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APPLICATION NOTE  

Characterizing Concentrated Colloidal Suspensions by Static 
Light Scattering (SLS) 

 

Introduction 

Static light scattering (SLS) is a technique in which 
laser light scattered from a sample is measured as a 
function of scattering angle.  The angular response is in 
general complex and is a function of dipole emission 
profiles and of the interference of light scattered from 
refractive index boundaries of the particles.  These 
contributions to the overall angular-dependent scatter-
ing profile provide a wealth of information on particle 
size and shape, as well as structure and interactions in 
the sample.  In this application note we focus on meas-
uring the particle form factor of a concentrated colloidal 
suspension from which we extract the size (radius of 
gyration, Rg) and size distribution (polydispersity).   
Modelling SLS data and extracting accurate particle 
and structure information mandates the measurement 
and analysis of single scattering events.  SLS meas-
urements therefore traditionally require extreme sam-
ple dilution in order to limit the influence of multiple 
scattering.  However, the 3D cross-correlation tech-
nique eliminates this necessity and opens the door to 
measurement of extremely turbid and even opaque 
samples. 

 

 

SLS measurements for a dilute sample 

In order to provide a reference for subsequent turbid 
measurements, SLS data was first gathered for a very 
dilute suspension of 430 nm polystyrene particles in 
deionized water (3x10-7 w/w, >99% transmission) over 
a range of scattering angles.  The data shown in Fig. 1 
were fit using the Mie scattering model (MiePlot, UK) 
and a visual best-fit with particle refractive index fixed 
at n = 1.58 gives Rg = 210 nm and 1% polydispersity, in 

excellent agreement with the nanoparticle product 
specifications.   

 

 
Figure 1. SLS data and Mie fit for a dilute sample (3x10-7 w/w, 
>99% transmission) of 430 nm polystyrene particles in water. 

 

 

 

SLS measurements for a turbid sample 

With the 3D DLS from LS Instruments, accurate static 
light scattering measurements in concentrated, highly 
scattering turbid samples can be performed.  However, 
the undesired contributions from multiply scattered 
light have to be subtracted from the measured 
scattered intensity Is.  This can be accomplished by 
performing a combined static and dynamic cross-
correlation experiment.  In the static measurement, Is is 
determined as a function of scattering angle , while 
the dynamic measurement gives the part of Is which is 
only singly scattered via the intercept 12() of the 
cross-correlation function [1].  In the measurement, the 
reduced intercept 12() is normalized to 12

max(), 
where 12

max() is the intercept measured with a diluted 
sample without multiple scattering contributions.  This 



 

T + 41 (0) 26 422 2429     ●      F + 41 (0) 26 422 4073      ●      info@lsinstruments.ch     ●      www.lsinstruments.ch 

APPLICATION NOTE  

automatically corrects for any weak angular 
dependence of the intercept due to the geometry of the 
overlap volume and the alignment of the instrument. 

 

The corrected singly scattered intensity as a function of 
the scattering angle can be calculated as: 

𝐼𝑐 = √
𝛽12(𝜃)

𝛽12
𝑚𝑎𝑥(𝜃) ∙ 𝐼𝑠         (1) 

 

Fig. 2 displays the scattered intensity (red squares) 
measured for a sample of the same 430 nm polysty-
rene particles but at significantly increased concentra-
tion (5x10-5 w/w), rendering the sample highly turbid 
(46% transmission).  The high degree of multiple scat-
tering for this sample significantly washes out the form 
factor minimum, and without correction would lead to 
dramatic errors in estimating sample polydispersity (of 
nearly an order of magnitude) and mean size.  Howev-
er, by using DLS cross-correlation measurements taken 
in conjunction with the SLS data and applying Eqn. (1), 
we accurately recover the true particle form factor (blue 
circles) by extracting only the single-scattering infor-
mation.  This technique becomes even more important 
when finer features become hidden by multiple scatter-
ing that for example, reveal interaction potentials in the 
sample. 

 
Figure 2. Corrected and uncorrected SLS data along with a Mie fit 

for a turbid sample of 430 nm polystyrene particles in water 
(5x10-5 w/w, 46% transmission). 
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