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Back to Basics
TROUBLESHOOTING
To write a completely definitive approach to
trouble shooting is a monumental task and as such
any trouble shooting guide can only give a flavour
of what is happening. The intention for this guide
is to develop a strategy which can be applied to a
range of problems and once an approach has been
developed this will streamline the process
substantially.
So, let’s start with some obvious statements, which
tend to be forgotten in the pressure of a normal
laboratory.
• The chances are that this is not the first time this
issue has ever happened, so using log books can
substantially reduce fault finding time in the
long run.
• There is in general more than one solution for a
particular observation, so be open-minded.
• Be as objective as possible, and never try to
make assumptions.
• Gather as much data as possible before making
a decision.
• There is always an engineer if it gets too tricky,
however there is a cost in terms of time and
money associated with this approach.
• All troubleshooting is a three-stage process
o Isolating the source of the issue
o identifying the problem
o fixing the problem

3. Monitor the back pressure. Having a good
record of what the typical back pressure of the
system is will remove the need to guess.
When proceeding with the troubleshooting
process list the possible causes and try to check the
simplest things first, as this will make the workload
easier. When working through a possible cause try
to work through them by varying one thing at a
time, in a step-wise manner, ensuring that the data
from each set of experiments is carefully reviewed.
This may appear to be a long-winded process but
it will substantially reduce time spent going down
blind alleys and having to rerun a set of
experiments.
Looking at the system it can be readily broken up
into individual components which are highlighted
in Figure 1.

SOLVENTS
Ensure that the solvents bottles are clean and if
necessary change the solvents. If working with
UHPLC systems this becomes more critical, and
in general it is advisable to filter both solvent lines
prior to use. If buffers are being used be aware that
the solubility of some buffers is limited and this
can result in a precipitation occurring over a
period of time.
AUTOSAMPLER
Ensure that all of the tubing is connected correctly
and that the autosampler valve is plumbed
correctly. Also ensure that the syringe or metering
device is drawing liquid. Check that the wash
solvents are in the correct wash bottles. Ensure that
the vial or well plate is installed correctly and that
the vial / well plate position that is being injected
from is the correct one.
PUMP
Check that the pump is not leaking, and that the
tubing is connected correctly. Ensure that there is
not a build up of buffer around the pump heads.
If using a high pressure gradient pump ensure that
each pump is delivering flow. Check the pressure
on the pump heads with and without a column.

So let’s look at the process, which starts even before
there is a problem. Make sure that records are kept
of what a good chromatogram looks like and with
this data keep a record of the pressure profile as
this could be invaluable for determining the cause
of the issue. When looking to identify the problem,
be open minded and assume that it is either an
instrument issue or a column issue. The next stage
is to collect the data, and for this there are three
key areas to focus on;
1. Look to the original chromatograms as this
could give invaluable information on the system
and also the column performance. Having a
series of these will help substantially, in
particular knowing what the chromatography
should look like and doing a comparison with
what is currently being produced.
2. Inspect the system to see if there are any obvious
issues e.g. leaks or there is a build-up of salt in any
of the joints, in particular around the pump area.

Physical Inspection o f System
and Chromatographic Data

COLUMN
Ensure that there are no leaks coming from the
column, or precipitation of buffer. Also ensure that
there is no packing material leaking from the
column. Although not as relevant with modern
columns due to the higher packing pressures and
greater awareness of the effects that different slurry
mixes have on the performance of the column,
ensure that the column is installed in the correct
direction. Ensure that the correct column is being
used, checking the stationary phase and also the
dimensions of the column, diameter and length.
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Figure 1. Overview of a typical LC system with 5
key components listed. 1 – solvents, 2 – pumps,
3 – autosampler, 4 – column, 5 – detector.
Reprinted with kind permission from Tony Taylor,
Crawford Scientific.
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DETECTOR
Ensure that the detector is switched on (although
this sounds obvious it is a common issue), and that
the correct settings have been applied. If gases are
used with the detector, ensure that all the
connections are tight and that there is no obvious
degradation of the gas lines themselves.

CHROMATOGRAPHIC DATA
Ultimately the chromatogram is typically the first
sign that there is a problem with the system. Any
type of abnormality should be noted with some
obvious observations relating to the baseline and
also the peak shape. With the peak shape if there
is more than one compound being analysed it is
worth comparing each individual peak to
determine if the problem is with all of the
compounds or just one as this will start to
streamline the troubleshooting exercise.

Some Golden Rules
1. It is often quite easy to overreact to one piece of
data so ensure that the problem is repeatable,
and so at least two injections should be
performed if it relates to the overall
chromatography. If the issue is pressure related
this may not be physically possible to achieve.
2. As has already been mentioned ensure that only
one thing is changed at one time, changing more
than one thing can result in compensating
effects.
3. Reinstall all good parts replaced during
component substitution if they are subsequently
found not to be at fault.
4. Always discard defective parts, and never be
tempted to put them back into a spares box. The
concept of being able to possibly reuse them in
an emergency really does not work, and in
terms of financial savings it will ultimately cost
substantially more to not replace the spare
component rather than replacing it.
5. Use the instrument log books to record what
components have been replaced, this will
potentially highlight any larger issues with the
instrumentation as time progresses.
6. Ensure that a record is kept of the repair and
that this is easily accessible for future incidents.
Although the latter two are associated with
typically
GLP/GMP
(good
laboratory
practice/good
manufacturing
practice)
laboratories, and often seen as being overly
bureaucratic, in the long term it is very beneficial
and it will save time going forward.

Some Common Problems
As with all trouble shooting it is always nice to
have some general background information on
what could be happening. The following sections
will go through some commonly found problems,
but it should be noted that this is not an exhaustive
list and that there will always be times when a new
problem will arise. However using the process
discussed previously this will substantially help to
at least isolate the cause of the problem.
Figure 2. Example chromatograms
demonstrating some of the types of system
issues to look for. These include tailing and
fronting peaks, and various types of baseline
noise originating from different sources.

MOBILE PHASES
SYMPTOMS
An issue that can happen with mobile phases, in
particular with the use of binary, ternary or
quaternary pumps is that the solvents are
immiscible. This will often cause a rise in the
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backpressure, with a possibility that there will be
variability in the flow rate. It may also have an
effect on the response from the detector, this is
particular the case for the more non-specific
detectors such as UV and CAD.
CAUSES
This can often happen when changing between
solvents and the solvents lines have not been
flushed appropriately; in general, the excessive
back pressure will result in damage to the column
unless great care is taken to remove one of the
solvents. Another time that this can happen, as
alluded to previously is when there is a gradient
change in the mobile phase, which results in a
situation where one component which is soluble
at lower organic concentrations has its
concentration increased which results in the
solubility drastically reducing. Another common
scenario is caused with the use of buffers. Buffers
will have a certain amount of solubility in organic
solvents, and the use of gradients can result in
situations where the buffer concentration exceeds
the solubility limit of the solvent. This is
particularly the case with inorganic buffers such
as phosphate and acetonitrile.
CURE
To overcome the issues highlighted previously
there are a variety of solutions. If the issue is caused
because of immiscible solvents, rather than an
issue associated with the buffer concentration,
then the use of a solvent that is compatible with
both solvents is suggested. IPA is a good example
of such a solvent and can be readily used to mix
with normal phase solvents such as hexane and is
also miscible with water. If the issue is associated
with the buffer concentration, then simply
washing the column / solvent lines with water will
substantially remove any resulting precipitation. It
should be noted though that this can take quite a
bit of time to process, due to the dissolution
process of a buffer.
PREVENTION
There are some best practices which can be readily
employed and should eliminate any issues
associated with the use of liquids that are
immiscible or due to a buffer solubility issue.
Avoiding high buffer concentrations will reduce
the chance of having some form of precipitation
occurring, however it should be noted that even at
concentrations below 50 mM - phosphate buffer
will still precipitate in acetonitrile.

Another obvious statement is to ensure that care is
taken when using a system that has been used for a
different method. Some laboratories employ a policy
that all the solvents lines will be left in a particular
solvent post run, which has the added benefit of
ensuring that any precipitation of a buffer can be
virtually eliminated. The alternative is to ensure that
before using a system that the lines are flushed with
IPA, however care should be taken that any buffer in
the lines is first flushed out with an aqueous flush, to
avoid precipitation. Finally, when looking at reequilibrating the column ensure that there are at least
10 columns volumes of flush solvent employed, this
will ensure that there is minimal opportunity to end
up with two immiscible solvents in the column or
other component of the chromatographic system.
Figure 3 shows a plot of some common solvents and
their solubilities in other solvents.

Figure 3. Solvent compatibility chart.
Squares in black highlight solvent immiscibility.

Figure 4. Demonstrating the effect that altering
the delay gradient volume can have on column
re-equilibration.
Reprinted with kind permission of
Mel Euerby, Shimadzu.

Acetic Acid
Acetone
Acetonitrile
Benzene
n-Butanol
Butyl Acetate
Carbon tetrachloride
Chloroform
Cyclohexane
1,2-Dichloroethane1
Dichloromethane2
Dimethylformamide
Dimethyl sulfoxide3

Solvent Miscibility Table

Dioxane
Ethanol
Ethyl Acetate
di-Ethyl Ether
Heptane
Hexane
Methanol
Methyl-t-Butyl Ether4
Methyl Ethyl Ketone5
Pentane
n-Propanol
iso-Propanol6
di-iso-Propyl Ether
Tetrahydrofuran
Toluene
Trichloroethylene
Water

DELAY GRADIENT VOLUME
One of the issues that often comes up is that a
method is not transferrable between different
chromatographic systems. This tends to relate to
the different delay gradient (‘dwell’) volumes that
different chromatographic systems can have. In
particular, with the introduction of UHPLC, it has
been noted that the effect of the dwell volume on
the separation can be significant - so all of the
manufacturers have been focussing their efforts on
not only having pumps that can run at higher back
pressures but also having systems that have a lower
dwell volume. It should be noted that there are
several terminologies that are used to describe the
volume the mobile phase occupies and it is
important that the differences between the different
definitions are considered when troubleshooting.

Acetic Acid

Acetone

Acetonitrile

Benzene

n-Butanol

Butyl Acetate

Carbon tetrachloride

Chloroform

• Dead volume – this relates to the total volume
of the system that is accessible from the injector
to the detector, so this includes the column.
There are two main areas where the dwell volume
can have an effect. The first to be discussed is the
effect in terms of the re-equilibration of the
chromatographic system. Figure 4 highlights the
issue that this can cause in terms of the peaks that
elute first. It should be noted that in this scenario
the first injection will have a high probability of
looking satisfactory as the system will have been
fully equilibrated, and this is an ideal method of
highlighting if the effect is due to the delay
gradient volume or another artefact.

• Dwell volume - The dwell volume comprises all
the system volume from the mixer to the head
of the column. This is also referred to as the
delay gradient volume.

Cyclohexane

1,2-Dichloroethane1

Dichloromethane2

Dimethylformamide

Dimethyl sulfoxide3

Dioxane

Ethanol

Ethyl Acetate

di-Ethyl Ether

Heptane

Hexane

Methanol

Methyl-t-Butyl Ether4

Methyl Ethyl Ketone5

Pentane

n-Propanol

iso-Propanol6

di-iso-Propyl Ether

Tetrahydrofuran

Toluene

Trichloroethylene

Water

Xylene

Xylene
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As mentioned the other area where the delay
gradient volume can have a big effect is when
methods are being transferred and this results in
one system working well and the other system not
working. Figure 5 highlights this issue showing
how varying the delay gradient volume alters the
selectivity on a gradient separation. This can be
understood by looking at the way compounds
elute from a column. In general, there is a linear
relationship between the % organic and log of the
retention factor (k), which means that under
isocratic conditions compounds will have a fixed
retention factor that they will elute at. Under
different isocratic conditions this time will vary,
with the dependency of an individual compound
being different, thus it is very feasible for a pair of
compounds to elute in one order at a low organic
concentration but increasing the concentration the
isocratic separation is reversed. Under gradient
conditions, this difference is highlighted as the
compounds will migrate down the column at
different rates dependent on what the
concentration of the organic component is present.
If the gradient is delayed in reaching the column,
then it is possible that a separation of two
components may have been completed under the
initial isocratic conditions which may have a
different retention order to a system where the
gradient arrives at the column head much quicker.

Figure 5. Effect of the dwell volume on the
selectivity. Note that as the dwell volume is
increased so the relative retentions times
(selectivity) are altered. In this example the
retention times have been normalised between
the first and last peaks.

The delay gradient volume can be calculated by
removing the column and applying a gradient to
the system. If one of the mobile phases contains a
compound that the detector is sensitive to it is then
possible to determine the delay gradient volume.

TUBING
Although clearly not much to do with the mobile
phase, the physical characteristics do mean that the
volume of liquid in the chromatographic system is
affected which will in turn affect the dispersion that
is occurring in the system. For larger i.d. columns
the effect of changing the total volume of the tubing
is not significant, however as the i.d. of the column
is reduced and as the efficiency of the columns is
increased the dispersion caused by the tubing has
a greater impact on the peak shape. This is shown
in Figure 6.

However, it is not just the length and diameter of
the tubing that has to be considered, the positioning
of the tubing also has an effect on the peak shape
depending on whether an isocratic separation or a
gradient separation is being performed. This is
highlighted in Figure 6, which clearly demonstrates
that if a long length of tubing is needed to connect
the column to the injector and also the detector, it
is better to have the longer tubing at the injector end
rather than the detector end.

Overall in terms of band broadening the equation
that determines this is given by the following;
As well as the tubing it is also important to ensure
that the dead volumes associated with the
connectors is kept at a minimum, which means
that care has to be taken when installing the fitting
to reduce the dead volume and to also reduce the
unevenness of the end of the tubing so that the
connection is as flush as possible.
PUMP PROBLEMS
The pumps are designed to deliver a constant flow
rate of liquid through the chromatographic
system. The specified flow rate is controlled
through a piston which is used to initially draw the
liquid up in a precise volume into the piston
chamber and then through the use of valves the
piston then discharges this known volume of
liquid into the HPLC system. The use of two
pistons either in series or in parallel means that
there will always be one piston discharging a
known volume of liquid into the HPLC system
whilst the other is being filled. The use of valves
and seals ensures that the liquid is delivered into
the chromatographic system and does not leak
into components it is not meant to. Thus there are
three components that can be prone to wear and
tear are the piston, the seals, and the valves. In
particular the seals are components that need to
be replaced on a regular basis to ensure that the
mobile phase gets delivered into the system.
Figure 6. Effect of increasing the tubing length with a 4.6 mm i.d. column
(top) and also a 2.1 mm i.d. column (bottom). The percentage figure refers to
the loss in efficiency relative to the 50 x 2.1 column with 0.005 inch tubing.
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PUMP SEAL ISSUES
Figure 7. Schematic diagram showing how a pump
works, with 2 valves, to ensure that the liquid gets
delivered in the correct direction, piston to deliver
the solvent and a seal to ensure that ther e is a
good seal between the piston and the wall.

stick; this is a particular issue when using 100%
acetonitrile phases where certain types of valve
material (ruby) are known to stick. It is thought to
be caused by the build-up of a very thin layer of
polymer on the ball in the check valve which
makes the surface very smooth, which then means

Common symptoms that the can be observed with
a failing pump seal are;
• Little or no flow
• Variable flow rate
• Reduction or variability in back pressure

that once it reaches the seating position that there
is no surface tension, and so it becomes very
difficult to dislodge from the ball from the seat.
This results in a low flow delivery, or potentially
one of the pump heads simply not working at all.

CAUSES
All of these are caused by the abrasion of the seal
over a period of time or a seal that has not been
seated correctly and so does not seal, which will
eventually allow the mobile phase to leak between
the seal and the piston.

It is also possible for particulates from the mobile
phase to be deposited on the check valve and this
will also result either in the check valve leaking or
sticking.

RESOLUTION
The resolution to this in all cases is to replace the
seal, although the piston should also be inspected
at the same time to ensure that there are no
abrasions or pits on the surface of the piston,
which could also result in a similar issue.
PUMP BLOCKAGE
If a pump is blocked then the following
observations may be seen.
• Little or no flow
• Variable flow rate
• Increase in back pressure
The solution to this is clean the pump head. With
some pumps this is a relatively trivial process,
however some UHPLC pumps are substantially more
complicated and as a consequence it is suggested that
this routine maintenance is left to the experts.

Sticking Check Valve
CAUSES
As previously stated the role of the check valve is
to ensure that the delivery of the liquid occurs in
the correction direction. Depending on the design
of the check valve it is possible for the valve to

RESOLUTION
In both cases cleaning the check valve with a
methanol water mixture will either remove the
film or the particulates, allowing the valve to be
replaced. Alternatively, check valves are a cheap
consumable part and could be replaced. For a
longer-term resolution, ensuring that the mobile
phases are of a high grade and that they are filtered
will also reduce the wear and tear on the ball and
also on the seat.
AIR IN THE LINES
With earlier pumps this issue used to be quite a
common problem resulting in periodic pressure
fluctuations and also affecting the baseline
response of UV detectors. Modern HPLC pumps
will typically come with a degasser and many users
will degas solvents, ether using sonication (poor)
or by bubbling nitrogen or helium through the
solvent to remove any absorbed oxygen (better).
COLUMN ISSUES
Clearly the large surface area of the column means
that it will be one of the components of the
chromatographic system that wears out first.
However, it is not just because of particulate build
up or indeed because of the impurities in the
sample / mobile phase that can change the surface
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chemistry. It is also possible for the column to
undergo a physical change.
There are many symptoms that can be observed
due to a defective column, some of them are;
1. Shift in retention time
2. Excessive tailing
3. Fronting
4. Loss of peaks
5. Peak splitting
6. Excessive back pressure
7. High baselines
There are many possible causes but some of the
more obvious ones to look for are;
• Contamination of the column (1, 2, 4, 5, 6, 7) –
this can sometimes be overcome by a thorough
wash protocol, which would involve several
solvents to try and dissolve all organic
contaminants in the column.
• Voiding of the column (2, 3, 5) - this can
happen if there is a substantial pressure cycling
involved causing the bed to compress further
during the run or when using high pH mobile
phases (>7-8) which may result in the silica
dissolving with standard silica particles.
• Excessive silanol activity (1,2) - this could be a
manufacturing error, which results in variability
in column performance between different
batches of silica produced. It may also be caused
by use of too low pH mobile phases (<2) which
can cleave bonded ligand from the silica surface
and increasing the activity of the base silica.
• Column bleed (7) - some stationary phases are
inherently not bound well to the stationary phase,
an example of one would be the PFP and mixed
mode phases which in general can have quite high
bleed. Although this bleed may not be observable
on a UV detector, when using a MS it will show
up. It is possible to vigorously wash the column
but this effectively is removing the stationary
phase and since the bleed is due to a dynamic
equilibrium between the stationary phase and the
mobile phase it will not cure the problem.

Conclusions
There are a variety of different factors that can result
in a chromatographic assay failing. These can relate
to system issues or issues associated with the
inherent instability of the assay. It is not uncommon
that the same observation can be caused by a variety
of different factors and as chromatographers it is
important to understand this and ensure that an
appropriate approach to the troubleshooting
process is employed. This article has looked at some
of the more common issues that can arise in liquid
chromatography, however the list is by no means
exhaustive, but having the correct approach will
ensure that the chromatographer has the best
opportunity of identifying and resolving the issue
in an effective manner.

TROUBLESHOOTING
Variability in Response for
Bioanalytical AssayS using LC-MS/MS
First version published in Chromatography Today,
November/December 2016
This article will look at a specific problem
that ar ose within a bioanal
ytical
laboratory. Additionally, some common
challenges in the running o
f a bioanalytical assay will be discussed, and in
particular how the introduction of the
LC-MS can sometimes com plicate the
analytical process.
The problem at the onset was that the PK
(pharmacokinetic) profile obtained for an IV
(intravenous) trace had a Cmax, that is a maximum
observed concentration, at two hours after the
initial injection. In essence, what this means is that
it takes two hours for the compound to distribute
itself around the body’s blood supply. Typically, this
should happen in less than two minutes. Clearly
then something was not right. The company
initially checked a variety of possible issues. Were
the samples labelled correctly? Was the MS
working? Finally it was decided to rerun the whole
experiment and new patients were sought. This was
very expensive and only served to provide the same
answer as was obtained previously.
To understand what was happening, a better
understanding is required of the actual challenge
faced by bioanalysts. Many bioanalytical
laboratories will routinely look for a limited
number of samples, so for a PK/TK laboratory this
may be just two or three compounds that are being
monitored, whereas a hospital looking at clinical
samples may be monitoring several tens of
compounds. However this number does not
necessarily reflect the number of compounds that
are actually within the original sample [1]. In
particular, in laboratories where a dilute and shoot
approach, where the sample is merely diluted with
water prior to injection, is employed (popular
where cost per sample becomes a critical factor
and where the sensitivity of the mass spectrometer
is used to overcome some of the challenges
associated with sample preparation), the number
of compounds being chromatographed will be in
the thousands. The reason for this phenomenon
lies in the detector that is commonly employed
within this field.

Mass spectrometers are sensitive and selective
pieces of instrumentation capable of detecting
femto grams of material. One of the great
advantages of this technique is that it can be tuned
to effectively only see one compound, and
effectively blinded to any other compounds that
may be present in the sample. However, this is not
exactly what happens in reality, since co-eluting
components can interfere with the ionisation
process resulting in substantial discrepancies being
observed in the detector response for samples with
nominally the same concentration [2,3]. This is
often overcome by the use of an internal standard;
ideally this will be an isotopically labelled version
of the compound under investigation, which is
used to compensate for any handling or ionisation
variations between samples. This approach is
commonplace within all bioanalytical laboratories
and data is often presented as the area ratio of the
compound and the internal standard.
The assumption is that whatever affects the
compound will also affect the internal standard to
the same extent. However, on closer investigation,
this statement is clearly not correct when large
differences in concentration are being considered,
since the degree of matrix effect will be a
percentage of the actual concentration. If it is
assumed that the effect that the dosing vehicle /
matrix has on the compound and the internal
standard is equivalent, then each must suffer a
percentage change in the absolute response. Thus,
for high concentrations the absolute amount of
suppression can be quite large, whereas for low
concentrations there is not an appreciable
difference in the observed and actual
concentrations from an absolute perspective.
The regulatory authorities are becoming more
aware of this situation. Recent discussions at the
Crystal City V meeting held in December 2012 in
Baltimore, USA, on the “Quantitative bioanalytical
methods validation and implementation: The 2013
revised FDA guidelines” [4], have resulted in the
issuing of draft consultative guidance notes which
are moving towards a quality by design approach.
In particular it is suggested that the internal
standard response is monitored for drift and that
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an SOP should be developed a priori to address
issues related to the variability in the internal
standard.
This raises a few questions regarding the use of an
internal standard, and in particular how robust the
internal standard is for the assay. It is generally
assumed that for isotopically labelled internal
standards that the variation on response that is
seen matches that observed with the compound.
As a consequence, the amount of ion suppression
observed is not important since the internal
standard will compensate for this. In many
scenarios this is true. However, it is important to
reiterate that there are examples where the internal
standard will not compensate correctly for matrix
interfering with the detector response, in
particular where there are large variations in the
concentration of the compound being analysed.
One such example can occur when the dosing
vehicle is being used with the administered drug.
Dosing vehicles are commonly used within the
drug industry to aid the solubility of the drug into
the blood stream. Examples of some commonly
used dosing vehicles include Tween80, PEG, beta
cyclodextrin, and Solutol 15. Typically, a dosing
vehicle is a polymer with a wide range of molecular
masses, and will be incorporated into the test
mixture at percentage levels, so will be present in
the resulting blood/plasma sample from the
patient. The nature of the polymer means that it is
very likely to interfere with the ionisation process
of the compound, directly through charge
competition or indirectly by stabilising the solvent
droplets [5]. In general, the dosing vehicle will
have a different elimination rate from a patient to
that observed for the compound of interest and as
a consequence the amount of matrix interference
from the dosing vehicle will vary as a function of
time. One of the other challenges associated with
the use of dosing vehicles is that because they are
polymeric in nature there is a tendency for a range
of compounds to be present within the dosing
vehicle rather than just a single entity. This means
that it is quite common for the dosing vehicle to
exhibit poor chromatography, with very broad

Figure 1. Pharmacokinetic profile of a compound from an IV animal study,
showing the actual concentration and the observed concentration. In this
situation the observed trace better fits an oral dose profile, here the
maximum concentration occurs after a couple of hours due to the time it
takes the drug to get through digestive system and into the blood stream.
This profile results from a high level of suppression effects.

peaks that cover a significant part of the
chromatogram being common. However, since the
selective nature of the mass spectrometer does not
see the dosing vehicle in general it is not
considered an issue. However, this poor
chromatography can result in the dosing vehicle
co-eluting with the analyte. If there is a degree of
matrix interference caused by this co-elution then
the amount of interference will vary as a function
of the sampling time.
This was exactly what presented the originators of
the problem discussed initially above. They were
using a protein precipitation method for the
analysis of a compound in a human trial. The
protein precipitation did not remove the dosing
vehicle which had not been present in the preclinical studies and the it was not considered the
effect that the dosing vehicle would have on the
assay. The protein precipitation had worked well
with the pre-clinical trials, but the introduction of
the dosing vehicle meant that the sample
preparation had to be revisited.

Figure 2. Pharmacokinetic profile of a compound from an IV animal study,
showing the actual concentration and the observed concentration. In this
situation, there is not a significant difference since there is a low level of
suppression effects.

It is fairly easy to model this effect within an Excel
spreadsheet. The results obtained from doing so
can be quite startling. Figure 1 demonstrates what
happens when there is a large amount of
suppression caused by the dosing vehicle, whereas
in the situation shown in Figure 2 the amount of
ion suppression is substantially less. In Figure 1 the
PK profile is very different from what is actually
happening; indeed this profile better matches an
oral introduction of the drug into the patient,
where the drug takes time to get into the blood
stream via the stomach.

The use of an internal standard does not help in
this situation since the amount of matrix effects is
dependent on the amount of dosing vehicle in the
sample, which will vary from one sample to
another, Figure 3. If the suppression was consistent
(i.e. there was a constant amount of dosing
vehicle), then the internal standard would be able
to better compensate for the variation. However,
it is not - since the amount of compound causing
the suppression effect varies from one injection to
the next. This does raise another significant issue.
Where the amount of suppression varies according
to the matrix composition, monitoring the internal
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standard response would potentially highlight any
issues with the assay. Looking at the internal
response for methods where the sample
preparation is not very rigorous then a large degree
of variability can exist. An example of this is shown
in Figure 4 which features the recovery of the
internal standard using a protein precipitation
method and using a solid phase extraction method.
This can often happen when monitoring the drug
concentration with ill patients whose matrix can
vary considerably. Potentially, this suggests that
data being produced in such circumstances could
be somewhat suspect.

Figure 3. The variation of the internal standard response
when dosing vehicle is present in the samples.

In the problem presented at the start of this
dialogue, the solution was to improve the
extraction methodology. A solid phase extraction
method was employed which allowed for the
selective removal of the dosing vehicle, which
resulted in less variation on the degree of
suppression. Ultimately this resulted in Cmax
being observed with the first sample point taken
after five minutes and so the PK profile matched
the expected data produced from the pre-clinical
studies.
Information on the amount of suppression that
can be caused by the addition of dosing vehicles
has been reported previously [6]. If a dosing
vehicle and the analyte are co-eluting into the mass
spectrometer then ion suppression does occur
(Figure 4). In the data produced for Figure 4, the
analyte and the dosing vehicle were infused
simultaneously into the mass spectrometer, which
is what would occur if the chromatographic
conditions did not result in a separation of the
dosing vehicle from the analyte. The amount of ion
suppression, or indeed enhancement as was
observed with warfarin, varies dependent on the
combination of dosing vehicle and analyte, and
although not presented in this study also the
concentration of each constituent.

Figure 4. The response of the internal standard extracted
from plasma for two different extraction techniques.

Figure 5. The effect of co-eluting a dosing
vehicle with different compounds, with
suppression and enhancement being seen
for different compounds, very few
compounds are unaffected.
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PHOSPHOLIPIDS
Another instance where matrix effects could be
affecting the stability of an assay relates to the use
of stabilising injections. This is where a series of
matrix blanks are injected onto the column, to
stabilise the response [7]. Again, by monitoring
some of the matrix components there is a possible
explanation that relates to the sample - and in
particular, to interfering components. The nature
of the LC-MS instrumentation is such that the
chromatography is optimised for the compounds
that can be seen. It has already been shown that for
components of the sample that are not being
analysed, this can result in very poor
chromatography [6].
One of the challenges associated with methods
that use very little sample preparation is that the
extracts remain impure, and contain significant
amounts of lipids [8]. Lipids and in particular
phospholipids, which are ubiquitous components
of cell membranes, and major lipid components of
plasma, have the potential to exert marked, and
variable, ion suppression effects in the subsequent
LC-MS-based analysis.

gradually eluted from the analytical system. Figure
6 clearly demonstrates one of the challenges
associated with the short analysis times typically
employed in bioanalysis as it is very evident that
the heavier phospholipids have not eluted from the
HPLC column on the first injection and that it
takes several injections to remove these
compounds from the column. The data here
suggests that when employing commonly used
bioanalytical chromatographic conditions, traces
of phospholipids will remain absorbed onto the
analytical column even after ten injections of a
pure aqueous solution. Perhaps this explains why
some bioanalytical assays require a number of
injections to stabilise the analytical system. Indeed,
it is noted that in the field of metabonomics [9,10]
that the use of stabilising injections of the sample
is commonplace and necessary.
Figure 6. The retention of phospholipids on a
column can mean that it requires several
injections for them to elute, which could
potentially explain the need to stabilise an
analytical system with some blank extracts.

Figure 6 shows the detector response obtained for
injections of water subsequent to the first injection
of a protein precipitated plasma extract. Figures 6
shows that in general the less lipophilic
phospholipids, in this case the mass and the
lipophilicity are related, are eluted from the
column quicker than the more lipophilic
phospholipids, with the lighter phospholipids (m/z
= 496 and 524) predominantly being removed
after the two blank injections. However, with
consecutive aqueous injections (Figure 6) the more
strongly retained, heavier, phospholipids are
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CONCLUSIONS
Within the field of bioanalysis there are many
challenges, both scientific and also financial. The
examples given here are worst case scenarios.
Dilution and protein precipitation techniques can
and do work very effectively. However, it is
important to be aware of the limitations of the
approach to allow issues to be addressed quickly.
One obvious method of determining if there is an
issue is to monitor the response of the internal
standard. If there is a great variation in its response
then perhaps the assay approach should be
reviewed to ensure that good quality data is being
obtained.

MEMBERSHIP NEWS
President Says ...
Firstly, I would like to send a warm welcome to
all our members for the fourth edition of
ChromCom. As the new incumbent to the role
of President, I would also like to say a very big
thankyou to Dr Ferguson, the outgoing
President, for continuing to grow the
organisation and to the whole ChromSoc
committee for the incredible support that I have
had during my time at ChromSoc - and also for
the future support that I will undoubtedly need
over the coming term. 2017 was another busy
year for the society, with Emerging
Technologies, a Spring Symposium on UHPLC
and SFC, Grass Roots 2, the Reid Bioanalytical
Forum, and the Advances in GC meeting. I was
fortunate enough to be involved in a couple of
these events, the Grass Roots 2 and the Reid
meetings. For both meetings, I am continuously
impressed with the levels of enthusiasm that the
committee members bring to the meetings and
to the organisation of these meetings. This is
only matched by the enthusiasm of the delegates
and vendors that attend these and other
ChromSoc meetings.
The year started well with the Emerging
Technologies meeting held in conjunction
with the Separation Science Group from the
RSC at Burlington House in London, in March.
A full meeting report follows, but Adrian
(Clarke), Sam (Whitmarsh) and Greg (Jonas)
did an incredible job in getting a very prolific
set of speakers together for this meeting. It was
attended by nearly 100 delegates, with 10
vendor companies sponsoring the event in one
format or other.
With the first meeting under our belt the next
meeting was the Spring Symposium and this
saw the ChromSoc return to the Sandwich
Discovery Park, where a two-day event
discussing UHPLC and SFC awaited the
delegates. Chris (Bevan), Roman (Szucs), Peter
(Ridgway) and Arun (Sen) did a great job
organising this meeting, and again an in-depth
meeting report follows. This was a lively event,
with some excellent discussions being had on a
range of topics, and a very entertaining evening
out at the local Dover castle arranged by Chris.
The next event was the much-awaited Grass
Roots 2, this year held in Church Stretton, my

home town at the end of August/beginning of
September. With 21 delegates, the event was
fully booked up and had a good mixture of
classroom training provided by Mel (Euerby),
Tony (Taylor), Paul (Ferguson) and myself, as
well as some quite invigorating walking around
the local hills. From my perspective, this is an
event that I very much enjoy and the feedback
from the student delegates mirrored this
sentiment.
Following closely after this meeting was the
Reid Bio forum, traditionally held at the
University of Surrey. However, with a new
organising committee, came a new venue at the
Belfry Hotel in Cambourne and this was very
well received by the delegates. The mix of a
strong lecture program coupled to the array of
social activities has always found favour with
Bioanalysts and the 2017 event did not
disappoint on either area.
The final meeting of 2017 was the biennial
Advances in GC meeting, organised by the
Vice President Alan Handley. As with the
Emerging Technologies meeting held earlier in
the year, this is now a regular event on the
ChromSoc calendar. This meeting has grown in
stature and in terms of the recognition amongst
delegates and also the vendors. This is a
testament to the speakers, and also to Alan who
does an incredible job organising this event.
As well as these activities, the ChromSoc also
supports students attending our meetings and
international meetings through the range of
bursaries that we offer. I am pleased to say that
this has continued and in 2017 we were able to
support over a dozen students to attend
meetings ranging from HPLC in Prague to the
Grass Roots 2 event in Shropshire. There has
also been sponsorship again of summer
studentship, with £3000 being given to two
successful applicants. I encourage all ChromSoc
members to advertise the bursaries and summer
studentships, 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.
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2017 saw new committee members arrive, so I
welcome Peter, Mark (Portsmouth) and Roman
to the team. All three are hitting the ground
running either being involved in arranging
symposia or being involved in some of the
longer term strategic activities associated with
the web site and general organisation of the
Society. Another new addition to the team,
comes with Karen who gave birth to a bouncing
baby boy, Thomas Edward, and I am pleased to
report that mum, baby, sister and dad are all
doing very well.
This year has lots of activities planned, with Paul
being involved in the HTC 2018 event in
Cardiff at the start of the 2018, organising
several of the speakers. Paul is also involved in
organising Grass Roots 3 which is looking at
an advanced version of the successful Grass
Roots series. This event will be organised for
October.
Adrian is back with the RSC SSG organising the
Advances in Clinical Analysis event, which
again will be held at Burlington House later in
the year. Adrian is also the lead organiser for the
Spring Symposium which will have a focus
on The Chr omatographic method lif e
cycle, another joint meeting, this time with
JPAG, to be held at Burlington House, London
on May 10th. The final meeting on the packed
calendar will be on November 22nd and held at
the Stadium of Light, Sunderland and will be a
collaboration between the ChromSoc, John
(Lough) being our representative here, and the
RSC NERAD with the meeting titled
Separation Science: driving
pharmaceutical de velopment and
manufacture. Finally, I am not completely
devoid of organising responsibilities, as I will be
helping with the ISC activities in Cannes, in
early September, which is looking to be an
excellent meeting.

Tony Edge

Bursaries and Medals
Martin Medal

Industrial Bursaries

Each September the Chromatographic Society
executive committee convenes to discuss the
award of our Jubilee and Martin medals for the
following year. The Martin medal is named after
Professor A.J.P. Martin who in 1978 gave
permission for his name to be associated with this
award. The ‘Martin Medal’ is the highest honour
the Society confers and is awarded to scientists
who have made outstanding contributions to the
advancement of separation science.
The nominations for this medal category for
2017 were extremely strong and included a
number of highly prominent separation scientists.
Professor Jean-Luc Veuthey of the University of
Geneva was subsequently chosen for his
significant contributions to the advancement of
separative approaches towards drug analysis. He
will be awarded his medal at ISC2018 in Cannes,
France.

Currently the Society provides bursaries to help
the academic and student population to attend UK
events. There is, however, a growing population of
young and novice chromatographers/separation
scientists working in small and medium-sized
companies who can find it difficult to get full
financial support to attend scientific meetings. The
Chromatographic Society, with the help of the
PASG, has set up a bursary/travel grant scheme
specifically to help those from industry.
A number of bursaries are available to attend
Chromatographic /Separation Science meetings
held in the UK.
The scheme applies to young or less experienced
chromatographers/separation scientists currently
working in UK based pharmaceutical,
biopharmaceutical and aligned companies and
will help cover the costs of both travel and
conference/event fees. Due to the size of the funds
available and the desire to maximise the term of
this fund, it will be limited to events organised
within the UK.
Successful applicants will also be offered a free
two-year membership of the Society.
The exact amount we will have available to fund
bursaries is reviewed annually but we have an
ongoing commitment to support industrial
separation scientists and, therefore, will strive to
make available a sum sufficient to meet expected
demand.
Take us up on our offer and we’ll look forward
to meeting you at one of our events this year. You’ll
benefit from the social and networking
opportunities as well as from the quality of the
science.
To download an application form please visit
our website www.chromsoc.com

Jubilee Award
The Silver Jubilee award was created in 1982 to
mark the 25th anniversary of the Society. The
‘Jubilee Medal’ is awarded to either:
Up-and-coming separation scientists, those
who have made major use of separation science in
their own field
Scientists who have made important
contributions to a particular area of separation
science.
The winner of this in 2018 is Dr Davy Guillarme
also of the University of Geneva for his work on
the development of chromatographic methods for
the analysis of proteins and monoclonal
antibodies. He will also be awarded his medal at
ISC2018 in Cannes, France.

Student Bursaries
The Chromatographic Society is devoted to the
promotion and dissemination of knowledge on all
aspects of chromatography and related separation
techniques. To support young separation scientists,
we provide a number of student bursaries each
year, these bursaries are available to UK full-time
students or full-time students at a recognised UK
University wishing to attend a meeting which
would benefit their research/studies. Our bursaries
are very important to us as a means of assisting the
young researchers of today who we hope will go on
to work in the field for many years to come.
We strongly encourage you to attend our
meetings and apply for a bursary. Bear in mind
that partial support may also be available to attend
international meetings which the society
recognises as beneficial to the development of
young chromatographers.
To download an application form please visit
our website www.chromsoc.com

Summer Studentships
Each summer, the society co-funds 6-8 week
summer studentships with the BMSS (British Mass
Spec Society), RSC SSG (Royal Society of
Chemistry Separation Science Group) and RSC
NWAD (Royal Society of Chemistry North West
Analytical Division).
The studentships are focused on involving the
student in scientific research resulting in a
report. The studentships receive funding based on
their mass spectrometry and/or chromatography
content, relevance to current topics, novelty of the
project, deliverables and the development of
the student.
Please see our website (www.chromsoc.com)
for further information.
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John Dolphin
Fellowships
Many members of The Chromatographic Society
and separation science community will be aware of
the sad passing, at the age of 62, of John Dolphin in
2007. John Dolphin was a long-serving member of
the Executive Committee of The Chromatographic
Society in the 1980s including posts as Treasurer
and then Chair from 1985 to 1987.
Following his death, his family formed the
John Dolphin Trust in his memory to benefit a
range of charitable activities. In February 2009 the
Chromatographic Society were honoured to
receive a significant donation in John’s memory
from the trust to be used “towards sponsorship of
students undertaking their PhD’s”. This request is
entirely in keeping with John’s outlook on
separation science. In the early-1990s John was
responsible for setting up the “Hypersil Young
Chromatographer of the Year” competition and
award. The photograph below shows him
alongside Harry Ritchie, John Knox and Mike
Cooke (President of The Chromatographic Society
at the time) at one “Hypersil Young
Chromatographer of the Year” award symposium.

Pictured (left to right); Harry Richie,
John Dolphin, John Knox and Mike Cooke.

Following ratification by the Executive
Committee of The Chromatographic Society, the
donation is used to provide support for doctoral
researchers working in British universities each
year to attend and present their work at a major
overseas conference in separation science. This
scheme provides between £500 and £1000 for
doctoral researchers to attend international
scientific meetings.
If you are interested in applying for a John
Dolphin Fellowship, please visit our website
www.chromsoc.com
Note:-You must be a UK registered PhD/D.Phil
researcher and working in the area of separation
science or demonstrate a significant use of
chromatography or related separation science in
your work to be considered for a Fellowship. Note
the applicant’s research work must be predominantly
undertaken in the UK also. Your application must
also be supported by a letter of endorsement from
your academic supervisor. The Chromatographic
Society welcomes applications and looks forward to
helping support your research in separation science.

Committee Member SpotlighT

Peter
Ridgway
FORMER Membership Officer
It is f air t o sa y that the idea o f a car eer in
chemistry at the time o f leaving school was
not a natur al one. In f act, the onl y thing I
wanted to do as a job at the age of 16 was to
play cricket! When A-levels came along, I
chose chemistry simply because I had got a
decent GCSE gr ade. I t was here that I was
introduced to my first chemical inspiration,
Mrs Silk, a str aight-talking Welsh chemistry
teacher who pronounced iron with a rolling
R so as no t to confuse it with an ion! It was
under her tutelage that I started to develop
an affinity f or chemistry and decided a
degree in the subject was the best way
forwards…. Still with no idea about what sort
of career to pursue.

Back in 1990 though, there were straight degrees
at traditional universities and applied degrees at
polytechnics that would involve a year in industry.
The idea of graduating with some lab experience
was very appealing so I decided that Nottingham
Polytechnic was the place to study, especially as the
cricket pitch was directly outside the Science
Building…
My year in industry was the next inspirational point
in my career. I spent a year working at Dow
Chemical providing Quality Assurance support to a
busy herbicide plant.
Various facets of
chromatography were introduced to me including its
importance in determining the quality of products.
I was also given responsibility for the analysis of
effluent and groundwater streams from the plant and
learned of the uses that chromatography has from an
environmental position.
Upon graduating, I decided to go straight into
industry and, in the first couple of years, worked
in a small CRO that was looking at various
mechanisms of drug delivery. A career-changing
opportunity occurred in 1998 when I was asked to
join the Process R&D Analytical Group at Astra
Charnwood, Loughborough. My first manager
was Adrian Clarke (another ChromSoc committee
member), and within a few hours of my first day I
was involved in chiral method development with
clear instructions on what mobile phase solvents
to use and not to use. This again was a very
inspirational time, learning a variety of new

techniques but also having close access to the
customer, the process chemist, and gaining an
understanding of a drug’s progression through
development to market.
Early in 2001, I was given the chance to change
focus slightly. Process R&D was to have a largescale chromatography group and I volunteered my
services to work under the guidance of Stephen
(‘Stef ’) Smith. It was all rather daunting rather
quickly! Flow rates in litres/minute, learning to
pack columns, slurrying chiral stationary phases,
managing vast amounts of solvent and all under
the governance of GMP and batch records. A lot
was learned in a small space of time. It gave both
Stef and myself access to a new community of
chromatographers within and external to
AstraZeneca. I was also given the chance to get to
grips with the rudiments of another
chromatographic technique, simulated moving bed
chromatography (SMB) and was part of the team
that produced the first clinical batch of a single
enantiomer for AZ using SMB at their process
facility in Sodertalje, Sweden.
Recognising the enormous amount of solvent that
was necessary for process chromatography, it
should come as no surprise that SFC soon became
an interest. In 2004 I took delivery of my first SFC
system, the Berger MiniGram. Within a week of
understanding the basics of SFC, a very obstinate
racemate appeared on my bench from Discovery
at AstraZeneca Charnwood, where copious
amounts of LC screening had been futile. Within
25 minutes, a baseline-resolved method had been
developed and I was completely sold on the idea of
SFC…another inspirational moment. Again, this
gave me access to a new community of
chromatographers and I rapidly joined a band of
frustrated optimists who hoped SFC’s coming of
age was just around the corner.
I took my SFC optimism to the next level in 2007
when I was given the opportunity to join Thar, an
American SFC instrument manufacturer. I was
given the task of assisting that band of frustrated
optimists across Europe and to help to convince
chromatographers new to the idea of SFC that it
was an innovative idea! Troubleshooting, learning
new skills from my clients, instrument demos,
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presenting at international conferences,
webinars…. every day was a new experience and
another gathering of air miles! It was great fun to
be a small part in the development of SFC within
Thar where my ideas were listened to and I felt I
was assisting with the progress of the technique.
Thar was acquired by Waters in 2009 and it has
been fantastic to see SFC develop into a mature
analytical technique with the UPC2, Agilent’s 1260
Infinity and Shimadzu’s Nexera UC system moving
SFC into GMP environments.
In 2011, I was faced with yet another inspirational
moment. Whilst out and about meeting clients in
my role at Waters, the lack of outsourcing options
for discovery scale purification, particularly in
Europe, was often discussed. It started to become
clear to me that there was a genuine business
opportunity. So, in early 2012, I helped found
Reach Separations. It is pleasing that, 5 years on,
the company has grown into a position of good
business strength, developing a healthy reputation
of expertise in the field of purification and impurity
isolation. And yes, SFC is a mainstay technique
utilised by the company.
Today, I am rarely allowed to be of assistance (or
trusted!) in the lab, instead assisting the company
in its endeavours in business development. I
strongly believe that what has been created at
Reach Separations has, in a small way, influenced
how chromatography is used in drug and
agrochem discovery and provided greater access to
single enantiomers. It has been pleasing to see a
commitment
to
the
development
of
chromatographers within the business, with 3 new
graduates being employed in 2017. I am sure we
will have a few new recruits in 2018 as well.
This leads me into what my motivations were for
getting involved with The Chromatographic
Society. I have had access to many laboratories
across the globe over the past few years.
Chromatography is increasingly being devalued.
As the world of Big Pharma has shrunk there have
been less opportunities for young scientists to get
a good grounding in the art of chromatography.
The Chromatographic Society has an important
role in this changing time in ensuring that
chromatography’s value is maintained.

conference

Emerging Technologies
Meeting Review

reviews

London 29th March 2017
Burlington House, London
Professor Tony Edge
(Agilent Technologies and
ChromSoc President) &
Dr Ken Cook (ThermoScientific/
ChromSoc committee)

The Chromatographic
Society Lecturer visits
Sunderland
John Lough

The one day meeting on Emerging Technologies
was held at Burlington House at the end of March
2017. The symposium featured oral presentations
from leading chromatographers from throughout
Europe. Some of the latest innovations and
applications in the field of biopharmaceutical
analysis were described and the lectures were
augmented and supported by a comprehensive
exhibition of instrumentation and consumables.
Key learnings from the day included:

• Understanding glycoprotein analysis.
• How to effectively characterise a
biopharmaceutical drug.
Earlier this month (October 2017), Mel Euerby
visited the University of Sunderland for what
was his first official outing as The
Chromatographic Society Lecturer. This
position was set up, very much in keeping with
the Society’s aim of furthering the development
of chromatography, so that Mel could get out to
universities to highlight the importance and
scope of chromatography in everyday life and
across a wide range of industries. In this way the
hope is that with an increased awareness of just
how much can be done with chromatography,
more young scientists might look to
chromatography as a career.
By special request at
Sunderland,
Mel
concentrated more on
the practical aspects of
chromatography. His
talk was very well
received and he kindly
spent a good deal of
his time after the talk
dealing with questions
from his enthusiastic
audience. Before the lecture Mel visited
Sunderland’s analytical instrumentation
teaching facility. The photographs above show
(a) Mel with a group of young
chromatographers working in the laboratory,
and (b) advising final year biopharmaceutical

sciences student, Luke Devey, on his LC
method development exercise.
Mel, of course, has been ‘spreading the word’ for
some time through his roles with Shimadzu and
at the University of Strathclyde. His next formal
Chromatographic Society trips should see him
take in the University of Dundee and Galway
University. If you want Mel to visit your
university to enlighten students on the
importance and wider role of chromatography
then make a request by contacting the Society
by email (enquires@chromsoc.com)

If Mel is not available then fellow members of
the Executive Committee have now also been
enlisted to help propagate the good news story
on the value of chromatography.
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• Optimising a peptide separation using 2D LC.
• How to get the best from a charge variant
separation.

• Understanding what Smart SPE is.
• How to optimise selectivity using HPLC and
SFC as complementary separation
technologies.

• How to get the best from a GPC separation.
• Use of structural relationships to optimise LC
separations.
Around 100 scientists from industry, academia
and vendor organisations gathered at the RSC’s
Burlington House to learn about the latest
developments in the field of separation science.
The meeting is now a regular part of the Society’s
Symposia program occurring every other year
and jointly organized with the RSC SSG. As ever,
The Chromatographic Society and RSC SSG are
indebted to the sponsors of the meeting and the
diverse range of vendors exhibiting. This review
does not provide in-depth coverage of all the
presentations from the symposium, but it is
hoped it will provide the reader with a good
overview of the discussions and typical content
from a Society meeting.

Figure 1. Prof. Pauline Rudd provided
the opening lecture.

The very esteemed Prof. Pauline R udd from
NIBRT presented on glycoprotein analysis. She
started by discussing the presence of glycoproteins
in the top ten pharmaceutical drug sales, and
stated that 7 out of the top ten biologics were
glycoproteins, with most of these being mAbs.
Pauline moved the discussion onto how
glycoproteins worked - going through in some
detail the secretory pathway. She explained that
the location and the type of glycan are variable
which from an analytical perspective makes it
very challenging. Pauline stated that the
glycosylation tells the history of the protein, as the
protein travels through various post translational
modifications (PTM’s). It was then stated that
keeping the glycosylation consistent was
important for the efficacy and the toxicity of the
drug. Professor Rudd went through the O and N
glycosylation and state that these were important
to ensuring that the drug remained stable, as it
protected the drug from modifications.
Pauline went through how the glycans affect the
efficacy of the protein, giving the example of tPA
(tissue plasminogen activator, a serine protease),
due to the blocking of certain active sites. She also
demonstrated that different glycoforms can be
produced from different environments, supplying
examples. The number of permutations for glycan
structures was discussed and that this variation
was due to the different forms of sugar that are
available, the different possible branching that
exist as the sugar molecules bond to each other
and also the orientation of the sugar - whether it
is in the alpha or beta position. Several examples
were given of glycan analysis using either HILIC
(hydrophilic interaction chromatography) or
WAX (weak anion exchange) chromatography. It
was stated that the number of sialic acid groups
would affect how the protein interacts, and the
affect the circulatory lifetime of the protein,
having a very substantial effect.

It was also stated that the glycans on the Fc
(crystalline form) region of the mAb will also
affect how the molecule binds with other
molecules. Pauline also presented data which
demonstrated how the glycans can have an
antigenic effect, with the example supplied being
a patient with a severe facial rash. It was stated
that the regulatory authorities (EMA and the
FDA) are now stipulating more stringent analysis
for glycans, and so a greater degree of analytical
science has to be applied to ensure that drug
manufacturers comply with these new guidelines.
Pauline demonstrated how a robotic approach to
determine free glycans could reduce the amount
of effort require to analyse these types of
compounds. The automation, which was an
integrated instrument from Waters, used
RapiFluor derivitising reagents in the initial
stages and this was shown to improve sensitivity
of the assay. It was also shown, which was an
interesting observation, that the retention times
could be shifted for the glycans by the addition
of different solvents. Professor Rudd discussed
that temperature was another variable that could
affect the formation of the different glycans.
Pauline finally moved to discuss the process flow
for monitoring glycans.
She then described how the genes have an
important role in determining what glycans are
formed during the biological process, but that
this process is not well understood, however the
analysis of molecules and controlling which form
of glycoproteins is produced is improving.
The subsequent Q&A session was quite lively and
some well-structured questions were presented
to Professor Rudd, including experiences relating
to coupling of surface plasmon resonance to mass
spectrometry and another question posed by the
Professor Dave Perret that queried whether the
general approach had been able to identify cancer
biomarkers, which was the original motivation
for the work.
The 2nd presentation, given by Dr. Balazs
Bobaly (University of Geneva) who presented in
place of Dr Szabolcs Fekete who was ill. Balazs
focused on the various techniques that have been
applied to the analysis of biopharmaceutical
molecules. The presentation proceeded initially
with a brief discussion of the growth of the
biopharmaceutical industry, and then moving
into an overview of the different
chromatographic HILIC, SEC, IXC RPLC and
HIC techniques.
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The first of the chromatographic techniques that
was discussed was the use of size exclusion
chromatography (SEC). He mentioned that
current trends focused on the use of smaller
particle size, shorter columns and the use of
higher temperatures. It was noted that the use of
higher pressures and higher temperatures could
affect the conformation of the protein under
observation, either due to shear effects,
aggregation, and possibly degradation. He
presented a series of van Deemter curves and
stated that the biggest issue is associated with the
C term, and the resistance to mass transfer. He
then moved on to discuss the use of kinetic plots
applied to the interpretation of the experimental
data. He stated that the use of temperature could
improve the chromatographic performance by
10-40%. He also discussed the effect of increasing
the pressure and stated that higher pressures
associated with the use of smaller particles, could
cause frictional heating which would have the
potential to cause aggregation. Data was
presented on this to support the argument.
Balazs then went through some applications, with
some focus on the use of capillary SEC, with data
that was presented from an experiment where the
mobile phase was set to 1 μL/min on a 300 μm
column. The same column was also used in a
series of 2D LC experiments, where the second
dimension was reversed phase. The study using
a unidimensional approach used a mobile phase
of; 0.1% TFA + 0.1 % FA + 30% ACN. Data was
presented that was derived from this mobile
phase.
He also looked at the use of staggered injections
on a LC system to reduce the overall analysis
time, and he went through a very clear
explanation of how this would reduce the analysis
times and hence increase the throughput.
He then moved on to the use of superficially
porous materials and stated that this was a
compromise between improved efficiency,
through the use of the solid core material and a
reduction in the resistance to mass transfer term,
but gave poorer resolution due to the reduced
pore volume associated with the use of solid core
material for these analyte types.
Balazs then moved on to the use of HIC
(hydrophobic interaction chromatography). The
initial discussion was on the differences between
HIC and RPLC. From here the discussion moved
quickly onto the use of HIC for the analysis of

ADC (antibody drug conjugates). He presented
examples of how HIC could be used to determine
the drug antibody ratio (DAR). From the initial
discussions Balazs moved to discuss how HIC
could be coupled to RPLC and the advantages
that this would bring. He stated that it would
allow for the analysis of isomeric forms of some
of the fragments, showing different degradation
products for mAbs.

The final topic was the use of retention time
prediction for protein separations. The
discussion started by looking at the Linear
Solvent Strength model which looks at the
linearity of the log of the retention factor versus
the amount of organic present. It was noted that
this line was linear in general and that the
gradient associated with proteins was much
steeper than that obtained with small molecules.
Experimental data was given to support this
observation. It was stated that when analysing
ADC’s there were deviations from linearity which
was postulated to be caused by the protein
molecule undergoing a configurational change
due to temperature or pressure effects. The
approach of using predictive modelling to
determine the optimum separation condition
takes about a day compared to 8-9 days which is
the time taken by a trial and error approach. This
ended the presentation and led into a lively
discussion on the analysis of large molecules,
which ended at the start of the coffee break.

After coffee, the first talk was a stimulating insight
into the use of multiple heart cutting techniques
used in the bio-pharmaceutical industry by Prof.
Patrik P etersson from Novo Nordisk A/S in
Denmark. Patrik talked about the need for and
advantages
of
using
2-dimensional
chromatography and explained the difficulties
involved in the implementation of some of the
historical methods in a routine environment.
Comprehensive 2D, although powerful was too
slow or involved the use of very high flow rates in
the second dimension. Trapping the firstdimension peaks in a loop was described as a way
to overcome some of these difficulties. An
integrated 2D system from Agilent was described
using multiple loops for trapping with integrated
software used to aid in what would otherwise be a
quite complicated method development process
and peak tracking of the sample. Patrik introduced
the interesting addition of sodium sulphate into
the reverse phase eluent system to improve peak
shape for the small protein insulin and its variants.
A multiple heart cutting technique was then
described using reverse phase in the first
dimension with sodium sulphate as part of the
eluent system on a 2 mm i.d. column. The second
dimension used more conventional reverse phase
separation for insulin. The multiple heart cutting
method could be completed in 1 hour using
trapping into loops with a minimum detection
limit for variant peaks of 0.05%. He then went on
to explain the difficulty with the dilution required
of the first samples from the initial reverse phase
separation to allow good peak shapes in a second
dimension which also uses reverse phase. A third
pump could be used in-line to dilute the samples,
however this is expensive and more complicated.
His preferred solution was a split dilution
approach of the sample using a valve which is
cheaper and easier to implement routinely.

Figure 2. Prof. Patrik Peterson gave an
informed presentation on multidimensional
chromatography.

Patrik then went on to
highlight the unexpected
discovery that some
peptides could be photooxidized in diode array
detector cells. The diode
array detectors were
explained as pushing all
the light from the
powerful lamps through
the detector cell then the
light is split after the cell
to go on to the respective
diodes for detection. The variable wavelength
detectors in comparison select a single wavelength
of light from the lamp prior to going through the

From HIC the discussion moved on to HILIC,
where it was stated that as well as the ability to
drive a separation for a glycan ladder it could also
be used for the separation and analysis of various
fragments that can be produced from the
enzymatic digestion or chemical reduction of the
protein molecule.
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detector cell and do not exhibit this problem. This
prevents the use of diode array detectors for the
measurement of methionine or tryptophan
present in the proteins. It was revealed that Novo
Nordisk replaced all their UV detectors on their
LCMS systems with single wavelength detectors
because of this phenomenon.
These interesting revelations provided the fuel for
several interesting questions and discussions
following the talk.
Patrik was followed by Dr. Tim Cross from
Thermofisher Scientific who talked about new
column technologies and workflows for native biotherapeutic protein analysis. Tim started off by
explaining the natural heterogeneity present in
large proteins and the difficulties in extensive
characterisation of all these different variants. To
highlight this, Tim showed five common
workflows to characterise several of these critical
quality attributes from therapeutic proteins. These
included aggregate analysis, peptide mapping,
glycan analysis, intact protein analysis and charged
variant analysis. He then showed the arsenal of
column technologies that are required to perform
all these methods. The talk then narrowed down
to the improvements made for the intact protein
and charged variant analysis workflows.
The development of the column technology for
monoclonal antibody charged variant analysis
was shown. The differences in elution
mechanisms for salt gradient and pH gradient
approaches were explained which highlighted the
advantages of the pH gradient method, which
included faster run times, easier method
optimisation and a higher loading capacity. The
use of pre-formulated buffers coupled to their new
column technology showed a high resolution
charged variant separation done in less than one
minute. This approach was shown to be applicable
to several different monoclonal antibodies.
A new column for reverse phase analysis of intact
proteins based on a polymeric porous resin with
a very large pore size of 1500 Å was introduced.
This was shown to give good separation of a large
monoclonal antibody with very little carryover.
The use of this column in DAR ratio analysis of
an antibody drug conjugate was also represented
with a fast run time. A new range of hydrophobic
interaction chromatography columns with large
1000Å pores size resins was introduced for the
analysis of intact proteins. It was shown to be
applicable for a range of monoclonal antibodies
and DAR ratio analysis.

After lunch Dan Carrier from Anatune started
the afternoon session talking about SmartSPE,
which comprised of two key components, a
modified autosampler, with two injector units,
and a specialized SPE. Dan had brought some
samples in for the audience to see, and duly
passed these around. After a brief introduction
to the technology, Dan proceeded to give a quick
overview of Anatune, stating that the company
was established in 1996 and offers a range of LC
and GC products. With currently 20 employees
the company has seen strong growth over the last
2-3 years.
Dan then moved onto the technical part of the
presentation and went through the multipurpose
autosampler, a single arm autosampler with two
injector heads, He described in some detail the
autosampler, but stressed that the focus was more
on the solutions that used the kit rather than just
the kit itself, and proceeded to go through a range
of the applications that had been developed on it.
He then moved onto the SmartSPE, which is a
small scale SPE, containing 15-35 mg of packing
material in a cartridge design. Once Dan had
described the instrumentation and the SPE
cartridge he then proceeded to discuss the
applications. He started with the analysis of
metaldehyde in water, stating the application was
able to determine concentrations of 100 ng/L in
water.
Dr. Gesa Schad from Shimadzu was next to
present, and her topic compared the selectivity
of LC and SFC. Gesa started her presentation off
with an introduction to SFC from the very
beginnings in the 1800’s, and moving through a
fascinating chronological story of events to
1956, with the first reported use of SFC and then
to the 1980’s and the use of carbon dioxide as
the mobile phase. She explained what a
supercritical fluid was using the classical phase
diagram, and also looked at the instrumentation
used.

Gesa compared the use of SFC to some different
modes of liquid chromatography, including
HILIC, reversed phase, normal phase and also
ion pairing chromatography, stating that there are
many similarities with these different forms of LC
and the SFC, due to the large versatility of this
particular form of chromatography. Gesa then
moved on to compare some of the solvents that
are used in liquid chromatography and SFC, and
again stating that there are similarities here as
well. Gesa stated the advantages with SFC are;

• Faster separations
• Better resolution, by up to a factor of five
compared to SFC

• Use

of less organic solvent, making the
technology more environmentally friendly

• Better

resolution and speed for chiral
separations than NPLC, where SFC has created
a definite niche for itself.

Gesa went through several examples
demonstrating the advantages of SFC, and also
went through the Shimadzu instrumentation,
highlighting the ease of which a user could
transfer from LC to SFC modes.
Next to stand at the presenter’s podium was a
double act of James Stratta from Waters and
Dr. Paul Ferguson, who when not undertaking
ChromSoc activities, works for AstraZeneca.
James was first on and he started his presentation
by doing a quick history lesson on the use of Gel
Permeation Chromatography (GPC), and the
original development by Jim Waters, the founder
of Waters. James discussed how a particular
customer, Dow, were using a GPC column for a
particular application tried to use it in Size
Exclusion Chromatography (SEC) mode to
reduce the retention time, and that this actually
led to the development of a new piece of
instrumentation. James went through the
instrumentation modules in some detail. He then
moved on to the column technology and stated
that this was based around a hybrid silica particle
(bridged ethyl hybrid (BEH)), which has the
advantages that it does not swell or shrink and is
compatible with a wide range of solvents.
James then handed over to Paul to discuss a
particular application of this technology. Paul
started by giving the background to the
evaluation, which was being driven by AZ’s
operations division to reduce analysis times and
solvent consumption. The evaluation started by
initially looking at a series of polystyrene
standards. The van Deemeter plot demonstrated
that these new columns could be run at
significantly higher flow rates. Paul went through
several examples demonstrating that this
approach did work for a range of different types
of compounds. The focus of his work was looking
at the analysis of hydroxy propyl methyl cellulose
phthalate (HPMCP), and again Paul was able to
show a range of good separations using this
approach. He summarized by going through
some of the challenges associated with a
traditional GPC approach for a commercial
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product, stating that columns could take up to 4
weeks to condition, with the re-equilibration
times for the BEH columns only being a couple
of hours, which clearly is a substantial time
saving. Paul stated that he would like to see
Waters produce mixed bed SEC columns, as he
felt that this could provide wider MW
separations.
Moving into the final session, which was chaired
by Sam Whitmarsh (BP), one of the main
organisers of the event, Dr. R oman Szucs
introduced some of the work that he is leading at
Pfizer. His work is looking at structure driven
retention
time
prediction
in
liquid
chromatography. Roman discussed the various
collaborators that had been involved in the work,
and it was encouraging to see the diversity, from
academics to manufacturers, from all over the
globe. He discussed some of the challenges the
analytical chemistry department within
pharmaceutical development faces within Pfizer,
in particular looking at the method development,
which like many comparable departments is
based on a screening system, comprising of a
range of columns and mobile phases.
Roman stated that in the screening systems it was
necessary to have a very wide selectivity to
optimise method development screening. He
stated that ideally he would like to use
mathematical models that would work in a
predefined parameter space to short cut the
method development process, focusing on
column/mobile phase combinations that had the
greatest chance of success, rather than having to
go through all the available screens.
Roman went through the retention model and
the use of the molecular descriptors which were
used as essential input to defining the structural
relationship to the retention time for a particular
column/mobile phase composition. He stated
that the model was first trained using a series of
defied input parameters and these were made to
match the retention times, and then unknown
compounds could be added to the list to test the
validity of the model and hence the retention
time prediction.
Roman then moved on to the partial least squares
(PLS) approach to model retention times. Roman
demonstrated that the initial plots of actual
retention time vs. predicted retention time did
not give a good linear response. This lack of
correlation was put down to the structural
similarities having too many variables. Roman

modified the model to look at a different set of
molecular descriptors, with a molecules volume
surface descriptor being an important parameter.
This improved the predictability substantially,
with about half of the compounds generating
accurate predicted retention times. At this point
Roman did state that he did look at using a more
obvious log D molecular descriptor but that this
was not found relevant over a wide pH range.
Roman then moved to the data produced from
the University of Tasmania, specifically Paul
Haddad’s group. This data was aligned to
predicting the retention times for a HILIC based
separation. He demonstrated that the use of
molecular descriptors could also be applied to
HILIC separations and that this approach works
well. Roman also showed some of the ion
exchange data, which again showed a strong
correlation using the data sets employed.
There was a lively discussion following this
presentation, some of which related to the
possibility of being able to use molecular
modelling techniques to determine retention
times and providing the chromatographer the
holy grail of a fully intuitive predictive
chromatographic system.
The penultimate session was introduced and
Dr. Chris Lap
thorn (GSK) began his
presentation on Ion Mobility Mass Spectrometry
(IMS). Chris started his presentation by showing
a very old mass spectrometer, which occupied a
very large area and used this to stress that it was
important that technology developed, but that
this development took time. He moved onto IMS
and stressed that this technology had only been
around about 11 years. This was highlighted with
a plot of publications vs. time which showed that
there was a strong growth in the academic
research in this area, growing from 10
publications in 1999 to more than 250 in 2013.
This was also supported by instrument
development from the manufacturers and Chris
went briefly through three examples;

Chris went through the workings of these three
different approaches in some detail before
moving on to some of the applications of IMS. He
initially demonstrated the applicability of this
technology to the analysis of sugars, and stated
that the use of molecular modelling could also
allow for a degree of predictability of what the
IMS could separate. Following on from the
discussion from the previous session, he stated
that the use of molecular modelling was very
effective at predicting the collisional cross
sectional (CCS) area. Over 35,000 had been
modelled and tested and of these only 5% of these
molecules did not have predictable behavior.

an old technology, however the funding for this
area of analytical science is still very good. She
stated that the reason for this level of funding was
based on the developments in computational
power being applied to MS, and the development
of more dedicated types of MS. This was coupled
with very specific application areas where mass
spectrometry has been shown to be critical in
progressing the science. Apryll stated that recent
developments in chromatography were focused
on improving the efficiency and that perhaps the
academic world should start to focus instead on
selectivity, introducing the concept of Supra
Analytical Separation Science (SASS).

Chris then moved on to his final application
which was the use of IMS for the analysis of a
crude oil sample. He stated that there was further
research needed to investigate the effects of the
carrier gas, which has a significant effect on the
drift times, and the use of infra-red spectroscopy
to improve the CCS prediction as this allows for
the use of adducts to allow for differentiation of
the compounds.

One approach to take this challenge up would be
to spend more resource developing the LSER
models. In particular, the application of the LSER
model to the analysis of active pharmaceutical
ingredients, API’s. The stated approach would be
to use the API as a component of the mobile
phase, and then obtain retention time data using
crystallization solvents as the mobile phase.
Apryll went through an example of how this
could work by using quinine. This was achieved
by bonding quinine to a stationary phase particle,
which allowed the LSER data to be extracted.
Apryll said that this approach is better than the
current approaches to determining the API based
on NMR, computational models and high
throughput screening. With this Apryll answered
questions from the floor and handed over to Sam
Whitmarsh for the closing remarks of another
very successful combined RSC / ChromSoc
meeting.

The final speaker of the day was Prof. Apryll
Stalcup (Dublin City University). She started
the presentation by reviewing the day’s
presentations and presenters. She then moved on
to the developments of chromatography and how
the challenges of the modern funding
mechanisms are resulting in a slow-down of these
developments from the academic sector. She said
that there were lessons that academic separation
scientists could learn from in other analytical
sciences, in particular mass spectrometry. MS is

• DT-IMS (drift tube, which uses a uniform
field)

• TW-IMS (T – wave, which uses a non-uniform
field)

• FA-IMS

(Field asymmetry, which uses an
asymmetric field).
Figure 3. Vendors, delegates and speakers
mingling in the poster and vendor area of
the symposium.
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Figure 1. The exhibition area in Building 500
at Discovery Park.

Spring Symposium 2017
Meeting Review
‘Supercritical Fluid &
Ultra-High Performance
Chromatography’
15th-17th May 2017, Discovery Park,
Sandwich, Kent.
Dr. Chris Bevan
(The Chromatographic Society)
The symposium featured oral presentations by
leading practitioners of SFC and UHPLC. The
latest innovations and applications were described
and the lectures augmented and supported by a
comprehensive exhibition of instrumentation and
consumables. 100 scientists participated in the
meeting over the 2.5 day event.
The meeting brought together leading
practitioners of SFC and UHPLC and companies
who specialise in the instrumentation for these
advanced chromatographic techniques. The
symposium had ten invited lectures each day with
strong support from scientists from across Europe
and the USA. There with plenty of time for
discussions and questions during these sessions.
Additional scientific and technical presentations
from our sponsoring companies augmented the
programme (see full programme below). Figure 2
highlights the numerous sponsors for this event
and as ever, the Society is very grateful for their
continued support of our events.
Special thanks and acknowledgement is afforded
to Dr. Roman Szucs of Pfizer UK who hosted the
sessions and helped in the coordination of the
event at The Discovery Centre.

Sponsors of the 2017 Spring Symposium.

Monday afternoon started the scientific sessions
off with an optional training session on
CHROMacademy software followed by an LC
practical hints and tips workshop session, a first
for the Society at these events. This was followed
by two lectures on the Monday. The full event
programme is provided later.

The definitive report of the Spring Symposium
was written by Dr. Paul Ferguson (Immediate
Past-President of the Society) and can be found
(split into two parts) on LC-GC’s ‘The Column’
using the hyperlinks below:
www.chromatographyonline.com/chromatographi
c-society-meeting-report-supercritical-andultrahigh-pressure-chromatography-part-1
www.chromatographyonline.com/chromatographi
c-society-meeting-report-supercritical-andultrahigh-pressure-chromatography-part-2-0

The Tuesday session included a well-balanced
programme of industry and vendor contributions.
The Society’s annual general meeting was held
during lunch where the Society’s President - Paul
Ferguson, announced his intention to step down
from this position after three years. On Tuesday
evening, a social event ‘Ghost Hunting’ sponsored

by Advion was organised at the nearby Dover
Castle including dinner. The attendees were split
into two groups with the first group starting with
a workshop with the Haunted Happenings team
and the second group with the Dover Castle
history tour. The groups then swapped over, split
into teams and ghost hunting ‘proper’ began.
Like Tuesday, Wednesday’s programme was full
of high quality contributions including a number
of presentations from colleagues working in
academia. The symposium showed unequivocally
that UHPLC continues to be a key separation
technique within industry and is still rich in
research opportunities. The star of the show
however was SFC which has returned as a key
analytical separation technique and will
undoubtedly feature strongly in Society meetings
in the future.

MONDAY PROGRAMME
Presenter

Presentation

Tony Taylor (Crawford Scientific)

CHROMacademy tutorial

JayTee Biosciences

HPLC & UHPLC user tips and practical demo

Alexander Marziale (Novartis –
standing in for Dr John Reilly)

Open access purification to support drug discovery

Alexander Marziale (Novartis)

New Challenges for SFC in Drug Development

TUESDAY PROGRAMME
Presenter

Presentation

Prof. Tony Edge (Agilent
Technologies – presenting on
behalf of Prof. Keith Bartle)

Supercritical fluid chromatography - No Regrets!

Prof. Ian Wilson
(Imperial College London)

SFC Past, Present and Future

Dr Roman Szucs (Pfizer)

Structure driven prediction of retention times in Liquid
Chromatography: Theory and Applications

Dr Chris Message (Phenomenex)

High performance, reproducible, long-lasting prep columns for
all your lab-scale chiral and achiral SFC and HPLC purifications

Dr Pilar Carr (Advion)

The use and application of Advion expression Compact Mass
Spectrometer with SFC platforms

Prof. John Langley
(University of Southampton)

UHPSFC-MS: Another New Kid on the Block or the Missing Link?

David Speybrouck (Janssen)

Additive effect of Chiral SFC

Dr Claudio Brunelli (Pfizer)

From laboratory to patient: Implementation of supercritical fluid
chromatography in pharmaceutical industry

Alex Brien (Reach Separations)

Chiral Chromatography The challenges and answers to that final 5%

Dr Brian Montgomery (HiChrom –
presenting on behalf of Jeff Caldwell)

Comparison of Core Shell & Porous Silica Bonded Phases for SFC

Dr James Heaton (Pfizer)

Exploring the practicalities of hydrophilic interaction
chromatography (HILIC) in the pharmaceutical manufacturing
environment

Dr Alan McKeown (ACE)

A systematic approach for developing reproducible HILIC methods

Dr Daniel Esser (YMC)

Method Scouting and Optimisation Utilising YMC’s CHIRAL ART
Columns
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WEDNESDAY PROGRAMME
Presenter

Presentation

Dr John Lough
(University of Sunderland)

UHPLC in practice: some vignettes from teaching-led research

Dr Amandine Dispas (Liege University) Implementation of SFC for the quality control of pharmaceuticals
Dr Robbie Mutton
(University of Cambridge)

Supercritical Fluid flow chemistry and at line analysis

Dr Maria Luz de la Puente (Lilly)

Open Access Chiral Chromatography: isomers à-la-carte

Stefan Buehler (Boehringer Ingelheim) Separation support for Medicinal Chemistry at Boehringer Ingelheim
Prof. Frederic Lynen
(University of Ghent)

Possibilities and limitations of mixed and of hydrothermally stable
stationary phases allowing alternative solutions in supercritical fluid
chromatography

Hania Khouri (Agilent)

Application of Supercritical Fluid Chromatography (SFC) coupled to
Ion Mobility Mass Spectrometry (IM-MS) in the analysis of lipids

Dr Pilar Franco
(Chiral Technologies Europe)

Daicel and Chiral SFC (Experience from an indiction of continuous use)

Dr Chris Titman (Shimadzu)

Perfect Partners, why SFC-MS matter to your LC-MS analysis

Jane Cooper (Waters)

Analysis of Cosmetic Allergens in Perfumes, Cosmetics and
Personal Care Products using Ultra Performance Convergence
Chromatography™ (UPC2®) with MS Detection

Lynne Hunter (Pfizer)

Autochrom and beyond: Software assisted UHPLC method development

Dr Timothy Cross
(ThermoFisher Scientific)

A New Paradigm in Separation Performance: The Thermo Scientific™
Vanquish™ UHPLC platform

Dr Jenny Kingston (AstraZeneca)

Flexible applications using Supercritical Fluid Chromatography coupled
to Triple Quadrupole MS to support of Drug Discovery projects

Alex Bozic (Absys SFC)

A new era in Prep SFC

Partitioning toward a
better understanding of
chromatography The Chromatographic
Society ‘Grass Roots 2’
educational event.
Report b y Selman Gult ekin who is
studying an MSc in Analytical Science for
Industry at Keele University
The Grass Roots 2 educational event organised
by The Chromatographic Society was held at the
Longmynd hotel, Church Stretton, Shropshire
from Friday 1st to 4th September 2017. There were
twenty-nine attendees in total, including four
lecturers, two HPLC technical engineers from
Thermo Fisher Scientific, one adviser from VRS
recruitment, Masters and PhD students, and
industrial scientists. The event was supported by
seven organisations (Shimadzu, Hichrom,
Thermo Fisher, Agilent, Royal Society of
Chemistry, YMC and VRS) who kindly
sponsored several students to attend this event.
This was the second educational event from
ChromSoc and it was designed to provide the
fundamentals of liquid chromatography and
practical applications in both academic and
industrial areas. This event covered theory of
chromatography
(resolution,
retention,
efficiency, selectivity), liquid chromatography

techniques, physico-chemical analyte parameters
in chromatographic separation, isocratic and
gradient elution, mobile phase preparation
(organic modifier and the buffers) and chemical
properties of stationary phases. In addition, a
careers session which included interview
techniques and presentation skills, and social
activities to explore the beautiful village of
Church Stretton and the surrounding area were
included in this event.
The course was chaired by the event organizer,
Prof. Anthony (Tony) Edge (President of the
Chromatographic Society) who introduced the
speakers, contents of the course, scientific
sessions and social activities etc.
The first scientific session on Friday evening held
by Tony which included physico-chemical
properties of analytes and the ionisation of
analytes in chromatographic separation. Prof.
Edge gave an excellent and highly informative
presentation about acid, base, neutral and
zwitterionic molecules. He discussed pKa, logP,
logD parameters of these molecules and different
forms (ionized and non-ionised) under various
pH conditions.
All attendees were able to get to know each other in
social time after the scientific sessions. It was a good
chance to meet the speakers and other attendees.
The second day morning session included theory
of HPLC, chromatographic calculations, books
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Figure 1. Discussion regarding HPLC
instrumentation was provided by
ThermoFisher Scientific.

and resources about chromatography presented
by Prof. Mel Euerby who was awarded the
ChromSoc
Jubilee
silver
medal
for
chromatography in 2007. He focused on thinking
and
understanding
the
problem
in
chromatographic process which is the most
important
part
before
starting
any
chromatographic separation. Chromatographer
should consider analyte features such as chemical
structure, polar (hydrophilic) or non-polar
(hydrophobic), acidic or basic and behaviours of
these analytes under different chromatographic
conditions pH, temperature, mobile phase ratio,
gradient or isocratic elution etc.. He then kindly
suggested some useful references (L.R. Snyder,
J.W. Dolan, U.D. Neue) and books (Introduction
to modern liquid chromatography and high
performance gradient elution) for attendees.
All attendees had a great chance to explore the
HPLC instruments from ThermoFisher and
Hichrom and got specific information (pump,
automated sampler, column place and detectors)
about the instruments directly from company
engineers.

Figure 2. Instrumental operation and
troubleshooting was provided by lecturer
Tony Taylor on a VWR HPLC system.

Figure 4. Views of and from
Caer Caradoc.

In addition, Prof. Euerby showed us tools of
instrument such as filters for solvent bottles,
tubes, tubes cutters, pump seals, valves etc. and
also showed how to cut and fit the tubing.
and the other group walked round Caradoc
where we all met on the other side. On the way
to coming back to hotel we stopped in the town
and had ice-cream from a local shop. The
weather was clear sunny and warm which made
the tour very enjoyable, a strong challenge, good
exercise and offered panoramic views from top
of the Caradoc which included The Wrekin, Long
Mynd and Wenlock Edge.

Figure 3. Mel Euerby discussing some of
the ‘consumables’ of chromatography.

On the afternoon of the second day we had a tour
of Caer Caradoc which took almost four hours.
Caradoc is a distinctive hill of volcanic rock 459
m (1500 ft) high overlooking Church Stretton.
Almost all attendees joined the tour which
started from hotel, walking through the town and
climbing up to the Caradoc. Half-way before
climbing up to Caradoc we had lunch and rested
a little while. We then split into two groups where
one group climbed up to the summit of Caradoc

The second day evening scientific session
presented by Tony Taylor included modes of
chromatography such as reversed phase, HILIC,
normal phase, ion-exchange and size-exclusion
chromatography. He explained the differences
between these modes of chromatography,
mechanism of each chromatography, type of
stationary phase in different modes and the
solvents. He also discussed knowing analyte
features before select any chromatographic
modes. The information of analyte physicochemical property allows us to choose the mode
of chromatography. In addition, changing the
percentage of organic modifier significantly
effects the retention mechanism especially in
reversed phase chromatography and the type of
buffers and concentration change the selectivity
of the separation.
The evening social event (pub quiz) after the
scientific session with Tony Edge was fun and
educated us about the history of chromatography
and the local Church Stretton area!
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On Sunday morning Dr. Paul Ferguson explained
us mobile phase, buffers and how to prepare
samples in HPLC. He discussed analyte pKa’s and
how changing the pH of the mobile phase using
type of buffers affects the retention and
separation in chromatography. This is mostly
because of ionised and non-ionised analyte
retention which is dependent on the pH of the
mobile phase. The different types of buffers and
their working pH range were also demonstrated
in his presentation. Then, he elucidated impact
of organic solvents on analyte pKa, ionisable
molecules and UV profiles in chromatographic
separation.
Sample preparation is also an important part of
chromatographic separation which he described
in the second part of his lecture. There are many
factors impacting sample preparation such as
type of matrix (food, pharmaceutical, biological,
environmental, bulk chemicals), choosing the
correct dilution process, storing the sample etc.
Solubility and ionization, log P and log D profiles
of analytes give us useful information to select the
right solvent for dilution process as well as mobile
phase. He then went through LLE (liquid-liquid
extraction) and SPE (solid-phase extraction)
sample preparation and benefits of these process
(SPE uses less solvents, higher recovery, is
inexpensive, solvents do not have to be
immiscible with water etc.). He also expressed
types of derivatisation (pre- and post-column) in
chromatographic separation because some

samples do not possess a chromophore so
detection is achieved using UV or fluorescent
detection using a suitable derivatization agent.
On the third day afternoon there was a social
activity to walk up the Long Mynd, however
some attendees and myself could not join this
activity because of the weather condition (the
weather was rainy and windy).
On the third day evening session, resolution
equation, retention, efficiency and selectivity
parameters were explained by Mel Euerby. He
initially discussed these three parameters
(efficiency, selectivity, retention) and the
contribution of these parameters on
chromatographic resolution. Then, he focused on
explaining the van Deemter equation (the A, B,
C of on-column dispersion), and effects of
velocity, solute diffusion and particle diameters
on plate height. He mentioned a two-fold
increased efficiency only results in a 1.44-fold
increases in resolution due to the square-root
relationship of these parameters. Moreover, the
A term is directly proportional to particle
diameter, the B term is directly proportional to
solute diffusion coefficient and the C term is
directly proportional to square of the distance a
solute travels from mobile phase to interaction
site of the particle and inversely proportional to
the solute diffusion coefficient. Then he showed
us how to obtain t0 (hold-up time) on the
chromatogram and use it to determine an
analytes retention factor.
The career session after the scientific session on
the third day evening was very useful for all
attendees. It was not fully focused on who would
like to do PhD or future study but it was a great
session for those looking for job in industry. The
representative from VRS - David Jones clearly
explained to us that types of scientific jobs, how
and where can we find these kinds of jobs and
how to write CV and covering letter for
application to the selected job. Then he talked
about the interview process such as type of
interviews (telephone, skype or face to face) and
what we need to do (research company, dress
smartly, understand the principle of subject,
express an interest to learn etc.) to get ready for
an interview.
On the last day morning of the course there were
three sessions discussing stationary phase,
isocratic and gradient LC and practical hints and
tips. Tony Taylor talked about types of stationary

phases such as alkyl C18, cyano, phenyl, polar
embedded and their features and their usability
in different chromatographic techniques.
Isocratic and gradient LC was discussed by Mel
Euerby. He initially focused on differences
between isocratic and gradient elution, when to
choose gradient elution and some additional
important aspects (detector settings, dwell
volumes, pressure traces, different pressure
pumps, post column volumes and baseline drift)
to achieve successful RP-LC gradient. He
explained the difference in resolution between
isocratic and gradient LC which uses average
retention factor in gradient resolution rather than
retention factor under isocratic conditions. The
average retention factor is directly proportional
to gradient time and flow rate, whereas it is
inversely proportional to column length and
gradient range. Therefore, increase in the average
retention factor typically leads to better
resolution.
The course finished with some great hints and
tips end from all four lecturers which was very
useful information for our future study or work
in separation science.
Other feedback for the event included;
Alessandro Laudicella, a PhD student based at
the S AMS (Sco ttish Association f or Marine
Sciences) in Oban, Argyll.

“I am really pleased that the ChromSoc gave me the opportunity to attend this course. It will make
a significant difference to my research activity, and on my awareness and understanding of HPLC
separation. I am thankful to the Chromatography Society for the opportunity given to me to
participate on this course. I must acknowledge also the great support that was given me during the
application stage from Jo Spencer, Tony Edge and all the administrative staff of the ChromSoc.
A really big thank you for this amazing experience.”

Christina Vanhinsbergh, A PhD r esearch
student investigating 2D-HPLC methodologies
for separation o f oligonucleotide therapeutic
impurities at The University of Sheffield.

“Personally, I found the weekend useful for absorbing practical tips and tricks and would recommend
the event as a networking resource for chromatographers. I have a new perspective on design of
experiment methodologies and will be utilising the advice given on method development in my own
research.
There is another event planned for 2018, I plan to attend to further my skills and extend my toolbox
for chromatography.”
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INTRODUCTION
Size based separations are a form of
chromatography which unlike many other
chromatographic techniques (ideally) separate
molecules without any chemical or physical
interactions. The concept was first postulated by
Synge and Tiselius [1] when investigating the
properties of zeolites, with the first examples
being demonstrated by Wheaton and Bauman
[2], and the first application towards the analysis
of proteins being demonstrated by Lindqvist and
Storgårds [3]. There are many names that are
given to this process. Gel permeation
chromatography (GPC) is common when using
organic solvent as the mobile phase with a
hydrophobic stationary phase, while gel filtration
chromatography (GFC) [4] or more recently size
exclusion chromatography (SEC) [5] is used for
separations in an aqueous mobile phase with a
hydrophilic stationary phase.
SEC is a technique that is becoming essential to
quantitatively
determine
biomolecule
aggregation. Practical considerations for column
stationary phases are crucial to present a tool that
is free from unwanted interactions, and a
uniformly packed bed that can reproducibly
separate large molecules based on size. Ideally,
mobile phase and temperature should not affect
the performance of the column if the stationary
phase is suitably inert. This is an area that
manufacturers are currently trying to optimise.
SEC is a well-established chromatographic
method, but still poses challenges. Development
of stationary phases to increase inertness, and
reduction in particle size to increase efficiency
are two ways in which manufacturers are
enhancing separations. The fewer mobile phase
additives required, the more accurate the
determination of the MW for biomolecules in

their native state will be. Another benefit of
running in a purely aqueous mobile phase
without the presence of salt is the ability to couple
SEC columns to MS, which is an area of
increasing popularity needed to accurately
determine low level aggregates/fragments in
mAbs. This method of detection is also the most
convenient and reliable way to identify the
analytes as they elute from the column.
The aqueous solvents in SEC are particularly
beneficial for the quantitative analysis of proteins
in their native state. Changes in shape and size
will provide different dwell times within the
column which within a mixture of proteins will
produce a separation. GPC is specifically useful
for the analysis of polymers and plastics, as these
tend to dissolve readily in organic mobile phases
[6,7].
SEC is a powerful technique as it can analyse
large protein molecules in their native state and
is
of
particular
relevance
to
the
biopharmaceutical industry. Proteins may change
to cause irreversible aggregates in cell culture
during product expression, product purification
in downstream processing, or in the drug during
storage. Aggregates found in monoclonal
antibodies are known to cause an adverse
immune response and so accurate quantification
of these moieties is essential.
The following article reviews the current theory
behind SEC and then focusses on the recent
developments to enhance the technology through
the design of more inert stationary phases.

the stationary phase. Analytes that are smaller are
able to visit more of the pore’s structure and
therefore take longer to elute. Small molecules,
including the solvent front will elute at the
permeation limit, representing the total volume
of solvent in both the interstitial space and the
particle pores (Vtot). The exact relationship
between a molecule’s size and its retention is
dependent on the physical characteristics of the
stationary phase, and in particular of the pore
structure. Since the process of retention is
dependent on the hydrodynamic size of the
molecule it is possible to relate the retention
times of individual analytes to their molecular
mass [9] (the assumption being that the mass of
a molecule is related to the hydrodynamic
radius).
As SEC should ideally have no chemical
interaction between the analyte and the
stationary phase, it is a purely entropy driven
process from a thermodynamic point of view. It
is interesting to note that using a modified van’t
Hoff expression [10] (Eqns. 1-3) it is readily seen
that temperature should not affect the separation
mechanism. Examining the kinetics, however, the
temperature affects the diffusion rates, solvent
viscosity, and also potentially affect the structure
of proteins, which will effectively alter the radii
of the molecule. Consequently, it should be
expected that the retention would vary with
temperature.

('&%$ # " !   '   (Eqn. 1)
As ΔH0 = 0, due to no chemical interactions

('&%$ # "'   (Eqn. 2)
The separation process in size exclusion
chromatography is based on the hydrodynamic
size/Stokes radius of the molecule [8] as it
naturally occurs in the aqueous buffer solution
which is used as the mobile phase. At the
beginning, any analytes that are too large to enter
into any of the pores will elute together in the
same retention volume (V0) as the interstitial
space between particles, called the exclusion
limit. From here, the largest analytes elute first,
as they are able to penetrate only a few pores in
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(Eqn. 3)

Where:
R- universal gas constant
T – thermodynamic temperature
k – retention factor, for a size exclusion process
this would be replaced with the thermodynamic
retention factor, KD.
ΔH0 – standard heat of enthalpy
ΔS0- standard heat of entropy

A practical investigation of this phenomena will
be detailed later in this article, comparing the
temperature sensitivity of retention times for
reversed phase columns and for SEC. In this case
it has been shown that the retention time for an
individual analyte is directly proportionally to the
log of the relative molecular mass [11], for
molecules that are neither completely excluded
or for molecules that can penetrate all of the pore
network, (Eqn. 4).

& # "    (Eqn. 4)
Where m and b are the slope and intercept of the
linear part of the calibration line, and KD, the
thermodynamic retention factor, is given by the
following expression (Eqn. 5);

 # "
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One approach that has been adopted by
manufacturers
to
improve
overall
chromatographic performance is to reduce the
particle size, however for SEC this is very
technically challenging because high pore volumes
are required for good separation, but this same
porosity makes the particles much weaker than the
denser particles typically used for reversed phase
chromatography. This results in particle
deformation or particles breaking under the
higher pressures that are seen due to the smaller
diameters. As the particles deform or break so the
uniformity of the packing bed structure will
decrease resulting in increases in band broadening
and impact MW determination of samples.

As with all chromatographic systems it is
important to be aware of band broadening.
Tubing and fittings should be short and narrow
to provide the least dead volume in the system,
injection volumes and detector volumes need to
be minimised. The flow rates should also be
optimised [12] to ensure that the dispersion
processes are minimised, in particular mass
transfer equilibration effects longitudinal
diffusion. The optimal flow is dependent on the
temperature, the viscosity of the mobile phase
and the molecular mass of the analyte. Thus, for
size exclusion chromatography, optimisation of
the flow rate is something that has to be
considered much more than in other forms of
chromatography, where the range of molecular
masses is not so varied.

A range of SEC columns were evaluated shown
in Table 1:

Stationary
phase

Guard
column

Column
dimensions

Particle P ore
size
size

Agilent

AdvanceBio
SEC

Proprietary
bonded
silica

50 mm x
4.6 mm

150 mm x
4.6 mm

2.7 μm

300 Å

Phenomenex

Yarra SEC-X150 Proprietary
bonded
silica

Not used

150 mm x
4.6 mm

1.8 μm

150 Å

Tosoh

TSKgel-UPSW3000

Silica,
diol bonding

20 mm x
4.6 mm

150 mm x
4.6 mm

2.0 μm

250 Å

Waters

Acquity UPLC
BEH 200 SEC

Ethylene
bridged hybrid
based particle,
diol bonding

30 mm
x 4.6 mm

150 mm
x 4.6 mm

1.7 μm

200 Å



While theory predicts a perfectly linear
correlation, the variability in exact pore structure
often leads to a degree of nonlinearity. Calibrations
are run using a series of known molecular weight
samples to allow identification of precise retention
times for that particular molecular weight, MW.
Thereby when determining the molecular mass of
unknowns, comparison of retention times with
known standards will give a good indication of the
size of the unknown molecule. The calibration
curve provides an upper and lower MW limit that
the column is able to separate, where a sharp
upward and downward knee forms in the
calibration curve.

EXPERIMENTAL
In the original publication an investigation was
performed using ten monoclonal antibodies
(mAbs) covering a broad range of isoelectric
points (pI = 6.7-9.2) and hydrophobicity, along
with two antibody-drug conjugates (ADCs),
Trastuzumab-emtansime and BrentuximabVedotin. The data presented here will be
representative of this exhaustive data set.

Column
Column
Manufacturer name

(Eqn. 5)

Where;
VR – retention volume of the analyte/protein
V0 – retention volume of the column
Vtot –total solvent volume of the column

columns. The next section looks at the
experimental data obtained from the recent
publication from this group.

Ideally, chemical interactions between the
stationary phases and the analytes do not contribute
to the separation mechanism when true size
exclusion chromatography is employed. However,
this can be very difficult to control from a practical
aspect. Biomolecules often contain both hydrophilic
and hydrophobic groups, which easily interact with
traditional packing materials. Secondary
interactions can shift the retention times, causing
incorrect MW values, and significantly impacts the
peak shape, which will have a pronounced effect on
the resolving ability of the process. Increasing the
ionic strength/salt concentration can minimise
polar interactions through electrostatic screening,
and peak shapes can be improved, however altering
the salt concentration may also affect the form of
the molecule being analysed and reduces the
compatibility of the technique with some detectors
such as mass spectrometry. Hydrophobic
interactions can be overcome by the addition of an
organic component to the mobile phase, however
this can cause protein molecules to denature which
will alter their hydrodynamic size, and so this is to
be avoided.
There are a variety of methods to test the
inertness of a SEC column, and a recent study by
Goyon [13] demonstrates how this can be used
to compare the performance of a variety of
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Table 1. SEC columns included in the study.

SEC experiments were performed on two UHPLC
instruments with the average extra-column peak
variance of the two systems being  &  and


 & (depending on flow rate, mobile
phase composition and solute), respectively.
The standard SEC mobile phase was 100 mM
disodium hydrogen-phosphate buffer and 200
mM sodium chloride in water, pH 6.8 (adjusted
with hydrochloric acid). Variations in the mobile
phase composition were made dependent on the
experiment being performed. Measurements were
performed at a flow rate of 350 μL/min and
temperature of 25°C. mAb and ADC samples
were diluted from the concentrated commercial
solutions to 0.5 mg/mL in water. The typical
injection volume was 1.0 μL which corresponded
to 0.5 μg mass injected onto the column. The
secondary hydrophobic and electrostatic
interactions between the stationary phase and
proteins were evaluated by measuring the change
in elution time when varying the organic modifier
or salt concentration in the mobile phase.
The effect of temperature was investigated using
a reversed phase mobile phase and the SEC
columns. The SEC method used an AdvanceBio

SEC column (Agilent Technologies) 4.6 x
300mm, 2.7 μm 300 Å using 150 mM sodium
phosphate buffer at pH 7.0. The temperature was
varied in the range 30° to 40°C.
The reversed phase study used 9 model
compounds; antipyrine, aminohippuric acid,
paracetamol, hydroxyantipyrine, aminoantipyrine,
atenolol, aminobenzoic acid, theophylline,
phenacetin and caffeine. The analysis used a
standard C18 column capable of running at
elevated
temperatures,
operating
on
chromatographic system comprising of a HPLC
system with a GC oven which allowed higher
temperatures up to 180 0C to be utilised.
RESULTS AND DISCUSSION
The hydrophobic interactions were determined
by the addition of an organic solvent either;
acetonitrile (ACN), an aprotic solvent or
isopropanol (IPA) aprotic solvent with the
amount varied between 0% and 15% (w/w) in 3%
steps. As well as reducing the hydrophobic
interactions this approach can also result in
changes to the molecular structure of
biomolecules, which in itself can result in a
retention time shift, so some care has to be taken
when interpreting the data.

ACN or IPA). The zone retention factor was
expressed by Engelhardt in the following (Eqn. 6)
(14):
$" # "
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(Eqn. 6)
Where; Vi is the interstitial volume of the column
Ve is the volume that the analytes are in while
visiting the pore structure of the column.


Figure 2. Relative change of zone-retention factor

vs. salt concentration ipilimumab. Reprinted with
kind permission from A. Goyon, A. Beck,
O. Colas, K. Sandra, D. Guillarme, S. Fekete,
Separation of protein biopharmaceutical
aggregates using size exclusion chromatographic
columns packed with sub-3 μm particles,
J. Chromatogr. A., [submitted] JCA-16-1083.
Figure 2 indicates that the electrostatic interactions
have less of an effect than the hydrophobic ones,
as the relative changes in retention time seen for
each of the mAbs are less pronounced.

Figure 1. Relative change of zone-retention factor

vs. organic modifier ipilimumab. Reprinted with
kind permission from A. Goyon, A. Beck,
O. Colas, K. Sandra, D. Guillarme, S. Fekete,
Separation of protein biopharmaceutical
aggregates using size exclusion chromatographic
columns packed with sub-3 μm particles,
J. Chromatogr. A., [submitted] JCA-16-1083.
The above shows plotted the relative change in k’’
against the percentage of organic modifier (either

Figure 1 shows the data obtained by researchers
at the University of Geneva for the retention of
ipilimumab, which showed the most significant
changes as the organic modifier content
increased. In this study the electrostatic
interactions were investigated by varying the salt
concentration (NaCl) between 0 and 200 mM in
50 mM steps. The mobile phase pH of 6.8 was
kept constant. The relative change in k” (see Eqn.
6) was plotted as a function of mobile phase salt
(NaCl) concentration (Figure 2).
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Ipilimumab is one of the most hydrophobic
components evaluated and as such is very
sensitive to the amount of organic modifier
resulting in the relative decrease of K’’ being
significant when increasing ACN and
isopropanol content with all columns tested. The
largest change seen (over 25% reduction in k”)
was with the Yarra and Acquity columns at 15%
addition of organic modifier. The decrease in
elution time with addition of organic modifier
highlights the occurrence of hydrophobic
interactions. Consideration is therefore required
when carrying out SEC in the presence of organic
solvents, as this example illustrates retention time
changes that may result due to selectivity between
the stationary phase and the analyte. The protein
structure may also alter due to the increase of
organic within the mobile phase due to
denaturing. Modern SEC columns are developed
to minimise the degree of interactions but the
user must be aware of its limitations.
When using sodium chloride to change the ionic
strength of the mobile phase, again a large shift
in the zone retention factor was noticed.

Increasing the salt concentration within the
mobile phase will reduce any potential ionic
interactions, which can result in reduced
repulsive or attractive forces between the
stationary phase and the analyte. The Yarra and
Acquity columns show the most significant
increase in zone retention factor with both
changing by over 10% with the most
concentrated NaCl addition.

Figure 3. Van’t Hoff plot for compounds analysed
on a reversed phase column compared to an
AdvanceBio SEC column.

particular molecule when using size based
separations and any deviation from this suggests
secondary interactions are present.

The data in Figure 3 shows a comparison
between the van’t Hoff plots obtained for Vitamin
B12 on the SEC column and a model compound
separated under reversed phase conditions. It is
evident that the retention factor response to
variations in temperature is substantially more
significant on reversed phase columns than that
obtained using the SEC column, by almost a
factor of 10, demonstrating the relative inertness
of the SEC column.

CONCLUSIONS
In modern chromatography, method optimisation
goes beyond just the column and eluent. Band
broadening must be minimized in all areas, with
the system, flow rate, temperature and tubing
dimensions all requiring consideration.

Secondary interactions follow the same process
as in reversed phase, which is affected by
temperature variations and therefore can be used
as an indicator of the inertness of the SEC
stationary phase. If a degree of interaction
between analyte and the stationary phase is
expected, then it is important to be aware of the
effects of temperatures employed in the method.
As a column approaches the ideal SEC
mechanism, temperature changes will not affect
the separation power of the stationary phase. The
changes will instead be isolated to the mobile
phase viscosity, back pressure, column efficiency
and the conformation of the biomolecules being
analysed. There should be minimal effect on the
retention time with increased temperature for a

Scanning some of the columns on the market, it
is clear that the current trend is to focus
development on smaller particle size stationary
phases. The advantage with this is that the
particles form a tightly packed bed in the column
on loading, providing more homogenous flow
paths for the smaller molecules, which can
provide sharper peaks and higher resolution. The
physical nature of the stationary phase particle
does however need to have a narrow pore size
distribution, to ensure the analyte experiences the
same pore structure throughout the packed bed.
A reduction in particle size results in an increase
in column back pressure, which can result in
conformational changes to a biomolecule.
It seems that there is often a compromise
required with SEC to achieve the desired
outcome of separating a biomolecule while
preserving its native conformation. It is desirable
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to keep the mobile phase purely aqueous, and use
temperatures and flow rates that will not affect
the molecules structure. While organic modifiers
or salt can improve peak shape and reduce
secondary interactions, there is a risk of altering
the very molecule that is being analysed.
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See the Society’s website for more information on our 2018 meeting programme
(www.chromsoc.com)
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Discover more at: www.ymc.de
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