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About Wyatt Technology

➢Founded in 1982 by Dr. Philip J. Wyatt to 
commercialize multi-angle light scattering (MALS)

➢Leading provider of light scattering instruments for solution-based 
characterization of macromolecules and nanoparticles

➢Wyatt instruments have become standard analytical tools in protein, 
biopharma, drug delivery and polymer labs

Instruments and software have been cited and
validated by thousands of peer-reviewed publications 
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Wyatt Technology is now a part of Waters

One company ─ One focus!

Cutting edge technologies and scientific expertise to support 
research, development and delivery of novel therapeutics and 
next-generation materials.
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Wyatt Technology Instruments
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Detectors for SEC/GPC
Size Exclusion Chromatography (SEC)

Gel Permeation Chromatography (GPC)
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Inception of GPC in Synthetic Polymer Science

Waters GPC-200 chromatograph;
SYNPO seventies ─ eighties.

Waters 600 pump, 717 autosampler, 410 RI detector;
Wyatt DAWN MALS; SYNPO nineties od last century.
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Molar Mass by SEC with Column Calibration
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Molar Mass and Size Distribution by SEC-MALS

𝑆𝑐𝑎𝑡𝑡𝑒𝑟𝑒𝑑 𝑙𝑖𝑔ℎ𝑡 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑎𝑡 𝑧𝑒𝑟𝑜 𝜃 ≈ 𝐾∗𝑐𝑀

𝑆𝑙𝑜𝑝𝑒 𝑜𝑓 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 ≈ 𝑠𝑖𝑧𝑒
detector overlay

Volume (mL)

9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0

R
a
y
le

ig
h

 r
a
ti

o
 (

1
/c

m
)

0.0

5.0x10
-6

1.0x10
-5

LS  2     

LS  3     

LS  4     

LS  5     

LS  6     

LS  7     

LS  8     

LS  9     

LS  10     

LS  11     

LS  12     

LS  13     

LS  14     

LS  15     

LS  16     

LS  17     

LS  18     

0.0 0.2 0.4 0.6 0.8 1.0

5.5x10
5

6.0x10
5

6.5x10
5

7.0x10
5

M = 719,000 g/mol

RMS Radius = 35.4 nm

c = 0.05 mg/mL

Position = 10.9 mL

 

R

/K
*c

sin
2
(/2)



9©2023 Waters Corporation

MM and RMS Radius Distribution by SEC-MALS
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Structure from SEC-MALS

• Slope

─ Sphere ≈ 0.33

─ Random coil ≈  0.58

─ Branched polymer ≈ 0.3 ─ 0.55

─ Extended structure ≈ 0.65 ─ 1

─ Rod ≈ 1

• Branching calculation

─ Number of branch units

─ Number of arms in stars   
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Wyatt Detectors for SEC/GPC

← Multi-angle light scattering detector (MALS) 
DAWN; molar mass, RMS radius (radius of gyration)

← Online viscometer ViscoStar; intrinsic viscosity,
 hydrodynamic radius, radius of gyration, …

← Refractive index detector Optilab; concentration
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Detailed Molecular Structure by SEC-MALS-Visco
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Slope
− Sphere ≈ 0

− Random coil ≈  0.7

− Oligomer ≈ 0.5

− Rod ≈ 2

− Branched polymer ≈ 0 ─ 0.6

− Extended structure ≈ 0.8 ─ 1.5   

Epoxy resin, linear polystyrene, linear poly(methyl methacrylate), linear poly(benzyl methacrylate),
linear poly(iBuPOSSMA), star-branched poly(isobutyl methacrylate) in THF. 
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Asymmetric Flow Field Flow Fractionation (AF4)
Alternative Separation Technique to SEC/GPC



14©2023 Waters Corporation

Asymmetric Flow Field Flow Fractionation (AF4/FFF)
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AF4 Solving Anchoring and Shear Degradation

10 12 14 16

105

106

Time (min)

M
o

la
r 

M
as

s 
(g

/m
o

l)

SEC-MALS

20 25 30 35 40 45

104

105

106

107

M
o

la
r 

M
as

s 
(g

/m
o

l)

Time (min)

  

AF4-MALS
MALS @ 90°
RI

S. Podzimek, T. Vlcek, C. Johann: J. Appl. Polym. Sci. 81, 1588 (2001) 
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MMD: SEC-MALS versus AF4-MALS
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Eclipse ─ Wyatt Instrument for AF4

• Dilution control module (DCM)
─ Major technology advancement in AF4

─ Increases the detector signal without loading 
more sample

─ Splitting away the upper fraction of the channel 
flow and thus concentrating the sample layer

• Precise control of flows
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Dynamic Light Scattering (DLS)
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Dynamic Light Scattering (DLS)

• Measurement of the scattered light intensity oscillation

• Analytical technique for the determination of

– Diffusion coefficient

– Hydrodynamic radius

Average 
intensity
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Dynamic Light Scattering (DLS)
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G –  autocorrelation function

τ – delay time

λ – light wavelength in solvent

Θ –  incident angle

D – diffusion coefficient

𝐺 𝜏 =
𝐼 𝑡 𝐼 𝑡 + 𝜏

𝐼 𝑡 2 = 1 + 𝛼𝑒−2𝐷𝑞
2𝜏

𝑅ℎ =
𝑘𝑇

6𝜋𝜂𝐷

T –  temperature

k – Boltzmann constant

η – viscosity
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Hydrodynamic Radius Rh

• Hydrodynamic radius is radius of sphere that would have the same diffusion 
coefficient as the molecules or particles under investigation.

• Hydrodynamic radius is not directly measured, but calculated via Stokes-Einstein 
equation. 

𝑅ℎ =
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DLS Instruments: Batch or Online

DLS instrument NanoStar  PlateReader  Online in DAWN
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ZetaStar with DYNAMICS Touch

Particle Conc.Molar MassSize InteractionsTurbidityCharge  

Quick and easy measurement just from a few μL

• Size (Rh) and size distribution

• Zeta-potential

• Concentration

• Molar mass

• Stability

• Turbidity
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Wyatt Instruments: Overview

• Multi-angle light scattering (MALS): DAWN, miniDAWN
─ Online DLS optional

─ Usually coupled with SEC or AF4, concentration measured by RI detector Optilab
─ Molar mass, radius of gyration, molecular architecture (conformation and branching)

– For detailed structural studies MALS can be completed with online viscometer ViscoStar

• Separation: Eclipse
– Asymmetric flow field flow fractionation

– Electrical AF4

• Dynamic Light Scattering (DLS): NanoStar, PlateReader, ZetaStar
– Translational diffusion coefficient

– Hydrodynamic Radius via Stokes-Einstein equation

– Batch or online

– Possible combination with the measurement of charge
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Wyatt Instrument´ Applications: wyatt.com
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Wyatt Instrument´ Applications
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Light Scattering University Training

• Light Scattering University (LSU)

─ MALS, DLS, FFF and Viscosity courses

─ Included with instruments purchase (2 credits/instrument)

─ Combined basic training, application support, and one-to-one discussions

─ Meets the needs of both novices and advanced users

─ Get to the Wyatt team and other users 
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Phone and E-Mail Support

support@wyatt.eu

+49 2689 925291

Support

• Hardware

• Software

• Applications

mailto:support@wyatt.eu
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