
April 2021  |  Volume 34 Number 4
www.chromatographyonline.com

PEER REVIEW
Analyzing aromas using DHS–GC–TOF-MS

BIOPHARMACEUTICAL PERSPECTIVES
Characterizing therapeutic mAbs with HIC, Part 2

GAS CHROMATOGRAPHY
New GC products 

ENVIRONMENTAL ANALYSIS FOCUS
Fragment ion flagging in PFAS analysis 

PRODUCTS
The latest product releases

APPLICATION NOTES
Technical notes from leading companies

Aroma Profiling
Characterizing food and beverage aromas 

using DHS–GC–TOF-MS

http://www.chromatographyonline.com


http://www.wyatt.com/vaccines
http://www.wyatt.com/vaccines
http://www.wyatt.com
mailto:info@wyatt.com


Coupling powers
Pioneering new fields in ultra-trace analysis, the  
GCMS-TQ 8050 NX triple quadrupole couples the 
powers of a world-leading GC and a newly designed 
detector. Both provide outstanding sensitivity at 
femtogram and even sub-femtogram levels. 
 
Superior performance of NX technologies 
e.g. flow controller and time management for main-
tenance 
 
A wide variety of optional products supports 
trace analysis 
such as autosamplers and inlets  
 

Comfortable, easy change of accessories  
through the advanced, illuminated GC oven 
 
The GCMS-TQ 8050 NX complements the Shimadzu 
NX family, coupling the Nexis GC-2030 with the 
quadrupole series TQ-8050, TQ-8040 or QP-2020. 
Shimadzu’s NX series provides high-end GCMS solu-
tions for every analytical challenge.

www.shimadzu.eu /coupling-powers

Shimadzu_LCGC_2020.qxp_Layout 1  13.12.19  11:02  Seite 1

http://www.shimadzu.eu/coupling-powers


149  GC CONNECTIONS 
New Gas Chromatography Products for 2020–2021
Nicholas Snow
“GC Connections” presents the column’s annual 
review of new developments in the field of gas 
chromatography seen at Pittcon and other venues in 
the past 12 months.

DEPARTMENTS

158  A compilation of the latest products for separation 
scientists from leading vendors

159  Sponsored technical notes from leading 
chromatography vendors describing cutting-edge 
applications

Image Credit: shaiith/stock.adobe.com

INTERVIEW

155  ANALYSIS FOCUS 
Non-targeted Analysis of Per- and Polyfluoroalkyl 
Substances (PFASs) in Surface Water using 
Fragment Ion Flagging
Alasdair Matheson
LCGC Europe spoke to Stefan Van Leeuwen 
and Bjorn Berendsen from Wageningen Food 
Safety Research, The Netherlands, about a novel 
non-targeted approach to analyze PFASs using  
LC–HRMS with fragment ion flagging (FIF).

COLUMNS

139  BIOPHARMACEUTICAL PERSPECTIVES 
Hydrophobic Interaction Chromatography 
(HIC) for the Characterization of Therapeutic 
Monoclonal Antibodies and Related Products,  
Part 2: Practical Considerations
Szabolcs Fekete, Amarande Murisier, Liesa Verscheure, 
Koen Sandra, and Davy Guillarme
In the second part of this review of the current 
state of HIC, some practical considerations 
are explained, including method development, 
selection of the phase system, combined salt 
systems, and possibilities to combine HIC with  
other chromatographic modes.

COVER STORY

130  High Analytical Performance for Untargeted 
Aroma Profiling by Combining Dynamic 
Headspace Sampling, Capillary Gas 
Chromatography and Time-of-Flight  
Mass Spectrometry
Tatiana Cucu, Christophe Devos, Frank David, and Pat Sandra
This article looks at the benefits of combining 
dynamic headspace sampling (DHS) with capillary 
GC–TOF-MS as a tool for untargeted analysis 
of aroma compounds in food and beverages. 
Applications for the analysis of strawberry yoghurt, 
chocolate, and red wine are described.

April | 2021

Volume 34 Number 4

PEER REVIEW

BIOPHARMACEUTICAL ANALYSIS

ENVIRONMENTAL ANALYSIS FOCUS GAS CHROMATOGRAPHY

PRODUCTS

APPLICATION NOTES

128 LCGC Europe  April 2021

CONTENTS

http://www.chromatographyonline.com


Senior Vice President
Mike Tessalone
mtessalone@mjhlifesciences.com

Editorial Director
Laura Bush
lbush@mjhlifesciences.com

Editor-in-Chief
Alasdair Matheson
amatheson@mjhlifesciences.com

Managing Editor
Kate Jones
kjones@mjhlifesciences.com

Associate Editor
Lewis Botcherby
lbotcherby@mjhlifesciences.com

Publisher
Oliver Waters
owaters@mjhlifesciences.com

Sales Executive
Liz Mclean
lmclean@mjhlifesciences.com

Sales Operations Executive
Sarah Darcy
sdarcy@mjhlifesciences.com

Senior Director, Digital Media
Michael Kushner
mkushner@mjhlifesciences.com

Webcast Operations Manager
Kristen Moore
kmoore@mjhlifesciences.com

Project Manager
Vania Oliveira
voliveira@mjhlifesciences.com

Digital Production Manager
Sabina Advani
sadvani@mjhlifesciences.com

Managing Editor, Special Projects
Kaylynn Chiarello-Ebner
kebner@mjhlifesciences.com

Creative Director, Publishing
Melissa Feinen
mfeinen@mdmag.com 

Senior Art Director
Gwendolyn Salas
gsalas@mjhlifesciences.com 

Senior Graphic Designer
Courtney Soden
csoden@mjhlifesciences.com

Corporate 
Chairman & Founder 
Mike Hennessy Sr

Vice Chairman
Jack Lepping

President & CEO
Mike Hennessy Jr

Chief Financial Officer
Neil Glasser, CPA/CFE

Chief Marketing Officer
Michael Baer 

Executive Vice President, Global Medical  
Affairs & Corporate Development
Joe Petroziello

Senior Vice President, Content
Silas Inman

Senior Vice President, Operations
Michael Ball

Senior Vice President, I.T. & Enterprise Systems
John Moricone

Vice President,  
Human Resources & Administration
Shari Lundenberg

Vice President, Mergers & Acquisitions
Chris Hennessy

Executive Creative Director, Creative Services
Jeff Brown

Subscriber Customer Service
Visit chromatographyonline.com 
to request or change a subscription or email 
mmhinfo@mmhgroup.com. 

Multimedia UK, LLC,  
Sycamore House, Suite 2 Ground Floor,  
Lloyd Drive, Cheshire Oaks Business Park, 
Ellesmere Port, CH65 9HQ, UK 
Tel: +44 (0)151 705 7601

Daniel W. Armstrong
University of Texas, Arlington, Texas, USA
Günther K. Bonn
Institute of Analytical Chemistry and 
Radiochemistry, University of Innsbruck, 
Austria
Deirdre Cabooter
Department of Pharmaceutical and 
Pharmacological Sciences, University of 
Leuven, Belgium
Peter Carr
Department of Chemistry, University of 
Minnesota, Minneapolis, Minnesota, USA
Jean-Pierre Chervet
Antec Scientific, Zoeterwoude, The 
Netherlands
Jan H. Christensen
Department of Plant and Environmental 
Sciences, University of Copenhagen, 
Copenhagen, Denmark
Adrian Clarke
Novartis, Switzerland
Danilo Corradini
Istituto di Cromatografia del CNR, Rome, 
Italy
Gert Desmet
Transport Modelling and Analytical 
Separation Science, Vrije Universiteit, 
Brussels, Belgium
John W. Dolan
LC Resources, McMinnville, Oregon, USA
Anthony F. Fell
Pharmaceutical Chemistry, University of 
Bradford, Bradford, UK
Attila Felinger
Professor of Chemistry, Department of 
Analytical and Environmental Chemistry, 
University of Pécs, Pécs, Hungary
Paul Ferguson
AstraZeneca, UK
Francesco Gasparrini
Dipartimento di Studi di Chimica e 
Tecnologia delle Sostanze Biologicamente 
Attive, Università “La Sapienza”, Rome, 
Italy
Joseph L. Glajch
Momenta Pharmaceuticals, Cambridge, 
Massachusetts, USA
Davy Guillarme
School of Pharmaceutical Sciences, 
University of Geneva, University of 
Lausanne, Geneva, Switzerland
Jun Haginaka
School of Pharmacy and Pharmaceutical 
Sciences, Mukogawa Women’s University, 
Nishinomiya, Japan
Javier Hernández-Borges
Department of Chemistry (Analytical 
Chemistry Division), University of La 
Laguna Canary Islands, Spain
John V. Hinshaw
Serveron Corp., Beaverton, Oregon, USA
Tuulia Hyötyläinen
VVT Technical Research of Finland, 
Finland
Hans-Gerd Janssen
Van’t Hoff Institute for the Molecular 
Sciences, Amsterdam, The Netherlands
Kiyokatsu Jinno
School of Materials Sciences, Toyohasi 
University of Technology, Japan

Huba Kalász
Semmelweis University of Medicine, 
Budapest, Hungary
Hian Kee Lee
National University of Singapore, 
Singapore
Wolfgang Lindner
Institute of Analytical Chemistry, University 
of Vienna, Austria
Henk Lingeman
Faculteit der Scheikunde, Free University, 
Amsterdam, The Netherlands
Tom Lynch
Analytical consultant, Newbury, UK
Ronald E. Majors
Analytical consultant, West Chester, 
Pennsylvania, USA
Debby Mangelings
Department of Analytical Chemistry 
and Pharmaceutical Technology, Vrije 
Universiteit, Brussels, Belgium
Phillip Marriot
Monash University, School of Chemistry, 
Victoria, Australia
David McCalley
Department of Applied Sciences, 
University of West of England, Bristol, UK
Robert D. McDowall
McDowall Consulting, Bromley, Kent, UK
Mary Ellen McNally
DuPont Crop Protection, Newark, 
Delaware, USA
Imre Molnár
Molnar Research Institute, Berlin, Germany
Luigi Mondello
Dipartimento Farmaco-chimico, Facoltà 
di Farmacia, Università di Messina, 
Messina, Italy
Peter Myers
Department of Chemistry, University of 
Liverpool, Liverpool, UK
Janusz Pawliszyn
Department of Chemistry, University of 
Waterloo, Ontario, Canada 
Colin Poole  
Wayne State University, Detroit, Michigan, 
USA
Fred E. Regnier
Department of Biochemistry, Purdue 
University, West Lafayette, Indiana, USA
Harald Ritchie
Advanced Materials Technology, Chester, 
UK
Koen Sandra
Research Institute for Chromatography, 
Kortrijk, Belgium
Pat Sandra
Research Institute for Chromatography, 
Kortrijk, Belgium
Peter Schoenmakers
Department of Chemical Engineering, 
Universiteit van Amsterdam, Amsterdam, 
The Netherlands
Robert Shellie
Deakin University, Melbourne, Australia
Yvan Vander Heyden
Vrije Universiteit Brussel, Brussels, 
Belgium

The Publishers of LCGC Europe would like to thank the members of the Editorial Advisory 
Board for their continuing support and expert advice. The high standards and editorial 
quality associated with LCGC Europe are maintained largely through the tireless efforts 
of these individuals. LCGC Europe provides troubleshooting information and application 
solutions on all aspects of separation science so that laboratory-based analytical chemists 
can enhance their practical knowledge to gain competitive advantage. Our scientific quality 
and commercial objectivity provide readers with the tools necessary to deal with real-world 
analysis issues, thereby increasing their efficiency, productivity and value to their employer.

EDITORIAL ADVISORY BOARD

Follow us  
@ LC_GC

‘Like’ our  
page LCGC

Join the LCGC  
LinkedIn group

SUBSCRIPTIONS: LCGC Europe is free to qualified readers in Europe.
To apply for a free subscription, or to change your name or address, go to www.
chromatographyonline.com, click on Subscribe, and follow the prompts. To cancel your 
subscription, please email your request to: mmhinfo@mmhgroup.com, putting LCE in the 
subject line. Please quote your subscription number if you have it.
MANUSCRIPTS: For manuscript preparation guidelines, visit www.chromatographyonline.
com or call the Editor, +44 (0)151 705 7601. All submissions will be handled with reasonable 
care, but the publisher assumes no responsibility for safety of artwork, photographs or 
manuscripts. Every precaution is taken to ensure accuracy, but the publisher cannot accept 
responsibility for the accuracy of information supplied herein or for any opinion expressed.
DIRECT MAIL LIST: Telephone: +44 (0)151 705 7601.
Reprints: Reprints of all articles in this issue and past issues of this publication are available 
(250 minimum). Licensing and Reuse of Content: Contact Mike Tessalone at MJH Life 
Sciences. Telephone: (732) 346 3016. E-mail: mtessalone@mjhlifesciences.com
© 2021 MultiMedia (UK) LLC Limited all rights reserved. No part of the publication may 
be reproduced in any material form (including photocopying or storing it in any medium 
by electronic means and whether or not transiently or incidentally to some other use of this 
publication) without the written permission of the copyright owner except in 
accordance with the provisions of the Copyright Designs & Patents Act (UK) 
1988 or under the terms of the license issued by the Copyright License Agency’s 
90 Tottenham Court Road, London W1P 0LP, UK. Applications for the copyright 
owner’s permission to reproduce any part of this publication outside of the 
Copyright Designs & Patents Act (UK) 1988 provisions, should be forwarded in 
writing to Permission Dept. email: ARockenstein@mjhlifesciences.com. Warning: 
the doing of an unauthorized act in relation to a copyright work may result in both 
a civil claim for damages and criminal prosecution

10% Post
Consumer

Waste

Like what you’re 
reading? Subscribe 
to our newsletters!

129www.chromatographyonline.com

SIGNPOST_OPENER



Aroma is one of the most important characteristics of food and beverage products 
and has a major impact on the overall perception of quality by consumers. Aroma 
profiling analysis is therefore of utmost importance in the food and beverage 
industries. Accurate aroma profiling helps manufacturers to ensure quality through 
proper selection of the raw materials and to provide product consistency. Additionally, 
it supports the development of new products and the understanding of the 
influences of ingredients on the aroma of the final products. Aroma monitoring also 
allows us to investigate the influence of processing, such as roasting, development 
of the desirable odours during wine and cheese aging, and the shelf‑life.

Aromas are characterized by volatile and semi‑volatile compounds that reach our 
sense of smell through the air we inhale. Food products contain aroma compounds 
with a broad range of odour thresholds, values ranging from high parts per million 
(ppm, or mg/L, or mg/kg) for solutes such as 2,5‑dimethylpyrazine (roasted nut 
smell) to low or sub parts per trillion (ppt, or ng/L, or ng/kg) for solutes such as 
2,4,6‑trichloroanisol (cork off‑flavour). This means that quantitatively minor compounds 

High Analytical Performance 
for Untargeted Aroma Profiling 
by Combining Dynamic 
Headspace Sampling, Capillary 
Gas Chromatography and 
Time‑of‑Flight Mass Spectrometry
Tatiana Cucu, Christophe Devos, Frank David, and Pat Sandra, RIC group, Kortrijk, Belgium

Food and beverage companies rely on accurate and detailed aroma profiling to deliver high-quality products 
with consistent key flavour compound profiles and to develop new products. Additionally, off-flavour compounds, 
which are occasionally present at ultra-trace levels, need to be carefully monitored. Quality and reliability of aroma 
analysis by capillary gas chromatography (GC) is greatly affected by the applied sample preparation technique 
and by the type of mass spectrometric detector used. Conventional solvent-based extraction techniques are 
increasingly being replaced by solventless techniques, such as dynamic headspace sampling (DHS), which is 
suitable for the characterization of aromas in food and beverages. The technique can also be fully automated and 
delivers full aroma profiling covering a wide volatility range. Hyphenation of DHS with capillary GC equipped with 
time-of-flight mass spectrometry (TOF-MS) further extends the range of aroma compounds detected. TOF-MS 
offers high sensitivity in full scan mode which is ideal for untargeted screening. Additionally, spectral continuity 
and increased acquisition speed allow deconvolution of chromatographically coeluting aroma compounds. 
Applications of DHS–GC–TOF-MS for the analysis of strawberry yoghurt, chocolate, and red wine are described.

KEY POINTS
• DHS–GC–TOF-MS is a powerful tool 

for untargeted analysis of aroma 
compounds in foods and beverages.

• TOF-MS provides data in full 
scan at high sensitivity which is 
perfectly suited for untargeted 
analyses of aroma compounds.

• Acquisition speed and spectral 
continuity are important features 
of TOF-MS, allowing optimal 
spectral deconvolution and 
identification of compounds.
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can have a major odour contribution, 
while highly abundant constituents might 
have little to no olfactory significance 
(1). A specific product odour can consist 
of a few up to hundreds of different 
aroma molecules of which key aroma 
compounds are often present at very low 
levels. In general, only a fraction of the 
volatile compounds are aroma‑active 
compounds, also called key aroma 
compounds, like furaneol in strawberry, 
citral for lemon aroma, 1‑octen‑3‑one for 
mushrooms, and so on. Approximately 
10,000 different volatile and semi‑volatile 
compounds have been identified in 
foods and beverages covering nearly 
all chemical classes and functionalities 
(2). During food processing and storage, 
many chemical reactions involving 
sugars, amino acids, and lipids occur, for 
example, Maillard reactions, oxidations, 
and so forth. These chemical reactions 

lead to the formation of additional volatile 
aroma compounds and, potentially, to 
the formation of important off‑flavours. 
Complex food matrices—such as coffee, 
chocolate, and cooked/roasted meat—
are known to contain as much as 1,000 
aroma compounds (3). Many of these 
compounds are common to several 
different foods, such as pyrazines in 
both coffee and chocolate. On the other 
hand, aroma loss as well as off‑flavour 
development is a serious problem in the 
food industry. Off‑flavours are caused by 
the presence of one or several molecules 
that are formed during processing but not 
expected above their threshold value in 
the final food product. A typical example 
is diacetyl (2,3‑butanedione) giving a 
buttery note to beer. Other examples are 
the formation of 3‑methyl‑2‑butene‑1‑thiol 
under light by reaction of the bitter 
acids and S‑containing amino acids 

in beer stored under non‑optimal 
conditions or the contamination of 
wine by 2,4,6‑trichloroanisol from 
non‑product‑related sources such as 
corks. Additionally, in recent years aroma 
profiling is more frequently used in food 
adulteration control and wine fraud. 
Several studies have already shown 
that aroma analysis of food products 
can be highly specific and can allow 
the discrimination of an original product 
from its adulterated counterpart (4) and 
even allows classification of botanical 
origin, such as is the case of wine (5).

The analysis of aroma compounds in 
food and beverages is challenging due to 
their presence at a broad concentration 
range (ppt to ppm), broad polarity 
range, volatility (high vapour pressures), 
and the instability of some important 
classes of aroma compounds. Aroma 
profiling can be performed either by 
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sensory or instrumental analysis. There 
are numerous analytical approaches 
that can be used for aroma profiling, all 
involving isolation and concentration via 
extraction, separation, identification, and 
quantification of individual compounds. 
The choice of the instrumental method 
greatly depends on the goal of the 
analysis, namely research or quality 
control, on the expected concentration 
range of the aroma compounds and 
on the complexity of the aroma profile. 
The instrumental methods allow us 
to identify the individual compounds 
that are responsible for characteristic 
sensorial observations (either key 
aroma compounds or off‑flavours). 
Furthermore, instrumental methods 
implemented to run in routine laboratories 
to provide continuous information 
about the quality of the products (QA/
QC) should be easily validated.

Proper isolation and correct 
identification of minor components with 
aroma significance are major challenges. 
Often key aroma compounds or specific 
off‑flavours are present at concentrations 
below the detectability of state‑of‑the‑art 
instrumentation. A solution can be found in 
combining the most exhaustive extraction 
techniques with the most sensitive 
mass detectors able to operate in full 
scan mode. Additionally, major aroma 
contributors often coelute with compounds 
that are less relevant or have no sensory 
significance, making their identification 
even more challenging. Instrumental 
methods can also be combined with 
olfactometric methods (such as sniffing 
port) providing correct insight into the 
aroma profile of the analyzed food 
and beverage products. If needed, 
organoleptic evaluation can be combined 
with heart‑cutting techniques to trap and 
enrich important aroma compounds for 
further fractionation and characterization.

For isolation of aroma compounds 
from foods and beverages, classical 

liquid–liquid extractions (LLE) with organic 
solvents have been used for decades. 
However, these methods are costly, time 
consuming, labour intensive, and above all 
harmful to the environment. Furthermore, 
these methods are prone to analyte 
degradation and artefact formation, and 
the presence of significant amounts 
of co‑extracted non‑volatile material 
contaminating the instrumentation that is 
used. In recent years, headspace analysis 
has become a much more sustainable 
method for extraction of aroma compounds 
because the headspace contains most 
of the volatiles responsible for the overall 
odour of the food and beverage samples. 
Headspace sampling techniques include 
static headspace (SHS), solid phase 
micro‑extraction (SPME), headspace 
sorptive extraction (HSSE), dynamic 
headspace (DHS), and purge and trap 
(P&T). All these techniques are extensively 
used because of their automation, 
solventless character, and absence of 
interferences from the non‑volatile matrix.

From the range of headspace sampling 
techniques applied in our laboratory, 
DHS has proven to be one of the most 
exhaustive extraction techniques for 
aroma analysis. In DHS, a flow of an inert 
gas (helium or nitrogen) is continuously 
passed through the headspace of the 
sample (liquid or solid) so the equilibrium 
between the gas and liquid/solid phases 
is continuously shifted. The volatile 
and semi‑volatile compounds are then 
enriched on a trap that is subsequently 
heated to desorb the solutes to a cold inlet 
for focussing. Finally, the inlet is rapidly 
heated to inject the compounds into the 
capillary column. DHS sampling is one of 
the most versatile sampling techniques for 
trace compounds because of its flexibility 
in terms of volume of purge gas, sample 
incubation conditions, and the range of 
available trapping materials. A range 
of different traps filled with adsorbent 
(Tenax, carbon, for example) or absorbent 

(polydimethylsiloxane or PDMS) is 
available for different chemical classes of 
compounds. Tenax traps are probably the 
most frequently used for aroma analysis 
in food and beverage analysis because 
of the high retention of aroma compounds 
and low affinity towards water and ethanol, 
making them especially suitable for 
alcoholic and non‑alcoholic beverages. 
Additionally, recent developments in DHS 
techniques, such as full evaporation DHS 
(FEDHS), which is suitable for analysis 
of hydrophilic and low vapour pressure 
aroma compounds (6) and multi‑volatile 
DHS methods (MVM‑DHS), applying 
multiple traps in combination with a 
single gas chromatography (GC) run (7) 
have extended the applicability range. 

In this article, the benefits of combining 
DHS with gas chromatography 
time‑of‑flight mass spectrometry 
GC–TOF‑MS are illustrated with three 
representative food samples: strawberry 
yoghurt, chocolate, and red wine.

Materials and Instrumentation
Materials: Red wine, strawberry yoghurt, 
and milk chocolate were purchased 
in a local store. Samples were stored 
according to the instructions on the 
labels, before analysis. For DHS and 
SPME analysis, 5 mL of red wine, 2 g 
of yoghurt, or 1 g of chocolate were 
placed in 20 mL headspace vials.
Instrumentation: All analyses were 
conducted on an Agilent 7890A GC 
(Agilent Technologies), coupled to 
a BT‑TOF mass spectrometer (Leco 
Corporation, St. Joseph, Michigan, USA). 
The gas chromatograph was equipped 
with a split/splitless inlet (for comparative 
analyses by SPME), a Gerstel CIS4 PTV 
inlet, and a Gerstel thermal desorption 
unit (TDU) (Gerstel). Enrichment via 
DHS, desorption, and injection were 
fully automated using the MPS‑Robotic 
Pro autosampler (Gerstel) and operated 
using Maestro software (Gerstel).
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For wine analysis, DHS was performed 
at 70 °C. The sample headspace was 
purged with 300 mL helium and the 
volatile compounds were trapped on a 
Tenax trap. A dry purge step, flushing 
the Tenax trap with 2500 mL helium was 
applied to remove excess alcohol and 
water. For yoghurt, DHS was performed 
at 60 °C using a DHS sampling volume 
of 300 mL and a dry purge volume of 
1500 mL helium. For chocolate, DHS 
was performed at 80 °C using a 1000 mL 
sampling volume. No dry purge was 
required for this sample type. Thermal 
desorption from the Tenax trap and 
injection of samples was carried out 
using the TDU.The TD trap was desorbed 
at 280 °C for 6 min onto the cold trap 
at −40 °C. The injection was carried out 
by ramping the cold trap from −40 °C 
(0.1 min) to 250 °C (7 min) with a ramp 
of 12 °C/s. A solvent vent injection with 
a 1:10 split ratio was used to introduce 

the aroma compounds on the column. 
The column was a DB‑WAX Ultra Inert 
(UI) (30 m × 0.25 mm i.d. × 0.25‑µm df, 
Agilent Technologies, Folsom, California, 
USA) and the oven temperature was 
programmed from 40 °C (5 min) to 250 °C 
(9 min) with a rate of 10 °C/min. The carrier 
gas was helium, at a flow of 1 mL/min. 
The column effluent was subsequently 
ionized by electron impact at 70 eV. Scan 
range was m/z 35–450 and acquisition 
was done at a rate of 10 spectra/s. The 
interface temperature was 260 °C and 
the ion source was maintained at 250 °C.
Data Analysis: A series of n‑alkanes 
(C7–C30) were analyzed for calculating 
retention indices (RI) using the 
integrated automated functions in the 
ChromaTOF software. Data acquisition 
and data processing were performed 
using ChromaTOF (Leco, v. 4.72). Data 
processing included peak finding, mass 
spectral deconvolution, peak area 

integration, and library searching with 
retention index match. For peak detection, 
an S/N cutoff was set at 25, and detected 
peaks were tentatively identified using 
the NIST 2017 library (700 minimum 
similarity was applied) and using retention 
index information (± 30 RI tolerance 
was considered). Comparative analyses 
were performed on an equivalent 
system equipped with an Agilent 5977B 
MSD, with an extractor lens source.

Results and Discussion
The exhaustive extraction performance 
of DHS is illustrated by the analysis of a 
strawberry yoghurt sample. Such a matrix 
is representative for dairy products. The 
profiles obtained by SPME and DHS 
are compared in Figure 1. Although the 
selectivity of the SPME fibre was optimized 
for this experiment (divinylbenzene/
Carboxen/polydimethylsiloxane, DVB/
CAR/PDMS fibre), some very volatile 
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compounds as well as semi‑volatile 
compounds were not detected by SPME 
sampling. For the majority of detected 
compounds, peak abundances obtained 
by DHS are 2–10 times higher compared 
to SPME. A detailed view of the elution 
region between 14.0 and 15.5 min shows 
that, using DHS, more “aroma‑relevant” 
compounds could be detected and 

identified. The odour compounds 
detected in this elution window are listed 
in Table 1, with their retention time (tR), 
identification based on the NIST mass 
spectral library search, library RI from the 
NIST library, experimental retention index, 
and detectability by SPME and DHS.

The success of aroma profiling of foods 
and beverages also greatly depends 

on the efficiency of the separation 
and the deconvolution performance 
and sensitivity of the detector used.

Although it has been demonstrated 
that comprehensive GC (GC×GC) has 
the potential to substantially increase 
peak capacity, one‑dimensional GC 
is still the industry standard, both in 
research and for quality control (QC). 
Therefore we preferred to focus on a 
standard GC approach using a 30 m 
capillary column operated at 1 mL/min 
constant flow rate and using a 10 °C/min. 
Estimated peak capacity under these 
conditions is in the order of 300–350.

Hyphenation of capillary GC with mass 
spectrometry (MS) provides the most 
powerful and effective method for aroma 
characterization. The characterization 
of complex aroma samples is done by 
comparing recorded mass spectra with 
mass spectral libraries after spectral 
deconvolution. The spectral match 
of an acquired mass spectrum with 
a library mass spectrum, expressed 
in % or promille, is a first indication 
of correct identification of the analyte. 
Additional confirmation can be further 
clarified using RI and comparison of 

TABLE 1: Identification results in strawberry yoghurt (14.0–15.5 min chromatogram region)

tR (min) Compound name Library RI Experimental RI SPME DHS

14.18 3-nonen-2-one 1515 ± 6 1509 n/d +

14.22 Pyrrole 1514 ± 9 1512 n/d +

14.30 benzaldehyde 1520 ± 14 1519 + +

14.37 3(2H)-thiophenone, dihydro-2-methyl- 1528 ± 14 1524 n/d +

14.47 2-cyclopenten-1-one, 2,3-dimethyl- 1535 ± 12 1532 n/d +

14.50 2-nonenal, (E)- 1534 ± 10 1534 n/d +

14.52 Propanoic acid 1535 ± 11 1536 + +

14.65 Linalool 1547 ± 7 1546 + +

14.91 Propanoic acid, 2-methyl- 1570 ± 12 1566 + +

14.95 2-furancarboxaldehyde, 5-methyl- 1570 ± 10 1569 + +

15.16 2(3H)-furanone, dihydro-3-methyl- 1585 ± 29 1586 n/d +

15.23 Mesifurane 1580 ± 19 1591 + +

15.32 2-undecanone 1598 ± 6 1598 + +

15.41 2(3H)-furanone, dihydro-5-methyl- 1616 ± 11 1605 n/d +

n/d: not detected; library RI: average +/- SD as reported in NIST 17 library

SPME sampling at 60 ºC
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Acquisition Time (min)

Acquisition Time (min)

x109

3.5

2.5

1.5

0.5
0

1

2

3

x109

3.5

2.5

1.5

0.5

0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

1

2

3

2.5

2

1.5

1

0.5

x108

14 14.2 14.4 14.6 14.8 15 15.2 15.4

(a)

(b)

(c)

FIGURE 1: Total ion chromatogram (TIC) of strawberry yoghurt analyzed by 
SPME with a DVB/CAR/PDMS fibre (a), and by DHS on a Tenax trap (b), and 
zoomed views of the overlayed chromatograms between 14.0 and 15.5 min (c).
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experimental RI with RI databases. 
Comparison of retention indices is of 
especially high value for aroma profiles 
containing a large number of terpene 
isomers with similar mass spectra.

While single quadrupole mass 
spectrometers can be considered as the 
workhorse in gas chromatography‑mass 
spectrometry, time‑of‑flight (TOF) 
analyzers are gaining interest in the past 
decade. This is mainly due to their high 
sensitivity, while acquiring “full scan” 
spectra. Additionally, the acquisition 
speed is independent from the mass 
range for analysis, unlike the case with a 

quadrupole analyzer. Higher scan speeds 
of TOF analyzers offer the possibility to 
reduce GC run time and increase sample 
throughput, while maintaining correct peak 
detection (sufficient datapoints per peak), 
correct deconvolution (without mass 
skewing) and sensitivity. This is illustrated 
by the analysis of an artificial food 
aroma mixture, analyzed by DHS–GC–
TOF‑MS under different GC conditions.

As can be seen from Figure 2(a) and 
2(b), analysis with a slow temperature 
program of 2.5 °C/min (run time 
per sample, including DHS method: 
120 min) ensures complete separation of 

caryophyllene, terpinene‑4‑ol and hexyl 
hexanoate. However, when working with 
such a method, no more than 12 samples 
can be analyzed in 24 h. Increasing 
the oven temperature rate to 5 °C/
min (run time, including DHS method: 
80 min) will still allow separation of these 
compounds but with a sample throughput 
of 18 samples/24 h. By increasing the 
oven temperature rate to 10 °C/min, the 
throughput increases to 25 samples/24 h, 
but now caryophyllene and terpinene‑4‑ol 
are no longer chromatographically 
separated (Figure 2c and 2d). When 
operating with an acquisition speed 
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FIGURE 2: TIC (a) and EIC (b) obtained for a food aroma mixture analyzed with an oven temperature program of 2.5 °C/min 
compared to the TIC (c) and EIC (d) obtained at 10 °C/min. In both cases, using a TOF analyzer operated at 10 scans/s was 
used.

TABLE 2: Similarity of acquired mass spectrum with NIST library spectrum and peak width as function of  acquisition speed for two closely eluting 
compounds

tR (s) Compound name
4 scans/s 10 scans/s 20 scans/s 4 scans/s 10 scans/s 20 scans/s

Similarity FWHH (s)

1236.2 benzaldehyde, 3-methoxy- 914 896 912 1.87 1.63 1.55

1237.8 5-(hydroxymethyl) dihydrofuran-2(3H)-one n/i 732 799 – 2.43 2.14

n/i: not identified

TABLE 3: Number of identified compounds in different food matrices in function of the used mass analyzer

Mass analyzer Strawberry yoghurt Red wine Milk chocolate

Single Quad* (3 scans/s) 99 124 151

TOF# (10 scans/s) 232 238 277

* match factor ≥700; # min S/N = 25, spectral similarity ≥ 700 and RI match with 30-unit tolerance
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below 5 scans/s, as usually done with 
the quadrupole analyzer, deconvolution 
and correct identification of terpinene‑
4‑ol was not possible due to the lack 
of sufficient data points to extract a 
high quality mass spectrum from the 
caliper (= non‑deconvoluted) mixed 
spectrum. Operating at higher acquisition 
speeds allows the deconvolution 
algorithms to extract a high‑quality 
mass spectra for both compounds, 
resulting in good matches with library 
spectra and correct identification.

It should be noted that high acquisition 
speed also reduces the apparent peak 
width (full width at half height [FWHH]). 
This is illustrated in Figure 3, showing the 
separation of two closely eluting solutes 
in the artificial food aroma mixture. When 
analyzed at 4 scans/s, hexanoic acid 
methyl ester coelutes with limonene 
(valley > 80% of peak heights). When 
MS acquisition is done at 10 scans/s and 
20 scans/s, separation increases, and 
at 20 scan/s almost baseline separation 
(valley < 20% peak height) is obtained. 
In addition, better spectral match factors 
of identified compounds are observed. 
This is illustrated in Table 2. While 
5‑(hydroxymethyl) dihydrofuran‑2(3H)‑one 
is not identified when acquisition 
speed was 4 scans/s, the similarity 
increases to almost 800 when analyzing 
at 20 scans/s. The influence of scan 
speed on FWHH is also confirmed for 
these compounds. Mass spectra are 
not “deformed” or altered by scan speed, 
but the deconvolution algorithm works 
much better at high acquisition speed, 
resulting in mass spectra that correspond 
better with library spectra. This explains 
the data presented in Table 2.

Analysis of a red wine sample further 
illustrates the high analytical performance 
of a TOF mass analyzer combined with 
DHS sampling (Figure 4). Deconvolution 
and NIST library search (match factor 
threshold of ≥ 700) provides identification 
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of about 240 aroma compounds in the 
sample analyzed by TOF‑MS. When the 
analysis was performed on a parallel 
single quadrupole MS system, about 
120 aroma compounds were identified 
in the same sample using the same 
DHS and GC conditions (Table 3). The 
difference in the number of identified 
compounds is, however, not only caused 
by the difference in sensitivity of the mass 
analyzer but mainly by the acquisition 
speed difference. When operating 
at 10 scans/s some of the coeluted 
compounds were efficiently deconvoluted 
which could not be done when 
operating at lower acquisition speeds.

As an illustration of the deconvolution 
power of a fast scanning TOF‑MS, several 
compounds—including some known 
aroma compounds such as 1‑octen‑3‑ol 
and methional, co‑eluting with the tailing 
acetic acid peak—were successfully 
identified (Figure 4b and Table 4). These 
compounds are present at trace levels 
compared to acetic acid. Nonetheless, 
thanks to the extended dynamic range 
of the TOF analyzer, the low abundant 
ions in the total ion chromatogram (TIC) 
are correctly detected which allows 
correct deconvolution and identification 
as illustrated for methional (Figure 
5). The relative abundance of the ions 
originating from methional are present 
below 1% relative ratio compared to 
the abundances of the ions originating 
from acetic acid (m/z 43, 60). Still this 

compound could be identified with a 
relatively high similarity factor and was 
additionally confirmed by its retention 
index (1454 library retention index vs. 
1455 experimental retention index).

Finally, the analysis of a milk chocolate 
sample further illustrates how a complex 
aroma profile can be unravelled by DHS–

GC–TOF‑MS (Figure 6). The complex 
chocolate aroma profile originates from 
the processing steps in the chocolate 
production, including cocoa beans 
fermentation, drying, and roasting. In 
this analysis, almost 280 different aroma 
compounds were identified in the 
chocolate headspace, which is about 
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TABLE 4: Identification results of the compounds coeluting with the acetic acid in red wine 

tR (s) Name EIC
Odour 

description
Library RI

Experimental 
RI

TOF SQ

Similarity Similarity

829.4 Acetic acid 60 Vinegar 1449 ± 13 1444 914 988

831.0 1-Octen-3-ol 57 Mushroom 1450 ± 7 1446 714 n/d & n/i

834.1 1-Heptanol 70 Herbal 1453 ± 8 1450 795 d & n/i

838.4 Methional 104 Baked potato 1454 ± 9 1455 600 n/d & n/i

841.3 Isopentyl hexanoate 70 – 1451 ± 5 1458 892 766

844.0 Isobutyl 2-hydroxypropanoate 57 – 1455 ± 3 1462 804 893

n/d: not deconvoluted; n/i: not identified; d: deconvoluted
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two times more than a similar analysis 
with a single quadrupole mass analyzer 
in full scan mode (Table 3). The identified 
aroma compounds belong to different 
chemical classes including acids and 
esters, pyrazines and furans, lactones, 
monoterpenes, aldehydes, ketones, and 
sulfur compounds. Thanks to the high 
sensitivity of the detector, trace sulfur 
compounds such as dimethyl disulfide 
and dimethyl trisulfide could easily 
be detected by the TOF analyzer with 
signal‑to‑noise ratios of 340 and 450, 
respectively. Again, deconvolution was 
of utmost importance in the elucidation of 
dimethyl trisulfide. In Figure 6 (b), the TIC 
profile at 12.832 min shows one distinctive 
symmetrical peak. After deconvolution, 
two compounds could be clearly identified 
and quantified, namely dimethyl trisulfide 
(extracted ion chromatogram [EIC] at 
126) and 1‑hydroxy‑2‑butanone (EIC at 
57) even though the apex difference 
was less than 500 ms. Identification 

of such closely coeluting compounds 
is possible due to the high acquisition 
speed which allowed us to obtain 
sufficient data points for deconvolution.

Conclusion
The combination of DHS with capillary 
GC–TOF‑MS is a great tool for untargeted 
analysis of aroma compounds in food 
and beverages. Compared to SPME 
sampling, DHS sampling provides a 
broader coverage of very volatile, volatile, 
and semi‑volatile aroma compounds due 
to dynamic purging and concentration 
of the headspace above the sample, 
resulting in a more exhaustive extraction 
and increased sensitivity. Dynamic 
headspace sampling is a universal 
technique for aroma analysis in various 
matrices, but DHS parameters—such 
as sample equilibration temperature, 
sampling volume, and dry purge 
conditions—need to be carefully 
optimized depending on the matrix type.

TOF‑MS offers unique features in 
terms of sensitivity and acquisition 
speed that can be exploited in 
fast untargeted screening. Even in 
one‑dimensional GC, the advantages 
of high acquisition speed, spectral 
integrity (lack of mass skewing), and 
low picogram sensitivity result in more 
detected, and positively identified 
compounds in a given matrix using a 
generic chromatographic separation. 
The TOF mass analyzer is without any 
doubt a valuable addition to the portfolio 
of mass spectrometers that can be 
successfully hyphenated to capillary GC.
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Hydrophobic Interaction 
Chromatography (HIC) for the 
Characterization of Therapeutic 
Monoclonal Antibodies and 
Related Products, Part 2: 
Practical Considerations
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University of Geneva, Geneva, Switzerland, 2Institute of Pharmaceutical Sciences of Western Switzerland, University of Geneva, Geneva, 

Switzerland, 3Research Institute for Chromatography (RIC), Kortrijk, Belgium, 4Department of Organic and Macromolecular Chemistry,  

Ghent University, Ghent, Belgium

Hydrophobic interaction chromatography (HIC) is one of the historical analytical methods applied for the 
separation and purification of proteins. In the first part of this series, the elution and separation mechanisms were 
discussed. In this second part, some practical considerations such as method development, selection of the 
phase system, combined salt systems, and possibilities to combine HIC with other chromatographic modes are 
explained. Applications are critically discussed and the hyphenation to mass spectrometry (MS) briefly tackled.

Historically, a kosmotropic salt—
typically 1.5–2 M ammonium‑sulfate—
has been used as a mobile 
phase additive in hydrophobic 
interaction chromatography 
(HIC) (as well as 50–100 mM 
phosphate buffer). However, 
various salts can be applied, 
for example, ammonium acetate, 
sodium sulfate, ammonium chloride, 
sodium chloride, or sodium 
citrate. Salts follow the lyotropic 
(Hoffmeister series for their protein 
precipitation affinity in aqueous 
solutions. Kosmotropic salts are 
known to promote hydrophobic 
interactions and protein precipitation.

Salt nature may affect retention to a 
different extent on different stationary 
phases and for different types of 
proteins (1,2). This is probably due 
to several processes occurring at 
the same time as a mix of different 
mechanisms, including binding, 
unfolding, repulsion, steric effects, 
and so on, as discussed in Part 1 
(3). Therefore, the effect of a salt is 
hardly predictable, but should be 
experimentally determined as an early 
step of the method development (1). 
Depending on the lyotropic strength 
of the salts, different concentrations 
are required to maintain the same 
salting‑out effect. Stronger salts result 

in appropriate retention already at 
relatively low concentration (such as 
1–1.5 M), while weaker salts require 
higher concentration (up to 3–5 M) 
to maintain the same retention.

Peak widths might also vary with 
salt concentration because it impacts 
the gradient steepness and therefore 
the gradient band‑focusing effect. 
It has been demonstrated that for 
antibody drug conjugates (ADCs) 
and drug‑to‑antibody ratio (DAR) 
separations, quite similar selectivity 
could be achieved with any type of 
salts, once the lyotropic strength 
is corrected on a given stationary 
phase (1,2). Equivalent molarities of 
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the salt systems can be determined 
for various columns on the basis of 
hydrophobicity index, that is, can be 
derived from the parameters of the 
linear solvent strength model (2).

An important practical aspect—in 
case of a mono salt system—is 
the required salt concentration, 
which has to be maintained as 
low as possible. In addition, it is 
suggested to dedicate high and 
ultra‑high performance liquid 
chromatography (HPLC/UHPLC) 
systems for hydrophobic interaction 
chromatography (HIC) measurements 
because there is a huge risk of salt 
precipitation and therefore clogging. 
Systems and columns need to be 
regularly rinsed and purged with 
water to avoid precipitation through 
the entire system. Dedicated 
inert HPLC/UHPLC systems more 
resistant to high salt concentration 
have, in recent years, been 
commercially introduced as well.

Salt Mixtures (Binary, Ternary) 
and Mobile Phase pH
Using salt mixtures instead of single 
salts can be interesting for HIC 
separations. Not only retention and 
selectivity, but also loading and 
binding capacity can be improved 
with salt mixtures (4–6). Besides 
the salt nature, the mobile phase 
pH also impacts the retention of 
proteins as a part of the electrolyte 
system. Depending on pH, both 
the proteins’ net charge and their 
conformation can change. In addition, 
hydrophobic interactions are stronger 
when the mobile phase pH is close 
to the isoelectric point of the protein. 
Therefore, the electrostatic repulsion 
between the protein molecules 
becomes smaller, favouring a closer 
arrangement on the surface of the 
stationary phase. A recent study 

Step 1: Finding the phase system
Scouting gradient experiments on three columns (of different hydrophobicity) with different salt systems

Step 2: Optimization of gradient program and other variables (temperature, organic modifier)

Performing initial runs based on one of the following experimental designs

Peak tracking, building the retention model and resolution map

Optimizing resolution
and analysis time

1.5 M ammonium sulfate
3.3 M sodium acetate
3.9 M sodium chloride

Provide roughly equivalent lyotropic
strength on most HIC phases for mAbs
and ADC species.

Selection of the appropriate phase system (one column and one salt) that provides
sufficient retention and elution window for the peaks of interest

100 x 4.6 mm (F = 0.6 mL/min)
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FIGURE 1: Suggested workflow for HIC method development. tg, Corg, and T correspond to 
gradient time, organic modifier concentration, and temperature, respectively. Adapted with 
permission from reference 11.
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reported on the effect of the pH 
on protein adsorption from mobile 
phase containing mixed salts (7). 
Binary and ternary salt mixtures of 
sodium chloride, ammonium chloride, 
sodium sulfate, and ammonium 
sulfate, as well as pure salts were 
used. The mobile phase pH was 
adjusted so that protein carried 
either positive, negative, or zero net 
charge. For each studied pH, the 
salt composition was varied keeping 
the overall ionic strength constant 
at a given value. Mixed salts could 
have either positive, negative, or no 
cooperative effects. The magnitude 
and sign of the effect depended 
on the net charge of the protein.

Besides mobile phase pH 
optimization and the use of binary 
salt systems, ternary salt systems are 
not really considered today for HIC 

method development, but it can be 
an interesting topic for future work.

State-of-the-art HIC Columns
In HIC, mildly hydrophobic stationary 
phases are commonly used (less 
hydrophobic than in reversed‑phase 
liquid chromatography [RPLC]). 
Most common stationary phase 
modifications include short n‑alkyls 
(butyl, ethyl), phenyl, ether, or 
alkylamide, linked to silica or 
polymeric based materials (1).

The strength of hydrophobic 
interactions between the protein 
and stationary phase ligand can 
be controlled mostly by the ligand 
density (8). Ligand density also 
impacts the access to the hydrophilic 
parts of the stationary phase. In 
addition, ligand hydrophobicity may 
impact the rate of protein unfolding 

in adsorbed state, while ligand size 
can influence steric effects. Aromatic 
ligands can provide some additional 
π–π interactions which can increase 
retention (9). An updated version 
of the most popular HIC columns 
(10) applied for the analytical 
separations of biopharmaceuticals 
is provided in Table 1. Most HIC 
columns are packed with 2.5–5 µm 
particles, but columns packed 
with sub‑2‑µm particles have also 
been commercialized. Some of the 
providers offer columns dedicated 
for mAb and ADC analysis.

Method Development in HIC
Historically, most HIC applications 
use butyl phases operated in 
ammonium sulfate and phosphate 
buffer as mobile phase. However, any 
salts having salting‑out properties 
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Part 1 of the Pharmaceutical Roots content series 
from LGC Mikromol investigates the natural origins of 
aspirin, and offers a deeper dive into its uses, risks, and 
mechanisms of action.

Arguably the world’s go-to pain relief medication, aspirin 
(acetylsalicylic acid) is an extremely versatile pharmaceutical 
compound. While it’s perhaps best known for its analgesic 

properties, it can also be used to reduce fever, as a blood thinner, and 
as a non-steroidal anti-inflammatory drug (NSAID). Modern cutting-
edge research is continuously finding new applications for aspirin, 
including in the prevention and treatment of cardiovascular disease, 
cancer, and even COVID-19.

Because of its popularity, aspirin is available in a variety of different 
formats, including as both coated and uncoated pills, soluble 
tablets, and chewable gum. As such, there exists a significant scope 
for degradation reactions to occur between drug substances and 
excipients, making testing for a wide range of impurity products 
vitally important.

THE HISTORY OF A WONDERDRUG
Remarkably, the history of aspirin dates back over 3000 years. The 
drug belongs to a family of compounds called salicylates, the simplest 
of which is salicylic acid. Plants containing these compounds are 
found all over the world, including in willow trees (Salix alba) and 
myrtle (Myrtus communis).

Some of the world’s earliest civilizations recognized the medicinal 
value offered by these plants, and used them to treat a variety of 
conditions. For instance, the Ebers papyrus, an ancient Egyptian 
medical text, describes the use of willow and myrtle for the treatment 
of fever and pain, while ancient Sumerians used willow bark in clay 
pills as medicine.

In the nineteenth century, pharmacists began experimenting with 
a variety of salicylate compounds. In 1853, Charles Frederic Gerhardt 
treated sodium salicylate with acetyl chloride and produced 
acetylsalicylic acid for the very first time, but it would take almost 
half a century for the chemist Felix Hoffman to convince German 
pharmaceutical company Bayer to market the drug, in 1897. They 
settled on a name “aspirin” by combining the “a” from acetyl 
chloride with the “spir” from Spirea ulmaria, the plant from which 
Bayer derived salicylic acid. The “in” was just a trendy ending for 
pharmaceuticals at the time!

Pharmaceutical Roots:  
The Origins of Aspirin

MECHANISM OF ACTION
Despite widespread use of salicylate-containing 
substances for many centuries, the exact 
mechanism by which aspirin exerts its anti-
inflammatory and analgesic effects was unknown 
until 1971. Research by British pharmacologist Sir 
John Vane led to the discovery of its mechanism of 
action, and he was awarded the Nobel Prize in 1982 
for his work.

Aspirin and other NSAIDs inhibit the activity of 
an enzyme called cyclooxygenase (COX). COX 
exists in two isoforms: COX-1 and COX-2, which are 
responsible for the production of prostaglandin and 
thromboxane, two types of lipids found in almost 
every tissue in the human body. Prostaglandins are 
responsible for transmission of pain messages to 
the brain and inflammation, while thromboxanes 
are associated with blood clotting that causes heart 
attacks. The acetyl group of aspirin binds irreversibly 
to COX, thus inhibiting the production of the lipids. 
This irreversible binding represents one way in 
which aspirin differs from other NSAIDs, as many, 
such as ibuprofen and diclofenac, bind reversibly.

FURTHER RESEARCH
Cardiovascular disease. There exists substantial 
evidence that low doses (75–325 mg) of aspirin 
can be highly effective for the prevention of 
cardiovascular events. The administering of aspirin 
during a heart attack or a stroke can save lives, but 
there are risks associated with bleeding into the 
brain or stomach, leading many doctors to be wary 
of recommending aspirin as a preventative. There is 
still plenty of research ongoing concerning aspirin 
and the prevention of cardiovascular disease.

Cancer. While there is no conclusive evidence that 
aspirin prevents cancer, there are thousands of 
studies demonstrating that aspirin may lower the 
risk of developing cancer. In particular, it is thought 
that aspirin may work as an additional treatment 
for breast, prostate and colon cancer, and that 
the drug’s anti-inflammatory properties can help 
prevent cancer spreading to other parts of the body. 
Research into the risks and benefits are ongoing.

COVID. Numerous studies are emerging showing 
aspirin may help in treatment of COVID. A 
retrospective study carried out in hospitals on the 
east coast of America found that those patients who 
were already taking aspirin for cardiovascular heart 
disease had a 47% reduced chance of mortality, 
and the risk of being placed on a ventilator or even 
being admitted to hospital in the first instance was 
40% lower. Another study carried out by Oxford 
University found that the blood thinning properties 
of aspirin prevented complications arising from the 
blood clots that commonly occur because of COVID.

SYNTHESIS
Aspirin is synthesized via a relatively simple 
esterification reaction between salicylic 
acid and acetic anhydride under acidic 
conditions. Usually sulfuric acid is used as a 
catalyst, yielding aspirin and acetic acid.

Salicylate-containing plants (from left 
to right): Taxus baccata, Iris versicolor, 
Salix alba, Myrtus communis, 
Filipendula ulmaria, and Viola tricolor. 
Original artwork: Maddie Phipps.

Aspirin crystals
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(and appropriate solubility) can 
be considered as potential buffer 
components for HIC separations. 
Mobile phase pH, salt concentration 
and type, as well as organic 
modifiers and temperature can also 
change selectivity and retention. 
Therefore, it is valuable to perform 
a systematic method development 
rather than just applying the historical 
conditions or executing random or 
trial‑and‑error runs. Here, we provide 
a brief overview on the steps of a 
systematic approach (more details 
can be found elsewhere [1,11]).

As a first step, it is recommended 
to find the most appropriate phase 
system. For this purpose, a few 
stationary phases (such as butyl, 
propyl, and phenyl phases) can be 
tested with different salt systems 
(for example, ammonium‑sulfate, 

sodium‑acetate, and sodium‑chloride) 
by running a generic linear gradient, 
and then the retention window, 
selectivity, peak shape, and recovery 
should be checked. Based on these 
scouting gradient experiments 
(corresponding to nine experiments 
when screening three columns and 
three salts), the best combination of 
the column and salt can be selected.

After the screening procedure, the 
gradient program and other variables, 
such as organic modifier, pH, or 
temperature, can be optimized by 
performing experimental design or 
retention modelling (11). Both require 
only a limited number of experiments 
(typically 4–9 experiments). The 
important thing is the selection of 
the most appropriate variables. The 
gradient steepness (program) can 
always be considered as an influential 

variable. Besides that, the organic 
modifier often impacts both the 
selectivity and recovery (especially 
for very hydrophobic samples) and 
sometimes mobile phase temperature 
has a significant impact as well. 
Figure 1 shows the schematic 
workflow of HIC method development.

Applications of HIC for 
Therapeutic Proteins
HIC is currently considered a 
reference technique for the analysis 
of cysteine‑linked ADCs (to determine 
DAR distribution and average DAR), 
for monoclonal antibody (mAb) 
analysis at intact and sub‑unit levels, 
for monitoring post‑translational 
modifications (such as oxidation, 
deamidation, and isomerization), and 
for determining the heterodimerization 
efficiency when the parental mAbs of 
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TABLE 1:  A selected list of modern HIC columns

Brand Column name Chemistry
Particle 

size (µm)
Operating  

temperature (oC)
pH range

Max 
pressure (bar)

Agilent 
Technologies AdvanceBio HIC

Agilent’s 
proprietary 
chemistry

3.5 25–60 2–8 400

PolyLC

PolyPROPYL A propyl
3, 5, 12

Up to 45 2.5–8 480PolyETHYL A ethyl

PolyMETHYL A methyl 5, 12

Sepax Proteomix HIC

butyl
ethyl 1.7, 5

Up to 80 2–12 400 (1.7 µm)
550 (5 µm)propyl

phenyl 5

Thermo Fisher 
Scientific

MAbPac HIC-10
alkylamide

5

5–60 2–8 400 (100 mm)
550 (250 mm)MAbPac HIC-20 Up to 60 2–9

MAbPac 
HIC-Butyl butyl 10–60 2–12 300

ProPac HIC-10 amide/ethyl 25–40 2.5–7.5 250

Tosoh

TSKgelButyl-NPR butyl 2.5 0–60

2–12 200TSKgel Ether-5PW ether 10 10–50

TSKgel 
Phenyl-5PW phenyl 10 10–50

Waters Protein-Pak 
Hi Res HIC butyl 2.5 10–60 2–12 200

YMC
BioPro HIC HT

butyl 2.3, 4 10–60 2–12
400

BioPro HIC BF 200

BIOPHARMACEUTICAL PERSPECTIVES



a bispecific antibody (bsAb) possess 
different hydrophobicity (1,11–16).

The drug‑loading, distribution, and 
conjugation sites of cysteine‑linked 
ADCs are known to influence 
pharmacokinetics, toxicity, and 
therapeutic index, therefore average 
DAR and distribution are considered 
as some of the most important 
quality attributes. A fully conjugated 
IgG1 type ADC has a maximum 
DAR of 8, while an IgG2 type has 
a maximum DAR of 12. IgG1 ADCs 
are composed of a heterogeneous 
mixture of 0, 2, 4, 6, and 8 DARs 
while IgG2 ADCs of 0, 2, 4, 6, 8, 10, 
and 12 DARs (17). An odd DAR 
number (for example, DAR1 or DAR3) 
of the conjugated drug is typically 
indicative of incomplete conjugation 
or degradation, and mostly observed 
in small amounts (12). A given DAR 
value can correspond to different 
positional isomers (for example, 
DAR4 of IgG1 ADC is possible to 
be formed in four different positional 
isomers). Because the cytotoxic drug 
linked to the IgG has a lipophilic 
character, the conjugation increases 
the hydrophobicity of the higher 
DAR species, and thus retention 
increases with the conjugation 
number. In most cases, a simple 
linear inverse salt gradient (such as 
1.5–0 M ammonium‑sulfate) enables 
the separation of all different DAR 
species. Figure 2 shows a typical 
DAR separation performed by 
running linear inverse salt gradient.

The average DAR can then be 
calculated from the HIC profile. 
Chromatograms have to be acquired 
at 214 or 280 nm (using UV detection) 
or at λex: 280 nm, λem: 350 nm (using 
fluorescence detection). Peak 
area percentages of the different 
species have to be determined. 
Then, the weighted peak areas have 
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HIC in the first dimension and SEC in the second dimension. Three heart-cuts were taken 
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to be calculated by multiplying 
the peak area percentage by the 
corresponding drug load. Finally, 
weighted average DAR can be 
obtained by summing the weighted 
peak area percentages and dividing 
their sum by 100 (18,19). Please 
note that the recovery of the most 
hydrophobic DARs (DAR6 and 
DAR8) is incomplete in some cases. 
Therefore, the addition of a small 
portion (5–15%) of organic modifier 
can be helpful. In such cases, the 
apparent average DAR may depend 
on the amount of organic modifier 
(20). Non‑linear gradients can also 
be applied to improve peak resolution 
for the late‑eluting species (21).

Very recently, HIC was applied 
for site‑specific PBD‑ADCs (PBD: 
pyrrolobenzodiazepine dimer) to 
separate DAR0, DAR1, and two DAR2 
species (22). The HIC method had the 
advantage to determine not only DAR 
values and drug‑load distribution, 
but also to separate unique DAR2 
conformations existing as a result 
of the N‑glycan heterogeneity.

HIC is also a useful tool to separate 
hydrophilic and hydrophobic 
intact mAb variants (23). For 
example, several variants can be 
separated for infliximab, rituximab, 
and ofatumumab (23). However, 
HIC analysis at sub‑unit level is 
more informative and often used 
to separate oxidized Fab and Fc 
variants, which are less retained than 
the native forms (24). Figure 3 shows 
the HIC analysis of trastuzumab 
highlighting a deamidation 
event in the Fab fragment.

BsAbs are composed of fragments 
of two different mAbs (mAbA and 
mAbB) and therefore bind to two 
different types of antigens. If the 
parental antibodies show significant 
differences in charge and/or 

hydrophobicity, the heterodimerization 
efficiency of the bsAb can be 
evaluated by chromatographic 
techniques (15,16). In HIC, the 
bsAb peak elutes between that 
of parental antibodies. Residual 
parental mAb content and the 
distribution of mAbA, mAbB, and 
bsAb species can be determined on 
the basis of peak area percentages 
as illustrated in Figure 4. Recently, 
an interesting combination of 
peptide mapping and HIC has been 
developed to quantify succinimide 
in bsAbs (25). Deamidation product, 
unmodified bsAb, and succinimide 
were efficiently separated and the 
method was applied in a quality 
controlled environment for release 
and stability testing studies.

2D-LC Applications of HIC
Two‑dimensional liquid 
chromatography (2D‑LC) is a 
powerful technique for mAb and ADC 
characterization, since it enables 
the hyphenation of a non‑mass 
spectrometry (MS)‑compatible 
chromatographic mode (for example, 
HIC as the first dimension) to MS 
instrumentation, via a suitable 
interface (such as by using RPLC 
or size‑exclusion chromatography 
[SEC] as a desalting step prior to 
MS) (Figure 5) (1). In addition, such 
setup improves peak capacity 
too and therefore increases peak 
resolution. One of the very first 
2D‑LC applications of HIC was 
developed by Birdsall et al. who 
showed the potential of an on‑line 
HIC‑RPLC–MS setup for the 
characterization of isoforms of 
cysteine‑conjugated ADCs (26). The 
methodology was tested using an 
IgG1 mAb modified by cysteine 
conjugation with a non‑toxic drug 
mimic. Structural elucidation of 

peaks observed in the HIC analysis 
(first dimension) were successfully 
identified based on their unique 
sub‑unit masses via MS techniques 
once dissociation occurred 
under denaturing reversed‑phase 
conditions (second dimension).

A comprehensive on‑line 
HIC×RPLC–MS method was also 
successfully developed and applied 
to obtain important information on 
drug load profile and structural 
information on positional isomers of 
DARs of a commercial cysteine‑linked 
ADC (27). The method was 
applied for stability studies and 
confirmed that odd DAR species 
can be produced by heat stress.

Another comprehensive 2D‑LC 
approach was based on the 
combination of HIC and SEC 
(HIC×SEC), as coupled to ion mobility 
spectrometry and mass spectrometry 
(IM–MS) for the analytical 
characterization of ADCs under 
non‑denaturing conditions (28). The 
DAR species were separated in the 
HIC phase while the SEC dimension 
was used as desalting process. The 
role of the SEC dimension was simply 
to separate HIC salts from ADC 
species and to direct the HIC salts 
towards the waste. With this setup, all 
fractions eluted from the SEC column 
could be continuously infused into the 
electrospray ionization (ESI) source, 
followed by ion‑mobility spectrometry 
(IMS) and MS dimensions.

The loops in a heart‑cutting 
system can be replaced by a HIC 
phase. In such a 2D‑LC system, 
HIC can work as a capture phase 
between Protein A and SEC 
separation for mAb analysis (29).

On‑line coupling of HIC with 
RPLC and charged aerosol detector 
(CAD) and MS was performed 
to characterize polysorbates in 
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therapeutic protein formulations 
(30). Polysorbates are complex 
mixtures of over a thousand 
components possessing a wide 
range of hydrophobicity. This online 
2D setup was used to evaluate 
the heterogeneity and stability 
of polysorbates. Adding a low 
concentration of formic acid and 
organic solvent in the mobile phase, 
enabled the use of the HIC column to 
separate small molecule excipients 
(including major components of 
polysorbates) and the large protein 
molecules by a mixed mechanism. 
The protein and the charged 
excipients, which eluted early from 
the HIC column, were directed to 
the waste, while the polysorbates 
and other neutral excipients, which 
eluted later from the HIC column, 
were directed to the RPLC column 
for further separation and analysis.

HIC–MS
HIC is inherently incompatible 
with MS because of the significant 
amount of salts used in the mobile 
phase. However, fraction collection 
and off‑line connection is feasible 
or on‑line 2D‑LC–MS making 
use of desalting in the second 
dimension (see above). Debaene 
et al. applied HIC for off‑line native 
MS characterization of a commercial 
ADC (31). HIC fractions have been 
collected, desalted, and then 
analyzed by IMS and native MS.
Conventional HIC provides good 
separation of proteins under 
non‑denaturing conditions, but 
requires high concentrations of 
nonvolatile salts. Therefore, a new 
strategy has been proposed, to 
increase the retentivity of the HIC 
column (pentyl‑, hexyl,‑ and heptyl 
phases were developed), while 
decreasing salt concentration—and 

preferentially use ammonium acetate 
instead of ammonium sulfate—and 
also to add about 50% organic 
modifier into the mobile phase (32). 
This way the highly retentive column 
can be directly coupled to MS. This 
methodology is probably a hybrid 
form of conventional HIC and RPLC. 
The salt seemed to preserve protein 

structure rather than promoting 
only retention (according to the 
authors). This approach has been 
applied for top‑down proteomics and 
intact mAb characterization (33).

Conclusion
HIC is a reference method to 
separate the hydrophobic variants 
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of protein species. In most HIC 
separations, the same (historical) 
conditions are usually applied (such 
as a 1.5–2 M ammonium‑sulfate buffer 
at pH 6–7 for the mobile phase with 
a butyl stationary phase), although 
many other options and conditions 
can be used that could improve the 
quality of the separation. For example, 
using salt mixtures instead of a 
single (mono) salt, working at a pH 
less than 6 or using phenyl‑, amide‑, 
or pentyl stationary phases could 
all have an impact on the overall 
quality of the separation in terms 
of selectivity, peak width, analysis 
time, and so on. This article has 
reviewed these possibilities hoping 
that chromatographers will benefit 
from them. In addition, a systematic 
method development scheme was 
also provided, which can significantly 
decrease the time spent on method 
optimization. Finally, some common 
and recent applications have 
been presented including uni‑ and 
multi‑dimensional (2D) separations. 
Possibilities of coupling HIC to MS 
detection were also reviewed.
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New Gas Chromatography 
Products for 2020–2021
Nicholas H. Snow, Department of Chemistry and Biochemistry, Seton Hall University, New Jersey, USA

“GC Connections” presents the column’s annual review of new developments in the field of 
gas chromatography (GC) seen at Pittcon and other venues in the past 12 months.

I am pleased to present our 
annual review of new products in 
gas chromatography, introduced 
between spring 2020 and spring 
2021. Many of these products 
were showcased at the virtual 
72nd meeting of the Pittsburgh 
Conference on Analytical Chemistry 
and Applied Spectroscopy (Pittcon), 
USA, from March 8–12, 2021. While 
the interface and events at the 
virtual conference were presented 
well, with easy navigation and 
tonnes of content at the fingertips, 
the interaction was not nearly as 
rich as an in‑person meeting. 

Pittcon 2022 was held from March 
5–9, 2022 in Atlanta, Georgia, 
USA. I strongly encourage all 
readers to consider attending a 
gas chromatography (GC)‑related 
conference or participate in your 
local or regional chromatography 
discussion group in the next year. 
I have used the rise of the virtual 
conferences to attend meetings 
that I would not have attended 
otherwise due to the travel costs, 
but I will still attend my usual 
set of in‑person meetings when 
they come back. The past year of 
2020–2021 has been a rough period 
for conference organizers and for 

the many vendors, contractors, 
and economies that conferences 
support. They need your help. 
Conference and meeting attendance 
is still the most effective and 
efficient way to train and educate 
yourself about GC and improve 
your skills and performance. 

The exposition included virtual 
vendor booths virtually displaying 
new instrumentation and products. 
Most booths included video 
content and links to instrument 
brochures, application notes, and 
other technical literature. Vendor 
personnel were on hand to chat or 
video conference with attendees. 
The interface was presented to 
look a lot like the actual conference 
booths, which was a nice touch. 
One plus was that the basic 
navigation for all the booths was 
the same, whether a large or 
small vendor was displaying. This 
seemed to somewhat level the 
playing field for user attention. 

The virtual technical programme 
at Pittcon 2021, which ran over five 
days from Monday through Friday 
included a very strong GC presence. 
Pittcon continues to be a leading 
showcase for the latest GC, gas 
chromatography–mass spectrometry 

(GC–MS), and two‑dimensional gas 
chromatography (GC×GC)‑related 
research. While none of the major 
awards were presented to gas 
chromatographers this year, the 
technical programme included 
numerous oral presentations and 
posters presenting new GC‑related 
techniques and applications. 
There were several symposia, 
oral sessions, poster sessions, 
and networking events with 
significant GC presence, enough 
to keep attendees very busy on 
all days. Overall, sessions related 
to cannabis analysis, biofuels, 
food and beverages, forensics, 
pharmaceuticals, and general 
applications of both GC and 
GC×GC were offered. GC itself 
is trending toward being less the 
driver of session topics than its 
applications to scientific problems. 
Searching the Pittcon technical 
programme website using “GC” as 
the keyword shows relatively few 
sessions with GC in the title, but 
many GC talks and posters. The 
Pittcon 2021 virtual conference 
website content is available on 
demand until June 2021, effectively 
extending the conference. Readers 
are encouraged to take advantage. 
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TABLE 1: Companies introducing new GC products for 2020–2021

Agilent Technologies

DPS Instruments

GC Ovens

JEOL

LECO

Lucidity

Phenomenex

Shimadzu

Thermo Fisher

VICI

TABLE 2: New instruments and systems in 2020–2021

Company
Product 
Name

Description

Agilent 
Technologies

8697  
Headspace 

Sampler

• Microchannel-based EPC (electronic pneumatic control) module with atmospheric pressure compensation  
and valve-based sampling. 

• Increased troubleshooting capabilities and more robust connections between the headspace (HS) and  
GC system.

• Integrated instrument connectivity through increased HS–GC system intelligence.
• Removable sample racks can be exchanged while the headspace sampler is operating.
• An isolated carrier gas flow path allows for alternate carrier gas use and safely vents vials. 
• Complete HS–GC system controls are on the GC touch screen.
• Communication with the system anywhere the lab network will allow.
• Improved transfer line lets you create more robust connections.
• Smaller footprint, 48-vial capacity, and two removable racks. 
• Rack LEDs clearly show you when the instrument is in park.

DPS  
Instruments

All-in-One 
Environmental 
GC Analyzer 

System

• All-in-one system to analyze water, air, or soil environmental samples. 
• Individual method for purge & trap analysis of water samples.
• Individual method for air concentrator analysis of gas samples.
• Individual method for dynamic headspace analysis of soil samples.
• Part-per-billion detection levels of all compounds. Portable and laboratory models available.

DPS  
Instruments

Packaging 
Contaminants 
GC Analyzer 

System

• All-in-one system to analyze plastic resin, grind, or recycled material prior to the manufacture of  
packaging materials.

• Individual method for dynamic headspace purge & trap analysis of plastic samples.
• Part-per-billion detection levels of all compounds, including benzene.
• Both portable and laboratory models available.

DPS  
Instruments

Transformer 
Oil Gas 
Analyzer 
(TOGA) 

GC Analyzer 
System

• Cleans and prepares vials prior to use.
• Simple analysis for 11 compounds in ASTM 3612C using sensitive helium ionization detector (HID).
• Part-per-million detection levels of all compounds.
• Both portable and laboratory models available. 

JEOL USA
JMS-T2000GC 

AccuTOF 
GC-Alpha

• Improved ion optics system to achieve ultra-high resolution.
• Orthogonal-acceleration time-of-flight mass spectrometer (oaTOF-MS) with dual stage reflectron. 
• Employs an ideal ion optical system realizing both high ion transmission (=sensitivity) and ultra- 

high resolution.
• Soft ionization capability combined with new software tools, simplifies the analysis of data sets. 
• Mass Resolving Power: 30,000
• Mass Accuracy: 1 ppm (based on our standard testing)
• Instrument Detection Limit: IDL=18.7 fg
• Dynamic Range: 4 orders
• Data Acquisition: 50 Hz
• Mass Range: ~m/z 6,000

Continued on Page 152
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The information presented in this article is based on 
vendors’ responses to questionnaires and additional 
information from press releases, websites, and 
product literature, not on actual use or experience 
of the author. Every effort has been made to collect 
accurate information but because of the preliminary 
nature of some of the material, LCGC Europe cannot 
be responsible for errors or omissions. This column 
cannot be considered a complete record of all new 
GC products introduced in the past year because not 
all vendors chose to respond to the questionnaire, 
not all had a strong presence at Pittcon, nor is all 
the submitted information necessarily included here, 
because of the limited available space and the editors’ 
judgment as to its suitability. Table 1 provides a listing 
of the vendors highlighted in this review. For a more 
complete picture of the GC‑space today, I encourage 
you to review the two previous years’ reviews (1,2). 

In new instruments, trends seen over the past few 
years toward smaller, more automated systems that 
are more specialized, and spectrometric detectors 
continue with the product introductions at Pittcon 2021. 
Table 2 shows a list of new instruments introduced 
over the past year, including a miniature GC system, 
several all‑in‑one systems, and several new GC‑MS 
systems featuring new mass spectrometers.

Capillary column stationary phases continue to 
be updated by most of the vendors, with nearly 
all making incremental improvements or showing 
new applications in their online application note 
libraries. The two new stationary phases highlighted 
in Table 3 provide examples of an important and 
ongoing trend in capillary column development: 
new stationary phase chemistries for specific 
problems. Both stationary phases are examples of 
classical stationary phase chemistries that have been 
modified to suit specific problems—in these cases, 
separations of fatty acid methyl esters and dioxins.

Developments in new accessories and consumables 
continue to trend toward simplifying analysis, and 
making chromatographers’ work easier. Both 
accessories and consumables are also developing 
to improve inertness in the sample flow path. Sample 
preparation is not covered broadly here. For more 
information on sample preparation, see the specific 
sample preparation article by Douglas Raynie in 
the upcoming May issue of LCGC Europe. As with 
the GC reviews, it is worthwhile to review the past 

two years as well for a complete picture of sample 
preparation products (3,4). Table 4 provides a 
listing of products displayed at Pittcon 2020. 

I encourage readers to continue your education and 
training. Besides several short courses associated with 
Pittcon, additional training and educational resources are 
available for 2021. The pandemic has resulted in much 
growth in online training and seminar offerings by vendors 
and training organizations. Opportunities for in‑person 
short courses, seminars, and training are beginning to 
start up again and are offered by most major instrument 
vendors and through many conferences and organizations, 
including the American Chemical Society, Eastern Analytical 
Symposium (Princeton, New Jersey, USA, November 2021) 
and local and regional chromatography discussion groups. 
LCGC Europe’s online training system, CHROMacademy, 
launched a completely revamped online platform in 
2020, and is hosting a virtual symposium in May, 2021. I 
will be offering online short courses on Advanced GC 
for the Chromatography Forum of the Delaware Valley 
(www.cfdv.org) on June 15, 2021, and for the Eastern 
Analytical Symposium (www.eas.org) in early July. 

www.glsciences.eu

OPTIC-4 Pyrolysis
Introducing our new Pyrolysis system

GL Sciences makes GC-MS Pyrolysis accessible
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TABLE 2: New instruments and systems in 2020–2021 (continued)

Company
Product 
Name

Description

LECO QuadJet SD 
GC×GC-FID

• Combines the sensitivity of flame ionization detection (FID) with the increased chromatographic resolution 
of GC×GC.

• Easy-to-use ChromaTOF-based software provides acquisition processing and reporting functionality within 
a single package.

• Classification software feature simplifies component identification.
• Utilizes a dual-stage, quad-jet thermal modulator for increased peak detectability; optional cryogen-free 

modulator also available.

Lucidity, 
a division 
of CEM

miniGC

• Full gas chromatograph with flame ionization detector (GC–FID) and optional autosampler with custom software.
• Fraction of the price of traditional GCs.
• Fraction of the size of conventional GCs.
• Easy to use but powerful software developed from the ground up.
• Removable column cartridges that use standard chromatography columns.
• The system matches the results from larger, more expensive traditional systems.

Thermo 
Fisher 
Scientific

Thermo  
Scientific 
Orbitrap 

Exploris GC 
240 Mass 

Spectrometer

• 240,000 mass resolving power.
• A single injection provides both quantitative performance and qualitative information, ensuring precise and 

comprehensive compound identification. 
• Compound identification and quantitation across a range of applications, from metabolomics, food 

research, and extractables and leachables to drug impurity profiling. 
• Analytical dynamic range across six orders, delivering accurate quantitation and detection of chemical 

components at trace and high concentrations.
• Easy-to-use system with a standardized set-up. 
• 33% smaller than existing or previous products.
• Complementary informatics solutions, such as the Thermo Scientific Compound Discoverer 3.2 software, 

enabling researchers to discover sample differences, perform spectral matching, and make proposed 
identifications of unknown compounds.

Thermo 
Fisher 
Scientific

Thermo 
Scientific 
Orbitrap  
Exploris 

GC Mass 
Spectrometer

• High resolution analysis to analytical testing laboratories performing routine testing at a high throughput.
• Maximum mass resolving power of 60,000.
• Accurate results with limited additional training requirements.
• Intelligent informatics and pre-defined method templates.
• The selective full scan data acquisition across the entire chromatographic run allows for multiple compound 

identification points.
• Capability to initiate, tune, and calibrate the system in under 5 min.
• Analytical dynamic range across six orders of magnitude.
• Configurable system available with or without MS/MS capability, and with options for maximum resolving power; 

upgradable in the field.
• Laboratory space is also conserved, with a 33% smaller laboratory footprint than previous systems.
• Application in the food safety, environmental, pharmaceutical, anti-doping, and forensic toxicology sectors. 
• Applications include testing for quantitative pesticides, persistent organic pollutants, sports doping analytes, 

environmental contaminants, and nitrosamines.

TABLE 3: New stationary phases introduced in 2020–2021

Company
Product 
Name

Description

Agilent 
Technologies

Agilent J&W 
DB-FastFAME 

column

• Fast analysis of fatty acid methyl esters (FAMEs), with superior resolution for most nutritional fatty acids. 
• Proprietary cyanopropyl phase tuned for the selective separation of saturated and polyunsaturated FAMEs, 

with resolution values that meet or exceed those of existing regulatory methods. 
• Separations include the challenging C18:1, C18:2, and C18:3 cis-trans positional isomers. 
• Separation of a typical FAME mix in under 30 to 45 min. 
• A 20 m × 0.18 mm i.d. is available for GC×GC technique. 
• A longer 90 m column can analyze a 63-component FAME’s mixture within 45 min—faster than traditional  

100 m columns.
• Resolves all critical fatty acids in food samples, making it easy to comply with labelling requirements.
• Complies with AOAC and AOCS methods.

Phenomenex Zebron 
ZB-Dioxin

• Enhanced resolution of 2,3,7,8-TCDD and 2,3,7,8-TCDF from its isomers in one run. 
• A single column solution for dioxin analysis. 
• A proprietary phenyl phase that provides improved resolution of critical dioxin isomers.
• Intermediate polarity and thin film (60 m, 0.25 mm, 0.20 μm) to reduce analysis times and increase productivity.
• Extensive cross linkage through extracellular matrix (ECM) hydrogels for low bleed and high temperature 

stability, to minimize GC–MS maintenance and system downtime.
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ONE GENERATOR
ENOUGH ULTRA HIGH PURITY
HYDROGEN FOR UP TO 25 GCs

+41 (41) 925 62 00www.vicidbs.com sales@vicidbs.com

The NEW VICI DBS NM Plus 1000 Hydrogen Generator uses the same space 
saving cabinet as the existing NM range, but now with a higher flow rate of 
1000 ml/min.

With the higher flow rate and 11 bar outlet pressure, only one generator is needed 
to supply up to 25 GCs with detector gas.

Ultra high purity carrier grade gas 
with convenient software control 
and safety alarm capability.

IMPROVE SAFETY

A constant high purity gas supply 
improves stability and ensures 
greater reproducibility of results.

ENHANCE PERFORMANCE

Eliminate interruptions of analysis
by removing the need to change 
out cylinders or re-calibrate.

INCREASE EFFICIENCY

Call or email for more information on 
this, and other gas solutions for your lab.

http://www.vicidbs.com
mailto:sales@vicidbs.com
http://www.vicidbs.com


As GC approaches 70 years since 
its conception, development and 
invention are still going strong. As 
seen at Pittcon 2021, GC‑related 
developments and innovations 
are ongoing and include all areas: 
sampling and supplies, new 
instruments, columns, detectors, 
data systems, and educational 
opportunities. I look forward to 
more innovation and advancements 
throughout the 2020s, and I hope 
to see many of you at EAS 2021 in 
my home state of New Jersey or 
at Pittcon 2022 in Atlanta, USA. 
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TABLE 4: New accessories and consumables for 2020–2021

Company
Product 
Name

Description

Agilent 
Technologies

Gold-Plated 
Flexible  
Metal 

Ferrules

• Seal perfectly on the first installation, preventing microleaks that 
can lead to analyte loss and oxygen damage to the column.

• Plated with soft, inert gold, which flows into microscratches found 
on the inner surface of capillary flow technology devices. 

• By filling these scratches, the ferrules prevent leaks from entering 
the flow path and corrupting the analytical column.

GC Ovens, 
Inc.

Classic 
Fluidless 
Column 

Oven (FCO)

• Sub-ambient operation starting as low as 20 °C.
• Temperature ramps at 100 °C/min up to 450 °C.
• Use most capillary, packed, or micropacked columns.
• Peak sharpening technology.
• Can be used for almost all applications–BTEX, cannabis, 

pesticides, phthalates, and so on.

LECO

ChromaTOF 
Tile 

Analytical 
Software for 
GC×GC–
TOFMS

• Compares GC×GC data files quickly and easily by displaying 
statistically significant differences between groups of samples.

• Reduces total data analysis time from days to minutes.
• Optional heatmap tables give instant feedback on relative intensities.
• Ideal for finding differences between two or more classes of 

samples, including: 
 ○  distinguishing healthy biomarkers from non-healthy
 ○  off-odour detection in food samples for quality control 
 ○  water samples from up- and downstream sources
 ○  petroleum samples from various geographical origins.

• Available as an add-on to LECO’s ChromaTOF software.

LECO

Multi-Mode 
Source for 
high reso-
lution GC–

TOFMS and 
GC×GC–
TOF MS

• Combines electron ionization (EI), positive chemical ionization (PCI), 
and negative chemical ionization (NCI/ECNI) into one source.

• Easily switch between sources with the click of a button; no 
hardware changes necessary.

• Samples that can benefit from the highest sensitivity and selectivity, 
as well as a multi-mode approach to unknown identification.

• Available as an option with LECO’s Pegasus GC-HRT+ models.

Shimadzu
AOC-30 

Autoinjector/
Autosampler

• Xtra Life inlet septa enable continuous analysis ten times that of 
conventional systems—up to 1000 injections before replacement.

• Advanced sample washing functionality provides  
continuous analysis.

• Users can customize cleaning solvent types and cleaning 
sequences to optimize the cleaning effect for each analysis.

• Single tower system provides automated analysis of up to 30 
samples; additional sample tower or samplers can be added to 
increase analysis capacity and flexibility.

• Built-in sampler navigator lets users choose from a carefully 
curated list of optimized injection methods.

• Overlap feature allows users to initiate preprocessing operations 
for the next sample injection at specified times.

• Transmissive vial sensor can detect the presence or absence of vials.

Shimadzu

AOC-6000 
Plus Multi-
functional 

Autosampler

• An all-in-one device that performs liquid sample, headspace, 
solid-phase microextraction (SPME) injection, and many more.

• Automatically swap all syringe tools for various injection methods 
installed on the park station.

• Records syringe and fibre usage history on a chip (SMART 
Syringe technology).

• Overlapping function for samples that need pretreatment.
• Integrated software that comes equipped with six built-in methods.

VICI FID Tower 
(NM Plus)

• Delivers both hydrogen and zero grade air gases from one  
gas generator. 

• Small size saves bench space. 
• High purity carrier grade (+99.99996%) hydrogen. 
• Output pressure to 160 psig. 1,350 ml/min hydrogen capacity with 

5 L/min zero grade air. 
• No maintenance design. 
• Touchscreen operation. 
• Proprietary 100% titanium PEM cell construction.
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Interview by Alasdair Matheson, Editor-in-Chief, LCGC Europe

Q. Why are per- and polyfluoroalkyl 
substances (PFAS) gaining so much 
attention at the moment and why is the 
analysis of these analytes important? 
Stefan Van Leeuwen: PFAS are a class 
of chemicals that are extremely stable and 
resistant to degradation. Their surfactant 
properties give these chemicals unique 
characteristics for application in a wide 
array of products and processes. PFAS 
are used as surfactants for water and dirt 
repellency of clothing and furniture, as 
surfactants in aquous fire fighting foams, for 
grease- and water-proofing food contact 
materials, and in many other applications. 
Unfortunately, their persistency and 
toxicity has become a major concern 
for society. The European Food Safety 
Authority (EFSA) recently evaluated that 
some specific PFAS show adverse effects 
on the immune system at low levels (1).
Bjorn Berendsen: Several pollution 
incidents in the USA, Europe, and Asia 
involving PFAS manufacturing plants 
polluting river water and drinking water, 
among other incidents, has brought the 
PFAS problem to the surface. Policy 
makers are now putting regulatory 
measures in place to regulate PFAS in 

products, the environment, food, and 
drinking water, and to stimulate the 
search for alternative chemicals.

Q. What techniques have been used to 
analyze these compounds historically, 
and do they have any limitations? 
BB: The attention for these compounds 
started off in the early 2000s, with the 
targeted analysis of perfluorooctane 
sulfonic acid (PFOS) and perfluorooctanoic 
acid (PFOA). Labs, including Wageningen 
Food Safety Research (WFSR), mainly 
used liquid chromatography (LC) with  
triple quadrupole (QqQ) mass 
spectrometry (MS/MS) to achieve the 
desired selectivity and sensitivity (2,3). 
Gas chromatography tandem mass 
spectrometry (GC)–MS/MS) methods 
were used for the highly fluorinated 
volatile PFAS. Over the years other PFAS 
were added and today some 20–40 
compounds are analyzed routinely.
SVL: In the meantime, it became clear 
that PFAS is a very diverse group of 
chemicals, covering very different 
chemical families (4). Today, more than 
4700 PFAS have been registered in an 
Organisation for Economic Co-operation 
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and Development (OECD) database (5), 
and several of these lead to environmental 
and human exposure through food and 
drinking water. Moreover, several PFAS 
can actually degrade abiotically and 
biotically through pathways yielding 
unknown intermediates. With these 
developments, the need for identification 
of unknowns became more apparent.

Q. Your team recently developed 
a method for the non-targeted 
analysis of per- and polyfluoroalkyl 
substances in surface water using 
liquid chromatography high-resolution 
mass spectrometry (LC–HRMS) 
with fragment ion flagging (FIF)? 
SVL: That’s right. Together with a student, 
Thijs Hensema, we have developed 
this approach, as we felt that current 
approaches for non-target identification of 
unknown PFAS had some drawbacks that 
we wanted to get around. We called the 
approach fragment ion flagging (FIF) (6). 

Q. What is fragment ion flagging and 
what benefits does it offer the analyst 
for this particular application? 
BB: FIF is a method for the identification 
of unknown PFAS, by looking at 
the fragmentation patterns of these 
substances. Specific characteristic 
fragments of PFAS will then be used as 
a lead towards structural elucidation of 
the parent PFAS. We have developed 
and tested this FIF workflow, and the 
analyst can easily follow this stepwise 
procedure for identification of unknown 
PFAS. FIF can be used in any HRMS 
system (coupled to GC or LC) that allows 
the use of all ion fragmentation (AIF) and 
data independent acquisition (DIA).

Q. What sample preparation 
technique did you use? 
SVL: Most studies so far were conducted 
on samples with relatively high levels of 
PFAS, for example, downstream from 

a manufacturing plant. We wanted to 
investigate the samples with background 
contamination that were likely to have lower 
contamination levels. To do so, we used 
solid-phase extraction (SPE), in our case 
a weak anion exchange SPE column, to 
isolate and concentrate anionic PFAS. This 
provided us with a 1000-fold concentration 
factor. In the future, we will expand this 
further to other isolation modes, such 
as cationic and mixed-mode isolation. 

Q. What is novel about your approach 
and what benefits does it offer 
the analyst for this application 
compared to other techniques? 
SVL: The methods applied so far for 
identification of unknown PFAS were 
based on full scan feature selection, such 
as homologue series detection, mass 
defect filtering, and intensity threshold 
filtering. Although these approaches have 
proven benefits, they come with some 
drawbacks. Homologue series detection 
only works in cases where the unknown 
PFAS are part of a homologue series. 
PFAS that do not fit in that definition may 
be missed out from the identification. 
Mass defect detection works well for 
highly fluorinated PFAS, but the mass 
defect will be counteracted if multiple 
hydrogens are present in a molecule. 
Threshold filtering is a way to reduce the 
number of signals, however, one may 
overlook small but relevant signals. 
BB: After some brainstorming, we realized 
that we should make use of the typical 
fragments that originate from the ionization 
and fragmentation of several PFAS. This 
overcomes some of the drawbacks of the 
previously mentioned approaches. We 
have developed the FIF workflow and this 
includes five steps. First, we performed 
all ion fragmentation (AIF) and a full scan 
with the system we used. Secondly, we 
assessed the data screening for the typical 
fragments CnF2n+1, CnF2n-1, CnF2n-3, CnF2n-7, 
CnF2n-11 and CnF2n+1O or neutral loss. The 

third step was to select the corresponding 
precursor ion in the full-scan data, followed 
by step four, recording of the product ion 
mass spectrum of the precursor ion, and 
finally perform the structure elucidation. 

Q. What were the main obstacles 
you had to overcome and how 
did you overcome them? 
BB: We challenged ourselves by 
searching for PFAS in surface waters 
that were suspected to contain relatively 
low levels of PFAS. As a result we 
observed many interfering background 
signals, and selection of relevant signals 
for PFAS was hampered. By applying 
selective sample preparation to clean 
and concentrate the sample we were 
able to increase the signal intensity. 
By comparing sample extracts with 
different dilution factors we were able 
to eliminate background signals that 
originated from the instrument and 
solvents used. Altogether, we must 
also acknowledge that FIF does not 
guarantee that all PFAS present in a 
sample will be detected, but we were 
able to detect and identify several PFAS 
in the tested samples, of which some 
have never been reported before.

Q. What were your main findings? 
SVL: With the FIF methodology we 
detected 40 structures in Dutch surface 
water, and we tentatively identified four 
new structures that were not reported 
before. Next to that, we identified 
fragments of what we believe are the 
larger molecular analogues of GenX 
(hexafluoropropylene oxide-dimer acid 
[HFPO-DA]). These are heavier analogues 
(hexafluoropropylene oxide-timer acid 
[HFPO-TrA], hexafluoropropylene 
oxide-tetramer acid [HFPO-TeA], and 
so on) that we have not previously 
detected in the regular targeted 
analysis. To me, this shows the strength 
of the FIF identification approach. 
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BB: For some of the PFAS structures, the final step of 
unambiguous identification by comparing with a reference 
standard could not be achieved, due to the lack of such a 
reference standard. This problem is faced more generally by 
non-target identification methods for pollutants, metabolites, and 
so on. Ideally, this will be solved by the synthesis of many new 
reference standards, but that is a very resource-demanding task. 

Q. Are you planning to develop this research further? 
SVL: Yes, we want to develop this process further, as there are 
still some challenges ahead. The process of data handling is 
quite labour intensive and could benefit from automation, which 
will stimulate a broader application. Furthermore, for many 
of the 4700 PFAS compounds, no reference standards are 
available, which hampers quantification. This is not a unique 
situation for PFAS, but broadly for non-target analysis, and we will 
investigate how to perform approximate quantification of these 
compounds where we don’t have access to reference standards. 
BB: Also, we are aiming to apply FIF to food samples, which 
introduces an additional challenge as such samples are much 
more diverse and require more intensive sample clean-up.

Q. Could FIF be useful for other environmental 
(or food) applications? 
SVL: We demonstrated FIF on surface water, and I’m 
confident that FIF will also work on other environmental 
matrices. Our next step is to apply it to foods, particularly 
those where foods were derived from animals exposed to 
PFAS, such as fish from Dutch rivers. Moreover, one can think 
of packaged foods where they are wrapped in food contact 
materials (FCMs) that have been treated with a wide range 
of PFAS in the past to make them water- and greaseproof.

Q. Will FIF become an important technique in PFAS analysis? 
BB: PFAS contaminants will stay with us for a long time, and 
the need for identification tools will therefore remain. With 
FIF, a valuable identification approach is added to the 
non-target identification toolbox, which will also be applicable 
to other food and environmental contaminant fields.
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Biocompatible (U)HPLC Columns
The biocompatible YMC-Triart (U)HPLC columns are 
suitable for critical substances including selected 
proteins/peptides, nucleotides, oligonucleotides, 
and metal-coordinating small molecules, such as 
organophosphates, resulting in excellent peak shapes 
and no carry-over effects, according to the company. The columns are (bio)inert 
due to a PEEK-lined stainless steel column body and the use of PEEK frits.

www.ymc.de 
YMC Europe GmbH, Dinslaken, Germany.

Nitrogen Generator
The VICI DBS HP Tower Nitrogen Generator produces 
24/7 on-demand supply of high-purity nitrogen with 
flow rates from 500 to 4,000 m/min, purity up to 
99.999% and less than 0.1 ppm, and THC pressure 
up to 5 bar. The generator can be placed close to the 
instrument, which reportedly eliminates the need for 
long gas lines from external cylinder supplies.

www.vici-dbs.com
VICI AG International, Schenkon, Switzerland.

UHPLC HILIC Columns
iHILIC Fusion and iHILIC Fusion(+) have two lines of 
1.8-µm UHPLC HILIC columns with different surface 
chemistries. These products reportedly provide 
customized and complementary selectivity, ultimate 
separation efficiency, and ultra-low column bleeding. 
The columns are particularly suitable for LC–MS based 
applications, for the analysis of polar compounds.

www.hilicon.com
Hilicon, Tvistevägen, Sweden.

Light Scattering System
The Tosoh LenS3 MALS detector features an 
innovative design that maximizes signal-to-noise, 
resulting in excellent sensitivity and extended 
measurement capabilities for molecular weight and 
size measurements of biomolecules and polymers, 
according to the company.

www.tosohbioscience.de
Tosoh Bioscience GmbH, Griesheim, Germany.

Absolute Molar Mass 
and Size
The microDAWN can be coupled 
to any UHPLC-SEC system to 
determine absolute molecular 
weights and sizes of polymers, 
peptides, or proteins directly, 
without resorting to column 
calibration or reference standards. 
The microDAWN produces 
minimal band broadening to 
maintain the narrow peaks typical 
of UHPLC aggregates.

www.wyatt.com/microDAWN
Wyatt Technologies,  
Santa Barbara, USA.

Integrated LC System
An enhanced, integrated LC 
model that supports remote 
working, Shimadzu’s “Advanced 
i-Series” HPLC consists of the 
Prominence-i HPLC and Nexera-i 
UHPLC systems featuring 
pressures of 50 MPa or 70 MPa 
respectively. They can both 
be combined with a variety of 
detectors to meet user demand 
for analyzing a large number of 
samples or quickly re-processing 
data, even when working remotely.

www.shimadzu.eu
Shimadzu Europa GmbH, 
Duisburg, Germany.
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Analysis of Organophosphates in Lithium Ion 
Battery Electrolytes by HILIC–ESI-MS
Jonas Henschel1, Martin Winter1,2, Sascha Nowak1, and Wen Jiang3,  1MEET Battery Research Center, University of 
Münster, Münster, Germany, 2Forschungszentrum Jülich GmbH, IEK-12, Helmholtz Institute Münster (HI MS), 3HILICON AB

New separation techniques for the analysis of polar and ionic 
analytes have aroused great interest in the field of metabolomics and 
environmental investigation in the past two decades. Hydrophilic 
interaction liquid chromatography (HILIC) is a promising tool to 
address this challenge. HILIC separation is based on the polarity 
of analytes, which generally show stronger retention with increasing 
polarity according to the HILIC separation mechanism. Furthermore, 
the high content of organic solvent in the mobile phase leads to 
good ionization properties in the electrospray ionization (ESI), and 
consequently enhances the detection sensitivity by hyphenated 
mass spectrometry (MS) detector. 

Analysis of organophosphates as the degradation products 
of pesticides, flame retardants, plasticizers, or batteries is very 
important for safety evaluation because their chemical structures 
are similar to chemical warfare agents with high toxic potential (1). 
Lithium ion batteries possess electrolytes in cells that usually consist 
of different formulations of linear and cyclic organic carbonates 
and hexafluorophosphate (LiPF6) conducting salts. One of the 
major issues is the degradation of LiPF6 as a result of thermal and 
chemical instability of the P-F bond. Subsequent reactions lead to 
battery performance loss. The presence of traces of moisture and 
elevated temperatures in a battery cell promote the decomposition 
of PF6 to the reactive intermediate PF5 after a reaction cascade 
culminating in fluorinated and alkylated phosphates (3). Therefore, 
it is vital to monitor all the organophosphates in batteries, which 
helps to better understand battery performance loss and to avoid 
its potential threat to the environment during the disposal process.

Organophosphates cover a wide spectra of ionic and high polar 
species as well as nonpolar analytes. Multiple separation techniques 
such as gas chromatography (GC), ion chromatography (IC), or 
reversed-phase liquid chromatography (LC) are often required 
for the comprehensive determination of the organophosphates 
and their formed degradation products (1,2). However, we aimed 
to develop an LC method using either HILIC or RP column that 
leads to a simultaneous separation of all organophosphorus 
species by one chromatography run for our study. In this 
application, we demonstrate the separation potential of polar and 
ionic organophosphate species with an iHILIC®-Fusion(+) column 
packed with charge modulated hydroxyethyl amide silica. A 
mixed interaction, for example, hydrophilic partitioning and ionic 
interactions, may be involved in the HILIC separation mechanism 
depending on the chemical properties of the analytes.

Experimental
LC–MS system 1: Thermo Ultimate 3000 LC system and AB SCIEX
3200 QTrap® equipped with an ESI source, operated in ESI(+) and
ESI(−) mode for analysis of standards.
LC–MS system 2: Shimadzu Nexera X2 LC system and Shimadzu 
LC-MS-IT-TOF™ equipped with an ESI source, operated in ESI(+) 
mode for analysis of thermally treated battery electrolyte.
Column: 150 × 2.1 mm, 3.5-μm iHILIC®-Fusion(+) (P/N 
100.152.0310, HILICON AB)
Gradient elution 1: A) acetonitrile; B) deionized water-1 M 
ammonium formate, pH 2.9 (99.5:0.5); 0–3.5 min (90:10) A–B; 
3.5 to 6.5 min, gradient elution from (90:10) A–B to (50:50) A–B; 
6.5–14.5 min, (50:50) A–B.
Gradient elution 2: A) acetonitrile; B) deionized water-1 M 
ammonium acetate, pH 6.1 (99:1); 0–3.5 min (95:5) A–B; 3.5 to 
8 min, gradient elution from (95:5) A–B to (75:25) A–B; 8–16 min, 
(75:25) A–B.
Flow rate: 0.3 mL/min
Column temperature: 40 °C
Injection volume: 10 μL
Organophosphates: Trimethyl phosphate (TMP), triethyl phosphate 
(TEP), dimethyl phosphate (DMP), diethyl phosphate (DEP), 
dibutyl phosphate (DBP), difluorophosphate (DFP), dimethyl 
fluorophosphates (DMFP). Their detailed chemical structures are 
illustrated in Figure 1. A 50 μM measure of TMP, TEP, DMP, and 
DEP, 100 μM of DFP and DBP, and 350 μM of DMFP were prepared 
in 90:10 acetonitrile–water solution.
Battery electrolyte: 1 M LiPF6 in ethylene carbonate–ethyl methyl 
carbonate–vinylene carbonate (30:70:+2 w%, LP 572, BASF) with 
2v% water addition was stored at 80 °C for 14 days.
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Figure 1: Chemical structures of organophosphate standards used in 
the study.
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Results and Conclusion
As shown in Figure 2, seven standards of organophosphates 
can be simultaneously separated and determined using an 
iHILIC®-Fusion(+) column hyphenated to ESI-MS detection. The 
nonpolar organophosphates TEP, TMP, and DMFP were eluted first. 
This is expected due to weaker interaction with the HILIC stationary 
phase through the hydrophilic partioning. The other four ionic 
species, DFP, DBP, DEP, and DMP, show stronger retention and 
good peak shapes by hydrophilic partitioning and ionic interaction.

The applicability of the iHILIC®-Fusion(+) column for the study 
of battery electrolyte degradation products was investigated and 
is illustrated in Figure 3 and Table 1. The hyphenation of HILIC 
with an IT-TOF™-MS system allowed us to separate and elucidate 
structural information of several formed organophosphates in 
thermally treated battery electrolyte.

This work emphasizes the potential application of using  
HILIC–ESI-MS methods for the analysis of organophosphates in the 
battery industry and for environmental investigation.
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Figure 2: Extracted ion chromatograms of organophosphate 
standards in HILIC separation with iHILIC®-Fusion(+).
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Figure 3: Extracted ion chromatograms of possible degradant 
organophospahte products in lithium ion battery electrolyte.

Table 1: Retention times (tR) and suggested structures of 
degradation products from LiPF6 electrolyte
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Preventing aerosol contamination during pipetting helps 
you achieve reliable results. Here we address the main 
contamination mechanisms that need to be identified.

Preventing contamination in pipetting is paramount to achieving 
reliable results. It requires identification of the potential 
contamination mechanisms in order that they can all be addressed.

Aerosols, suspensions of solid or liquid particles in a gas, are 
formed in many laboratory activities such as pipetting with air 
displacement pipettes, and aerosols are the major contamination 
source in pipetting. They may transfer into the pipette body when 
unfiltered pipette tips are used and consequently contaminate 
subsequent samples. A slow and careful pipetting rhythm helps 
minimize aerosol formation.

This paper addresses the three contamination types that originate 
from pipetting: pipette-to-sample contamination, sample-to-pipette 
contamination, and sample-to-sample contamination. 

Pipette-to-Sample Contamination
This type of contamination occurs when a contaminated pipette or 
pipette tip contaminates the sample.

Pipette tips are available in multiple purity grades from most 
manufacturers. Purity grades can be divided into three categories:

• no purity certification
• certified free of contaminants like DNase, RNase, and 

endotoxins
• sterilized to be free of microbial life.
Contaminants such as DNase, RNase, and endotoxins are 

difficult to remove by any sterilization method, so it is very important 
to prevent contamination during manufacturing. The absence of 
these contaminants is separately tested, usually by a third-party 
laboratory. Sterilization after manufacturing ensures that the tips do 
not contain any microbial life (bacteria, viruses, and so on) when 
delivered to customers.

Pipette tips can also be a potential source of leachables – trace 
amounts of chemicals originating from materials or process 
equipment that can contaminate the samples. Examples of 
potential leachables are heavy metals, UV stabilizers, antioxidants, 
pigments, release agents, biocides, and surfactants. High quality 
tips manufactured from 100% virgin polypropylene in a high quality 
manufacturing facility do not contain leachables. It is recommended 
that you confirm this with the tip manufacturer. In daily laboratory 
work, pipette-to-sample contamination can be avoided by following 
these simple guidelines:

• Select a tip with the relevant purity class for your application.
• Use (sterilized) filter tips.

How to Avoid Contamination in Pipetting
Joni Ake,  Sartorius Biohit Liquid Handling Oy, Laippatie, Helsinki, Finland

https://www.sartorius.com/food-beverage-filtration?utm_source=lcgc&utm_medium=extwhitepaper&utm_campaign=2021-beverage-qc&utm_term=2021-04&mrksrc=thirdparty&utm_content=app-note-howtoavoidcontamination
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Alternatively, you may be able to use tip-cone filters 
with some manufacturers’ pipettes. The filters prevent 
aerosols from reaching the pipette body and potentially 
contaminating subsequent samples.

• Always change the pipette tip after each sample.
• Regularly autoclave, or disinfect, the pipette or the 

components that may come into contact with the sample.

Sample-to-Pipette Contamination
This type of contamination takes place when the pipetted liquid or 
aerosol particles from it enter the pipette body. To minimize the 
risk of sample-to-pipette contamination, the following precautions  
are recommended:

• Always release the pipette’s push button slowly to prevent 
aerosol formation and uncontrolled liquid splashing within 
the pipette tip.

• Hold the pipette in a vertical position during pipetting and 
store the pipette in an upright position. This prevents liquids 
from running into the pipette body.

• Use filter tips to prevent aerosol transfer from the sample 
into the pipette body. Alternatively, filters can be used on 
pipette tip cones.

Sample-to-Sample Contamination
Sample-to-sample contamination (or carry-over contamination) 
occurs when aerosol or liquid residue from one sample is carried 
over to the next sample. This may take place, for example, 
when the same pipette tips are used multiple times. To avoid  
carry-over contamination:

• Use filter tips to prevent aerosol transfer from the sample into 
the pipette body, and again to the next sample. Alternatively, 
filters can be used on pipette tip cones.

• Always change the pipette tip after each sample.
• If you suspect pipette contamination, autoclave or disinfect 

the pipette according to the manufacturer’s instructions.

Sartorius Lab Instruments GmbH & Co. KG
Otto-Brenner-Strasse 2037079 Goettingen, Germany

Tel.: +49 551 308 0 
Website: www.sartorius.com/food-beverage-filtration

Table 1: Definitions

Decontamination Any activity that reduces microbial load to prevent contamination. Includes methods for sterilization, disinfection, and antisepsis.

Sterilization
The destruction of all microbial life, including bacterial endospores. Can be accomplished, for example,  

using steam, heating, chemicals, or radiation.

Autoclaving
Autoclaving (moist heat) is an efficient sterilization method for laboratories. A hot, pressurized, and saturated steam is applied to 
destroy microorganisms and decontaminate, for example, laboratory plastic and glassware. Exposure time and temperature are 

critical. Moreover, the steam needs to penetrate through the entire load to be efficient.

Disinfection
The elimination of virtually all pathogenic microorganisms (excluding bacterial endospores) and reduction of the microbial con-
tamination to an acceptable level. A practical method for surface decontamination. The disinfectant (such as alcohols, phenolic 

compounds, halogens), concentration, and exposure time should be selected according to the assumed contamination type.

Antisepsis The application of an antimicrobial chemical to living tissue to destroy microorganisms.

DNase
Powerful enzymes (nucleases) that degrade DNA by hydrolyzing it into short fragments. Even trace amounts of DNases can lead 
to low or no yields in DNA techniques such as PCR, or to degradation during DNA purification. Contamination sources: human 

contact, saliva, bacteria.

RNase
Powerful enzymes (nucleases) that catalyze the degradation of RNA into short fragments. Very stable enzymes that are difficult to 

remove. Contamination sources: oils from skin, as well as hair, tears, bacteria.

Endotoxins

Lipopolysaccharides, large molecules that are part of the outer membrane of Gram-negative bacteria such as E. coli, Salmonella, 
Shigella, Pseudomonas, and Haemophilus. Cause fever in humans and impair the growth of cell cultures. Are released into the 
environment when bacteria die and the cell wall is destroyed. Contamination sources: endotoxins are present wherever bacteria 

are able to grow, such as air, water, soil, skin, raw materials, any non-sterile environment.

https://www.sartorius.com/food-beverage-filtration?utm_source=lcgc&utm_medium=extwhitepaper&utm_campaign=2021-beverage-qc&utm_term=2021-04&mrksrc=thirdparty&utm_content=app-note-howtoavoidcontamination
https://www.sartorius.com/food-beverage-filtration


http://www.chromatographyonline.com
http://www.chromatographyonline.com
mailto:owaters@mjhlifesciences.com
mailto:lmclean@mjhlifesciences.com


http://www.hilicon.com
mailto:info@hilicon.com
http://www.hilicon.com
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