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Antifoaming Agents, 
Emulsifiers, and Surfactants

Introduction 
Antifoaming agents, emulsifiers, and surfactants are food additives that 
help maintain the appearance and texture of foods, but possess little 
nutritional value, per se. They are also important in food manufacturing 
and preparation.
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Thermo Scientific™ Dionex™ UltiMate™ 3000 UHPLC+ 
systems offer excellent chromatographic performance, 
operational simplicity and unrivaled flexibility. Choose 
from a wide range of standard and unique specialty 
detectors to extend your laboratory’s analytical 
capabilities. 

High-Performance  
Liquid Chromatography
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UltiMate 3000 UHPLC+ Systems

Best-in-class HPLC systems for all your chromatography needs
UltiMate 3000 UHPLC+ Systems provide excellent chromatographic performance while maintaining easy, reliable operation. The basic and standard 
analytical systems offer ultra HPLC (UHPLC) compatibility across all modules, ensuring maximum performance for all users and all laboratories.

Covering flow rates from 20 nL/min to 10 mL/min with an industry-leading range of pumping, sampling, and detection modules, UltiMate 3000 
UHPLC+ Systems provide solutions from nano to semipreparative, from conventional LC to UHPLC.

Superior chromatographic performance
•	 UHPLC design philosophy throughout nano, standard analytical, and rapid separation liquid chromotography (RSLC)

•	 620 bar (9,000 psi) and 100 Hz data rate set a new benchmark for basic and standard analytical systems

•	 RSLC systems go up to 1000 bar and data rates up to 200 Hz

•	 ×2 Dual System for increased productivity solutions in routine analysis

•	 Fully UHPLC compatible advanced chromatographic techniques

•	 Thermo Scientific™ Dionex™ Viper™ and nanoViper™ fingertight fittings—the first truly universal, fingertight fitting system even at UHPLC pressures

Learn more at www.thermoscientific.com/liquidchromatography 

http://www.thermoscientific.com/liquidchromatography
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UltiMate 3000 UHPLC+ Systems

We are uniquely focused on making UHPLC technology available to all users, all laboratories, and for all analytes.

Rapid Separation LC Systems
The extended flowpressure footprint of the RSLC system provides the performance for ultrafast 
high-resolution and conventional LC applications.

RSLCnano Systems
The Rapid Separation nano LC System (RSLCnano) provides the power for high resolution and 
fast chromatography in nano, capillary, and micro LC.

Standard LC Systems
Choose from a wide variety of standard LC systems for demanding LC applications at nano, 
capillary, micro, analytical, and semipreparative flow rates.

Basic LC Systems
UltiMate 3000 Basic LC Systems are UHPLC compatible and provide reliable, high performance 
solutions to fit your bench space and your budget.
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Standard HPLC Detectors

UltiMate 3000 Variable Wavelength  
Detectors
The Thermo Scientific Dionex UltiMate 3000 VWD-3000 is a variable 
wavelength detector (VWD) series for industry leading UV-Vis detection. 
The forward optics design and wide range of available flow cells ensure 
optimal performance over a flow rate range of five orders of magnitude. 
Automated qualification, performance optimization, and instrument wellness 
monitoring deliver maximum uptime, simplify work-flow, and give you full 
confidence in your analytical results. The detector is available in a standard 
100 Hz (VWD-3100) and a 200 Hz Rapid Separation version (VWD-
3400RS) for the most challenging UHPLC applications.

High-Performance UV-Vis Detection

• 	 The VWD-3400RS variant provides data collection rates of up to 200 
Hz for optimal support of today’s and tomorrow’s UHPLC separations

• 	 The VWD-3100 standard detector operates at up to 100 Hz data rate 
for optimum support of 62 MPa (9000 psi) UltiMate 3000 Standard 
systems

• 	 Superior detection of trace analytes with low noise (< –2.0 μAU) and 
drift (< 100 μAU/h)

• 	 The detector’s large linearity range of up to 2.5 AU is ideal for 
applications with widely varying analyte concentrations

• 	 Up to four absorption channels (VWD-3400RS) and spectral scans 
support effective method development

• 	 Active temperature control of optics and electronics for data 
acquisition independent of ambient conditions

• 	 Front panel access for quick and easy lamps and flow cells changes

• 	 Automated qualification monitoring for full regulatory compliance

• 	 Large front panel display for monitoring the detector status even from 
a distance

• 	 Maximize uptime using predictive performance–based on monitoring 
the life cycle of detector lamps

• 	 The detector can be upgraded with the Thermo Scientific Dionex  
pH/Conductivity Monitor (PCM-3000) for accurate and precise pH- 
and conductivity monitoring

• 	 Unique 45 nL ultra-low dispersion UV monitor for dispersion-free UV 
detection in LC/MS

UltiMate 3000 VWD-3400 Variable Wavelength Detector.

Learn more at www.thermoscientific.com/liquidchromatography

http://www.thermoscientific.com/liquidchromatography
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Standard HPLC Detectors

UltiMate 3000 Diode Array and  
Multiple-Wavelength Detectors 
The Thermo Scientific Dionex UltiMate DAD 3000 detector is a high-
resolution, 1024-element diode array detector (DAD) available in Rapid 
Separation (200 Hz) and Standard (100 Hz) versions. It operates with 
the Thermo Scientific™ Dionex™ Chromeleon™ Chromatography Data 
System (CDS) software to provide a variety of spectra views, including 
3-D plotting and automated chromatogram handling. The high resolution 
and low-noise performance of the DAD-3000 family makes it ideal for 
the most sensitive and accurate library searches and peak purity analyses. 

The detector is also available as a multiple wavelength detector (MWD) in 
Standard (100 Hz) and Rapid Separation (200 Hz) versions. 

•	 Data collection at up to 200 Hz using a maximum of eight single-
wavelength data channels and one 3-D field (3-D only with  
DAD-3000 (RS)) for best support of ultrafast separations 

• 	 Standard versions operate at up to 100 Hz data collection rate for 
optimum support of 62 MPa (9000 psi) UltiMate 3000 Standard 
systems 

• 	 Accurate compound confirmation with a 1024-element, high 
resolution photodiode array 

• 	 Flexibility in both UV and Vis applications with 190–800 nm 
wavelength range 

• 	 Low-noise over the full spectral range using deuterium and tungsten 
lamps 

• 	 Fast and accurate wavelength verification using a built-in holmium 
oxide filter 

• 	 The detector can be upgraded with the UltiMate PCM 3000 for 
accurate monitoring pH gradients 

• 	 Excellent reliability and reproducibility with low baseline drift (typically  
< 500 μAU/h) 

• 	 Simplified routine maintenance with front access to pre-aligned cells 
and lamps 

• 	 ID chips on flow cells and lamps for identification and life-span 
monitoring 

• 	 Chromeleon CDS software for full control and flexible data handling 

• 	 Front-panel display for easy monitoring of detector status to maximize 
uptime 

• 	 Flow cells for semi-micro, semi-analytical, analytical, and semi-
preparative applications 

• 	 Flow cells available in stainless steel and biocompatible versions

UltiMate 3000 DAD-3000 Diode Array Detector

Learn more at www.thermoscientific.com/liquidchromatography

http://www.thermoscientific.com/liquidchromatography
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RefractoMax 521 Refractive Index Detector
The Thermo Scientific RefractoMax 521 Refractive Index Detector from 
ERC Inc. This detector, in combination with the UltiMate 3000 system, is 
the right choice for the isocratic analysis of sugars, polymers, and fatty 
acids. It features fast baseline stabilization and excellent reproducibility, 
combined with high sensitivity. The RefractoMax 521 is fully controlled by 
the Chromeleon CDS, and can also operate in stand-alone mode.

•	 The detector is highly sensitive and applicable universally. It 
provides very stable baselines with a drift of 0.2 µRIU/h and a noise 
specification of 2.5 nRIU or less

•	 The optical bench, thermostatically regulated from 30 °C to  
55 °C, and the superior signal-to-noise ratio ensure highly precise 
measurement results

RefractoMax 521 Refractive Index Detector

Standard HPLC Detectors

•	 The extended flow rate range from 1 mL/min up to 10 mL/min 
and the operating range of 1.00 to 1.75 RIU enable the use of this 
detector for a wide range of applications

•	 Applications include the analysis of all compounds with low UV-Vis 
activity, such as alcohols, mono- and polysaccharides, esters, fatty 
acids, or polymers

•	 An Auto Set-up function automates purging, equilibration, autozero, 
and the control baseline stability and noise

•	 Operation with Chromeleon CDS makes the detector easy to use and 
ensures maximum productivity in instrument control, data processing, 
and reporting of results

Learn more at www.thermoscientific.com/RI

http://www.thermoscientific.com/RI
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Specialty HPLC Detectors

Corona Veo Charged Aerosol Detector
Charged Aerosol Detection provides near universal detection independent 
of chemical structure for non- or semi-volatile analytes with HPLC and 
UHPLC. A Thermo Scientific™ Dionex™ Corona™ Veo™ Charged Aerosol 
detector is ideally suited as a primary detector for any laboratory, while 
providing complementary data to UV or MS methods.  No other LC 
detector available today can match the performance of a Corona Veo 
detector.

•	 High sensitivity – single-digit nanogram on column

•	 Consistent response – independent of chemical structure

•	 Wide dynamic range – to four orders of magnitude or greater

•	 Simple to use – easy to integrate with any HPLC/UHPLC system

The Corona Veo detector gives the simplicity, reproducibility and 
performance required for a full range of applications from basic research 
to manufacturing QC/QA. With charged aerosol detection you get 
predictable responses to measure analytes in direct proportion to their 
relative amounts for quantitation without actual standards.

This detector offers the flexibility to use reversed-phase gradients, as well 
as  normal phase and HILIC modes of separation on any LC system. 
And, in many cases eliminates the need for derivatization or sample pre-
treatment  to provide real dilute-and-shoot simplicity.  

Corona Veo Charged Aerosol Detector

Learn more at www.thermoscientific.com/veo 

http://www.thermoscientific.com/veo
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Ultimate 3000 Electrochemical Detector
Electrochemical detection delivers high sensitivity for neurotransmitter 
analysis, simplicity and robustness for pharmaceutical or clinical 
diagnostics, and the selectivity for the characterization of complex 
samples such as natural products, biological tissues and fluids. For 
today’s researcher, there is a continuing need for detecting vanishingly 
small quantities of analyte and often in complex samples. Because 
electrochemical detection measures only compounds that can undergo 
oxidation or reduction it is both highly sensitive and very selective. 

The Thermo Scientific Dionex UltiMate 3000 Electrochemical Detector, 
designed by the pioneers of coulometric electrochemical detection, 
delivers state-of-the-art sensor technologies complete with an entire range 
of high performance and ultra-high performance LC systems optimized  
for electrochemical detection. The UltiMate 3000 ECD-3000RS takes 
electrochemical detection to the next level with UHPLC compatibility, total 
system integration, and selection of detection mode, all with unprecedented 
operational simplicity. 

Specialty HPLC Detectors

Features include: 

•	 Detection Modes – choose from DC and PAD for optimum analyte 
response

•	 Choice of sensors – both coulometric and amperometric sensors to 
meet the demands of any application

•	 UHPLC compatibility – ultralow peak dispersion and high 
data acquisition rates for conventional or fast, high resolution 
chromatography

•	 Modularity – easily expandable to multiple independent sensors for 
unrivaled flexibility

•	 Autoranging – simultaneously measure both low and high levels of 
analytes without losing data

•	 SmartChip™ technology – easy operation with automatic sensor 
recognition, event logging and electrode protection

UltiMate 3000 Electrochemical Detector

Learn more at www.thermoscientific.com/ECDetection

http://www.thermoscientific.com/ECDetection
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CoulArray Multi-electrode Array Detector
The Thermo Scientific™ Dionex™ CoulArray™ Multi-electrode Array 
detector is the only practical multi-channel electrochemical detection 
system that allows you to measure multiple analytes simultaneously, 
including those that are chromatographically unresolved. The 
CoulArray detector delivers the widest dynamic range of any available 
electrochemical detector with unmatched selectivity for detection of 
trace components in complex matrixes, even when used with aggressive 
gradients. 

•	 Measures analytes from femtomole to micromole levels

•	 Greatly simplify sample preparation and eliminate interferences

•	 Simultaneously analyze multiple analytes in very complex samples

•	 Easily produce qualitative information for compound identification

Multiple system configurations offer 4, 8, 12, or 16 channels that can be 
upgraded anytime. The unique data acquisition and processing software 
uses automatic signal ranging and a unique patented baseline correction 
algorithms to provide identification and quantitation of single or multiple 
analytes and powerful 3D data for quick sample fingerprint confirmation 
with integration to pattern recognition platforms. 

With the power of coulometric array technology, the CoulArray detector  
can give you the qualitative data of a optical PDA with 1,000 fold greater 
sensitivity to profile the characteristic qualities of products, determine 
integrity, identify adulteration and even evaluate competitors’ products.

Specialty HPLC Detectors

CoulArray Multi-electrode Array Detector

Learn more at www.thermoscientific.com/coularray

http:// www.thermoscientific.com/coularray
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Ultimate 3000 Fluorescence Detector
The Thermo Scientific Dionex UltiMate 3000 FLD-3000 is a high-sensitivity 
fluorescence detector series for UltiMate 3000 HPLC systems. It is available in 
Rapid Separation (RS)  and Standard (SD) versions. The optics of the FLD-
3000  series provide maximum stray-light suppression for best  detection 
sensitivity. Operated with the Chromeleon CDS software, the detector provides 
automated qualification, various tools for method development, and instrument 
wellness monitoring for ease of use, maximum uptime, and the highest degree 
of regulatory compliance.

•	 Data collection at up to 200 Hz  for optimal support of even the fastest 
UHPLC separations (FLD-3400RS)

•	 Standard detectors operate at up to 100 Hz data rate for optimum support 
of  62 MPa (9,000 psi) UltiMate 3000 standard systems

•	 Lowest limits of detection with a Raman signal-to-noise ratio  
(S/N): > 550 ASTM (> 2100 using dark signal as noise reference)

Specialty HPLC Detectors

•	 Unsurpassed reproducibility with active flow cell temperature control for 
stable fluorophore activity independent of changes in ambient temperature

•	 Long-life xenon flash lamp for highest sensitivity and long-term operation 
without the need for frequent lamp changing

•	 Optional second photomultiplier (PMT) for unique Dual-PMT operation, 
offering an extended wavelength range up to 900 nm without sacrificing 
sensitivity in the standard wavelength range

•	 Two-dimensional (2D) or three dimensional (3D) excitation, emission, 
or synchro scans to provide the highest degree of flexibility for method 
development or routine sample characterization

•	 Innovative Variable Emission Filter for real-time compound-related sensitivity 
optimization (FLD-3400RS only)

•	 Large front-panel display for easy monitoring of the detector status

•	 Two flow-cell sizes for easy optimization to application requirements: the  
8 µL flow cell is ideal for trace analysis, and the 2 µL flow cell offers best 
peak resolution with narrow-bore HPLC and UHPLC columns

Ultimate 3000 Fluorescence Detector

Learn more at www.thermoscientific.com/liquidchromatography

http://www.thermoscientific.com/liquidchromatography
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Thermo Scientific Dionex IC systems have led the 
analytical instrument industry for over 30 years with 
solutions that represent state-of-the art technological 
advancements and patented technologies. 

Ion Chromatography
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Innovative Ion Chromatography Solutions
Our High-Pressure™ Ion Chromatography (HPIC™) systems include the 
Thermo Scientific Dionex ICS-5000+ HPIC system, which is optimized 
for flexibility, modularity, and ease-of-use, combining the highest 
chromatographic resolution with convenience. In addition, the Thermo 
Scientific Dionex ICS-4000 Capillary HPIC system is the world’s first 
commercially available dedicated capillary high-pressure Reagent-Free™ 
(RFIC™) IC system. The Dionex ICS-4000 system is always ready for the 
next analysis, delivering high-pressure IC on demand. 

Reagent-Free IC systems eliminate daily tasks of eluent and regenerant 
preparation in turn saving time, preventing errors, and increasing 
convenience. RFIC-EG systems use electrolytic technologies to generate 
eluent on demand from deionized water, and to suppress the eluent back to 

Thermo Scientific Dionex IC instrument family

IC and RFIC Systems

pure water to deliver unmatched sensitivity. RFIC-ER systems are designed 
to use carbonate, carbonate/ bicarbonate, or MSA eluents for isocratic 
separations.

At the heart of our ion chromatography portfolio is a unique set of column 
chemistries that provide high selectivities and efficiencies with excellent 
peak shape and resolution. Thermo Scientific™ Dionex™ IonPac™ 
chromatography columns address a variety of chromatographic separation 
modes including ion exchange, ion exclusion, reversed-phase ion pairing, 
and ion suppression. Our column chemistries are designed to solve specific 
applications, and we offer a variety of selectivities and capacities for simple 
and complex samples. Additionally, our Dionex IonPac column line is 
available in standard bore, microbore and capillary formats for the ultimate 
application flexibility.

Learn more at www.thermoscientific.com/IC

http://www.thermoscientific.com/IC
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Thermo Fisher Scientific provides advanced integrated 
IC/MS and LC/MS solutions with superior ease-of-use 
and modest price and space requirements. UltiMate 
3000 System Wellness technology and automatic MS 
calibration allow continuous operation with minimal 
maintenance. The Dionex ion chromatography family 
automatically removes mobile phase ions for effort-free 
transition to MS detection.

Mass Spectrometry 
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Single-Point Control and Automation
Thermo Fisher Scientific provides advanced integrated IC/MS and  
LC/MS solutions with superior ease-of-use and modest price and space 
requirements. UltiMate 3000 System Wellness technology and automatic 
MS calibration allow continuous operation with minimal maintenance. The 
Dionex ion chromatography family automatically remove mobile phase 
ions for effort-free transition to MS detection.

•	 Thermo Scientific™ MSQ Plus™ mass spectrometer, the smallest and 
most sensitive single quadrupole on the market for LC and IC

•	 Self-cleaning ion source for low maintenance operation

MSQ Plus Mass Spectrometer

Mass Spectrometry Instruments

•	 Chromeleon CDS software for single-point method setup, instrument 
control, and data management compatible with existing IC and LC 
methods

•	 The complete system includes the MSQ Plus mass spectrometer, PC 
data system, electrospray ionization (ESI) and atmospheric pressure 
chemical ionization (APCI) probe inlets, and vaccum system

Now, you no longer need two software packages to operate your  
LC/MS system. Chromeleon CDS software provides single-software 
method setup and instrument control; powerful UV, conductivity, and MS 
data analysis; and fully integrated reporting. 

Learn more at www.thermoscientific.com/MS

http://www.thermoscientific.com/MS
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Tackle chromatography management challenges with 
the world’s most complete chromatography software. 
Whether your needs are simple or complex or your 
scope is a single instrument, a global enterprise, or 
anything in between – the combination of Chromeleon 
CDS’ scalable architecture and unparalleled ease-
of use, makes your job easy and enjoyable with one 
Chromatography Data System for the entire lab.

Chromatography Data Systems
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The Fastest Way from Samples to Results
The 7.2 release of Chromeleon Chromatography Data System software 
is the first CDS that combines separation (GC/IC/LC) and Mass 
Spectrometry (MS) in an enterprise (client/server) environment. By 
extending Chromeleon 7.2 CDS beyond chromatography into MS, lab 
technicians can now streamline their chromatography and MS quantitation 
workflows with a single software package. MS support in Chromeleon 7.2 
CDS is focused on routine and quantitative workflows, which provides 
access to rich quantitative data processing and automation capabilities — 
ultimately boosting your overall lab productivity and increasing the quality 
of your analytical results. 

Chromeleon CDS Software

•	 Enjoy a modern, intuitive user interface designed around the principle 
of operational simplicity

•	 Streamline laboratory processes and eliminate errors with 
eWorkflows™, which enable anyone to perform a complete analysis 
perfectly with just a few clicks

•	 Access your instruments, data, and eWorkflows instantly in the 
Chromeleon Console

•	 Locate and collate results quickly and easily using powerful built-in 
database query features

•	 Interpret multiple chromatograms at a glance using MiniPlots

•	 Find everything you need to view, analyze, and report data in the 
Chromatography Studio

•	 Accelerate analyses and learn more from your data through dynamic, 
interactive displays

•	 Deliver customized reports using the built-in Excel compatible 
speadsheet

Learn more at www.thermoscientific.com/Chromeleon

http://www.thermoscientific.com/Chromeleon
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Thermo Scientific Dionex process analytical systems 
provide timely results by moving chromatography-based 
measurements on-line. 

Process Analytical Systems 
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Integral process analytzer

Process Analytical Systems and Software

Improved Process Monitoring with On-line 
Chromatography IC and LC Systems
Information from the Thermo Scientific Dionex Integral process analyzer 
can help reduce process variability, improve efficiency, and reduce 
downtime. These systems provide comprehensive, precise, accurate 
information faster than is possible with laboratory-based results. From 
the lab to the factory floor, your plant’s performance will benefit from the 
information provided by on-line LC.

•	 Characterize your samples completely with multicomponent analysis

•	 Reduce sample collection time and resources with automated 
multipoint sampling

•	 Improve your process control with more timely results

•	 See more analytes with unique detection capabilities 

•	 The Thermo Scientific Integral Migration Path approach lets you 
choose the systems that best meets your needs

Learn more at www.thermoscientific.com/chromatography

http://www.thermoscientific.com/chromatography
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References Solvent extractions that normally require labor-intensive 
steps are automated or performed in minutes, with 
reduced solvent consumption and reduced sample 
handling using the Thermo Scientific™ Dionex™ ASE™ 
Accelerated Solvent Extractor system or Thermo 
Scientific™ Dionex™ AutoTrace™ 280 Solid-Phase 
Extraction instrument.

Automated Sample Preparation
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Complete Extractions in Less Time Using 
Less Solvent
Thermo Scientific Dionex ASE systems extract of solid and semisolid 
samples using common solvents at elevated temperature and pressure. 
The Dionex ASE 150 and 350 systems feature pH-hardened pathways 
with Dionium™ components to support extraction of acidic or alkaline 
matrices, and combine pretreatment, solvent extraction, and cleanup 
into one step. Dionium is zirconium that has undergone a proprietary 

Dionex ASE 150/350 and Dionex AutoTrace 280 SPE instruments

Accelerated Solvent Extractor System 

hardening process that makes it inert to chemical attack by acids and 
bases at elevated temperatures.

Dionex ASE systems are dramatically faster than Soxhlet, sonication, and 
other extraction methods, and require significantly less solvent and labor. 
Accelerated solvent extraction methods are accepted and established 
in the environmental, pharmaceutical, foods, polymers and consumer 
product industries. Accelerated solvent extraction methods are accepted 
and used by government agencies worldwide.

Learn more at www.thermoscientific.com/samplepreparation

http://www.thermoscientific.com/samplepreparation
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Antifoaming Agents, 
Emulsifiers, and Surfactants

An antifoaming agent, sometimes referred to as a 
defoamer, is a chemical additive that reduces, hinders 
or breaks a foam that has already formed. For the food 
industry, uncontrolled foaming causes a severe loss 
of production capacity, including inefficient mixing or 
pumping, downtime from clogged lines, overflows, 
spillage hazards and product waste. Antifoaming agents 
are also used to curb effusion or effervescence that can 
occur in preparation or serving of foods and beverages.

Antifoaming Agents
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Antifoaming Agent: Polyethylene Glycol

Figure 9-1. Separation of 4 different polyethylene glycols.

Polyethylene glycol (PEG) (INS1521) is a polyether compound – a 
polymer of ethylene glycol. A number of PEGs exist based on molecular 
weight and geometry.  

PEG is used as an antifoaming agent, carrier, emulsifier, glazing agent and 
thickener. It can be found in chewing gum, food supplements, table-top 
sweeteners, and water-based flavored drinks such as “sport “, “energy” 
and “electrolyte” drinks. PEG is also used to surface-treat fresh fruits.

Did You Know?
	 PEG is also known as polyethylene oxide (PEO) and polyoxyethylene (POE) 

depending on its molecular weight.

Download Product Specifications: Acclaim Surfactant Plus Column

80

0

0 204 8 12 16
Minutes

pA

PEG (MW~300)  

PEG (MW~400)  

PEG (MW~600)  

PEG (MW~1000)  

Column: Thermo Scientific™ Acclaim™ Surfactant Plus, 3 µm, 3.0 × 150 mm
Flow: 0.60 mL/min
Injection Volume: 2 µL
Temperature: 30 °C
Mobile Phase: A: Acetonitrile
 B: 0.1 M Ammonium Acetate, pH 5
Gradient: Acetonitrile: -8–0  min, 2%; 0–20 min, 2–20%; 20 min, 20%
Detection: Charged Aerosol
Sample: 2.5 mg/mL each of:
 PEG (MW ~300)
 PEG (MW ~400)
 PEG (MW ~600)
 PEG (MW ~1000)

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Product%20Manuals%20&%20Specifications/Chromatography%20Columns%20and%20Supplies/HPLC%20Columns/HPLC%20Columns%20(3um)/PS-Acclaim-Surfactant-Plus-Column_PS20477_EN.pdf
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Antifoaming Agents: Silicones

Characterization of Silicones
Polydimethylsiloxane (PDMS) is one of a number of polymeric 
organosilicon compounds called silicones. PDMS is also called 
dimethicone. PDMS can be found in a number of processed foods, fast 
food items and sodas. It is also an additive in cooking oil used to prevent 
foaming. 

This application can be used to measure individual components of PDMS.

Figure 9-2. Chemical structure of PDMS.

Figure 9-3. Characterization of three different silicone oils, 200 centipoise (cP) (blue) and 1000 cP 
(black) viscosities, and a silicone oil in a sample (pink).

HPLC System: UltiMate 3000 DGP-3600RS pump, WPS-3000RS autosampler, 
 TCC-3000RS column oven, and Corona ultra RS detector.
HPLC Column: Accucore 2.6 µm C18, 3.0 × 150 mm
Flow:  0.5 mL/min
Column Temp.: 40 °C
Injection Volume:  2–10 µL
Mobile Phase:   A: Methanol
 B: n-Propanol
Sample:   38 mg/mL silicone oil in chloroform
Detector  
Nebulizer Temp.: 10 °C
Flow Gradient for Characterization:
Time (min) %A %B Curve
 -10 100 10 5
 0 100 10 5
 80 15 85 3
 85 0 100 5
 95 0 100 5
 95 100 0 5
 100 100 0 5

0 908070605040302010 100

80

Minutes

pA

-10

200 mPa Polyphenyl-methylsiloxane
200 mPa Polyphenyl-methylsiloxane

Poly(dimethylsiloxane-co-methylphenylsiloxane)

Download the Poster Note: Analysis of Silicone Oils by High Performance Liquid Chromatography and Corona Charged Aerosol Detection

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography%20Columns%20and%20Supplies/HPLC%20Columns/D22404.pdf
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Quantitation of Silicones
For quantitation, all individual components were eluted as a single peak.

Figure 9-4. Analysis of 1000 cP silicone oil standard.

Antifoaming Agents: Silicones

6.5 7.0 7.4 7.8 8.2 8.6 9.0 9.4 9.8

0

40

pA

Minutes

HPLC System: UltiMate 3000 LPG-3400SD pump, WPS-3000RS autosampler, 
 TCC-3000RS column oven, and a Corona ultra RS detector
HPLC Column: Accucore 2.6 µm C18, 3.0 × 150 mm
Flow:  0.3–1.0 mL/min
Column Temp.:   40 °C
Injection Volume:  2–10 µL
Mobile Phase:   A: 0.5% Formic acid/acetonitrile/tetrahydrofuran (35:35:30), helium sparge
 B: Tetrahydrofuran, helium sparge 
Nebulizer Temp.:   10 °C

Peak: 1. Silicone Oil

1

Gradient:
Time (min) Flow Rate  %A %B
 (mL/min)
   -5.0 0.6 100 0
 -0.2 0.6 100 0
 -0.1 0.3 100 0
 0.0 0.3 100 0
 0.5 0.6 100 0

Make-up Gradient:
Time (min) Flow Rate) %A %B
 (mL/min)
  4.0 0.6 100     0
  6.0 0.6     0 100
  8.0 0.6     0 100
 10.0 1.0     0 100
 12.0 1.0   50   50
 14.0 0.6  100 100

Did You Know?
	 Silicone oils have diverse chemical structures and many uses. Apart from 

acting as antifoaming agents in foods and sodas they are primarily used as 
lubricants and hydraulic fluids. They are used in dashpots, wet type transform-
ers, diffusion pumps and in oil-filled heaters. Consumer products to control 
flatus (antiflatulents) often contain silicone oil. Some silicone oils have been 
used as a vitreous fluid substitute to treat difficult cases of retinal detachment. 
Silicone oil along with boric acid are the two main ingredients in Silly Putty.

Download the Poster Note: Analysis of Silicone Oils by High Performance Liquid Chromatography and Corona Charged Aerosol Detection

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography%20Columns%20and%20Supplies/HPLC%20Columns/D22404.pdf


Table of Contents

Introduction

Analytical Technologies

Antifoaming Agents

	 Polyethylene Glycol

	 Silicone

Emulsifiers

	 Egg Lecithin

	 Soy Lecithin

	 Hypromelose

	 Polysorbate 80

Stabilizers

	 Gum Arabic

Surfactants

	 Spans

References

Antifoaming Agents, 
Emulsifiers, and Surfactants

Emulsifiers are used to maintain a uniform suspension 
of immiscible materials. These compounds are typically 
surfactants, and can be designed for use in specific 
applications and products in both the food and 
pharmaceutical industries

Emulsifiers
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Lecithin [E322] is a general term used to describe any group of yellow-
brownish fatty substances occurring in animal and plant tissues composed 
of a number of lipids (fatty acids, glycerol, glycolipids, triglycerides, and 
phospholipids e.g., phosphatidylcholine, phosphatidylethanolamine, and 
phosphatidylinositol), choline, and phosphoric acid. Lecithin is also used 
to describe extracts high in phosphatidylcholine.

Lecithin is used commercially in foods requiring a natural emulsifier 
or lubricant. It promotes the homogeneous mixing of ingredients, and 
improves shelf life for some products (e.g., it keeps cocoa and cocoa 
butter in candy from separating). In emulsions and fat spreads, it stabilizes 
the product, and improves the texture of spreads. 

In this example, the profile of lipids in lecithin obtained from egg yolk was 
determined using an Acclaim C30 column and charged aerosol detection.

Figure 9-5. Structures of A) phosphatidylcholine (a phospholipid) and B) a triglyceride. Figure 9-6. Phospholipids and triglycerides in egg lecithin using the Acclaim C30 column.

Emulsifier: Egg Lecithin

A

B

0 24 483612 60
Minutes

pA

0

60
Triglycerides

Phospholipids

Degradants

Column: Acclaim C30, 5 µm (4.6 × 150 mm)
Mobile Phase: Acetonitrile (CH

3
CN)/iso-propanol (IPA)/

 ammonium acetate buffer (0.1 M, pH 5.0)
Gradient: Time (min) CH

3
CN IPA Buffer

 -15 70 0 30
 0 70 0 30
 0.1 70 0 30
 10 90 0 10
 35 10 80 10
 50 0 95 5
 60 0 95 5
Temperature: 40 °C
Flow Rate: 1.0 mL/min
Inj. Volume: 2 µL
Detection: Corona ultra (gain = 100 pA; 
 filter = medium; neb. temp. = 25 °C)
Sample: Egg lecithin – Commercial Grade (PL30S) 
 (5 mg/mL in iso-propanol)
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Figure 9-7. HPLC-Charged Aerosol Detection chromatogram showing phospholipids found in lecithin.

Emulsifier: Egg Lecithin

0 60 1209030 150
Minutes

pA

0

50

Phospholipids

Degradants

Column: Acclaim C30, 5 µm (4.6 × 150 mm)
Mobile Phase: A. Acetonitrile (CH

3
CN)

 B. Iso-propanol (IPA)
 C. Ammonium acetate buffer (0.1 M, pH 5.0)
Gradient: Time (min) CH

3
CN IPA Buffer

 –15 60 20 20
 0 60 20 20
 0.1 60 20 20
 150 38 50 12
 151 5 90 5
 160 5 90 5
Temperature: 40 °C
Flow Rate: 1.0 mL/min
Inj. Volume: 5 µL
Detection: Corona ultra (gain = 100 pA; 
 filter = medium; neb. temp. = 25 °C)
Sample: Egg lecithin – Commercial Grade (PL100M)
 (5 mg/mL in iso-propanol)

Download Poster Note: Analysis of Phospholipids in Natural Samples by Normal Phase HPLC and Corona Charged Aerosol Detection

Download the Poster Note: Analysis of Emulsifiers in Foods by High Pressure Liquid Chromatography and Corona Charged Aerosol Detection

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Marketing%20Material/foodapplicationsnotebooks/FB%20Community%20Docs/PN71006-PC2014%20Phospholipids.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/PN-70995-Analysis-Emulsifiers-Foods-PN70995-EN.pdf
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Figure 9-8. Overlays of phospholipid standards, 5 µg on column (in triplicate).

Emulsifier: Egg Lecithin

0 2 4 6 8 10 12 14 16
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Minutes
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HPLC System: UltiMate LPG3400-SD pump (normal phase), 
 WPS3000 RS autosampler, 
 TCC3000 RS column oven, and Corona Veo SD detector
HPLC Column: Hypersil Silica 3 µm, 3.0 × 150 mm
Flow:  0.2–0.8 mL/min 
Column Temperature:  50 °C
Injection Volume:  2–5 µL
Mobile Phase:   A: 0.5% diethylamine-formate, pH 3.0
 B: 2-Propanol
 C: iso-Octane
Detector Evaporator 
Temperature: 50 °C

Peaks: 1. Phosphatidylethanolamine (PD)
 2. Phosphatidylinositol (PI)
 3. Phosphatidylserine (PS)
 4. Phosphatidylcholine (PC)
 5. Lysophosphatidylcholine (LPC)

Figure 9-9. Phospholipids in egg yolk. For conditions see Figure 9-8.

0 2 4 6 8 10 12 14 16
-5

200

pA

1
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3
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Minutes

Peaks: 1. Phosphatidylethanolamine
 2. Phosphatidylinositol
 3. Phosphatidylcholine
 4. Lysophosphatidylcholine

Time (minutes) Flow (mL/min) %A %B %C

-4.0 0.8 1 64 35

-0.5 0.8 1 64 35

-0.2 0.2 1 64 35

0.0 0.2 1 64 35

0.1 0.8 1 64 35

2.0 0.8 4 61 35

7.0 0.8 10 60 30

13 0.8 10 60 30

14 0.8 1 64 35

Phospholipid Typical Literature (%) Found (%)

Phosphatidylethanolamine 19.86 18.9

Phosphatidylinositol 1.73 2.22

Phosphatidylserine 0.0 0.0

Phosphatidylcholine 75.40 75.6

Lysophosphatidylcholine 0.04 0.92

Table 9-2. The profile of phospholipids found in egg yolk and comparison to literature values.

Table 9-1. Flow gradient for Figures 9-8 and 9-9.
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Figure 9-10. Unlike soy lecithin, egg lecithin contains high amounts of triglycerides eluting around 
7–13 minutes.

Emulsifier: Soy Lecithin

Figure 9-11. Modification of the mobile phase enables better characterization of soy phospholipids.

Download Poster Note: Analysis of Phospholipids in Natural Samples by Normal Phase HPLC and Corona Charged Aerosol Detection
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Column: Acclaim Phenyl-1, 3 µm
Dimension: 3.0 × 150 mm
Flow: 0.45 mL/min
Temperature: 25 °C
Injection Volume: 2 µL
Mobile Phase: Acetonitrile/2-propanol/ammonium 
 acetate (100 mM, pH5.0) v/v/v 45/45/10
Detection: Corona ultra (Gain = 100 pA; 
 Filter = low; Nebulizer Temp. = 25 °C)
Sample: Soybean Lecithin (1 mg/mL in 2-propanol)
 Egg Lecithin (2.5 mg/mL in 2-propanol)

0 4 128 16 20

0

400

Minutes 

mV

Column: Acclaim Phenyl-1, 3 µm
Dimension: 3.0 × 150 mm
Flow: 0.45 mL/min
Temperature: 25 °C
Injection Volume: 5 µL
Mobile Phase: Acetonitrile/2-propanol/ammonium 
 acetate (100 mM, pH 5.0) v/v/v 70/10/20
Detection: Corona ultra (Gain = 100 pA; Filter = low; 
 Nebulizer Temp. = 25 °C)
Sample: Soybean Lecithin (1 mg/mL in 2-propanol)

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Marketing%20Material/foodapplicationsnotebooks/FB%20Community%20Docs/PN71006-PC2014%20Phospholipids.pdf
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Figure 9-13. Chromatogram of HPMC from a popsicle (in duplicate).

Emulsifier: Hypromellose

Figure 9-14. Chromatograms of HPMC from a frozen dairy product (in duplicate). For conditions 
see Figure 9-13.

Hypromellose (E464) or hydroxypropyl methylcellulose (HPMC), is 
a semisynthetic, inert polymer used as an emulsifier, thickening, and 
suspending agent. It is used as an alternative to animal gelatin.

0 2 4 6 8 10 12 14
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pA 

Minutes

HPMC

Figure 9-12. Chemical structure of HPMC.

Download Poster Note: Analysis of Phospholipids in Natural Samples by Normal Phase HPLC and Corona Charged Aerosol Detection
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HPMC

HPLC System:  UltiMate LPG3400-SD pump 
 (normal phase), 
 WPS3000 RS autosampler, 
 TCC3000 RS column oven, 
 and a Corona Veo SD detector
HPLC Column: Hypersil Silica 3 µm, 3.0 × 150 mm 
Flow:  0.2–1.5 mL/min
Column Temp.: 50 °C
Injection Volume:  2–10 µL
Mobile Phase:   A: Water, 18.2 MΩ·cm
 B: 2-Propanol
 C: iso-Octane

Detector Evaporator 
Temperature:  50 °C

Flow Gradient:
 Time Flow  %A %B %C
(minutes) (mL/min)
 -2.0 1.5   2 63 35
 0.5 1.5   2 63 35
 0.2 0.2   2 63 35
 0.0 0.2   2 63 35
 0.2 1.5   7 58 35
 7.0 1.5 11 54 35
 11.0 1.5 11 54 35
 12.0 1.5   2 63 35

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/PN-70995-Analysis-Emulsifiers-Foods-PN70995-EN.pdf
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Figure 9-15. Chemical structure of Polysorbate 80.

Emulsifier: Polysorbate 80

Figure 9-16. Analysis of four commercially available Polysorbate 80 products. Low molecular 
weight components elute between 2.5 and 15 min while the major components elute between 30 
and 45 min. Inset: Low molecular weight components overlaid.

Polysorbate 80 (brand name Tween™ 80) is a nonionic surfactant and 
emulsifier derived from polyethoxylated sorbitan and oleic acid. 

Polysorbate 80 is used as an emulsifier in foods, particularly in ice cream 
making the product smoother and easier to handle, as well as increasing 
its resistance to melting.
Tween is a registered trademark of Uniqema Americas LLC.
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System: UltiMate 3000 RSLC with DAD and 
 Corona Charged Aerosol Detector
Column: Acclaim 300 C18, 3 µm, 
 300 Å 4.6 × 150 mm 
Injection Volume: 2 µL 
Mobile Phase: A: Acetonitrile/methanol/
 DI water/trifluoroacetic acid (8/2/90/0.1) 
 B: Acetonitrile/methanol/DI water/
 trifluoroacetic acid (72/18/10/0.1) 
Sample Solvent: DI water 
Charged Aerosol 
Detector Settings:  Gas: 35 psi
 Filter: none
DAD Wavelengths:  210, 230, 254, and 280 nm

Full Gradient Method: 
Time (min) % Pump B
 0 0
 1 0
 33 100
 57 100
 59 0
 64 0
Partial Gradient Method: 
Time (min) % Pump B
 0 50
 1 50
 16 100
 26 100
 27 50
 32 50

Download the Poster Note: Evaluation of Methods for the Characterization and Quantification of Polysorbates and Impurities  
Along with Other Surfactants and Emulsifiers Used in the Food and Pharmaceutical Industries

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/PN-LPN-2991-Characterization-Quantification-Polysorbates-Impurities-LPN2991-EN.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/PN-LPN-2991-Characterization-Quantification-Polysorbates-Impurities-LPN2991-EN.pdf


Table of Contents

Introduction

Analytical Technologies

Antifoaming Agents

	 Polyethylene Glycol

	 Silicone

Emulsifiers

	 Egg Lecithin

	 Soy Lecithin

	 Hypromelose

	 Polysorbate 80

Stabilizers

	 Gum Arabic

Surfactants

	 Spans

References

Antifoaming Agents, 
Emulsifiers, and Surfactants

A stabilizer is a food additive that helps to preserve a 
product’s structure. Examples include preventing oil/
water emulsions from separating (e.g.,  salad dressing); 
preventing ice crystals from forming in frozen food (e.g., 
ice cream); and preventing fruit from settling (e.g., jam 
and yogurt).

Stabilizers
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Gum arabic (E414), also known as acacia gum, is a natural gum made 
of hardened sap taken from two species of the acacia tree. Gum arabic 
is a complex mixture of glycoproteins and polysaccharides. Gum arabic is 
used by the food industry as a stabilizer, an emulsifier and as a thickening 
agent in icing, fillings, chewing gum, and other confectioneries.

The Acclaim SEC-1000 column, combined with a charged aerosol 
detector and a volatile mobile phase, provides a viable solution to 
determine the molecular weight distribution of Gum Arabic.

Figure 9-17. Size exclusion chromatography of Gum Arabic using the Acclaim SEC-1000 column.

Stabilizer: Gum Arabic
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Column:  Acclaim SEC-1000
Dimension:  4.6 × 300 mm
Flow:  0.35 mL/min
Temperature:  25 °C
Injection Volume:  5 μL
Mobile Phase:  100 mM ammonium acetate pH 5.0
Detection: Corona ultra Charged Aerosol Detector
Sample: Gum Arabic, 5 mg/mL
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Antifoaming Agents, 
Emulsifiers, and Surfactants

Surfactants are a diverse group of chemicals whose 
structures vary widely but typically contain an oil-soluble 
hydrocarbon chain and a water-soluble hydrophilic 
group. Surfactants can be categorized based upon their 
structure and include nonionic, anionic, and cationic 
classes. They have widespread use as detergents in 
shampoos and cleaning products, ion pairing agents 
used in chromatography, and complex dispersants used 
to treat oil spills.

Surfactants
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Surfactants: Spans

Sorbitan esters (also known as Spans) are lipophilic nonionic surfactants 
that are frequently used with a polysorbate in varying proportions to 
produce water-in-oil or oil-in-water emulsions or creams with a variety 
of different textures and consistencies. Sorbitan esters are used as 
emulsifiers and stabilizers in food products. In the US Span 60 and 80 are 
approved for use as food additives while in the EU the range is increased 
to include Span 20, 40, 60, 65, and 80.

Compound Span # E# USA Approved

Sorbitan monolaurate 20 493

Sorbitan monopalmitate 40 495

Sorbitan monostearate 60 491

Sorbitan tristearate 65 492

Sorbitan monooleate 80 494

Sorbitan sesquioleate 83 -

Sorbitan trioleate 85 -

Table 9-3. A list of commercially available Spans showing their approval status for use in foods in 
both EU countries and the USA.

Figure 9-18. Chemical structure of Spans.

Download Poster Note: Direct Analysis of Surfactants using HPLC with Charged Aerosol Detection

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/lc-associations/Pittcon12-830-13-MPlante-PN70055-Surfactantsr1.pdf


Antifoaming Agents, 
Emulsifiers, and Surfactants

Table of Contents

Introduction

Analytical Technologies

Antifoaming Agents

	 Polyethylene Glycol

	 Silicone

Emulsifiers

	 Egg Lecithin

	 Soy Lecithin

	 Hypromelose

	 Polysorbate 80

Stabilizers

	 Gum Arabic

Surfactants

	 Spans

References

Figure 9-19. Analysis of Span 80 standards (each level in triplicate).

Pump:  DGP-3600 SD
Autosampler: WPS-3000SL
Oven: TCC-3100
Column: Acclaim Surfactant Plus, 3 µm, 3.0 × 150 mm
Flow: 0.8 mL/min
Column Temp.: 40 °C
Injection Volume: 10.0 μL
Eluent: A: 100 mM Ammonium acetate pH 5.4
 B: Acetonitrile / methanol / tetrahydrofuran / acetic acid  
 (500:375:125:4)
Gradient: Time (min) %A %B
 -5 90 10
  0 90 10
 5 10 90
 8   5 95
 8  90 10
Detector: Corona ultra RS

Peak: 1. SMO70

-10
0 1 2 3 4 5 6 7 8

Minutes

pA

1

25 µg

0.78 µg

50 µg

Download the Application Notebook: HPLC-Charged Aerosol Detection Surfactants and Emulsifiers Applications Notebook

Did You Know?
	 There are a wide range of Spans. Span is an oil dispersant and is one of the 

components in Corexit™ 9500 used to treat the 2013 Gulf oil spill.

	 Corexit is a registered trademark of Nalco Holding Company.

Surfactants: Spans

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography/Liquid%20Chromatography/AI-71104-HPLC-CAD-Surfactants-Emulsifiers-Applications-Notebook-AN71104-EN.pdf
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AN 1008 UV Determination of Nitidine Chloride, Toddalolactone, and Chelerythrine Chloride by HPLC
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AN 121 IC-SC Analysis of Low Concentrations of Perchlorate in Drinking Water and Ground Water by Ion Chromatography
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Sub-µg/L Bromate Analysis

AN 150 IC-PAD Determination of Amino Acids in Cell Cultures and Fermentation Broths

AN 154 IC-SC Determination of Inorganic Anions in Environmental Waters Using a Hydroxide-Selective Column
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AN 295 IC-SC Determination of Phytic Acid in Soybeans and Black Sesame Seeds

AN 1007 IC-SC Determination of Mono-, Di-, and Triphosphates and Citrate in Shrimp by Ion Chromatography
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Technical Collateral: 
Sample Preparation Methods

Product Number Technique Title

AN 326 HPLC-UV Extraction of Drugs from Animal Feeds Using Accelerated Solvent Extraction (ASE)

AN 335 HPLC-UV Accelerated Solvent Extraction (ASE) of Active Ingredients from Natural Products

AN 356 IC-conductivity Determination of Perchlorate in Vegetation Samples Using Accelerated Solvent Extraction and Ion Chromatography

AN 357 HPLC Extraction of Phenolic Acids from Plant Tissue Using Accelerated Solvent Extraction (ASE)

AN 363 HPLC Extraction of Herbal Marker Compounds Using Accelerated Solvent Extraction Compared to Traditional Pharmacopoeia Protocols
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