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Abstract 
Evaporative Light Scattering Detection (ELSD) responds to all compounds that are less volatile than the HPLC mobile phase 
and are often described as a “universal”  detector.  ELSD’s nebulize the column effluent, transforming it into an aerosol cloud. 
As this cloud travels through a heated zone within the instrument, the more volatile mobile phase evaporates, leaving a 
smaller cloud of analyte particles. These particles pass through a beam of light, scattering some of the light, which is con-
verted into an electronic signal.  Any particle in the column effluent less volatile than the mobile phase will produce a 
response from the detector.  This property of the ELSD makes it a useful alternative to other HPLC detectors because it can 
detect most analytes, even those that do not absorb in the UV spectrum.  Many first time ELSD users, or current users trying 
to reach lower detection limits, find the baseline noise too excessive for useful operation.  We have found in most cases, the 
HPLC column or mobile phase is the source of the excessive noise, not the detector.  Mobile phase preparation for UV 
detectors differs significantly from that required for ELSD.  First, the mobile phase must be completely volatile.  Non-volatile 
mobile phase modifiers must be replaced with volatile versions. Second, the quality of the solvents must be scrutinized. We 
have found that common HPLC solvents, produced to be transparent in the UV and free of particles, are not always suitable 
for use with ELSDs especially when working at low ng detection levels.  
 
Int roduction 
ELSD Method of Operation 
ELSDs employs a unique method of detection.  The process involves three steps. First, the column eluent is transformed into 
an aerosol cloud with pneumatic nebulization.  The mobile phase in the vapor is then evaporated leaving a smaller cloud of 
analyte particles. These particles pass through a beam of light, scattering some of the light, which is converted into an 
electronic signal. 
Nebulization 
Nebulization transforms the liquid phase leaving the column into an aerosol cloud of fine droplets.  The size and uniformity 
of the droplets are extremely important in achieving sensitivity and reproducibility. All the ELSDs tested use a concentric gas 
type nebulizer and a constant flow of an inert gas. 
Evaporation 
The aerosol cloud is propelled through the heated evaporation tube assisted by the carrier gas. In the evaporation tube the 
solvent is volatilized to produce particles or droplets of pure analyte. The temperature of the drift tube is set at the temperature 
required to evaporate the solvent.  The temperature is kept as low as possible to avoid evaporation of the analyte. 
Detection 
The particles emerging from the evaporation tube enter the optical cell, where the sample particles pass through a beam of 
light. The particles scatter the light.  A light trap is located opposite the laser to collect the light not scattered by particles.  
The quantity of light detected is proportional to the solute concentration and solute particle size distribution. 
Thermo-SplitÔ  Technology 
The SofTA ELSD uses the patent pending Thermo-SplitÔ  technology for vapor phase control.  Thermo-Split technology 
provides the ability to vary the split ratio smoothly over a wide range. The Thermo-Split chamber combines a gentle bend 
with temperature controlled (heated or cooled) walls. For easily evaporated mobile phases, the walls are heated. As the 
droplets traverse the chamber, they partially evaporate, shifting the particle size distribution low enough for essentially all the 
droplets to negotiate the bend. When highly organic mobile phases are used, the Thermo-Split chamber is used at ambient or 
elevated temperatures.  Under these conditions a majority of the droplets pass through the chamber and are carried into the 
evaporative zone.  For difficult to evaporate mobile phases, or high flow rates, the walls of the Thermo-Split chamber are 
cooled. When the droplets exiting the nebulizer encounter a cooled environment, they partially condenses into larger droplets 
whose momentum carries them into the wall and down the drain. By making the walls very cold (10°C), 99+% of an aqueous 
stream can be diverted away from the evaporative zone. Water can be considered one of the most difficult to evaporate 
mobile phases encountered in HPLC. Many ELSD’s require the evaporation temperature to be set very high to accommodate 
aqueous mobile phases. The SofTA ELSD evaporation temperature can be kept low by using a sub-ambient Thermo-Spray 
chamber temperature.  During this evaluation of water quality the Thermo-Split chamber temperature is set at a sub-ambient 
temperature of 25°C.   
 
Discussion 
Evaporative Light Scattering Detectors are the detector of choice for may HPLC applications because they will respond to 
any analyte less volatile than the mobile phase.  This feature is ideal for analytes without chromaphores or for samples with a 
mixture of chromaphoric and non chromaphoric analytes.  But, it is this very feature that causes some difficulty when 
switching from conventional UV or RI detection to ELSD. Many first time ELSD users, or current users trying to reach lower 
detection limits, find the baseline noise too excessive for useful operation.  In most cases, the source of the noise does not lie 
within the operation of the detector, but within the solvents used for the separation. The ELSD cannot differentiate between 
analyte particles and particles resulting from contamination of the mobile phase. 
 
 Proper solvent selection and preparation is critical for evaporative light scattering detection to prevent baseline irregularities 
such as drift, noise and erratic signal.   Particle matter in the mobile phase can increase the background signal and noise level.  
The most critical parameter is the amount of residue after evaporation.  In most applications, HPLC grade solvents are 
sufficient for use with ELSDs.  However, preservative, such as BHT commonly found in tetrahydrofuran, will increase the 
noise level. 
 
The mobile phase should not contain nonvolatile modifiers.  Volatile modifiers can be used to aid separations but should be 
kept to less than 0.01M or 0.1% (v/v%). Even at this concentration, the presence of modifiers will increase baseline noise and 
reduce the signal to noise ratio of the separation.  Modifiers that have been successfully used with ELSD are acetic acid, 
trifluoroacetic acid (TFA), formic acid, triethylamine, and ammonia.   
 
The HPLC column can be another sources of baseline noise with Evaporative Light Scattering Detection.  The chroma-
tographic column contains micro particles used to separate the analytes.  Under some conditions, the column packing can 
breakdown from chemical or mechanical failure. For example, silica based HPLC column will breakdown when exposed to a 
high pH.  When this occurs, the particles can enter the detector and result in increased noise. To block the particle from 
entering the detector an inline filter can be place in the system between the column and the detector. This can result in 
increased peak widths due to the increased volume in the pathway.  A better solution would be a different column choice.  
Silica based amino column are frequently used for sugar separations.  These columns have been shown to bleed the amino-
bonded phase over time.  The ELSD detects this column bleed as increased baseline noise.  A polymer based amino column is 
a better choice for ELSD applications.   To eliminate the possible effects for column bleed during this evaluation of water 
quality on ELSD baseline noise and signal to noise ratio, an HPLC column was not used. 
 
Experimentation 
Four sources of water were compared to determine the effect of water quality on ELSD signal to noise.  These include Sigma 
Aldrich CHROMASOLVÒ for HPLC (product number 270733), Burdick and Jackson B&J Brand (Catalog number 365-4), 
Fluka for UV-spectroscopy (product number 95303), and Fluka TraceSelectUltra (product number 14211).  The residue on 
evaporation was only reported for the Sigma Aldrich and Burdick and Jackson waters.  (Table 1) 
 
 

Table 1: Residue on Evaporation 
 
Each of the water samples was introduced into the SofTA ELSD at 1ml/min using the same pump, injector and tubing.  Table 2 lists 
the conditions used for comparing the effects of water quality on baseline noise and signal to noise ratios. The SofTA ELSD filter 
value was set to 0 or OFF.  The SofTA signal filter has 10 settings to reduce the amount of baseline noise.  A filter value of 0 
provides no signal filtering.  A value of 10 provides the highest level of baseline filtering.   
 

 
 
 
 
 
 
 
 
 
 
 
 

Table 2: HPLC Condit ions 
 

The baseline noise was observed and recorded after 30 minutes of equilibration. Three injections of 200ng sodium benzoate where 
introduced approximately every 30 seconds into the water stream using a 20µL sample loop installed on a manual injection valve.  
The results obtained from the different water types are shown in Figures 1-4. 
 
To determine the signal to noise ratio obtained with each water type, 2µL of the 5ng/µL Sodium Benzoate sample was injected. The 
resulting peak high was compared to the baseline noise and reported as S:N ratio. The results can be found in Table 3.  
 
Results 
The two solvents that have been manufacture for HPLC use produced more baseline noise than either of the Fluka branded solvents.  
The Burdick and Jackson water certifies that the residue be less than 1mg/L or 0.1% while the Sigma Aldrich water has a residue 
specification of less than or equal to 0.0003%.  However, it has been shown that the Burdick and Jackson water produced a quieter 
baseline and a higher signal to noise ratio than the Sigma Aldrich water. Of the Fluka branded waters, the Ultra Trace produced the 
best results with the ELSD. The reduction of baseline noise increased the signal to noise ratio from 1:1 with the poorest quality 
water, Sigma Aldrich (Figure 5), to nearly 8:1 with the highest quality solvent, Fluka TraceSelectUltra (Figure 6).  As with many 
things, quality does not come without a price.  The Fluka TraceSelectUltra is significantly more expensive than the other waters 
tested. 

Water Residue on Evaporation 

Sigma Aldrich CHROMASOLVÒ <0.0003% 

Burdick and Jackson B&J Brand < 1mg/ml   (<0.1%) 

Fluka for UV-spectroscopy Not reported 

Fluka TraceSelectUltra Not reported 

Mobile Phase Water 

Flowrate 1mL/min 

Analyte  Sodium Benzoate in water (5ng/µL) 

Injection Volume 20µL or 2µL 

Backpressure Maintained at approx. 1200psi with a pressure regulator between pump and 
injection valve. 

SofTA ELSD Spray Chamber 25°C Drift Tube 55°C, 50psi N2, Filter 0 

ELSD Condit ions   

(1) Price at time of purchase, 3/05. B& J not available as 1L bottle, $11.36/L bought as a  
4 L bottle. Sigma Aldrich also available as 4L bottle at $8.56/L 

Table 3: Results of Water Quality 
Conclusions 
 
Evaporative Light Scattering Detection (ELSD) responds to all compounds that are less volatile than the HPLC mobile including 
any non-volatile components found in the solvents used for the separation or particles or bonded phase leaching from the column.  
Even when all mobile phase modifiers have been eliminated and the column has been removed, the ELSD baseline can remain 
excessively noisy.  This noisy baseline can decrease the sensitivity of the detection or in extreme cased render the detector unusable.  
When this is the case, the quality of the solvents must be scrutinized. We have shown that the most common HPLC solvent, water, 
produced to be transparent in the UV and free of particles, is not always suitable for use with ELSDs especially when working at 
low ng detection levels. Selecting the very best quality solvent can significantly increase the sensitivity of the Evaporative Light 
Scattering detection. 

Figure 1: Sigma Aldr ich  

Figure 2: Burdick and Jackson 

Figure 3: Fluka UV-Spec 

Figure 4: Fluka Ultra Trace 

Figure 5: Sigma Aldr ich Water, 10ng 1:1 S:N Figure 6: Fluka TraceSelectUltra Water, 10ng, 7.5:1 S:N 

Water Baseline Noise, mV S:N 10ng Price, USD/L (1) 

Fluka TraceSelectUltra  0.8 7.5:1 $106.80 

Fluka UV-Spec 1.0 4.2:1  $34.90 

Burdick and Jackson HPLC 1.6 2.6:1     $11.36 (2) 

Sigma Aldrich HPLC 10.0 1.0:1 $20.05 
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