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Microfluidic Lab-on-
a-Chip Devices for 
Analytical Chemistry
Microfluidic lab-on-a-chip devices offer new solutions for analytical scientists. The 
Column spoke to Dietlev Belder from the University of Leipzig, Germany, about the 
latest developments in this evolving area of research.

—Interview by Alasdair Matheson

A: Yes, I think so, but it depends on the 
application. When chromatographic analysis is 
seen as part of a larger system, for example, 
in process analysis, lab-on-a-chip technology 
makes a lot of sense because of the potential 
for seamless system integration of the 
different elements.
 
Q. You recently coupled chip-high 
performance liquid chromatography 
(HPLC) to high-resolution ion mobility 
spectrometry (HR-IMS) (1). What are the 
advantages of this technique?
A: Coupling chip-HPLC with HR-IMS kills 
two birds with one stone. On the one hand, 
IMS is an ideal compact detector for chip-
HPLC, and on the other hand, chip-HPLC 
increases the resolution of IMS. The coupling 

Q. When did you start developing and 
applying microfluidic lab-on-a-chip devices 
for analytical chemistry applications?
A: I started this research about 20 years ago 
when I was head of the Chromatography 
Department at the Max-Planck-Institute in 
Mülheim an der Ruhr, Germany. I was carried 
away by the “gold-rush” atmosphere in lab-
on-a-chip technology research. Everything 
seemed to be possible back then. Andreas 
Manz, from the Korea Institute of Science and 
Technology (KIST) in Saarbrücken, Germany, 
presented inspiring talks at conferences on 
this topic, in those early days.

Q. Is lab-on-a-chip technology likely to 
become an important research area for 
chromatographers?
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of two high-speed separation methods with 
orthogonal selectivity means two-dimensional 
separations are achievable in just a few 
seconds.

In a recent publication we extended the 
concept to two dimensional HPLC with two 
columns on one chip device, utilising deep-UV 
fluorescence detection and mass spectrometry 
(MS) simultaneously, and applied it in a proof 
of concept study to a protein digest (2).

Q. What is novel about your approach?
A: Chip-based HPLC shows excellent 
separation performance but the detection 
is challenging if it is not combined with 
huge and expensive mass spectrometers. 
On the other hand, IMS has only moderate 
separation performance but enables highly 
sensitive detection of gas phase ions while 
the instrumental effort is low. To put it simply, 
IMS is a perfect compact detector for gas 
phase ions with significant weaknesses in 
resolving power, while liquid phase separation 
devices show excellent chromatographic 
resolution but appropriate, compact, and 
powerful detector technology is missing.

Q. What were the main challenges 
you encountered in developing this 
technique? 
A: A major challenge was the requirement 
to use high spray potentials of more than 

10 kV at the emitter tip of the chip. This was 
necessary to transfer the ions to the interface 
of the electrospray IMS system, which operates 
at an increased potential of 10 kV. This made 
a redesign of the IMS system necessary. This 
was skilfully implemented by our cooperation 
partner, Stefan Zimmermann from the 
University of Hannover, Germany – one of the 
leading experts in IMS. At his Chair of Electrical 
Engineering, the first IMS system with inverted 
polarity was developed within the framework 
of this Deutsche Forschungsgemeinschaft- 
(DFG-) funded joint project. 
 
Q. What practical applications are being 
explored?
A: This technology makes portable analysis 
devices possible where complex samples 
can be analyzed on-site, as well as real 
time monitoring of fast chemical processes. 
Innovative applications include on-chip 
integration of normal phase HPLC and 
droplet microfluidics to introduce ethylene 
glycol as a polar continuous phase for the 
compartmentilization of n-heptane eluents 
(3); an integrated lab-on-a-chip approach 
to study heterogeneous enantioselective 
catalysts at the microscale level (4); and the 
on-chip integration of organic syntheses 
and HPLC–MS to monitor stereoselective 
transformations at the micro-scale level (5). We 
have also combined high-pressure chip-HPLC 
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with droplet microfluidics on an integrated 
microfluidic glass chip that can be hyphenated 
to MS (6). This is a missing link between two 
popular microfluidic technologies. It allows, for 
example, the on-chip compartmentalization of 
a chromatographic run, similar to the fraction 
collector in classical HPLC. It also enables 
the on-chip implementation of post-column 
processes such as derivatization.

Q. What are the advantages of using 
temperature gradients and superheated 
eluents in chip-HPLC applications?
A: Temperature gradients are an interesting 
alternative to solvent gradients. This is very 
feasible with chip systems because of the low 
thermal mass, whereas exact solvent gradients 
are difficult to achieve because of the small 
volumes. If temperature gradients are used 
instead of solvent gradients, gradient elution is 
possible with purely aqueous systems. This is not 
only very ecological and economical but also very 
interesting for coupling HPLC with IR-MS, where 
eluents containing carbon have to be avoided (7).

Q. Can you offer advice to anyone 
thinking of incorporating chip-HPLC into 
their research? What are the potential 
pitfalls to watch out for?
A: When we started with chip-HPLC, the 
connection technology proved to be the 
biggest problem. Solving that took some time, 

but then development progressed quickly. 
Chips that are stable under high pressure 
are also very important. We have very good 
experience with chips made of glass and 
fused silica, which have the great advantage 
that you can view inside, which chemists love. 
We can monitor the packing process, inspect 
the packing/quality, and we can also detect 
compounds by fluoresce or absorbance.

Q. Regarding your research into 
microchip-based supercritical fluid 
chromatography (SFC), what are your 
next steps?
A: This is actually a very challenging field of 
research. I dream of an SFC chip that uses 
a flame ionization detector (FID) or electron 
ionization (EI)–MS detector to perform chiral 
separation in the blink of an eye. It’s a 
far-reaching vision but we have started 
research in this area (8,9).

Q. Are you involved in any other 
projects that you think will advance the 
applicability of chip-HPLC?
A: In the DFG-funded collaborative research 
unit, In-Chem, we are working on the 
integration of chemical synthesis and analysis 
on one chip. Here we integrate flow-through 
reactors with chiral HPLC to monitor chemical 
processes in real time, to develop new 
enantioselective catalysts (10,11).
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Detlev Belder is a full professor of 
analytical chemistry at Leipzig University. 

He earned his Ph.D. in chemistry in 1994 
at the University of Marburg, Germany.

From 1995 to 2006, he headed the 
Department of Separation Science at the 
Max-Planck-Institut für Kohlenforschung, 
Germany.

In 2006 he was appointed a professor 
of analytical chemistry at the University 
of Regensburg. In 2007 he accepted the 
offer as a chair of Analytical Chemistry 
at Leipzig University, Germany.

Belder’s research is focused on lab-
on-a-chip technology as an enabling 
science in chemistry. In the Belder 
laboratories at the University of 
Leipzig, a broad field of research and 
application of lab-on-a-chip technology 
is performed. The Belder Group is 
known for miniaturized separation 
techniques, such as chip electrophoresis 
and chip HPLC. The Belder laboratory 
also works on detection techniques such 
as the coupling of microfluidic chips 
with mass spectrometry or ion mobility 
spectrometry, as well as on optical 
techniques, including fluorescence and 
Raman microscopy, and combining 
reactors and analysis units on one chip.

E-mail: belder@uni-leipzig.de
Website: www.uni-leipzig.de/en
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Agilent Award LabCentral Golden Ticket to Trilogy 
Sciences
Agilent Technologies Inc. has announced that biotech start-up 
Trilogy Sciences has been awarded an Agilent Golden Ticket at 
LabCentral, a leading biotech innovation hub based in Cambridge, 
Massachusetts, USA. LabCentral is a shared laboratory space 
designed as a launchpad for high-potential life sciences and 
biotech start-ups. The Golden Ticket provides funding for one lab 
bench space for a year.

“As part of Agilent and LabCentral’s shared commitment 
to advancing health sciences and early-stage biotechnology 
companies, we are thrilled to provide Trilogy with an Agilent 
Golden Ticket,” said Darlene Solomon, senior vice president and 
chief technology officer, Agilent Technologies.

Trilogy Sciences’ mission is to develop therapeutics for 
untreatable diseases by applying cutting-edge chemical biology, 
including new methodologies to rapidly synthesize and screen for 
hyper-effective drugs to combat recurrent breast, brain, and lung 
cancers.

Agilent is a platinum sponsor of LabCentral and has equipped 
the shared laboratory workspace with a variety of Agilent’s 
technologies, including a high-resolution mass spectrometry 
system, and a cell analysis extracellular flux (XF) analyzer. The 
sponsorship includes the Golden Ticket, which represents one year 
of bench space for a scientist, including the benefit of LabCentral’s 
shared infrastructure and services.

For more information please visit: www.agilent.com

Detecting Equine Antipsychotic 
Drug Abuse
Researchers from The Hong Kong Jockey Club, Sha Tin Racecourse, Hong Kong, China, have developed a comprehensive 
screening method for the detection of antipsychotics in horses, using liquid chromatography tandem mass spectrometry 
(LC–MS/MS) (1).

Antipsychotics are typically used to treat psychotic symptoms in disorders such as schizophrenia or bipolar. However, 
antipsychotics are also classified as neuroleptics or major tranquilizers, which reduce agitation and result in a calming 
effect. This gives them a high potential for abuse in equine sports where calming the animal athletes can result in improved 
performance. For example, prothipendyl, an azaphenothiazine neuroleptic, was suspected to have been administered 
illegally at low doses to race-horses to improve their performance (2), and in a high profile case from 2004 the antipsychotic 
drugs fluphenazine and zuclopenthixol were found in the urine and blood samples collected from Waterford Crystal, the 
horse ridden by Olympic showjumping gold medalist Cian O’Connor in 2004 (3). Therefore, antipsychotics have a long 
history of abuse in equine sports and effective screening is critical to maintain parity in competitive sports.

Antipsychotic drug usage in humans has risen in recent decades with numerous detection methodologies filling the 
analytical need to monitor these drugs, however, there are limited publications on the detection of these drugs in equine 
biological samples, with most being single target methods. Researchers consequently aimed to develop a new method that 
could simultaneously detect 58 antipsychotics, 19 antidepressants, along with two antihypertensives, an anaesthetic, and a 
decongestant in equine plasma at sub-parts-per-billion (ppb) to low-ppb levels after solid-phase extraction (SPE).

The resulting method showed sufficient sensitivity and robustness for regular qualitative screening. The method is 
capable of simultaneously detecting 81 antipsychotics, antidepressants, and other prohibited substances in horse plasma. 
The applicability of the method was demonstrated by analysing two equine plasma samples reported to contain the drugs 
reserpine and lidocaine. In combination with the authors’ previous publication using SPE and high resolution accurate mass 
screening (HRAMS) to detect over 320 other drug targets in equine plasma (4), these two methods are capable of screening 
over 400 drug targets from one SPE procedure.—L.B.
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News In Brief
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•  The LCGC Blog: Troubleshooting Gas Chromatography Part II – Reduced Peak Size (Loss 
of Sensitivity)—Analysts are frequently asked about issues with reduced peak size in gas 
chromatography (GC), and I’m guessing this is related to just how difficult this problem is to 
troubleshoot. There are so many potential causes that an inexperienced GC user may not know 
where to begin the troubleshooting process. Fear not. What follows is our logical guide to locating 
and fixing the issues with loss of sensitivity, and we’ve tried to cover as many of the instrument and 
application issues that we can think of. Read Here>>

•   Glycosylation Analysis Through Released N-Glycan Workflows—Post-translational modifications 
are potential critical quality attributes (pCQAs) routinely assessed in biotherapeutic development. 
Glycosylation is one of the most important attributes to assess because it affects protein function as 
well as antigen receptor binding. This article demonstrates the method development considerations 
for sample preparation and chromatographic analysis of N-glycans of therapeutic mAbs.  
Read Here>>

•    Liquid Chromatography at Room Temperature: When Should the Column Temperature 
Be Specified in a Method?—In reversed-phase liquid chromatography, increasing the column 
temperature usually results in a decrease in analyte retention. Will this cause problems if a method 
does not call for control of the column temperature but the room temperature of the laboratory 
environment changes? Read Here>>

•    Advances in UHPLC/HPLC—A special supplement from LCGC Europe revealing innovative 
developments in high performance liquid chromatography (HPLC) and ultrahigh-pressure liquid 
chromatography (UHPLC). Read Here>>

•    Investigating Contamination in Biocompatible LC Systems—Biocompatible liquid chromatography 
(LC) systems are generally regarded to be chemically more inert than conventional high-performance 
LC (HPLC) systems. However, a study into the chromatographic behaviour of some classes of 
compounds analysed on these iron-free HPLC systems revealed issues typically associated with metal 
contamination. Read Here>>

Peaks of the Month

Like us  Join us  Follow Us 

Analytica Vietnam 2021 will open its doors 
between 14–16 April, 2021 at the Saigon 
Exhibition and Convention Center in Ho Chi 
Minh City. The trade fair is a spin-off of the 
Analytica trade fair based in Munich, which is 
scheduled to go ahead in October following 
the postponement of the event because of the 
COVID-19 pandemic. Since its launch in 2009, 
analytica Vietnam has developed into one of 
the most important platforms for the analytica 
industry in Southeast Asia, with an extensive 
conference and supporting programme taking 
place. For more information on this event, 
please visit: www.analyticavietnam.com

Sandia National Laboratories, Albuquerque, New 
Mexico, USA, has helped local distillery Wayward 
Sons Craft-Distillery in Santa Fe, New Mexico, 
reconfigure its operations to produce a hand 
sanitizer they named Elbow Bump, and worked 
with Sandia to test and confirm that it meets 
standards set by the World Health Organization 
and the U.S. Food and Drug Administration.
The product will address the increased demand 
in the wake of the COVID-19 pandemic.
Sandia scientists provided technical consulting 
and analysed the product using gas 
chromatography to ensure the final product 
contained the correct percentages of alcohol for 
an effective sanitizer. Substantial donations of 
Elbow Bump have already been made to food 
banks, shelters, and medical organizations, with 
more planned.
 For more about this story, please visit:  
  www.sandia.gov

Advances in 
UHPLC/HPLC

AN LCGC EUROPE SUPPLEMENT

May 2020  |  Volume 33 Number s5
www.chromatographyonline.com
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The LCGC Blog: Silica for 
HPLC Stationary Phases 
– A Five Minute Guide

The nature of surface silanol groups is very important to determine the 
selectivity of a stationary phase. This article illustrates what analysts should 
be looking at on the silanol surface to asess the separation mechanism.

Tony Taylor, CHROMacademy and Crawford Scientific, Strathaven, Scotland, UK

correlation between available surface area 
of the packed bed and column efficiency (or 
plate count, which governs the width per unit 
time of each chromatographic peak). Most 
modern HPLC packing materials of 5-mm 
particle diameter or lower will have a surface 
area of between 150 and 400 m²/g. Just for 
comparison purposes, the surface area of 
an average tennis court is around 260 m², 
while a 100 mm × 4.6 mm HPLC column will 
contain around 1g of silica and will therefore 
have a surface area somewhere between 
half and double the size of the tennis court! 
However, surface area alone is not a good 
measure of column retentivity, which will also 
depend upon the pore volume of the silica 
used. Manufacturers may use measurements 
of surface area versus pore volume to assess 

Most high performance liquid chromatography 
(HPLC) columns are packed with silica onto 
which some form of hydrophobic ligand is 
bonded. These columns form the vast majority 
of those used for modern reversed-phase HPLC.

The chemical and physical characteristics 
of the silica may, in some instances, have 
just as big an impact on the selectivity of the 
separation as the bonded phase ligand, and 
we need to be aware of the effect of the silica 
stationary-phase support on our separations 
and what to do when things are not going as 
we might expect. 

Surface Area and Pore Volume
HPLC separations require a large surface area 
of hydrophobic material to act as the stationary 
phase for the separation, and there is a direct 
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the true retentivity of the phase, which will 
be further adjusted to take into consideration 
the carbon loading (%C), a measure of the 
amount of bonded phase ligand per unit 
volume or weight of silica. Columns with 
large surface area, large pore volume, and 
high carbon content will be highly retentive 
towards hydrophobic analytes, and vice versa. 
Furthermore, the correlation between available 
surface area and carbon loading will give an 
indication of the spacing of the ligands on the 
silica surface, and therefore how “accessible” 
the surface is to our analyte – which may 
have a pronounced effect on the selectivity of 
the separation.

Particle Size Distribution
The silica particle size will determine the 
permeability of the packed bed as well as the 
efficiency of the column. Smaller particles 
generate higher efficiency as well as higher 
back pressure. All particles used for modern 
HPLC come from a distribution and the wider 
the distribution, the lower the efficiency of the 
packed bed. A popular theory as to the high 
efficiency of core-shell type columns relates to 
the efficiency of the packed bed which results 
from the core-shell particles naturally forming a 
markedly lower distribution of particle sizes due 
to the fixed diameter of the solid cores used.

System back pressure (column permeability) 
is inversely related to the square of the particle 

diameter – and therefore a 5% shift in average 
particle diameter will result in a 10% change in 
column back pressure. A manufacturer’s ability 
to produce silica particles from very similar 
particle size distributions from batch to batch is 
important to us to ensure a consistent column 
efficiency and system back pressure for each 
column we purchase. Particle size distributions 
of <<25% around the mean particle size are to 
be expected for modern materials.

Surface Chemistry
Figure 1 shows a silica surface containing 
important elements in reversed-phase 
chromatography – of course this is a contrived 
diagram and no surface would be expected 
to contain all of these elements in such close 
proximity. 

Element 4 in Figure 1 shows a typical 
bonded phase ligand on the silica surface. 
A C8 dimethyl chlorosilane ligand has been 
attached via a condensation reaction to a 
single surface silanol species – this is typical 
of the mechanism by which many HPLC 
stationary phases are manufactured. The 
ligand is bound via a siloxane bridge (Si-O-
Si), and it is this species that is susceptible to 
hydrolytic attack when working at low eluent 
pH – meaning the phase is stripped from the 
silica surface. Under these circumstances, a 
gradual loss of retention or efficiency will 
be noted alongside increased peak tailing of 

polar and ionized species. Manufacturers may 
use bulky substituents (isobutyl or isopropyl) 
to replace the two methyl moieties in order 
to sterically protect the siloxane bond from 
hydrolytic attack. Interestingly, due to steric 
factors (the ligand will not of course be at 90° 
to the silica surface as shown in Figure 1!), 
typical surface coverage of the bonded phase 
will be 40–50% of the total available silanol 
sites (typically 8 mmol/m²).

Element 7 shows a “bi-functional” ligand, 
that is typically formed when di-chlorosilane 
species are used as the bonded-phase ligand. 
This is thought to increase the hydrolytic 
stability of the bonded phase, although this 
approach runs the risk of any non-bonded 
chlorosilane moiteties being hydrolysed to 
form hydroxyl species that may contribute to 
peak tailing with polar and ionisable analytes. 
Some manufacturers claim to use tri-functional 
bonding, however there is a significant body of 
literature that indicates that true tri-functional 
bonding is not possible with the type of silica 
used for HPLC stationary phase manufacture.

In order to “mask” the remaining silanol 
groups (which can, under certain circumstances, 
be detrimental to analysis), manufacturers use 
“end-capping” reagents. These are typically 
silanols of the type used for the bonded phase 
ligand, with short alkyl chains or a methyl 
group to reduce their steric profile. A trimethyl 
silyl end-capping reagent is shown in Element 

8 (Figure 1). Even using aggressive bonding 
conditions and highly reactive reagents, a “fully 
endcapped” silica surface rarely contains less 
than half of the original silanol species!

The nature of surface silanol groups is all-
important in determining the selectivity of 
a stationary phase. While steric factors may 
preclude surface access to a bonded phase 
ligand, our analyte may have access to the 
surface silanol species which remain in the non-
derivatised state. There are several conformations 
of silanol group, however Elements 2 and 5 in 
Figure 1 show two of the most important. In 
Element 5, a lone or acidic silanol is shown. This 
type of silanol is highly surface active and, with a 
pKa of around 3.8–4.2, depending upon eluent 
pH, the group will be capable of interacting with 
polar or ionisable analyte functional groups, 
resulting in analyte peak tailing. At increased 
pH (> 6) the silanol group will be fully ionised 
and will interact strongly with protonated basic 
species. At low pH (< 4), then the degree of 
interaction with basic species will be much less as 
the silanol will be protonated – a primary reason 
behind the proliferation of methods at low pH 
in the pharmaceutical industry, in which many of 
the molecules historically involved basic moieties.

Element 2 shows an approach used by many 
manufacturers to overcome this situation. 
It should be borne in mind that very often, 
while the overriding retention mechanism is 
hydrophobic in nature, the influence of the 

The LCGC Blog
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interaction between polar or ionisable analyte 
functional groups and polar moieties on the 
silica surface can lend the selectivity required 
to achieve a separation. Processing of the silica 
(typically at high temperature) can lead to the 
formation of swathes of silanol groups which 
are in the vicinal (inter-hydrated) form as shown 
in Element 2. These silanol groups are capable 
of interacting with the analyte polar functional 
groups but are of low enough energy not to 
give rise to significant peak tailing. This type of 
silica is known as Type B or Type II and can add 
a polar influence to a reversed-phase separation 
which can assist with the separation on analytes 
whose basic scaffold is similar but where there 
are differences in functional group chemistry.

Element 3 shows yet another potentially 
harmful silica surface phenomenon. The 
inclusion of metal ions within the silica matrix 

(especially aluminium, sodium and iron) may 
lead to the association of protons onto the 
silica surface via co-ordination effects. The 
presence of the protons leads to a highly 
acidic surface environment and these species 
will readily interact with acidic analyte 
functional groups to cause peak tailing. Most 
manufacturers will use various techniques to 
wash the silica in order to remove the metal 
ions – however this may ultimately lead to 
a silica which is mechanically less stable and 
may crush more easily under high pressure 
operating conditions, leading to column voids 
and broad and/or shouldered peaks.

When using high pH eluents, the silica matrix 
itself will be subject to hydrolysis (Element 6), 
which will ultimately cause the silica particles 
to dissolve, causing a column void and a gross 
reduction in efficiency with tailing or shouldered 

peaks, usually combined with a gradual increase 
in system back pressure.

Element 1 shows a silica chemistry which 
uses alkyl bridges to present far fewer surface 
silanol groups and which is therefore much less 
susceptible to acid or base hydrolysis and these 
‘hybrid’ silica materials show a greater resistance 
to pH and can be used outside the traditional 
silica working pH range of 2.5–7.5.

Tony Taylor is Group Technical Director 
of Crawford Scientific Group and 
CHROMacademy. His background is 
in pharmaceutical R&D and polymer 
chemistry, but he has spent the past 
20 years in training and consulting, 
working with Crawford Scientific Group 
clients to ensure they attain the very 
best analytical science possible. He has 
trained and consulted with thousands 
of analytical chemists globally and 
is passionate about professional 
development in separation science. 
His current research interests include 
HPLC column selectivity codification, 
advanced automated sample 
preparation, and LC–MS and GC–MS 
for materials characterization.
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The Design, Operation, 
and Performance 
Demands of Portable 
and “Green” LC 
Instrumentation

This article describes advances in portable and sustainable high 
performance liquid chromatography (HPLC) systems. 

Milton L. Lee, Chief Science Officer at Axcend and Emeritus H. Tracy Hall Professor of 
Chemistry at Brigham Young University, Utah, USA.

mobile‑phase flow rates, which are typical for 
small LC systems, would further benefit chemical 
reaction monitoring because only very small 
samples would need to be withdrawn from the 
reaction vessel during repetitive analysis, reducing 
the possibility of any change in conditions that 
could occur by reducing the volume of reactants 
during the reaction period.

Interfacing an LC system to another instrument, 
such as an autosampler or a mass spectrometer, 
is another example application that would greatly 
benefit from using a small LC instrument, because 

Interest in reducing the size of liquid 
chromatography (LC) instruments is currently 
growing for a number of reasons, each 
depending on a specific challenge or opportunity. 
For example, chemical reaction monitoring 
for optimizing the reaction conditions during 
synthesis of new drugs in the pharmaceutical 
industry or new organic chemicals in university 
research laboratories would benefit from a 
small LC instrument that could be easily placed 
in a hood and very close to the reaction vessel. 
Furthermore, small‑diameter columns and low 
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the LC instrument could be placed very close 
to the ancillary instrumentation. In the case of 
LC with mass spectrometry detection (LC–MS), 
small‑diameter columns and low mobile‑phase 
flow rates facilitate the interfacing because the 
liquid flow exiting the LC column and entering 
the MS instrument are much better matched for 
optimum performance without the need for flow 
splitting. In Figure 1, the LC column eluent first 
passed through the on‑column UV‑absorption 
detector and continued to the MS.

Conventional LC instruments that use 1.0–4.6 
mm i.d. columns require relatively large solvent 
reservoirs to support the approximately 0.1–2 mL/
min LC mobile‑phase flow rates. The use of such 
large solvent reservoirs is cumbersome when 
moving an LC instrument to different locations 
(such as when transporting to the laboratory or 
other analysis site) and in terms of other aspects 
of solvent handling (such as storing solvents, safely 
disposing waste, and minimizing human exposure 
during those steps). By enabling significantly 
reduced consumption of valuable chemical 
resources and reduced disposal of waste, small LC 
systems can advance the growing trend to move 
to “greener” analytical techniques.

From an economic viewpoint, a small LC 
instrument would greatly reduce the cost of 
solvent use (for both purchase and disposal). 
Comparing solvent‑use costs for a 4.6‑mm i.d. 
column and a 0.15‑mm i.d. column, for which the 
latter would consume approximately a thousand 

times less solvent, the estimated solvent‑use 
costs would be approximately $7000 and $7 
for one year of operation and 36 runs per day, 
respectively, which differ by approximately a 
thousand times, as expected. For an analytical 
laboratory that operates 100 LC instruments, the 
comparative costs would become $700 000/year 
versus. $700/year, a major cost in savings for the 
small‑diameter column. For comparison, the costs 
for 2.1‑mm and 1.0‑mm i.d. columns would be 
$140 000 and $32 000/year, respectively, which 
are still significantly more than $700/year.

For the reasons described previously, our group 
has been involved in the development of a small, 
portable LC system. This effort began in 2011 
in the research laboratories at Brigham Young 
University, in Utah, USA, in collaboration with 
Stan Stearns and engineers at VICI Valco, in Texas, 
USA, to develop an ultrahigh‑pressure nanoflow 
pumping system (1–6). The technology was 
subsequently licensed. The design criteria for this 
LC instrument included small size, light weight, 
low mobile‑phase consumption, low power 
usage, high chromatographic performance, easy 
operation, and good robustness. The resulting 
system is a hand‑portable LC that has a small 
footprint (approximately 30 × 20 × 20 cm), weighs 
approximately 8 kg (including a rechargeable 
Li‑Fe‑PO

4
 battery), produces consistent 0.5–10  

μL/min flow rates at pressures up to 689 bar 
(10 000 psi), utilizes on‑column UV‑absorption 
detection with light‑emitting diode (LED) 
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light sources, and is very easy to operate. The 
system has a cartridge that houses the capillary 
columns and detectors. Several column‑detector 
configurations can be selected from various 
length columns (typically, 5‑, 10‑, and 25 cm, 
all 150‑μm internal diameter) and one or two 
UV‑absorbance detectors, including simply one 
column followed by one detector, or one column 
followed by two tandem detectors of different 
wavelengths, or a combination of two columns 
and two detectors where one column packed 
with one stationary phase is followed by a 
detector of a specific wavelength, and a second 
column packed with a different stationary phase 

is followed by a second detector of a different 
wavelength, all in series. The latter configuration 
can provide two complementary retention 
times and complementary UV absorbance 
values that can be used for near positive target 
compound identification. Alternatively, the 
end of the column can be extended out of the 
back of the cartridge for direct interfacing to a 
variable wavelength UV‑absorbance detector 
or to a mass spectrometer for identification of 
unknown compounds.

One challenge in using columns with very small 
internal diameters is preventing tiny particles in 
the sample or mobile phase from plugging the 

extremely small internal diameter sampling 
valve opening or the transfer line tubing that 
connects the injection valve to the column. 
For this reason, more care is required than for 
conventional LC systems to filter samples and 
mobile phases (for example, using a 0.2‑μm 
pore‑diameter filter) before they are introduced 
into the LC system. Furthermore, because 
UV‑absorption detection is accomplished 
on‑column immediately after the stationary 
phase packing in a 150‑μm‑i.d. PTFE‑coated 
capillary column, it is extremely important to 
eliminate as much detector noise as possible, 
which can originate from a variety of sources. 
The laboratory prototype nano‑ to micro‑ flow 
LC system gave a UV‑absorption detection limit 
of 25 nM (7.6 ppb) for sodium anthraquinone‑2‑
sulfonate when the detector was placed a short 
distance away from the pumping system and 
electronics, and was well shielded. Because the 
detector is placed inside a cartridge and near 
the electronic board stack in the commercial 
system, it has been more challenging to reduce 
the background noise to the same level as for 
the prototype detector. Therefore, the detection 
limits are higher, which currently restricts the 
use of this system for some applications that 
require UV‑absorption detection of extremely 
low concentrations. We are currently working 
on identifying and minimizing these elusive 
sources of noise and increasing the detection 
path length to improve the detection limits.
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Figure 1: UV‑absorption chromatogram (left) and mass spectrum (right, sulfamethazine) obtained 
using a portable LC instrument (Axcend) coupled to a portable MS detector (Microsaic). Sample: 
100 ppm sulfamethazine, carbamazepinen, ketoprofen, flavone, and amcinonide. LC conditions:  
10 cm × 150‑μm i.d. fused silica capillary packed with CoAnn 1.7 μm C18, 40 nL injection, 2 μL/min 
from 5% to 95% acetonitrile in water in 30 min, 275 nm on‑column UV‑absorption detection. MS 
conditions: 2.5 L/min nitrogen flow with 0.85 kV ESI tip voltage, positive ion mode with a full scan 
range from 125 to 510 m/z.
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Chromatography in the 
time of COVID-19
Incognito offers some tips for chromatographers during the current crisis.

get the virus under control, whatever form 
this might take. Your “essential worker” 
status underlines the importance of analytical 
science in the modern world and we should 
not underestimate the role of separation 
sciences in helping to develop new tests for 
those who currently have or have had the 
virus, and medicines which will either control 
the symptoms of the virus, or which vaccinate 
us from it. I wish you great scientific success 
in these endeavours.

By now, anyone still in the laboratory 
should be experienced in the new ways of 
working that have so quickly been developed 
and implemented, including social distancing, 
optimizing personal hygiene, not mixing in 
large groups during break or lunch periods 
and improved cleansing procedures of 
laboratory equipment and infrastructure. 
Any of you who are able to work from home 
will be doing so, and in larger organizations, 
you may be working in rota systems in order 
to reduce the amount of personnel in the 
laboratory at any one time. There are also 
some novel approaches emerging, such as 

As I write, many of us are in lockdown status, 
due to the global SARS COVID-2 pandemic 
which has affected large parts of Asia, Europe 
and the Americas. It is fair to say that this is 
an unprecedented situation and one which 
threatens human health and global economic 
stability; therefore, I feel compelled to address 
the issues facing the analytical chemistry 
community during this very worrying time. I 
hope that one day we will all look back at this 
period and reflect that we came through the 
crisis stronger than we entered it and that we 
can take some key learnings from the situation, 
using them to our advantage in the future.

Some of us, who work within businesses 
deemed as “essential”, will continue 
working during this time, including those 
in hospital and healthcare laboratories, 
clinical laboratories, laboratories serving 
the pharmaceutical supply chain, essential 
utilities, and those working in the supply 
chain for these laboratories. I salute you all for 
your dedication to the health and wellbeing 
of us all, and firmly hope that you remain 
healthy until the situation resolves, and we 
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splitting workforces so that all sample data 
acquisition is controlled by a low number 
of personnel attending site, while data 
analysis, reporting writing, etc. is done 
remotely by taking advantage of networked 
chromatography data systems, Virtual Private 
Networking, and other means of remote 
digital access.

Having various subject matter experts 
working remotely or on an opposing roster 
can always be a challenging time. Simply put, 
you may not have direct access to the type 
of advice or hands-on assistance that you are 
used to, but precious samples still need to 
be analysed. Obviously one can seek remote 
assistance from subject matter experts or 
instrument champions within your business, 
but this may take longer than usual. I think the 
vendor community can help here by increasing 
the amount of technical support that they 
offer their customers, for both instrument- and 
application-related issues. I urge vendors to 
make it as easy as possible to access the very 
best knowledge and experience within your 
company, to ensure your end-users are fully 
supported in all of their laboratory endeavours. 
If you have online resources which are not 
usually available to anyone but your own 
customers, then please consider making all of 
these available. Of course, suppliers of columns 
and consumables could also be providing this 
increased support.

Again, to everyone involved in the 
laboratory supply chain, you need to strive to 
hold the correct amount of stock so that the 
critical work of laboratories is not held up. 
Of course, I appreciate that you also need to 
protect your own staff, that your suppliers 
may also be having issues and that, for 
smaller suppliers, you may be facing financial 
constraints. However, for those who step 
up to the plate at this critical time, I am sure 
your efforts will not be forgotten by your 
customers in the long term.

Of course, there will be others of you who are 
currently furloughed and are not able to attend 
the laboratory. I sincerely hope that this is a 
short-term measure for anyone in this situation.

Whatever your working situation, if you 
find yourself with a little more time on your 
hands, there are several options for keeping 
yourself “match-fit” for when you return to the 
laboratory. In fact, your goal should be to return 
as the new, improved version of yourself.

There are many resources for undertaking 
online training in chromatography 
techniques, including several which are 
free, and I’d recommend you visit LCGC’s 
CHROMacademy to explore the free 
learning modules, webcasts and guides 
(www.chromacademy.com), as well as the 
host of other resources from independent 
companies, instrument vendors and 
consumables suppliers which are also 

Adeno-associated viruses (AAVs) are increasingly used for gene therapy due 
to their versatility and safety. One of the biggest concerns for manufacturing 
a uniform AAV suspension is the presence of viral aggregates, which 
can create problems with transduction efficiency, biodistribution, and  
immunogenicity. These large AAV aggregates are challenging to separate 
and characterize by traditional column-based chromatography techniques 
such as size exclusion chromatography (SEC).

Asymmetrical Flow Field-Flow Fractionation with Multi 
Angle Light Scattering (AF4-MALS) can separate and 
size large AAV aggregates, and discern a difference in 
aggregate concentration due to the stressing protocol. 
Some or all of the large aggregates would be filtered 
out by SEC, resulting in incorrect determination of the  
aggregate content or the false conclusion that no  
aggregates are present.

For more details click here

NovaFFF SoftwareNovaFFF Software

ICP-MSICP-MSRIRIUVUVDLSDLSMALSMALS

Contact us for more information: www.postnova.com

Quantification of Adeno- 
Associated Virus Aggregation
The Field-Flow Fractionation Platform
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available. Furthermore, during this time 
your employer may be willing to support 
you undertaking some paid online learning, 
in order to make best use of your time. 
You may want to consider courses in the 
theory of chromatography, the underlying 
principles of the specific chromatography 
techniques and instrumentation which 
you use, or more general courses on 
troubleshooting or method development.

You might also want to catch up on the 
academic literature and all of those key 
papers which, again, you probably didn’t 
get time to read when the laboratory 
was in full swing. Further, there are older 
but seminal papers which can also serve 
as good learning. There are too many to 
mention in list form here, but just in case it 
helps, Table 1 includes a few “hot” papers 
from my own literature library which I’ll be 
catching up on or re-reading, just to make 
sure I’m as sharp as possible going into the 
post-COVID era.

A further thought for the major academic 
publishing houses; how about making 
journal access free for a limited period – so 
that everyone, whatever their current work 
status, may benefit and ensure that these 
worst of times are made just a little more 
productive through your altruism? 

Of course, many of you will have had to 
leave your laboratory or instrumentation 

in a way that was sub-optimal in terms of 
medium term shut-down. It is only right, 
at this point, to highlight that we will 
come back from the present position and 
return to our important work supporting 
both internal and external clients and 
we need to look forward to this time. 
I am sure that the instrument vendors, 
publishers, and supply chain companies 
will be delivering a host of information 
on how best to get the laboratory back 
up and running again. In the meantime, 
of course, you can be searching for 
information which is already out there, 
and be one step ahead of the game 
when the lockdowns are lifted. From an 
economic perspective, I am sure each and 
every business will want to begin revenue 
generation as soon as is possible!

So, if you are working, stay safe and 
productive, and I applaud your efforts. 
If you are away from your laboratory, 
please also stay safe and productive. It’s 
important to realize the opportunity that 
this disruption has afforded us all and to 
make the very best of a bad situation. I 
hope to be talking to you next time from a 
post-COVID-19 world.

Table 1: Highly recommended papers from Incognito’s literature library

S. Stephan, C. Jakob, J. Hippler, and O.J. Schmitz, “A Novel Four-dimensional Analytical Approach 
for Analysis of Complex Samples,” Anal. Bioanal. Chem. 408(14), 3751–3759 (2016).

R. Gottardo, D. Sorio, M. Ballotari, and F. Tagliaro, “First Application of Atmospheric-pressure 
Chemical Ionization Gas Chromatography Tandem Mass Spectrometry to the Determination of 
Cannabinoids in Serum,” J. Chromatogr. A. 1591, 147–154 (2019).

V. Termopoli, G. Famiglini, P. Palma, M. Piergiovanni, P. Rocio-Bautista, M.F. Ottaviani, A. Cappiello, 
M. Saeed, and S. Perry, “Evaluation of a Liquid Electron Ionization Lquid Chromatography–Mass 
Spectrometry Interface,” J. Chromatogr. A. 1591, 120–130 (2019).

P. Fuchsmann, M.T. Stern, P. Bischoff, R. Badertscher, K. Breme, and B. Walther, “Development and 
Performance Evaluation of a Novel Dynamic Headspace Vacuum Transfer “In Trap” Extraction 
Method for Volatile Compounds and Comparison with Headspace Solid-phase Microextraction 
and Headspace In-tube Extraction”, J. Chromatogr. A. 1601, 60–70 (2019).

R.V. Emmons, R. Tajali, and E. Gionfriddo, “Development, Optimization and Applications of Thin 
Film Solid Phase Microextraction (TF-SPME) Devices for Thermal Desorption: A Comprehensive 
Review”, Separations 6, 39 (2019).

L. Bai, J. Smuts, P. Walsh, C. Qiu, H.M. McNair, and K.A. Schug, “Pseudo-absolute Quantitative 
Analysis using Gas Chromatography – Vacuum Ultraviolet Spectroscopy – A Tutorial”, Anal. Chim 
Acta. 953, 10–22 (2017).

H. Fan, J. Smuts, P. Walsh, D. Harrison, and K.A. Schug, “Gas Chromatography–vacuum Ultraviolet 
Spectroscopy for Multiclass Pesticide Identification”, J. Chromatogr. A. 1389, 120–127 (2015).

F. Gritti, J. Belanger, G. Izzo, and W. Leveille, “On the Performance of Conically Shaped Columns: 
Theory and Practice”, J. Chromatogr. A. 1593, 34–46 (2019).

F. Gritti and M. Gilar, “Impact of Frit Dispersion on Gradient Performance in High-throughput 
Liquid Chromatography”, J. Chromatogr. A. 1591, 110–119 (2019).

M. Gilar, T.S. McDonald, and F. Gritti, “Impact of Instrument and Column Parameters on High-
throughput Liquid Chromatography Performance”, J. Chromatogr. A. 1523, 215–223 (2017).

M.F. Wahab, T.C. O’Haver, F. Gritti, G. Hellinghausen, and D.W. Armstrong, “Increasing 
Chromatographic Resolution of Analytical Signals using Derivative Enhancement Approach”, 
Talanta 192, 492–499 (2019).

G. Hellinghausen, M.F. Wahab, and D.W. Armstrong, “Improving Visualization of Trace 
Components for Quantification using a Power Law based Integration Approach”, J. Chromatogr. 
A. 1574, 1–8 (2018).

Contact author: Incognito
E-mail the Editor: kjones@ 
mjhlifesciences.com
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Comprehensive UHPLC–
MS/MS Lipidomics 
Profiling to Study the 
Effects of Betulin on 
Keratinocytes
The Column spoke to Carlos Calderón about his research project, 
investigating pharmacolipidomics analysis of betulin in human primary 
keratinocytes to monitor alterations in the lipid profiles induced by 
treatment with betulin.

effects of betulin (1–3). Those studies found 
that betulin influences the inflammatory 
phase and the new-tissue-formation phase in 
the wound-healing process, which enhances 
keratinocytes migration and stimulates their 
differentiation. 

In our laboratory, we decided to undertake 
a pharmacolipidomics analysis of betulin in 
human primary keratinocytes to monitor 
alterations in the lipid profiles induced by 
treatment with betulin.

Our goal was to clarify whether, or in which 
way, the lipophilic betulin may act on cell 

Q. How did the idea of this research 
project arise and what are the aims of 
this research?
A: Our research collaboration partner, 
Irmgard Merfort from the University of 
Freiburg, Germany, has previously investigated 
the bioactivity of the natural compound 
betulin, a pentacyclic triterpene, which exerts 
a variety of different biological effects, 
including anti-cancer, anti-inflammatory, 
anti-fungal, and anti-viral activities. Studies 
have been conducted in her laboratory to 
explain the clinically proven wound-healing 
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Carlos Calderón won 
a poster award for 
this research at HPLC 
2019 in Milan, when 
he was working 
at the University 

of Tubingen, Germany. He can be 
contacted at carloseduardo.calderon@
ucr.ac.cr

membranes, permeate membranes to enter 
the cell, or have an impact on the lipid profile 
of the cell.

Q. What are you doing in this research 
that is novel?
A: We performed a comprehensive 
description of the lipidome of human 
immortalized keratinocytes and their changes 
following treatment with betulin.

The novel aspect of this research is the 
results detailing the changes in upregulation 
and downregulation of lipid species following 
betulin treatment. Additionally, for the 
identification of lipids we have employed a 
novel targeted data-processing approach 
combining the confidence given from the 
comparison of mass spectrometry (MS) 
and tandem mass spectrometry (MS/MS) 
fragmentation patterns, with the confidence 
given from the analysis of reversed-phase 
liquid chromatography (LC) elution patterns 
of lipids belonging to the same lipid class. 
Most lipidomic studies are based on 
data-dependent acquisition (DDA) which 
acquires MS data comprehensively but only 
MS/MS data from the most abundant signals 
and for structural confirmation only. This 
means that when an MS signal is above a 
certain threshold an MS/MS experiment is 
triggered. It provides high-quality spectra 
for identification but no comprehensive 

MS/MS data across the peak and 
chromatogram which means no extracted 
ion chromatograms (EICs) can be generated 
on the MS/MS level. In our study based on 
independent data acquisition (IDA), EICs can 
be extracted on an MS/MS level, and can also 
be used for fragment ions, which provides 
additional options for data processing, higher 
confidence, and assay specificity (4).

Q. What were the main analytical 
challenges you had to overcome?
A: Our main analytical challenge was 
the identification of lipid species in the 
keratinocytes. Our untargeted LC–MS 
approach with data independent acquisition 
(DIA) using sequential window acquisition 
of all theoretical mass spectra (SWATH) 
analysis generates large amounts of data. 
Tools for processing the data and performing 
identification of lipids are available. However, 
many misidentifications are also obtained. 
These can insert bias into the findings of the 
study. For this reason, the aforementioned 
targeted MS data-processing was employed.

Q. What were your main findings and 
why are they useful?
A: We made a detailed characterization of 
the lipidome in keratinocytes. At the same 
time, we showed that there are significant 
differences in keratinocytes after treatment 

with betulin. In total, 611 lipids were 
identified at the “lipid species level” and 
440 of them were shown to be significantly 
changed. Changes can be described in 
terms of lipid classes. Cholesteryl esters 
and diacylglycerides were significantly 
down-regulated in betulin-treated samples 
and glycerophospholipids, sphingolipids,  
and diacylglycerides were up-regulated.

Additionally, it was observed that 
the presence of betulin in extracts of 
keratinocytes, which were previously 
treated with betulin and washed, indicated 
that betulin may be incorporated into the 
membrane of keratinocytes. Also, the 
presence of other triterpenes in samples 
treated with betulin and absent in control 
samples could represent betulin metabolized 
within the keratinocytes (4).

Q. How are you planning to develop 
this research further?
A: Based on the obtained results, we would 
like to develop more targeted experiments to 
determine how those changes in specific lipid 
classes following betulin treatment are related 
with the healing properties of the compound 
in the skin.
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Training Courses
GC
The Theory of GC
Website: www.chromacademy.
com/gc-training.html

GC Troubleshooting and 
Maintenance
Onsite training
Website: www.crawfordscientific.
com/training-consultancy/
gc-training/gc-troubleshooting-and-
maintenance

Hands-On Complete GC &  
GC–MS
7–11 September 2020
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
training-courses/complete-
handson-GC-GCMS

Hands-On GC Maintenance
8 September 2020
The Open University,  
Milton Keynes, UK

Introduction to IR  
Spectroscopy
Website: www.chromacademy.
com/infrared-training.html

Hands-On UV–vis
3 September 2020
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
training-courses/UV-Vis

Website: www.anthias.co.uk/
training-courses/handson-GC-
Maintenance

HPLC/LC–MS
The Theory of HPLC
On-line training from  
CHROMacademy
Website: www.chromacademy.com/
hplc-training.html

Fundamental LC–MS
On-line training from  
CHROMacademy
Website: www.chromacademy.com/
mass-spec-training.html

HPLC Troubleshooter
On-line training from  
CHROMacademy
Website: www.chromacademy.com/
hplc_troubleshooting.html

HPLC Fundamentals
Onsite training
Website: www.crawfordscientific.

com/training-consultancy/hplc-
training/hplc-fundamentals

Hands-On Complete HPLC &  
LC–MS
28 September–2 October 2020
The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
training-courses/hands-on-complete-
LC-LCMS

SAMPLE PREPARATION
Overview of Solid-Phase 
Extraction 
On-line training from  
CHROMacademy
Website: www.chromacademy.com/
sample-prep-training.html

MISCELLANEOUS
Basic Lab Skill  
Training
Website: www.chromacademy.com/
basic-lab-skills-training.html

Please send your event and training 
course information to Lily Atkins 
latkins@mjhlifesciences.com
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http://www.chromacademy.com/infrared-training.html
http://www.anthias.co.uk/training-courses/UV-Vis
mailto:latkins@mjhlifesciences.com
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Event News
19–22 October 2020 
Analytica 2020
Messe München, Munich, Germany
E-mail: info@analytica.de
Website: www.analytica.de/en

6–10 March 2021 
Pittcon 2021
Ernest N. Morial Convention Center, New Orleans, USA
E-mail: info@pittcon.org
Website: https://pittcon.org/pittcon-2021/

20–24 June 2021
51st International Symposium on High Performance Liquid Phase Separations and Related Techniques (HPLC 2021)
Congress Center Düsseldorf (CCD), Düsseldorf, Germany
E-mail: info@hplc2021.com
Website: www.hplc2021-duesseldorf.com

29 June–2 July 2021
26th International Symposium on Separation Sciences (ISSS 2020) and the 25th International Symposium for High-
Performance Thin-Layer Chromatography (HPTLC 2020)
Grand Hotel Union, Ljubljana, Slovenia
E-mail: info@isss2020.si and info@hptlc2020.si

Website: https://isss2020.si/ and https://hptlc2020.si/

12–15 October 2021
The 18th International Symposium on Preparative and Industrial Chromatography and Allied Techniques (SPICA 2020)
Lisbon, Portugal
E-mail: janet@barrconferences.com
Website: www.spica2020.org

www.chromacademy.com

powered by 

CHROMacademy is the 
world’s largest eLearning 

website for analytical 
scientists, containing 
1000’s of interactive 

eLearning topics.
 

Lite members have 
access to less than 5% 

of our content.  
Premier members get 

so much more!

We have 1000’s of 
eLearning topics

SPEMSGCHPLC IR

More about Premier membership: 

Glen Murry:   +1  732.346.3056 
e-mail:  GMurry@mmhgroup.com

Peter Romillo:   +1  732.346.3074 
 e-mail:  PRomillo@mmhgroup.com
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mailto:promillo@mmhgroup.com
mailto:gmurry@mmhgroup.com
http://www.chromacademy.com
mailto:info@analytica.de
http://www.analytica.de/en
mailto:info@pittcon.org
https://pittcon.org/pittcon-2021/
mailto:info@hplc2021.com
http://www.hplc2021-duesseldorf.com
mailto:info@isss2020.si
mailto:info@hptlc2020.si
https://isss2020.si/
https://hptlc2020.si/
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