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Welcome to the fifth edition of ChromCom, a newsletter dedicated to supporting
the work of the Chromatographic Society and the advancement of its members. The
newsletter is designed to support chromatographers in their personal development
by focussing on the fundamentals of separation science - supported by
troubleshooting articles, chromatographic news and conference reports. There will
be technical articles based on current hot topics and detailed reports of ChromSoc
meeting presentations. We will also provide regular updates on what your
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the Society. We hope that you enjoy it and hope it may even inspire you to write an
article or two.
In this edition we look at how to choose orthogonal columns for use with LC-LC
separations and the use of HILIC in the analysis of polar compounds. Our technical
articles focuses on the interesting topic of 2D-LC.
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Back to Basics
HILIC CHROMATOGRAPHY –
THE ANALYSIS OF POLAR MOLECULES
1. INTRODUCTION
The analysis of polar molecules has been the
focus of renewed interest for a variety of reasons.
The pharmaceutical industry has been a major
driver in the analysis of polar molecules as a
series of new molecule types (both small
molecule and larger biopharmaceuticals) are
developed. Another area where the analysis of
polar molecules has seen increasing interest is in
the field of proteomics, where the bottom-up
approach leads to the generation of polar peptide
fragments. However, it is not just the life sciences
where the analysis of polar molecules has seen an
increase in interest levels. There has also been an
increase in the analysis of polar molecules by
environmental scientists as they look to identify
metabolites and parent compounds for use as
herbicides and pesticides.
ANALYSING POLAR MOLECULES UNDER
REVERSED PHASE CONDITIONS
1.1.1 POLAR MODIFIED PHASES
The reason that standard reversed phase
stationary phases often require modification to
retain polar analytes is due to the inherent
hydrophobicity of an alkyl chain. Try dissolving
hexane in water and they will not mix - and yet
this is exactly what we try to do when we run
100% aqueous mobile phases. As a consequence
of this, the stationary phase will start to collapse
and try to adopt a minimal surface area in
contact with the water. This is sometimes called
dewetting. It is therefore important to overcome
the dislike the stationary phase has for the
aqueous mobile phase. This is typically achieved
using a polar group embedded in the lower part
of the alkyl chain, or use of a polar group to
endcap the surface. There are two proposed
reasons for this;
The polar group repels the alkyl chain so that it
is forced to remain upright in the aqueous mobile
phase.
The polar group will interact with the water
molecule through hydrogen bonding - drawing
it closer to the alkyl chain.

The result is that the stationary phase will have
very similar retention properties to a traditional
alkyl phase but possesses the ability to run at
much higher aqueous concentrations (even as
high as 100% v/v water). The phases are typically
modified with CN (cyano) or OH (hydroxyl)
moieties for endcapping, but there are several
other types of reagents that are used by
manufacturers for embedding.

Figure 1. Example of two different polar embedded
phases containing sulphonamide (top) and
carbamate (bottom) polar groups.

1.1.2 HILIC PHASES
One approach to overcome stationary phase
dewetting was developed almost as early as the
start of the development of high-pressure liquid
chromatography, but was only named in the
1990’s. The use of HILIC or hydrophilic
interaction liquid chromatography has seen a
substantial rise in interest due to its very effective
retention of polar molecules utilising mobile
phases comparable to those employed with
reverse phased chromatography applications.
In a HILIC mode of separation, the stationary
phase is a polar or charged species that will
preferentially attract the more polar aqueous
component of the mobile phase resulting in a
depleted layer of organic around the stationary
phase substrate material. This is essentially
liquid-liquid partition and so the first stage of the
separation can be considered as a liquid-liquid
separation, which is then followed by an
adsorption process.
HILIC can be described as ‘reversed RP-LC’ [1],
where the stationary phase is polar (for example,
unmodified silica, amino, cyano, amide or diol
bonded phases). The mobile phase is highly
organic (>70% v/v solvent, typically acetonitrile)
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containing also a small percentage of aqueous
solvent/buffer or other polar solvent. The
water/polar solvent forms an aqueous-rich sublayer adsorbed to the polar surface of the
stationary phase into which analytes partition.
The resulting retention order is roughly the
opposite of the order analytes elute from a
reversed phase column [2].
In HILIC an increase in the percentage
of organic solvent leads to an increase
in analyte retention factors above a
certain organic composition [1]. This
phenomenon was investigated in our
laboratory, particularly to assess
whether partitioning is the main
retention mechanism. Electrostatic interactions are
a secondary forces which can also have important
contributions to the retention in HILIC, since polar
compounds can be charged under particular
mobile phase pH conditions [3].
Column temperature is also an important
parameter that can affect retention of polar
analytes in HILIC [3]. In reverse-phase LC, the
relationship between column temperature and
retention factor is often described by the van’t
Hoff equation. The van’t Hoff equation should
also apply to HILIC; if retention is through
partitioning between the mobile phase and the
immobilised layer of water on the stationary
phase, then the relationship between ln k’ (the
retention factor) and 1/T is linear [3]. This aspect
was also investigated.
Although it has been demonstrated that the
organic modifier/aqueous ratio is the
predominant factor in providing the necessary
separation selectivity in HILIC [3], the choice of
stationary phase is also very important. Chirita et
al. suggested a HILIC column selection scheme
and applied it to analysis of neurotransmitters [4].
The group advocated choosing HILIC columns
according to the nature of the interactions
between analyte and stationary phase. Finetuning the separation by optimising the organic
solvent content, the buffer concentration and the
mobile phase pH should then follow.

In recent years, both Tanaka [5] and Irgum [6],
have suggested two comprehensive and seminal
characterisation studies to classify HILIC
columns and probe retention mechanisms with a
focus on specific interactions.

Retention factors were determined as the average
of six injections with toluene used as an
unretained marker (t0). All the standard stock
solutions for the individual test probes were
prepared in 80:20 acetonitrile: water at 1 mg/mL.

This testing scheme was applied in our
laboratory, for examining columns with the
following chemistries: bare silica, zwitterionic,
amino, amide, mixed-mode diol, mixed-mode
RP/anion-exchange/cation exchange (in Table 1,
the nanopolymer silica hybrid, NSH**) - phases
and a silica phase covalently modified with an
hydrophilic group and an anion-exchanger
(noted * in Table 1).

2.2 CHROMATOGRAPHIC CONDITIONS
Chromatographic experiments were carried out
on two instruments: an Agilent 1100 HPLC
system, (Agilent Technology Waldbronn,
Germany) and an Accela UHPLC system
(Thermo Scientific, San Jose, USA). ChemStation
Software Rev. A. 10. 02 (Agilent, Waldbronn,
Germany) and ChromQuest 5.0 (Thermo
Scientific, San Jose, USA) were used to control
the HPLC and UHPLC systems respectively and
to process the chromatographic data.

2. MATERIALS AND METHODS
2.1 CHEMICALS AND REAGENTS
HPLC grade acetonitrile, water, acetone and
toluene, analytical grade ammonium acetate,
ammonium formate and Optima grade acetic acid
were obtained from Fisher Scientific
(Loughborough, UK). Uridine, 5-methyluridine
(5MU), 2’-deoxyuridine (2dU), uracil, sodium
p-toluenesulfonate, N,N,N-trimethylphenylammonium chloride, cytosine and salicylic acid were
all purchased from Sigma-Aldrich (Poole, UK).

Column Name

Table 1. Specifications of the HILIC columns
discussed in this article. Columns marked with the
asterisk (*) were used in the chromatographic
parameters investigation. ** NSH: Nanopolymer silica
hybrid.

Phase type

Column
dimension
(mm)

Surface
area
(m2/g)

Pore
size (Å)

Syncronis HILIC (5 μm)*

Zwitterion

100 x 4.6

320

100

Hypersil GOLD HILIC (5 μm)*

Polyethyleneimine

100 x 4.6

220

175

Hypersil GOLD Silica (5 μm)*

Unbonded Silica

100 x 4.6

220

175

Accucore HILIC (2.6 μm)*

Unbonded Silica

100 x 4.6

130

80

Acclaim HILIC-10 (3 μm)

Proprietary^

150 x 4.6

300

120

Acclaim Mixed Mode HILIC-1 (5 μm)

Mixed Mode Diol

150 x 4.6

300

120

Hypersil GOLD Silica (1.9 μm)

Unbonded Silica

100 x 4.6

320

100

Syncronis Silica (5 μm)

Unbonded Silica

100 x 4.6

220

90

Acclaim Trinity P1 (3 μm)

NSH**

150 x 3.0

100

300
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The chromatographic conditions were kept
constant throughout the column characterisation
study. The mobile phase consisted of 90:10 (v/v)
acetonitrile: ammonium acetate (20 mM on the
column, pH 4.7). The flow rate was fixed at 0.5
mL/min. UV detection was performed at 254
nm. The injection volume was 5 μL. All runs were
performed with active thermostatting of the
columns at 30°C. The columns assessed in this
study are reported in Table 1. They cover a range
of surface chemistry and physical properties
(with regards to particle size and pore size). All
columns were from Thermo Scientific (Runcorn,
UK).
The chromatographic conditions used to
investigate the effect of other experimental
factors on retention had various mobile phase
compositions, which were prepared by mixing
the desired volumes of acetonitrile and stock
buffer solutions. The pH of the salt solutions was
adjusted before mixing with acetonitrile.

3.0 RESULTS
3.1 CHARACTERISATION TESTS
The degree of surface coverage of silica by hydrophobic groups is a useful
parameter in both RPLC [5] and HILIC because it provides an indication
of the degree of hydrophobic interaction between the stationary phase and
the test compounds. It can be measured from the selectivity for a methylene
group. In this study α (CH2) was obtained from a comparison of k uridine
and k5-methyluridine. Uridine and 5-methyluridine were chosen as the α
(CH2) probe pair since they are polar enough to afford retention in HILIC.
Figure 2 shows chromatograms for four representative columns.

In Figure 3, uridine is more retained than 2’-deoxyuridine; this reflects the
fact that uridine is more hydrophilic than 2dU.
Ion-exchange interactions can also be influential in HILIC, leading to drastic
changes in selectivity, particularly when separating ionic species [7]. To
evaluate the degree of ion exchange nature of the stationary phases a relatively
hydrophobic organic cation, N,N,N-trimethylphenylam-moniumchloride
(TMPAC) was chosen. It is reasonable to postulate that this compound would
also be retained by hydrophilic interactions [5], so the retention factor k
TMPAC was divided by k Uracil to account (at least partially) for the
hydrophilic interaction contribution. The chromatography for the ionic
exchange interactions on the selected columns is shown in Figure 4.

Figure 2. Chromatograms for (CH2) test. Analyte: 1) toluene; 2) 5-methyluridine; 3)
uridine.

Figure 4. Chromatograms for (CX) test. Analyte: 1) toluene; 2) uracil; 3) N,N,Ntrimethylphenylammoniumchloride, TMPAC.

As shown in Figure 2, uridine is more retained than 5-methyluridine in all
cases, which reflects the fact that uridine is more hydrophilic than 5MU.
The degree of hydrophilic interaction between the stationary phase and the
test compounds was assessed using the selectivity for a hydroxy group, α
(OH). In this study α (OH) was obtained from a comparison of k uridine
and k 2’-deoxyuridine. Figure 3 shows chromatograms for four
representative columns.

As shown in Figure 4 for some materials TMPAC elutes after uracil, apart
from on the Hypersil GOLD HILIC column, where it elutes before uracil.
Different cation exchange selectivity was also exhibited by the Acclaim
HILIC-1 and Acclaim Trinity P1 columns, with TMPAC co-eluting with
uracil. This shows that different bonding chemistry can impact the extent
of ion-exchange interactions and therefore column selectivity - and
illustrates that selection of stationary phase can be very important during
method development.

Figure 3. Chromatograms for (OH) test. Analyte: 1) toluene; 2) 2’-deoxyuridine; 3) uridine.

Alongside ion-exchange capacity, an aspect that has not received much
attention in HILIC is the pH on the surface of the stationary phase [5].
Since many compounds analysed in HILIC have ionisable functional
groups, knowing the acid-base properties of the stationary phase is
important for controlling the separation [5].
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3.2 THE EFFECT OF ACETONITRILE CONTENT ON RETENTION
In HILIC, the level of organic solvent in the mobile phase greatly influences
retention. The percentage of acetonitrile in the mobile phase was varied
whilst keeping ammonium acetate concentration constant at 10mM. The
logarithmic retention factors for salicylic acid and cytosine were plotted
against the acetonitrile content (Figure 5).

Positive retention enthalpy values were derived for Hypersil GOLD HILIC,
suggesting an endothermic process of transferring salicylic acid from the
mobile phase to the stationary phase. For Hypersil GOLD HILIC, the
positive enthalpy of salicylic acid could also be the evidence of both ion
exchange and partitioning processes take place on these phases.
Cytosine indicates a decrease in retention on the four stationary phases as
the column temperature is increased. Linear van’t Hoff plots resulted from
this study. Negative retention enthalpy values were obtained, indicating an
exothermic process and the existence of strong specific (secondary)
interactions between cytosine and the functional groups of the four
stationary phases [8].

Figure 5. Effect of acetonitrile content on the retention of salicylic acid (left) and
cytosine (right). Column temperature: 30ºC. Flow rate: 1 mL/min. UV detection at
228 nm for salicylic acid and 248 nm for cytosine.

4. CONCLUSIONS
There are many parameters to consider when developing a HILIC
separation, and certainly the data presented here demonstrates that there
are complexities associated with the technology. While it is well understood
that mobile phase plays an important role in analyte selectivity, it is clear
from this data that selection of an appropriate column technology is also
critical. As discussed, there are protocols for understanding the
chromatographic selectivity characteristics of a stationary phase, but these
are often difficult to equate with analyte molecular structure meaning that
broad generic screening approaches are often utilised.

Salicylic acid shows HILIC behaviour of decreasing retention with
decreasing acetonitrile content on the Syncronis HILIC and Hypersil
GOLD silicas. On Hypersil GOLD HILIC and on Accucore HILIC, the
retention of salicylic acid decreases initially as the acetonitrile content
decreases, but as this reaches 80% the retention gradually increases. This
behaviour could be due to ion-exchange interactions. Cytosine shows
HILIC behaviour of decreasing retention with decreasing acetonitrile
content on the four stationary phases. This behaviour would indicate that
partitioning is the main retention mechanism in these separations,
regardless of the radically different chemistries.

Additionally, as in reversed-phase chroma-tography, temperature has been
shown to impact analyte retention under HILIC conditions. While this is
often characterised by the well understood van’t Hoff relationship, there
are clearly exceptions to this which can make method development more
difficult. However for analysing polar compounds there are many
advantages in using HILIC and this approach will undoubtedly become
more prevalent as chromatographer experience and understanding grow.

3.3 THE EFFECT OF COLUMN TEMPERATURE ON RETENTION
In this study the temperature effect on the retention of salicylic acid and
cytosine was investigated for the four stationary phases; the column
temperature was varied from 20 to 70oC. The logarithmic retention factors
for the two model compounds were used to generate van’t Hoff diagrams.
Figure 6 shows van’t Hoff plots for salicylic acid on the four selected columns.

5. ACKNOWLEDGEMENTS

Figure 6. Effect of column temperature on retention of salicylic acid (left) and
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article.

cytosine (right). Mobile phase: acetonitrile/water (90/10 v/v), containing 10 mM
ammonium acetate.
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TROUBLESHOOTING
HOW TO CHOOSE ORTHOGONAL COLUMNS
FOR USE WITH 2D-LC SEPARATIONS
Complex separations involving hundreds of
components are becoming more common,
particularly in the field of proteomics and
metabolomics. In these scientific disciplines the
greater the number of components that can be
separated, the greater the information will be in
terms of identifying a specific protein or
metabolite. This potentially may have
implications in determining new metabolic
pathways or identification of protein biomarkers
for a particular disease state. Indeed, the need for
chromatographic space could be considered the
primary concern of the -omics fields with
reproducible identification and quantification
being key to discerning biological relevance from
data. As the range of compounds present in these
types of samples is very broad and the chances of
MS ion suppression resulting from peak coelution is high, many chromatographers ask
“What is the correct process for choosing the
most orthogonal columns to aid the separation?”.
In this article we will describe a process to ensure
the most appropriate degree of column
orthogonality (differenence) is obtained - thus
maximising resolution between the target
analytes.
It is often assumed that selecting orthogonal
columns based on the most obvious functional
group will give the best separation, which is not

always correct, and there are some very simple
analogies which can be made to demonstrate this.
Consider trying to separate a range of coloured
shapes such as in Figure 1. In this scenario the
two separation mechanisms could be utilised –
one based on colour and one on shape. However,
an understanding of the data set may determine
that a better 2D separation is to use size and
shape mechanisms which will give better
discrimination between all the components in the
data set (there may only be two colours but many
different analyte sizes and shapes). While in this
example colour can be deemed to be an
orthogonal mechanism for separating the
analytes. An optimal 2D separation will then
result if the correct selection criteria are chosen.
A similar approach needs to be taken when
looking at separating molecules using twodimensional liquid chromatography (2D-LC)
where the parameters being used to drive the
separation should be chosen to optimise the
overall separation. This will depend to a certain
extent on the nature of the molecules that are
being separated, and then choosing the two
parameters that will allow for the greatest
differentiation of the set of compounds chosen.
It is the difference in the retention mechanisms
that will ultimately drive the improvement in
separation, and this depends not only on the

stationary and mobile phases but also on the
molecule types being separated.
For many molecule types (and biomolecules in
particular), on many occasions the use of ion
exchange (IEX) and reversed phase (RP)
methods are chosen. These modes of interaction
are orthogonal and allow for differentiation in
their modes of interaction (electrostatic and
hydrophobic mechanisms) but are relevant to the
structural properties of the molecules in the
separation. For example, if a complex mixture
included both acids and neutral species then the
use of an anion exchange phase in the first
dimension would maximise the differences in the
modes of interaction of the molecules (i.e.
electrostatic interactions of the acids) but the
neutral species may be poorly resolved. However,
the combination with RPLC in the second
dimension should provide good separation of the
neutral species so characterisation of the whole
sample is possible.
A common mode of separation for biomolecules
in the first dimension is to utilise size exclusion
chromatography (SEC), which in a similar
manner to Figure 1, will separate molecules on
their molecular size (or more accurately, their
hydrodynamic radius). This can prove
particularly beneficial for protein purification
(mAbs, recombinant proteins, etc.) where dimers,
trimers and higher order oligomers are common.
This can also function as a desalting step to
remove MS incompatible salts before the seconddimension separation and potential MS
detection. The second dimension may then be
IEX, RP or HIC (hydrophobic ion
chromatography).

Figure 1. Understanding the chemistry of the
compounds being separated is just as important as
understanding the mechanism by which a separation
occurs.
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Sample compatibility is a major challenge in 2DLC. An example of this is the combination of
RPLC and NPLC - classically polar (or nonpolar)
opposites. If you’ve ever tried mixing oil (hexane)
and water you will notice the formation of a twophase system which is deleterious to
chromatography. In 2D-LC attempting to mix
incompatible mobile phases will yield either
severe peak distortion or in the worst-case phase
demixing. To combine insoluble mobile phases
requires a trap column to enrich, elute and wash
out the incompatible solvent before injection
onto the second dimension. Alternatively, active
solvent modulation (ASM) allows a predilution
of the elute with a compatible mobile phase
before sample preconcentration on the 2nd
dimension column.

Combination of
Chromatography Modes

There are different approaches to measure the
orthogonality of the separation. A common
approach is to measure the retention time
correlation between two different columns [1],
which is an indirect method to quantify how
different the retention mechanisms are between
the two columns. Possibly a better approach is to
measure the chromatographic space that the two
columns occupy for the sample set being
analysed, as ultimately the improvement in
resolution is dependent on this rather than the
correlation factor. This can be achieved in a
variety of methods from creation of boxes around
the dataset, or by determining the fractional
dimension of the data [2].
One of the limitations with finding the
correlation between two columns is when there

Columns Used

is very little difference in the retention times in
one dimension for the compounds - which can
result in very low correlation with the second
dimension. In terms of the retention time space
that is occupied. this can be minimal, in a similar
fashion to the shapes, sizes and colours problem
posed earlier.
So to answer the question posed earlier, ensuring
the most orthogonal column combination for a
particular set of compounds really does depend
on the samples being analysed. Table 1 provides
examples of some orthogonal separations
mechanisms that have been published, alongside
the columns used to obtain that separation and
the specific application and this could be a good
starting point for readers who wish to investigate
2D-LC.

Mobile phases Used

Application
Areas

Ref.

RP x RP
RP × RP

CN × monolith
C18

Gradient: MeOH × stepped ACN

Pharmaceutical

3

RP × RP

PFP × carbon
clad zirconia

Gradient: ACN × gradient ACN

Metabolomics

4

RP-temperature gradient
interaction
Chromatography (RP-TGIC)
× RP (LC–CC, LC under
critical conditions)

C18 × C18

Isocratic DCM/ ACN

Branched polystyrenes

5

NP x RP
NP × RP Microbore

Silica × monolithic C18

Gradient n-hexane and EtOH ×
gradient IPA, ACN, water

Essential oils and
carotenoids

6

RP × NP (HILIC)

C18 × aminopropyl

Gradient ACN × isocratic EtOH –
DCM, water

Polymers

7

RP x IEC

RP × IEC (SCX)

Gradient ACN (TFA) × gradient ACN

Proteomics (peptides)

7

IEC × RP

SAX × C18

Stepped guanidine thiocyanate salt × Small molecule
gradient ACN

8

NP x SEC
NP
(LC–CC) × SEC

Silica × Gel filtration

Chloroform/diethylether ×
chloroform

Polymer degradation

9

RP x SEC

SEC × Gel filtration × C18

Water (TFA) × gradient ACN (TFA)

Proteins

10, 11

Affinity × RP

Titania × C18

Gradient potassium phosphate ×
gradient acetonitrile (TFA)

Phosphopeptides

12

Table 1. List of some column combinations used in
2D-LC and their application areas
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President Says ...
Firstly, I would like to send a warm welcome to
all our members for the fifth edition of
ChromCom. This year has seen several changes
for the Society, which have had an impact on
the way we operate. and I would like to thank
the committee for their support and dedication
to the Society over what has been a very
eventful year.
2018 was another busy year for the society, with
Advances in Clinical Sciences, our Spring
Symposium (in conjunction with JPAG), Grass
Roots 3, the Reid Bioanalytical Forum training,
and being involved in organising sessions at
HTC. For all the meetings, I am continuously
impressed with the levels of enthusiasm that
the organising committee members bring and
the professional way they are organised. This is
only matched by the enthusiasm of the
delegates and vendors that attend these and
other ChromSoc meetings.
The year started well with immediate pastPresident Paul Ferguson running one of the
sessions at the HTC-15 event in Cardiff in
January. It was the first major conference on
chromatography to be held in the UK for some
time and the feedback was very positive - and
the ChromSoc were delighted to collaborate
with the RSC Separation Science Group.
Following was the Spring Symposium,
which saw ChromSoc return to Burlington
House in a joint event with JPAG. The meeting
focussed on cradle to grave aspects of method
development and was well attended. The next
event was the much-awaited Grass Roots 3
educational event, which was held in the
Lake District, at the start of October. The event
was fully booked up and was well received. See
the following meeting reports for some
testimonials. The Reid Bioforum Training
Event, focussed on the analysis of large
biomolecules provided a high level of insight
into this area for delegates. The Advances in
Clinical Analysis meeting was held in
November at Burlington House, boasting some
of the finest clinicians from the UK presenting.
The event was a tribute to Professor Dave
Perret who gave the plenary lecture.

As well as organising scientific events, the
ChromSoc also finances students wishing to
attend our meetings as well as international
meetings through the range of bursaries we
offer. I am pleased to say that this has
continued and in 2018 we were able to support
over a dozen students. There was also
sponsorship of summer research studentships,
with £3000 shared between two successful
applicants. I encourage all ChromSoc members
to advertise these bursaries. For student
membership at only £10 a year, it is an
incredible opportunity to attend national and
international separation science events or be
sponsored for work over the summer period.
This year has also lots of activities planned,
Adrian Clarke organised another successful
Emerging Technologies meeting, and
John Lough is preparing a meeting with the
RSC,
on
Separation
Science:
Pharmaceutical Development and
Manufacture. The Reid Bioforum is
holding another event in Cambridge. The
Grass
Roots
IV –
Biopharma
Separations event in October will be held in
Church Stretton and our meeting calendar will
be rounded out by a Multidimensional
chromatography event to be held at
Syngenta the same month. The ChromSoc wish
you a successful year and hope that you will be
able to join us at one of our meetings.

Tony Edge
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Martin Medal 2018

Daniel Meston interviews 2018 Martin
medal winner Professor Robert
Kennedy, University of Michigan
Prof. Robert (‘Bob’) Kennedy, the winner of the
Martin medal has enjoyed an extremely
productive career with several notable accolades
for himself and his research colleagues. I had the
pleasure of interviewing him to get a sense of
what drives him to pursue science so feverently.
Prof. Kennedy began his career through a BSc in
chemistry with the goal of pursuing a career as a
veterinarian. However, while he was initially
interested in the topic, he found the research
focused components of his work more interesting
and “enjoyed doing new things all the time”,
especially the analytical aspects of his work.
While he found the biological work behind the
vet’s life interesting, he also found it repetitive. As
a result, when it came to a PhD, he chose to
combine analysis with biological systems and
began analysing single cell systems with capillary
electrophoresis (CE) and open tubular columns
under the supervision of Jim Jorgenson who at
the time was a trailblazer in CE. Following on
from this, Prof. Kennedy went onto study
neurotransmitters in the brains of mice under
Mark Whiteman (North Carolina). His interest
in biological systems has played a dramatic role
in his analytical career which has earned him The
Chromatographic Society’s Martin medal as well
as other prestigious honours such as the Ralf
Adams award.

& Medals

Jubilee Medal 2018
As the head of a lab, Prof. Lynen’s feels his priority
is to come up with the ideas which can be
translated into research projects for students.
These need to be both novel and feasible. To
this end, Prof. Lynen prefers diverse research
for two reasons. Firstly, for “natural evolution”
which comes from being able to work across
several different fields, and secondly, he finds it
more rewarding to be active in different types
of analysis which allows him to take ideas
generated in one field and apply them to other
areas. From a mentoring point of view Prof.
Lynen also sees diverse topics beneficial in
reducing “possible friction between students”.

As the head of this lab there are several
responsibilities that concern Kennedy. In his
words his top priority is “ensuring the progress of
his research” - the most important factor of which
is the student workforce in which he is
responsible for. Here he needs to strike a balance
between the student’s academic progress and the
students wellbeing.
When asked on what approach he takes to
research, Prof. Kennedy harkened back to the
methods of his mentors like Jim Jorgenson who
believed that “most progress comes from
focusing on one thing and pushing it through,
like CE and LC”.
An obvious advantage of being an analytical lab
which studies the biological sciences is that they
group can quickly decide whether a problem is
worth focusing on, for example single beta cells
in diabetes or neurons in neurotransmitter
measurements. Even today Prof. Kennedy
professes some of his proudest moments are
some of the earlier papers from his lab where “we
did everything ourselves from the cells to the
analytics”. This freedom to work on the most
interesting and novel ideas is what motivates him
to continue and improve.
What can we expect to see in the future from the
Kennedy lab? The increasing complexity of
samples in the proteomic and metabolomic
research fields has led to a great deal of
fundamental research on peak capacity and
orthogonal selectivity. Prof. Kennedy would like
to see this research also performed by labs more
specialised in fundamental instrument
development versus application labs.
The best piece of advice offered by Prof. Kennedy
to analytical chemists who would like to pursue
a career in academia? “Flourish where you’re
planted”.

Daniel Meston interviews 2018
ChromSoc Jubilee Medal Winner
Professor. Frederic Lynen, University of
Ghent, Belgium

Prof.Frederic Lynen is the recipient of the
ChromSoc 2018 Jubilee medal for his
exemplary
work
in
fundamental
chromatography research.
I had the opportunity to interview Prof. Lynen
where we discussed his achievements and better
understand how he got to where he is today.
Prof. Lynen’s lab is best known for its work in
fundamental column research, as well as other
important areas such as modelling of blood
brain barrier (BBB) dynamics using
chromatography.
Prof. Lynen’s interest in chromatography didn’t
begin until his PhD, before which he focussed
on organic synthesis - a decision motivated
primarily by the opportunity to study abroad.
Following this, he took a PhD in analytical
biochemistry, synthesising combinatorial
peptide libraries and using LC/CE-MS to
investigate molecular interactions. This
combination of separation science and
biochemistry fascinated him and led him to his
current career path. After his PhD he became
interested in LC column technology and as a
result the Lynen lab has become a major
scientific contributor in this area.
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Speaking of interpersonal communication, Prof.
Lynen is a big fan of conferences and he
particularly enjoys ChromSoc symposia. Prof.
Lynen was instrumental in organising HTC-13
which lead to the establishment of a
multimillion-euro Belgian collaboration
(CHIMIC) which seeks to combine analytical
chemistry and bioinformatics to design software
and hardware to “enlarge the analytical
separation space” and make separations easier.
This clearly illustrates the power of networking
and putting your research out into the
community.
With important collaborations such as these what can we expect from his lab in the future?
Prof. Lynen firmly believes that we shouldn’t
assume mass spectrometry is a solution to
everything. He thinks there is often more
information hidden in chromatograms than we
think. For example, he believes retention time
is underused and in a 2D-LC setup using
conventional detectors can gives insight into
functional group characteristics of molecules.
In addition, Prof. Lynen has put great stock in
the development of BBB analysis as it can
ultimately impact human health. Prof. Lynen
sees this as a meaningful application of
chromatography. He believes that the targeted
development of fundamental chromatography
can make incremental gains in our
understanding of human biology and hopes
that “little steps can impact large problems”.
Given his success to date, it’s hard to disagree.

Bursary Report
International Symposium on
Chromatography, Cannes Mandelieu,
September 2018
Daniel Meston, Helmholtz Centre for
Infection Research, Germany
Having already been given a bursary previously
by the ChromSoc in my undergraduate days I
was thrilled to be awarded the John Dolphin
fellowship as a PhD student to once again attend
the ISC (international symposium on
chromatography). The ChromSoc constitutes an
invaluable resource when it comes to young UK
researchers, a resource that as mentioned by the
chairman Tony Edge is sadly currently
underutilised. As this is a John Dolphin meeting
report I feel it is more beneficial to talk about
what I got out of the conference than what
necessarily was shown and I would direct anyone
interested in a more comprehensive review of the
conference to look at the meeting report also
published in this edition of ChromCom.
As a PhD student I feel as conferences take on a
different meaning, they are no longer just about
enjoying oneself and learning. The need for
networking and meeting new people becomes
paramount to scope out potential collaborations,
post-doc positions and growing a network within
the community.
I was lucky enough to get the opportunity to
attend talks by spectacular scientists - for
example the opening plenary lecture by Robert
Kennedy which highlighted the massive
efficiency afforded by utilising microfluidic oil in
water emulsions as microreactors in which he
demonstrated uses, for example, in extremely
high throughput mass spectrometry or even as a
vessel for fast protein assays.
The benefit of the ISC is it tends to be very well
planned. As such there are a number of
opportunities for one-on-one talks during
numerous social events and well-spaced breaks.
Due to these arrangements, I was able to discuss
both scientific ideas as well as career choices with
Prof. Kennedy which I believe was immensely
useful.

I had a similar experience with many other
professors such as Dwight Stoll who is leading the
charge in turning 2D-LC into a routine
separation technique as well as proving the
unique position chromatography is in when it
comes to academic and industrial collaborations.
Tohru Ikegami who gave a fantastic talk on
stationary phase synthesis for HILIC separations,
presented some inspiring science and offered
some unique insight into their own career choices
- and even what they look for in students and
post-docs, which I found invaluable advice for
planning my future career.
The gala dinner was a unique experience. On the
journey to the event I had the opportunity to talk
with Alisdair Mattheson (editor in chief of
LCGC) who gave numerous insights into the
major trends in chromatography and separation
science. It seems that no matter who you run into
you at conferences you end up learning
something you didn’t know before.
The dinner was a unique opportunity to speak
with some of the biggest names in the separation
science community in an informal setting. This
allowed for a more laid-back atmosphere that
aids discussion, at least in my experience. Perhaps
all conferences should be held at sporting venues
like the Cannes Hippodrome?
Overall, I was extremely pleased with my
experience of ISC2018 and would like to thank
the ChromSoc for giving me the means to attend
again. I would recommend any PhD student in
separation science to take the opportunity to
attend and profit from the opportunity and
community.
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Committee Member SpotlighT

DANIEL MESTON
In this edition of the committee spotlight,
we introduce one of our newest
committee members, DANIEL MESTON
who is the assistant editor of ChromCom.
I am a firm believer in the dramatic role a teacher
can play on the future of their students, I was
lucky (or unlucky?) to have two competing
influences during my school time, Mrs. Ratcliffe
an imposing Irish music teacher who had no
problem keeping you back until she was
satisfied you had really tried - and Mrs. Chinnery
a deceptively frail looking biology teacher who
made every lesson enjoyable. These forces led
me to decide between science and music at the
end of my GCSEs, and you may have guessed I
chose science as a more stable career path, but
at the time I had no area of interest.
This lack of interest and the fact that the
pharmaceutical industry is one the biggest
employers in England lead me to the
biopharmaceutical science (BPS) course at the
University of Sunderland. Here I met the third
influential teacher of my career, the resplendent
Dr. W. John Lough (another member of the
ChromSoc committee) who introduced me to LC
and inspired me to make a career in
chromatography. He also encouraged me to
take a greater role in the community and to
value networking such as conferences and
smaller meetings - something which has stuck
with me thus far.
My research interest in exploring unconventional
modes of selectivity began with a project
utilising chiral mobile phase additives in the
separation of chlorpheniramine from its related
substances. I found the theory and chemistry
behind these modes of separation particularly
stimulating. I was never too interested in
synthesis and analysis seemed to be the right fit

for me to apply my chemical knowledge. This
was my first taste of independent research in
chromatography and I developed a liking for it.
The BPS course was rather unique in that it
prioritised industrial experience and hands on
learning
as
it
tends
to
produce
chromatographers for industry, which was
certainly a benefit. I was able to gain a great deal
of practical experience which ultimately sparked
my love of the instrumentation and the
“plumbing” that goes behind the science.
Following my BSc I was lucky enough to get an
academic scholarship to stay at Sunderland and
complete my MSc in Drug Discovery and
Development. I was able to pursue my love of
chromatography which allowed me to continue
my interests in adjusting sensitivity using mixed
mode columns in the separation of chemically
distinct
related
substances
(see
chlorpheniramine BP monograph).
I had the advantage of John’s trust in my ability
to work independently and problem solve which
I believe is the best method of allowing students
to gain a deep understanding and respect for
their topic. Much more so than if they are led by
the hand. After my MSc I had to make the
decision of academia or industry. I chose to do a
PhD because regardless of the discipline, it will
be necessary to do research, which is my main
interest and I couldn’t see myself doing anything
else.
Unfortunately for me I was unable to find a
suitable PhD within England, and as a result I
opened my search criteria and found a position
in proteomics at the Helmholtz Centre for
Infection Research in Braunschweig, Germany.
While my interest is primarily in fundamental
chromatography research, I made the decision
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to take a PhD in the application of chromatography to biological samples, namely human
T-cells. My current work utilises LC-MS for the
identification of reactive oxygen species (ROS)
modified proteins following T-cell activation in
infection.
The advantage of joining a graduate school with
a biological focus is that coming from a purely
chemical background I was exposed to a
completely novel branch of science in which I
have learned a great deal in the applications of
LC to biological question. Not only proteomics
but the use of conventional LC in the analysis of
metabolites and cofactors.
This opportunity is primarily through the fourth
inspirational tutor of my career Prof. Ralf Mendel.
Not a chromatographer but a massively
supportive tutor who has given me many
opportunities to chase my love of chromatography outside my PhD duties. While the
project should be primary it can be greatly
rewarding to spend time on your passions.
I have been a member of the ChromSoc for
many years but only recently joined the
ChromSoc steering committee. I chose to do this
because I have a deep respect for
chromatography and wanted to continue to
immerse myself in it. Being an active member of
the ChromSoc committee and editing
ChromCom helps facilitate that, and allows me
to stay up to date in the field while having a
positive impact on the community.

conference
reviews
International
Symposium on
Chromatography
Le Centre Expo Congrès (CEC),
Cannes Mandelieu, September 2018
Daniel Meston, Helmholtz Centre for
Infection Research, Germany

The
international
Symposium
on
Chromatography (ISC) is one of the major
scientific
conferences
dedicated
to
chromatography research and development. The
conference offers several different opportunities
including lectures, workshops and short courses.
The conference encompassed many topics
relevant to chromatography and while it is
beyond the scope of this review to go in depth on
all the topics mentioned, a number of recurring
themes were evident such as large biomolecule
characterisation - especially of therapeutic
antibodies and antibody drug conjugates
(ADCs). In terms of instrumentation it is obvious
that 2D-LC will play a leading role in the coming
years with the necessity to resolve increasingly
complex biological and clinical samples. It was
apparent however that 2D-LC is not just a tool
for basic research.
The symposium opened with an introduction to
the history of the ISC (as is traditional) by Didier
Thiébaut, followed by a briefing of events by coorganiser Jean-Luc Veuthey and ending with a
thank you by Valérie Pichon.
Following the introduction Professor Robert
Kennedy (University of Michigan, USA) began
his plenary lecture titled “Advances in Nanoscale
Separations & Mass Spectrometry”. The seminar
was split into three project lines, all of which
made use of microfluidics technology. Firstly,
high throughput screening of proteins produced
in vitro proteins from cell lysis through magnetic
bead cleanup to final MS analysis via ingenious
new developments in instrumentation. Secondly,
protein-protein
interactions
utilising
glutaraldehyde incubation allowed for capturing

of transient complexes as well as minute changes
in complexation dynamics due to nucleotide
binding and point mutations. Finally, analysis of
neurotransmitters from mice brains in-vivo
utilising microdialysis highest spatial and
temporal resolution to date allowing for precise
sections (20 x 60 μm) of the brain to be
monitored every 3s.
Following this pleanary lecture, the CASSS award
was presented to Prof. Paul Haddad (University
of Tasmania) who updated us all on the “holy
grail” of LC method development, i.e. a method
to predict elution times of molecules based solely
on their molecular structure. While
computationally demanding and time consuming
it is possible to determine accurately
chromatographic retention on some common
stationary phases including C18, IEX and HILIC.
The following day was started with a plenary
lecture by Alain Beck (Center of Immunology
Pierre Fabre, France) on the analysis of
biopharmaceuticals. The complete analysis of
therapeutic antibodies requires a great deal of
input from multiple complementary techniques
and 2D-LC was demonstrated to be the method
of choice when elucidating the full chemical
diversity of monoclonal antibodies (mAbs). Not
only to improve chromatographic space but also
when analysing related substances, it is necessary
to utilise orthogonal selectivity columns. For
example, when looking at differential
glycosylation patterns - HILIC separations often
allow for a full elucidation post reversed phase
separation in the first dimension. When
determining size variants, it may be necessary to
utilise ion mobility MS which while not being a
mode of LC featured heavily in this year’s
conference as a method to improve the separation
of complex mixtures. Indeed, cysteine bridge
variants were investigated by native ion mobilityMS displaying the applicability of this technique.
Following the plenary lecture, the first round of
parallel sessions began with mass spectrometry.
The topics were highly diverse showcasing
research in conventional LC-MS, the use of
different separation modes coupled to MS as well
as different methods of interfacing or replacing
MS with orthogonal detection mechanisms.
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Firstly, The Chromatographic Society President
Tony Edge (Agilent Technologies) began by
introducing the concept of ion suppression in
LC-MS that originates from the column which
has large implications in both QC as well as in
quantitative -omics research.
The following talks focussed primarily on
different methods of separation coupled to mass
spectrometry in the separations of metabolites
from biological samples. A highlight was Tobias
Werres (University of Duisberg-Essen, Germany)
who presented an overview of the replacement of
MS with IMS which was employed to separate a
training set of isomers and was able to determine
all related substances. This illustrated IMS may
prove a powerful complementary technique for
complex samples.
The afternoon sessions on ‘Fundamentals’
focused on the development of stationary phase
chemistries with the aim of increasing the
breadth of separations for biological molecules.
While selectivity talks dominated, the session
began with Prof. Gert Desmet’s (Vrije University
of Brussels, Belgium) talk on ordered packed
columns produced by photolithographic
methods. Conventional packing methods lead to
the formation of a randomised bed which is
detrimental to efficiency. Desmet has shown that
utilising ordered monolithic columns results in a
significant decrease in both the B and C van
Deemter terms.
After lunch, a tutorial on 2D-LC was held by
Prof. Dwight Stoll (Gustavus Adolphus College,
USA) in which he gave a succinct but expert
overview of the field with emphasis on the
undersampling problem in which a 2D
separation may prove worse than a 1D separation
if the initial peak is not adequately sampled. Prof.
Stoll also explained the major applications of 2DLC in the pharmaceutical industry, primarily in
the analysis of biopharmaceuticals.
The second day opened with a plenary lecture
from Dr Fabrice Gritti (Waters/University of
Tennessee,
USA)
on
fundamental
chromatography instrumentation. Highlighting
the topic of thermostatted column compartments
(TCCs), high vacuum hardware was used to

eliminate air convection and heterogeneous hot
spots which were demonstrated to impact
efficiency. Vacuum control leads to a reduction
in column plate height of 1.9 under isocratic
conditions which is 40% better vs conventional
TCCs. A test set of peptides were used to
illustrate that under gradient conditions,
efficiency increased in LC under extreme
pressures. Low-density SFC was used on a mix of
terepenes as well as paraffin with these vacuum
columns minimising temperature dispersion
effects.
The first round of parallel lectures began with a
session focussing on hydrophilic interaction
liquid chromatography (HILIC), the main
theme being the fundamental development of
HILIC and elucidation of its mechanisms.
HILIC is still under debate as to the complete
mode of action even so it was interesting to see
the development of novel HILIC stationary
phases in this session.
Prof. Tohru Ikegami (Kyoto Institute of
Technology, Japan) spoke on HILIC fundamentals session outlining the development of
novel stationary phases for HILIC using a
polyacrylamide modified monolithic (PAAm)
approach. Columns were generated utilising
atom-transfer radical polymerisation (ATRP)
which produced brush and mushroom type
columns with 2.4x selectivity for compounds
with OH groups.
The parallel session on sample preparation
focussed on the topic of molecular imprinting for
the purposes of “pull-down” extractions, which
can concentrate analytes in a facile manner and
allow for fast simple injection onto LC or GC
This has shown particular relevance in
environmental
analyses
where
sample
concentration may prove difficult (water
sampling etc). Highlights from the talks include,
detection of biocides at trace level by UPLCMS/MS (Claudia Paijens, LCPP, Paris). Biocides
are first enriched from water samples by solid
phase extraction for dissolved compounds
followed by microwave digestion for particulates
and injected onto LC-MS/MS which allows for
high sensitivity and specificity by removing
sample complexity. The method was validated for

a number of diverse matrices and will be used at
wastewater treatment plants.
Chris Pohl (Thermo Fisher Scientific, USA)
spoke on hyperbranched anion exchange phases
for the separation of carbohydrates under basic
conditions. The main goal of the report was to
demonstrate the optimisation of these phases to
improve the retention of carbohydrates. It was
possible to improve the retention of both simple
carbohydrates as well as glycoproteins.
Following the morning session Professors.
Michael Lammerhoffer (University of Tuebingen,
Germany) and Wolfgang Lindner (University of
Vienna) gave a tutorial on LC enantiomer
separations. Beginning with a comprehensive
overview of the thermodynamics of the different
interactions which govern enantiomeric
reignition. Finishing with insight into the newest
advancements like sub-2μm particles, for
example the Whelk-01 column as well as fused
core particles (FCP) which allow for higher
velocity separations.
The afternoon session began with 2D-LC. The
talks focussed on the major fundamental
advantages of 2D-LC which are increasing the
peak capacity of separations as well as utilising
orthogonal stationary phases to achieve higher
selectivity. A good example in this session was
from the Noor Abdulhussain (University of
Amsterdam, Netherlands) in which she explained
the concept of 3D printed devices for multidimensional chromatography. The author
presented a novel device which incorporates an
initial isoelectric focussing step. The talk spoke
primarily of the design of devices to control the
fluidics before the second dimension.
The penultimate day began with the challenges
of complex sample separation by ASAC FritzPregl medal winner Prof. Peter Schoenmakers
(University of Amsterdam, Netherlands), where
his primary aim was to highlight the need for
expanding the peak capacity of separations. The
seminar ended with an outlook on the uses of
spatial LC by utilising 3D-LC and separating
molecules in the x, y and z axes.
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The following session focussed on fundamental
research to improve clinical analysis which is
always of broad interest to analysts for
pharmaceutical drug discovery as well as clinical
bioanalysis being so prevalent. Qin Lu (Naval
Research Laboratory, USA) presented interesting
work on the use of optical chromatography in the
separation of whole live immune cells. Stimulated
macrophages were also monitored for population
shift on chips. Following lipopolysaccharide
(LPS) stimulation macrophage size increased,
and F actin cytoskeleton morphology changes
were observed. The use of chromatography over
flow cytometry made this work particularly
interesting as chromatography offers far greater
separating power than the conventional method
as well as the option of employing different
detectors.
The parallel session on biotherapeutics and
modelling had an emphasis on 2D-LC and peak
capacity. Research suggests that biotherapeutics
are particularly difficult to characterise with a
single column and require multiple selectivity’s
and even multiple techniques.
Dr. Davy Guillarme (University of Geneva,
Switzerland) presented the state of the art in
analytical
characterisation
of
protein
biopharmaceuticals, emphasising the impact of
2D-LC in the characterisation and separation of
monoclonal antibodies. Size exclusion (SEC) was
used for desalting before being transferred to
uHPLC columns for IEX and HIC separations to
characterise isoforms and glycovariants. Finally,
the use of RP x HILIC separations in
combination with MS to determine glycolsylation
patterns more precisely was discussed.
The afternoon began with another session
featuring 2D-LC applied to complex biological
samples but with an additional emphasis on
exciting developments in instrumentation. This
topic was headlined by Prof. Dwight Stoll
(Gustavus Adolphus college, USA). His talk
featured optimisation of sensitivity and the
applicability of 2D-LC. In developing solutions
to the problem in interfacing the first and second
dimension such as dilution effects and solvent
incompatibility, the authors presented work on
overcoming this with active solvent modulation

(ASM), namely the use of an additional valve to
modulate the interface between the first
dimension and the second. It was found that
utilising ASM allowed for coupling of HILIC to
RP and greatly increased the sensitivity of 2D-LC
without having to utilise an entire dimension for
desalting.
Afternoon parallel sessions began on the topic of
miniaturisation, focussing on the production of
nanoscale columns for separating small sample
volumes with the aim of improving the sensitivity
of low abundant samples. Professor Koji Otsuka
(University of Tokyo, Japan) presented a highly
interesting topic - the production of a novel C70
buckminsterfullerene stationary phase used to
separate coronenes. The talk covered the
development and characterisation of the phase
and demonstration of its utility. The authors were
able to separate coronene isomers and will be
investigating the separation of halogenated
compounds and carbohydrates in the future.
A presentation by Shing Chung Lam (University
of Tasmania) detailed the creation of a miniature
capillary liquid chromatograph capable of highpressure separation using syringe pumps. It was
demonstrated that this nanoLC system could
make use of capillary columns and used only μls
of mobile phase.

Guillarme for their significant impact on the
separation science community and contributions
to the knowledge base.
The final talk of the day was by Prof.
Schoenmakers (University of Amsterdam,
Netherlands) who spoke on the topic of the
challenges of separating complex samples. The
main theme was on reaching a peak capacity of 1
million. He demonstrated that this is theoretically
possible utilising 3D separations. This lead on to
the introduction of a novel 3D printed device
called TWIST which utilises an isoelectric
focussing step before injecting samples for 2DLC as mentioned earlier.
The final day began with a session on mass
spectrometry, the primary theme being the
applications of mass spec to biological analysis
and MS based sample deconvolution. Exemplified
by Prof. Gerard Hopfgartner (University Geneva,
Switzerland), he introduced the use of ion
mobility (IMS) as an additional dimension of
separation in conventional LC-MS or LCxLC-MS
with derivatisation and data dependant
acquisition. IMS is useful due to its orthogonality
to common modes of LC, allowing for higher
peak capacity in complex samples and higher
sensitivity in combination with SRM and MRM.

The last session of the day was on emerging
technologies with the theme of 3D printing
which is starting to feature in analytical labs to
produce equipment such as small columns and
chip microfluidics for unconventional
separations. Commencing with a talk by Prof.
Gertrud Morlock (Justus Liebig University
Giessen, Germany) on the topic of miniaturised
planar chromatography (MPC) who discussed
the use of 3D printing to produce very thin silica
layers on glass. This technology can validate the
analysis of pesticides with good linearity and
repeatability. The printer software is open source
(http://reprap.org/wiki/RAMPS_1.4)
and
available for download.

The final session of the conference was on
lipidomics research with an emphasis on
improving the sample preparation of lipids.
Historically this has been difficult due to the
extreme hydrophobicity of these molecules
causing them to be under recovered with
conventional methodology. This was addressed
by David Hage (University of Nebraska, USA)
who was concerned with characterising drug
interactions with serum lipids. The talk explained
the use of high-performance affinity
microcolumns to characterise drug-protein
interactions. Cartridges allowing on-line
injection onto LC-MS for label free lipidomics,
greatly improving the sensitivity and coverage of
these interactions was discussed.

Following the talks there was the presentation of
the Martin and Jubilee medals from The
Chromatographic Society. The winner of the
Martin medal was the one of the symposium
organisers Prof. Jean‐Luc Veuthey and the
winner of the Jubilee medal was Dr. Davy

In summary, ISC 2018 was a fantastic
opportunity to reflect on the full breadth of
cutting-edge developments in separation science
which spans every research field and
demonstrates the central role chromatography
plays in both biological and chemical science.
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Developing the next
generation of
separation scientists:
Grass Roots 3

Attendees and lecturers setting off for the first
walk up the Rothay Valley from the banks of
Windermere on a crisp and clear Saturday.

The third instalment of The Society’s successful
‘Grass Roots’ educational event was held at the
Waterhead Hotel, Ambleside in the Lake District
on the weekend of the 5th- 8th October 2018. The
focus of the event was ‘small molecule LC
method development’ with experts from the
pharmaceutical industry, instrument vendors
and training companies - all providing expert
insight over the four days. A total of twenty
colleagues attended the event (a full house!) with
attendees from both academia and industry with some international colleagues travelling
from afar afield as Denmark and Switzerland to
attend. It was particularly pleasing to have
colleagues returning from our Grass Roots 1 and
2 courses as a key philosophy of this series is to
progressively develop scientists through
structured and incremental learning.
The event covered all the key components
associated with method development ranging
from selecting appropriate samples and sample
preparation; method development workflows,
understanding gradient chromatography and
manipulating chromatographic selectivity through to method validation, transfer and
troubleshooting methods. Accompanying the
technical programme were walks in the beautiful
local countryside. On the Saturday afternoon, a
sedate amble up and down the Rothay Valley with
a pit stop in a local hostelry on the return, and on
Sunday a more strenuous walk up to High Sweden
Bridge (with slightly inclement conditions on the
descent!) – although some colleagues preferred to
go to the nearby hotel spa instead.

The Waterhead Hotel as a venue for the event was
exceptional. The guest rooms were fabulous, the
food quality and range incredible and on top of
this, the bar had a selection of over fifty gins
available – which were very popular during the
Saturday and Sunday evening pub quizzes
organised as part of the event.

We would like to thank YMC GmbH and the
RSC Separation Science Group for their kind
support of this event which allowed three PhD
students to attend. Additionally, we would like to
thank ACDLabs for their loan of laptops and
software for the in-silico retention modelling
lectures and practical.

As ever with Grass Roots events, the programme
was intensive with lectures flowing late into the
evening. However, the format is well received and
feedback from this event was very positive;

The next instalment of Grass Roots (4) will be
held in Church Stretton on 4th-7th October 2019
and will focus on the rapidly expanding field of
biopharmaceutical analysis using the same
format of lectures from experienced trainers
working in the field, walking in the countryside
and socialising. We hope to see you there.

was brilliant. The weekend was
• “Itthoroughly
enjoyable in all aspects and
gave me a needed boost, buzz and
enthusiasm to work in science for the rest
of my life”.
learned
• “Iknowledge

a lot and have gained
and information that will
strengthen my understanding here and
now, as well as provide food for thought
during method development and
validation”.

were enthusiastic, funny (a skill
• “Presenters
often
undermined
in
teaching),
knowledgeable and most importantly
humble”.
the best course I have ever
• “Probably
attended”.

A report by one of the student delegates can be
read below, additional reports on the event can
be found on the ChromSoc website.
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Paul Ferguson

Prof. Mel Euerby providing a masterclass
on gradient chromatography on
Saturday morning.

An early morning view of Windermere from the Waterhead Hotel.

Daniel Parker
PhD Research Student in
Pharmaceutical Analysis at
the University of Sunderland
The Grass Roots 3 educational event organised
by The Chromatographic Society was held at the
Waterhead Hotel, Ambleside, Cumbria and ran
from Friday 5th to Monday 8th of October 2018.
Right at the outset this truly excellent location
affording stunning views of Lake Windermere set
the tone for what would prove to be a very
positive experience.
The Grass Roots events first started in 2016 to
celebrate the Golden Jubilee of The
Chromatographic Society with a course on
chromatography
fundamentals
held,
appropriately, at Grasmere. This was followed in
2017 by a similar course held in Church Stretton,
Shropshire. However, the focus of this year’s
event, marking a return to the Lake District, was
on the more practical aspects of HPLC method
development. A wide variety of topics were
covered including: sample preparation, column
screening, mobile phase preparation, method
development and validation, robustness testing,
addressing common method issues and
transferring methods from HPLC to UHPLC and
vice versa. These topics were explained in depth
by presenters: Mel Euerby (Shimadzu/University
of Strathclyde), Tony Taylor (Crawford

Scientific), Roman Szucs (Pfizer) and Paul
Ferguson (AstraZeneca). All were clearly experts
in the field and boasted many years of hands-on
HPLC experience.
The lecture from Roman Szucs on ‘High
Throughput vs. High Efficiency’ with
information on optimising efficiency, selectivity
and retention factor using temperature, flow rate
and particle size to maximise analyte resolution
has already been used to great effect with my
research which involves exploiting orthogonal
selectivity in the development of methods for
complex related substances assays. This also
applies to Paul’s lecture on ‘What Does Your
Method Need to Do? In this, Paul covered in brief
the various types of analytical methods used
throughout the pharmaceutical development
cycle, giving brief descriptions and typical
reporting methods for trace analysis, In Process
Tests (IPTs), related substances, dissolution, and
Uniformity of Content (UoC) tests. International
Council on Harmonisation (ICH) guidelines
relevant to LC method development were
discussed, and the reporting thresholds found in
ICH Q3a/Q3b were explained as to why the
thresholds change depending on dose. This
provided the background needed to go in depth
into accelerated degradation studies and standard
conditions for common forced degradation
techniques were discussed, covering hydrolysis,
peroxide/free radical/transition metal oxidation,
photolysis, and thermal degradation. This
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information on accelerated degradation was
topped off with practical advice from previous
experimental experience, information on in silico
tools for complementary use with stability studies
and Accelerated Stability Assessment Program
(ASAP) to optimise stability studies. After the
various analytical tests, the lecture went into
extensive detail about Quality by Design QbD
method development approaches, and the steps
involved in the approach were explained, with
information on: setting Analytical Target Profiles
(ATPs) incorporating accuracy and precision
criteria to define method acceptability, setting
Critical Quality Attributes (CQAs) to test method
performance and assure that ATPs set are
routinely met, System Suitability Tests (SSTs) to
ensure the chromatographic system selected is
functioning before moving onto sample analysis
along with information on possible SSTs to use
for the CQAs set, and finally information and
practical advice on Quality by Design (QbD)
method development, robustness testing and
method validation. From this lecture I have been
able to effectively apply QbD to my PhD studies
when developing methods for difficult
pharmaceutical separations, and the information
on accelerated stability testing and forced
degradation conditions has allowed me to design
and hopefully implement stability studies for two
pharmaceutical formulations that lack
appropriate pharmacopoeial methods.

Under the guidance of Mel Euerby, colleagues
worked with ACDLabs LC Simulator software to
understand how in-silico modelling can be
used to predict optimal separations.

Interestingly, another of Paul’s presentations,
“Advanced Sample Preparation” right at the
beginning of the course, had, at the time, seemed
a bit out of place. However, in recently applying
my methodological approaches to the analysis of
drug products and not just to drug substances it
has been brought home to me just how critical
sample preparation is. Little did I know that in
three months’ time I would be working on
gelatine capsules and possibly moving on to oral
suspensions. I now think that sample prep is
undervalued and might be worth a course in its
own right.
Other lectures on column selection, applying the
van Deemter/Purnell equations to method
development and validation, and sample
preparation has already been used during my
time in the lab developing methods for my PhD
project, while the lectures on method transfer,
robustness testing, method validation and
gradient optimisation will become more useful as
my PhD progresses.
For me, the highlight of this event was the handson demonstration of ACD Labs’ LC Simulator
software. After the demonstration I was intrigued
to see if this software could be applied to my
project to improve time spent on experiments,
and I am currently running a 30-day trial of the
software for not only my own needs, but to assess
the software for future work done at the
University of Sunderland.

Colleagues pictured at High Sweden Bridge
outside of Ambleside on the second walk of
the Grass Roots event.

On non-scientific matters, a wide selection of
social events was available, with hillwalking in
Rothay valley a popular choice for many of the
delegates. For delegates wanting other less
strenuous activities, regular boat tours of Lake
Windermere were but a short walk from the
hotel, and, as guests of the Riverside Hotel,
delegates had access to the facilities of a nearby
spa and pool. The food available at the Riverside
was of the highest quality. Personally, being a selfconfessed fussy/fastidious foody, I would have
preferred a wider selection each day for the
evening meals. Having said that the choice of
food, and drink, seemed to go down well with my
fellow delegates and for those paying a full fee it
was very much value for money.

and therefore being used to a maximum threehour lecture period with two fifteen-minute
breaks during, I was pretty exhausted by the end
of a fairly intense weekend. I appreciated though
that for chromatographers from industry with
very limited time off from their work that was the
ideal way of doing things. The intensity of the
course was reflected in the quantity of
information and quality of the lecture slides
booklet. For anyone thinking of attending a
future “Grass Roots” event they should note that
It was worth attending just to get a copy of the
course booklet! Since the course I have referred
to these notes on many occasions. The presenters
had clearly put in a lot of preparation for the
course and for that I thank them very much.

As mentioned previously, the overall impression
of the event then, taking into account science and
ambience, was highly positive. While it was
designed for practising chromatographers in
industry, it could also be highly recommended
for postgraduates and undergraduates alike with
a passion for chromatography. Personally, having
graduated relatively recently from my first degree

Other acknowledgements: The author would like
to thank everyone at Chromsoc, especially
Isabella Rowe and Paul Ferguson for their
support in the application process for the event.
Further thanks are due in particular to YMC
(Europe GMBH) for the generous donation of a
bursary without which I would not have been
able to attend.
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technical article

2d lc: an answer to diverse
analytical questions?
Jens Meixner, Agilent Technologies,
Waldbronn, Germany.
Two-dimensional liquid chromatography (2DLC) can be considered as the logical extension to
LC when it comes to more complex analytical
challenges and labour-intensive workflows. To
date, 2D-LC is mainly associated with
comprehensive 2D-LC (also known as “LCxLC”)
which results in a complex set of data requiring
advanced data evaluation capabilities. Moreover,
2D-LC is often executed with in-house, labourintensive instrument and software setups.

performed on a conventional LC system. The
sample of interest is then transferred into one or
multiple sample loops in the 2D-LC valve which
acts as an injector for the second dimension.
Finally, a second pump and a second detector are
used to provide extended separation and
detection possibilities as well as parallel operation
in 1D and 2D. Two important capabilities for
ensuring the highest reproducibility are
symmetrical flow paths for the sample loops and
the 2D-valve.
Figure 1: Basic setup of a 2D-LC instrument

On the other hand, 2D-LC can be very valuable
when it comes to separating coeluting peaks or
streamlining workflows (such as automatisation
of a desalting step) by using a fully-automated
software and single-vendor solution. In these
cases, 2D-LC is much more accessible to novice
LC users. This article describes the different 2DLC modes and highlights examples from different
fields.
CHALLENGES IN LC
Increase confidence in your results. Are you

confident that no co-eluting peaks are hidden
under your peak of interest? Are you sure that no
analytes of interest are suppressed during mass
spectrometric (MS) detection? 2D-LC can help
you to increase chromatographic resolution in
defined areas of your chromatogram.
Lacking the full picture? Sometimes, sample
complexity exceeds the resolution of the
chromatographic method. Only 2D-LC offers
the peak capacity to generate insight into such
complex samples.
In need of speed? 2D-LC is a powerful tool
when it comes to the automating of long,
repetitive workflows. Examples are online
desalting, online buffer exchange or simple prefractionation workflows.

As mentioned above, different 2D-LC modes can
be performed on the Agilent InfinityLab 2D-LC
solution. The most straightforward mode is to
store one or multiple areas of interest in the 2D
sample loop and separate them in the second
dimension, as displayed in Figure 2. This refers
to single (SHC) or multiple heart-cutting
(MHC). Heart-cutting is mainly applied to
resolve one or multiple co-eluting compounds in
a chromatographic separation or to streamline
desalting steps.

2D-LC INSTRUMENT SETUP AND
SEPARATION MODE
A 2D-LC setup is not as complex as previously
thought. The basic components are displayed in
Figure 1. The first-dimension separation is

In comprehensive 2D-LC (Figure 2), the
complete flow from the first dimension is
sampled and systematically transferred to the
second dimension in equal portions. This gives
increased resolution over the entire 1D
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separation. Comprehensive 2D-LC is used for
highly complex samples like polymer mixtures,
whole blood extracts or traditional Chinese
medicine. High resolution sampling also
known as selective comprehensive sampling is a
modified MHC workflow. Executing this mode,
several cuts across a broad 1D peak with coeluting compounds are transferred and separated
in the second dimension. This is displayed in
Figure 2. Since the complete peak is transferred
into the second dimension, this is a powerful tool
for quantification of components that co-elute in
1
D, however are separated in the second
dimension.

Figure 2. The different 2D-LC modes: (Multiple) heartcutting, comprehensive and high-resolution sampling.

CASE STUDIES
2D-LC as an automated desalting tool for
an MS-incompatible USP method [1]
For the characterisation and analysis of
therapeutic peptides and proteins, a separation
combined with mass selective detection is
required. However, these chromatographic
methods often apply MS-incompatible mobile
phases like concentrated salts or non-volatile
buffers [2,3]. To enable MS detection for these
chromatographic separations, collection of
fractions, offline desalting and reinjection with
MS detection is needed. This approaches often
result in labour-intensive workflows and may
induce the degradation of the molecule of
interest.
In contrast, utilising 2D-LC, the second
dimension can work as an online desalting tool
for such MS-incompatible chromatographic
separations. To do so, a diverter valve is used to
automatically divert salt or buffer prior to MS
detection. Separation of buffer or salt can be
done by desalting-reverse phase (RP) cartridges.
In addition, by using full length RP columns with
different selectivity compared to the first
dimension, a further separation can be achieved
[3].
Presented here is the application for the hormone
peptide glucagon, containing 29 amino acids,
utilised for emergency treatment of
hypoglycemia as a proof of concept [4]. The assay
and analysis of glucagon according to USP 39 is
performed with LC and UV detection using
potassium phosphate as a mobile phase, the main
disadvantage of the current USP is lack of
accurate mass identification for the API and
isoforms. The analysis of glucagon for organic
impurities was achieved applying multiple heartcutting with desalting in the 2nd dimension. All
suitability requirements (for example, relative
standard deviation for main signal, tailing factor
and resolution for the desamido-glucagons)
according to USP 39 were fulfilled. Figure 3
shows counter clockwise the 1st dimensional
chromatogram of glucagon, the second
dimensional chromatogram of the desalting step
and the MS spectra.

Figure 3: 2D-LC view showing the peak based
multiple heart-cutting 2D-LC analysis of the
glucagon solution including MS detection.

In summary, 2D-LC can be utilised as an effective
online desalting tool for MS-incompatible
chromatographic separations.
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Figure 4. High resolution sampling of deamidated insulin
peak showing a coeluting species in the first dimension
and separation and accurate quantitation in the second
dimension

Characterisation of Styrene-Acrylonitrile
Copolymers Using Comprehensive 2DLC [5]
Synthetic polymers are complex mixtures with
large distributions in molecular weight,
composition and chain architecture. In the
simplest case, only a distribution in the number
of monomer units, equal to a difference in
molecular weight, is observed. This range is
analysed by size exclusion chromatography
(SEC). For polymers synthesised from different
monomers a divergence in chemical composition
can be detected. For the analysis of this
distribution different modes of chromatography
are applied. However, for a polymer with both
chemical and physical differences 2D-LC is
needed for full characterisation. [6-9]
The application note highlighted here exemplifies
this with the example of styrene-acrylonitrile
copolymers (SAN) with distribution in molecular
weight and chemical composition.
Reverse phase chromatography was applied for
the separation according to the acrylonitrile
content and SEC was used to display the
molecular weight distribution.
In summary, full characterisation of polymer
mixtures in more than one distribution is only
possible with 2D-LC.

High-Resolution sampling 2D-LC for
Pharmaceutical Impurity Analysis [10]
All impurities above a threshold of 0.05%
(area/area) relative to the active pharmaceutical
ingrediency (API) must be reported during
quality control of drug substances. This can be
challenging if the impurity is structurally similar
and the difference in concentrations are high,
resulting in a small hidden signal coeluting with
the API signal.
High resolution sampling 2D-LC can be a
solution for the above-mentioned challenge. In
high resolution sampling the complete signal is
transferred in several small fractions into the 2nd
dimension for separation. This enables reliable
quantification of the main component and the
impurity.

Different modes are available for different
applications: (multiple) heart-cutting is the tool
of choice to resolve coeluting signals and to
streamline manual sample preparation steps.
Comprehensive 2D-LC can be used to fully
characterise complex samples with distributions
in more than one chromatographic dimension.
High resolution sampling offers the possibility to
quantify structurally similar molecules with large
ranges in concentration. In conclusion, 2D-LC is
proving itself the method of choice in the arms
race of increasingly complex sample analysis.

References
[1]

The application note from Stephan & Krieger
showcases this on a model sample including
different isomers of chlorodifluorobenzoic acid at
100% and 0.05%, and on a real-life example as seen
in Figure 5, of deamidated insulin. Both examples
show structurally similar components coeluting in
the first dimension. By high resolution sampling,
quantification of all components.
SUMMARY
2D-LC does not have to be a high complexity and
specialised technique. An out-of-the-box
instrument and software solution can prove a
facile entryway into multi-dimensional
chromatography.
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2019 Meetings Calendar
9th May

Spring Symposium (including AGM):
Separation Science – Driving Pharmaceutical Development
and Manufacture
Stadium of Light, Sunderland
Often the focus of our meetings is on introducing new chromatographic innovations to
pharmaceutical researchers. On this occasion, to reflect the enduring strength of pharmaceutical
development and manufacture in the UK, a different standpoint will be taken. The unmet analytical
challenges facing these areas of the industry will be explored and emerging technologies reviewed
to assess those that potentially offer the best solutions for the immediate future.

16th – 20th June

HPLC 2019
48th International Symposium on High-Performance Liquid
Phase Separations and Related Techniques
University of Milano-Bicocca, Milan, Italy
Will cover both the fundamental and practical aspects of separation science, with the main focus on
new highly relevant trends that are emerging in this field. In particular, the conference will encourage
younger scientists to make contributions in topical scientific sessions.

7th -10th July

PREP 2019
32nd International Symposium on Preparative & Process
Chromatography
Hyatt Regency Inner Harbor, Baltimore, MD USA
Symposium for separation scientists and engineers, analytical and process chemists, R&D scientists
and engineers in industry and academia, chemical and bio-process development
scientists, downstream process development engineers, data scientists, technical sales personnel as
well as students considering either industrial or academic careers.

14th –17th July

Chirality 2019
University of Bordeaux, France
There will be sessions honouring the founders of the Chirality conference. Topics such as; asymmetric
synthesis and catalysis, chirality spectroscopy, chiral polymers and materials, Supramolecular
chirality, chirality in drug designs and biology, chirality at nanoscale, physical and computational
aspects and enantioseparations.

17th July

EFASIG 2019
Manchester Metropolitan University, UK
Applications of chromatography and mass spectrometry – with a focus on environmental forensics
and non-targeted analysis hosted by Dr. David Megson (Senior Lecturer in Chemistry and
Environmental Forensics).
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2019 Meetings Calendar
1st –4th September

26th International Symposium on Electroseparation and
Liquid Phase- Separation Techniques (ITP 2019)
Toulouse, France
The scientific areas of the symposium cover a wide range of technologies based on electro- and
liquid phase-separations: capillary and microchip electrophoresis, electrokinetic chromatography,
2D-electrophoresis, HPLC, UPLC, micro- and nanoscale HPLC, and their hyphenation with MS.
Applications of these techniques in bioanalysis, biopharmaceuticals, life science research,
environmental analysis, food safety and authenticity, space science, forensic, toxicology, and
(bio)polymers will be emphasised.



3rd -5th September

BMSS 40th Annual Meeting
Royal Northern College of Music, UK
In 2019 BMSS is returning to Manchester, a very fitting location, for the 40th BMSS Annual Meeting.
A vibrant national mass spectrometry society is in everyone’s interest - academia, industry & vendors
alike so we warmly invite you to join us for the BMSS40 party.

,

8th – 11th September

RDPA 2019
Recent Developments in Pharmaceutical Analysis
Largo Gardone Riviera, Italy
RDPA is a biennial meeting which represents an unequalled opportunity for the numerous scientists
dealing with pharmaceutical analysis issues in all their domains to get together. The RDPA 2019
program will cover the most appealing and relevant topics of separation research in
(bio)pharmaceutical analysis, spanning from fundamentals to advanced methodologies and
instrumentations, giving special emphasis to natural products.



11th –13th September

12th Balaton Symposium on High-Performance Separation
Methods
Hotel Azúr, Siófok, Hungary
The emphasis throughout will be on the very latest and most important advances in different areas of
separations sciences. These included GC, UHPLC, HPLC, SFC, HPCE, MS including certain variations.
With numerous applications from small molecules to pharmaceuticals, biopharmaceuticals, and
other interesting and important topics.

15th -18th September

30th International Symposium on Pharmaceutical and
Biomedical Analysis (PBA 2019)
Dan Panorama Hotel, Israel
The symposium will cover all aspects of pharmaceutical and biomedical analysis, including new
analytical technologies and methodologies for (bio) pharmaceuticals, biomarkers, and “omics”. A
special session will focus on the emerging field of medical cannabis. It is in the spirit of this
symposium series to attract researchers from all over the world, from a broad range of areas involved
in drug analysis, related materials and endogenous compounds.

26



2019 Meetings Calendar
23rd- 26th September

23rd International Reid Bioforum
Cambridge Belfry, Cambourne
The Reid Bioforum provides presentations and discussion on cutting edge bioanalysis. Sessions will
cover the usual eclectic mix of new technologies, method development and validation, together with
regulatory aspects and emerging trends. There will be a single stream of oral presentations given by
lecturers from pharmaceutical companies, contract research organisations, instrument manufacturers
and academics, supported by poster presentations and exhibitions.



4th-7th October

Grass Roots 4:
Introduction to Biopharmaceutical Characterisation
Longmynd Hotel, Church Stretton
The fourth instalment in our Grass Roots series of training events. The meeting will focus on
introducing LC approaches for the characterisation of biomolecules (principally peptides, proteins
and monoclonal antibodies) alongside a weekend social programme focussed on walking in the
Shropshire hills.

29th October

Recent Advances in Hyphenated Separations
Syngenta, Bracknell
The application of multidimensional chromatography is becoming more prevalent for characterising
complex molecules and samples. This meeting will highlight the latest approaches in both gas and
liquid chromatography formats for analysing samples requiring high peak capacities. Research and
applications will be presented applicable to areas such as food, fragrance, agrochemical, oil,
environmental and pharmaceutical industries.

1st -5th December

HPLC 2019
49th International Symposium on High-Performance Liquid
Phase Separations and Related Techniques
Kyoto University at Katsura, Japan
The HPLC symposium series is the premier meeting for high performance liquid phase separations
and related techniques. The 49th HPLC symposium will be held in Kyoto, Japan, December 1 to 5,
2019. The symposium will cover all aspects of separations by liquid chromatography and
electrophoresis as well as related hyphenated techniques and detection methods.

Note: ChromSoc Industrial and Student Bursaries are available for all events.
See www.chromsoc.com/events/ for more information
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