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Live Webinar Q&A Sheet: 

Understanding polymer properties with 
multi-angle light scattering 

 
The recorded webinar may be viewed from the SEC-MALS webinars page. These questions were 
submitted by live viewers. Additional information on SEC-MALS, DLS, CG-MALS, and FFF may be found in 
the Wyatt website Resources section under Webinars, Application Notes, and Bibliography, as well as on 
the corresponding Product page and Solutions page of our web site.  

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

SEC-MALS general 

Q: How many detectors in a multi-angle light scattering instrument? 

A:   Wyatt offers MALS instruments with 3, 8 or 18 angles. Wyatt’s flagship MALS instrument, 
DAWN, offers many benefits including the largest range of measurement, the highest sensitivity 
and the most options for extended operation including temperature control and an embedded 
DLS module. 

Q: Do you still need to use calibration standards with SEC- MALS? Or can MALS be performed without 
calibration samples? 

A: Wyatt’s MALS instruments do not use any polymer standards – not for elution time as in standard 
analytical SEC, nor for instrument response as in other light scattering instruments. They are 
calibrated with pure toluene. 

Q: Is there a general Rg region where MALS will give a result that is significantly different from a 
RALS/LALS detector? 

A: Molar mass: A RALS detector will start to underestimate the molar mass from roughly Rg = 10 nm, 
and the error will increase with increasing polymer size. LALS should be able to provide 
reasonably correct molar mass for all polymer sizes that can be separated by SEC since the error 
due to the detector angle not being equal to zero is quite negligible, but the measurements often 
suffer from significantly higher noise compared to MALS and RALS. The largest polymers, that 
must be separated by FFF, may accumulate some error in LALS as a result of assuming that the 
detection angle is zero. 

Size: LALS and RALS detectors do not provide Rg at all, at least not from light scattering. They may 
report Rg in combination with a differential viscometer, but the analysis assumes a specific 
relationship between M, Rg and intrinsic viscosity which may not hold for the analyte of interest. 

https://www.wyatt.com/Webinars/SEC-MALS
http://www.wyatt.com/Webinars
http://www.wyatt.com/AppNotes/FFF-MALS
http://www.wyatt.com/Bibliography
http://www.wyatt.com/Products/MALS
http://www.wyatt.com/Polymers
mailto:info@wyatt.com?subject=October%202018%20Webinar%20follow-up
http://www.wyatt.com/Producst/MALS
http://www.wyatt.com/DAWN
http://www.wyatt.com/DAWN
http://www.wyatt.com/SEC-MALS
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Without the viscometer you may never know if the molecule is in the Rg range where errors start 
to accumulate. 

Q: Why does the peak of the red MALS signal elute earlier than that of the blue RI signal? 

A:   That is an artifact that arises from the different responses of the detectors. The MALS response is 
proportional to the product of molar mass and concentration, while the RI response is 
proportional solely to the concentration. Therefore the MALS peak appears to be shifted towards 
the higher molar masses, which elute earlier in SEC (but later in FFF). Thanks to this difference in 
response, MALS can determine absolute molar masses. 

 There is, in addition, a time difference between the detectors since they are connected 
sequentially. However, ASTRA MALS analysis software aligns the corresponding fractions so you 
don’t see this in the display. 

Q: Can colored samples be analyzed by MALS, even though they might absorb the laser light? 

A:   Yes, all Wyatt MALS detectors incorporate a ‘Forward Monitor’ that measures transmission 
though the cell. If the laser light is absorbed by the sample, ASTRA software uses this 
measurement to adjust the analysis and provide correct molar masses. It works well when the 
total absorption over the cell path length is up to 40 – 50%.  

Q: Why is the Mp value (mass at peak apex) so important in conventional SEC calibration, whereas 
for MALS the important value is the weight average MW? 

A:   Mp is needed to assign the peak apex to a certain molar mass. In the case of MALS, we do not 
need any polymer standards as the molar mass is absolute value calculated from the intensity of 
scattered light at zero scattering angle. The weight average is measured by classical light 
scattering without separation; in the case of combination of MALS with SEC, all molar mass 
averages and molar mass distribution are measured. 

Intrinsic viscosity 

Q: What is the difference between viscosity and intrinsic viscosity? 

A:    Viscosity is proportionality constant in the Newton´s law of liquids, the intrinsic viscosity is the 
specific viscosity divided by concentration at the concentration approaching zero. 

Q: Is the intrinsic viscosity measured by the ViscoStar identical with that measured by a capillary 
viscometer? 

A: As a differential viscometer that incorporates a capillary bridge, the ViscoStar is orders of 
magnitude more sensitive than a capillary viscometer. The results are very similar, though not 
necessarily identical. 

http://www.wyatt.com/ASTRA
http://www.wyatt.com/ViscoStar
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Q: The viscometer detector always shows a negative peak following the peak of interest. Can you 
explain that phenomenon? 

A:   A differential viscometer splits the flow between to arms of a capillary bridge, one of which 
contains a delay column. A more viscous solution in the arm without the delay column produces a 
positive signal. Therefore the positive peak occurs when the sample flows into delay column, 
while the negative peak occurs when the sample elutes from the delay column.  

Q: For the online viscometer, does the sample run through the inert delay column? Does the delay 
column ever become contaminated with or clogged with sample? Does it need to be replaced? 

A:     Yes, the sample is split and half of it goes through the delay column. The column may be cleaned 
by flushing with suitable solvents and usually does not need to be replaced, though if a large 
quantity of some insoluble material enters the system then it might need replacement.  

Mark-Houwink analysis 

Q: Is a Mark-Houwink plot generated by ASTRA for each measurement? 

A:   Yes, if the system incorporates a ViscoStar differential viscometer. 

Q: For the Mark-Houwink plot shown in the presentation, why does the purple line (randomly 
branched PBMA) not have a value for the slope and Mark-Houwink coefficients? 

A:   The purple sample is randomly branched and therefore the Mark-Houwink plot is curved. It does 
not have any single slope, because the slope is decreasing towards higher molar masses. In 
principle the slope could be determined as the tangent at different points. 

Q: Does the change in slope for Mark-Houwink plots of randomly branched polymers indicate that 
the 3-D structure of the polymer is also changing? 

A:   Yes, the change of slope for a polymer of a given chemical composition in a given solvent proves 
the change of molecular structure. 

Q: Is the slope in the Mark-Houwink plot of a particular synthetic polymer solvent-dependent? 

A:  The slope, a, will typically not be solvent-dependent, e.g. a linear polymer will always have a slope 
around 0.7. However, the resulting constant K of the Mark-Houwink analysis, i.e., the y-intercept 
of the Mark-Houwink plot, will be solvent-dependent.  

Q: In Mark-Houwink-Sakurada plots of anionic, linear polymers we find that the plot is non-linear, 
similar to branched polymers. What is the reason for that? 

A:   In the case of anionic polymers the curves are affected not only by the molecular topology, but 
also by repulsive electrostatic charges that produce stiff chains. There can be counteracting 

http://www.wyatt.com/ViscoStar
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effects of chain stiffness, interactions with solvent and electrostatic forces that vary with molar 
mass, causing the slope of the MHS plot to change over its range. 

Non-ideal SEC 

Q: What happens if there is too much sample in the flow cell? For example, if there is light scattered 
from multiple different samples? Would the result be inconclusive? 

A:   Let’s break this into two questions: mixtures of different samples and high concentration. In the 
case of samples that scatter with extremely high intensity, for example 100 nm particles or 100 
MDa polymers at high concentration, the detectors might be saturated, and it is possible to 
decrease the laser power. For polymers and proteins under conditions typical of analytical SEC or 
FFF. the MALS detector never gets saturated. 

 If the sample includes a mixture of sizes or molar masses then the light scattering result is the 
weight-average molar mass or z-average size. In most cases separation by SEC or FFF results in 
near-monodisperse fractions in the flow cell, but as shown in the webinar, there are instances of 
non-ideal separation in SEC that are overcome by FFF. 

Q: Is it possible to distinguish between poor SEC separation caused by interactions and by anchoring? 

A:  With some knowledge of polymer chemical composition, it should be possible. If the polymer 
contains functional groups or if the polymer consists of hydrophilic / hydrophobic blocks, then 
enthalpic interactions are very probable. 

FFF general 

Q: Can FFF detect insoluble gels? 

A:  If the gels are macroscopic, then no, they will not elute well. It can separate nanogels up to 
about 1 µm. 

Q: My application is a water-soluble polymer of super-high molecular weight. Using FFF, will the 
separation be sufficient? Is it possible that the polymer aggregates? 

A:   FFF is quite versatile and its separation power can be tuned to accommodate a very broad range 
of polymers and nanoparticles, all the way up to micron-size particulates. In case the high 
molecular weight you see is caused by polymer aggregation in the FFF channel, Wyatt offers a 
dispersion-inlet channel that generally eliminates such aggregation. 

Q: Is FFF-MALS resolution good enough for getting information on free and humic acid bound 
complexes (and aggregates) of metals? 

A:   It will depend on the difference of hydrodynamic size, if it is big enough to assure separation. 
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Q: Can you comment on the use of Mobility electrical/asymmetric-flow FFF (EAF4) system for block 
copolymers? Would this technique be helpful to determine blocks of different polarities? 

A:   I do not think EAF4 will help in this application. For block copolymers I would suggest 2D LC-SEC 
with UHP-SEC-MALS incorporating a microDAWN, microOptilab and possibly 
also microViscoStar. Some studies have been performed and the results were very promising. 

Q: Could the FFF technique be adapted to another brand SEC, such as Agilent? 

A:   Wyatt’s FFF system exclusively uses Agilent pumps, autosamplers and other modules together 
with the Eclipse FFF controller and channels. The system can be easily swapped between FFF 
and SEC. However, if you have just an Agilent system, it will be fairly difficult to build your own 
FFF system since you will need to integrate sophisticated flow controllers and devise your own 
channels. 

Q: How does the dilution control module work? 

A:   During separation in the FFF channel, the sample is concentrated in the proximity of the 
membrane, and there is a large volume of solvent above it that does not contain sample. Upon 
exiting the channel these two usually mix, causing dilution. The Dilution Control Module 
removes a portion of the solvent and thus reduces the amount of dilution, effectively increasing 
sample concentration after the channel. Up to 5x reduction there is no impact on resolution or 
peak shape.  

Q: What temperature restrictions does FFF have? 

A:   While FFF is typically performed at laboratory temperature, Wyatt new FFF channels can be 
temperature-controlled up to 50 °C. It is also possible to place the entire channel in an LC oven. 
Personally, I have used FFF to measure polymers in THF up to 80 °C, i.e., over the boiling point of 
THF. That is possible due to the pressure in the channel. 

Q: Can you run FFF at temperature of 150 °C? 

A:   Such experiments have been reported in the scientific literature. The main drawback is that the 
molecular-weight cutoff of membranes that are resistant to 150 °C is very high, and thus a major 
part of sample can be lost through the membrane. 

Q: Can you measure the hydrodynamic size from FFF? How? 

A:   In theory, the hydrodynamic radius can be calculated from the retention time if fractionation is 
ideal and there are no membrane interactions. However, I would always prefer direct 
measurement of radius of gyration and molar mass by MALS, possibly adding embedded DLS for 
measuring hydrodynamic radius.  

http://www.wyatt.com/microDAWN
http://www.wyatt.com/microOptilab
http://www.wyatt.com/microViscoStar
http://www.wyatt.com/Eclipse
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In the past FFF has not been stable enough for intrinsic viscosity analysis, but with the new 
dilution control module, Wyatt’s FFF-MALS instruments based on Eclipse NEON and DAWN NEON 
models plus the ViscoStar NEON are generally stable enough to determine the viscometric 
hydrodynamic radius. 

Comparison of FFF and SEC 

Q: What is the best way to measure the absolute mass of a block copolymer? 

A:   Depending on molar mass, either SEC-MALS or FFF-MALS. If one of the blocks is UV active (e.g., 
styrene), then a UV detector together with the RI detector enables determination of the molar 
masses of the two components for each fraction; otherwise MALS determines the average molar 
mass of the copolymer. 

Q: Are there any benefits to FFF over SEC for characterizing polymers that are not ultra-high-molar-
mass? 

A:  FFF might provide better separation of branched polymers or highly functional polymers that 
have high tendency to interact with column packing. 

Q: Are there applications that SEC-MALS performs better than FFF-MALS?  

A:   SEC-MALS performs very well for oligomers up to mid-molar-mass polymers, especially for linear 
polymers. FFF-MALS usually works better for polymers containing ultra-high-molar-mass species 
and for branched polymers. 

Q: Would FFF be more suitable than SEC for characterizing poly(ethylene oxide) with MW of 8 million 
and above? 

A:   For such ultra-high molar mass polymer I would suggest FFF. 

Application general questions 

Q: Is a good solvent, for confirmation plot analysis, any solvent that the polymer is soluble in? 

A:   Not all solvents the polymer is soluble in are thermodynamically good. The thermodynamic 
quality of solvent is given by the second virial coefficient that can be measured by batch MALS. 
SEC separation is usually performed in thermodynamically good solvents. 

Q: In the example of anchoring, why does the RI signal not show the delayed separation of the really 
large macromolecules? 

A:   The delayed large macromolecules are at low concentration and they elute together with smaller 
molecules that are at much higher concentrations. They are visible by MALS because the 
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response is directly proportional to the product of molar mass and concentration, while the RI 
response is directly proportional to just the concentration. 

Q: To prevent anchoring of polymers in the column, would going to a wider pore size column help? 

A:   The type of columns has only a minor effect on the anchoring effect. Wider pore size might also 
negatively affect the resolution. The only really efficient solution of the anchoring is FFF 
separation instead of SEC. 

Q: How might these systems separate chemicals of similar molar masses? 

A:   Both SEC and asymmetric-flow FFF separation are based on hydrodynamic volume. The chemical 
composition does not play any role. The same hydrodynamic volumes will elute at the same 
elution volume no matter of molar mass and/or chemical composition, but different molecules 
might have different conformations or densities which would result in at least some separation. 
MALS can also be used with gradient chromatography such as ion-exchange chromatography or 
reverse phase chromatography, but the measurement capabilities are limited relative to SEC or 
FFF.  

Q: Do you expect any challenges with heteropolymers such as lignin? 

A:   The main challenge in lignin characterization is fluorescence. Users of Wyatt’s DAWN MALS 
instruments can reduce or even eliminate the effects of fluorescence by 1) purchasing an 
instrument with an infrared laser at 785 nm instead of the standard 660 nm and 2) by installing 
fluorescence blocking filters.  

In addition, natural lignins may incorporate polymers with a variety of chemical compositions that 
vary with size, which can complicate the evaluation of dn/dc, a parameter that is needed for light 
scattering analysis and depends on the chemical composition.  

Q: How can we measure the gel content of the polymer? 

A:   Nanogels can be measured by FFF. For macroscopic gels I would suggest Soxhlet extraction when 
the gel content is obtained gravimetrically. In addition, the soluble part can be measured by SEC-
MALS or, even better, both soluble fractions and nanogels can be measured by FFF-MALS. 

Q: Can we measure the crosslinking content of the polymer? 

A:   If the polymer is really crosslinked, then it becomes insoluble. In this case, I would determine the 
soluble/insoluble part by Soxhlet extraction. 
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Q: Is it possible to use SEC-MALS to determine the molar mass distribution of an unknown polymer in 
a mixture?  

A:   Sometimes that is possible, primarily if it separates from the rest of the mixture during elution. 
Alternatively, you might use ion-exchange or reverse-phase chromatography to separate out the 
unknown component. 

Q: What is the lowest molar mass than can be determined by RI? 

A:   RI does not have any molar mass limit. Only polymers with specific refractive index increment 
equal or very close to zero are invisible in RI. 

Instrumentation, software and operation 

Q: Is everything operable under ASTRA? 

A:   SEC-MALS and FFF-MALS are both operable under ASTRA. ASTRA directly controls Agilent HPLC 
systems; FFF has additional software, VISION, that controls both separation by the Eclipse 
FFF system and data acquisition by ASTRA. 

Q: How to accurately perform a MALS analysis? 

A:   There are several aspects that need to be meticulously taken care of. In brief: flush the columns 
for a couple of hours, or even better overnight, to get MALS noise down; find the correct dn/dc in 
literature, have a clean cell, and (if not using an Optilab RI detector) have the RI detector well-
calibrated. If you are a Wyatt customer then you can learn all this and more at Light Scattering 
University, and Wyatt’s friendly and devoted support staff will help you out. 

Q: Can we expect different Mn and Mw values for same polymer when using SEC software from 
different vendors? 

A:   You should expect different results when comparing different techniques such as column 
calibration, universal calibration, SEC-MALS or SEC-LALS. For the same SEC-MALS measurements, 
small differences might arise because of how baseline and band broadening are handled by the 
specific algorithms, but significantly different results would indicate that one of the software 
packages is not analyzing the data correctly. 

Q: How do Wyatt’s LS detectors compare to other brands, e.g. Varian? 

A:   Wyatt’s MALS detectors have much higher sensitivity and size range, and calibration without 
requiring any polymer standards. With 3 or more angles of detection they all measure Rg in 
addition to MW. In addition, there are multiple advanced features such as built-in intelligence, 
extended temperature range, automatic ultrasonic flow cell cleaning, a forward monitor that 
enables measurement of colored samples and a laser monitor that assures long-term 

http://www.wyatt.com/LSU
http://www.wyatt.com/LSU
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repeatability of the results, and advanced software that provides many analyses not included in 
other packages. Wyatt Technology is devoted exclusively to light scattering; its instruments are 
held to the highest standards of excellence. In addition, Wyatt’s training, service and support are 
widely considered the industry benchmark, and these ensure that Wyatt’s customers not only 
have top-quality instruments, but are successful in meeting their scientific and technical goals. 

Q: Do you always prefer to report MALS @ 90°? Why not a different angle? 

A:   We have to choose some angle to display in the graph, and 90 degrees is more or less the middle 
of the range. However, all signals from all the angles are recorded and may be used for the 
analysis. 

SEC without MALS 

Q: For the polystyrene standards used for calibration with a refractive index measurement, what is 
the lowest molar mass that can be used? Can it be as low as 200? 

A:   The lowest molar mass for polystyrene calibration is 162 g/mol (hexyl benzene, i.e., model for 
polymerization degree 1 of styrene with butyl lithium as initiator). 

Q: What standards do you like to use for polymer calibration with SEC? 

A:   It depends on solvent: for THF, chloroform or toluene polystyrene standards are preferred; for 
aqueous I use poly(ethylene oxide) or pullulan. 
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