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Trends and
Developments in Liquid
Chromatography
Lewis Botcherby, Associate Editor, The Column

A snapshot of key trends and developments in liquid chromatography/
liquid chromatography–mass spectrometry (LC/LC–MS) according to
selected panellists from the chromatography sector

priyanka/stock.adobe.com

Q. What trends do you see emerging in LC
or LC–MS?
Runsheng Zheng: Recent years have showed
the increased demand for the separation and
analysis of diverse and complex samples in virus
research, vaccines development, large‑scale
translational research studies, precision
medicine, and analysis of single cells. This
significantly extended the use of different types
of liquid chromatography (LC) and columns.
The anion exchange, cation exchange,
supermacroporous, micro-pillar array, and
hydrophilic interaction liquid chromatography
(HILIC) columns are serving the need for
efficient separation of oligonucleotides,
intact proteins, peptides, glycans, and lipids.
In addition, the focus on uncommon and
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complex analytes has accelerated the adoption
of mass spectrometry (MS) in quality control,
such as with multi-attribute method (MAM)
for biotherapeutics. Charged aerosol detection
(CAD) became a hit in quality control of
vaccine excipients. Ultralow nano-flow
coupled with high‑resolution accurate mass
(HRAM) mass spectrometers opened the
door for single-cell proteomics that was not
even possible a few years ago. Standardized
micro‑flow LC–MS workflows are combining
high sensitivity with high robustness for rapid
profiling of biological liquids, ready for the
analysis of thousands of samples.
Gesa Schad: Apart from the general desire
for miniaturization, flexibility, and faster results,
combined with the need for simplification and
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automation, the trend goes towards more
user-friendly data handling solutions. That
combined with smart instrument features that
support preventative maintenance, reduce
system downtime and offer ease-of-use
for non-experts make the technique more
accessible to less experienced scientists, so
that anyone is able to produce meaningful,
reliable data, without excessive training needs.
The possibility of working remotely, being
able to control the instrument and access
data from anywhere, also became an urgent
requirement with the changes the pandemic
brought to the work environment. And with
an increased environmental awareness and
rising cost of energy, of course manufacturers
have to consider sustainability and more
eco‑friendly solutions in all aspects of any new
developments.
Ronan O’Malley: LC–MS means different
things to different people—for researchers,
it is a means of testing a hypothesis; for a
pharmaceutical manufacturer it can be a tool
to test a product attribute; and for a clinician, a
“closed” diagnostic system.
More and more we see these customer
segments demanding product offerings that
are more targeted to their individual needs.
For a research scientist schooled in LC–MS and
comfortable with system complexity, demands
might include interchangeable ionization
sources, precise control over means and modes
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of fragmentation, great flexibility in software
options, and fast turnaround of software
enhancements. For them, technical innovation
remains at the top of the list.
A laboratory manager at a pharmaceutical
company or contract development and
manufacturing organization (CDMO) prioritizes
serviceability, total cost of ownership,
reliability, and integration into existing
good laboratory practices (GxP) compliant
workflows more highly.
In one of the biggest potential markets,
clinical diagnostics, the requirements
are for systems to be “fault tolerant”
and to provide reproducible results and
consumer‑electronics‑levels of usability. Pulling
back on the focus a bit, as an instrument
manufacturer we see that all customer
segments demand secure interoperability
with their own data systems. Staying with the
software theme for the moment, changes in
analysts’ expectations with respect to working
remotely gives vendors the opportunity to
differentiate their product offerings by adding
and improving options for remote use, which
is among the reasons for transitioning to
cloud‑based informatics.
Rohit Shroff: Industrial sustainability agendas
are increasingly a driving force behind
decision-making for new products and new
methods. Goals to reduce solvent consumption
have increased interest in reduced column
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internal diameters to increase efficiency and
encouraged development of methods using
shorter column lengths to reduce run times
per sample. In addition, reversed‑phase
chromatography’s heavy reliance on acetonitrile
and methanol mobile phases means new
approaches to mobile phases have moved up
the agenda. As a result, there is a renewed
interest in greener technologies such as
supercritical fluid chromatography (SFC),
whilst research into alternative solutions, such
as purely aqueous mobile phases running at
elevated temperatures, provides a glimpse as to
how LC methods may be adapted in the future.
Additionally, domains such as proteomics
and metabolomics have focused on the
development of methods for very complex
sample analysis. This high-resolution,
“fingerprint”-type approach to sample
identification is now generating more interest
from industries such as food analysis, where
product integrity and authenticity testing are
increasingly adopting LC–MS for these types
of investigations.
Q. What is the future of LC or LC–MS?
Runsheng Zheng: Liquid chromatography
should become a multi-tool that can resolve
almost any analytical challenge, from small
molecules analysis to the separation of large
proteins and protein complexes detected by
advanced MS and UV–vis technologies. The
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deployment of artificial intelligence/machine
learning (AI/ML) and building interconnected
laboratory infrastructure with automation of
all sample handling steps will make LC and
LC–MS even more robust, predictable, and
easier to use. The LC cycle times will shrink to
several minutes so the technique will enable
large-scale pharmaceutical and medical
research projects, which have thousands of
samples required for reliable statistical analysis.
Gesa Schad: The increased desire for an
automated workflow, from sample registration
and pre-treatment to analysis, data processing,
and reporting, will drive the development in
the future. This is not only due to the lack or
the cost of qualified personnel but also owing
to the requirement of data integrity and
complete control of the entire process, in an
effort to eliminate the risk of human error at
every step of the way.
Ronan O’Malley: A foundational criterion for
many grant-awarding bodies is sustainability—
not just in energy usage but in recyclability
of components as well as environmental
costs incurred in all aspects of use—from
packaging materials and delivery overhead
to minimizing the use of solvents and other
consumables. Others, along with industry, will
very soon follow suit in specifying these as
non-negotiable purchasing criteria.
Beyond near-term challenges, the
LC–MS user of the future—interested only
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Q. What is the LC or LC–MS application
area that you see growing the fastest?
Runsheng Zheng: With LC and LC–MS
becoming more efficient, sensitive, and
reliable for the analysis of complex biological
samples, the areas of translational research and
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Q. What obstacles stand in the way of LC
or LC–MS development?
Runsheng Zheng: There are three key
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unmatched challenge remains efficient
characterization of the interactome and its
impact on human health and well-being.
Rohit Shroff: Emerging contaminants is an
application area of growing importance to
pharmaceutical, environmental, and food
analysis as the understanding of the biological
toxicity and lifetimes of certain contaminants
increases. Increasing consumer awareness
because of the media attention that some of
these substances attract has also applied an
increasing level of visibility in this area as well.
Recent examples include nitrosamines,
which has led to mass recalls of certain
pharmaceuticals, and perfluoro alkyl
substances (PFAS), which has led to the
evolution of regulations around these
compounds. In order to support scientists
in these evolving situations, manufacturers
have looked to provide application-specific
solutions where practical.
In clinical contexts, drugs of abuse are an
ever-evolving area and scientists are adapting
their methods for identification of new drugs
and treatment purposes. To optimize testing
efficiency, end users are looking more and
more to high-throughput solutions from
column manufacturers.
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precision medicine show the fastest growth.
The promise to change our daily lives with
early disease detection, efficient treatment,
and real-time patient recovery monitoring
is driving investment and advanced LC and
LC–MS hardware and software. Another area
that has been a hot topic for several years is
automated and in‑depth quality control of
biotherapeutics. There is a fast adoption of
MAM workflows in the regulated environment
by large biopharma companies.
Gesa Schad: For some time now there
has been a shift in focus of pharmaceutical
companies towards novel biologic
medicines—which got an additional boost
in the race for a COVID-19 vaccine and the
emergence of novel mRNA technology for
this purpose. Therefore, in recent years we
have seen an increasing demand for system
solutions for analysis and/or purification of
biopharmaceuticals, such as intact proteins,
oligonucleotides, antibody–drug conjugates,
or monoclonal antibodies.
Ronan O’Malley: As LC–MS continues its
drive towards ubiquity, applications—from
monitoring levels of environmental pollutants,
such as PFAS or food safety testing—will
continue to proliferate. The past couple of
years have, for obvious reasons, seen an
acceleration in the adoption of systems for
biopharmaceutical research, development,
and manufacture; however, the greatest

MICRON

in the answers to questions such as: “What
is this substance?” and “How much of it
do I have?”—will benefit from advances
in UX research and engineering and, more
importantly, systems designed for precisely
defined purposes, to the extent that one day,
perhaps, they may be completely unaware
that their device uses LC–MS at all.
Rohit Shroff: There is an increasing need
for field-based analysis across a variety of
industries, meaning that miniaturization of
technology has been a trend for a number of
years. Improved usability and reduced cost of
MS technology is supporting the development
and interest in chromatography in this area
and placing them in new settings that
offer opportunities for improving real-time
monitoring. This is also driving innovation in
column technology as manufacturers look at
alternatives to the classic column format, with
designs being influenced by the growing field
of microfluidics, where the manufacturing
methods result in more reproducible
technology compared to traditional formats
based on silica beads packed into columns.
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requirements to LC and LC–MS instrumentation
that don’t change over time: robustness,
performance, and ease of use. On top of
this, there are application requirements
that combine high-throughput and high
sensitivity. After several years of neglecting
the importance of chromatography, we see
a growing interest towards more efficient
stationary phases and unique chromatographic
selectivities that are needed in many research
areas like proteomics, metabolomics, and
lipidomics, as well as routine quality control
in food and pharma. LC improvements are
focusing on precise injections, faster cycle
times, advanced carryover removal, and flow
range versatility to accommodate diverse
workflows. The crucial factor is removing
the barrier for setting up, operating, and
maintaining the “state‑of‑the‑art” LC–MS
platform, therefore a lot of work has been
done in the direction of making reliable,
leak‑free connections and LC electrospray
ionization (ESI)-MS integration.
Gesa Schad: In my opinion, the biggest
obstacle in the way of innovation and the
implementation of new developments is
the fear of change and the reluctancy to
change the status quo. Manufacturers work
relentlessly in trying to build the “ideal”
solution and overcome customers’ challenges
with new and advanced equipment; however,
the road from new development to established
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technique and eventually routine-use is long
and winding. If you just look at the move
from high performance liquid chromatography
(HPLC) to ultrahigh-pressure liquid
chromatography (UHPLC)—which meant not
only a change of equipment, but education
of the users, method development or transfer,
method validation, and the cost associated
with it—to this day, UHPLC has not been
adapted in many areas where it could be a
game changer. And if a new technique doesn’t
take off right away or shows some “teething
problems”, it may never get a second chance,
as it requires confidence in a product to make
that investment.
Ronan O’Malley: LC–MS as a technique is
amenable to the same opportunities, and
subject to the same constraints, as other
sophisticated analytical instrumentation—or
indeed any other complex manufactured
system. As such, periodic shortages in the
global supply of noble gases, specialty
electronic components, and raw materials may
drive innovation in engineering and production
in unexpected ways. Provided these challenges
can be overcome, and Moore’s law holds,
advances in electronics will see time‑of‑flight
mass spectrometers (free of the charge capacity
limitations of ion trapping devices) re-emerge
as the technology of choice for the analysis of
the most complex biological samples. For the
more routine applications, we will see the MS
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technology hidden from view and providing
data behind the scenes in the same way we
now accept routine video calls on handheld
devices or facial/fingerprint recognition to
activate smartphones.
Rohit Shroff: In biopharmaceutical
production, there remains a discrepancy
between the technologies often used in
research and method development laboratories
compared to those used for quality control
(QC) purposes. Currently, the technology
used in the early stages is often more
advanced than for the latter stage, as
regulation and the associated costs of
equipment upgrades reduce the impetus to
move in this direction. This means the vast
number of chromatography users do not
necessarily have the experience with more
advanced techniques, resulting in much of the
technology available often being too advanced
for the experience level of the standard
user, similar to many fast-paced industries.
To solve this, more accessible options are
being developed by manufacturers, offering
“black-box” solutions so that technology
makes it simpler for users to transition
across. Encouragingly, we also see that
chromatographic awareness is still
growing at the grass roots level and its
advantages are being applied to a growing
number of application areas where previously
other analytical techniques dominated.
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Q. What was the biggest accomplishment
or news in 2021/2022 for LC or LC–MS?
Runsheng Zheng: A low-flow analysis
covering nano-, capillary-, and micro-flow
LC–MS applications became mainstream in
2021. It moved from instrumental research and
development laboratories to start-ups and core
facilities, where advanced analytical services
are delivered for drug discoveries and clinical
research. This significant leap forward became
possible due to the standardization of LC–MS
applications, particularly in proteomics, and
improved reliability of LC hardware. Low‑flow
LC–MS was brought beyond discovery,
enabling experts and novice users to get
high‑quality, biologically meaningful results
every time.
Gesa Schad: I personally welcome the trend
to a more “environmentally friendly” industry
and the efforts I can see going towards that
objective. Manufacturers adopt the United
Nations Development Programme (UNDPs)
Sustainable Development Goals, reducing
their carbon footprint and saving energy
and the impact on the environment in all
stages of development and production.
Eco‑labels are now a means for customers to
identify environmentally-conscious companies
and hopefully make a difference in the
purchase decision.
Ronan O’Malley: Technologies such as
ion mobility spectrometry (IMS) (a rapid
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gas-phase orthogonal separation) offer
structural insights into large biomolecules as
well as providing an additional dimension of
separation to help spectral decongestion of
complex samples. This improves specificity
and selectivity and, as such, contributes to
significant improvements in analytical peak
capacity. It is the common denominator for
comparing the analytical horsepower of
LC–MS systems and we’ve seen a number of
companies incorporate IMS into commercially
available systems to enhance peak capacity.
Couple that with an effort to push the power
of time‑of‑flight detection, one can envision
a near future where high resolution and mass
accuracy MS coupled to bio-inert LC will
change the game in the analyses of complex
biomolecular systems.
As we see advances in new treatment
modalities and a wider acceptance of
genetic therapies, new technologies such as
charge‑detection mass spectrometry will
play a role in the characterization of these
new medications.
Rohit Shroff: Over the last few years, the
development of mRNA-based vaccines and
their mass production in relation to COVID-19
has been an effective demonstration of the
need for chromatography at all stages of the
development process, including R&D, assays
of the raw materials, and characterization of
the final products. This has led to increased
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focus on the use of analytical chromatography
as part of the Process Analytical Technology
(PAT) systems within the biopharmaceutical
and pharmaceutical industries, which has long
been dominated by spectroscopic techniques
such as Fourier‑transform infrared (FT-IR),
raman, and UV as the diagnostic tools for
online and in-line analysis.
Runsheng Zheng is a Product
Specialist in the
Chromatography and Mass
Spectrometry Group at Thermo
Fisher Scientific.
Gesa Johanna Schad is the
Product Manager for the HPLC
Product Line at Shimadzu
Europa GmbH.

Ronan O’Malley is Senior
Director, High-Resolution MS
Product Management at
Waters Corporation.

Rohit Shroff is Senior Vice
President of Portfolio Strategy
for Global Lab Products at
Avantor.
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Agilent Laboratory Achieves Green Lab Certification
Agilent Technologies Inc., (California, USA) has announced that
the company’s customer demonstration laboratory in Waldbronn,
Germany, has received the highest level of Green Lab Certification,
the gold standard in laboratory sustainability best practices.
“This certification is another validation of Agilent’s commitment
to sustainability,” said Padraig McDonnell, President of the Agilent
CrossLab Group (ACG) and Agilent’s CCO.
The Green Lab Certification from My Green Lab is recognized
by the UN Race to Zero campaign as a key measure of progress
for pharmaceutical and medical technology companies toward
a zero‑carbon future. It indicates that a lab has achieved strong
sustainability practices in energy use, water consumption,
recycling, and waste production, with features such as optimized
ventilation and energy-efficient cold storage to efficient plug load
configuration and digitized processes.
This is the first Agilent lab to receive the My Green Lab
Certification and plans are under way to certify additional labs.
“We thank Agilent for turning their Race to Zero commitments
into demonstrated action through achieving My Green Lab
Certification,” said James Connelly, CEO of My Green Lab.
“We are very pleased to welcome them into the community of
scientists and laboratory professionals that are actively working
to reduce the environmental impact of their laboratory work.
Achieving ‘green level’ is the highest level of certification, and the
entire organization should be proud of this accomplishment.”
For more information, please visit: www.agilent.com

Researchers from Hannover, Germany, have developed a liquid chromatography–tandem mass spectrometry (LC–MS/MS)
multi-target screening strategy for use in ante-mortem and post-mortem rodenticide analysis in forensic toxicology (1).
Rodenticides are a commonly used method of controlling rodent populations. However, these substances also pose
significant risk to domestic animals such as cats and dogs because secondary poisoning might occur if the baited traps or
poisoned rodent is ingested. Furthermore, human poisoning with rodenticides does occur and a reliable and convenient
identification methodology for the relevant substances is essential for forensic toxicology laboratories.
There are numerous classes of rodenticides and their analysis is performed predominately using LC–MS/MS. While
these methods are successful, they only focus on rodenticides and do not allow the simultaneous identification of other
substances, which is useful for confirming a suspected rodenticide poisoning but not as useful if the case history is
unclear and a wider forensic toxicology net is required. Additionally, a common issue encountered in forensic toxicology
is a lack of the relevant analytical material available, which can make the use of multiple investigatory analyses unviable.
Therefore, a method that can reduce the number of required analyses and cover the most important substances in relevant
concentration ranges is required.
In this paper, researchers aimed to develop a multi-target screening strategy based on a simple and fast sample
preparation step and test it by investigating real cases of rodenticide toxications in animals. The developed method utilized
a simple protein precipitation step for sample preparation and LC–MS/MS, targeting multiple rodenticides, including:
α-chloralose, brodifacoum, bromadiolone, coumatetralyl, difenacoum, and warfarin. In total, around 250 substances are
covered by the method, which was validated to ensure the substances could be identified at low concentration ranges.
Further to the rodenticides, the method was also capable of identifying common drugs regularly screened for in forensic
toxicology.
While the method was developed for human plasma and post-mortem blood, it can also be utilized for animal testing,
with real animal samples from dogs and cats suspected of eating rodenticide baits being investigated. In the processed
cases, all rodenticides were identified except for bromadiolone.
The presented method offered several advantages over current analytical procedures, and the researchers believe there
is scope for future development of the method with the incorporation of rodenticide-related metabolites, which could give
additional information and help in the interpretation of investigated intoxications.

Reference
1. A. Arens et al., Drug Test Anal. 14, 1149–1154 (2022). DOI: 10.1002/dta.3222
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Poisoning Using LC–MS/MS
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Knauer Announces ModuVision
Acquisition
Knauer Wissenschaftliche Geräte (Berlin,
Germany) has announced the acquisition
of ModuVision BV, an automation
focused company based in Vlissingen, the
Netherlands.
“We look forward to cooperating very
closely with the experts from ModuVision.
This acquisition fits very well to our
strategy,” said Alexandra Knauer and
Carsten Losch, CEO’s of Knauer.
ModuVision BV will continue to exist as
an affiliate of Knauer. All contracts with
employees, suppliers, and partners will
remain valid. ModuVision will continue to
serve customers in the field of GC and LC.
“We welcome the partnership with
Knauer very much and we expect a great
benefit for both companies,” said Jan
Willem Mol, ModuVision CEO.
For more information, please visit:
www.knauer.net
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Peter Schoenmakers Receives
Royal Honour
Peter Schoenmakers has been named “Knight
of the Order of the Netherlands Lion” in a
ceremony on 28 June 2022. The honour was
bestowed for his exceptional achievements in
the field of analytical chemistry, all of which
have earned him international recognition
and acclaim.
This royal commendation is one of the
oldest and highest civil honours in the
Netherlands. King Willem I established the
order on 29 September 1815. Candidates
who have made an exceptional contribution
to society, especially in science, art, sports,
and literature, are eligible for this honour. The
decoration was presented to Peter by Annette
Groot, Deputy Mayor of the Municipality of
“Dijk en Waard”, after his valedictory speech
marking his emeritus status as a professor of
“Analytical Chemistry and its applications in
Forensic Science”.
Anybody familiar with the field of
chromatography will be aware of Peter’s
achievements and contributions, especially
towards the development of comprehensive
two-dimensional liquid chromatography
(LC×LC) and comprehensive two‑dimensional
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gas chromatography (GC×GC). His most
recent work has focused on the concept
of spatial three-dimensional liquid
chromatography for the separation of
a million components, the aptly named
“A Million Peaks” project (also known as
“Separation Technology for A Million Peaks”
[STAMP]), which earned him the prestigious
ERC Advanced Grant in 2016 worth around
€2.5 million in funding.
Peter’s influence within the field of
chromatography has led to numerous awards
including: the Dal Nogare Award (2019)
and the Csaba Horváth Memorial Award
(2015). In August he will be presented with
the 2022 Award in Chromatography by
the American Chemical Society in Chicago,
USA. He has (co-)authored more than 230
scientific publications in leading journals and
supervised the research of 36 PhD students.
He is also an editor for the Journal of
Chromatography A and a member of LCGC’s
editorial advisory board.
As a professor, Peter has led the analytical
chemistry team in Amsterdam towards
national recognition as a centre of expertise
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for analytical sciences in the Netherlands.
He maintains a very extensive network
of international, industrial, and academic
contacts that he uses to further develop
analytical chemistry in the Netherlands,
which is evidenced by his role as one of
the instigators of COAST, the public-private
Community of Innovation in Analytical
Science and Technology in the Netherlands.
As its education director, he has created
programmes to stimulate analytical science
studies, with support for education
amounting to more than €300,000 annually.
LCGC would like to extend its
congratulations to Peter on this tremendous
achievement.

Photo Credit: Jan Willem Steenmeijer, UvA.
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Peaks of the Month
•

News In Brief

The LCGC Blog: Working with Data Scientists to Improve Online Chemical Extraction and
Analysis—We are investigating fundamental relationships between the structures of molecules
and their interaction with different materials, in the context of online supercritical fluid extraction–
supercritical fluid chromatography (SFE–SFC). Read Here>>

• 	Analytically Speaking Podcast Ep. 1: Transmission Infrared Imaging Microscopy (with Data
Analytics)—Podcast host Jerry Workman talks to Barry Lavine of the Department of Chemistry at
Oklahoma State University. Lavine and his research group have been working on new approaches
and algorithms for identification and classification of samples measured using infrared (IR) imaging
microscopy in forensic analysis. He discusses aspects of sampling, spectra collection, image
generation, and data analysis for infrared imaging and sample identification. Data analytics topics
include alternate least squares (ALS) reconstruction of the IR spectra of the individual layers from
automotive paint samples using machine learning techniques, spectral database searching, and
special experimental design methods. Read Here>>
aksiniya/stock.adobe.com

• 	New Adventures in GC–IMS for Nontargeted Screening of Food and Environmental Samples—
The Column spoke to Philipp Weller from the Institute of Instrumental Analytics and Bioanalytics at
the Mannheim University of Applied Sciences, Germany, about the benefits of nontargeted screening
approaches in food safety and environmental analysis using GC–IMS, and the best way to approach
data processing and model building with the generated data. Read Here>>

Zacarias da Mata/stock.adobe.com

• 	Dealing with Wandering First-Dimension Peaks in 2D-LC Separations—Retention time fluctuations
are challenging to deal with, especially in two-dimensional liquid chromatography (2D‑LC) separations.
Here, two approaches are presented that can help navigate this challenge. Read Here>>
• 	Understanding the Origins of Siloxane Ghost Peaks in Gas Chromatography—This article
analyzes both septa bleed and column bleed fragments and reviews best practices in reducing
siloxane “ghost peaks”, in addition to understanding the differences in composition. Read Here>>

Choat/stock.adobe.com

• 	Airborne PFAS and FTS Detection Using Online SPE–LC–HRMS—Researchers have developed and
validated a sensitive analytical method for the determination of 16 PFAS in ﬁne airborne particulate
matter (PM2.5) using online SPE coupled with LC–ESI-HRMS. Read Here>>
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Shimadzu Scientific Instruments
Extends HQ
Shimadzu Scientific Instruments (SSI) (Maryland,
USA) has announced the next phase in its
planned expansion, with the procurement
of additional facilities at its headquarters
in Columbia, Maryland. The purchase of a
new two-storey building has been finalized,
bringing the campus to a total of three
separate properties. The new building is part
of a multiyear growth plan. As the company
continues to diversify and scale up its operations,
the additional space will accommodate a growing
team while making room for investments in
expanding capabilities.
“There is no doubt we are embarking upon a
new era here at Shimadzu,” said Yoshiaki Maeda,
President at SSI. “This new building gives us the
opportunity to focus on application development
while providing a comfortable work environment
for our employees where they can better
collaborate with customers.”
The new building will be used by
managerial and operational staff. The original
buildings will house extended and enhanced
laboratory space, including the Innovation
Center and the Applications Development
Center.
For more information, please visit:
www.ssi.shimadzu.com
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Celebrating Women
in Separation Science
Laura McGregor, SepSolve Analytical, Peterborough, UK

An overview of some of the women working in separation science,
particularly in gas chromatography (GC), and the cutting-edge research
they are involved with.

tasty_cat/stock.adobe.com

Although British scientists A.T. James and
A.J.P. Martin are widely credited with the
invention of gas chromatography (GC),
the first reported use of GC was actually
by female scientist Dr Erika Cremer in
the 1940s (1). We like to think that we
have come a long way since then, but a
gender gap has persisted within science,
technology, engineering, and mathematics
(STEM). In fact, a recent study by the Royal
Society of Chemistry (RSC) still shows
that only 23% of accepted papers have a
corresponding author who is a woman (2).
To coincide with the International Day of
Women and Girls in Science on Friday 11
February 2022, SepSolve Analytical hosted
an e-seminar entitled “Food, Fire and Fuel:
Recent Advances in the Application of Gas
Chromatography” to celebrate women
in science (3). The seminar featured five
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presentations from female scientists about
their use of GC across a diverse range of
application areas.
I was delighted to be able to chair this
event and engage with the speakers about
their exciting research. Here’s my summary
of the presentations.

Flavour Attraction
Rachael Szafnauer from Markes
International (UK) kicked things off
with an overview of flavour profiling of
hard seltzers. These drinks have gained
huge popularity across Europe and USA,
and Rachael demonstrated the use of
immersive sorptive extraction and GC–mass
spectrometry (MS) to identify the flavour
volatiles present. Rachael explained that it is
important for manufacturers to be able to
gain these insights in order to protect brand
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reputation and to keep up with fast
moving trends.

core R&D team but also outside business
partners too.

Go with the Flow

Through the Fire and Fames

Giorgia Purcaro from the University of Liège
(Belgium) then treated us to an overview of
the various applications her research team
have been running using flow-modulated
comprehensive GC×GC. Her presentation
really showed the diversity of this enhanced
separation technique, with breath
biomarker analysis, fatty acids profiling of
food, and even flower scent among the
applications discussed.

We then ventured back to academia with
a look at Nadin Boegelsack’s PhD research
from Mount Royal University (Canada) before
she joined the SepSolve team last year.
Her project also used GC×GC–TOF-MS to
gather data to increase conviction rates in
wildfire arson cases. To put it in perspective,
over 700 wildfires occurred in Canada
in 2020 alone, but unfortunately current
methods struggle to resolve ignitable liquid
residues from wildfire debris. The goal of
Nadin’s work was to develop a more robust
approach to help improve conviction rates in
arson investigations.

The Industry Perspective
Importantly, the industry perspective
was also covered, with a presentation
by Melissa Dunkle from Dow Chemical
(Netherlands). Her current research focuses
on the analysis of pyrolysis oils—a potential
recycling option for mixed plastic waste to
help move towards a circular economy. To
tackle these challenging samples, Melissa
showed a multi-hyphenated approach using
GC×GC–flame ionization detection/sulphur
chemiluminescent detection/time-of-flight
mass spectrometry (FID/SCD/TOF-MS). As
Melissa stated “you really need to be a
team player” when you are working on a
project this complicated because there are
many people involved, not only within the

“Sniffing” Out Parkinson’s Disease
In the final talk of the day, we heard from
Ilaria Belluomo from Imperial College
London (UK) on her latest study on breath
volatiles. Non-invasive tests are thought
to be the future of diagnostic medicine
and Ilaria discussed the possibility of using
biomarkers in breath for the diagnosis
of neurological diseases. We know that
dogs—and even some people—are able
to detect an odour related to Parkinson’s
disease, so Ilaria’s study aims to identify the
compounds responsible.

Compact with countless benefits
The compact and smart new LCMS-2050 upgrades
your ability to create exceptionally fast and precise
mass spectrometry analysis. It ensures that your lab
is on the cutting edge of performance now, and for
years to come.

Rapid polarity switching generates more data through
fewer runs and enhances productivity

Enhanced sensitivity delivers more accurate analyses
and inspires greater confidence

Easy to use simplicity puts this high end lab performance
device in a class of its own

Elevated peak sampling rates refine data quality and
augments peak integration

Robust reliability provides dependable peak detection
and simplifies machine maintenance
www.shimadzu.eu/countless-benefits

SHIMAEU_2022_023_Konzept_LCMS-2050_184x211_RZ_mali.indd 1
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Final Thoughts

2.

Of course, the scientific content was to an
extremely high standard, but personally,
my favourite part of each presentation was
hearing about the career paths of each
speaker and their journey to get to where
they are now.
I think the journeys showed that it is not
always easy and it is not always a straight
line (in fact, Nadin’s journey spanned several
continents!), but if science and technology
excites you then explore a career in it! Find
out what you like and what you’re good at
and you’ll succeed.
The more we celebrate women in science,
the more we will inspire future generations to
pursue it as a career. There are some excellent
initiatives out there already, such as Females
in Mass Spectrometry (FeMS), who host a
range of networking and mentoring events
(4). Perhaps we should consider a similar
forum for separation scientists?
As Dr. Katelynn Perrault said recently,
“Maybe one day we will all be celebrating
together the inaugural awardee for an ‘Erika
Cremer Prize in Gas Chromatography’” (5).
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Method Development
Considerations for
Intact Monoclonal
Antibody Analysis Using
UHPLC Instrumentation
Andrea Angelo P. Tripodi, Agilent Technologies, Church Stretton, Shropshire, UK

This study considers the importance of column choice as well as mobile
phase conditions for the study of intact monoclonal antibodies (mAbs) by
reversed-phase high performance liquid chromatography (HPLC). Since
each monoclonal antibody has a different isoelectric point and a different
hydrophobicity, a systematic approach comparing the impact of different
factors such as bonding chemistry, ion-pair reagent choice, and organic
modifier is required.

sakurra/stock.adobe.com

Liquid chromatography (LC) has evolved
considerably over the years. The drive for
increased resolution and faster separations
has resulted in columns packed with smaller
particle-sized stationary phases, which requires
the need for pumps capable of running
at higher pressures and higher flow rates.
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Additional developments have resulted in
lower extracolumn dead volumes, higher
precision, and greater reproducibility, often
referred to as ultrahigh-performance liquid
chromatography (UHPLC).
As a biochromatographer, working with
very large biomolecules such as monoclonal
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Figure 1: Chromatograms of (a) ramucirumab, (b) nivolumab, (c) emicizumab, and (d) ocrelizumab
using an AdvanceBio RP-mAb Diphenyl column. The LC parameters were as follows: 0.1% TFA in
water, mobile phase B 0.1% TFA in 70% IPA. All the runs were operated at a constant temperature
of 80 °C, flow rate 0.210 mL/min. Detection at 220 nm.
110
105

105

(a)

100

95

95

90

90

85

85

80

80

75

75

70

70

65

65
rel. Response (%)

rel. Response (%)

100

110

60
55
50
45

50
45
40
35

30

30

25

25

20

20

15

15

10

10

5

5
0
2

4

6

8

10
12
Retention time (min)

14

16

18

-5

20

110
105
100

105
100

95

95

90

90

85

85

80

80

75

75

70

70

65

65

60
55
50
45

4

6

82
10
12
Retention time (min)

14

16

18

20

55
50
45
40

35

35

30

30

25

25

20

20

15

15

10

10

5

5

0

0
2

4

6

8

10
12
Retention time (min)

14

16

18

antibodies (with more than 1300 amino acids
and around 150,000 g/mol), we can also
benefit from some of these improvements.
However, large biomolecules do not behave in
the same way as small molecules, and some
features may not lead to the same benefits.
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Monoclonal antibodies, or mAbs,
have become increasingly important as
biotherapeutics and are manufactured
by cell culture. Recombinant proteins are
never 100% pure and contain numerous
variants that can arise during expression,
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or because of upstream and downstream
processes. Measuring the amount of
variants present requires the use of a wealth
of chromatographic techniques and can
include size exclusion, ion exchange, and
affinity chromatography. The most widely
used technique remains reversed-phase
chromatography, either to simply quantify
variants using a concentration detector such as
UV, or in combination with mass spectrometry
(MS) to get an accurate mass.
A range of commercially available mAbs
show just how varied these molecules can be.
They are similar in size but with very different
physical properties, such as hydrophobicity
and isoelectric point. As a result, it is usually
necessary to carry out a lot of method
development to obtain the best separation.
Many of the reversed-phase columns that
have been developed for UHPLC applications
have extremely small particle sizes (< 2 µm)
and therefore high operating pressures.
They also often have small pore sizes. The
hydrodynamic radius of a mAb is usually
around 5–6 nm, meaning columns with
pores that are 300 Å or larger are necessary.
Sub‑2‑µm particle sizes can be detrimental
for the analysis of biomolecules for several
reasons. The small particle size means that the
frits used to contain the stationary phase in
the column can act as a filter and trap some
of the components in the sample, or the shear
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Experts in
Reproducibility
• Robust Bio-RP (U)HPLC
Extremely inert particles
for sharp peaks of proteins/
peptides, oligonucleotides
or mAbs.

• High Recovery IEX

Low adsorption and excellent
resolution in proteins,
mAbs and oligonucleotides
analyses.

• Highly Efficient HIC & SEC

Different selectivities for fast
and reliable analysis of proteins,
mAbs and ADCs.

See our new website: www.ymc.eu
Latest news and detailed support
Email support-lca@ymc.de · Phone +49 (0) 2064 427-0
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Figure 2: Chromatograms of an IgG4 (nivolumab) showing the effect of different bonding
chemistries on reversed-phase IP-RP. The LC parameters were as follows: 0.1% TFA in water, mobile
phase B 0.1% TFA in 70% IPA. All the columns were operated at a constant temperature of 80 °C,
flow rate 0.210 mL/min. Detection at 220 nm.
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Since the nature and interactions of the
proteins can be different, it is important to
bear in mind that various bonding chemistries
may well give different results. For this reason
we have been investigating different stationary
phases, from a short C4 alkyl chain to a
slightly longer C8 to a diphenyl bonding—
the latter sometimes providing higher
resolution by being more retentive. In this
study we have evaluated the reversed-phase
liquid chromatographic behaviour of four
approved IgG mAbs (ramucirumab, nivolumab,
emicizumab, and ocrelizumab).
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forces generated inside the column can cause
degradation of some samples.
To overcome some of these challenges,
superficially porous particles designed for
reversed-phase applications for mAb analysis
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have been developed. This stationary
phase has a solid core surrounded by a thin
porous shell with pores of 450 Å. This means
that the overall particle size is somewhat
larger than typical UHPLC columns, so frits

8
24

are more permeable and shear forces are
greatly reduced. The wide pore size and thin
shell mean large biomolecules do not suffer
from poor mass transfer and so peaks are
sharper.
There are other additional challenges to
overcome: choice of bonding chemistry, choice
of ion-pair reagent, and choice of mobile
phase.

Choosing the best ion-pair reagent is
probably the most important parameter when
using reversed-phase chromatography. The
type of compound, its concentration, and its
affinity with the solvents and detector all play
a critical role when separating the analytes.
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To find out more about CHROMacademy
Premier membership, contact:
Vito Laudati: (609) 819-5794
e-mail: vlaudati@mjhlifesciences.com

www.chromacademy.com
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Figure 3: (a) Chromatograms of an IgG1 (ramucirumab) showing the effect of different ion-pair
reagents on the reversed phase. Concentration 0.1% in all cases. All the columns were operated at a
constant temperature of 80 °C, flow rate 0.210 mL/min. Detection at 220 nm. (b) Chromatograms
showing the baseline subtraction from the blank at 220 nm.
(b)

2.2

Formic acid( FA)
Difluoroacetic acid (DFA)
Trifluoroacetic acid (TFA)

2.6
2.0

2.4

1.8

2.2

1.5

Acetonitrile

1.0
0.5
0.0
2

4

6

8
10
12
Retention time (min)

14

16

18

x1011
2

0

20

1.2

1.2
1.0

1.0

0.8

0.8

0.6

0.6

2

4

6

8
10
12
Retention time (min)

14

16

18

20

2

4

6

8
10
12
Retention time (min)

14

16

18

20

0.4
0.2
0.0

0.0
2

4

6

8

10

12

14

16

18

20

2

4

6

Retention time (min)

Selectivity and retention time differences can
be seen by comparing trifluoroacetic acid
(TFA), formic acid (FA), and difluoroacetic
acid (DFA). TFA is the first choice for the
separation of proteins as it has excellent
chromatographic characteristics and reduces
unwanted interactions and the tailing
factor. However, TFA can cause excessive
ion suppressions when used in LC–MS
applications. FA is a much weaker ion-pairing
modifier, more suitable for LC–MS analysis,
but the drawbacks are shorter retention
times, often with broader and more tailing
peaks. Using FA in LC–UV applications
may also show high levels of background
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absorbance and greater baseline drift. DFA is
slightly less acidic and hydrophobic than TFA,
but may offer an improvement over the use
of FA in LC–MS applications where sharper
peaks may be required.

increase the protein recovery, organic
alcohols such as 2-propanol and n-butanol
were chosen. Both reagents gave improved
chromatographic performance by having
much higher eluotropic values.

Choice of Mobile Phase

Experimental

The effect of the mobile phase in
reversed‑phase chromatography is
critical. Normally, a typical mobile phase
for mAb analysis by ion-pair reversed-phase
(IP‑RP) contains acetonitrile, but sometimes
this can lead to lower recovery, increased
peak tailing, and carryover. For this reason,
to reduce the secondary interactions and

Samples: The intact therapeutic mAbs were
diluted to 1 mg/mL with water and injected,
with no further sample preparation needed.
Method: The columns used for this study
were a 2.1 × 100 mm, 3.5-µm AdvanceBio
RP-mAb C4, 2.1 × 100 mm, 3.5-µm
AdvanceBio RP-mAb SB-C8, and AdvanceBio
RP-mAb Diphenyl 2.1 × 100 mm, 3.5-µm (all
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Figure 4: Chromatograms showing the effect of the mobile phase composition of an IgG1
(ramucirumab) on an AdvanceBio RP-mAb Diphenyl column. The addition of organic solvents with
higher eluotropic values had an important effect on the mAbs recovery and tailing.
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20

2

0

Agilent). All the columns were operated at
80 °C. The flow rate was 0.210 mL/min.
Mobile phase A was water containing TFA
0.1%. Mobile phase B consisted of 0.1%
TFA in (a) acetonitrile, (b) 5% n-butanol in
acetonitrile, and (c) 70% 2-propanol–30%
acetonitrile. Gradient conditions were 10% B
to 90% B in 20 min.
The selectivity of each of the columns
was evaluated by their ability to resolve
degradants and impurities.

Results and Discussion
In this study, using an optimized mobile
phase, a superficially porous 450 A particle
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with a diphenyl bonded phase column
demonstrated the best performance, with
minimal tailing and high sensitivity.
Figure 1 shows the reversed-phase
chromatograms of the four different mAbs
used in this study (ramucirumab, nivolumab,
emicizumab, and ocrelizumab) covering
a range of different types of monoclonal
antibody, including bispecific antibodies
(emicizumab). Under these optimum conditions
for LC–UV analysis, all four mAbs had good
peak shape, indicating minimal nonspecific
interactions between the mAb and the column
stationary phase. Differences in retention
time were a result of the difference in
hydrophobicity of the ion-paired molecules.
If we take a look at one mAb, ramacirumab,
under the same elution conditions, Figure 2
shows the change in retention due to the
difference in hydrophobicity of the three types
of stationary phase. C4 was less hydrophobic
than C8, which was less hydrophobic than

18
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diphenyl, and therefore ramacirumab eluted
earlier on the C4 column than the C8 or
diphenyl columns.
The choice of ion-pair reagent is an
important factor. TFA is very acidic (pKa
0.52), which means residual acidic silanols
on the surface of silica stationary phases
are neutralized, thereby reducing the
risk of secondary interactions. TFA is also
hydrophobic, resulting in the ion-paired mAb
being retained longer on the column. While
TFA is suitable for use with UV detection, it is
not ideal for MS applications where it is usually
necessary to use formic acid. Unfortunately,
formic acid has a pKa of only 3.75, which
means residual silanols are not neutralized and
can cause undesirable secondary interactions
with basic proteins such as mAbs, resulting
in broader peaks with increased tailing.
It is also less hydrophobic than TFA too,
meaning proteins ion paired with formic
acid elute earlier. This effect can be seen in
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Figure 3, which also shows the differences
in background absorption these different
ion‑pair reagents can have. DFA has a pKa and
hydrophobicity between that of TFA and FA.
In situations where undesirable secondary
interactions result in broader peaks and
increased tailing, it can be beneficial to use
an organic modifier with a higher elutropic
strength. Figure 4 shows the improvement
in peak shape that occurs by the addition of
butanol and 2-propanol to the acetonitrile
organic mobile phase.

Summary
The aim of this work was to show the effect
of the mobile phase composition, organic
alcohols, ion-pair reagents, and different
bonding chemistries on mAb separations,
with analysis typically performed at 80 °C
and gradient times of 15–20 min. More
importantly, we could highlight that the
superficially porous diphenyl bonded column,
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due to its high phenyl coverage bonding
chemistry, had greater advantages compared
to C4 and C8 stationary phases.
Andrea Angelo P. Tripodi joined Agilent
Technologies as an applications chemist
in September 2019 after completing
his MSCA PhD in organic chemistry,
which was specifically focused on the
development of peptide drug‑conjugates,
at ELTE University in Budapest (Hungary).
He develops LC applications for
biomolecule analysis and purification
using a wide variety of approaches,
including reversed-phase, size exclusion,
ion exchange, hydrophilic interaction liquid
chromatography (HILIC), and hydrophobic
interaction chromatography (HIC).
E-mail: andrea.tripodi@agilent.com
Website: www.agilent.com
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Ultrahigh-Pressure
Liquid Chromatography
Analysis of Passivators
and Furanic Compounds
in Insulating Liquid
Gesa J. Schad1, Momoka Hayashida2, and Takuya Yoshioka2, 1Shimadzu Europa GmbH,
Duisburg, Germany, 2Shimadzu Corporation, Kyoto, Japan

peterschreiber.media/stock.adobe.com

1,2,3-benzotriazole (BTA), tolutriazole derivative N-bis[2-ethylhexyl]
aminomethyltolutriazol (TTAA), and furanic compounds in insulating oil
are indicators of degradation of electrical equipment. They are periodically
monitored according to standard procedures described in BS148:2009
and ASTM D5837-15. This article introduces optimization of the two
separate standard methods, offering simultaneous analysis in one assay.
Additional time was saved by transfer of the 30-min high performance
liquid chromatography (HPLC) gradient method to a 5-min run using
ultrahigh‑pressure liquid chromatography (UHPLC) conditions.

19

In transformers and condensers, insulating
oil and paper are used to insulate conductors
and cool the interior of electrical devices.
Long-term operation or exposure to heat
can result in degradation of these insulators,
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which can ultimately lead to device failure.
Therefore, periodic inspection to monitor
for any signs of degradation should be
standard practice. Insulating paper is fixed
to the device and difficult to remove, but
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Figure 1: (a) Structures of A: BTA, B: TTAA and (b) 1: 5-hydroxylmethyl-2-furaldehyde (5HMF),
2: furfuryl alcohol (2FOL), 3: 2-furaldehyde (2FAL), 4: 2-acetylfuran (2ACF), 5: 5-methyl-2-furaldehyde
(5MEF).

(a)

Figure 2: HPLC chromatogram of a standard solution of 20 mg/L (a) BTA and (b) TTAA and 1 mg/L
of 1: 5HMF; 2: 2FOL; 3: 2FAL; 4: 2ACF; and 5: 5MEF.
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insulating oil is easily collected and analyzed
to verify device status.
1,2,3-benzotriazole (BTA) and
tolutriazole derivative N-bis[2-ethylhexyl]
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aminomethyltolutriazol (TTAA) are
additives in insulating oil, and act as
passivators (metal deactivator). As they
affect the risk of sulfidation, corrosion
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quantification of BTA and TTAA is
required as specified in the British
Standards (BS) BS148:2009 (1), which
describes a high performance liquid
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chromatography (HPLC) method for
this purpose. Insulating paper used as a
coating for windings in transformers and
condensers is made of cellulose, which
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Figure 3: UHPLC chromatogram of a standard solution of 20 mg/L (a) BTA and (b) TTAA and
1 mg/L of 1: 5HMF; 2: 2FOL; 3: 2FAL; 4: 2ACF; and 5: 5MEF.

Table 1: Linearity (r2) and repeatability (%RSD) (n = 6) of the analysis of BTA, TTAA,
and furanic compounds at the respective detection wavelength
Compound
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Detection

Linearity (r2)

Repeatability (%RSD)

BTA (a)

260 nm

> 0.9999

0.12

TTAA (b)

260 nm

> 0.9999

0.19

5HMF (1)

280 nm

> 0.9999

0.13

2FOL (2)

220 nm

> 0.9999

0.11

2FAL (3)

280 nm

> 0.9999
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decomposes at high temperatures and
from contact with water or oxygen. It
is then dissolved as furanic compounds
in the insulating oil. Hence, the
concentration of furanic compounds is
an indicator of degradation of electrical
equipment. ASTM D5837‑15 (2) specifies
an HPLC method for this analysis. This
article introduces optimization of the
methods described by ASTM and BS,
to offer simultaneous analysis of both
passivators and furanic compounds in
one assay (3). As both methods were
designed for a conventional HPLC system,
runtime is 30 min. By simple transfer to an
ultrahigh‑pressure liquid chromatography
(UHPLC) system, analysis time was reduced
to about 5 min (4).
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Method
Analysis of Standard Solution: Figure 1
shows the chemical structures of BTA,
TTAA, and five furanic compounds.
Standard solutions were prepared according
to ASTM D5837-15. Furanic compounds,
BTA, and TTAA were weighed individually,
dissolved in acetonitrile, and then diluted
with water. As there is no analytical
standard TTAA commercially available,
Irgamet 39 (manufactured by BASF) was
used instead, as noted in BS148:2009.
Figure 2 shows the HPLC chromatogram
of the standard solution. As the Irgamet 39
is a mixture of two TTAA isomers, it eluted
as two partly overlapping peaks. In this
analysis, in accordance with BS148:2009,
the combined value of peak areas of these
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two isomers was used for quantification.
Analytical Conditions of the HPLC
Analysis of BTA, TTAA, and Furanic
Compounds: System: i-Series (LC-2050)
(Shimadzu); column: Shim-pack VP-ODS
(250 mm × 4.6 mm, 5-µm) (Shimadzu);
flow rate: 1.0 mL/min; mobile phase:
A) water, B) acetonitrile; time program:
15%B (0 min)  45%B (10 min)  100%B
(20 min)  15%B (30 min); column
temperature: 40 ˚C; injection volume: 15 µL;
detection (PDA): λ = 220, 260, and
280 nm.
After it was demonstrated that the
passivators and furanic compounds
in insulating oil can be analyzed
simultaneously by optimizing the test
method for furanic compounds specified in
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the ASTM D5837-15, further time-saving
was investigated by method transfer to
UHPLC conditions.
Standard chromatograms of the UHPLC
analysis can be seen in Figure 3. Baseline
separation of the seven compounds of
interest was achieved in 1 min in a 5-min
gradient run. Analytical conditions were
adjusted for TTAA isomers to elute in
one peak.
Analytical Conditions of the UHPLC
Analysis of BTA, TTAA, and Furanic
Compounds: System: Nexera X3 UHPLC
(Shimadzu); column: Shim-pack XR-ODS III
(75 mm × 2.0 mm, 1.6-µm) (Shimadzu);
flow rate: 0.7 mL/min; mobile phase:
A) water, B) acetonitrile; time program:
20%B (0–0.3 min)  90%B (1 min) 
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Figure 4: Sample pretreatment protocol according to ASTM D5837-15.

Electrical insulating liquid 5 mL
Acetonitrile 1 mL
Mix using a vortex for 3 min
Centrifuge at 3000 rpm for 5 min
Dilute supernatant 200μL with water 800μL

Table 2: Recovery (%) and reproducibility (%RSD) (n = 3) of the extraction of BTA, TTAA, and
furanic compounds from white oil following ASTM D5837-15
Compound

Recovery (%)

Reproducibility (%RSD)

BTA (a)

89

0.85

TTAA (b)

86

0.84

5HMF (1)

98

0.78

2FOL (2)

102

0.71

2FAL (3)

99

1.2

2ACF (4)

99

0.85

5MEF (5)

97

1.4

HPLC (5 μL)
(%RSD ≤ 1.4) were achieved using the
described pretreatment method.
100%B (3 min)  20%B (5 min); column
temperature: 50 ˚C; injection volume:
5 µL; detection (PDA): λ = 220, 260, and
280 nm.

Results and Discussion
Linearity and Repeatability: Calibration
curves were prepared from standard
solutions within the concentration range
of 0.2, 1, 5, 10, and 20 mg/L for BTA
and TTAA, and in the range of 0.01,
0.05, 0.25, 0.50, and 1 mg/L for the
furanic compounds. Repeatability was
determined at the highest concentration
for each analyte. With r2 > 0.9999 and
%RSD ≤ 0.25% for all compounds
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under investigation, good linearity and
repeatability was proven. Detailed results
are listed in Table 1.
Sample Pretreatment and
Determination of Recovery: All
samples were pretreated following
ASTM D5837‑15, as shown in Figure 4. To
ensure good recovery using this method,
BTA, TTAA, and furanic compound
standards dissolved in toluene were
spiked into white oil and extracted
using the proposed protocol. The dilute
supernatant was analyzed by UHPLC. As
shown in Table 2, high recovery (≥ 86%
for passivators and ≥ 97% for furanic
compounds) and good reproducibility
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of all analytes of interest could be done
in one 5-min gradient assay using the
proposed conditions.

Conclusion
A fast and simple UHPLC method for
simultaneous analysis of passivators and
furanic compounds in insulating oil was
developed by optimizing the test method
for furanic compounds specified in ASTM
D5837-15. Even though ASTM D5837‑15
and BS148:2009 specify separate
analytical methods for quantification
of BTA, TTAA, and furanic compounds,
separation of the seven analytes from
each other and from impurities in
insulating oil could be readily achieved (1).
Method transfer to UHPLC conditions led
to additional time-saving. Quantification

11
28

McGregor
RAFA Event Preview

References
1.

British Standards Institute, BS 148:2009:
Reclaimed mineral insulating oil for transformers
and switchgear. Specification (Now replaced
by: BS 148:2020: Recycled mineral insulating oil
for transformers and switchgear. Specification),
https://www.en-standard.eu/bs-148-2020recycled-mineral-insulating-oil-for-transformersand-switchgear-specification/

2.

ASTM International, ASTM D5837-15: Standard
Test Method for Furanic Compounds in Electrical
Insulating Liquids by High-Performance Liquid
Chromatography (HPLC), https://www.astm.org/
d5837-15.html

14
30

Tripodi
The LCGC Blog

The Column

www.chromatographyonline.com

3. M. Hayashida, Shimadzu Corporation Application
News No. L576 (Shimadzu Corporation,
November 2020).
4. T. Yoshioka, Shimadzu Corporation Application
News No. L587 (Shimadzu Corporation,
December 2021).

Gesa Johanna Schad graduated with a
diploma in chemical engineering from
the Technical University NTA in Isny,
Germany, in 2004, and as a master of
science in pharmaceutical analysis from
the University of Strathclyde in Glasgow,

23

2
19

Trends in LC
Schad et al.

Schad et al.

UK, in 2005. She worked until 2006 as a
consultant in HPLC method development
and validation in an analytical laboratory
of the FAO/IAEA in Vienna, Austria. She
gained her doctorate for research in
pharmaceutical sciences at the University
of Strathclyde in 2010 and was employed
as an HPLC specialist in the R&D
department at Hichrom Ltd in Reading, UK,
from 2009. Since 2013, she has worked as
a HPLC product specialist and since 2015
as HPLC Product Manager in the analytical

8
24

News
Rising Stars

business unit of Shimadzu Europa in
Duisburg, Germany.
Takuya Yoshioka graduated with a diploma
in applied biology from Osaka University
in Osaka, Japan, in 2016 and a master’s
degree of Eng in bioengineering from the
Graduate School of Engineering, Osaka
University in Osaka in 2018. He has worked
as an HPLC product specialist in Shimadzu
Corporation in Kyoto, Japan, since 2018.
Momoka Hayashida graduated with a
diploma in biology from Ochanomizu

11
28

McGregor
RAFA Event Preview

University in Tokyo, Japan, in 2017 and
a master’s degree of life sciences from
Graduate School of Humanities and
Sciences, Ochanomizu University in Tokyo
in 2019. She has worked as an HPLC
product specialist in the Solutions Center
of Excellence of Shimadzu Corporation in
Kyoto since 2019.
E-mail: shimadzu@shimadzu.eu
Website: www.shimadzu.eu

14
30

Tripodi
The LCGC Blog

Rising Stars of
Separation Science:
Sara Carillo
This month we interview Sara Carillo, Bioanalytical Research Lead at NIBRT,
about her work developing new analytical approaches in biopharma, what
attracted her to this research, and the benefits of a multi-attribute method
(MAM) workflow in her work.
—Interview by Kate Jones

Designec/stock.adobe.com

Q. When did you first encounter
chromatography and what attracted
you to the subject?
A: Chromatography has been a fundamental
part of my research since my undergrad
research project, when I worked in the
Structure and Synthesis of Carbohydrates
Naples (SSCN) group at the University
“Federico II” in Naples, Italy, under the
supervision of Professor Antonio Molinaro.
The isolation of bioactive macromolecules of
bacterial origin, such as lipopolysaccharides,
biofilms, and polysaccharides, requires
extensive purification from very complex
matrices, such as cell lysates or bacteria
spent culture media. In this intricate mix
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of small and big molecules with different
features, preparative liquid chromatography
(LC) is the best weapon researchers have
to purify active compounds and then
proceed to their biological and structural
characterization.
Q. Can you tell us more about your
Ph.D. thesis?
A: For my Ph.D thesis I continued my work
in the SSCN group under the mentorship
of Professor Maria Michela Corsaro. I
worked on the structural characterization of
bioactive glyco-conjugates of bacterial origin,
mainly derived from extremophiles bacteria.
The knowledge of the adaptive mechanisms
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Sara Carillo completed her Ph.D. in chemical sciences in 2013 at the
University of Naples “Federico II” in Italy. Under the guidance of
Professor Corsaro, she focused on the structural characterization of
polysaccharides and glyco-conjugates from Gram-negative bacteria
via NMR and mass spectrometry techniques, focusing on the
immunological properties and potential of extremophiles endotoxins.
After a period at the University College of Dublin, in 2015 she joined
Jonathan Bones’s research group at NIBRT, working on the understanding of the
effects of extractables and leachables from single-use bioreactors on CHO cells
N-glycome and produced monoclonal antibodies. She is now working at NIBRT in
collaboration with Thermo Fisher Scientific as Bioanalytical Research Lead for the
development of new analytical approaches in biopharma.

of these bacteria is yet to be uncovered
and they constitute an endless reservoir of
bioactive compounds (1). From the bacteria
cell culture there is extensive work that is
needed to purify these compounds from
their matrices, and the approach needed
varies a lot depending on the nature of
the carbohydrates or lipids constituting the
macromolecules. Indeed, the length of lipids,
or the presence of deoxysugars and lately
the size of the molecule, may influence your
purification strategy. In general, the very
first purification steps based on liquid–liquid
extractions (LLE) are followed by a series of
preparative size-exclusion chromatography
(SEC) runs. The purified compound can be
intrinsically heterogeneous, often requiring
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further analytical-scale purification.
One very interesting technique I used
during my Ph.D. was high-performance
anion-exchange chromatography–pulsed
amperometric detection (HPAEC–PAD),
which allowed the separation of very
close and isobaric oligosaccharides. Every
step of the characterization of these
complex macromolecules was supported
by derivatized monosaccharides or lipids
analysis by gas chromatography–mass
spectrometry (GC–MS) and, more recently,
structural characterization by nuclear
magnetic resonance (NMR).
Q. What chromatographic techniques
have you worked with?
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A: During my research journey, I have
worked with large preparative-scale
purification based on SEC or ion-exchange
chromatography (IEC), with columns taller
than me, and columns thicker than my wrist!
GC has also been key in my research for
many years.
In the last seven years, I have moved
to biopharmaceutical analysis. In this
exponentially expanding field, the
chromatographic techniques required
are multiple and are mainly based on
LC. A plethora of stationary phases are
involved—often used to obtain orthogonal
analysis, such as SEC or IEC again, but also
hydrophobic interaction chromatography
(HIC), reversed phase, hydrophilic interaction
liquid chromatography (HILIC), affinity
chromatography—and they can vary from
preparative- to nanoscale.
Q. Your primary research focus is the
development of new analytical
approaches in biopharma—what
specifically attracted you to this area
of research?
A: The development of biopharmaceuticals
has not stopped for a single day in the
last decade and is actually accelerating. It
started with recombinant proteins such as
insulin and then monoclonal antibodies,
bispecifics, antibody-drug conjugates, new
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modalities such as gene therapy, and now
the explosion of mRNA-based vaccines
after the pandemic, which has paved the
way for this powerful modality for many
diseases. As a consequence, there is a huge
push coming from industry to develop new
analytical tools, as well as from vendors,
regulatory bodies, and academic research
groups like the Characterization and
Comparability Laboratory in NIBRT (Dublin,
Ireland) where I work under the supervision
of Professor Jonathan Bones. I cannot say
what attracted me initially, but I can say
what drives me every day in my job; there
is an amazing connection between all the
entities above, trying to solve real problems
that people in the biopharma industry
face in their work. Every day I witness the
practical application of our research for the
improvement of the production process
and quality control of these complex drugs,
and this is exciting. We know our work can
provide a concrete difference in making
drugs safer and more efficient through the
deeper knowledge we gain from analytical
tools such as liquid chromatography and
mass spectrometry (MS).
Q. You have recently published a
paper on a multi-attribute method
(MAM) workflow for the analysis of
biopharmaceuticals (2). Can you detail
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exactly what a MAM workflow is? Why
is this approach important and what
advantages does it offer over existing
techniques?
A: A MAM workflow is an analytical
approach initially developed for quality
control (QC) laboratories to strictly monitor
a large number of biopharmaceutical
features using a single analysis. The
workflow is based on peptide mapping
analysis performed through reversed-phase
chromatography and high-resolution mass
spectrometry. A MAM workflow can be
divided into two phases. The first phase is
a discovery phase that is based on LC–MS/
MS analysis of a reference standard to
build a library of components that need
to be monitored to ensure product quality
(these features are known as critical quality
attributes or CQAs); the library is based
on accurate mass and chromatographic
retention time of each component. When
the library is ready and implemented in
an automated processing method, a QC
laboratory can monitor all following samples
(batch release, stress studies) on the basis
of this processing method using LC–MS
analysis with full MS only acquisition, and
ensure CQAs are within the established and
accepted ranges. This second phase is called
the monitoring phase and is usually easier
to implement in a regulated environment
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compared with more complex MS/MS
techniques; it can provide a totally compliant
data acquisition and processing. A third
phase (called new peak detection) based
on a nontargeted search of the new data
compared with the reference sample is then
performed to highlight any new or missing
component that may indicate a potentially
critical deviation of the manufacturing
process. The approach promises to replace a
large number of assays while also providing
more detailed information compared with
methods based on UV or fluorescence
detection. Nevertheless, MAM can be used
for different scopes, such as monitoring
biopharmaceutical features during upstream
processing. In our recent paper (2), we
demonstrated the suitability of a MAM
approach for upstream monitoring, host-cell
protein analysis, and biosimilar comparisons.
Q. Are there any challenges involved
with using this approach?
A: The implementation of this workflow
has several challenges, mainly related
to the transferability of the workflow
across different instruments or different
laboratories, as well as challenges deriving
from different aspects of the software,
such as data integrity, compliance of the
whole workflow, and strategies to obtain
useful and relevant data from the new
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peak detection phase. Sample preparation
reproducibility can also be challenging,
and for this reason automation is often
part of the workflow. Challenges of a
different nature are present when MAM
is implemented in different steps of the
bioproduction, such as during upstream or
product development, where the availability
of sample may be lower and the dynamic
range of the CQAs to be monitored higher.
Q. What advice would you offer to
anyone thinking of using a MAM
workflow for the first time?
A: MAM is a complex workflow, but it has
the power to be based on a simple approach,
such as peptide mapping. Robustness of the
sample preparation and LC separation play
the most critical part, together with a deep
knowledge of the product. Those aspects
are surely the first that need to be addressed
by anyone approaching a MAM workflow.
Beyond that, the development of user-friendly
mass spectrometers and software solutions
is a key challenge for vendors and big steps
have been made recently to support the
implementation of MAM in every
QC environment.
Q. Another of your recent papers
discusses the use of microchip-based
capillary electrophoresis for native
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mass spectrometry (MS) analysis
of biopharmaceuticals (3). What is
novel about this research and what
advantages does it offer the analyst?
A: Native MS of intact proteins plays
a critical role in the characterization of
biopharmaceuticals, as it has the potential
to uncover and monitor some attributes
only visible at the intact level. A good
example of this is the presence of protein
fragments derived from degradation of
monoclonal antibodies (mAbs). In addition,
some of the newer modalities based on
mAb scaffolds require the preservation
of the intact structure of the protein in
order to obtain critical information, such
as drug‑antibody ratio in the case of
cysteine‑linked antibody-drug conjugates,
or to monitor the right assembly in the
production and development of bispecific
antibodies. All of these examples explain
the increased use of native MS analysis that
needs to be aided as much as possible by
proteoform separation before MS detection
to simplify the characterization. Although
LC-based methods are reliable and offer an
increasing number of solutions, we found
microchip‑based capillary electrophoresis
(CE) to be almost unique in the depth of
information returned—plus the dynamic
range of the analysis is incredible. The
separation obtained using CE is based
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on charge variants separation, which,
combined with the nanoflow used
to introduce the sample in the mass
spectrometer, increases the amount of
proteoforms that can be detected (3).
We observed this difference on several
molecules; in our lab any new molecule is
first analyzed with this technique to get an
overall deeper knowledge of its features
before proceeding with further analysis.

Rising Stars

in the analytical tools available for this
class, and this will surely bring a deeper
knowledge of this new technology and its
production process.
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Rising Stars of Separation Science
The Column will be running a
series of interviews in 2022,
featuring the next generation of
separation scientists. If you would
like to nominate a “rising star”
for consideration, please send
the name of the candidate and
why they deserve recognition to
Alasdair Matheson, Editor‑in‑Chief,
LCGC Europe and The Column at
amatheson@mjhlifesciences.com
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RAFA 2022
Event Preview
The 10th International Symposium on Recent Advances in Food Analysis
(RAFA 2022) will take place 6–9 September 2022. Read on to find out what
attendees can look forward to.

Yasonya/stock.adobe.com

The 10th International Symposium on
Recent Advances in Food Analysis (RAFA
2022) will take place in Prague, Czech
Republic, on 6–9 September 2022.
The RAFA organizers, the University of
Chemistry and Technology, Prague (UCT
Prague, Czech Republic), and Wageningen
Food Safety Research (WFSR), part of
Wageningen University & Research (The
Netherlands), would like to invite food
scientists from academia, together with
representatives of industry, national and
international agencies, control authorities,
and governmental and commercial
laboratories to attend this event.
The RAFA 2022 symposium will provide an
overview of contemporary trends in analytical
and bioanalytical strategies in food quality
and safety control, and will discuss challenges
and novel approaches in food and natural
products analysis, including: multi-omics
in food analysis; food fraud; forensics and
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authenticity; organic crops and foodstuffs;
bioactivity determination and identification;
micro- and nano‑plastics in food; portable
on-site food analysis; QA/QC, chemometrics,
and big data handling; mycotoxins, marine,
and plant toxins in a changing climate;
process-induced contaminants; pesticide and
veterinary drug residues; food legislation
and food control; human biomonitoring
and exposure assessment; healthy nutrients
& vitamins; environmental contaminants;
emerging alternative proteins; allergens and
other issues; metals, metalloids, and speciation;
cannabinoids in food and supplements; and
flavours in food engineering.

Workshops, Seminars, Tutorials,
Vendor Seminars, and Exhibition
The conference programme will be
accompanied by several satellite events
on novel analytical strategies, including
workshops on vibrational spectroscopy
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and chemometrics, and the analysis of
contaminants and migrants in circular food
production. Other sessions will include
tutorials on data quality and smart data
handling in food analysis. An interactive
seminar will discuss step-by-step strategies
for the fast development of smart analytical
methods. Furthermore, the EU Reference
Laboratories Colloquium are holding a
workshop on the experiences, achievements,
and challenges addressed by EU reference
laboratories.
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Vendor seminars and exhibition will be
organized by leading companies to introduce
recent instrumentation and analytical
strategies for advanced food quality and
safety control.

Opportunities for Young Scientists
As always, RAFA will offer a platform for
young scientists to present their scientific
work, with 20% of the contributed oral
presentations typically assigned to the
next generation. There are opportunities
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to take advantage of the RAFA 2022
“Student Travel Grants”, and the best poster
presentation(s) by a young scientist(s) will be
rewarded with the prestigious RAFA Poster
Award and sponsored poster award(s).
In summary, RAFA 2022 offers a
high-quality scientific programme, with
top-quality presentations, stimulating
discussions, a series of satellite events,
state-of-the-art exhibition, and an attractive
social programme. The RAFA 2022
programme will be tailored to provide a lot
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of opportunities for networking, as well as
exploration of the latest results from the
food analysis community. More details can
be found on the RAFA 2022 website at
www.rafa2022.eu
Prof. Jana Hajslova,
Prof. Michel Nielen, and
Dr. Stefan van Leeuwen,
RAFA 2022 chairs
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The LCGC Blog: Sample
Preparation by Electric
Field-Assisted Extraction
Han Chen and Robbyn K. Anand, Iowa State University, Iowa, USA

Extraction-based sample preparation has been recognized as a significant
step in separation science. To facilitate the extraction with better
resolution, higher sensitivity, and lower detection limit, some new
assistant approaches have been introduced, including electric field.
Extraction-based sample preparation has
been recognized as a significant step in
separation science. To improve the sensitivity
and selectivity of the extraction, some
new approaches have been introduced,
including those that employ an electric
field. These electric field-assisted extraction
methods create another dimension for
sample preparation, and are compatible with
miniaturized, portable, and multifunctional
analytical platforms.
korkeng/stock.adobe.com

Significance of Extraction in Liquid
Chromatography (LC) and Gas
Chromatography (GC) Applications
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origin occur in complex matrices, which
complicates their separation and detection.
For this reason, sample preparation methods
such as extraction are a crucial step prior
to chromatographic analysis. The goals
of sample preparation technologies are
purification and pre-enrichment of target
analytes to be separated and then detected
by the instrument. Purification reduces
the concentration of interfering matrix
substances, which affects separation and
measurement through a decrease in sensitivity
and a significant increase in maintenance, loss
in chromatographic efficiency, and distortion
of peak shape. In addition, high‑abundance
species might overwhelm the column; for
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example, albumin in blood may interfere in
this way when evaluating lower‑abundance
protein biomarkers (1). Extraction
accomplishes purification and pre-enrichment
by partition of the analyte into or onto an
extraction phase.

Advantages of Electrical Driving
Force as an Auxiliary Energy in
Extractions
Advances in extraction seek to improve
selectivity and to boost pre-enrichment of the
analyte through its increased mass transport
to and uptake into or onto the extraction
phase. For systems in which analytes or
interferents are charged, integration of electric
fields normal to the phase boundary can be
leveraged to improve these features of the
extraction. Electric fields can be generated
and modulated by a simple pair of electrodes,
and are by nature a green, cost-effective,
and user-friendly addition to an extraction
protocol. For this reason, the use of electric
fields in extraction is an important modern
trend in analytical chemistry. While many
electric field-assisted separation techniques
have been developed and studied in depth,
such as electrodialysis, gel electrophoresis,
capillary electrophoresis (CE), and capillary
electrochromatography (CEC), the use
of electric fields in extraction is still an
underdeveloped area.
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In the context of extraction, there are
three areas where an applied voltage can
be employed. Electric fields can be used to
drive 1) more rapid mass transport of charged
analytes to the extraction phase, and 2)
partition of a species with a certain charge to
increase selectivity of the extraction. Further,
electrosynthesis can be utilized to synthesize
and prepare membranes and solid-phase
sorbents for extraction. It is notable that use
of an electric field to perform any of these
three functions can be readily implemented in
microfluidic devices to create highly integrated
analytical platforms.

Fundamentals of Electric
Field‑Assisted Extraction
The impact of electric fields can be
understood as a means to perturb
equilibrium distributions of ions to favour
the desired extraction. The introduction of
potential gradients within each phase and
at the extraction phase boundary leads to
differences in electrochemical potential
( μ–αi ) that drive electromigration and
partition. The electrochemical potential
of species i in phase α (taken here to be
the sample phase) is given by its standard
chemical potential ( μ0,α
) adjusted for its
i
activity ( α iα ) and the interaction of its charge
( z i ) with the potential of the phase ( φα )
as follows:
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μ =μ + RTlna + z iFφ
–α
i

α
i

0,α
i

α

[1]

Here, R, T, and F are the universal gas
constant, temperature, and Faraday’s
constant, respectively. From this expression
of electrochemical potential, the fundamental
equations describing mass transport and
the distribution of chemical species across a
phase boundary can be derived.
0,α
A spatial gradient in electrochemical
potential ( dμ–αi /dx ) drives the flux of species
i against that gradient. For example, an
anionic0,αspecies positioned along a gradient of
increasing (positive) potential with distance
( dφ α/dx > 0) will electromigrate in the
dμ i /dx This outcome can be
positive x-direction.
accomplished practically by application
of a positive potential to the extraction
phase versus the sample phase to favour
electromigration of the analyte to the
interface. The Nernst-Planck equation
describes flux of species i by diffusion,
migration, and convection. In the absence of
convection or concentration gradients, flux
due to migration ( J m,i ) is dominant and is given
in one dimension by the following expression:

J m,i =

–zi F
RT

D iC i

�φ(x)
�x

[2]

This means that for a charged species, its
flux due to migration is proportional to the
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magnitude of its charge ( z i ) its concentration,
and the electric field strength at location x.
Similarly, electrochemical potential can be
used to describe the equilibrium condition for
the partition of0,αspecies i between two phases
α and β (the extraction phase) through the
equality, μ–αi = μ–βi . If a potential
difference is
0,α
applied to the extraction phase to perturb this
equilibrium such that μ–αi > μ–βi , then species
i will partition into the extraction phase (β),
thereby increasing its activity
in that phase
0,α
β
α i , until the inequality is resolved. The
partition coefficient, K = C iβ/C iα , is likewise
increased. For example, application of a
positive potential to an extraction phase
relative to the sample phase favours
extraction of an anionic analyte.
The following expression describes the
relative distribution of an ion between two
phases as a function of potential:

E=E +
0

RT
z iF

ln

β
Ci
α
C
i

[3]

�x

Combining and rearranging these equations
gives:

ln K =

z iF

RT

(E – E 0),

[4]

where E is the equilibrium ion transfer
potential (the Galvani potential difference
between the phases), E0 is the standard
potential difference of transfer that is related
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Figure 1: Two examples of electric field-assisted extraction: (a) electrochemical liquid membrane
microextraction (ELMME), which is based on a three-phase system consisting of a solid support,
an organic liquid, and an aqueous phase; and (b) bead-driven ion concentration polarization
(ICP)‑driven extraction.
Outlet
Sample inlet

Bead inlets
V3

V1

Hollow
fibre
Donor
phase

V2

Conductive
beads

Enriched plug of DNA

Acceptor
phase
Bioconjugated
beads

(a)

(b)
Oligoprobe-modified bead
hybridized to target

to the standard Gibbs energy of transfer.
This equation clearly shows the relationship
between the applied potential difference
across a phase boundary and the ion
distribution between
the two phases. Note
0,α
that at standard temperature, the ratio of
concentrations
K =( C iβ/C iα ) for a singly charged
cation increases 10-fold for every 59 mV
shift in potential. In this way, the distribution
of ions can be easily manipulated by
changing the applied electric potential,
and thus, the extraction process can
be controlled.
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Promising Directions in Electric FieldAssisted Extraction
Using an electric field in extraction has several
advantages, such as improved selectivity for
transfer of ionized species, efficient matrix
clean-up, and modulation of the sample
preparation process for potentially exhaustive
extraction of target species. Electric fields
have been employed in both solid-phase
and liquid–liquid extractions. An overview of
several techniques is provided here.
Electric-field-driven liquid-phase
microextraction (LPME) has been seen as a

8
24

News
Rising Stars

viable option for expedient supported liquid
membrane (SLM) extraction of ionizable or
polar species.
As shown in Figure 1(a), electrochemical
liquid membrane microextraction (ELMME)
is an integrated sample preparation strategy
based on a three-phase system consisting
of a solid support, an organic liquid, and
an aqueous phase. During the process, the
target analyte undergoes an electrochemical
reaction that changes its redox states,
making it have higher affinity for the organic
phase. After extraction, the extracted species
near the electrode surface can be directly
determined through an electrochemical
method (2). This technique has been shown
to enable concentrations as low as 1 nM of
bromide to be determined by measuring the
reduction current of extracted bromine via
cyclic voltammetry. It has excellent enrichment
performance, simplicity, stability, low cost,
and low consumption of organic solvents.
Interface between two immiscible
electrolyte solutions (ITIES) is another
electrically driven technique for sample
preparation (3) and electrochemical detection
(4). The electrochemical basis of ITIES is that
the ions are dissolved in each electrolyte
solution and then transferred across the
interface at a potential corresponding to their
Gibbs free energies of transfer. If the applied
potential is scanned, as in cyclic voltammetry,
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a plot of ion current (corresponding to the
transfer rate) versus potential results, and
each ion yields a wave at a position and
height related to its transfer thermodynamics
and concentration, respectively. This
method has been used for quantitative
detection of a series of model redox-inactive
tetraalkylammonium cations, and for
identification of the transient adsorption of
these cations at the interface during the ion
transfer process. One of the clear benefits
of ITIES is efficient extraction in a short time
and at very low voltages, which is significant
for the analytes prone to electrochemical
degradation. Recently, this method has
been utilized for quantitative and qualitative
detection of neurotransmitters such as
acetylcholine. While ITIES has not been
integrated with chromatographic methods,
its ability to simultaneously manipulate the
extraction of, identify, and quantify analytes
would make it a tunable and information-rich
sample preparation approach.
Several promising applications of
electrically enhanced solid-phase extraction
(SPE) techniques have been developed.
These include electrochemical synthesis of
solid‑phase sorbents and electric field-driven
enhancement of extraction efficiency. In
sorbent synthesis, electrochemical methods
enable tailoring of several key factors
including thickness, conductivity, oxidation
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state, and morphology of a sorbent coating.
Recently, a new trend of using heterocyclic
compound functionalized ionic liquid polymer
films has developed (5,6), and the thickness
of these polymer films are tunable by using
chronoamperometry.
Electric fields have been employed to
enhance solid-based extraction by either direct
manipulation of extraction or by migration of
charged species to the interface during the
extraction phase or away from the interface
during the elution stage. Compared to
traditional SPE, electric field-enhanced extraction
provides a new dimension to separation art,
making it more versatile and dynamic.
Techniques that employ nonlinear (graded)
electric fields for electrokinetic extraction
are less developed and have the potential to
access new classes of analytes and to more
dramatically enhance extraction efficiency.
These techniques include dielectrophoresis
(DEP), for manipulation of polarizable particles
(including those lacking a net charge), and
electric field gradient focusing (EFGF) methods.
Most prevalently, these electrokinetic methods
have been integrated with biological analysis.
For example, DEP has been used to selectively
accumulate proteins, organelles, viral capsids,
and biological cells, among others.
An electric field gradient can be formed by
many approaches including direct manipulation
of potential through electrode arrays, tapered
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channel geometries, or by spatial variation in
electrolyte concentration. Ion concentration
polarization (ICP) accomplishes enrichment
and depletion of electrolyte ions at opposite
ends of an ion permselective junction
connecting two microchannels. A voltage
bias applied across the ion depletion zone
(IDZ) will yield, at the IDZ boundary, a steep
electric field gradient that can be leveraged
for counter‑flow focusing of ionic analytes.
Generally, ICP-enhanced microextraction
is accomplished by accumulation of target
analytes into focused plug and extraction of
the focused plug into a separate phase (7).
For example, ICP-based focusing followed
by encapsulation of the analyte into droplets
was reported to yield 103-fold enrichment
(8). Recently, by using an out-of-plane 3D
electrode to drive faradaic ICP as shown
in Figure 1(b), two limitations of traditional
ICP—a loss of efficiency from leaking of the
analyte around the IDZ and unwanted mixing
from electroconvection—have been addressed
(9). Notably, in this method, the analyte is
focused within a packed bed of microbeads,
which provides a solid support for extraction.

potential to integrate separation and detection.
These methods are broadly applicable to
biological, environmental, and pharmaceutical
samples. These advantages warrant further
investigation into scaling and commercialization
of these methods and development of
new nonlinear electrokinetic techniques for
enrichment of polarizable particles and charged
analytes prior to extraction.
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Training & Events

Training Courses
GC
GC Introduction
Website: www.chromacademy.
com/channels/gc-training-courses/
principles/gc-introduction
GC Troubleshooter
Website: www.chromacademy.
com/channels/gc-training-courses/
troubleshooting/gc-troubleshooter
Operating and Understanding GC
Website: www.crawfordscientific.
com/training-consultancy/gc-training/
gc-fundamentals
GC Headspace
Website: www.crawfordscientific.
com/training-consultancy/gc-training/
gc-headspace
Applied Interpretation of GC–MS
Mass Spectra
20–22 July 2022
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Online—virtual
Website: www.anthias.co.uk/trainingcourses/interpretation-mass-spectragcms
HPLC/LC–MS
Understanding HPLC
Website: www.crawfordscientific.com/
training-consultancy/hplc-training/hplcfundamentals
HPLC Troubleshooter
Website: www.chromacademy.
com/channels/hplc-training-courses/
troubleshooting/hplc-troubleshooter
Fundamentals of LC–MS
Website: www.chromacademy.com/
channels/lc-ms/principles/fundamentalsof-lc-ms-video-training-course
LC–MS Introduction
Onsite training
Website: www.chromacademy.
com/channels/lc-ms/principles/lc-msintroduction
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How to Develop HPLC Methods
22–23 September 2022
Online—virtual
Website: https://
mournetrainingservices.com/develophplc-course/
Hands-On Complete HPLC and
LC–MS
14–18 November 2022
Providion Ltd, Oldham, UK
Website: www.anthias.co.uk/trainingcourses/hands-on-complete-LC-LCMS

Website: www.chromacademy.
com/channels/infrared/principles/
introduction-to-infrared-spectroscopy
Absolute Basics of Ion
Chromatography
27 July 2022
Online—virtual
Website: www.anthias.co.uk/
training-courses/basics-ionchromatography

SAMPLE PREPARATION
Fundamentals of Solid-Phase
Extraction (SPE) Mechanisms
Online training
Website: www.chromacademy.com/
channels/sample-preparation/technique/
fundamentals-of-spe-mechanisms
MISCELLANEOUS
Introduction to Infrared (IR)
Spectroscopy
Online webcast from CHROMacademy
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Please send your event and training
course information to Kate Jones
kjones@mjhlifesciences.com
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Event News
22–26 August 2022
ACHEMA 2022
Frankfurt, Germany
E-mail: exhibition@dechema.de
Website: www.achema.de

6–9 September 2022
The 10th International Symposium on Recent Advances in Food Analysis (RAFA 2022)
Prague, Czech Republic
E-mail: RAFA2022@vscht.cz
Website: www.rafa2022.eu

13–15 September 2022
Summer School: Automation and Miniaturization in Sample Preparation
Charles University, Faculty of Pharmacy, Hradec Králové, Czech Republic
E-mail: sampleprep22@faf.cuni.cz
Website: www.faf.cuni.cz/SamplePrep2022/

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