
April 2022  |  Volume 35 Number 4
www.chromatographyonline.com

LIQUID CHROMATOGRAPHY  
How to use kinetic plots to choose the best column

GAS CHROMATOGRAPHY
New GC products

PEER REVIEW
Applications of SFC for chiral analysis

CHROMATOGRAPHY TECHNOLOGY 
New HPLC, MS, and CDS products

ANALYSIS FOCUS
Modern NTS methods for environmental analysis 

 PRODUCTS
The latest product updates

Calculating 
Kinetic Plots

A digital resource to identify the optimal LC column

http://www.chromatographyonline.com


Minimal extractables for 
maximal sample purity

For over a century, professionals around the world 
have chosen the J.T.Baker® brand for quality and 
performance they can trust. J.T.Baker products 
consistently meet the needs of the most demanding 
applications, and their premium, high-performance 
syringe filters are no exception, providing efficient 
filtration with minimal extractables to maximize 
sample purity.

Every batch is delivered with the assurance of a 
chromatogram and a certificate of quality and is 
rigorously tested for burst pressure of housing, bubble 
point, flow rate performance and extractables.

These syringe filters are specifically designed for 
chromatography sample preparation applications and 
are optimized to provide the most consistent results 
with minimal extractables.

Download  
brochure at  

vwr.com/literature

NEW!

Chromatography Solutions

FIGURE 1: Comparison of chromatograms obtained from filtering  
a sample of valsartan spiked with eight nitrosamines with J.T.Baker®  
and competitor syringe filters.

Enhanced LC sample preparation with 
J.T.Baker® high performance syringe filters

Competitor 0.45 μm Nylon filter

J.T. Baker® 0.45 μm Nylon filter

Ad_FullPage.indd   3Ad_FullPage.indd   3 3/2/2022   10:23:11 AM3/2/2022   10:23:11 AM

http://www.vwr.com/literature


151  ANALYSIS FOCUS 
Modern Nontargeted Screening (NTS) Methods  
for Environmental Analysis
Lewis Botcherby
LCGC Europe spoke to Selina Tisler and Jan H. 
Christensen from the University of Copenhagen in 
Denmark, about innovative nontargeted LC–MS and 
GC×GC–MS methods to detect contamination, including 
micropollutants, in wastewater.

DEPARTMENTS

117 A snapshot of recent multimedia content from  
LCGC Europe 

117 An update from the CEO

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

155  HTC-17 conference preview and other important 
events for chromatographers

EVENTS

PEER REVIEW

118  Supercritical Fluid Chromatography for  
Chiral Analysis, Part 2: Applications
Gerry Roskam, Bas van de Velde, Andrea Gargano,  
and Isabelle Kohler
In the second part of this review article, the recent progress 
in SFC for enantiomeric separations is evaluated. Several 
applications reported on the enantioselective separation of 
drugs and pharmaceutical compounds using chiral SFC are 
discussed, including pharmaceutical applications, clinical 
research, forensic toxicology, and environmental sciences.

COLUMNS

135  GC CONNECTIONS 
New Gas Chromatography Products for 2021–2022
Nicholas H. Snow
“GC Connections” presents the column’s annual 
review of new developments in the field of gas 
chromatography made available in 2021–2022.

142  PERSPECTIVES IN MODERN HPLC 
New HPLC, MS, and CDS Products Introduced in 
2021–2022: A Brief Review
Michael W. Dong
This instalment reviews new HPLC and MS systems, 
modules, CDS, and other related software, and 
summarizes their significant features and user benefits.

COVER STORY

130 LC TROUBLESHOOTING 
But Why Doesn’t It Get Better? Kinetic Plots  
for Liquid Chromatography, Part 3: Pulling It  
All Together
Ken Broeckhoven, Caden Gunnarson, and Dwight R. Stoll 
The impact of extracolumn dispersion on kinetic 
plot curves is investigated. A web-based calculator 
that allows users to make their own kinetic plots 
with examples of how the tool can be used to 
troubleshoot underperforming columns and support 
column selection is discussed.

April | 2022

Volume 35 Number 4

LIQUID CHROMATOGRAPHY

PRODUCTS

MULTIMEDIA HIGHLIGHTS

PEER REVIEW

CEO’S NOTE

CHROMATOGRAPHY TECHNOLOGY

ANALYSIS FOCUS: ENVIRONMENTAL ANALYSIS

GAS CHROMATOGRAPHY

Image Credit: wacomka/stock.adobe.com

115www.chromatographyonline.com

SIGNPOST_OPENERCONTENTS

Minimal extractables for 
maximal sample purity

For over a century, professionals around the world 
have chosen the J.T.Baker® brand for quality and 
performance they can trust. J.T.Baker products 
consistently meet the needs of the most demanding 
applications, and their premium, high-performance 
syringe filters are no exception, providing efficient 
filtration with minimal extractables to maximize 
sample purity.

Every batch is delivered with the assurance of a 
chromatogram and a certificate of quality and is 
rigorously tested for burst pressure of housing, bubble 
point, flow rate performance and extractables.

These syringe filters are specifically designed for 
chromatography sample preparation applications and 
are optimized to provide the most consistent results 
with minimal extractables.

Download  
brochure at  

vwr.com/literature

NEW!

Chromatography Solutions

FIGURE 1: Comparison of chromatograms obtained from filtering  
a sample of valsartan spiked with eight nitrosamines with J.T.Baker®  
and competitor syringe filters.

Enhanced LC sample preparation with 
J.T.Baker® high performance syringe filters

Competitor 0.45 μm Nylon filter

J.T. Baker® 0.45 μm Nylon filter

Ad_FullPage.indd   3Ad_FullPage.indd   3 3/2/2022   10:23:11 AM3/2/2022   10:23:11 AM

http://www.chromatographyonline.com


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
© 2022 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

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

Group Publisher
Oliver Waters
owaters@mjhlifesciences.com

Sales Manager
Liz Mclean
lmclean@mjhlifesciences.com

Sales Operations Executive
Sarah Darcy
sdarcy@mjhlifesciences.com

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

Senior Virtual Program Manager
Lindsay Gilardi
LGilardi@mjhevents.com

Senior Project Manager
Anita Bali
abali@mjhlifesciences.com

Digital Production Manager
Sabina Advani
sadvani@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 
President & CEO
Mike Hennessy Jr

Chief Financial Officer
Neil Glasser, CPA/CFE

Chief Operating Officer
Michael Ball

Chief Marketing Officer
Brett Melillo

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

Senior Vice President, Content
Silas Inman

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

Subscribe to our 
newsletters for  
practical tips and 
valuable resources

Mike Hennessy Sr
Founder 
1960–2021

116 LCGC Europe  April 2022

http://www.chromatographyonline.com
https://mjhlifesciences.tfaforms.net/f/lcgc_enews
http://www.chromatographyonline.com
mailto:mmhinfo@mmhgroup.com


LCGC online
Selected highlights of digital content from 
LCGC Europe and The Column.

Connect with LCGC: Stay in touch with LCGC and  
keep updated with the latest news. Follow us on social 
media to keep up to date with the latest troubleshooting 
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competitive technique for enantioselective separations 
with respect to conventional liquid chromatography 
(LC). SFC has been shown to be highly efficient, 
providing complementary chiral separations, 
high-throughput analysis, and is also eco-friendlier 
and safer than traditional chiral normal-phase LC.

In LC Troubleshooting, Dwight Stoll and Ken 
Broeckhoven wrap up their three-part series on kinetic 
plots for LC, showing how what they explained in 
earlier instalments all comes together for practical use. 

Keeping on top of the latest cutting-edge 
developments in the field are of the utmost 
importance. With this in mind, both GC Connections 
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field of gas chromatography (GC), high performance 
liquid chromatography (HPLC), chromatography 
data systems (CDS), and mass spectrometry (MS), 
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In our Analysis Focus interview, Selina Tisler and 
Jan H. Christensen from the University of Copenhagen 
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important environmental monitoring applications, with 
a particular focus on the analysis of chemical leaching 
from plastic bottles using LC–MS/MS and sediment 
analysis using GC×GC–high-resolution MS (HRMS).

LCGC is a multimedia platform that helps 
chromatographers keep up to date with the latest 
trends and developments in separation science, 
and supports them to perform more effectively in 
the workplace. Keep updated with our multimedia 
content by visiting the global website (www.
chromatographyonline.com), subscribing to our 
newsletters, and attending our wide range of 
educational virtual symposiums and webinars.
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Over the past decade, particularly since the commercialization of the 
first high-pressure and low-dispersion instruments, supercritical fluid 
chromatography (SFC) has become a more established technique. 

Since the introduction of polar co-solvents as a mobile phase, SFC has 
been applied to various fields, ranging from fossil fuels and polymers to 
food and pharmaceutical applications. Chirality also plays a significant role 
in these research areas, as enantioselective separations are often required 
to discriminate between enantiomers showing different pharmacological 
or biological activities (1). Based on the advantages listed in part 1 of our 
review (2), it does not come as a surprise that an increased number of studies 
using SFC for chiral applications have been reported in the literature. 

The instrumental improvements, such as pressure stability and UV-noise 
reduction, but also the commercialization of novel polar and nonpolar 
stationary phases, coated or immobilized on to smaller and superficially porous 
particles, have led to increased performance in chiral SFC analysis (3). These 
developments provide a powerful orthogonal and versatile analytical approach 
for high-efficient and high-throughput chiral assessments. Moreover, the 
developments in SFC–mass spectrometry (MS) have also strengthened the 
position of chiral SFC, especially when a certain level of sensitivity or additional 
selectivity is desired. In the past decade, SFC has been increasingly used for 
chiral analysis—most notably in the field of pharmaceutical analysis, clinical 
applications, forensic toxicology, and environmental analysis, as discussed 
in the following sections. The most significant requirements in those areas 
are speed (pharmaceutical), sensitivity (clinical, forensic toxicology, and 
environmental analysis), and selectivity (illicit drug analysis). The aforementioned 
unique properties of supercritical fluids and recent innovations in SFC 
can make an important contribution to tackling these challenges.

Supercritical Fluid Chromatography 
for Chiral Analysis, Part 2: Applications
Gerry Roskam1,2,3, Bas van de Velde1,3, Andrea Gargano2,3, and Isabelle Kohler1,3, 1Division of BioAnalytical Chemistry,  

Amsterdam Institute of Molecular and Life Sciences (AIMMS), Vrije Universiteit Amsterdam, Amsterdam, the Netherlands,  
2Van ‘t Hoff Institute for Molecular Sciences, University of Amsterdam, Amsterdam, the Netherlands, 3Centre for  

Analytical Sciences Amsterdam, Amsterdam, the Netherlands

In the second part of this review article, the recent progress in supercritical fluid chromatography (SFC) 
for enantiomeric separations is evaluated. With the substantial developments carried out over the past 
years in instrumentation, columns, and detector hyphenation, the interest in chiral SFC has been steadily 
growing in various fields. In combination with novel developments in chiral stationary phase chemistries, 
the enantioselective analysis range has been significantly extended. Several applications reported on 
the enantioselective separation of drugs and pharmaceutical compounds using chiral SFC are discussed, 
including pharmaceutical applications, clinical research, forensic toxicology, and environmental sciences.

KEY POINTS
• Overview of the recent 

progress of supercritical fluid 
chromatography (SFC) for 
enantiomeric separations.

• Discussion of applications in 
pharmaceutical, clinical, forensic, 
and environmental fields.

• SFC is a competitive technique 
for enantioselective analysis 
with respect to LC.
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Chiral SFC in  
Pharmaceutical Analysis
Due to the expected differences in 
pharmacological activity of enantiomers, 
the spatial configurations of new 
pharmaceutical compounds need to 
be thoroughly investigated in the drug 
development pipeline. Table 1 lists 
an overview of the pharmaceutical 
applications reported since 2015,  
where SFC has been used for 
enantioselective separations (4,5). Similar 
to chiral liquid chromatography (LC)-based 
applications, polysaccharide-based chiral 
stationary phases (CSPs) have been 
most frequently employed. The broad 
applicability and high-loadability of these 
phases support their wide use in drug 
development. Only a few studies reported 
optimal separation using macrocyclic 
glycopeptides, cyclofructan-based, and 
Pirkle-type CSPs. Other types of CSPs, 
such as polymer- and cyclodextrin-based, 
have not been found in recent publications. 
In this field of application, 3- and 5-μm 
fully porous particles (FPP) are the most 
common particles sizes for cellulose- 
and amylose-based columns. Smaller 
fully and superficially porous particles 
(SPP) are less common, but have 
proved to be successful in combination 
with macrocyclic glycopeptide- and 
cyclofructan-based stationary phases (6–8).

In the pharmaceutical industry, 
high-throughput approaches are required 
during purity assessment tests. Due 
to the unique features of supercritical 
fluids, higher flow rates can be applied 
in SFC, which allow for high-throughput 
analysis. Barhate et al. showed that 
sub-minute separations are achievable 
with SFC after the selected drugs 
undergo an extensive column screening, 
followed by a method optimization 
when necessary (6), as illustrated in 
Figure 1. The overall goal of the study 
was to determine the feasibility of ultra-
fast chromatographic chiral separations 

using improved CSPs, instrumentation, 
and particle technology. Nováková and 
Douša developed a new rapid and 
general screening and optimization 
approach for enantioselective SFC 
that is based on the enantioseparation 
success rates of different parameter 
settings (9). Rapid separations are 
helpful for the implementation of new 

high-throughput strategies, such as the 
so-called multiple injections in a single 
experimental run (MISER) to reduce 
analysis time and simplify data analysis 
(10). This approach performs rapid-fire 
high-throughput injections of multiple 
samples, resulting in multiple sub-minute 
(enantioselective) separations within a 
single chromatographic run. Figure 2 
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presents a flow injection analysis-like 
chromatogram of benzoin enantiomers (10). 

Zhang et al. demonstrated the 
enantioselective analysis of various 
1,4-dihydropyridines in a pharmaceutical 
formulation using chiral SFC and 
immobilized polysaccharide-based 
CSPs (11). Using a miniaturized sample 
preparation approach, that is,  
a two-phase hollow fibre-based 
liquid-phase microextraction (2p-HF-LPME), 
the concentrations of nimodipine 
enantiomers in tablets were determined, 
with recoveries up to 99.8%. Pandya et 
al. showed the successful separation of 
four stereoisomers of luliconazole in a 
cream formulation (12). In addition, they 
determined the relation between elution 
order and binding energies, enabling 
a better understanding of the different 
interactions involved during the chiral 
recognition of luliconazole stereoisomers. 
The main reason for choosing chiral 
SFC over chiral LC was the speed of 
analysis, with the added advantage of 
minimizing toxic organic waste generation. 

Traditional Chinese drugs (TCD) 
also contain pharmaceutically active 
compounds with one or multiple chiral 
centres. An example is the dried roots of 
Isatis Indigotica Fort, which is traditionally 
used against fevers, and contains the 
substance goitrin. (R)-goitrin is considered 
the therapeutic form, while its enantiomeric 
pair causes adverse effects on the thyroid 
gland (13). Wang et al. developed an 
SFC-photo diode array-MS (SFC–PDA–MS) 
approach to enable the analysis of the 
enantiomeric forms of goitrin in both dried 
root extracts and commercially available 
pharmaceutical formulations.  
The proposed method, based on a Pirkle-
type CSP, led to the successful separation 
from plant matrix interferences, while it 
simultaneously provided enantiomeric 
separation. The developed method was 
eight times faster than the traditional 
normal-phase LC–UV analysis but with 
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FIGURE 2: Enantioselective SFC separation of benzoin enantiomers using a Chiralpak 
AD-3 column (50 mm × 4.0 mm, 3-μm), 20:80 (v/v) methanol–CO2; 3.5 mL/min, 254 nm 
UV detection. (a) Repetitive injection of a 96-well plate with sample concentrations of 
0.4–1.0 mg benzoin/mL and enantiomeric excesses of 100 (R-benzoin; [-]), 80, 60, 40, 
20, 0, 0, 20, 40, 60, 80, 100 (S-benzoin; [+]) (b). Insert: enlarged time window between 
5.0 and 7.5 min. Adapted and reproduced with permission from reference 10.
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FIGURE 1: Sub-minute chiral separations of 50 pharmaceutical compounds using 
(a) reversed-phase LC and (b) SFC under optimal stationary phase and mobile 
phase conditions. Adapted and reproduced with permission from reference 6.
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lower sensitivity. Nie et al. later developed 
an analytical and preparative method for 
the analysis of the same drug, using an 
immobilized cellulose-based CSP that led 
to improved chromatographic efficiency 
and analysis time. The comparison of 
both methods is shown in Figure 3 (14). 

Clinical Applications
Once a drug is administered, chiral 
inversions may change the spatial 
configuration of a drug molecule and 
its metabolites (15,16). These in vivo 
by-products and intermediates should 
thus be monitored and individually 
evaluated for their pharmacologic activities. 
Biofluids, such as plasma and serum, 
are complex matrices, with thousands 
of endogenous analytes that can affect 
the analytical performance. Moreover, a 
parent drug and its potential metabolites 
are typically present at low concentration 
levels. In this context, SFC–MS is often 

required to achieve sufficient selectivity 
and sensitivity for compound identification 
and quantification. Table 2 provides 
an overview of the clinical applications 
reported for the analysis of drugs and 
drug metabolites since 2015 (4,5).

A study by Chen et al. showed the 
applicability of SFC–MS/MS to investigate 
the potential in vivo chiral inversion of three 
different novel drugs in various mammal 
plasmas (16). While the drugs GNE-A and 
GNE-B showed no inversion a few hours 
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FIGURE 3: Chiral separation of R-goitrin (1) and S-goitrin (2) using an immobilized 
polysaccharide Chiralpak IC (250 mm × 4.6 mm, 5-μm) column by (a) SFC-
UV and (b) normal-phase LC–UV. SFC conditions: 15:85 (v/v) acetonitrile–CO2;  
3.5 mL/min, 35 °C, 100 bar; 245 nm UV detection. Normal-phase LC conditions: 90:10 
(v/v) n-hexane–isopropanol; 0.8 mL/min, 20 °C, 245 nm UV detection. Adapted and 
reproduced with permission from reference 14 under a Creative Commons Attribution 
4.0 International License: https://creativecommons.org/licenses/by/4.0/
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TABLE 1: Enantioselective applications for drugs and pharmaceutical formulations using chiral SFC

Analyte Matrix
Chiral Selector Type 

(Commercially Available From)
Detection

Publication 
Year (Ref)

Goitrin and epigoitrin Dried roots Low-molecular-weight  
(Regis Technologies Inc.)

DAD/APCI(+)-
Q-MS

2014 (13)

Goitrin Standard solution Polysaccharide (Chiral Technologies) DAD/OR 2016 (14)

21 α-aryl ketones Standard solution Cyclofructan (AZYP LLC) DAD 2016 (7)

Amphetamine and cathinone derivatives, 
benzofury derivatives, and aminonaphthol 
analogues

Standard solution Polysaccharide (YMC) DAD 2016 (42)

(R/S)-2-(4-phenylphenyl)-4-(1-piperidyl)
butan-2-ol

Standard solution Polysaccharide (Chiral Technologies) DAD/additional 
OR 2016 (43)

Hexahelicenes Standard solution Polysaccharide (Waters) DAD/additional 
CD 2016 (44)

25 2,2-dimethyl-3-aryl-propanoic acids 
and derivatives

Standard solution Polysaccharide (Chiral Technologies) DAD 2016 (45)

(±)-Tröger’s base and (±)-benzoin Standard solution Polysaccharide (Chiral Technologies)/Low-
molecular-weight (Regis Technologies Inc.) DAD 2016 (10)

4 3-carboxamido-5-aryl isoxazole 
derivatives

Standard solution Polysaccharide (Phenomenex, Chiral 
Technologies) DAD 2016 (46)

Nimodipine, amlodipine, azelnidipine, 
benidipine, cilnidipine, nisoldipine, and 
felodipine

Nimodipine tablets Polysaccharide (Chiral Technologies) DAD 2016 (11)

UV-inactive synthetic intermediates Standard solution Polysaccharide (Chiral Technologies) DAD/CAD 2016 (47) 

Unknown drug substance, 8 
stereoisomers

Standard solution Polysaccharide (Chiral Technologies)2 UV1/ESI(+)-Q-
MS2 2016 (48) 

50 pharmaceutical drugs and 
intermediates

Standard solution

Polysaccharide (Chiral Technologies, 
Waters, Phenomenex)/Low-molecular-

weight (Regis Technologies)/
Cyclofructan (AZYP LLC)/Macrocyclic 

glycopeptides (AZYP LLC)

DAD 2017 (6)

4 isoxazole analogues Standard solution Polysaccharide (Chiral Technologies) DAD/ELSD 2017 (49)

24 sulfoxide analogues Standard solution Polysaccharide (Phenomenex) DAD 2017 (50)

20 pharmaceutical drugs and 
intermediates

Standard solution Polysaccharide (Phenomenex, Kromasil, 
Chiral Technologies) DAD 2017 (9)

Mianserin, clenbuterol, metoprolol, 
propranolol, atenolol, and alprenolol

Standard solution Polysaccharide (Kromasil) DAD 2017 (51)

Diarylpyrazole sulfonamide derivatives Standard solution Polysaccharide (Chiral Technologies) DAD/additional OR 2017 (52)

Unknown API and related impurities
Pharmaceutical 

sample Polysaccharide (Chiral Technologies)2 UV1/DAD2 2018 (53)

100 pharmaceutical-related 
compounds

Standard solution Macrocyclic glycopeptides (AZYP LCC)/
Cyclofructan (AZYP LCC) UV 2019 (8)

Ketamine and cathinone derivatives, 
calcium channel blockers, and indole 
phytoalexins

Standard solution Macrocyclic glycopeptides (AZYP LCC) DAD 2019 (54)

Ketamine metabolites Standard solution Polysaccharide (Phenomenex) DAD/ESI(+)-Q-MS 2019 (55)

20 pharmaceutical-related compounds Standard solution

Macrocyclic glycopeptides (AZYP LCC)/ 
Cyclofructan (AZYP LCC)/Polysaccharide 

(Chiral Technologies)/Low-molecular-weight 
(Regis Technologies Inc.)

UV 2020 (56)

Abbreviations: API, active pharmaceutical ingredient; UV, ultraviolet; DAD, diode array detector; OR, optical rotation; CD, circular dichroism; APCI, 
atmospheric pressure chemical ionization; ESI, electrospray ionization; ELSD, evaporative light scattering detector; Q, single quadrupole; MS, mass 
spectrometry
1 First dimension; 2 Second dimension

Continued on Page 123
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TABLE 1 (CONTINUED): Enantioselective applications for drugs and pharmaceutical formulations using chiral SFC

Analyte Matrix
Chiral Selector Type 

(Commercially Available From)
Detection

Publication 
Year (Ref)

Luliconazole
Pharmaceutical 

Lulifin cream Polysaccharide (Chiral Technologies) DAD/additional OR 2020 (12)

Hydroxychloroquine Standard solution Polysaccharide (ColumnTek) DAD/additional OR 2020 (57)

25 therapeutic compounds Standard solution Polysaccharide (Chiral Technologies, 
Phenomenex) DAD/MS 2020 (58)

Atenolol, metoprolol, and propranolol
Betacard, 

Betaloc, and 
Betacap tablets

Polysaccharide (Chiral Technologies) DAD/additional OR 2020 (59)

Natural and synthetic cinchona 
alkaloid analogues

Standard solution Polysaccharide (Chiral technologies) DAD 2021 (60)

8 antiretroviral drugs Standard solution Polysaccharide (Chiral Technologies) DAD 2021 (61)

Unknown API Standard solution - DAD1/ESI(+)-
QTOF-MS2 2021 (62)

Tetrahydropalmatine
Yuanhuzhitong 
tablet (TCM) Polysaccharide (Chiral Technologies) DAD 2021 (63)

Abbreviations: API, active pharmaceutical ingredient; UV, ultraviolet; DAD, diode array detector; OR, optical rotation; CD, circular dichroism; APCI, 
atmospheric pressure chemical ionization; ESI, electrospray ionization; ELSD, evaporative light scattering detector; Q, single quadrupole; MS, mass 
spectrometry
1 First dimension; 2 Second dimension

after administration, inversion occurred with 
GNE-C up to 25%. However, as is shown 
in Figure 4, inversion was only observed 
in mouse plasma. For that reason, chiral 
inversions do not only require a specific 
chiral centre, they also depend on the 
biological environment in which the chiral 
drug is located. A study by Licea-Perez et 
al. demonstrated the chiral inversion of the 
novel (S)-GSK-B drug to (R)-GSK-B (17). 
While the method was successful for the 
analysis of standards, no inversion was 
detected in rat plasma after administration.

Su et al. employed SFC–MS/MS to 
study the pharmacokinetics of the chiral 
drug rabeprazole (18). After administration 
of racemic rabeprazole to beagle dogs, 
repetitive chiral analysis of their serum 
was performed, showing a change in 
the enantiomeric ratio over time. This 
shift indicated that rabeprazole exhibited 
stereoselective pharmacokinetics 
properties. One of these enantiomers 
was then more effective than the other. 

Drug metabolites are also relevant, 
as they can be either chiral or achiral. 
After detecting these minor by-products 
in vivo, the potential presence of their 

stereoisomers must be monitored and 
their pharmacological activities assessed. 
Another study by the group of Licea-Perez 
investigated the drug metabolism of the 
drug GSK1278863, developed for the 
treatment of anaemia correlated to chronic 

kidney disease (19). An SFC–MS/MS 
method was developed for the detection 
of six predominant metabolites formed 
by cytochrome P450 enzymes, which 
are responsible for the formation of 14 
stereoisomers. Figure 5 shows the stepwise 
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FIGURE 4: In vivo chiral inversion assessment of the drug GNE-C in (a/e) mouse, 
(b/f) rat, (c/g) dog, and (d/h) human plasma in a time default of 3 h using a 
polysaccharide Chiralcel OJ-3 (150 mm × 3.0 mm, 3-μm) column by SFC–QqQ–
MS. The chiral conversion only occurred in mouse plasma. Adapted and reproduced 
with permission from reference 16.
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TABLE 2: Clinical applications for chiral drugs and drug metabolites in biofluids using chiral SFC–MS

Analyte Matrix
Chiral Selector Type 

(Commercially Available From)
Detection

Publication 
Year (Ref)

Oxcarbazepine and metabolite
Beagle dog 

plasma Polysaccharide (Waters) ESI(+)-QqQ-MS 2016 (64)

Clenbuterol Human urine Macrocyclic glycopeptides (Supelco) DAD/ESI(+)-
QqQ-MS

2016 (22)

GSK1278863 and metabolites Human plasma Polysaccharide (Chiral Technologies) ESI(-)-QqQ-MS 2016 (19)

Cetirizine Human plasma Polysaccharide (Chiral Technologies) ESI(+)-QqQ-MS 2016 (65)

Rabeprazole
Beagle dog 

plasma Polysaccharide (Waters) ESI(+)-QqQ-MS 2017 (18)

Citalopram
Human blank 

serum Polysaccharide (Waters) ESI(+)-QqQ-MS 2017 (66)

GSK-B Rat plasma Polysaccharide (Chiral Technologies) QqQ-MS 2017 (17)

Undisclosed API and metabolites
Mouse 

hepatocyte cells Polysaccharide (Chiral Technologies)2 DAD1/Q-MS2 2018 (15)

Ketamine and metabolites Dried urine Polysaccharide (Phenomenex) ESI-Q-MS 2018 (20)

GNE-A, GNE-B, and GNE-C
Mouse, rat, dog, 

and human 
plasma

Polysaccharide (Chiral Technologies) ESI(+)-QqQ-MS 2019 (16)

Alprenolol, amlodipine, benidipine, 
bupropion, cetirizine, citalopram, 
lercanidipine, pindolol, terezosine, 
fluvastatin, omeprazole, salbutamol, 
ondansetron, propafenone, ibuprofen, 
verapamil, 9-hydroxyrisperidone, 
felodipine, mirtazapine, warfarin, 
metoprolol, azelnidipine, and 
molindone

Rat plasma Polysaccharide (Chiral Technologies) ESI(+)-QqQ-MS 2019 (67)

Abbreviations: DAD, diode array detector; ESI, electrospray ionization; Q, single quadrupole; QqQ, triple quadrupole; MS, mass spectrometry. 
1 First dimension; 2 Second dimension

analyzing process for the full (enantiomeric) 
assessment of this investigative drug (19). 

Online supercritical fluid extraction and 
chiral SFC–MS (SFE–SFC–MS) analysis 
have been performed by Hofstetter et 
al. for the extraction and quantification 
of ketamine enantiomers and their chiral 
metabolites in a dried urine sample (20).  
It proved to be the most efficient approach 
for ketamine analysis and was the first 
SFE–SFC–MS method to be validated 
according to the international EMA 
regulatory guidelines. Automated SFE 
was a more time-efficient approach to 
extract the relevant ketamine substances 
than via the previously described 
liquid–liquid extraction (LLE) method; 

it also reduced the necessary amount 
of biological matrix (20 μL) required for 
enantioselective quantification (21). The 
use of SFE–SFC demonstrated promising 
possibilities and represents an interesting 
approach in the pharmaceutical industry.

Forensic Toxicology
Chiral SFC has been used in doping 
research to determine whether athletes 
have been exposed to a doping 
agent by drug administration or by 
consumption of specific foods. An 
example was presented by Parr et al. 
where SFC–MS/MS was used to trace 
the origin of the doping agent clenbuterol 
by determining the enantiomeric ratio 

(22). Previous studies showed that the 
concentration of clenbuterol enantiomers 
in meat changed due to (different) 
pharmacological activities in animals, 
while no changes were observed in 
human urine within 18 h of administration. 
This difference in enantiomeric ratio can 
therefore provide information about the 
origin of the doping agent and ensure 
that athletes can be fairly judged.

Enantioselective SFC has been 
increasingly used in forensic investigations 
for a variety of illicit and licit drug-related 
purposes (3). Novel psychoactive 
substances (NPS) may be one of the most 
important motivators for chiral studies 
of these new derivatives (23). Due to 
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their novelty, little is known about the pharmacological activities 
of NPS and their enantiomeric counterparts. Enantioselective 
separations are therefore of great importance to help identify 
NPS and evaluate their effects on the human body. Additionally, 
chiral assessments can provide information about the time of 
consumption by monitoring the enantiomeric ratio in human 
serum, as demonstrated by Losacker et al. using LC–MS/MS (24). 
However, this latter application has not yet been described for 
chiral SFC. Table 3 lists an overview of various forensic toxicology 
applications from the past five years using chiral SFC (4). 

In a recent work by Folprechtová et al., various NPS 
classes (pyrovalerone, benzofuran, phenidine, and phenidate 
derivatives) were analyzed by SFC and LC using a core–shell 
vancomycin-based CSP (23). The vancomycin-based chiral 
selector showed high enantioselective properties for both 
approaches, resulting in fast and highly efficient enantiomeric 
separations. This study showed the complementarity between 
SFC and LC for chiral analysis. Overall, 88% of the NPS 
enantiomers were separated by SFC, while only 69% of NPS 
enantiomers were separated with LC. Both approaches 
were potentially able to separate most of the known NPS 
enantiomers, as well as those yet to be discovered. Additionally, 
the vancomycin-based methods can be used for the analysis 
of seized samples and perform simultaneous multiple 
enantiomeric separations—beneficial for full purity profiling. 

Some listed drugs are not only used for recreational purposes 
but are also administered for medical reasons. It is therefore of 
great importance to be able to distinguish between these two 
scenarios of administration for lawful conviction. Dextromethorphan 
(R-enantiomer), for example, is an antitussive drug that can 
be purchased without a prescription. Levomethorphan 
(S-enantiomer), however, is a strong narcotic analgesic and 
is registered as a controlled substances in many countries 
(25). Li et al. developed a direct enantioselective SFC–MS 
method to separate these enantiomers within 3 min using 
an amylose-based CSP (26). A similar study was performed 
by Hegstad et al., in which an SFC–MS/MS method was 
developed to separate and quantify (R/S)-amphetamines in 
urine, to distinguish between medical (legal) and recreational 
(illegal) intake (27). In most cases, the pure S-enantiomer of 
amphetamine or its prodrug was prescribed as the medical drug, 
while illicit amphetamine mainly occured as a racemic mixture. 
The developed SFC approach has recently been extended 
by Havnen et al. to analyze serum and blood samples (28).

Segawa et al. demonstrated in successive studies the 
potential of using those particular enantiomeric ratios to trace 
back the origin of seized methamphetamine by identifying their 
precursors and synthetic route (29,30,31). Together with various 
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ephedrine derivatives (EP derivatives) and phenyl-2-propanone 
(P2P) as starting material, and different optional reaction 
pathways, there are many ways to produce methamphetamine 
(MA; crystal meth). Segawa et al. demonstrated a simultaneous 
chiral analysis of methamphetamine and its precursors using a 
polysaccharide-based CSP analyzed with SFC–MS/MS (30).  
Such an approach allows for a direct and fast determination of a 
potential synthetic route. Additionally, each of these synthetic routes 
leads to their own typical chiral MA impurities in specific enantiomer 
ratios, which makes it possible to trace back the original precursor 
and method used. This information can be helpful by linking the 
seized drugs to potential clandestine production laboratories. 

Segawa et al. extended this chiral SFC profiling approach 
to the analysis of seized MA by including the analysis of 
EP stereoisomers (31). It has recently been reported that 
ephedrine and pseudoephedrine are by-products from 
the P2P synthesis. Both forms of ephedrine are therefore 
ultimately present in the phenyl-2-propnanone-based MA 
samples and can be used for sample identification. 

Environmental Studies
Pharmacological active compounds (PACs) are increasingly 
seen as major pollutants within ecological systems. However, 
despite the known concerns of these drug stereoisomers, 
research on their ecotoxicological effect is still limited (32).  
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FIGURE 5: Chromatograms obtained with the reversed-phase 
LC analysis of the pure investigative drug GSK1278863 (a) and 
its main metabolites M2-M6 and M13 formed after administration 
into human plasma (b). The enantioselective separation  was 
achieved with chiral SFC–MS for all 14 metabolite stereisomers 
(M13 [c], M2 -M4 [d], and M5-M6 [e]) using a polysaccharide-based 
column Chiralpak AD-H (150 mm × 4.6 mm, 5-μm). After the 
reversed-phase LC separation (b), each metabolite substance was 
collected separately by a high-performance fraction collector LCjet 
system (HPLC-LCjet system) and subjected to chiral SFC analysis. 
Adapted and reproduced with permission from reference 19.

TABLE 3: Forensic toxicology applications and strategies utilizing chiral SFC for illicit drug analysis

Analyte Matrix
Chiral Selector Type 

(Commercially Available From)
Detection

Publication 
Year (Ref)

Cathinone and amphetamine 
derivatives

Standard solution Polysaccharide (Chiral Technologies) DAD 2016 (68)

Methorphan Standard solution Polysaccharide (Waters) ESI(+)-Q-MS 2016 (26)

Methamphetamine
Seized illicit 

samples Polysaccharide (Waters) DAD 2017 (29)

Amphetamine Human blank urine Polysaccharide (Chiral Technologies) ESI(+)-QqQ-MS 2018 (27)

Methamphetamine and its precursors
Seized illicit 

samples Polysaccharide (Chiral Technologies) DAD/ESI(+)-
QTOF-MS

2019 (30)

Amphetamine
Human blank 

serum, (blood) Polysaccharide (Chiral Technologies) ESI(+)-QqQ-MS 2020 (28)

24 synthetic cathiones Standard solutions Ion-exchange (Chiral Technologies) DAD/ESI(+)-Q-
MS

2020 (69)

40 pyrovalerones, benzofurans, 
phenidines, and phenidates

Standards or 
synthesized 

products
Macrocyclic glycopeptides (AZYP LCC) DAD 2021 (23)

Ephedrine
Seized illicit 

methamphetamine 
samples

Polysaccharide (Chiral Technologies) DAD/ESI(+)-
QTOF-MS

2021 (31)

Abbreviations: DAD, diode array detector; ESI, electrospray ionization; Q, single quadrupole; QqQ, triple quadrupole; TOF, time-of-flight; MS, mass 
spectrometry 
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One of the reasons for this shortfall is 
the lack of knowledge on the potency of 
different enantiomeric forms, as well as 
sensitive and efficient methods. Besides 
in vivo inversions and metabolism after 
administration, drug substances may 
undergo further modifications initiated 
by wastewater treatments and biological 
processes (33). These reactions are 
usually enantioselective and therefore 
enrich or deplete one enantiomeric 
form over the other, which may increase 
the environmental impact. Table 4 
lists the various applications in which 
chiral SFC has been implemented 
into environmental studies (4,5).

Sensitive chiral systems are essential to 
detect even the most diluted substances 
as well as their enantiomeric opposites to 
fully profile the drug content in water.  
Rice et al. developed an SFC–MS/MS 
method for multiresidue analysis of both 
chiral and achiral PACs in waste- and 
natural waters (32). Over 80 PACs were 
successfully separated within 10 min 
of analysis, including enantiomeric 
separations using a polysaccharide-
based CSP. Additional chiral analysis 
proved the occurrence of configurational 
modifications, as the uneven 
enantiomeric ratios in influent, effluent, 
and natural water differ from each other. 
However, as these water samples were 
collected at one specific location and time 
point, no firm conclusions could be drawn.

Racemic drugs are most likely affected 
by in vivo and/or natural microbiological 
reactions. Earlier studies by Svan et al. 
and Camacho-Muñoz et al. using (UHP)
SFC–MS/MS and polysaccharide-based 
CSPs showed similar activities in 
enantiomeric conversions of various PACs 
in wastewater and wetland microcosm 
samples (34,35). Figure 6 shows the 
influence of different wetland sediment 
environments on the enantiomeric fraction 
of metoprolol, atenolol, and propranolol 
(34). No significant changes occurred 
at 1 ppb, but atenolol showed a slight 
increase at 100 ppb. This indicates an 

enantioselective enzymatic process 
that may participate in its breakdown. 

SFC proved to be a worthy 
alternative for efficient analysis of 
environmental samples, by allowing for 
enantiomer-specific evaluations on the 
ecological impact of drugs. Analysis 
of influent and effluent water can also 
provide additional information about 
the use of drugs within a specific area, 
including whether it is legal (prescribed) 
and/or illegal (recreational) consumption. 
Finally, this information may be used in 
pharmaceutical studies to complement 
in vivo metabolomics-based approaches 
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FIGURE 6: Influence of various wetland sediment microcosms and light treatments on the 
enantiomeric fraction (EF) of metoprolol, atenolol, and propranolol. (a) Open-water wetland 
sediment, dark; (b) Open-water wetland sediment, red light; (c) Cattail, wetland sediment, 
dark; (d) Effect of the water treatment applied for the panel (a) on 100 ppb atenolol instead 
of 1 ppb. A higher concentration of 100 ppb of atenolol was required for analysis due to its 
rapid degradation process. Adapted and reproduced with permission from reference 34.

TABLE 4: Environmental applications of disposed chiral drugs in wastewater and wetland samples using SFC–MS

Analyte Matrix
Chiral Selector Type 

(Commercially Available From)
Detection

Publication 
Year (Ref)

Atenolol, metoprolol, propranolol, 
metoprolol acid

Wetland microcosm Polysaccharide (Chiral Technologies) ESI(+)-QqQ-MS 2015 (34)

24 human and veterinary anti-
inflammatory, cytostatic, 
gastrointestinal, anthelmintic, 
antibacterial, antifungal, 
antihistamine drugs 

Influent and effluent 
wastewater Polysaccharide (Waters) ESI(±)-QqQ-MS 2016 (35)

Various pharmaceuticals and drugs 
of abuse

Influent, effluent, 
and river water Polysaccharide (Waters) ESI(±)-QqQ-MS/

ESI(±)-Q-MS 2020 (32)

Abbreviations: ESI, electrospray ionization; Q, single quadrupole; QqQ, triple quadrupole; MS, mass spectrometry
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or within forensic investigations for 
determining the origin of the drugs. 

Discussion and Conclusion
The technological developments 
in (chiral) SFC have made this a 
competitive technique for enantioselective 
separations with respect to conventional 
LC. Advantages include the 
achievement of efficient separations 
within a reduced analysis time and 
the replacement of toxic solvents (for 
example, from reversed-phase LC) 
with CO2. These have been covered in 
more details in part 1 of this review (2). 

In chiral analysis, method optimization 
remains a complex and timely process. 
Notably, the selection of the adequate 
CSP column is a time-consuming but 
essential screening step, since each 
chiral selector interacts differently with 
a specific chiral molecule. Hundreds of 
CSPs have been developed, without one 
specific phase that can be labelled as 
universal. Such a CSP would be highly 
beneficial, as this would significantly 
simplify the method development. Future 
studies focusing on the development 
of universal enantioselective column 
chemistries are therefore needed to 
ensure optimal chiral distinctions for 
as many different stereoisomers as 
possible. In parallel, innovative workflows 
enabling the screening of a large diversity 
of phases are also beneficial. These 
workflows can be specialized for single 
column systems (36,37,38), tandem 
column systems (39,40), or stereoisomers 
with multiple chiral centres (MCC) (41). 
De Klerck et al. proposed a generic 
screening strategy when investigating the 
effect of different CSPs in combination 
with varying mobile-phase compositions, 
and used principle component analysis 
(PCA) to confirm selectivity differences 
between the screened SFC systems 
(36). Hegade et al. proposed a new 
effective screening method called 

stationary-phase optimized selectivity 
supercritical fluid chromatography for the 
prediction of elution profiles of tandem 
column systems (40). This approach 
is based on the combined interaction 
models from the individual columns 
used. Lin et al. developed an effective 
screening strategy for stereoisomers 
with single and multiple chiral centres, 
answering several key questions 
regarding which parameters to use for 
optimal MCC compound coverage (41).

The potential of chiral SFC application 
outside of the pharmaceutical industry 
has been minimally explored so far. A 
few publications have demonstrated 
promising applications and strategies 
but only for a limited number of drugs. 
Further implementation of chiral SFC 
into clinical, forensic, and environmental 
drug-related studies are therefore 
encouraged to foster the acceptance of 
chiral SFC in a broad spectrum of real-life 
cases. Specifically, the determination of 
the ecotoxicological effects of drugs after 
consumption deserves more attention 
and should be more predominant 
within drug development processes. 
In addition, successive studies can be 
of added value to determine how the 
obtained data can be used in a larger 
perspective. Further implementation and 
new developments are expected to be 
promising based on the cost-saving and 
green advantages, applications, and 
strategies mentioned in this review.

SFC mechanisms exhibit high 
orthogonality compared to LC-based 
separation techniques. With the 
development of special interfaces, the 
rise of multidimensional applications 
with SFC included as one of the two 
dimensions is, therefore, no surprise. 
Various setups for chiral separations have 
been proposed, demonstrating a highly 
selective and efficient achiral impurity 
assessment in the first dimension and 
chiral distinction in the second. Despite 

the good enantiomeric resolution acquired, 
sensitivity in 2D applications remains 
a challenge because it is important to 
detect trace-level impurities. Moreover, 
hardware and solvent incompatibility may 
form a limitation in this field of application. 
Further studies and instrumental 
developments are required to tackle 
these drawbacks and would be of great 
value to fully assess (enantiomeric) purity 
or activity within a single run. Still, the 
complexity and input required to fully 
optimize such a system for integrated 
achiral and chiral impurity assessment 
is intensive and time-consuming. It is 
therefore recommended to first apply 
simpler optimization approaches to 
resolve difficult enantiomers rather than 
directly developing a 2D-system. Such 
approaches include changing the CSPs, 
tandem column setups, or selecting a 
different detector. Nevertheless, further 
studies in 2D chiral applications are 
still important because this approach 
may be required in complex cases. 

Nowadays, chiral SFC is not only 
recognized for its success on a 
preparative scale but has also been 
demonstrated to be a worthy asset 
for analytical purposes. SFC provides 
high-efficient and complementary chiral 
separations, allows high-throughput 
analysis, is eco-friendlier and safer than 
traditional chiral normal-phase LC, and is 
cost-efficient. Despite these advantages, 
there are still some challenging hurdles 
to overcome. Bottlenecks are undefined 
chiral recognition mechanisms, lack of 
highly universal CSPs, time-consuming 
screening approaches, relatively low 
maximum system back pressure, and 
minimally explored instrumental and 
applicational strategies. If the current 
aforementioned bottlenecks are studied 
and optimized, chiral SFC certainly 
has a thriving future in enantiomer 
assessments in various drug-related 
fields, as highlighted by recently 
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reported applications in the fields of drug 
development, clinical research, forensic 
toxicology, and environmental studies.
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But Why Doesn’t It Get Better?  
Kinetic Plots for Liquid 
Chromatography, Part 3:  
Pulling It All Together
Ken Broeckhoven1, Caden Gunnarson2, and Dwight R. Stoll3, 1Vrije Universiteit Brussel, Brussels, Belgium, 2Gustavus Adolphus College, 

St. Peter, Minnesota, USA, 3LC Troubleshooting Editor

Choosing a liquid chromatography (LC) column for a particular application can be a surprisingly challenging task.  
On one hand, column manufacturers give us many options to choose from, including particle types,  
pore sizes, particle sizes, and different lengths and diameters. On the other hand, we usually don’t have 
time to experimentally evaluate many combinations of these parameters, and sometimes we end up picking 
something similar to the columns that are already in the drawer. The “kinetic plot” is a powerful graphical 
tool that can help leverage the best available theory to help us understand how different combinations of 
parameters (that is, particle size and length) will perform in terms of the time needed to get to a particular 
column efficiency (and thus resolution), and therefore make well-informed decisions when choosing columns.

In the last two instalments of “LC 
Troubleshooting”, we reviewed the 
basic idea of a “kinetic plot” (1) 
and how to make the plots from 
experimental data or data from the 
literature (2). Ultimately, this graphical 
tool can be used to make informed 
decisions when choosing columns and 
to understand why a column might not 
be delivering expected performance 
improvements. This month, we conclude 
this series of articles by discussing 
the so-called “Knox-Saleem limit” 
(KSL), application of kinetic plots to 
gradient elution conditions, and the 
impact of extracolumn dispersion on 
kinetic plots. Finally, we introduce 
a web-based application that 
pulls together all of the theory 
discussed in these instalments into 
a convenient and flexible web-based 

calculator that allows you to explore 
the impact of many variables on 
the kinetic plot on your own. 

The Knox-Saleem Limit (KSL)
In last month’s instalment, we began 
discussing the effect of particle size 
on kinetic plots by showing the kinetic 
performance limit (KPL) curves for 
different particle sizes (Figure 1[a]). 
Interestingly, these curves cross in 
the kinetic plot, which means that at 
any given combination of t0 and N, 
there is one particle size that provides 
superior performance compared to 
the others. In other words, there is 
no single particle size that is superior 
to all others over the entire range of 
analysis times of practical interest. 
Whereas the smallest particles (1.7 µm) 
show the best kinetic performance 

at short analysis times, the larger 
particles (5 µm) are the better choice 
to obtain high efficiencies at long 
analysis times, which is a direct 
result of the improved performance at 
higher flow rates for smaller particles 
(fast analysis). However, the small 
particles also lead to large pressure 
drops that limit their use to relatively 
short columns (lower efficiency). 

In Figure 1(a), we see that each of 
the KPL curves touches an oblique 
asymptote (dashed lines) below 
which one cannot work regardless 
of the choice of column length, 
particle size, and velocity because 
the pressure drop will exceed the 
chosen pressure limit. This oblique 
asymptote is the KSL and in fact 
touches the KPLs for different 
particle sizes at their respective 
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optimal mobile phase velocities (that is, u0,min) (3). The 
point where the KPL and KSL curves touch represents 
the optimal choice of not only mobile phase velocity 
and column length but also of the particle size for each 
combination of t0 and N. For the particle sizes represented 
in Figure 1, we see that the KPL curves come very close 
to the KSL, which indicates that at least one of these 
particles is close to optimal for plate numbers in the 
range of 10,000 < N < 200,000. When there is a gap in 
the available particles sizes (for example, jumping from 
1.7 to 3.5 µm), we see a gap between the points at which 
the two KPL curves cross with the KSL. This occurrence 
indicates a gap between the truly optimal performance that 
is possible for a given combination of t0 and N, and what 
can actually be realized with the available particle sizes. 
Fortunately, these differences are rather small, as has been 
discussed in detail by Matula and Carr in the literature (4).

The KSL can be calculated using equation 1 if 
the dynamic viscosity of the mobile phase (η), the 
minimum reduced plate height (hmin), and the 
u0-velocity-based flow resistance (Φ0) for a certain 
stationary phase support are known using (2,3,5):

t0 =                 N 2
η.Φ0

.hmin

ΔPmax
[1]

This relationship makes clear that the kinetic performance 
can be improved by increasing the maximum operating 
pressure (ΔPmax; that is, ultrahigh-pressure liquid 
chromatography [UHPLC] vs. high performance liquid 
chromatography [HPLC]), decreasing the mobile phase 
viscosity (for example, through the use of high temperatures 
in LC, or low viscosity eluents in supercritical fluid 
chromatography [SFC]), reducing the flow resistance (for 
example, by using monolithic or chip-based columns), or 
decreasing the minimum reduced plate height (for example, 
with superficially porous particles, chip-based, or 3D-printed 
columns) (6). A change in any of these parameters will shift 
the KSL (and also the KPL curves) to the right, allowing for 
both faster and more efficient separations. When all other 
parameters are fixed, doubling ΔPmax results in a decrease 
in t0 by a factor of two. In other words, doubling the 
available pressure allows the same efficiency to be realized 
in half the time, which is illustrated in Figure 1(b) where the 
effect of the operating pressure on the KPL curve for the 
1.7 µm particles is shown (7). The curve shifts to the bottom 
right of the kinetic plot, showing how even faster analyses 
and higher efficiencies can be obtained when operating 
at this higher maximum pressure. In fact, when comparing 

the use of 1.7 µm particles at 1000 bar with 3.5 and 5 µm 
particles used at 400 bar, the smaller 1.7 µm particles 
outperform the 3.5 µm particles in the part of the efficiency 
analysis time range where the latter outperforms the 5 µm 
particles at 400 bar. The 1.7 µm particles at 1000 bar 
even outperform the 5 µm particles up to approximately 
N ~100,000. Of course, this comparison changes if the 3.5 
and 5 µm particles can also be used at 1000 bar. Similarly 
to the KPL curve, the KSL also shifts with an increase 
in maximum pressure, as expected from equation 1.

Application of the Kinetic Plot Concept 
to Gradient Elution Conditions 
For fundamental comparisons of the separation 
performance of different column types, it is most practical to 
use isocratic elution conditions, which is why our discussion 
of kinetic plots has so far focused on the kinetic plots with t0 
and N as the axes. In practice, however, most applications 
use mobile phase composition gradients to optimize 
separation time and resolution. Thus, it is desirable to apply 
the kinetic plot concept to the gradient elution condition 
as well, which can be done by replacing the plate number 
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with the peak capacity (np) as the 
measure of separation performance 
(5,8). When making experimental 
measurements of retention time and 
peak width under gradient elution 
conditions for the purpose of making 
kinetic plots from experimental data, 
several details are important to keep 
in mind. These are mentioned briefly 
here. Readers interested in learning 
more about them are referred to the 
literature for detailed protocols (9).
• Gradient time should be scaled 

inversely proportional to the flow 
rate so that the gradient slope 
remains constant (10,11). 

• If the mobile phase composition is 
held constant at the beginning of the 
separation, or at any other point in 
the elution program, these so-called 
hold times should also be scaled 
with the inverse of the flow rate.

• If columns with the same stationary 
phase chemistry from the same 
vendor are compared, there is 
usually little to no difference in 
selectivity and the same gradient 
range (initial and final composition) 
can be used. However, when 
comparing columns from different 
vendors, differences in retention may 
be observed, and it is advisable to 
tune the initial and final composition 

of the gradient in such a way that 
the first and last eluted compounds 
have similar retention factors (9,11).

As previously mentioned, in the case 
of gradient elution, the peak capacity 
(np) is usually the preferred measure 
of separation performance rather than 
the column plate count (N). Calculation 
of the column dead time and retention 
time at the kinetic performance limit 
(that is, t0,KPL, and tR,KPL) is similar in 
isocratic and gradient elution, however 
calculation of the peak capacity at 
the KPL is slightly different, as shown 
in equations 2 and 3 (9,10,12,13):

λ = 
ΔPmax

ΔPexp [2]

np,KPL = 1+ λ . (1 – np,exp) [3]

The square root dependence in 
equation 3 is the direct result of the 
square root dependence of the peak 
capacity on the column plate number 
(10). As a result, increasing the 
column length by a factor of four will 
only increase the peak capacity by a 
factor of two. Please note that also in 
this case the value for ΔPexp should 
include the extracolumn pressure 
drop as discussed in the next section.

Effects of Extracolumn 
Dispersion on Kinetic Plots
So far in this series, we have not 
discussed the impact of extracolumn 
dispersion (ECD) on kinetic plots, 
which is mathematically convenient. 
However, peak dispersion outside of 
the column is often too large to ignore. 
We discussed the details associated 
with dispersion in different parts of the 
LC system in a prior multipart series of 
articles in this magazine (14–17) and 
elsewhere (18), and readers interested 
in these details are referred there. Here, 
we focus on adjustments that must be 
made to the kinetic plot calculations 
to account for both the dispersion that 
occurs in the LC system outside of the 
column, and the pressure drop that 
occurs in different parts of the system.

Corrections to the kinetic plot 
calculations to account for extracolumn 
effects can be made using values 
for the extracolumn dispersion 
and pressure drop obtained from 
experiments, or some means 
of estimation. When it comes to 
experimental measurements, the 
column is replaced by a zero dead 
volume union in order to obtain the 
extracolumn time (tec) and peak 
variance (σt,ec

2 ) at different flow rates. 
It is important to understand that 
extrapolation of the plate number from 
a FL curve to the KPL using λ = ΔPmax

ΔPexp

(as discussed in Part 2 of this series) 
should only be done using plate 
numbers that have been corrected for 
ECD. Then, after the extrapolation, the 
extracolumn variance is added back 
to the peak variance contributed by 
the column to give an effective plate 
number (Neff) as shown in equation 4. 
Similarly, the column dead time must 
be corrected to account for the time 
the analyte spends travelling from 
the injector to detector, but outside of 
the column, as shown in equation 5:

N (/)

t 0 
(m

in
)
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FIGURE 1: (a) Effect of particle size on KPL curves for a maximum pressure (ΔPmax) 400 bar. 
(b) Same as (a), but with KPL (1.7 µm) and KSL curves added for a pressure limit 1000 bar. 
Curves were constructed from experimentally determined t0 and N data for a small molecule 
at 30 °C (7).
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Neff =                 
(t0,col+ tec)

2

σt,col+σt,ec
2 2                    [4]

t0,eff = t0,col + tec                               [5]

In addition to the effect of the LC system on dispersion 
of peaks, some of the available operating pressure is also 
lost because of pressure drops along the connecting 
tubes, especially when narrow diameter tubes are 
used. To account for this, the value of ΔPmax used in 
calculating the kinetic curves should be reduced by 
the value of the extracolumn pressure drop (ΔPec) at 
the corresponding flow rate, as shown in equation 6:

ΔPmax,eff = ΔPmax – ΔPec                         [6]

Pulling It All Together—A Web-Based 
Application for You 
Although no single mathematical step in calculating the 
kinetic curves is particularly difficult, there are many 
details to keep track of, and building a calculator correctly 
from scratch takes some time. Thus, we have built a 
freely available web-based calculator (www.multidlc.
org/kinetic_plot_tool) that incorporates all of the theory 
discussed in this series of articles, including consideration 
of extracolumn effects discussed in the previous section. 
Here, we briefly demonstrate use of the tool by way of an 
example that shows how it can be used to explore the 
effects of different variables on the curves, and perhaps 
develop hypotheses for troubleshooting situations where 
column performance does not live up to one’s expectations.

Figures 2 and 3 show screenshots of the inputs to the 
tool. Up to three different conditions can be compared 
simultaneously. Pre-set configurations for zero, low (~1–2 µL2),  
and normal (~10–15 µL2) levels of extracolumn dispersion 
enable quick configuration of the extracolumn inputs; 
however, each of the system parameters (that is, injector, 
tubing, and detector) are fully adjustable as well.

Figure 4 shows screenshots of the kinetic plots 
produced by the tool for two different cases (A and B). In 
both cases the comparison is between columns packed 
with fully porous 1.7 µm particles and columns packed 
with superficially porous 2.7 µm particles. In case A, the 
tool is configured using the pre-set parameters for a 
low dispersion system (~1–2 µL2) for both the FPP and 
SPP columns. Here, we see that the 1.7 µm FPP columns 
outperform the 2.7 µm SPP ones at the KPL over the 
range of 5000 < N < 30,000, though the difference is small 

(t0,FPP = 0.28 min vs. t0,SPP = 0.31 min for 15,000 plates). 
At approximately N = 30,000 plates, the curves cross 
over and the SPP columns become superior for higher 
efficiencies as a result of their higher permeability.

However, when the tool is reconfigured using the preset 
parameters for a normal dispersion system (~10–15 µL2),  

FIGURE 3: Screenshot of kinetic parameter inputs for calculation 
of kinetic curves. Only one set of parameters is shown, but up to 
three sets of parameters can be handled simultaneously.

FIGURE 2: Screenshot of system inputs for calculation of column 
and extracolumn dispersion, time, and pressure.
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we get the curves shown in Figure 4(b), 
where the SPP columns are superior to 
the FPP ones at the KPL over the entire 
range of efficiencies shown. On one 
hand, the superiority of SPP columns 
is not surprising: manufacturers of 
sub-2-µm columns have been working 
to educate users for years about the 
importance of using these columns in 
low dispersion systems to maximize 
their performance potential. On the 
other hand, this comparison shows 
the utility of the kinetic plot tool, both 
for making informed choices about 
column selection and troubleshooting 
situations where a column in use does 
not live up to user expectations.

Summary
In this instalment of “LC 
Troubleshooting”, we have continued 
our discussion of kinetic plots and 
their utility when selecting column 
technologies and formats, and 
troubleshooting columns that appear 
to not live up to our expectations. The 
KSL quantifies the best achievable 
performance (as measured by plate 
number) in a given analysis time 
when the particle size is allowed to 

vary. Kinetic plots can also be used 
to compare technologies under 
gradient elution conditions, and 
when the effects of extracolumn 
dispersion are accounted for. 
Finally, we have introduced a freely 
available web-based kinetic plot 
tool that leverages all of the theory 
discussed in this series and enables 
comparison of up to three different 
sets of conditions simultaneously. This 
tool is useful for quickly comparing 
different column technologies 
and LC system configurations, 
and developing troubleshooting 
hypotheses when things don’t seem 
to be quite right. It is important to 
note that all calculations in this 
series have been done with diffusion 
coefficients typical of small molecules. 
When working with large molecules 
their diffusion coefficients will be 
very different, and thus the kinetic 
plots will be very different as well.
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FIGURE 4: Illustration of the kinetic plot tool output that illustrates the significant effect 
of extracolumn dispersion on the relative performance of different column technologies. 
Reduced van Deemter parameters were 1, 3, and 0.1, and 0.8, 3, and 0.06 for the fully 
porous and superficially porous (SPP) particles, respectively. The flow resistance parameter 
(Φ0) was 800 and 650 for the FPP and SPP columns. All other parameters were held 
constant: Dmol, 5 × 10-10 m2/s; T, 40 °C; Mobile phase, 40:60 for acetonitrile–water.
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New Gas Chromatography 
Products for 2021–2022
Nicholas H. Snow, Department of Chemistry and Biochemistry, Seton Hall University, New Jersey, USA

I am pleased to present our annual review of new products in gas chromatography (GC), introduced between 
spring 2021 and spring 2022. With the Covid-19 pandemic still impacting travel and conferences, the 72nd 
meeting of the Pittsburgh Conference on Analytical Chemistry and Applied Spectroscopy (Pittcon) from 
8–12 March 2022, originally scheduled to take place in Atlanta, Georgia, USA, was cancelled at the last 
minute. Although many of the technical presentations were conducted virtually, there was not sufficient 
time to re-tool the exposition, so this review was conducted virtually for the second year in a row.

Pittcon 2023 will be held from 
18–22 March 2023, in Philadelphia, 
Pennsylvania, USA. Although this 
year we are transitioning out from 
the pandemic more slowly than was 
anticipated, I challenge everyone to 
attend a professional conference over 
the next year. Also, everyone consider 
participating in a local or regional 
chromatography discussion group or 
local section of the American Chemical 
Society (ACS) meeting. In the remainder 
of 2022, I will not be travelling far, but I will 
be dipping my toes back into conference 
attendance. I will be attending both 
the Middle Atlantic Regional ACS 
meeting in Ewing, New Jersey (NJ), 
and the ACS Green Chemistry Institute 
Meeting in Reston, Virginia, both in 
June 2022, as well as the Eastern 
Analytical Symposium in Princeton, NJ, 
in November 2022. I have used the 
increase of virtual conferences to attend 
additional meetings that I would not have 
attended otherwise because of the travel 
costs, but I will return to attending my 
usual set of in-person meetings as they 
come back. Two years of being stuck 
in a global pandemic were extremely 

difficult for conference organizers and 
for the many vendors, contractors, 
and economies that the conferences 
support. They still need your help, even 
more than last year. Conference and 
meeting attendance is still the best 
way to improve skills, learn about new 
techniques, train, and educate yourself. 

In the specific space of gas 
chromatography (GC), I highly 
recommend the virtual 19th 
International GC×GC symposium, 
originally scheduled for Canmore, 
Alberta, Canada, from 29 May to 
2 June 2022. This meeting will 
include many of the best minds in 
comprehensive two-dimensional 
GC (GC×GC) and GC, and it is of 
special interest to anyone who has 
heard about GC×GC and wants 
to learn more about it. The list of 
speakers is an international all-star 
list of top chromatographers. I also 
highly recommend LCGC’s GC 
ChromTalks, also virtual, on 24 May 
2022. We have five speakers, all of 
whom are all-stars in GC, and a live 
question and answer virtual session 
will serve as an opportunity for 

everyone to learn more about GC 
and to get their questions answered. 

There was no virtual exposition at 
the virtual Pittcon this year. The virtual 
technical programme, which was much 
more limited, included key invited and 
award sessions and ran throughout the 
month of March. It was presented at 
no charge, although registration was 
required to obtain links to the talks. GC 
continues to have a strong presence 
on the conference circuit and in the 
literature. Topics such as cannabis 
analysis, biofuels, food and beverages, 
forensics, pharmaceuticals, and general 
applications of both GC and GC×GC 
are seen in a robust publication space. 
GC itself is trending towards being 
less the driver of research than its 
application to scientific problems. The 
most effective online search for GC 
today probably begins with phrases 
such as “GC of ____”, with your analyte 
or sample of interest filling in the blank. 

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 the 
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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 responded to the 
questionnaire, and not all the submitted 
information is necessarily included here 
because of the limited available space 
and the editors’ judgement as to its 
suitability. Table 1 provides a listing of 
the vendors highlighted in this review, 
some of whom are lesser known in 
the areas they are listed, showcasing 
new products this year, or both. For a 
more complete picture of the GC space 
today, I encourage you to review the 
three previous years’ reviews (1–3). 

In new instruments, trends seen over 
the past few years towards smaller, more 
automated systems, more specialized 
systems, and spectrometric detectors 
continue this year. Table 2 shows a list 

TABLE 1: Companies introducing new GC 
products for 2021–2022 highlighted in this 
review

Agilent Technologies

AS Devices

Chiron AS

Frontier Laboratories

Lucidity Systems

Markes International

Scion Instruments

SepSolve Analytical

Shimadzu Scientific Instruments

ThermoFisher Scientific

VUV Analytics

TABLE 2: New instruments and systems in 2021–2022

Company Product Name Description

AS Devices MiniMov

• Affordable and compact benchtop GC
• Easy to configure
• One ramping oven and one isothermal oven
• Up to two detectors, optimized for ASD enhanced 

plasma detector technology
• Up to three GC valves
• Up to 10 electronics pressure controllers (EPCs)
• Standard modules for inlets, valves, detectors
• Thermal desorber and autosampler available

Scion  
Instruments

Scion 8300 Gas 
Chromatograph

• Compact footprint of only 32 cm (12.6”) wide
• Fast ramping oven (170 °C/min)
• Two channel architecture, with up to two injection 

ports and two detectors (including MS)
• 10” high-resolution full-colour touch screen,  

16 languages supported
• Electronic flow control (EFC), three channels  

0.001 psi resolution
• Full automation capabilities through CompassCDS 

software and autosampler

Scion  
Instruments

Scion 8500 Gas 
Chromatograph

• Flexibility and configurability 
• Fast ramping oven (150 °C/min)
• Three channel architecture, with up to three injection 

ports and four detectors (including MS)
• 10” high-resolution full-colour touch screen,  

16 languages supported
• Electronic flow control (EFC), up to 21 channels at 

0.001 psi resolution
• Flexibility to add samplers, valves, valve oven, and 

backflush, and column switching capabilities
• Programmed and controlled through CompassCDS

Scion  
Instruments

Scion 8700 SQ 
Single  

Quadrupole 
GC–MS

• Integrated with our Scion 8300 or 8500 GC as sole or 
as additional detector

• Lens-free ion path delivers simplifies tuning
• Off-axis source and detector increase sensitivity
• Active focusing Q0
• Dual filament source increases uptime
• Compound-based scanning software

Scion  
Instruments

Scion 8900 Triple 
Quadrupole GC–

MS/MS

• Sensitivity in positive ion MRM mode: 100 fg OFN for 
272>222: S/N> 50.000:1

• Six orders of magnitude dynamic range (EDR)
• Extensive mass range (1–1200)
• Mass resolution of 0.7–4 Da with mass stability of  

0.1 Da over 48 h
• Innovative lens-free ion path delivers simplified 

tuning
• Off-axis source and detector increase sensitivity
• Combines with both 8300 GC and 8500 GC

ThermoFisher 
Scientific

Trace 1600 
Series GC and 

AI/As 1610 Liquid 
Autosampler

• Modular design and plug-and-play injectors and 
detectors 

• Flexibility to perform maintenance online 
• Ability to explore a multitude of configurations on the 

same GC system
• When combined with the Thermo Scientific AI/

AS 1610 Liquid Autosampler, the system provides 
reliable automated sample injection

• Advanced multifunctional touch screen with  
instrument health monitoring and how-to videos

• Minimum interaction with the instrument, limiting the 
local operations to the essentials and enabling full 
instrument control through the chromatography data 
system

Continued on Page 138
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of new complete instruments introduced 
over the past year. All these systems are 
designed with optimizing and simplifying 
workflows, operation, and maintenance 
in mind. One concern is that systems are 
becoming so automated and convenient 
to use that training and education 
may be viewed as less necessary, 
which is a seemingly reasonable 
view until something goes awry. 

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 one new stationary 
phase that appeared in this year’s 

survey was a packed column phase, 
indicating the continued need for 
high retentivity columns for light gas 
separations. This phase is highlighted in 
Table 3. The incremental trend in capillary 
column stationary phase development 
for specific specialized problems 
continues. The 2021 review included 
two phases for fatty acid methyl esters 
and dioxins. Users are encouraged to 
contact and keep up with your column 
vendor; new phases and improvements 
are happening continuously. 

In 2021–2022, developments in new 
accessories and consumables continue 
to trend towards simplifying analysis 
and making chromatographers’ work 

easier. Manufacturers of accessories 
and consumables are also developing 
ways to improve inertness in the 
sample flow path. Accessories and 
consumables for sample preparation 
are not covered broadly here. For more 
information on sample preparation, 
see the specific sample preparation 
article by Doug Raynie in the next issue 
of LCGC. As with the GC reviews, it 
is worthwhile to review the past two 
years as well for a complete picture 
of sample preparation products (4,5). 
Table 4 provides a listing of products 
released in the past year that illustrate 
this trend. Many of the accessories 
are instrumental improvements in 
detectors and sampling devices. 

Our emergence from the pandemic 
provides more opportunities to continue 
education and training. Besides 
numerous short courses associated with 
Pittcon and other major conferences, 
many additional training and educational 
resources are available for 2022. The 
pandemic has resulted in much growth 
in online training and seminar offerings 
by vendors and training organizations, so 
check with your vendor. 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 ACS, the 
Eastern Analytical Symposium (Princeton, 
NJ, November 2022), and local and 
regional chromatography discussion 
groups. LCGC Europe’s online training 
system, CHROMacademy, launched a 
completely revamped online platform in 
2020 and is again hosting ChromTalks, 
a virtual symposium in May 2022. 

As GC nears its 70th birthday, 
development and innovation are 
ongoing and include all areas: sampling 
and supplies, new instruments, 
columns, detectors, data systems, 
and educational opportunities. I look 

TABLE 3: New stationary phases introduced in 2021–2022

Company Product Name Description

AS Devices ArDSieve

• Ar and O2 separation at 50 °C column temperature
• Increased durability with proprietary HydraGuard 

moisture protection layer
• Lower limit of detection compared to GC systems 

that use O2 traps
• No need for consumable oxygen trap
• Improved peak symmetry and reduced eddy 

diffusion with narrow mesh size range (60/65)
• Improved separation compared to other columns 

because of proprietary plasma oxidation treatment

TABLE 2 (CONTINUED): New instruments and systems in 2021–2022

Company Product Name Description

ThermoFisher 
Scientific ISQ 7610 GC–MS

• Simplified operation, automated workflows, and 
extended dynamic range

• NeverVent technology, extended life detector, and 
intelligent software eliminate unnecessary downtime  

• Upgradeable from entry-level to advanced  
configurations

• Intelligent automated instrument health monitoring

ThermoFisher 
Scientific

TSQ 9610 GC–
MS/MS

• NeverVent technology, extended-life detector, and 
intelligent software 

• Extended linear dynamic range combined with 
proven high sensitivity

• Ability to change the GC column and clean the ion 
source without interrupting analytical workflows

• Automated workflows and simplified operation 
consistent results, sample after sample

• Extended linear range and rapid selected reaction 
monitoring (SRM) scanning enable method  
consolidation

• Realize rapid return on investment
• Built-in intelligence that simplifies instrument setup, 

analytical methods, and everyday operation 
• Reduced need for operator training and faster time 

to full productivity
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TABLE 4: New accessories and consumables for 2020–2021

Company Product Name Description

Agilent  
Technologies

CrossLab 
Cartridge System 
(CS) Electronic 
Leak Detector 
and ADM Flow 

Meter

• 2 s response time and <1.5 s zeroing time
• Easy-swap cartridge system
• 0.003 mL/min. sensitivity (helium)
• Easy-read OLED display
• 49.9 dB audible beep when detecting leaks
• The cartridge design combines the two most critical GC flow 

path monitoring tasks into a single hand-held system
• A single hand-held system, both a flow meter and leak 

detector

Agilent  
Technologies

Gold-plated 
Flexible  

Metal Ferrule

• The gold coating allows for increased softness and 
chemical inertness to avoid O2 leakage via micro-scratches 
while providing inert connections 

• Tight, leak-free connection on the first installation attempt
• No more retightening and running multiple leak checks
• Flexible stainless-steel design that has a reduced mass 

and stiffness
• Reduces both column breakage and damage to fittings
• The tighter i.d. tolerances of the flexible metal design 

accommodate a wider range of tubing
• Provided in touchless dial pack, allowing for easy installation, 

and removing any potential contamination points

AS Devices Gas Calibration 
System (GCS)

• Generate accurately 4 ppb sulfurs in hydrogen
• Generate sub-10 ppb N2 reference to calibrate GCs used in 

the semiconductor market
• Sonic orifice technology with high dilution ratios from 1:2 to 

1:3500 (Custom up to 1:10000)
• High precision (<0.5% rel.)
• High sample integrity with purged electronics pressure 

regulator
• Heated flow path up to 200 °C
• Optional inert flow path for sulfur and reactive gas analysis
• National Institute of Standards and Technology (NIST) 

traceable certificate available

AS Devices HPLC Wear 
Proof Valve

• Wear-proof chromatographic valve
• Up to 5× longer lifetime than other valve technology
• Variable sealing pressure technology
• No dead volume
• Frictionless actuation mechanism and adjustable sealing 

force valve technology 
• Field-adjustable sealing force allows valve to be tuned for 

each application
• Extra-long lifetime and lasts well over 2 million actuations
• Smooth rotation, no gear-style CAM

AS Devices SePDD Detector

• Plasma discharge-based sensing technology and toolset 
for chromatography 

• Up to two detectors for the price of one (twin version)
• Up to four configurable optical wavelength modules (OWM)
• Patented Epd technology with stabilization and electron 

injection electrodes
• Highly robust with metal body discharge cell (patent 

pending)
• Optimized for packed, μpacked, and capillary columns
• Can be integrated into any existing GC platform
• ppt to % measurement range
• High temperature and pressure operation with adjustable 

discharge gap
• Powered by our Chromatographic Processing Module 

(CPM)
• Compatible with argon, helium, and nitrogen carrier gases 
• Analytes include permanent gas, sulfurs, mercaptans, 

hydrocarbons, VOC, moisture, aldehydes, chlorocarbons

Continued on Page 140
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TABLE 4 (CONTINUED): New accessories and consumables for 2020–2021

Company Product Name Description

Chiron AS
Chloffin  

Reference 
Materials

• Chlorinated paraffin (CP) Reference Materials (RMs)
• Native individual congener standards of CPs
• 13C labelled individual congener standards of CPs 
• Native and 13C labelled congener standards are well-characterized and purity assessed 
• Similar chlorine patterns to CPs found in industrial mixtures and ionize on commonly used detection methods 
• Single-chain mixtures currently range from C13–18 and have various chlorine contents
• Intended for quantification of CPs, as internals standards, and for helping distinguish the various congener 

groups according to carbon chain length and chlorine content

Frontier 
Laboratories F-Search MP 2.0

• Microplastics Polymer Libraries and Search Software for Pyrolysis-GC–MS
• Quick identification of polymer types for unknown MPs
• Automatic creation of calibration curves and quick quantification
• Library of 12 commonly used polymers
• Enables the analysis of 12 commonly used polymers (for example, polyethylene, polypropylene)
• Easy integration of user’s own library to F-Search MPs; user can create their own libraries depending 

on their interests

Frontier 
Laboratories

Multi-Functional 
Splitless Sampler 

Accessory for 
Pyrolysis-GC–MS

• New splitless pyrolysis by high-sensitivity detection of trace pyrolyzates and solvent venting
• Backflush shortens analysis time by blocking high-boiling compounds from flowing into separation column 
• Improved peak separation by selecting an appropriate pre-column

Lucidity 
Systems MiniGAS

• Gas generator that creates all the needed gasses to run a GC–FID using just deionized water 
• Provides hydrogen (for use as both the carrier gas and an FID fuel gas) and high purity compressed air 

(for use as an FID oxidant gas) 
• No external filters or regulators required 
• Connect the three gas lines from the back of the miniGAS to the back of the GC–FID, where you would 

normally connect the gas inlet lines, and you are up and running!

Markes 
International 
Ltd.

Multi-gas Enabled 
-xr Series Thermal 

Desorbers

• Enables thermal desorption instruments to be run with three gases: helium, nitrogen, and hydrogen 
• Externally tested and validated so that the full TD–GC–MS analytical instrumentation and workflow can 

be configured to work safely with hydrogen as carrier as well as with the other two gases
• Applications include environmental monitoring, consumer environmental health, food and drink, 

automotive studies, fragrance and odour profiling, biological profiling, and defence and forensic
• Enables three gases to be used as carrier gases—helium, nitrogen, and hydrogen. This feature 

future-proofs laboratories against helium shortages.

SepSolve 
Analytical 
Limited

BenchTOF2 Time 
of Flight Mass 
Spectrometer

• Used with both one-dimensional and two-dimensional gas chromatography (GC×GC) 
• Tandem Ionisation simultaneously provides hard and soft electron ionisation data to greatly assist in 

structural elucidation 
• Provides complementary spectra for the characterization of targets and nontargets in a single analysis 

without the need for hardware changes or additional method development 
• ChromSpace software for complete device control and data processing. BenchTOF2 is fully certified 

for use with hydrogen as a carrier gas.

Shimadzu AOC Series GC 
Autosamplers

• Injection method achieves high reproducibility, while preventing septum damage and liner contamination 
• Xtra Life Inlet Septa result in up to 1000 injections before replacement
• Advanced sample washing functionality 
• Space-saving design with multiple configurations 
• 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

Shimadzu
HS-20 NX 

Headspace 
Samplers

• 90-position sample tray 
• Patented Isolation Gas Flow system reduces carryover channel and lowers gas consumption
• 10 mL and 20 mL headspace vials without the need for adapters or hardware change
• Sample vial delivery system minimizes heat dissipation in the headspace oven 
• Up to 12 vials can be kept warm in the headspace oven

Continued on Page 141
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forward to more innovation and 
advancements in the 2020s, and 
I hope to see many of you at EAS 
2022 in my home state of New Jersey 
or at Pittcon 2023 in Philadelphia. 
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TABLE 4 (CONTINUED): New accessories and consumables for 2020–2021

Company Product Name Description

VUV 
Analytics

LUMA 
Programmable 
Multi-channel 
Absorbance 

Detector

• Sensitive to single digit ppb levels 
• Low limits of detection/quantification with excellent linear range 
• Universal detection; all compounds absorb except for GC carrier gases
• Up to 12 channels of data. Channel selectivity aids with compound identification. 
• Easy to operate and deploy. User installable. Minimal training. Works with existing CDS software.
• Low cost of ownership. Limited consumables and no additional software.
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New HPLC, MS, and CDS  
Products Introduced in 2021–2022: 
A Brief Review
Michael W. Dong, Perspectives in Modern HPLC Editor

This instalment describes newly introduced high performance liquid chromatography (HPLC), mass spectrometry 
(MS), chromatography data systems (CDS), and related products in 2021– 2022 and prior years. It summarizes 
their unique features and significant user benefits. 

The 74th Pittcon was supposed to be 
held at Georgia World Congress Center 
in Atlanta, USA, from 5–9 March 2022. 
Unfortunately, the global conference 
was cancelled in mid-January due to the 
continuing surge of the omicron variant 
in America. The abrupt cancellation 
resulted in a limited virtual technical 
programme without any exposition or 
short courses. Therefore, the product 
information collected here is based solely 
on manufacturers’ websites, returns from 
the annual LCGC survey, and direct 
communication from my personal contacts.

Current Product Trends of 
HPLC and MS Instruments
The current high performance liquid 
chromatography (HPLC) and mass 
spectrometry (MS) instrument  
portfolios utilize mature technologies 
that have benefitted from decades of 
continuous product improvements.  
The advent of ultrahigh-pressure liquid 
chromatography (UHPLC) and its first 
product commercialization in 2004 (1) 
had brought on a surge of instrumental 
redesigns and a tidal wave of new 
product offerings by the four leading 
manufacturers in recent years (Waters, 
Agilent, Shimadzu, and Thermo Fisher 
Scientific) (2). The MS instrument market 

is dominated by the same four big 
manufacturers, plus Sciex and Bruker (2).

While there were fewer new introductions 
or significant upgrades of HPLC 
instruments, manufacturers have added 
systems with intermediary pressures, 
dual-injection, or multidimensional 
capability. Many expanded their 
product offerings in preparative 
purification, micro-LC, bio-inert, and 
application-specific systems in areas such 
as amino acid analysis, cannabis assays, 
two-dimensional liquid chromatography 
(2D-LC), method development, 
and clinical diagnostics (3–5). 

Similar paths were followed for MS 
instrumentation, with trends towards 
more compact single quadrupole 
(SQ) or triple quadrupole (TQ) MS, 
ion mobility MS (IMS), direct sampling of 
solids and systems focused on specific 
applications such as multi-attribute 
biopharmaceutical analysis, clinical 
diagnostics, and biological imaging (2–5). 

Table 1 lists new product introductions 
ordered alphabetically by the vendor’s 
name from 2021 to 2022, categorized 
as HPLC systems, modules, MS, 
chromatography data systems (CDS), 
and other software. The HPLC system 
category includes ion chromatography 
(IC) and supercritical fluid chromatography 

(SFC) instruments. Key innovative features 
and benefits of each product are briefly 
described later. Several products or 
upgrades introduced before 2021 are 
included here since they were not covered 
in previous instalments. The footnotes 
of Table 1 contain the definitions of 
common acronyms used later in the text.

HPLC/UHPLC Systems 
(including IC and CE)
The introduction of new UHPLC systems 
has slowed as manufacturers focused 
more on HPLC line extensions for 
higher productivity, ease of use, and 
specific applications such as 2D-LC, 
biopharmaceutical multi-attribute 
methods (MAM), cannabis analysis, 
and clinical diagnostics (2–5). The 
followings are brief descriptions of 
those products with significant impacts. 
The reader is referred to manufacturers’ 
websites and product brochures for 
more details and specifications.
Agilent Infinity II Bio LC Systems: Agilent 
offers an extended family of bio-inert 
versions based on a nickel alloy MP-35N for 
the three Infinity II UHPLC systems (1290, 
1260, and 1260 Prime Infinity II). Features 
available for these systems include 
Intelligent System Emulation Technology 
(ISET), Instrument Control Framework 
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(ICF), and LC–MS or size-exclusion 
chromatography (SEC) capabilities.
Agilent Preparative HPLC Systems: 

An extensive family of HPLC purification 
systems based on 1220, 1260, or 
1290 Infinity II modules ranging from 
analytical-scale to semi-preparative and 
preparative-scale with flow ranges up 
to 200 mL/min and software towards 
workflow automation. An extensive range 
of detection options is available (ultraviolet 
[UV,], mass spectrometry detection [MSD], 
evaporative light scattering detection 
[ELSD], fluorescence detection [FLD], 
and refractive index detection [RID]).
Agilent Application-Specific HPLC 

Systems: Agilent offers 21 application 
systems ranging from amino acid 
analysis, bio-inert applications, bio-inert 
SEC multi-detectors, gel permeation 
chromatography (GPC), supercritical 
fluid chromatography (SFC)/UHPLC 

hybrid, 2D-LC, 2D-LC (Bio), wide dynamic 
range impurity analyzer, high-throughput 
screening (HTS), method development 
and transfer, multimethods, and online 
solid-phase extraction (SPE) applications.
Agilent 1260 Infinity II Prime Online LC 

System: A process analytical technology 
(PAT) tool for automated process 
monitoring with customizable features such 
as online mix/dilute feed injections, high 
precision for 0.1–100 µL injection volumes, 
600-bar system pressure, and enhanced 
software for in-process control (IPC).
Lucidity Systems miniLC LC–UV: 
A compact LC–UV system with a 
20-position autosampler, 10,000-psi 
binary gradient pumps, variable UV 
detector, and easy-to-use CDS software.
Metrohm Vario IC Family: Metrohm 
offers an extensive family of IC systems, 
including the 940 Vario Professional 
for multi-channel analysis, the 930 

Compact IC Flex for single-channel 
routine analysis, and the Eco IC entry-
level systems for water analysis.
PerkinElmer LC-300 HPLC and UHPLC 

Systems with Quaternary Pumps: 

PerkinElmer adds two new systems to its 
LC-300 HPLC product line with quaternary 
pumps rated at 10,000 or 18,000 psi.
Sartorius BIA Separations PATfix 

HPLC: PATfix HPLC is designed for 
in-process monitoring in biopharmaceutical 
development and production (gene 
therapies and vaccines). It is based on 
a bio-inert ceramic gradient pump with 
flow rates of up to 10 mL/min coupled 
with a UV or fluorescence detector. It 
uses customized monolithic columns 
for product monitoring or purification. 
The PATfix software offers a single 
database of chromatograms for multiple 
analytical systems with data visualization 
and report generation capabilities.

 static and dynamic, stand-alone  
and GPC/SEC light scattering  
detector solutions

 from 1 angle multichrom to  
20 angles multi angle 

 suitable for all major LC instruments 

 empowered by PSS WinGPC software 
for highest data integrity enabling 
full compliance with FDA 21CFR 11

          GPC/SEC Light 
Scattering Detectors 

Your samples in the 
right light and angle

www.pss-polymer.com
PERFECT SEPARATION SOLUTIONS

NEW
SLD2020
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Sciex BioPhase 8800: The BioPhase 
8800 is a multi-capillary electrophoresis 
(CE) system for biopharmaceutical 

analysis that can run eight samples 
simultaneously, including modes of 
CE-sodium dodecyl sulfate (SDS) and 

capillary isoelectric focusing (CIEF).
Shine Qingdao Shenghan 

Chromatograph Technology CIC-D300+ 

TABLE 1: Summary of new HPLC, MS, and CDS products in 2021–2022

Exhibitor/
Vendor

HPLC, MS, and CDS Description

ACD/Labs Method Selection Suite, 
Version 2021

Improved data imports from Shimadzu LabSolutions, 
Agilent OpenLab, and Thermo Scientific Chromeleon CDS.

Agilent

1290 Infinity II Bio LC, 1260 
Inf. II Bio-inert, and 1260 Inf. 

II Prime Bio LC Systems

An extended family of bio-compatible or bio-inert versions (based on nickel alloy MP-35N or 
completely metal-free) to all three Infinity II UHPLC systems.

Preparative HPLC Systems
An extensive family of HPLC purification systems ranging from analytical-scale to  

semi-preparative and preparative-scale with flow ranges up to 200 mL/min and many detection 
options (UV, MSD, ELSD, FLD, and RID).

Application-Specific HPLC 
Systems

Agilent offers 21 application systems ranging from amino acid 
analysis, bio-inert applications, bio-SEC multi-detectors, GPC, SFC/UHPLC hybrid, 2D-LC, 

wide dynamic range impurity analyzer, high-throughput screening (HTS), method development/
transfer, multi-methods, and online solid-phase extraction (SPE) applications.

1260 Infinity II Prime 
Online LC System

A process analytical technology (PAT) tool for automated process monitoring with customizable 
features such as online mix/dilute feed injections, high precision for 0.1–100 μL, 600-bar system 

pressure, and enhanced software for in-process control (IPC).

6470B TQ-MS A reduced maintenance and high-sensitivity TQ-MS; mass range (5–3000 amu), scan speed 
17,000 Da/s with choice of five ion sources (ESI, AJS, APCI, MMI, NanoESI).

6560 Ion Mobility LC/QTOF

The 6560 Ion Mobility QTOF LC–MS system delivers separation and 
selectivity by combining chromatography, ion mobility, and mass spectrometry. It can uncover structural 
changes of large proteins via CIU (collision-induced unfolding) and separation of in-class isomers via 

high-resolution demultiplexing (HRdm 2.0) and achieve an ion mobility resolution over 200.

RapidFire 400 High-
Throughput MS

The Agilent RapidFire 400 is an integrated autosampler for ultrafast sample cleanup based on 
automated SPE and introduction to MS.

OpenLab CDS v. 2.6
Updated features for this version include cloud service support, communication protocols 

changes, and updates on data integrity, control panel, sample scheduler, MS data integration, 
and instrument control drivers.

Chromperfect Chromperfect 8.2 The latest version of Chromperfect for Windows 10 has new features and performance improvements 
to analyze and report data from CDS, including Agilent OpenLab and ChemStation.

DataApex Clarity 8.4 This version of Clarity now has methods comprising of acquisition and processing portions plus 
improvement in audit trail and new control modules for Shimadzu GC–MS.

Lucidity 
Systems miniLC LC–UV A compact LC–UV system with a 20-position autosampler, 10,000-psi binary gradient pumps, 

variable UV detector, and easy-to-use software.

Metrohm Vario IC Family
Metrohm offers an extensive family of ion chromatography systems, including 940 Vario 

Professional for multi-channel analysis, 930 Compact IC Flex for 
single-channel routine analysis, and Eco IC entry-level systems for water analysis.

PerkinElmer LC-300 Quaternary 
Systems

The PerkinElmer LC-300 HPLC product line adds two new systems with quaternary pumps rated 
at 10,000 and 18,000 psi.

Sartorius BIA 
separations PATfix HPLC

PATfix HPLC is an application system designed for in-process monitoring in biopharmaceutical 
development and production. It is based on a bio-inert ceramic pump with flow rates up to 10 mL/

min using customized monolithic columns for product monitoring or purification.

Sciex
BioPhase 8800 BioPhase 8800 is a multi-capillary electrophoresis (CE) system for biopharma analysis that can run 

eight samples simultaneously, including modes of CE-SDS and CIEF.

ZenoTOF 7600 MS This system has a zenotrap that can perform electron activation 
dissociation with tunable fragmentation for biopharmaceutical and glycan analysis.

Definition of acronyms: SQ (single quadrupole), TQ (triple quadrupole), IMS (ion mobility spectrometry), TOF (time-of-flight),  
SRM (selected reaction monitoring), FWHM (full width at half maximum), ESI (electrospray ionization), APCI (atmospheric-pressure chemical 
ionization), AJS (Agilent jet stream), MMI (mixed mode ionization), DESI (desorption electrospray ionization), MALDI (matrix-assisted laser 
desorption–ionization), SEC (size-exclusion chromatography), GPC (gel permeation chromatography), CE (capillary electrophoresis),  
CIEF (capillary isoelectric focusing), SDS (sodium dodecyl sulfate), IC (ion chromatography), MAM (multiple-attribute method), ultraviolet detector 
(UVD), photodiode array detector (PDA), refractive index detector (RID), fluorescence detector (FLD), evaporative light scattering detector (ELSD), 
electrochemical detector (ECD). pressure units are quoted in psi or lb/sq. inch, bar = 14.5 psi, megapascal or MPa = 145 psi.
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IC: This is a dual-channel IC with a smaller 
flow path, built-in eluent generator, and a 
new sampling system capable of analyzing 
cations and anions simultaneously 
with a pressure rating of 42 MPa. The 
improved suppressed conductivity 

detector delivers a 50% higher sensitivity 
than its predecessor. Figure 1 shows 
the sensitivity performance of this new 
IC in the analysis of common anions in 
electronic grade water at ppb levels.
Shimadzu i-Series Integrated Systems: 

Two i-Series HPLC integrated systems 
based on the LC-2050 or LC-2060 with 
upper-pressure limits of 7000 psi or 
10,000 psi are offered with UV/photo diode 
array (PDA) detection. Enhancements 
include a mobile phase monitor, flow 

TABLE 1 (CONTINUED): Summary of new HPLC, MS, and CDS products in 2021–2022

Exhibitor/
Vendor

HPLC, MS,  
and CDS

Description

Shine Qingdao 
Shenghan 
Chromatograph 
Technology

CIC-D300+ Ion 
Chromatographs 

(IC)

This is a dual-channel IC with smaller flow paths, a built-in 
eluent generator, and a new sampling system capable of analyzing 
cations and anions simultaneously with a pressure rating of 42 MPa.

Shimadzu

The i-Series 
Integrated Systems

An extended family of bio-compatible or bio-inert versions (based on nickel alloy MP-35N or 
completely metal-free) to all three Infinity II UHPLC systems.

LC-2050/LC-2060 Two integrated i-Series HPLC systems with upper pressure of 7000 psi or 10,000 psi are offered with 
UV/PDA detection.

Nexera XS Inert Nexera XS inert is a bio-inert system for protein and nucleic acid applications sensitive to metallic 
surfaces. The system is constructed with anti-corrosive, non-stainless-steel alloys.

Nexera-I MT Method 
Transfer System

An HPLC system with dual flow lines simplifies 
migrating HPLC methods to UHPLC conditions or vice versa.

MALDI-8030 A compact benchtop dual-mode (positive and negative ionization) MALDI-MS with a mass range to 
500,000, mass resolution >5000 FWHM, and mass accuracy of 20–150 ppm.

Nexera Prep
Shimadzu offers two Nexera Prep systems: LC-20 AP prep purification (150 mL/min, 43 MPa) and  LC-20AR 

semi prep systems (20 mL/min 49 MPa) using Column Hub (column switching) and Fraction Collector (FRC-40 
open bed test tubes), and LH-40 Prep Liquid Handler (autosampler/collector).

S-Matrix Fusion QbD Method 
Development

The latest version of the popular Fusion QbD software has added several enhancements, including a new 
replication strategy, flexible DoE experimental setup, automated peak tracking, and Method Operable Design 

Region (MODR) modelling/visualization.

Teledyne Isco ACCQPrep SFC
The ACCQPrep SFC is a compact system that simplifies complex separations and ensures successful 

separations for users of all experience levels. It offers bulk collection from stacked injections and 
multi-sample, walk-up, open-bed collection in one unit.

Thermo Fisher 
Scientific

New Vanquish Neo 
UHPLC

An all-in-one low-flow UHPLC for micro-, capillary-, and nano-LC. Flow ranges from 1 nL/min to 100 μL/min 
without pump hardware changes; injection volumes of 0.01–100 μL; pressure to 1500 bar. Vanquish Neo is 

biocompatible.

Vanquish (u)HPLC 
Portfolio

The (u)HPLC product portfolio consists of the Vanquish Core (700 iso/bar, bin/quat/dual), Vanquish Flex (bio, 
1000 bar, bin/quat/dual), and Vanquish Horizon (1500, binary only).

TSQ Plus MS: Fortis 
Plus, Quantis Plus 

and Altis Plus

The TSQ Plus MS is offered with a new power supply delivering 5 ms polarity switching and an 
active reaction collision cell (ARC II) that maintains superior SRM acquisition speeds with improved 

low-mass product ions transmission.

Multi-Attribute 
Method (MAM) 

Solution

Thermo Scientific MAM 2.0 is a single-vendor, end-to-end solution with a fully connected, 
compliance-ready ecosystem for seamless knowledge sharing on a global scale. This holistic, 
compliance-ready platform contains tailor-made hardware and software products optimized for 

development needs and requirements in quality control.

Vanquish Method 
Development 

Systems

Vanquish HPLC and UHPLC Systems with Viper Automated Method Scouting Kit, Optional Extension 
Kit, Chromeleon CDS, and ChromSword, a software package dedicated to the needs of HPLC 

method development.

Application-Specific 
Vanquish Systems

Thermo Fisher Scientific offers Transcend LX and TLX Systems, dual LC or LC–MS, tandem LC or LC–MS, 
inverse gradient, method development, method transfer, online SPE, and several 2D-LC systems.

Definition of acronyms: SQ (single quadrupole), TQ (triple quadrupole), IMS (ion mobility spectrometry), TOF (time-of-flight), SRM (selected 
reaction monitoring), FWHM (full width at half maximum), ESI (electrospray ionization), APCI (atmospheric-pressure chemical ionization), AJS 
(Agilent jet stream), MMI (mixed mode ionization), DESI (desorption electrospray ionization), MALDI (matrix-assisted laser desorption–ionization), 
SEC (size-exclusion chromatography), GPC (gel permeation chromatography), CE (capillary electrophoresis), CIEF (capillary isoelectric 
focusing), SDS (sodium dodecyl sulfate), IC (ion chromatography), MAM (multiple-attribute method), ultraviolet detector (UVD), photodiode 
array detector (PDA), refractive index detector (RID), fluorescence detector (FLD), evaporative light scattering detector (ELSD), electrochemical 
detector (ECD). pressure units are quoted in psi or lb/sq. inch, bar = 14.5 psi, megapascal or MPa = 145 psi.
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TABLE 1 (CONTINUED): Summary of new HPLC, MS, and CDS products in 2021–2022

Exhibitor/
Vendor

HPLC, MS, and CDS Description

Thermo Fisher 
Scientific

Orbitrap Exploris MX Mass 
Detector

The high-resolution accurate mass detector is designed for operational simplicity in process 
development, QC, and production. Specifications are: mass range to 8000, MAM 2.0 

multi-attribute method, flow of 1–1000 μL/min, 1–3 ppm mass accuracy, mass resolution of 
180,000, and a dynamic range >5000.

Orbitrap IQ-X Tribrid MS
Orbitrap IQ-X Tribrid MS has been designed specifically for small-molecule structural elucidation of 
metabolites and unknown compounds. Specifications are: dynamic range >5000, a mass range of 

40 to 2000 m/z, mass accuracy 1–3 ppm, and mass resolution of 500,000 to 1 M (FWHM).

Delta Q Isotope Ratio MS
This next-generation, gas phase, compact isotope ratio MS (IRMS) enables detailed analysis with 
greater precision and accuracy. This flexible system is designed for food, environmental, sports 

doping, and forensic testing.

Chromeleon CDS Version 
7.3.1

The latest release of Chromeleon CDS, version 7.3.1, is an IT-ready (with Cloud-First 
implementation) and scalable enterprise solution product. It is designed to be faster and more 

productive with reduced audit risks and enhanced compliance tools.

Waters

MaxPeak Premier Systems

Waters introduced the Acquity Premier and the Arc Premier Systems with MaxPeak High 
Performance Surfaces Technology. MaxPeak Premier Systems reduce non-specific 

absorption of metal-sensitive analytes such as organic acids, phosphopeptides, antibiotics, 
organophosphates, phospholipids, glycans, and oligonucleotides.

BioAccord System with 
Acquity Premier

The compact, benchtop BioAccord System with Acquity Premier, 
featuring MaxPeak technology, combines comprehensive biomolecule 

separations with advanced mass detection and focused biopharmaceutical workflows.

LC Prep AutoPurification 
Systems

Waters offers a flexible, scalable auto-purification platform for purifying microgram to multigram 
quantities. It can provide either UV-based or mass-directed fraction collection.

Acquity RDa Detector The compact, compliance-ready time-of-flight (TOF) mass analyzer with SmartMS technology 
is designed for routine accurate-mass measurements of small or large molecules by LC–MS.

Xevo TQ Absolute
The Xevo TQ Absolute is a tandem quadrupole MS that combines performance, efficiency, 

and confidence for quantifying challenging compounds in food, environmental, clinical, 
pharmaceutical, biomedical research, and chemical materials applications.

Select Series MRT
The Select Series MRT is a multi-reflecting TOF-MS that allows 

scientists to explore molecular structures and functions through the precise identification and 
localization of individual molecules in samples using MS imaging.

Empower Lab Management 
System (LMS)

This informatic system combines Waters Empower CDS with Waters NuGenesis Lab Management 
System (LMS) software. The Empower LMS offers a single-solution approach to data management.

SARS-CoV-2 LC-MS Kit 
RUO, Biomedical Research 

Standards & Kits

This informatic system combines Waters Empower CDS with Waters NuGenesis Lab Management 
System (LMS) software. The Empower LMS offers a single-solution approach to data management.

Wyatt DynaPro NanoStar II

A cuvette-based Dynamic Light Scattering (DLS) System for analyzing proteins, gene therapy 
vectors, viruses, liposomes, and nanoparticles. Specifications are: size range of 0.2–1000 nm, 

molecular weight range of 300 Da to 1 MDa, the concentration range of 1 × 105 to 1 × 1015 mL-1, 
and supporting cuvette size of 2 to 45 μL.

Young In 
Chromass ChroZen LC The Korean manufacturer introduced a new 6000-psi HPLC system based on an isocratic or 

quat pump, coupled with UV, PDA, RID, FLD, ELSD, and ECD.

Definition of acronyms: SQ (single quadrupole), TQ (triple quadrupole), IMS (ion mobility spectrometry), TOF (time-of-flight), SRM (selected 
reaction monitoring), FWHM (full width at half maximum), ESI (electrospray ionization), APCI (atmospheric-pressure chemical ionization), AJS 
(Agilent jet stream), MMI (mixed mode ionization), DESI (desorption electrospray ionization), MALDI (matrix-assisted laser desorption–ionization), 
SEC (size-exclusion chromatography), GPC (gel permeation chromatography), CE (capillary electrophoresis), CIEF (capillary isoelectric 
focusing), SDS (sodium dodecyl sulfate), IC (ion chromatography), MAM (multiple-attribute method), ultraviolet detector (UVD), photodiode 
array detector (PDA), refractive index detector (RID), fluorescence detector (FLD), evaporative light scattering detector (ELSD), electrochemical 
detector (ECD). pressure units are quoted in psi or lb/sq. inch, bar = 14.5 psi, megapascal or MPa = 145 psi.

pilot, intelligent peak deconvolution, and 
a simplified user interface. Bio-inert 
options are available for high-salt 
or pH mobile phase operations. 
Shimadzu Nexera XS Inert: Nexera 
XS inert is a bio-inert HPLC system for 

protein and nucleic acid applications 
sensitive to metallic surfaces. The 
system is constructed with anti-corrosive, 
non-stainless steel alloys and is based 
on the new LC-40D XSi solvent delivery 
unit (up to four pumps can be configured) 

and a SIL-40C XSi autosampler. System 
specifications are: pressure rated at 
105 MPa; flow range to 3 mL/min, and 
pH compatibility range of 1–14.
Shimadzu Nexera-i MT Method 

Transfer System: An HPLC system 
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with dual flow lines simplifies the migration of HPLC methods 
to UHPLC conditions or vice versa. The system is equipped 
with Analytical Condition Transfer and Optimization (ACTO) 
software and the ability to select two delay volumes using a 
built-in 10-port valve for automated flow path switching.
Shimadzu LabSolutions Method Development System:  

The method development system can be configured with 
modular Nexera or integrated i-Series HPLC/UHPLC systems with 
automated column/mobile phase screening capability based on 
the concepts of design of experiments (DoE), predictive simulation, 
and analytical quality by design (AQbD) optimization algorithms.
Shimadzu Nexera Prep: Shimadzu offers two Nexera Prep 
systems: LC-20 AP prep purification (150 mL/min, 43 MPa) and 
LC-20AR semi-prep systems (20 mL/min 49 MPa) using a column 
hub (column switching), fraction collector (FRC-40 open bed test 
tubes), and LH-40 Prep Liquid handler (autosampler/collector). 
Teledyne Isco ACCQPrep SFC: The ACCQPrep SFC is a 
compact system that simplifies complex separations and 
ensures success for users of all experience levels. It offers 
bulk collection from stacked injections and multi-sample, 
walk-up, open-bed collection in one unit. The unit has a 
PDA detector with a gradient pump of 50–300 mL/min 

flow rate for columns up to 3-cm internal diameter (i.d.).
Thermo Scientific Vanquish Neo UHPLC: An all-in-one low-flow 
UHPLC for micro-, capillary-, and nano-LC. Specifications 
are: flow ranges from 1 nL/min to 100 µL/min without pump 
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FIGURE 1: An IC chromatogram of ppb levels of anions that can 
be present in samples of electronic-grade water. Instrumental/
operating conditions and anion concentrations are shown in the 
inset. Analytes found (in µg/L) are as follows: 1. fluoride (0.67), 
2. acetate (1.00), 3. formate (1.00), 4. chloride (1.00), 5. nitrate 
(3.33), 6. sulfate (5.00), 7. phosphate (5.00). Instrument conditions: 
Shine CIC-D 300+; column: SH-AC-11; flow rate, 1 mL/min; 
eluent, gradient elution; sample size, 2 mL; detection, suppressed 
conductivity; pressure 10 MPa. 

Maximize LC-MS/MS  
Performance with Restek

• Stable retention times for tight MRM windows so you can 
 analyze large analyte lists with confidence.

•  Rugged manufacturing and rigorous LC-MS/MS testing ensure 
consistent column-to-column performance. 

•  Wide range of formats and phases provides the speed and 
selectivity you need.

Built for LC-MS/MS
High-Performance Raptor and Force Columns from Restek

Recharge your LC-MS/MS Methods

www.restek.com/LC

From R&D to manufacturing to applications, the pillars for LC-MS/MS 
success are ingrained in every Restek LC column.
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hardware changes; injection volumes of 
0.01–100 µL; pressure up to 1500 bar.
Thermo Scientific Vanquish HPLC and 

UHPLC Portfolio: The Vanquish product 
portfolio consists of the Vanquish Core 
(700 bar, iso/bin/quat/dual), Vanquish 
Flex (bio1000 bar, bin/quat/dual), and 
Vanquish Horizon (1500 bar, binary 
only). For the entire product portfolio, 
the injection volume is now extended 
to up to 1000 µL with larger sample 
loops of 250 µL or 1000 µL. Vanquish 
Flex and Horizon are biocompatible.
Thermo Scientific Multi-Attribute Method 

(MAM) Solution: Thermo Scientific MAM 
2.0 is a single-vendor, end-to-end solution 
with a fully connected, compliance-ready 
ecosystem for seamless knowledge 
sharing on a global scale. This holistic, 
compliance-ready platform contains 
tailor-made hardware and software 
products optimized for development 
needs and requirements in quality control.
Thermo Scientific Vanquish Method 

Development Systems: Thermo 
Scientific offers the Vanquish HPLC and 
UHPLC Systems with Viper Automated 
Method Scouting Kit, Optional Extension 
Kit, Chromeleon CDS, and ChromSword, 
a software package dedicated to the 
needs of HPLC method development.
Thermo Scientific Application-Specific 

Vanquish Systems: Thermo Fisher 
Scientific offers Transcend LX and TLX 
Systems, dual LC or LC–MS, tandem 
LC or LC–MS, inverse gradient, method 
development, method transfer, online SPE, 
and several 2D-LC application systems.
Waters MaxPeak Premier Systems: 

Waters introduced the Acquity Premier 
and the Arc Premier Systems with 
MaxPeak High Performance Surfaces 
Technology. MaxPeak Premier Systems 
reduce nonspecific absorption of 
metal-sensitive analytes such as organic 
acids, phosphopeptides, antibiotics, 
organophosphates, phospholipids, 
glycans, and oligonucleotides. The 

Acquity Premier System is designed for 
those who need the ultimate in sensitivity, 
reproducibility, and speed, and provides 
the best sensitivity and peak shape for 
analytical separations. The Arc Premier 
System is designed for those who need to 
confidently produce accurate, reliable, and 
reproducible data. It provides robust results 
from the first injection reliably and quickly.
Waters BioAccord System with Acquity 

Premier: The compact, benchtop 
BioAccord System with Acquity Premier, 
featuring MaxPeak technology, combines 
comprehensive biomolecule separations 
with advanced mass detection and 
focused biopharmaceutical workflows. 
The Acquity RDa mass detector allows 
analysts of all abilities to routinely monitor 
critical quality attributes of biotherapeutics 
such as intact mass analysis of proteins 
and oligonucleotides, subunit analysis of 
monoclonal antibodies (mAbs), peptide 
mapping/MAM, and released N-glycan 
analysis, with increased confidence in 
data quality and system performance.
Waters LC Prep AutoPurification 

Systems: Waters offers a flexible, scalable 
auto-purification platform for purifying 
microgram to multigram quantities based 
on a high capacity 3767 sample manager 
coupled with PDA, ELSD, or software 
quality management systems (SQ MS) 
with automated fraction collection.
Young In Chromass ChroZen LC:  
The Korean manufacturer introduced a 
new 6000-psi HPLC system based on an 
isocratic or quaternary pump, coupled 
with UV, PDA, RID, FLD, ELSD, or electron 
capture detectors (ECD). Control and 
data handling are by YL-Clarity CDS. 
This HPLC system supplements an 
18,800-psi UHPLC system introduced 
in 2018, which can now be paired with 
diversified detectors with smaller flow cells.

HPLC Module
Wyatt DynaPro NanoStar II: A 
cuvette-based dynamic light scattering 

(DLS) system for analyzing proteins,  
gene therapy vectors, viruses, liposomes, 
and nanoparticles. Specifications 
are: size range of 0.2–1000 nm, 
molecular weight range of 300 Da 
to 1 MDa, the concentration range 
of 1 × 105 to 1 × 1015 mL-1, and 
supporting cuvette size of 2 to 45 µL..

Mass Spectrometers (MS)
The marketing landscape for mass 
spectrometers has been described 
elsewhere (2–5). Manufacturers continued 
to upgrade their product offerings in 
time-of-flight (TOF), triple quadrupole 
MS, orbital trap, and sample introduction 
systems to increase productivity for solid/
liquid sampling and imaging. One of 
the emerging trends in MS applications 
is the use of high-resolution MS in the 
quality control and characterization of 
biopharmaceutical therapeutics (2–5).
Agilent RapidFire 400 High-Throughput 

MS: The Agilent RapidFire 400 is an 
integrated autosampler for ultrafast 
sample cleanup based on automated 
SPE and introduction to MS. It can 
accommodate an integrated plate 
handler robot and optimized workflow for 
high-throughput screening applications.
Agilent 6470B TQ-MS: This TQ-MS system 
is designed for reduced maintenance and 
high sensitivity. It has a mass range of 
5–3000 amu, scan speed up to 17000 Da/s 
with a choice of five ion sources 
(electrospray ionization [ESI], jet stream 
technology [AJS], atmospheric-pressure 
chemical ionization [APCI], multimode 
ionization [MMI], and NanoESI).
Agilent 6560 Ion Mobility LC/QTOF: 
The 6560 Ion Mobility QTOF LC–MS 
system delivers separation and selectivity 
by combining chromatography, ion 
mobility, and mass spectrometry. It can 
uncover structural changes of large 
proteins via collision-induced unfolding 
(CIU) and separation of in-class isomers 
via high-resolution demultiplexing 
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(HRdm 2.0) and achieve ion mobility 
resolution over 200. Acquisition rates 
of up to 5 Hz allow for fast separation 
technologies such as UHPLC, SFC, 
and CE without compromising resolution.
Sciex ZenoTOF 7600 MS: This system 
has a Zenotrap that can perform 
electron activation dissociation with 
tunable fragmentation for biopharma 
and glycan analysis. It has a scan 
rate of up to 133 Hz with flow 
compatibility from 1 µL to 3 mL/min.
Shimadzu MALDI-8030: This is a 
compact benchtop dual-mode (positive 
and negative ionization) matrix-assisted 
laser desorption–ionization (MALDI)-MS 
with a mass range up to 500,000, 
mass resolution >5000 full width at 
half maximum (FWHM), and mass 
accuracy 20–150 ppm. It is designed for 
imaging and life science applications.
Thermo Scientific TSQ Plus MS 

Portfolio: Thermo Scientific offers three 
TSQ Plus systems, including Fortis Plus, 
Quantis Plus, and Altis Plus. All TSQ Plus 
MS is offered with a new power supply 
delivering 5 ms polarity switching and 
an Active Reaction Collision Cell (ARC II) 
that maintains superior SRM acquisition 
speeds with improved low-mass product 
ions transmission. Specifications are: 
mass range (2–3000 Da, 2–2000 for Altis); 
scan speed (6000 SRM/s); resolution 
(0.4 Da, 0.2 Da for Altis); flow rate 
(100–1000 µL/min, 0.1–1000 µL/min for 
Altis). Interfaces available are ESI and APCI. 
TSQ MS is compatible with Chromeleon 
CDS and Xcalibur MS software.
Thermo Scientific Orbitrap Exploris 

MX Mass Detector: The high-resolution 
accurate mass detector is designed 
for operational simplicity in process 
development, quality control (QC), 
and production. Specifications are: mass 
range to 8000 m/z, MAM 2.0 Multi-Attribute 
method; flow range of 1–1000 µL/min; 
vent-free maintenance; 1–3 ppm mass 
accuracy; mass resolution of 180,000 at 

m/z 200; scan rate of 22 Hz, and a dynamic 
range >5000. It uses Chromeleon CDS 
for system control and data handling.
Thermo Scientific Orbitrap IQ-X Tribrid 

MS: Orbitrap IQ-X Tribrid MS is explicitly 
designed for small-molecule structural 
elucidation of metabolites and unknown 
compounds, offering researchers higher 
sample throughput with increased 
ease of use. This system benefits small 
molecule researchers in academia, 
pharmaceutical, and biopharmaceutical 
industries for applications including 
metabolomics and lipidomics research, 
leachable or extractable impurities 
identification, and forensic toxicology. 
Specifications are: dynamic range 
>5000; a mass range of 40 to 2000 m/z; 
mass accuracy 1–3 ppm; mass 
resolution up to 500,000 to 1 M FWHM.
Thermo Scientific Delta Q Isotope Ratio 

MS: This compact next-generation is a gas-
phase isotope ratio MS (IRMS) that enables 
detailed analysis with greater precision 
and accuracy. This flexible system is 
designed for food, environmental, sports 
doping, and forensic testing applications. 
It supports a mass range up to 97 m/z. 
Waters Acquity RDa Detector: The 
compact, compliance-ready TOF-MS 
analyzer with SmartMS technology is 
designed for routine accurate-mass 
measurements of small and large 
molecules by LC–MS. Dedicated 
workflows and compliance make this an 
attractive asset for late-stage development 
and quality control. Large- and 
small-molecule workflows are available. 

Current “Large Molecule Workflows” 
include intact mass analysis of proteins 
and oligonucleotides, subunit analysis of 
monoclonal antibodies (mAbs), peptide 
mapping/MAM (multi-attribute method), 
and released N-glycan analysis.

Current “Small Molecule 
Workflows” include accurate mass 
confirmation, impurity analysis, forced 
degradation studies, natural product 

screening, food integrity assessment, 
and seized drug screening. 
Waters Xevo TQ Absolute: The XevoTQ 
Absolute is a tandem quadrupole MS that 
combines performance, efficiency, and 
confidence for quantifying challenging 
compounds in food, environmental, 
clinical, pharmaceutical, biomedical 
research, and chemical materials 
applications. It delivers up to fifteen times 
higher sensitivity for negatively ionizing 
compounds than its predecessor, and 
requires less power, bench space, 
and gas usage than other TQ MS.
Waters Select Series MRT: The Select 
Series MRT is a multi-reflecting TOF-MS 
that provides a unique combination of high 
resolution and specificity independent 
of scan speed, allowing scientists to 
identify compounds in complex samples 
confidently. Launched with a focus on 
imaging mass spectrometry, it supports 
both DESI and MALDI ionization, 
providing complementary information 
to enable scientists to explore molecular 
structures and functions through the 
precise identification and localization 
of individual molecules in a sample. 

Chromatography Data 
System (CDS) and Other 
Software Products
The CDS marketing landscape has 
been described elsewhere (6). 
ACD/Labs Method Selection Suite 

Version 2021: This Method Selection 
Suite has improved data imports 
from Shimadzu LabSolutions, Agilent 
OpenLab, and Thermo Chromeleon 
CDS. It has better data handling near 
gradient breakpoints when optimizing LC 
Simulator and provides more options in 
data display and improvements for peak 
integration and database searches.
Agilent OpenLab CDS v. 2.6: The updated 
features for this version include supports 
for cloud service, communication protocols 
changes, and updates on data integrity, 
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control panel, sample scheduler, MS data 
integration, and instrument control drivers.
Chromperfect 8.2 CDS: The latest 
version of Chromperfect for Windows 
10 has new features and performance 
improvements to analyze and report 
data from CDS, including Agilent 
OpenLab and ChemStation.
Clarity DataApex 8.4 CDS: This 
version of Clarity now has methods 
comprising of acquisition and processing 
portions, plus an improved audit trail 
and new control modules for Shimadzu 
gas chromatography (GC)–MS.
S-Matrix Fusion QbD Method 

Development Software: The latest version 
of the popular Fusion QbD software 
has added several vital enhancements, 
including a new Replication Strategy 
Experiment (aligned with USP<1220> 
and ICH Q14 draft); more flexible DoE 
experimental setup; full support for the 
new Waters column compartment; 
improved automated peak tracking 
and Method Operable Design Region 
(MODR) modelling/visualization; enhanced 
robustness simulation; improvements to 
analysis; and reporting to method validation.
Thermo Scientific Chromeleon CDS, 

Version 7.3.1: The latest release of 
Chromeleon CDS, version 7.3.1, is an 
IT-ready (with Cloud-First implementation), 
scalable enterprise solution. It is designed 
to be faster and more productive with 
reduced audit risks and enhanced 
compliance tools. The new version 
provides increased functionality for Thermo 
Scientific SQ, TQ, and high-resolution 
MS. It supports updated instrument 
control drivers for Thermo Scientific 
Vanquish Core and Neo, Waters HPLC, 
and Agilent/Shimadzu HPLC and GC.
Waters Empower Lab Management 

System: This informatics system combines 
Waters Empower Chromatography Data 
System (CDS) with Waters NuGenesis 
Lab Management System (LMS) software. 
The Empower LMS is a single-solution 

approach to data management. It provides 
a single repository for all lab data to help 
maintain regulatory compliance with data 
integrity. It tracks inventories of reagents, 
standards, and instruments, reduces 
time spent entering/reviewing data, and 
eliminates the need for a paper logbook.

Testing Kits
Waters SARS-CoV-2 LC-MS Kit RUO, 

Biomedical Research Standards and 

Kits: Waters LC–MS Research Use Only 
(RUO) kit can directly detect and quantify 
SARS-CoV-2 signature nucleocapsid 
(NCAP) peptides without amplifying 
the target analytes. The kit is designed 
to measure three proteolytic peptides 
derived from the virus’s NCAP protein. 
This method is optimized for Waters’ 
Acquity UPLC I-Class Plus and Xevo 
TQ-XS System and is fully compatible 
with the Andrew+ Pipetting Robot.

Summary and Commentaries
On 9 March 2022, I attended the virtual 
plenary lecture by Professor Albert 
Heck on an innovative approach to the 
ionization of biomolecules in their native 
states and its applications in profiling 
immunoglobulins of individual patient 
samples. It was one of the most exciting 
and relevant lectures I attended in recent 
years, delivered with simplicity and 
clarity. This kick-off lecture is part of a 
limited online technical programme for 
Pittcon 2022. Unfortunately, this year will 
be remembered as the first Pittsburgh 
Conference without an exposition in 
the history of the series. Nevertheless, 
instrumentation developments for 
separation science remain robust, as 
witnessed by a record of 40+ products 
introduced in one year amidst a 
pandemic. While most industrial 
sectors retracted, biopharmaceutical 
and bioscience research has grown 
significantly, fuelled by substantial 
demand for analytical instrumentation. 

With the positivity rate for Covid-19 
infections waning in most areas, we are 
seeing the light at the end of the tunnel 
and are yearning for an early return to a 
post-pandemic “normal”. I am hopeful for 
a live Pittcon 2023 in Philadelphia, where 
I can again roam for hours to witness 
a full array of new separation science 
products on the conference centre floors!

Acknowledgements
The author thanks the marketing staff of 
all manufacturers who provided timely 
responses to the LCGC questionnaires: 
Agilent (Andrea Otto), PerkinElmer (Kyle 
Oberdorfer), Shine (Kevin Pu), Shimadzu 
(Kevin MacLaughlin), S-Matrix (Richard 
Verseput), Thermo Fisher Scientific 
(Peter Zipfell, Scott Peterman, Daniel 
Hermanson, Oleksandr Boychenko), 
and Waters (Brian Murphy). 

A special thanks to my reviewers 
for providing timely technical and 
editorial inputs to this article: Alice 
Krumenaker of T W Metals, Dave Bell of 
Restek, Andrea Otto of Agilent, Yongle 
Pang of GSK, Kevin MacLaughlin of 
Shimadzu, Michael Heidorn and Peter 
Zipfell of Thermo Fisher Scientific, He 
Meng of Sanofi, and Elizabeth Bergman, 
Isabelle Vu Trieu, Brian Murphy, and 
Lama Berro of Waters Corporation.

References
1) D. Guillarme and M.W. Dong, Eds., Trends in 

Anal. Chem. 63(Special Issue), 1–188 (2014).
2) M.W. Dong, HPLC and UHPLC for Practicing 

Scientists (Wiley and Sons, Hoboken, New Jersey, 
USA, 2nd Ed., 2019), Foreword and Chapter 4. 

3) M.W. Dong, LCGC North Am. 39(4), 172–178 (2021).
4) M.W. Dong, LCGC Europe 33(4), 193–200 (2020). 
5) M.W. Dong, LCGC Europe 32(4), 196–203 (2019).
6) R. Mazzarese et al., LCGC North 

Am. 37(12), 852–866 (2019).

ABOUT THE COLUMN EDITOR
Michael W. Dong is a principal 

of MWD Consulting. Email: 

amatheson@mjhlifesciences.com

150 LCGC Europe  April 2022

PERSPECTIVES IN MODERN HPLC

mailto:amatheson@mjhlifesciences.com


Q. Your team recently investigated the 

leaching of chemicals from reusable 

plastic bottles into the drinking 

substances they hold (1). Why is this 

an issue and what are the possible 

health consequences for consumers?

Selina Tisler: Clean water is obviously 
important. There are high standards in 
place for drinking water to be as clean 
as possible. The same standard should 
be applied to the bottles used to store 
it. What is the point of having clean water 
if we add chemicals later? We do not 
currently understand the full extent of the 
health consequences for consumers of 
any leaching that may occur. We identified 
some chemicals that are known to have 
adverse effects to humans. With a  
nontargeted screening approach, we were 
not quantifying the concentrations, but 
this research is ongoing. It is not known 
if the concentration of these chemicals 
was high enough to cause any effects.

Q. What was novel in your approach 

for the analysis of this issue?

Jan Christensen: It was the first time 
that reusable PE plastic bottles were 
investigated using a nontargeted screening 
approach. Initially it was the strange smell 
of the bottles that inspired the research. 

Nobody had investigated it before, and 
yet the bottles are handed out every year 
to Danish children attending DBU (Danish 
Soccer Union) Football Schools—and they 
are also hugely popular in other sports. 
From the start we were not focused on 
specific compounds. In the production of 
plastic bottles, there are so many different 
compounds used, so-called intentionally 
added compounds, that target approaches 
cannot identify all of them. Furthermore, 
in the production process or afterwards, 
compounds can be transformed to other 
compounds. These non-intentionally 
added compounds are difficult to predict 
and analyze, and can only be tackled 
by nontarget screening approaches.

Q. What is novel about the nontargeted 

liquid chromatography tandem 

mass spectrometry (LC–MS/MS) 

method you have developed?

JC: The nontarget screening approach 
in general was not novel, but the sample 
preparation, the type of compounds 
investigated, and our data science 
workflow were. We investigated the 
migration of pure tap water, without the 
use of solvents or acids for an accelerated 
migration with higher concentrations of 
leaching compounds, which is typical in 

Modern Nontargeted 
Screening (NTS) Methods for 
Environmental Analysis
LCGC Europe spoke to Selina Tisler and Jan H. Christensen from the University of Copenhagen in 
Denmark, about recent research projects focusing on nontargeted screening (NTS) approaches for 
important environmental monitoring applications, including the analysis of chemical leaching from plastic 
bottles using liquid chromatography tandem mass spectrometry (LC–MS/MS) and sediment analysis 
using comprehensive two-dimensional gas chromatography–high-resolution MS (GC×GC–HRMS). 
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these kinds of studies. We up-concentrated 
the water 1000 times using a multi-layer 
solid-phase extraction (SPE) procedure 
after 24 h of storage in the plastic bottles. 
The main challenge was the filtering for 
blank compounds, which in this case 
meant compounds that are detected in 
the bottles by a nontargeted screening 
approach, but they originated from the 
water itself, the LC–MS/MS instrument, or 
the laboratory. This is a common challenge 
when you have low concentrations 
of the compounds of interest and 
increase the sensitivity of the analysis by 
up-concentration. Both your compounds 
of interest and also the blank compounds 
will be up-concentrated. We overcame 
this challenge by analyzing several control 
samples that followed the same process. 
These control samples consisted of the 
same water as in the bottles but stored 
in specially cleaned laboratory glass 
bottles. If compounds were also detected 
in these control bottles, they were not 
considered for further investigation.

Q. What were the main 

findings of this research?

ST: The method was very effective and 
provided an overview of the compounds 
that were migrating from the plastic, 
which amounted to more than 400, 
and from the dishwasher soap, which 
was more than several thousand. The 
identification of the individual chemicals is 
a time-consuming process, therefore we 
only focused on the highest signals. We 
identified 45 chemicals, consisting mostly 
of plasticizers, antioxidants, slip agents, 
or photo initiators. Our results indicated 
that after cleaning with the dishwasher 
soap, the dominant group leaching 
out of the bottles were surfactants.

Q. You also recently published a 

paper discussing the correction 

of matrix effects for nontargeted 

LC−electrospray ionization (ESI)−MS 

analysis of wastewater (2). Why 

are matrix effects a challenge 

in these types of studies? 

ST: As a result of the competition for 
charge in ESI, in samples with a high 
matrix complexity, the ionization efficiency 
can be strongly influenced. We can see 
that in, for example, effluent wastewater 
samples that have been enriched 50 
times, the signal intensity can reduce 
to 1/5 compared to the signal in pure 
solvent. This would lead to a large 
bias in the quantification. The method 
development in nontarget screening 
is built to cover a broad range of 
chemicals because the matrix effect 
for individual compounds are unknown. 
In a target screening approach you 
have internal standards to correct for it. 

Therefore, the challenge was to 
compare peak intensities between 
different sample types, such as influent 
and effluent wastewater samples. If 
you want to evaluate a process such 
as degradation of micropollutants in 
wastewater treatment plants, it would 
be biased if matrix effects were not 
taken into consideration because the 
matrix suppression effects can be very 
different in different sample types.

Furthermore, correcting for the matrix 
effect is crucial to obtaining a reliable 
concentration estimate, especially during 
semi-quantification, which is a complex 
approach to quantifying unknown 
chemicals in nontarget screening.

Q. The study describes a three-step 

method to evaluate and compensate 

for matrix effects. What are these 

steps and how effective are they?

ST: First, for individual compounds,  
the matrix effect can be evaluated by 
a dilution series. Without matrix effects, 
the dilution factor and response of the 
compound would generally show a 
linear behaviour. The deviation from 
linearity at your desired dilution factor 

indicates the size of the matrix effect. It 
is the easiest way to compensate for 
your matrix effect. Using a dilution factor 
in the linear range (no matrix effect) but 
with low signals can then fall below the 
detection limit because of the dilution.

Second, we showed in the study that 
the total ion chromatogram (TIC) gives 
an indication about the matrix effect 
in the respective chromatographic 
area. The higher the TIC signal, the 
more compounds elute at the same 
time, the more compounds compete for 
ionization, and the matrix effect increases. 
Using the TIC profile for correcting 
the matrix effect could compensate 
for around 85% of the matrix effect in 
our analysis of wastewater extracts.

Third, in case the samples with higher 
matrix effect needs a better matrix effect 
correction than 85%, a quantitative 
structure-property relationship (QSPR) 
model can be used. We showed that 
the compound specific matrix effect can 
be partly predicted by the characteristic 
structures of the compounds.

Q. Your team also worked on a 
comprehensive two-dimensional gas 

chromatography–high-resolution 

MS (GC×GC–HRMS) method 

for the nontargeted screening of 

water sediments (3). Why is the 

analysis of sediments important 

and what can they tell us about the 

environment they are taken from?

JC: The analysis of sediments is 
important because sediments are 
sinks for chemicals in the environment, 
especially hydrophobic micropollutants. 
Using nontargeted screening (NTS) to 
measure micropollutants in sediments 
can tell us about the sources of 
pollutants. In the study from 2020, we 
identified organic micropollutants of high 
abundance and relevance in the urban 
sediments. Using multivariate statistics, 
we were able to isolate some distinct 
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sources of chemicals as a natural input, 
namely a high relative abundance of 
mono-, di-, and sesquiterpenes, and a 
weathered oil fingerprint, namely alkanes, 
naphthenes, and alkylated polycyclic 
aromatic hydrocarbons. A dilution effect 
of the weathered oil fingerprint was 
observed in lake samples that were close 
to a channel. Several benzothiazole-like 
structures were identified in lake 
samples close to a high-traffic road, 
which could indicate a significant input 
from asphalt or tyre wear particles. 

Q. How effective was the 

developed method and does 

it have any limitations?

JC: The method was able to identify the 
main sources but many chemicals remain 
unidentified, and due to the relatively low 
number of samples we were not able 
to identify more distinct sources in the 

sediment or to model the distribution of 
the micropollutants. The data analysis 
method in this study was based on 
pixel-based analysis that treats the 
two-dimensional (2D-)GC chromatograms 
as images. With this approach, it was 
possible to obtain an overall comparison 
of samples, but a full identification and 
quantification of all chemicals was not 
obtained. We are currently working 
on a strategy to quantify in GC×GC–
HRMS with the use of a selection of 
standards spread in the 2D-space. 

Q. Are there any general trends 

in NTS? Is NTS likely to become 

more commonly used?

ST: There is an increase in the requests 
from authorities for NTS. Strategies for  
the prioritization of chemicals and 
regulation using NTS is strongly 
needed. Another trend is to automize 

as many tools as possible for the 
identification of the micropollutants. 
Furthermore, estimating concentration 
of NTS compounds by different 
semi-quantification approaches is 
quite a new research field, which can 
help to increase the use of NTS.
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LPGC–MS Column Kit
Multi-residue pesticides can be analyzed by LPGC–MS in a third of the time 
required for conventional methods, but LPGC–MS can be difficult to implement 
because manual connections between different tubing 
diameters are prone to leaks. Restek’s factory-coupled, 
low-pressure GC column kit makes getting set up as 
simple as a column change and ensures consistent, 
leak-free performance, according to the company.

www.restek.com
Restek, Bellefonte, Pennsylvania, USA.

GC Detector
VICI’s Model D-3-1-8890 is a plug-and-play pulsed discharge detector for easy 
installation and configuration on the Agilent 8890 GC. This detector is optimized 
for trace-level work in helium photoionization mode, and is a non-radioactive, 
low maintenance universal detector with a wide linear range, according to the 
company. The system also uses the electronics and 
power supply of the host GC. 

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

VOC Sampler
The POD (pocket diffusive) sampler is a radial sampler 
for VOC-compatible analysis by TD–GC–MS, and is 
reportedly ideal for workplace monitoring. Developed 
in partnership with pioneers in radial sampling at the 
Joint Research Centre of the European Commission, 
the POD is robust, easy to use, and suitable for a wide 
range of common volatile organic air pollutants.

https://chem.markes.com/LCGC/POD
Markes International Ltd, Bridgend, UK.

Bioinert (U)HPLC Columns
The PEEK-lined YMC-Triart (U)HPLC columns are 
suitable for critical substances such as selected 
proteins/peptides, nucleotides, and oligonucleotides. 
According to the company, this results in excellent 
peak shapes, recoveries, and no carryover effects.  
The columns are fully inert and use PEEK frits.  
Eight different stationary phases are available. 

https://ymc.eu/d/brDlO 
YMC Europe GmbH, Dinslaken, Germany.

RT-MALS
The ultraDawn is a process 
analytical technology for the 
production of nanoparticles, 
biopharmaceuticals, and 
polymers. It measures multi-angle 
light scattering and reports the 
results—molecular weight, size, 
and particle concentration—in real 
time. With RT-MALS, critical quality 
attributes can be monitored 
directly, for rapid feedback on 
product and process quality.

www.wyatt.com/ultraDAWN 
Wyatt Technologies, Santa 
Barbara, California, USA.

SEC Protein  
Calibration Kit
This kit contains 10 different 
proteins pre-weighted into 
autosampler vials for the 
convenient calibration of  
aqueous GPC/SEC systems.  
The concentrations are optimized 
for UV detection @ 280 nm.

https://www.pss-polymer.com
PSS Polymer Standards Service 
GmbH, Mainz, Germany.
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15–18 MAY 2022
35th International Symposium and 
Exhibit on Preparative and Process 
Chromatography (PREP 2022)
Baltimore, Maryland, USA
E: shannon@barrconferences.com 
W: www.prepsymposium.org

18–23 JUNE 2022 
HPLC 2022
San Diego, California, USA
E: janet@barrconferences.com
W: https://hplc2022.org

21–24 JUNE 2022
Analytica 2022
Messe München, Munich, Germany
E: info@messe-muenchen.de 
W: https://analytica.de/en/ 

28 JUNE–1 JULY 2022
26th International Symposium on 
Separation Sciences (ISSS 2022)
Ljubljana, Slovenia
E: info@isss2020.si
W: www.isss2020.si

28 JUNE–1 JULY 2022
25th International Symposium 
for High-Performance Thin-Layer 
Chromatography (HPTLC 2022)
Ljubljana, Slovenia
E: info@hptlc2020.si
W: www.hptlc2020.si

6–9 SEPTEMBER 2022
Recent Advances in Food Analysis 
(RAFA 2022)
W: www.rafa2022.eu

18–22 SEPTEMBER 2022
33rd International Symposium on 
Chromatography (ISC 2022)
Budapest, Hungary
W: https://isc2022.hu/

19–23 SEPTEMBER 2022
14th European Pesticide Residue 
Workshop
Bologna, Italy
E: eprw2022@fullday.com
W: https://eprw2022.com

Please send any upcoming event 
information to Lewis Botcherby at 
lbotcherby@mjhlifesciences.com

HTC-17
The 17th International Symposium on Hyphenated 

Techniques in Chromatography and Separation 

Technology (HTC-17) will be held in person from 
18 to 20 May 2022, at The Aula in Ghent, Belgium. 
HTC-17 will be organized under the auspices of 
the Royal Flemish Chemical Society (KVCV) and 

the Separation Science Group of the Royal Society of Chemistry (RSC SSG).
The HTC conference has been a leading event for state-of-the-art 

developments in separation technologies and hyphenated techniques for more 
than 30 years. The conference encompasses two parallel sessions consisting 
of plenary lectures, keynote lectures, tutorials, and oral presentations. Poster 
presentations will be held during coffee and lunch breaks. The symposium 
will also host an attractive technical exhibition where vendors will present their 
newest instruments and developments, topped with technical seminars. 

The event will cover fundamental and practical aspects of liquid phase (LC) and 
gas chromatography (GC), including multidimensional LC, multidimensional GC, 
supercritical fluid chromatography (SFC), LC–mass spectrometry (MS), and  
GC–MS. The programme will include topics such as three-dimensional separations, 
automated sample preparation, ion-mobility and native mass spectrometry, emerging 
detectors and separation modes, method development and artificial intelligence, 
column technology and stationary-phase developments, system design and 
optimization, miniaturization and chip technology, and data mining and curation. The 
conference will also address bottlenecks and describe trends and new technologies 
for a wide range of applications, including (bio-)pharmaceuticals, macromolecules, 
medical diagnostics and clinical applications, forensic analysis and doping control, 
food analysis and safety, environmental analysis, energy, green approaches, 
high-throughput analysis, -omics (lipidomics, metabolomics, proteomics), and 
biomarker discovery, as well as modern industrial applications and natural products. 

As always, there will be abundant networking opportunities during 
the conference, with an informal beer tasting event organized during 
a nocturnal poster exhibition, a conference dinner in the beautiful 
PoortAckere monastery, and lots of dissemination activities.

A number of awards will be presented at HTC-17. The HTC/LCGC Innovation 
Award, sponsored by LCGC Europe, will be offered to a researcher with less 
than 15 years’ experience after obtaining his or her Ph.D. for “a pioneering 
contribution to the field of separation sciences by introducing new methodologies, 
new instrumentation, or new techniques in the field, with a strong focus on 
applicability”. The most innovative oral contribution presented during the 
conference will receive the HTC-Award. The most innovative poster contributions 
will receive the HTC-Poster Award. There will also be a YouTube contest for 
young scientists that will be sponsored by Elsevier’s Journal of Chromatography 
A and Journal of Chromatography Open, a new open access journal.

Participants can register on the website until 10 May 2022: www.htc-17.com. 
After a challenging time where meeting and networking have been severely 

restricted, the organizers very much look forward to seeing you in Ghent!
For more information and registration, visit the HTC-17 webpage 

at: https://htc-17.com/ or email: htc17@kuleuven.be
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NEW THINKING FOR THE LAB OF THE FUTURE.

Whatever the future may hold, you will first learn about it at analytica: 
the 28th world’s leading trade fair for laboratory technology, analysis, 
biotechnology and analytica conference points the way to the networked 
lab. Exhibitors, an expert audience and experts from all over the world 
present and discuss specific solutions, relevant product innovations and 
digital visions. Join the world’s biggest lab: analytica.de/en

we create lab

June 21–24, 2022 l analytica
June 21–23, 2022 l analytica conference
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GC/MS and LC/MS Sample Prep
Dilution Wizard for Standards
Setup by Barcode, QC Tools included
Just load your vials …

Sample Prep Automation
The MPS robotic series

www.gerstel.com

http://www.gerstel.com/en
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