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Introduction 

Dynamic light scattering (DLS) has become a reference technique for particle sizing applications 

in the range of several nanometers to several microns. This method relies on the Brownian 

motion of particles in solution, that when illuminated with a laser beam give rise to speckles of 

scattered light that fluctuate in intensity. By measuring these intensity fluctuations at high time 

resolution, one can obtain an autocorrelation function from which the diffusion coefficient of the 

particles can directly be calculated. Polydisperse samples yield a summation of diffusion 

coefficients that can be accurately converted to a single or even multiple mean particle sizes and 

their associated distributions.[1,2]  

 

 

 

 

 

 

 

Figure 1.  Typical turbid samples that can be measured with 3D DLS. 

 

Accurate measurement of particle dynamics with DLS requires the analysis of single scattering 

events; even relatively limited occurrences of multiple scattering in the sample can quickly and 

dramatically compromise measurement results. Therefore, highly scattering and concentrated 

samples traditionally must be heavily diluted and tedious verification measurements must be 

executed to ensure data validity. It is also often the case that seemingly transparent samples 

exhibit multiple scattering unbeknownst to the user; without verification, significant errors in 
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sizing measurements are therefore inevitable. Furthermore, in many cases sample processes 

such as aggregation and gelation depend on high particle concentrations and so dilution is 

unacceptable as it modifies the very samples properties to be measured. An elegant solution to 

these problems is provided by the 3D cross-correlation technique which effectively suppresses 

the contributions of multiple scattering.[3-5] In this application note we use this powerful 

DLS method to enable robust measurements of particle dynamics even in nearly 

opaque samples having optical transmissions below 1%.  

 

DLS Measurements 

Using the 3D LS Spectrometer from LS Instruments, measurements were made for colloidal 

dispersions of 100 nm diameter polystyrene particles at a range of volume fractions from 0.002% 

up to 2.0%. A 0.1 mM salt solution was used to ensure negligible electrostatic interactions for 

the higher concentration samples. DLS measurements were performed in both a traditional 

autocorrelation mode with a single illuminating beam and single detector, and subsequently in 

cross-correlation in the 3D geometry with two symmetrically arranged illumination beams and 

detectors. The hydrodynamic radius RH of the particles is automatically calculated by the software 

of the 3D LS Spectrometer. Five measurements of 90 s duration were repeated for each 

technique, all made at a scattering angle of 90º and for a sample temperature of 20.0 ± 0.1 ºC. 

Figure 2a illustrates the ability of the 3D cross-correlation method to accurately determine 

particle size for highly scattering samples, while revealing the failure of traditional 

autocorrelation measurements for even very mildly turbid samples. Figure 2b demonstrates the 

excellent agreement of the two methods for transparent purely singly-scattering samples. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2.  a) Hydrodynamic radius measured using auto- and 3D cross-correlation DLS for nominally 100 
nm polystyrene particles at a range of volume fractions. Significant errors are present for autocorrelation 

measurements of turbid samples featuring low transmission; b) Linear-linear plot of the same data 
showing agreement of auto- and cross-correlation techniques for transparent samples. 
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