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Live Webinar Q&A Sheet: 

µSEC-MALS adds Multi-Angle Light Scattering to UHP-SEC for  
Measurement of Absolute Molecular Weight and Size 

The recorded webinar may be viewed from the SEC-MALS webinars page. 

These questions were submitted by live viewers. Additional information on 

MALS, DLS, and FFF may be found on the Wyatt web Library under Webinars, 

Application Notes, Featured Publications and Bibliography, as well as on the 

corresponding Product page and Theory page of our web site.  

Please contact info@wyatt.com with any additional questions.  

Case studies shown in the webinar 

Q. For the NIST mAb, could you resolve the different masses of the 3 or 4 

high-molecular-weight species present? 

A.  The µSEC-MALS system readily differentiates the molar masses of the 

NIST mAb dimer and trimer, which separate and elute well from the UHP-SEC 

column. Higher-order oligomers elute closer to one another and although not well 

separated by the column, the µSEC-MALS analysis still indicates the rise in 

molar mass across the higher-order oligomers. 

Q: In the example of IgG fragments, you described the 100 kDa species as a 

dual-Fab fragment. Could it also be a dimer of the heavy chain? 

A: It is certainly possible that the fragment is a dimer of the heavy chain as you 

pointed out. 

Q: Which column was used for the glycoprotein? Can you recommend a 

column for >1000 kDa conjugate? 

A: The Waters BEH200 column was used for the protein conjugate example in 

the webinar. For your specific applications, please contact column vendors. 

http://www.wyatt.com/Webinars/SEC-MALS
http://www.wyatt.com/Library
http://www.wyatt.com/uDAWN
http://www.wyatt.com/theory/DLS
mailto:info@wyatt.com?subject=January%202018%20Webinar%20follow-up
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General SEC-MALS questions 

Q: The examples shown used MALS-RI with UHPLC. Can you pair a MALS 

detector with an RI detector on a regular HPLC? 

A: Certainly you can pair MALS and dRI detectors for standard HP-SEC-MALS, 

and in fact this has been done for over thirty years. Wyatt’s DAWN® HELEOS® II 

and Optilab® T-rEXTM are the premier multi-angle light scattering and differential 

refractive index detectors for this application. 

Q: What are the minimum and maximum Mw values that can be reliably 

detect and quantified? 

A: In µDAWN®, the measurable range of molar mass is 200 Da to 10 MDa. The 

upper Mw limit depends on the shape/conformation of the macromolecule; 10 

MDa corresponds to compact molecules such as globular proteins. 

Q: What is smallest difference in molecular weight between a conjugated 

sample vs unconjugated sample that can be characterized successfully using a 

DAWN HELEOS or a µDAWN? 

A: Typically 3% ~ 5% differences are distinguishable given typical dn/dc values of 

the sample and modifiers. 

Q: Is a standard needed for quantification (i.e., for determining the quantity of 

a species in the solution)? 

A: To determine the quantity of an eluted species, you can use a typical online 

concentration detector after the SEC column. You need to know the sample’s 

extinction coefficient if you are using a UV detector or its dn/dc value if you use a 

dRI detector. These values are often determined by sequence (for protein 

extinction coefficient), from the literature (for dn/dc of a polymer in a specific 

solvent), or by direct measurement of known quantities. 

Q: Which is preferred for measuring particle sizes below 10nm, static or 

dynamic light scattering? 

A: To measure the root-mean-square radius, or rg, with MALS, one relies on the 

angular dependence of the scattered light intensity. Such angular dependence is 

only appreciable if rg is larger than ~1.5% of the laser wavelength, or about 10 

nm. 

http://www.wyatt.com/DAWN
http://www.wyatt.com/Optilab
http://www.wyatt.com/Products/MALS
http://www.wyatt.com/Products/refractometers
http://www.wyatt.com/Products/refractometers
http://www.wyatt.com/uDAWN
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On the other hand, there is no such limitation on dynamic light scattering since 

DLS measures the time rate of fluctuations in the intensity of scattered light to 

calculate the diffusion coefficient, and can measure hydrodynamic radius smaller 

than 1 nm. 

Therefore, for molecules with rg below 10 nm, dynamic light scattering is the 

preferred method of size determination. 

Q: How do you calculate the MW of a PEGylated protein? 

A: It is very similar to the protein conjugate analysis presented in the webinar. 

Signals from two different concentration detectors (e.g., UV and RI) are analyzed 

to determine the mass concentrations of the protein and PEG components. 

Combined with the MALS data, the Mw of the individual components (protein and 

PEG) and of the complete PEGylated protein can be calculated. Please refer to 

our technical notes on the topic, TN1006 - Performing Protein Conjugate 

Analysis in ASTRA®. 

Q: Can the UHP-SEC mobile phase or sample concentration affect the 

results, e.g. by causing the monomer to dimerize? 

A: The specific mobile phase or sample concentration can certainly affect the 

oligomeric state of the macromolecules, by inducing non-covalent binding. MALS 

will always measure the weight-average molecular weight of the macromolecule 

as it passes through the light scattering detector; sometimes the molar mass 

varies with concentration across the peak in a manner indicative of monomer-

oligomer equilibrium and this behavior may be identified immediately. 

If you think you are seeing a concentration-dependent affect then you just need 

to inject a series of concentrations in order to ascertain that the results vary in a 

manner consistent with such behavior. If you think it is mobile-phase dependent 

then you should test various mobile phases to develop an optimal separation 

method.  

Q: Does conformation affect the molecular weight determination and why? 

Do you assume that the protein/polymer must be spherically shaped? If not, how 

good is the fit with the MALS method? 

A: The peptides, proteins or polymers do NOT need to be spherical for their 

molecular weight to be determined by MALS. 

http://www.wyatt.com/theory/DLS
http://www.wyatt.com/conjugation
http://www.wyatt.com/ASTRA
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Regardless of conformation, the angular dependence of the intensity of scattered 

light P(θ) always approaches a value of one as the scattering angle θ 

approaches zero: 

lim
𝜃→0

𝑃(𝜃) = 1 −
16𝜋2

3𝜆2
𝑅𝑔

2 (sin
𝜃

2
)
2
, where λ is the wavelength of light in the 

medium/mobile phase.  

In MALS analysis, the data across multiple scattering angles is extrapolated to  

 = 0 in order to determine the molecular weight accurately and with no 

dependence on conformation. 

Q: How is the extinction coefficient best determined for use in SEC-MALS? 

By cuvette spectrophotometer or some other method? 

A: ASTRA offers three methods for measuring extinction coefficients using the 

HPLC UV/Vis spectrophotometer directly, for best correlation to SEC-MALS 

measurements:  

1. Assuming that the injected mass is known and that 100% of the injected mass 

reaches UV detector, it is possible to calculate the UV extinction coefficient on-

line by recovered mass;  

2. Assuming dn/dc is known (e.g., dn/dc is known quite accurately for the vast 

majority of unmodified proteins) and no mass is lost en route from the UV to RI 

detector, integrate the peak areas in UV and in RI, calculate total injected mass 

from the RI peak and determine the extinction coefficient that gives the same 

total mass in the UV peak. 

3. Inject aliquots of known concentration through the UV detector, using aliquots 

large enough to overcome dilution and guarantee that the detector 

concentrations reach and maintain the aliquot concentrations. Use the slope of 

log(OD) vs. concentration to determine the extinction coefficient. 

Q: What is the reliable limit of detection (LoD) for determining MW by SEC-

MALS? How does the µDAWN compare to a standard DAWN? 

A: The limits of detection for Mw using a µDAWN and standard DAWN are 

specified under different column conditions (and therefore different peak widths), 

as outlined on www.wyatt.com/Products/MALS. 

 

 

http://www.wyatt.com/Products/MALS
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Q: What are the benefits of coupling dRI with MALS for biotherapeutic 

applications? What am I missing if I use UV for concentration and do not make 

use of a dRI detector? 

A: The use of UV requires the determination of extinction coefficients (see 

previous question) and the assumption that you know the identity, and hence 

extinction coefficient, of each peak. While that is fine for well-characterized 

biotherapeutics and their aggregates, it is generally not true of fragments, host 

cell proteins and other impurities.  

On the other hand, the value of dn/dc (the refractive index response) is 

essentially universal for the vast majority of proteins at 0.185 mL/g. If you can 

assume that the additional peaks are proteins then you can determine their molar 

masses accurately with MALS + dRI. Even of the impurity is not a protein, values 

of dn/dc vary much less for different classes of macromolecules than do 

extinction coefficients and the impurity molar masses will generally be correct to 

within a factor of two. 

Adding a dRI detector to MALS-UV extends your applications even further, to 

analyze conjugates such as glycoproteins, PEGylated proteins, surfactant-

solubilized membrane proteins and copolymers. Another application of SEC-

MALS-UV is the determination of extinction coefficients to help identify impurities. 

Q: Is a reference molecular weight standard required to calibrate the system? 

Do you need the dn/dc values to calibrate the LS detector? 

A: No molecular weight standard or dn/dc value is needed to calibrate a MALS 

system. Light scattering is an absolute measurement based on first physical 

principles. The only calibration standard is pure toluene. 

Q: Can you determine dn/dc values for materials in various solvents with your 

software/hardware? 

A: Yes, you can determine the dn/dc values by injecting aliquots of known 

concentration into an Optilab refractometer. ASTRA provides experiment 

methods for determining dn/dc. Refer to the following link for more information: 

https://www.wyatt.com/products/software/dn/dc-and-uv-extinction-

determination.html 

 

https://www.wyatt.com/products/software/dn/dc-and-uv-extinction-determination.html
https://www.wyatt.com/products/software/dn/dc-and-uv-extinction-determination.html
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Q: The measured size values of a molecule are: rh = 9 nm, rrms = 11 nm, so 

that rh < rrms! Is this possible, and what other information about the molecule can 

be inferred from these measurements? 

A: It is definitely possible that rh is smaller than rg. For example, a rod-shaped 

particle whose length is 5 times the diameter, has a ‘shape factor’ defined as  = 

rg / rh of about 1.5. 

In general, for more compact molecules rh > rg, but for molecules with extended 

conformations rg  rh. 

Applications:  

Q: Can UHPLC-SEC with µDAWN be used for carbohydrates? 

A: In principle, yes, there is no problem and in fact SEC-MALS is used 

extensively in carbohydrate characterization. The only practical issue for UHPLC-

SEC has to do with identifying a suitable UHPLC column. 

Q: Can this technique characterize samples from biological origin? 

A: Yes, as long as they have been sufficiently purified of cell lysates and other 

debris that interferes with SEC and will generate large light scattering noise. 

Proteins, peptides, complexes, nucleic acids, exosomes and other biological 

samples have all been characterized by SEC-MALS; UHPLC columns tend to be 

more limited so please check with column vendors for your application. 

Q: Can this technique measure the conjugation of a mAb to Alexa647? 

A: SEC-MALS can generally work with mAb-fluorophore conjugates. Best results 

will be obtained if the laser wavelength does not coincide with the fluorophores’ 

excitation spectrum. The µDAWN operates at 660 nm. For Alexa 647, it will be 

best to use a wavelength longer than 700 nm; Wyatt offers a 785 nm MALS 

detector but currently does not offer a long-wavelength µDAWN. 

Q: Can MALS/DLS instruments be used to characterize bulk chemical 

systems?  

A: Yes. A batch (i.e., unfractionated) MALS measurement yields the weight-

average molar mass and z-average root-mean-square radius of a bulk 

heterogeneous sample. 
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Q: Can the technique be applied to synthetic polymers? 

A: Yes. With the advent of Waters Advanced Polymer Characterization (APC), 

which is UHPLC-SEC for synthetic polymers in organic solvents, the µDAWN and 

Optilab UT-rEX are readily applied to synthetic polymers. A white paper on the 

topic is available for free download at WP1004: Absolute characterization of 

polymers with light scattering and UHP-SEC. 

For more information on characterization of synthetic polymers, please view this 

webinar: “Branching Revealed: Characterizing Molecular Structure in Synthetic 

and Natural Polymers by Multi-Angle Light Scattering” 

https://www.wyatt.com/library/webinars/branching-revealed.html.   

Q: Can UHP-SEC-MALS be applied to characterize large polysaccharides 

such as dextrans (between 106 to 109 g/mol)?  

A: To date no appropriate UHPLC columns are available for this size range, and 

polymers this size exceed the rms radius range for µDAWN. However, you can 

use a DAWN HELEOS II and appropriate SEC columns in standard HP-SEC-

MALS; if the columns are not appropriate then FFF may be the right separation 

technique. There are numerous SEC-MALS or FFF-MALS technical notes on our 

website that address the characterization of polysaccharides such as agarose, 

hyaluronic acid, pectin etc.  

Q: Is this technique also applicable to measuring poly-acrylic acid molecules 

with absolute precision? 

A: Yes. SEC-MALS is capable of measuring the absolute molar mass of PAA 

with an accuracy of 3% or better and a precision of 1% or better. 

Q: Do you run demo samples for potential customers? Do you have a demo 

uDAWN unit that can be tested on-site? 

Yes. For questions about specific applications, requests for sample analysis and 

on-site demos, please contact your Wyatt Regional Sales Manager or distributor, 

or e-mail sales@wyatt.com. 

For customer support questions, please e-mail support@wyatt.com. You can 

also find the answers to many support questions online in the Wyatt Support 

Center, www.wyatt.com/Support (if you do not have an account you may 

request one on the log-in page).  

http://www.wyatt.com/files/literature/white-papers/WP1004-Absolute-characterization-of-polymers-with-light-scattering-and-UHP-SEC.pdf
http://www.wyatt.com/files/literature/white-papers/WP1004-Absolute-characterization-of-polymers-with-light-scattering-and-UHP-SEC.pdf
https://www.wyatt.com/library/webinars/branching-revealed.html
mailto:sales@wyatt.com
mailto:support@wyatt.com
http://www.wyatt.com/Support

