapid the Brownian 

motion 
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Brownian Motion 

› Velocity of the Brownian motion is defined by the 

translational diffusion coefficient (D) 

› The translational diffusion coefficient can be 

converted into a particle size using the  

Stokes-Einstein equation 

 

dH    = 
3 D 

kT 

Where : 

dH = hydrodynamic diameter,  

k = Boltzmann’s constant,  

T = absolute temperature,  

= viscosity and  

D = diffusion coefficient  
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Hydrodynamic Size 

› Definition of Hydrodynamic Diameter (dH):   

 

    The diameter of a hard sphere that diffuses at the 

same speed as the particle or molecule being 

measured 

 

› The hydrodynamic diameter will depend not only on 

the size of the particle “core”, but also on any surface 

structure, as well as the type and concentration of 

any ions in the medium 
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Hydrodynamic Size: 

Effect of Ionic Strength 

› A low concentration ionic medium will 
produce an extended double layer of 
ions around the particle, reducing the 
diffusion speed and resulting in a 
larger, apparent hydrodynamic 
diameter 

› Higher ionic concentration media 
(≥10mM) will compress the electrical 
double layer and reduce the measured 
hydrodynamic diameter 

› The ions in the medium and the total ionic concentration 
may affect the particle diffusion speed by changing the 
thickness of the electric double layer called the Debye 
length ( -1) 

dH 

dH 
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Hydrodynamic Size: 

Surface Structure 

› Any change to the surface of a particle 

that affects the diffusion speed will change 

the apparent size of the particle 

› An adsorbed polymer layer projecting out 

into the medium will reduce the diffusion 

speed more than if the polymer is lying flat 

on the surface 

› The nature of the surface and the 

polymer, as well as the ionic concentration 

of the medium can affect the polymer 

conformation, which in turn can change 

the apparent size by several nanometres  

dH 

dH 
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Hydrodynamic Size: 

Non-spherical particles 

› A sphere is the only object whose size can be 

unambiguously described by a single number  

› For a non-spherical particle, DLS will give the 

diameter of a sphere that has the same average 

translational diffusion coefficient as the particle being 

measured  

dH 

Rapid 

Slow 
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DLS Theory 

Aims of this Section…………… 

1 Understand what components make up a Malvern DLS instrument 

2 Understand the relationship between Brownian motion intensity 

fluctuations 

3 Understand correlation 

4 Understand what a correlation function is  

5 Understand what analysis options for the correlation function are 

available  
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Components of a Dynamic Light Scattering 

Instrument 

Laser 

Cuvette  

containing  

sample 

Photon  

counting  

device 

Digital  

signal 

processor 
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Intensity Fluctuations and Brownian Motion 
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Correlation:  

Small Particles, Rapid Fluctuations 
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Correlation in Dynamic Light 

Scattering 

› Correlation in DLS is a technique for extracting the 
time dependence of a signal in the presence of 
“noise” 

 

› In a DLS measurement, the time analysis is carried 
out with a correlator which constructs the time 
autocorrelation function G( ) of the scattered 
intensity according to 

 
 

 

 

 

 

where  

I = intensity,  

t is the time and  

 = the delay time 

2

*
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Correlation: 

Small Particles, Rapid Fluctuations 
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Correlation: 

Small Particles, Rapid Fluctuations 
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Correlation: 

Small Particles, Rapid Fluctuations 

Time 

In
te

n
s
it

y
 

Time 

1 

0 

0 1 2 

 = 2 

C
o

rr
e
la

ti
o

n
 

C
o

e
ff

ic
ie

n
t 



www.atascientific.com.au 

 = 3 

Correlation: 

Small Particles, Rapid Fluctuations 
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Correlation: 

Small Particles, Rapid Fluctuations 
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Correlation Functions 
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Correlation Functions 
Time when decay starts  

indicates mean size 

Gradient indicates 

the polydispersity 

of sample 

Baseline 

Intercept 
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Correlation Functions 

› The correlation function can be modelled with an 

exponential expression such as: 

 

 

Where  

 B = baseline at infinite time,  

 A = amplitude (or intercept),  

 q = scattering vector = (4π n/λo) sin(θ/2)  

• where n = dispersant refractive index,  

• λo = laser wavelength and  

• θ = detection angle, 

  D = diffusion coefficient and  

  is the correlator delay time   

    

D-2q2

e ABG
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Analysing The Correlation Function 

› The correlation function contains the diffusion 

coefficient information required to be entered into the 

Stokes-Einstein equation 

› These diffusion coefficients are obtained by fitting the 

correlation function with a suitable algorithm 

› Two methods of analysis are used 

 Cumulants analysis 

• Determines a mean size and polydispersity index 

 Distribution analysis 

• Determines actual size distribution from suitable data 
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Cumulants Analysis 

› The cumulants analysis is defined in the 

International Standard on Dynamic Light Scattering 

ISO13321 (1996) and ISO22412 (2008) 

 

› This analysis only gives a mean particle size (z-

average) and an estimate of the width of the 

distribution (polydispersity index) 

 

› Only the dispersant refractive index and viscosity are 

required for this analysis 
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The z-Average Diameter  

› Definition of the z-Average Diameter (ZD): 

 

    The intensity-weighted mean diameter derived from 

the cumulants analysis 

      

› This mean is specific to light scattering  

 

› It is very sensitive to the presence of aggregates or 

large contaminants due to the inherent intensity 

weighting 
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Polydispersity Index 

› Definition of the Polydispersity Index (PdI): 

 

    A dimensionless measure of the broadness of the 

size distribution calculated from the cumulants 

analysis 

 

› In the Zetasizer software it ranges from 0 to 1 

 

› Values greater than 1 indicate that the distribution is 

so polydisperse the sample may not be suitable for 

measurement by DLS 
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Polydispersity Index 

Polydispersity 

Index Value 

Comments 

<0.05 Only normally encountered with latex 

standards or particles made to be 

monodisperse 

<0.08 Nearly monodisperse sample.  Normally, DLS 

can only give a monomodal distribution within 

this range 

0.08 to 0.7 Mid-range value of PdI. It is the range over 

which the distribution algorithms best operate 

over 

>0.7 Indicates a very broad distribution of particle 

sizes 
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Distribution Analysis 

› Default algorithms present in the Zetasizer software 

for calculating the size distribution are: 

 

 General Purpose (non-negative least squares (NNLS) 

analysis) 

 Multiple Narrow Modes (non-negative least squares 

(NNLS) analysis) 

 Protein Analysis (non-negative least squares (NNLS) 

analysis followed by (L-curve)) 

 

› The difference between these algorithms is the 

regularizer used 
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Regularizer 

› A small amount of noise in the correlation function can 

generate a large number of distributions 

› The regularizer can be thought of as an estimator of 

the noise contained in the correlogram 

› It controls the acceptable degree of “spikiness” in the 

size distribution obtained 

 Large regularizer values produce smooth 

distributions 

 Small regularizer values produce spiky distributions 

› There is no ideal regularizer value; the appropriate value 

depends on the sample being measured 
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Available Algorithms and  

Associated Regularizer 

Algorithm Regularizer 

General Purpose 0.01 

Multiple Narrow Modes 0.001 

Protein Analysis Variable (appropriate value 

automatically determined) 



www.atascientific.com.au 

Gen. Purpose and Multiple Narrow Modes 

 

› General purpose suitable for the majority of samples 

where no knowledge of the distribution is available 

 Regulariser  (fixed to 0.01) 

 

› Multiple narrow mode suitable for samples suspected 

to contain discrete populations 

 Regulariser  (fixed to 0.001) 
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Protein Analysis (L Curve)  

› Best suited for protein samples – will give narrow 

peaks 

› Automatically picks the optimal solution (distribution) 

› Calculates 20 possible distributions and the 

closeness of fit (X-axis) is plotted as a function of 

smoothness (Y-axis) 

› Tangents are fitted and the intersection between the 

two is extrapolated to the origin 

› The distribution closest to the intersection is the 

chosen one 
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Protein Analysis (L Curve) 
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Protein Analysis (L Curve) 
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Size Distributions in the Zetasizer Software 

› The primary size distribution obtained from a DLS 

measurement is the intensity-weighted distribution 

obtained from the chosen analysis 

› This size distribution is displayed as a plot of the 

relative intensity of light scattered by particles (on the 

Y axis) versus various size classes (on the X axis) 

which are logarithmically spaced 

› General Purpose and Multiple Narrow Modes use 70 

size classes  

› Protein Analysis uses 300 size classes 
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Size Distributions with General Purpose and 

Multiple Narrow Modes: 70 Classes 
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Size Distributions with Protein Analysis:  

300 Classes 
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Intensity Size Distributions  

› Primary result obtained from 

a DLS measurement 

› Based upon the intensity of 

light scattered by particles 

› Sensitive to the presence of 

large particles/aggregates 

/dust 

› The only sample properties 

required are the dispersant 

viscosity and refractive index  
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Volume Size Distributions  

› Derived from the intensity 

distribution using Mie theory 

› Equivalent to the mass or 

weight distribution 

› The optical properties of the 

particles are required to 

make this transformation 

 Particle refractive index 

 Particle absorption 
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Number Size Distributions  

› Derived from the intensity 

distribution using Mie theory 

› The optical properties of the 

particles are required to 

make this transformation 

 Particle refractive index 

 Particle absorption 
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Size Distributions From DLS 

› Transformation from intensity to volume or number makes the 

following assumptions: 

 All particles are spherical 

 All particles have an homogenous & equivalent density  

 The optical properties are known (RI & Abs) 

› DLS tends to overestimate the width of the peaks in the 

distribution and this effect can be magnified in the 

transformations to volume and number 

› The volume and number size distributions should only be used 

for estimating the relative amounts of material in separate 

peaks as the means and particularly the widths are less reliable 
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Volume/Number Distributions: Recommended 

Use 

› Use the Intensity 

PSD for reporting 

the size of each 

peak in the 

distribution 

› Use the Volume or 

Number PSD for 

reporting the 

relative amounts of 

each peak in the 

distribution 

(Modal Size Report) 
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Sample Requirements 

Aims of this Section…………… 

1 Understand the sample requirements for DLS measurements 

2 Understand the dispersant requirements for DLS measurements 

3 Understand the lower and upper size limits for DLS 

4 Understand the lower and upper concentration limits for DLS 
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Sample Requirements 

› The sample should consist of a dispersion of particles in a 

liquid medium 

› The dispersant should meet the following requirements: 

 It should be transparent 

 Refractive Index should be different from particles’ 

 RI & Viscosity should be known with accuracy better 

than 0.5% 

 Should be compatible with the particles (i.e. not cause 

swelling, dissolution or aggregation) 

 It should be clean and filterable 

 

    International Standard ISO 13321 (1996) 



www.atascientific.com.au 

Lower Size Limit of DLS 

Depends on:  

› The amount of scattered light from the particles   

 Relative refractive index 

 Sample concentration 

 

› Instrument sensitivity 

 laser power and/or wavelength  

 detector sensitivity 

 optical configuration of the instrument 
The lower size limit is typically 2nm 
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Upper Size Limit of DLS 

› DLS measures the random movement of particles 
undergoing Brownian motion and will not be 
applicable when the particle motion is not random 

 

› The upper size limit is sample dependent and is 
defined by 

 Onset of sedimentation 

 Number fluctuations 
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Upper Size Limit of DLS: Sedimentation 

› All particles will sediment.  

› The rate of sedimentation will depend on particle size 

as well as relative densities of the particles and 

suspending medium 

› For DLS measurements to be successful, the rate of 

sedimentation should be much slower than the rate of 

diffusion  

› Evidence of sedimentation can be seen in correolgram 

› Also look for stable count rate over multiple 

measurements on same sample (decreasing count 

rate indicates loss of particles due to sedimentation). 
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Upper Size Limit of DLS: Sedimentation 

For random Brownian 

motion, correlation 

curve should allways 

decay.   

 

Increases in 

correlation at high 

delay times indicates 

non-random 

movement (ie. 

Sedimentation) 
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Upper Size Limit of DLS: Number Fluctuations 

› Another factor to consider when measuring large 

particles is the number of particles present in the 

measurement volume 

› The intensity of light scattered by large particles may 

be sufficient to make successful measurements 

› However, if the number of particles are too low, we 

see  severe fluctuations in the momentary number of 

particles in the measurement volume will (i.e. number 

fluctuations) 

› Result is large fluctuations in the scattered intensity 

which masks those due to Brownian motion 

› Evidence of this can be seen in the correlogram 
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Upper Size Limit of DLS: Number Fluctuations 

Number fluctuations 

can also cause 

elevated baselines. 

 

When number 

fluctuations are large 

it makes definition of 

baseline difficult and 

can lead to intercept 

values > 1. 
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Sample Concentration Overview 

› Results obtained from a DLS measurement should 

be independent of sample concentration (ISO 13321) 

› If sample concentration is too low, there may not be 

enough light scattered to make a measurement  

› If sample concentration is too high, the result may 

not be independent of sample concentration 

› During method development, determining the correct 

sample concentration may involve several size 

measurements at different concentrations 
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Lower Concentration Limit  

Dependent upon  

› The amount of scattered light from the particles   

 Relative refractive index 

 Particle size 

 

› Instrument sensitivity 

 Laser power and/or wavelength  

 Detector sensitivity 

 Optical configuration of the instrument 
The lower size limit is typically 2nm 
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Upper Concentration Limit:  Multiple Scattering  

› The ideal situation in a DLS measurement is to have 

singly scattered light 

› This means that every photon which reaches the 

detector was scattered by only one particle 

› This will be the case for samples at low concentrations 

› However, as the sample concentration is increased, the 

probability of the scattered photon being "re-scattered" 

by other particles increases 

› This phenomenon is multiple scattering 

› The presence of multiple scattering during a DLS 

measurement will reduce the measured size 
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Upper Concentration Limit:  Multiple Scattering  
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Upper Concentration Limit:  Restricted Diffusion 

› Restricted diffusion describes the phenomenon 

where the presence of other particles hinders free 

particle diffusion 

Same distance - longer time 
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Upper Concentration Limit:  Restricted Diffusion 

› Symptoms of restricted 
diffusion effects include:  

 A shift in size, with no change 
to modality or polydispersity, to 
larger sizes when the solvent 
viscosity is used for size 
calculations at high sample 
concentrations   

 A concentration dependence 
of the z-average which 
parallels that of the bulk 
viscosity of the sample 
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Upper Concentration Limit:  Restricted Diffusion 

› As a general rule of thumb, effects of restricted 

diffusion can be corrected for by using the bulk, rather 

than the solvent, viscosity for the size calculations 
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Upper Concentration Limit: Particle Interactions 

› At higher concentrations, particle interactions can 

modify the free diffusion of particles and this can lead 

to non-specific aggregation that modifies the size 

distribution obtained 
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Upper Concentration Limit: Particle Interactions 

› Symptoms of particle 

interaction effects include:  

 Increase in the 

distribution modality 

 Increase in the sample 

polydispersity 

 Z average diameter and 

viscosity concentration 

dependence are 

uncorrelated 

 Cannot be corrected 
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Sample Preparation 

Aims of this Section…………… 

1 Understand how to correctly prepare a sample for a DLS 

measurement 
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Sample Preparation Overview 

› A backscatter instrument can measure the size of 

any sample in which the particles are mobile 

› Therefore high concentrations can be measured 

› However, some samples may require dilution to 

ensure concentration is within ideal range 

› This should be determined experimentally, through a 

series of dilutions to ensure size obtained is 

independent of concentration 
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Sample Dilution 

› Sample dilution needs to be performed carefully to 

ensure the equilibrium of any absorbed species 

between the particle surface and bulk solution is 

preserved  

› The diluent should be the same as the continuous 

phase of the original sample 

› The diluent could be obtained by: 

 Filtering or centrifuging the original sample to 

obtain a clear supernatant 

 Making up a continuous phase as close as 

possible to that of the sample 



www.atascientific.com.au 

Diluent Filtration 

› Dust is one of the major problems (source of 

contamination) in DLS measurements and may bias 

the results obtained if present 

› To avoid any possible dust contamination during 

dilution, the dispersing medium should be filtered  

› Commercial syringe filters are available for use, with 

pore sizes ranging from 1μm down to 20nm 
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Filling the Cell 

› Only clean cells should be used 

 Size cells should be rinsed/cleaned with 

filtered dispersant before use 

› Fill the cell slowly to avoid air bubbles 

being created 

 Using a pipette and tilting the cell at an angle 

will aid with this  

› If using syringe filters for the dispersant, 

discard the first few drops in case of any 

residual dust particles in the filter that may 

contaminate the dispersant 
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Filling The Cell 
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Inserting The Cell 
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Cell Cleaning  

› Non-disposable cuvettes (e.g. PCS8501) should be 

cleaned after each sample has been measured 

› This could be done in one of several ways 

 Rinsing in clean dispersant 

 Ultrasonication in clean dispersant  

 Hellmanex® II (available from www.hellma-

worldwide.de) 

• Recommend 2% v/v concentration 

• Soak cuvettes for 20 minutes 

• Ultrasonication aids cleaning action 
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Measurement Sequence 

Aims of this Section…………… 

1 Understand how the measurement position is optimised in a 

backscatter instrument (the cell positioning factor) 

2 Understand the protocol for optimizing the measurement position in a 

backscatter instrument 

3 Understand the measurement sequence in the Zetasizer-Nano 

4 Understand how the measurement duration is determined 

5 Understand how to manually set up the measurement in terms of 

measurement position, attenuator setting and duration 
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NIBS: Variable Measurement Position 
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Detector Laser 

Focussing  

Lens 

Cuvette 

Concentrated 
Samples 

Minimise path length 

Minimise multiple scattering 

Detector Laser 

Focussing  

Lens 

Cuvette 

Small Particles/  

Dilute Samples 
Maximise measurement volume 

Minimise laser flare 
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The Measurement Position 

Centre of  

cuvette 
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Measurement Duration 

› The duration of a measurement is automatically 

determined from the count rate detected 

› The lower the count rate, the longer the duration will be 

› Each measurement is split into a series of 10 second 

sub runs to minimize the effects of any dust which may 

be present in the sample 

› By default, 50% of the sub runs with the lowest mean 

count rates are used in the analysis 

› In Automatic settings, a clean/easy sample will typically 

use 11-15 sub runs 

› If the software choses a high number of sub-runs, it 

may indicate a dirty/difficult sample 
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Measuring Zeta Potential 

› Electrophoresis is the movement of a charged 

particle relative to the liquid it is suspended in under 

the influence of an applied electric field 

 
The particles move with a velocity 

which is dependent on: 

 Zeta potential 

 Field strength  

 Dielectric constant of medium  

 Viscosity of the medium  
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Electrophoretic Mobility 

› Velocity = distance/time = m/s 

› Field strength = volts/distance = V/cm 

› Electrophoretic Mobility Units = m2/Vs x 10-8 or mcm/Vs  

= 
A 

B 
Electrophoretic Mobility 

Field Strength (V/cm) 

0 5 10 15 20 25 
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Electrophoresis 

ZETA POTENTIAL is related to the  

ELECTROPHORETIC MOBILITY  

by the HENRY EQUATION 

UE = 2 z F(k a) 
3

z = zeta potential 

UE = electrophoretic mobility 

= dielectric constant 

viscosity 

F(k a) = Henry’s function 
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Henry’s Function F(ka) 

› k = electrical double layer thickness 

(Debye length) with the dimensions of 

inverse length (k-1 or 1/k) 

› a = the particle radius 

› Therefore ka = 1/k x a = the ratio of 

particle radius to double layer 

thickness (a/k) 

 

a 
1/K 
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Non-polar  

Media 

Henry’s Function F(ka

Huckel 

 approximation 

F(ka) = 1.0 

Smoluchowski 

 approximation 

F(ka) = 1.5 

a 
1/K 

Polar  

Media 

a 
1/K 
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Calculation of the Debye Length (if required) 

More exact values of Henrys function can be calculated and 

entered into the Zetasizer software.  The Debye Length can be 

calculated from the following equation: 

 

K-1 = (( o rkBT)/(2000 e2 I N))0.5 
where; 

o = permittivity of free space (= 8.854 x 10-12 Fm-1)  

r = relative permittivity of liquid (or dielectric constant) 

kB = Boltzmann’s constant (= 1.38 x 10-23 JK-1) 

T = temperature in Kelvin 

e = electronic charge in Coulombs (= 1.6022 x 10-19 C)  

N = Avogadro’s number (= 6.022 x 1023 mol-1) 

I = ionic concentration (in mol/L) 
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Relationship of Ka to F(Ka) 

Ka 

0 

1 

2 

3 
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Electroosmosis 

› Electroosmosis: the movement of a liquid relative to 

a stationary charged surface under the influence of 

an electric field 

 



www.atascientific.com.au 

Measurement Technique 

 

› The Zetasizer Nano uses a combination of fast field 

reversal (FFR) and slow field reversal (SFR) 

 

› FFR allows measurement of the true particle mobility 

before electroosmosis starts 

 

› SFR allows a distribution of zeta potentials to be 

determined 
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Laser Doppler Electrophoresis 

› The Zetasizer-Nano measures Electrophoresis using 

the Doppler Effect 

› A laser beam is passed through a sample undergoing 

electrophoresis and the scattered light from the 

moving particles is frequency shifted 

› The frequency shift f is equal to:  

 

             = the particle velocity 

                 = laser wavelength 

                            = scattering angle 

 

f = 2  sin( /2)/  
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Particle velocity V=0 

Scattered light has 

same frequency 

as incident laser 

F1 

F1 

Particle velocity V>0 

v 

Scattered light now has 

greater frequency 

than incident laser 

F2 

F1 

Laser Doppler Electrophoresis 
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Laser Doppler Electrophoresis 

› Since the frequency of light is so high (1014Hz), the 

shift in frequency can only be measured by an optical 

mixing or interferometric technique 

› This is done by using a pair of mutually coherent 

laser beams derived from a single source  

 One of these beams must pass through the sample 

(this is called the scattering beam)  

 The other beam (called the reference beam) is routed 

around the cell  

› The scattered light from the particles is combined 

with the reference beam to create intensity variations 
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How Do These Intensity Variations Arise? 
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How Do These Intensity Variations Arise? 

F1 

Reference beam F1 
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How Do These Intensity Variations Arise? 

F1 

F2 

Reference beam F1 and scattered beam F2 
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How Do These Intensity Variations Arise? 

F1 

F2 

Lets combine them 

Reference beam F1 and scattered beam F2 
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How Do These Intensity Variations Arise? 

F2 

F1 

Reference beam F1 and scattered beam F2 
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How Do These Intensity Variations Arise? 

F2 

F1 

Reference beam F1 and scattered beam F2 

A A 

The interference produces a modulated beam having a much 

smaller frequency equal to difference of F1 and F2 

F1  =  - f F2 

B 

The two waves interfere 

constructively at A and 

destructively at B 
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The Beat Frequency Is  

Focussed Onto The Detector 

It is the intensity variations of the “beat” 

frequency which are detected 
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Determining the Sign of the Doppler Shift 

› Determined by comparing the beat frequency with 

that of a reference frequency  

› Reference frequency produced by modulating one of 

the laser beams with an oscillating mirror (320 Hz) 

› The mobility of the particles in an applied field 

produces a frequency shift away from that of the 

modulator frequency (320 Hz) 

› This gives an unequivocal measure of the sign of the 

zeta potential 
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Determining the Sign of the Doppler Shift 

Zeta Potential 

(mV) 

Reference 

Frequency (Hz) 

Measured 

Frequency (Hz) 

0 320 320 

+50 320 370 

-50 320 270 
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Phase Analysis Light Scattering 

(PALS) 
  

 

 
Aims of this Section…………… 

1 Understand the technique of phase analysis light scattering 

2 Understand what a phase plot is 
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Phase Plots 

› The phase plot shows the difference in phase between 

the measured beat frequency and a reference 

frequency as a function of time 
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Phase Analysis Light Scattering 

› Very accurate determination of a frequency shift 

› In the presence of experimental noise and particle 

random motions (Brownian motion and non-random 

thermal drift), it is at least  >100 times that obtained 

by standard Fourier Transform (FT) 

› PALS gives the ability to accurately measure 

samples that have low particle mobilities, Eg. 

 high conductivity samples  

 high viscosity  

 non-aqueous applications 
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Phase Analysis Light Scattering 

› High mobility particles – many oscillations in a short 

space of time 

› Easy to measure 
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Phase Analysis Light Scattering 

› Low mobility particles – only a fraction of an oscillation 

may have been completed within measurement time 

› Impossible to measure using Fourier Transform 

› PALS able to measure very small phase shifts 
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Phase Analysis Light Scattering 

 

 

› The measured phase change is proportional to the 

mobility of the particles 

 

› Phase = Frequency x Time 

 

› Phase/Time = Frequency 
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Phase Analysis Light Scattering 

› The mobility of the particle is determined by 

measuring the phase difference between the beat 

frequency and a reference frequency 

› The reference frequency used in the Zetasizer Nano 

is that of the optical modulator (320Hz) 

› The mean phase shift with 

time measures the 

electrophoretic mobility of 

the particle 
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Data Interpretation 

Aims of this Section…………… 

1 Understand which parameters and reports best aid data interpretation 

2 Understand what the zeta quality report is and what information it contains 

3 Understand what the expert advice system is  

4 Understand where the expert advice system can be found in the software 

5 Understand what information the expert advice system contains 
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Data Interpretation Overview 

› The quality of the data obtained from the 

measurement is essential in determining how 

repeatable the answers will be 

› To aid with interpretation of data, a number of report 

pages and record view parameters can be viewed  
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Data Interpretation:  Recommended Reports 

Report Name Description 

1 Zeta Potential The zeta potential result obtained from the 

measurement 

2 Zeta Quality Report Incorporates 7 tests on a selected record 

3 Expert Advice Quality checks on a single record and trends 

for 3 or more records 

4 Phase  The phase difference between the measured 

beat frequency and the reference frequency 

plotted as a function of time 

5 Frequency The frequency spectrum obtained from the 

SFR part of the measurement 

6 Voltage and Current The voltage applied and the current detected 

in the cell over the duration of the 

measurement 
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Data Interpretation:  Recommended Parameters (1) 

Parameter Name Description 

1 Zeta Potential Mean The mean zeta potential value  

2 Zeta Potential Width The standard deviation of the zeta potential 

distribution 

3 Conductivity The conductivity of the sample determined 

from the measurement 
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Data Interpretation:  Recommended Parameters (2) 

Parameter Name Description 

1 Attenuator The attenuator position used during the 

measurement  

2 Quality Factor A signal to noise based parameter derived 

from a phase analysis during the FFR stage 

of the measurement 

3 SFR Spectral Quality A signal to noise based parameter that is 

derived from the frequency analysis during 

the SFR stage of the measurement 

4 Effective Voltage The voltage requested during the 

measurement 

5 Zeta Runs The number of sub runs used in the 

measurement 
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Report Tabs:  Zeta Potential (M) 

 

 

 

 
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Zeta Quality Report Overview 

› The zeta quality report incorporates a number of 

tests on any selected record  

› If any of the tests fall outside specified limits, a 

warning message is displayed together with advice of 

possible reasons for the warning  

› If none of the tests fail, a “Result Meets Quality 

Criteria” message is displayed 
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Zeta Quality Report 

Test 

Number 

Test 

Description 

Warning 

Message 

Possible Reasons 

For Warning 

Message 

Possible Actions 

1 Check the 

intensity of 

the 

reference 

beam  
 

(Is 

Reference 

Beam < 500 

kcps?) 

Reference 

beam count 

rate too low.  If 

you see this 

warning for a 

number of zeta 

potential results 

then please 

contact your 

nearest 

Malvern 

representative  

Misalignment of 

the reference 

beam 

Contact your nearest 

Malvern 

representative 
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Zeta Quality Report 

Test 

Number 

Test 

Description 

Warning 

Message 

Possible Reasons 

For Warning 

Message 

Possible Actions 

2 Check the 

quality of the 

phase plot 

data  

 

(Is Quality 

Factor < 1?) 

Phase data 

poor – 

signal to 

noise ratio 

low  

Sample 

concentration too 

low  

Increase number of sub-

runs per measurement 

Increase sample 

concentration and re-

measure 

Sample 

concentration too 

high 

Increase number of sub-

runs per measurement  

Dilute sample and re-

measure  

High conductivity 

causing 

sample/electrode 

degradation    

Ensure that the Monomodal 

analysis is used  

Manually reduce voltage  

Low zeta potential – 

close to neutral 

None 
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Phase Plot:  Good Quality General Purpose 
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Phase Plot:  Poor Quality General Purpose 
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Phase Plot:  Good Quality Monomodal 
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Phase Plot:  Poor Quality Monomodal 
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Zeta Quality Report 

Test 

Number 

Test 

Description 

Warning 

Message 

Possible Reasons 

For Warning 

Message 

Possible Actions 

3 Check the 

quality of 

the 

distribution 

plot data  

 

(Is SFR 

Spectral 

Quality       

< 1?) 

Distribution 

data poor 

Sample 

concentration too 

low  

Increase number of sub-

runs per measurement 

Increase sample 

concentration and re-

measure 

Sample 

concentration too 

high 

Increase number of sub-

runs per measurement  

Dilute sample and re-

measure  

High conductivity 

causing 

sample/electrode 

degradation  

   

Ensure that the 

Monomodal analysis is 

used  

Manually reduce voltage  
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Frequency Plots: Good Data 
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Frequency Plots: Poor Data 
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Frequency Plot: Monomodal 
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Further Information 

› Technical Note: “Zeta 

Potential Quality Report 

for the Zetasizer Nano” 

› MRK 751-01 
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The Expert Advice System  

› The Expert Advice System provides information on 

the quality of the data and results obtained from both 

live and stored measurements 

› Live measurements  

• Data quality from a single measurement 

• Information on whether repeat measurements (3 or 

more) display trending tendencies 

› Stored measurements  

• Information on the quality of the measurements 

• Information on variability in the results from changes in 

the sample or where the first measurement is different to 

the others 
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Expert Advice System Location 

› The Expert Advice Tab 
available during a live 
measurement in the 
Measurement Display 
Window 

› The Expert Advice System 
accessed post 
measurement by right 
mouse clicking on the 
records, or from Select 
View, Expert System  

› The Expert Advice Report 
available post 
measurement in the 
workspace 
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Expert Advice System Location 

› The Expert Advice Tab 
available during a live 
measurement in the 
Measurement Display 
Window 

› The Expert Advice System 
accessed stored 
measurement by right 
mouse clicking on the 
records, or from Select 
View, Expert System  

› The Expert Advice Report 
available stored 
measurement in the 
workspace 
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Expert Advice System Location 

› The Expert Advice Tab 
available during a live 
measurement in the 
Measurement Display 
Window 

› The Expert Advice System 
accessed stored 
measurement by right 
mouse clicking on the 
records, or from Select 
View, Expert System  

› The Expert Advice Report 
available stored 
measurement in the 
workspace 
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Expert Advice: Single Measurements  

› 7 tests found in the Zeta Quality Report are used 

› During a measurement,  if any of the tests fall outside 

specified limits, warning messages and possible 

reasons for failure are displayed in the Expert Advice 

Tab in the Live Measurement Window 

› If none of the tests fail, a “Data Meets Quality Criteria” 

message is displayed in the Expert Advice Tab 


