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Evaporative light scattering detectors
(ELSDs) detect light scattered from
particles remaining after nebulization
and evaporation of the mobile phase.
This is in contrast to typical molar
mass sensitive on-line light scattering
detectors (low-angle laser light
scattering [LALLS], multi-angle laser
light scattering [MALLS], right-angle
laser light scattering [RALLS], and
two-angle laser light scattering
[TALLS]) that measure scattered light
from particles in solution.
Nebulization: The first step in ELSD
is nebulizing the column effluent
with an inert nebulizer gas (N2 , air,
He) to create an aerosol of droplets.
The droplet size and uniformity are
important parameters with respect to
sensitivity and reproducibility.
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Evaporation: After aerosol formation
the solvent is evaporated from the
droplets.
The aerosol is propelled through
a heated evaporation tube assisted
by the carrier gas. Here the solvent
is volatilized to produce particles or
droplets of pure analyte, which scatter
the light when they cross the light
beam in the detector.
Detection: When a non-volatile solute
is present and passes through the
light path of the detector, it causes
light to be scattered. The amount of
light detected, for example by a photo
diode, is proportional to the solute
concentration and solute particle size
distribution.
A large droplet size is desirable to
achieve a larger amount of scattered

Introduced in the 1980s, evaporative light scattering detectors (ELSDs) have been used in liquid chromatography (LC) as sensitive, universal
detectors for the detection of non-volatile sample components. The name is misleading because the term “light scattering” in gel permeation/
size-exclusion chromatography (GPC/SEC) is associated with molar mass sensitive detectors which measure scattered light in solution, while an
ELSD is a concentration detector. The signal intensity does not allow measurement of the absolute molar mass. Application of an ELSD in
GPC/SEC therefore still requires column calibration with standards of known molar mass.

Daniela Held, PSS Polymer Standards Service GmbH, Mainz, Germany.

Tips & Tricks: Evaporative Light Scattering
Detection in GPC/SEC

3

www.chromatographyonline.com

0.1%
Up to 10 mM
Up to 10 mM
Up to 10 mM

Trifluoroacetic acid

Ammonium acetate

Ammonium carbonate

Ammonium formate
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There are several advantages of ELSDs

Advantages of ELSDs
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compared to traditional GPC/SEC
detectors, such as ultraviolet (UV) or
refractive index (RI):
tELSDs are universal detectors. UV active
chromophoric groups are not required,
and ELSDs can detect any non-volatile
sample component.
tCompared to RI detectors, ELSDs have a
significantly lower detection limit,
and they are approximately 10 times
more sensitive. System peaks resulting
from solvent or low molar mass
additions can be eliminated because
they will most probably be evaporated.
In addition, ELSDs can also be applied in
interaction chromatography
(liquid adsorption chromatography
[LAC], polymer high performance
liquid chromatography [polymer-HPLC])
when solvent gradient elution
is used.

0.1%

Acetic acid

light and, ultimately, detector signal.
The size of a droplet depends on many
parameters such as solvent viscosity,
density, and surface tension, as well as
linear velocities of the gas and liquid
stream.1
Higher nebulizer gas flow rates
will form smaller droplets. In contrast,
too low a flow rate can cause
baseline noise because of inefficient
nebulization.
The evaporation temperature is very
important. It should be high enough to
evaporate the solvent, but low enough
so that it does not thermally degrade the
sample. In addition, care should be taken
that oligomers are not swept away during
nebulization.

0.1%

Concentration

Formic acid

Additive

Table 1: Suitable volatile salts and additives with potential concentrations.
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ELSDs are destructive detectors because
they destroy the mobile phase. An ELSD
must therefore be the last detector
in series in multidetection GPC/SEC.
Because of its negligible back pressure
this is not a problem; however, if
an ELSD is connected after an RI
detector, care should be taken to avoid
damaging the pressure sensitive RI
detector cell.
A major problem with ELSDs
is quantification because of the
non-linearity (log-linear relationship)
of the detector response.3 The
signal intensity depends on many
parameters, such as molar mass, sample
chemical composition, mobile phase
composition, and droplet size. The
measured peak area (A) depends on the
injected mass (m) and two sample and
conditions dependent coefficients, b
and x: A = b*m x . Therefore, ELSDs must
be carefully calibrated before they can be
used for quantification.
In addition, themal degradation
and loss of oligomers can also be a
problem.

Disadvantages of ELSDs
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ELSDs are superior to RI detectors with
respect to the limit of detection (LOD)
and their applicability for gradient
elution, as well as their stable baselines
in solvent mixtures. Therefore, they are
ideal as 2D-HPLC–GPC second dimension
detectors.

Summary

In contrast to other typical GPC/SEC
detectors, an ELSD requires a particular
matter-free gas supply of several litres per
minute (less for newer instruments).
Analysis of samples that require the
addition of modifiers, like salts or other
additives, can be problematic. Aqueous
GPC/SEC or GPC/SEC in polar organic
solvents such as dimethylformamide
(DMF) or dimethylacetamide (DMAc) are
examples for such separations. If an ELSD
is going to be used, only volatile salts can
be added. Mineral acids, bromides, and
non-volatile buffers such as potassium
phosphate can not be used, while volatile
modifiers such as trifluoroacetic acid
or ammonium acetate can. Table 1 lists
some volatile additives and potential
concentrations. As usual, for ELS
detection the lowest possible modifier
concentration should be used.

Practical Considerations for
GPC/SEC

www.chromatographyonline.com

These advantages make ELSDs the ideal
choice as a second dimension detector in
2D-HPLC–GPC/SEC. 2
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The major concern for method
development and validation is the
use of volatile modifiers, in addition
to the quantification problem with
detector linearity and potential loss of
low-molecular-weight components.
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www.malvern.com/morechoice

TO FIND OUT MORE AT

CLICK HERE

The amazing new Viscotek SEC-MALS 20 detector is the
new choice from Malvern for molecular weight and size of
proteins and polymers. With 20 angles, the revolutionary
XGTVKECNƃQYEGNNYKVJTCFKCNQRVKEURTQFWEGUVJGDGUV/#.5
FCVCQDVCKPCDNGCP[YJGTG/CMGVJGHTGUJEJQKEGPQY

MORE ANGLES MORE DATA MORE CHOICE

For Worldwide service and support by
the global light scattering experts.

1 Call

From data to results - It’s so easy to get
precise, repeatable results.

2 Clicks

More MALS detector angles = More accuracy.

20 Angles

FRESH CHOICE
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