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Company Overviews

� Founded in 1982 by Dr. Philip J. Wyatt

� Largest independent company in the world exclusively dedicated to 
light scattering instruments for liquid chromatography

� Employs over 70 people in Santa Barbara, CA and over 100 worldwide

� Over 4100 known peer-reviewed publications: www.wyatt.com 

� Close to 50 U.S. and foreign issued patents and many others pending
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Major Products

DAWN HELEOS II (18-angle static LS instrument)

miniDAWN TREOS (3-angle static LS instrument)

Optilab rEX (differential refractometer)

ViscoStar (viscometer)

DynaPro Titan (dynamic light scattering instrument)

DynaPro Plate Reader (automated DLS)

Eclipse F (asymmetric field flow fractionator) 
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A History of Light Scattering

1850 2008

Lord Rayleigh (1842-1919): Studied scattering of light by particles much smaller than a 

wavelength, discovered and explained the strong dependence of scattering on the 

wavelength (1/l4).

James Clerk Maxwell (1831-1879): Unified electric and magnetic theory which predicted the 

electromagnetic wave properties of light. 

Albert Einstein (1879-1955): Explained the scattering from pure liquids as a result of density 

fluctuations.

Chandrasekhara V. Raman (1888-1970): Investigations of thermodynamics of solutions. Relation 

of LS to various physical properties. The color of the oceans.

Bruno Zimm & Walter Stockmayer: The polymer physics greats.
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6Two Types of Light Scattering for 

Polymer Characterization

• Static Light Scattering (miniDAWN, DAWN HELEOS)

• Dynamic Light Scattering (Wyatt QELS, DynaPro)

-- also known as Classical LS, Total Intensity LS

-- Measures total intensity of scattered light

-- Determines MW, RMS radius, and B22 (A2) based on first principle

-- also known as QELS, PCS

-- Measures time dependence of LS intensity fluctuation

-- Determines diffusion coefficient directly from which Rh can be 
derived
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What Do We Mean By ABSOLUTE?

• NO Reference to standards of mass

• ALL parameters measured directly from 1st principles

refractive indices

geometries of cell and detector

wavelength

concentrations

detector response

temperature

dn/dc

• NO assumptions of molecular model/conformation

• There are 4 Absolute Methods

1) Membrane Osmometry (Number Average MM)

2) Light Scattering (Weight Average MM)

3) Sedimentation Equilibrium (Ultracentrifugation) (z-average MM)

4) Mass spectrometry
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Typical MALS/Chromatography Setup
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Oligomer State Determined by SEC-MALS

H. Li, M. J. Cocco, T. A. Steitz, D. M. Engelman, “Conversion of phospholamban into a 

soluble pentameric helical bundle,” Biochemistry 40 6636–6645 (2001).

pentameric helical bundle
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Detect and Characterize Aggregates
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A Heat Shock Protein at Different Temperatures

M. Bova, Q. Huang, L. Ding, and J. Horwitz, “Subunit exchange, conformational stability, and chaperon-like function 

of the small heat shock protein 16.5 from Methanococcus jannaschii” The Journal of Biological Chemistry, 277, 

38468-38475 (2002).
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Protein Conjugate Analysis in ASTRA V

Analyze glycosylated 

and PEGylated 

proteins, and 

membrane protein-

detergent complexes 

to determine protein 

fraction.

Unprecedented view of 

protein modification 

processes when coupled 

with band broadening 

correction (new feature of 

ASTRA V).
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Degree of PEGylation is 0.5

Protein 
Mw=18.2 kD

Branched PEG 
Mw=18 kD 

Conjugate Mw = 34 kD 
Degree of PEGylation = 0.5
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Strip Chart - MIX02A                

Low MM Range - Proteins and Peptides

System: Waters 625 with 100 µL injection loop. Column: TSK G2000SWXL (300 x 7.8 mm)

LS detector: miniDAWN, with 3-5 mV baseline noise.

90° Light Scattering

Refractive Index

Peak

No.

Proteins Mw(sequence)

[Da]

Mw(MALS)

[Da]

RSD of MALS measurement

(3 runs)

1 BSA 67,000 64,300 ± 700 1%

2 Lysozyme 14,300 14,600± 300 1%

3 Bradykinin 1,060 1,090 ± 10 2%

4 Leucine-Enkephalin 556 592 ± 6 3%

1

2

3 4
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Eclipse Asymmetric Flow FFF System

• Fully integrated with 

Wyatt detectors and 

Shimadzu/Agilent 

HPLC equipment 

• SEC-FFF switch option

• Organic version 

available

• IQ/OQ available for 

the complete system
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• Wide separation range
� Small Proteins (nm) to Large Particles (µm)

� Eliminate the need for multiple columns

• Potential to work with low protein concentrations

• More mobile phase options

• Less concern of protein loss and column fouls

When, Where, and Why to Use FFF?
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Separation Mechanism in FFF

•The “field” for cross flow FFF is provided by a “cross flow” which pushes particles against 

the accumulation wall (membrane). Larger particles have smaller diffusion coefficients and 

are pushed more effectively. The parabolic channel flow profile then separates the 

particles by size: smaller ones elute first.
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What Can Light Scattering Measure?

• Molar mass, Mw

• Size, Rg

• Second virial coefficient, A2

• Translational diffusion coefficient Dt

• Hydrodynamic Radius Rh

Static Light Scattering

Dynamic Light Scattering
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Online: SEC-DLS of BSA

1.0

10.0

14.0 16.0 18.0 20.0

R
h

 (
n

m
)

Time (min)

Rh vs. Time 030105Q1

4.6 nm

3.4 nm

monomer

trimer

dimer

Copyright 2008           All Rights Reserved



20

Spectral View with Plate Reader

4 mg/mL IgG, pH4 buffer, 

50 mmol NaCl, Rh = 6.7 nm 

buffer only 

2 mg/mL 

Lysozyme in PBS, 

Rh = 2.0 nm 
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DLS as Indicator for Protein Crystallization

Large aggregates

Buffer (blank)

BSA (control)

Best 

crystallization 

condition

Aggregate 

formation

Reasonable 

crystallization 

conditions
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The Technology of Light
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