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The importance of stationary phase and pH

Successful Aqueous GPC/SEC
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Tips & Tricks GPC/SEC  
Aqueous GPC/SEC 
for Water-Soluble 
Macromolecules 

Water-soluble macromolecules require water as a mobile phase, and 
method development therefore seems to be straightforward. At second 
glance, however, aqueous gel permeation chromatography/size-exclusion 
chromatography (GPC/SEC) is complex and the choice of the stationary 
phase and pH are crucial. In addition, mobile phase additives are often 
required to allow for interaction-free separations.

Daniela Held and Wolfgang Radke, PSS Polymer Standards Service GmbH, Mainz, Germany 

a different surface chemistry compared 
to stationary phases used in organic 
solvents. For aqueous GPC/SEC the 
stationary phase surface has to be 
hydrophilic. Cross‑linked dextrans were 
among the first packings developed and 
are still applied today. Typical native 
silicas, although mechanically more  
robust and suitable for some applications, 
were found to be problematic for 
proteins as a result of strong ionic 
interactions with silanol groups (1). 

As water is an environmentally friendly 
and non‑toxic solvent, aqueous gel 
permeation chromatography/size‑exclusion 
chromatography (GPC/SEC) is preferred 
by many scientists. Polysaccharides, some 
synthetic polymers, proteins, and peptides 
are among the group of water‑soluble 
macromolecules. Therefore, separation in  
an aqueous mobile phase is generally 
possible.

Stationary phases typically employed 
for water‑based size separations exhibit 
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Therefore modified and functionalized 
silicas were developed for use in a variety 
of aqueous applications. Polymeric 
stationary phase materials based on 
methacrylate and acrylate (co)polymer 
networks with different functionalization 
are also very common (1). The advantages 
and disadvantages of silica‑ and 

polymer‑based materials have been 
discussed in a recent instalment of Tips & 
Tricks (2). 

Typical pitfalls in aqueous GPC/SEC 
include algae growth, problems in  
sample preparation, and the increased  
risk of undesired interactions as a result 
of hydrophobic or hydrophilic parts  

and/or charged groups being present in 
the sample.
• The easiest problem to overcome is 

algae growth. As algae or bacterial 
growth may cause severe problems 
in aqueous GPC/SEC, additives, such 
as NaN

3
 or methanol, are added to 

suppress algae growth.
• Sample preparation is often an issue 

as inter‑ and intramolecular hydrogen 
bondings affect solubility. This might 
even result in insolubility in water for 
samples that, at first glance, appear 
to be water‑soluble. Examples will be 
discussed in the sections below where 
the samples are grouped based on their 
chemistry.

• To avoid undesired interaction, it is 
important to select a stationary phase 
of suitable chemistry and to apply 
the most favourable mobile phase 
conditions by adjusting the pH value 
and the ionic strength. This reflects 
that GPC/SEC requires the polarity of 
sample, mobile phase, and stationary 
phase to be balanced.

The easiest and most practical 
approach to start stationary phase 
selection differentiates the types of 
water‑soluble macromolecules based on 
their charged state. Neutral polymers can 

easily be analyzed on neutral stationary 
phases. The most difficult applications 
include polyampholytes and polymeric 
zwitterions where positive and negative 
charges are present simultaneously. In 
addition, proteins, where hydrophobic 
and hydrophilic patches might exist in the 
same molecule, present a challenge in 
aqueous GPC/SEC.

After selecting the appropriate 
stationary phase the mobile phase 
conditions need to be adjusted with 
respect to pH and ionic strength.

Typical Aqueous Applications
Polysaccharides: Polysaccharides are 
macromolecules made of monosaccharide 
units connected via glycosidic bonds. 
The composition and bonding sites 
of the different saccharide units 
determine the properties of the resulting 
macromolecule. Branching is very 
important in some polysaccharides.

Although water might appear 
to be a good solvent choice for all 
polysaccharides, this is not true. Some 
polysaccharides, for example, cellulose 
and starches, cannot be fully dissolved in 
water but require organic solvents and 
mobile phases such as dimethylacetamide 
(DMAc) or dimethyl sulfoxide (DMSO) (3). 
As a consequence these materials cannot 
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Figure 1: Overlay of 12 different PEG molar masses on a polymer column for aqueous GPC/SEC. 
The lowest molar mass is separated into single oligomers. 
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From a chromatographic point of view 
the challenge with running proteins and 
peptides is that they have a large number 
of functional or charged groups and are 
therefore prone to electrostatic interactions 
with silanol groups of silica‑based packings. 
On the other hand proteins can have rather 
hydrophobic parts, resulting in hydrophobic 
interaction with the stationary phase. It is 
thus crucial to balance hydrophobicity and 
hydrophilicity by selecting an appropriate 
combination of mobile and stationary 
phase. 

An advantage of proteins compared 
to water‑soluble synthetic polymers or 
biomolecules is that proteins are usually 
small in size and the size distribution 
within a sample is relatively narrow, 
allowing analysts to fully benefit from 
the chromatographic potential of 
small particles. In addition, the narrow 
distribution allows columns with very 
flat calibration curves (high resolution in 
a narrow molar mass range) to be used. 
Therefore, silica‑based GPC/SEC columns, 
which typically provide shallower calibration 
curves compared to polymer‑based 
materials, are a good choice for many 
protein applications.

An ideal GPC/SEC method for a 
protein would require using a mobile 
phase with pH matching the protein’s 

weakly basic conditions with appropriate 
ionic strength should be applied. For 
example, 0.07 M Na

2
HPO

4
, which  

provides a pH of approximately 9, is often 
suited. Care has to be taken if larger 
hydrophobic parts are present in the 
macromolecule. In those cases organic 
modifiers might be required to avoid 
hydrophobic interactions.

Polycations require a different approach. 
Examples of polycations are poly(DADMAC) 
or PEI. The amino groups in PEI are partially 
protonated in water, which results in 
positive charges. To achieve a fully  
charged state the pH needs to be <<7. In 
the fully charged state PEI can be analyzed 
in the same way as other polycations. These 
can be measured on positively charged  
surfaces, such as amino functionalized 
acrylate copolymer networks. In addition 
to acidic conditions, electrolytes are often 
added to increase the ionic strength and  
to shield electrostatic interaction (4). A 
good starting point for running polycations 
is 0.1 nNaCl with 0.1% trifluoro acetic acid.
Proteins and Peptides: For proteins and 
peptides two different applications are often 
asked for. Either the amount of aggregates 
in (otherwise monodisperse) proteins is 
measured or the molar mass distribution 
of proteins and peptide mixtures such as 
gelatine needs to be determined.

polyethylene imine (PEI), poly(DADMAC), 
and polyvinyl alcohol. These can be 
grouped according to their charge state.

PEG, although soluble in 
tetrahydrofuran (THF) up to a molar 
mass of approximately 50,000 Da, and 
polyethylene oxide (PEO) (a high molar 
mass analogue of PEG) are typically 
analyzed in water. As they are neutral 
molecules they can be analyzed on 
neutral stationary phases. Only minimal 
concentrations of electrolytes such as 
NaCl or NaNO

3
 are required. The same 

conditions apply for polyacrylamide 
and polyvinyl alcohol. In recent years 
polymer‑based columns with smaller 
particle sizes have been developed, 
yielding enhanced resolution of oligomers 
while still allowing for higher molar 
masses to be separated. Figure 1 shows 
an overlay of 12 different PEG molar mass 
standards. For the standard with the 
lowest molar mass a separation into single 
oligomers is achieved, for the second 
highest molar mass some oligomers can 
be identified. 

Synthetic polyanions, such as poly(meth)
acrylic acid polystyrene sulfonate, can 
also be analyzed on nearly neutral or 
negatively charged stationary phases, 
such as hydrophilic (meth)acrylic 
copolymer networks. Buffer solutions at 

be analyzed by aqueous GPC/SEC. Even 
if solubility in water can be achieved, 
sample preparation often requires specific 
protocols to be followed. 

Easy‑to‑handle polysaccharides are 
samples without ionic groups, such 
as dextrans, pullulans, carrageenans, 
maltodextrins, or similar. These samples 
can be analyzed on neutral stationary 
phases, such as hydrophilic (meth)
acrylic copolymer networks, and require 
mobile phases containing only minimal 
concentrations of electrolytes, such as 
NaCl or NaNO

3
.

If anionic groups, such as carboxylic 
groups, are present in the sample, neutral 
or negatively charged stationary phases 
are suitable. However, the mobile phase 
pH should be around 9. Under these 
conditions a reproducible charge state can 
be established. In addition, the mobile 
phase should provide sufficient ionic 
strength to shield electrostatic interaction. 
A good starting point is 0.07 M Na

2
HPO

4
. 

Examples are hyaluronic acid, pectin, or 
carboxymethyl cellulose.
Synthetic Polymers: There are some 
important water‑soluble synthetic 
polymers, for example, polyethylene 
glycol (PEG), polyethylene oxide (PEO), 
poly(meth)acrylic acid (P[M]AA), 
polystyrene sulfonate, polyacrylamide, 

Tips & Tricks
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by adjusting a proper pH and ionic 
strength. 
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isoelectric point, pI. This is because under 
these conditions the net charge of the 
protein is zero. To avoid the cumbersome 
approach of adjusting the mobile phase 
pH for every single protein, a pH close 
to the protein’s pI is selected and 
monovalent salts, such as sodium chloride 
or potassium chloride, are added. The 
hydrophobicity of the protein determines 
the required ionic strength. In general, 
hydrophilic proteins should be run at high 
ionic strength while hydrophobic proteins 
and amino acids, such as alanine or 
substituted alanines, should be analyzed 
at low ionic strengths (5).  

Conclusions
• Although method development 

for aqueous GPC/SEC seems 
straightforward, the choice of 
stationary phase and mobile phase 
additives requires knowledge of the 
sample chemistry.

• Sample solubility can limit the 
application of water‑based GPC/SEC.

• For stationary phase selection samples 
should be grouped based on their 
charge state (neutral, anionic, cationic).

• Best results are obtained when the 
charges on the stationary phase and 
within the sample are comparable.

• Interactions need to be minimized 

E-mail:  DHeld@pss-polymer.com
Website:  www.pss-polymer.com

Coupling powers
Pioneering new fields in ultra-trace analysis, the new 
GCMS-TQ 8050 NX triple quadrupole couples the powers  
of a world-leading GC and a newly designed detector.  
Both provide outstanding sensitivity at femtogram and  
even sub-femtogram levels. 
 
Superior performance of NX technologies 
e.g. new flow controller and time management  
for maintenance 
 
A wide variety of optional products supports  
trace analysis 
such as autosamplers and inlets  
 

www.shimadzu.eu /coupling-powers

Comfortable, easy change of accessories  
through the advanced, illuminated GC oven 
 
The GCMS-TQ 8050 NX complements the Shimadzu NX  
family, coupling the Nexis GC-2030 with the quadrupole 
series TQ-8050, TQ-8040 or QP-2020. Shimadzu’s NX series 
provides high-end GCMS solutions for every analytical  
challenge.

Shimadzu_TheColumn_0420.qxp_184x211  13.03.20  13:00  Seite 1
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Thermo Receives CE Mark for Covid-19 Test
Thermo Fisher Scientific (Waltham, Massachusetts, USA) has received 
the CE mark in the European Union for its diagnostic test to detect 
nucleic acid from SARS-CoV-2, the virus that causes Covid-19.

“We are committed to fighting this disease and we will continue to 
work with regulatory authorities and customers around the world to 
expand the availability of diagnostic testing and stem the spread of the 
coronavirus”, said Marc N. Casper, Chairman, President and CEO of 
Thermo Fisher Scientific.

The test is designed to provide patient results within four hours of a 
sample being received by a laboratory. The estimated time-to-result also 
includes time for sample preparation and instrument analysis. 
For more information about the CE-marked test, please visit:  
www.thermofisher.com/covid19ceivd  

Thermo and NanoPin Announce Collaboration
Thermo Fisher Scientific (Waltham, Massachusetts, USA) has 
announced a collaboration with NanoPin Technologies, Inc. (New 
Orleans, Louisiana, USA) to improve blood-based infectious disease 
detection technology through the development of highly sensitive liquid 
chromatography–mass spectrometry (LC–MS)-based workflows.

The companies will combine Thermo Fisher’s LC–MS technology with 
NanoPin’s diagnostic platform to detect disease-related antigens directly 
from patient blood samples, which will lead to the development of 
sensitive clinical assays for infectious disease. The overall aim is to 
reduce diagnosis times and improve the determination of infection 
stage, as well as monitor patient response to prescribed treatments.

For more information please visit: www.thermofisher.com

Nitrosamine Determination 
Using GC–PCI-QTOF-MS
Researchers have developed an alternative method to reduce interferences for the analysis of N-nitrosamines using gas 
chromatography (GC) coupled to high-resolution quadrupole time-of-flight mass spectrometry (HR-QTOF-MS) (1).

The existence of N-nitrosamines in water bodies has developed into a major environmental and public health 
concern as more evidence has emerged of their role as probable human carcinogens, mutagens, and teratogens (2). 
N-nitrosamines are pervasive in industrial manufacturing processes, as well as in tobacco smoke and in the disinfection of 
drinking water. They are found in surface waters, groundwaters, in the influents and effluents of wastewater treatment 
plants, and in drinking water (3). The formation of N-nitrosamines from precursors during water treatment processes 
causes further problems.

The World Health Organization (WHO) has set out guideline values for the analysis of nitrosamines in the nanograms 
per litre (ng/L) region, depending on the risk level estimates of the specific compound. Highly sensitive methods 
are now required to research nitrosamine occurrence in water. Current methods for nitrosamine detection use gas 
chromatography tandem mass spectrometry (GC–MS/MS) in positive chemical ionization (PCI) mode, however, the 
low-molecular-weight of nitrosamines leads to background ions that can interfere with their determination. Researchers 
theorized that such ion interference could be solved using high-resolution mass spectrometry and aimed to develop an 
alternative method that reduces background interference issues using a QTOF instrument.

Results indicated that the GC–PCI-QTOF-MS method developed in the study can provide sufficiently low detection 
limits for the determination of nitrosamines in water samples with excellent selectivity compared to the existing 
methods. This method offers a valuable alternative to those currently available and does not require large-volume 
injection.—L.B.
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Gluten has been part of the human diet for 

centuries, and as such it would be useful to 

discover if earlier civilizations experienced diseases 

related to gluten consumption, such as coeliac 

disease (CD), and how these civilizations attempted 

to treat such ailments.

The use of medicinal and aromatic plants was 

a common form of treatment historically, with 

various texts citing knowledge of natural remedies 

featuring plants, seeds, flowers, fruits, and other 

ingredients that have useful bioactive compounds. 

This tradition continues in many cultures, including 

China, and in some cases is passed on as common 

knowledge through generations. However, 

gleaning any first-hand information on applied 

remedies to ancient remains can prove difficult.

Interestingly, the skeletal remains of a Roman 

woman from the late first century to early second 

century common era (CE) displayed pathological 

signs evocative of coeliac disease. The skeleton 

of a 18–20-year-old female discovered at an 

archaeological site in Cosa, in Tuscany, Italy, 

was diagnosed with osteoporosis, osteopenia, 

coxa valga, dental enamel hypoplasia, and cribra 

orbitalia. These are all pathologies attributed to CD 

because of the associated difficulties of nutrient 

adsorption (1,2). Further molecular analyses 

showed that the young woman presented the 

HLA-DQ 2.7 halotype, which is typically associated 

to a high predisposition for CD (2,3).

There have been no other archaeological 

findings related to CD, so these remains presented 

a unique opportunity to reconstruct food habits 

and attempted therapeutic treatments.

Using gas chromatography–mass spectrometry 

(GC–MS) and light microscopy, researchers were 

able to investigate the dental calculus of the 

individual (4). Light microscopy provided evidence 

that she came into contact with gluten-rich 

cereals that would have been deleterious to a 

CD sufferer, and would likely have contributed to 

her premature death. GC–MS analysis revealed 

she was ingesting plant foods and herbs, with 

two notable markers for Curcuma sp. and Panax 

sp. being detected. These plant stems (rhizomes) 

were commonly used in ancient Oriental medicine, 

perhaps suggesting cultural contact and exchange 

with eastern Asia. Researchers hypothesized 

that the woman was using these roots as a 

natural remedy in an attempt to soothe her 

pathological condition because these roots were 

considered to possess energizing properties as 

well as anti-inflammatory and immunomodulatory 

properties.

This research suggests that diseases such as 

CD have existed throughout human civilization 

and their unfortunate sufferers were unaware of 

the cause. Aretaeus of Cappadocia, a celebrated 

Greek physician from the second century before 

the common era (BCE), used the Greek word 

“koiliakos”, which means “suffering in their 

abdomen” to describe a chronic wasting illness 

associated with diarrhoea, a main symptom of CD 

(4).—L.B.
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Investigating Coeliac Disease in 
Roman Remains

Eurofins | IPROMA and Markes 
Collaborate on Plastics Detection
Eurofins | IPROMA (Castelló, Spain) has 
signed a collaboration agreement with 
Markes International (Llantrisant, UK) to 
facilitate the development and validation 
of a method for the quantification of 
micro- and nano-plastics up to 0.3 µm 
in size.

The method uses a Markes 
International instrument, which is 
currently operational at the Eurofins | 
IPROMA central office and has been 
used to process samples obtaining good 
results at low detection limits.

Both companies intend to present 
more information at the SETAC Europe 
30th Annual Meeting congress, to 
be held as an online meeting, from 
3–7 May. The talk will be entitled 
“Qualitative Analysis Of Microplastics: A 
Problem To Be Solved”.

The development of this type of 
methodology is fundamental to 
quantify the presence of micro- and 
nano-plastics in different natural 
environments, to determine the origin 
of these contaminants, and to take 
the necessary measures for their 
elimination.

For more information please visit: 
www.markes.com

News
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News In Brief

The Column    www.chromatographyonline.com

•  The LCGC Blog: GC Diagnostic Skills 1: Peak Tailing—Peak tailing is a problem that is regularly 
encountered in capillary gas chromatography (GC). It can cause issues with resolution and peak 
integration, affecting both qualitative and quantitative analysis. In this first of a series on GC 
diagnostic and troubleshooting, discover how best to identify the source of the issue, and find 
suggestions on how to prevent or fix the problems that underlie the issue. Read Here>>

•   The Effect of Carrier Liquid Composition on the Molecular Properties of Caseinate Solutions 
Studied by AF4—The effect of carrier liquid composition on the molecular properties of 
uncross-linked and enzymatically cross-linked caseinate solutions was studied by asymmetrical flow 
field-flow fractionation (AF4). Read Here>>

•    Sampling: The Ghost in Front of the Laboratory Door—Sampling can be the most demanding  
part of an analysis. Anybody in charge of sampling needs a good understanding of the composition 
of the material to be investigated, its heterogeneity (or homogeneity, in simple cases), and the 
chemical properties of the analytes. Sampling procedures must be described in detail. Detecting the 
bias of a sampling procedure can be difficult; this fact is trivial, but it must not be forgotten.  
Read Here>>

•    Tackling Top-Down Protein Analysis—Kevin Schug discusses the advantages of using mobile 
phases with different pH values in the first and second dimension when using comprehensive 
two-dimensional liquid chromatography (2D-LC) methods for top-down protein analysis.  
Read Here>>

•    Data Integrity in Regulated Labs, Part 3—Maintaining data integrity involves a solid understanding 
of the data life cycle, documentation, and metrics for regulated activities. In this eBook, R.D. 
McDowall discusses regulatory expectations to help laboratories interpret and comply with guidelines 
related to data integrity. Read Here>>

•    Investigating the Environmental Impact of Anticoccidials—Researchers have developed a new 
liquid chromatography tandem mass spectrometry (LC–MS/MS) method for the simultaneous 
chromatographic separation and detection of anticoccidials in environmental waters. Read Here>>

Peaks of the Month

Like us  Join us  Follow Us 

Malaysian City Installs Air Pollution 
Warning System
The Malaysian city of Pasir Gudang has recently 
installed an air pollution early warning system, 
the first system of its kind based in any Malaysian 
city. The installation was prompted by the 
“Sungai Kim Kim” pollution incident in March 
2019, in which more than 4000 people, mainly 
schoolchildren, fell ill because of a water pollution 
incident, with the situation causing a wider look 
at Malaysia’s environmental issues.

The air monitoring system includes the 
installation of around 25 photoionization detector 
stations (PIDs), which detect the total volatile 
organic compound (TVOCs) in the environment. 
Furthermore, two mobile gas chromatography–
mass spectrometry (GC–MS) units, and two 
mobile GC–flame ionization detector (FID) 
units, along with six portable Fourier-transform 
infrared spectrometry (FT-IR) units, were also 
made available and have all been operating since 
January.

The air monitoring system will eventually allow 
the public to check air quality readings recorded 
by the system and will also directly give out alerts 
to the Malaysian environmental department for 
further checks to be carried out.

If the system proves successful, it will likely 
be extended to other industrial areas within the 
country.
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The Benefits of Using 
a Method Life Cycle 
Approach to Improve 
Method Quality
The Column spoke to Evelien Dejaegere from Waters Corporation about 
the method life cycle management approach and its importance in the 
pharmaceutical sector.

—Interview by Kate Jones

of actions that get triggered when OOS 
and OOT results happen. Having excellent 
understanding of the method will help 
to pinpoint the cause of OOS and OOT 
results during investigations. Having a good 
method is beneficial because it generates 
good quality data that reduce analytical 
uncertainty, improve method performance, 
and decrease cost of poor quality (COPQ).

Q. Why is method life cycle 
management (MLCM) important in the 
pharmaceutical sector?
A: The main reason MLCM is important 
in pharmaceuticals is to ensure drugs 
are safe for patients. Implementing the 

Q. What does it mean to have a good 
method?
A: The key word is risk assessment—
what is the risk of method failure and 
how can you minimize this? The best 
method requires proper identification 
of the requirements, such as detection 
of the main compound(s) and/or related 
impurities, good intermediate results, and 
excellent overall performance of equipment 
such as instruments and chemistries. In 
addition, a good method reduces the 
occurrence of aberrant events such as out 
of specification (OOS) and out of trend 
(OOT) results. This is highly desirable 
because a good method prevents the set 
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MLCM approach leads to better method 
understanding and improved method 
performance. This leads to robust methods 
that reduce analytical uncertainty; it 
facilitates and improves method transfer, 
and reduces the need for post-approval 
changes. Overall there is higher confidence 
in data quality.

Q. Please could you outline the MLCM 
approach.
A: Method life cycle management 
promotes a more structured approach 
to analytical method development and 
establishes connections from development 
to validation, transfer to routine use.

When implementing an MLCM approach, 
we start by defining the analytical target 
profile (ATP). The ATP defines the accuracy 
and precision goals of the method, and 
sometimes it will include sensitivity and 
specificity goals that the method must 
achieve. The approach also begins with a 
depth of understanding—understanding 
the analyte, the goals, and the areas 
of risk—which must all be carefully 
documented. The ATP is overarching 
across all the stages, playing a key role in 
facilitating continuous improvements of the 
analytical method.
Stage 1—Method Design and 
Development: The ATP can be used to 

decide on method selection, design, and 
development activities. Risk assessment is 
used to decide which variables may affect 
the performance of the method. With the 
help of analytical quality by design (AQbD) 
principles and design of experiments (DOE), 
the impact of variables is tested, helping 
to identify risks that impact the method 
performance. When the risks have been 
evaluated, then the control strategies can 
be formulated.
Stage 2—Method Qualification: Stage 
2 is where we will review if our analytical 
method or procedure meets the criteria 
previously established in the ATP. It is the 
stage that is traditionally known as method 
validation. However, instead of a checkbox 
method validation approach, we are now 
validating the method against predefined 
method goals set in the ATP and ensuring 
we are meeting those goals as we validate 
the method. 
Stage 3—Method Performance 
Verification: This is the stage where the 
method is deemed suitable for routine 
use in quality control. In this stage we will 
monitor whether the method continues to 
be fit for its purpose and look for potential 
improvements. If we’ve done our job well, 
we should have a method that consistently 
performs well and is suitable for its 
intended use. In the spirit of continuous 

improvement, changes are allowed, if the 
risk is evaluated, method qualification 
is demonstrated, and performance 
characteristics are in line with the ATP. If 
necessary, you can decide to take it back 
to one of the previous stages. Personally, 
I think Stage 3 is where the full potential 
and the beauty of the MLCM approach 
gets real.

Q. What advice can you offer to 
scientists thinking of implementing 
MLCM in their research?
A: Start with identifying method 
requirements (ATP) and use those to 
drive method selection. Experts say pick 
one method and start there. I couldn’t 
agree more! From my experience I would 
say the impact of controlling sample 
handling is typically underestimated, as is 
paying attention to making sure method 
instructions are written in a controlled 
way.

Also using quality consumables provides 
an immediate quality implementation and 
control strategy to method performance all 
going back to using consumables you can 
rely on regardless of where the method 
lies. 

All these may be easily overlooked in 
today’s world where everything must move 
very fast, but it could save you a lot of time 

when you start transferring methods to 
different laboratories and locations.

Q. Are there any misconceptions 
among scientists about where the 
analytical procedure life cycle sits 
within their method?
A: MLCM and its concept are in the 
adoption phase. Laboratory personnel 
are learning about the requirements 
and benefits of the MLCM approach, 
and regulators are, too. Today there are 
still some barriers, I would not call them 
misconceptions. These barriers are linked 
to a lot of different aspects such as limited 
time, lack of training and education, and an 
unwillingness to disrupt current workflows. 
On the other hand we see a lot of very 
enthusiastic scientists who are looking for 
tools and resources to move it forwards. 
There are also guidelines supporting 
the approach such as the United States 
Pharmacopeia (USP) 1220, 1210, and the 
upcoming revision of the International 
Conference on Harmonisation (ICH) Q2(R2) 
and creation of a new guidance on method 
development, Q14 (1,2).

Q. What are the benefits of adopting a 
more modern approach to methods?
A: The implementation of a more 
modern approach generates clear method 
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significantly affect the performance, and 
this helps them to confidently identify the 
probable cause for OOS and OOT results.
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Evelien Dejaegere joined 
Waters in 2005 and 
is currently a market 
development manager in 
the European Chemistry 

Team. Her main focus is to work 
on customers’ pharmaceutical and 
biopharmaceutical workflows, aiming 
to better understand the full processes 
from sample to results.

the root cause of variable results or OOS 
results. By reviewing the data generated 
in Stage 1, it may be possible to adjust the 
chromatographic conditions to achieve the 
necessary separation.

Good methods in that perspective 
separate known impurities and leave 
space for unknown impurities, and when 
combined with a detection technique 
such as photodiode array (PDA) or mass 
spectrometry (MS) confirming identity 
and peak homogeneity, it will show you 
coeluting peaks before you’ve incorrectly 
assigned their response to your impurity or 
even your assay peak.

If a method is developed with risk-based 
approaches, and good control strategies are 
placed, the method should be robust and 
have infrequent OOS results occurrences. 
However, methods can change over time 
and to ensure OOS results are kept at 
minimum, it is recommended to monitor 
(via control charts) the critical variables, 
such as column performance, system 
performance, and even stability data, to 
ensure there are no OOT patterns. By 
monitoring, you can start to see any trends, 
such as results trending towards failing, and 
take action to prevent future OOS and OOT 
results.

A good method allows the scientist to 
know those critical variables that might 

together to consider what factors may be 
of risk. 

Q. What analytical tools or processes  
do you recommend for the Stage 1 
method design and development  
phase? 
A: The goal of Stage 1 within the MLCM 
approach is to provide the analyst with 
a robust method operable design region 
(MODR). This will give the scientist a broad 
knowledge of the factors that affect the 
performance of their method. Knowing 
these factors will allow the scientist to 
have a final method that is “proven” to 
be robust within the space of the MODR. 
There are statistical software packages 
available to help design the space. Using 
chromatographic software and DOE 
software can also be valuable and speed 
the process.

Q. Can you give more detail on 
how a good method can help 
identify causation for OOS or OOT 
observations? 
A: Having an understanding of the impact 
of variables on method performance (from 
Stage 1) can be invaluable. An example in 
chromatographic testing OOS or OOT can 
be related to inadequately resolved peaks. 
Unresolved or coeluting peaks can be 

procedures while increasing traceability 
and compliance for method investigations. 
These improvements promote reliable 
and consistent results and ease method 
transfers. The implementation of the 
MLCM concept ultimately leads to 
better quality methods, with enhanced 
understanding of the variables associated 
with the method, leading to better data, 
fewer OOS and OOT results, and better 
quality products and medicines that are 
safer for the patient.

Q. In Stage 1 of the process, you 
mention statistical methods and risk 
assessment tools. Could you provide 
more detail on what these approaches 
might be? 
A: Gaining insight into the ATP 
requirements and the chemical/physical 
properties of the analytes will help with 
the risk assessment. Often this will start 
with gathering knowledge through many 
different processes, such as specific tools 
including fishbone diagrams, scoring 
matrices, and risk templates. Also, research 
on the compounds, such as what you 
know, but also acquiring additional 
knowledge using software tools to 
calculate chemical properties and pK

a
 will 

be part of the process. These activities 
are typically performed by getting a team 
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Website: www.waters.com 
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Pittcon Report
Incognito observes some unexpected emerging trends at Pittcon 2020.

the periphery of the entrance to the 
exhibition hall during the lunchtime 
recess on the first day of the exhibition 
(Tuesday 3 March). It’s easy to  
undertake a rough count as exhibitor 
staff have passes demarked with a  
green stripe and non-vendors a blue 
stripe, I guess to signal to vendors 
manning booths whether their passersby 
are premium targets for engagement. 
Over 65% of those who passed by (bear 
in mind this was a pretty approximate 
count and on one day) were of the green 
stripe variety and I would have thought 
the traffic was pretty representative 
during this time with delegates entering 
the exhibition hall after the technical 
sessions had ended and vendors taking 
an opportunity to grab a quick bite of 
lunch.

My favourite part of Pittcon is always 
the poster sessions. I find them a 
distillation of the meeting that can be 
quickly and easily absorbed and give 
a great sense of the big or emerging 
themes of the meeting (more on this 
later). At certain times (lunchtimes 
especially), one can hardly proceed 

I’ve just returned from the Pittcon 
meeting in Chicago. My travel was 
uneventful, even though it involved both 
domestic and international flights as 
well as local travel within the city and 
this itself was unusual. Aeroplanes had 
spare seating (a whole row to myself on 
one of the longest legs!), swift passage 
through customs and immigration, 
fast taxi journeys, and no issues with 
hotel bookings; unusual in the fact 
that I remember the days of the Pittcon 
meeting when it was literally like a 
stampede to get into and out of the city 
hosting the meeting that year.

On reaching the McCormick Place 
Convention Center, badge collection, 
which has become much more automated 
over the years, was eerily quiet with 
undergraduate volunteers literally fighting 
to help me procure my various badges, 
ribbons, and affiliate materials. Not 
typical at all.

To get a sense of the attendee profile 
(always interesting for me as I like to 
try and network with as many contacts 
who are outside the vendor community 
as possible), I positioned myself to 
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down the poster aisles and much jostling 
usually occurs to get a good look at 
an interesting poster or speak with a 
presenter. No such thing this year and I 
made several visits to the poster aisles on 
each day. 

The technical sessions are, of course, 
one of the main attractions of this 
meeting—the content and usefulness 
of the talks are always high quality. 
Anecdotally, with one or two exceptions, 
each of these sessions were less well 
attended than usual. Covid-19 may 
well be the reason that this Pittcon was 
relatively quiet in terms of attendance. 
Delegates from certain parts of Asia had 
been recommended not to attend and 
there were many posters and several 
technical presentations marked as 
“withdrawn”. 

On a positive note: The number of 
technical sessions and posters provided 
by academic institutions has increased 
enormously, relative to those being 
presented by folks from “industry”, 
that is, not the vendor community. The 
amount of new research being presented 
is, in my opinion, a major benefit of 
the meeting. Ideas which are either 
nascent or, which in partnership with 
the vendors, are being developed into 
the instruments and applications of 

the future. It’s just what I need from a 
meeting of this type.

Another positive aspect of this year’s 
Pittcon meeting was the emergence 
of several main themes I had not been 
at all expecting. To be fair, I’ve had a 
pretty busy year since the last meeting 
in Philadelphia, and perhaps I’ve not 
been keeping up with the zeitgeist, 
but I was blown away by these new or 
rapidly developing themes and it’s worth 
me taking a little time to share some 
thoughts with you all, and perhaps to get 
your feedback on whether, in my older 
age, I’m just a little behind the times!

Artificial Intelligence/Machine 
Learning/Chemometrics
Perhaps this was the most surprising 
aspect of the meeting, to the point at 
which it seemed we have almost given 
up talking about how to develop and 
optimize our chromatography, and 
are now concentrating on how to let 
computers do the work for us—or at 
least helping us to sort out the mess we 
created!

I learned about an algorithm for 
transforming tailing peaks into a 
Gaussian shape without changing their 
relative peak areas and for resolving 
overlapping peaks, again without 
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(including biopharmaceutical) analysis, 
and particularly for HPLC sample 
preparation—an area that has hitherto 
been largely, woefully underdeveloped. 
We learned about water companies using 
fully-integrated analytical instrument 
suites and laboratory information 
management systems (LIMS) to 
automate water quality monitoring and 
autonomously control critical inputs in 
water treatment. Fully automated systems 
for the development of pharmaceutical 
process monitoring analytics as well 
as integrated synthesis and analysis of 
novel active pharmaceutical ingredients 
(APIs) were also discussed. Advanced 
automated applications for every type 
of sample extraction were on display 
and, what’s more, several of these 
automated applications were the subject 
of miniaturization (microfabrication) and 
a fair number of them (or at least their 
critical components) had been fabricated 
using three-dimensional (3D) printing. 
Apparently, the use of 3D printing is 
especially applicable for microfabricated 
devices that use micro-channels as 
these can be reproducibly “grown” 
from traditional 3D printing methods. 
My philosophy has always been that 
we should not fear automation, we 
should allow it to free us from repetitive 

mass spectra, and to assist with peak and 
spectral deconvolution. There were more 
mentions of chemometrics and principal 
component analysis (PCA) than I can ever 
remember at any meeting, never mind a 
Pittcon meeting. I’m left with the feeling 
that I should be hiring more statisticians 
than chromatographers! Perhaps they can 
help me overcome my confusion at the 
power of statistics to help justify really 
bad decisions. Seriously, I’m saddened by 
my lack of knowledge in this area, which 
breeds an inherent suspicion that may 
be enough of a prejudice to delay the 
adoption of these enabling technologies 
in our laboratories. Mental note to take 
more time to consider the application of 
advanced statistical methods to assess 
how they may directly assist with my 
research.

Automation and Microfabrication
The efficiency and repeatability of 
instrument top sample preparation 
as well as the automation of sample 
manipulation and data analysis are 
having a resurgence of interest, 
and in total I counted 68 posters or 
technical session topics that included 
the keyword automation. I would 
add here that many of these sessions 
were related to pharmaceutical 

changing relative peak areas. There was a 
fantastic explanation of how the analysis 
and comparison of dendritic trees, 
formed by a machine learning treatment 
of neutral loss spectra generated via 
direct analysis in real time high resolution 
mass spectrometry (DART–HR-MS), was 
able to discriminate between cathinone 
drugs, which gave only a single peak 
within a gas chromatography (GC)–
MS (electron ionization [EI]) spectrum. 
I further learned how screening of 
chromatograms generated by high 
performance liquid chromatography 
(HPLC) columns in a method development 
platform can lead to better informed 
choices of promising column chemistries 
through deep machine learning in which 
the model is “rewarded” (with digital 
treats presumably) when it makes smart 
choices of which experiments to run 
next! A further machine learning tool, 
this time supervised (presumably so 
that it doesn’t run off and misbehave), 
was able to identify disease states of 
patients from the analysis of the mass 
spectra of the glycoprofile of target 
peptides. There were a host of talks and 
posters on the use of artificial neural 
networks (ANN) to help develop better 
peak integration algorithms, identify 
functional groups from highly complex 
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Pittcon meeting. I suspect that this isn’t 
due to a lack of innovation, simply a 
realization that columns per se don’t sell 
themselves anymore. Back in the mists 
of time I remarked to a vendor colleague 
that columns wouldn’t be sold by their 
bonded phase nomenclature (C18, 
C8, PHP), but they would be sold by 
application name such as vendor X PFAS 
column, vendor Y cannabis pesticides 
column. I think maybe this prediction is 
also beginning to come to fruition!

I realize that much of what I have 
discussed above is very general, 
however, if any of these topics are of 
further interest, I’m sure you can pick 
up the relevant details using a general 
Google search or indeed a search of the 
vendor websites. For me, even though it 
seemed quiter than usual and my travel 
remarkably uneventful, I still took a lot 
of useful information away from the 
conference.

So next year Pittcon will be in New 
Orleans. I wonder what the world will 
look like post Covid-19? Stay healthy 
everyone, there’s a lot of separating and 
detecting to be done yet!

and the developing evidence shows that 
they may cause serious health issues.

There were 26 separate technical or 
poster sessions at the meeting that 
dealt with the analysis of PFAS and 
highlighted the challenge of PFAS 
analysis. I learned of methods to reduce 
or eliminate the constant background 
PFAS that arise from various sources, 
including our instruments, which is very 
important when analyzing short chain 
and ultrashort chain PFAS. There was also 
some very interesting presentations on 
novel methods of PFAS extraction, again 
with the aim of ultratrace detection, 
and involved some very neat tricks with 
“traditional” SPE approaches allied to 
both low and high resolution  
MS/MS detection. We also learned 
about the untargeted screening of PFAS, 
which used chemometric approaches, 
combining two of the emerging themes 
of the meeting! 

New HPLC and GC Columns
With the odd exception, there were no 
new HPLC and GC columns. I see this 
as a “new” development for Pittcon, 
and whenever a column technology was 
mentioned, it was as part of a targeted 
application. I’m really not being flippant 
when I say that this is novel for a 

prepare samples using microwave 
digestion, solid-phase extraction (SPE), 
solid-phase microextraction (SPME),  
and solvent-free headspace extraction 
(HSE), and analyze the extracts 
using HPLC with time-of-flight mass 
spectrometry (TOF-MS) or triple 
quadrupole GC–MS or a photoionization 
detector (PID). I was even learning 
about which type of filter to use or not 
use with my extracts, statistical design 
of experiments (DOE) approaches to 
optimize my methods, or the use of 
chemometric approaches to analyze 
highly complex mass spectra. The wave  
of information and enthusiasm for 
cannabis testing was overpowering.

Perfluorinated Alkyl Substances 
(PFAS)
I learned that PFAS (of which there are 
over 5000 used commercially) are used to 
manufacture non-stick coatings, clothes 
and carpets that are stain-resistant, 
and fire-resistant foams. Due to the 
strength of the carbon-fluorine bond, 
these materials do not degrade and are 
therefore among the most important 
emerging environmental pollutants. 
While their health impact is not yet fully 
understood, it is known that PFAS have 
the ability to bioaccumulate in humans, 

and mundane tasks so that we can 
research, develop, and optimize new 
methods, and assess new or alternative 
technologies, which is a much better and 
more interesting use of our time! This 
emerging theme is one I personally fully 
embrace and am totally comfortable with. 
I’m still predicting that no laboratory will 
be without a 3D printer by 2025, even if 
it’s just to quickly produce spare parts for 
our instruments.

Cannabis
Analysis of, not smoking of—it wasn’t 
that type of conference! But who knew 
the world of cannabis analysis had grown 
so big, so fast? There were 87 technical 
presentations or posters and a short 
course that dealt, in some way, with the 
analysis of cannabis-related compounds—
by far the biggest count by application 
type. It is fair to say that if I was able 
to start up a laboratory performing 
cannabis testing, I could easily do it with 
all of the methods revealed during the 
conference. I could undertake the testing 
of plants (including hemp of course), 
resins, or food products (including 
gummy bears!) for tetrahydrocannabinol 
(THC), cannabidiol (CBD), various other 
cannabinoids, terpenes, pesticides, 
moisture, and heavy metals. I could 
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The LCGC Blog: HPLC 
Diagnostic Skills—
Systematic Investigation 
of Selectivity Changes

Following a checklist can help to diagnose changes in chromatographic 
selectivity, which can be among the most difficult to isolate and correct.

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

peak width), will determine the resolution 
of peaks within the chromatogram. 
When selectivity changes, resolution may 
decrease, making peak area measurement 
less accurate and reproducible, as well as 
decreasing confidence in peak identification 
or spectral structural elucidation.

Selectivity changes can range from subtle 
shifts in relative retention of a single peak 
within the chromatogram to wholescale 
retention order swapping of every peak, 
and we need to be able to spot these 
changes and investigate the causes in a 
systematic and proficient manner.  
However, with so many variables affecting 

The selectivity (α) of an analytical system 
describes the ability to discriminate 
between sample components based 
on differences in chemical and 
physical‑chemical properties. In 
chromatographic terms, it describes the 
spacing between the apices of the peaks 
within the chromatogram (Figure 1) and 
is determined not only by the analyte 
properties, but also those of the stationary 
phase and eluent system.

The selectivity obtained by an analytical 
method is fundamentally important to 
chromatographic separations and, in 
combination with peak efficiency (crudely, 
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selectivity, it is sometimes difficult to 
know where to begin our diagnostic 
investigations.

Figure 2 shows an example of a subtle 
change in chromatographic selectivity 
(peaks 1 and 2), which led to difficulties 
with accurate peak quantitation.

As we can see from Figure 2, the 
selectivity change is also accompanied 
by a slight shift to later retention, and 
when retention shift occurs, it’s a good 
idea to check the selectivity values for 
the peaks in question to confirm that a 
selectivity change has occurred. In this 
case it’s visually obvious that we have had 
a change to the chemistry of the system, 
and therefore we will go ahead and invoke 
the selectivity diagnostic checklist to 
investigate the issues.

It’s important to note that the checklist 
is in order of “ease and probably”, for 
example, things which are simple to check 
are included earlier in the checklist, to make 
our investigations as efficient as possible.
1. Check the gradient profile of 
the method—Check that the correct 
gradient profile has been entered into 
the chromatography data system (CDS) 
acquisition method. Enter the correct 
gradient profile if required and re‑analyze 
the sample or standard solution.
2. Confirm correct stationary phase—
The column stationary phase is obviously 
critical to the chemistry of the separation 
and our first diagnostic is to check we 
have the correct column (including the 
column dimensions). Note that it is 
very common for selectivity changes to 

occur when switching between brands 
or manufacturers, even if the nominal 
stationary phase chemistry (such as C18) 
is the same. Be sure to only use the 
prescribed phase and manufacturer  
for the method, unless phase equivalence 
has been previously established and 
validated. Change to the correct column 
if required and re‑analyze the sample and 
standard solution.
3. Check stationary phase batch and 
lot number against previous “good” 
separation—The selectivity of certain 
(usually older or more complex) stationary 
phases may change between batches 
or lots, due to subtle or uncontrollable 
changes in the manufacturing (bonding) 
chemistry. It is also possible for selectivity 
changes to occur if different column 
hardware (tubing or frits, and so on) are 
used. Verify the batch and lot number and, 
if different, begin the hunt for a column 
from the same batch, but do not change 
the column at this point.
4. Verify correct column temperature—
Changes in column (eluent) temperature 
can affect the selectivity of separations, 
and this can be more noticeable when 
dealing with ionogenic analytes (as is 
the case in our example above). Ensure 
that the correct column compartment 
temperature is selected in the CDS and 

Inject
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Figure 1: Mathematical determination of selectivity (α) from a chromatographic output.
that the correct temperature is established 
in the column heater using a thermal 
resistance thermometer (RTD). It is 
sometimes necessary to adjust the selected 
column compartment temperature to 
obtain the correct temperature value as 
measured using the RTD. Also worthy of 
note here are the differences between 
the eluent pre‑heating option between 
various manufacturers. Some systems flow 
the eluent through a small void volume 
within the metal fabric of the column 
compartments to pre‑heat the eluent to 
the required column temperature. Even 
small differences in the volume of the 
pre‑heat section hydraulic path can affect 
selectivity in very sensitive separations, and 
so differences between high performance 
liquid chromatography (HPLC) system 
manufacturers should be borne in mind. 
Ensure the correct column and eluent 
temperatures are set and achieved 
and re‑analyze the sample or standard 
solution. A “last resort” check when 
temperature is suspected as the cause 
of selectivity differences is to switch the 
separation to a system known to give good 
chromatography with the method under 
investigation.
5. Check mobile phase pH—The pH of 
the eluent can make a big difference to the 
selectivity of a separation when analyzing 
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that each volume is measured separately 
before mixing, to avoid volume changes or 
inaccuracies due to latent heat of mixing. 
This is especially true when using methanol 
as the organic modifier. Ensure that the 
correct buffer salt, pH modifier, or additive 
has been used (for example, disodium 
hydrogen orthophosphate does not have 
the same chromatographic properties as 
sodium dihydrogen orthophosphate) and 
that the correct weights or volumes of the 
additives have been used. As previously 
stated, one needs to check if additives 
are specified as volume to volume or 
weight to volume. Once these checks have 
been carried out or a fresh eluent has 
been prepared, re‑analyze the sample or 
standard solution and check the selectivity. 
If you managed to get an HPLC column 
from the same batch or lot number as the 
original column, then this would be a good 
time to try the new column and assess  
the selectivity.

Again, note that any volatile eluent 
additives may evaporate on standing 
and this may affect both retention and 
selectivity over long analytical campaigns 
or between batches where the eluent has 
been allowed to stand on the instrument.
7. Check dwell volume differences 
between instruments—In gradient HPLC, 
differences in the way that the eluents are 

ionogenic analytes and in certain cases, 
a very small change in the eluent pH can 
result in large selectivity differences. Check 
using a calibrated pH meter bearing in 
mind the best practice approaches for pH 
meter usage. Ensure that the pH is correct 
to within two decimal places or at least 
the number of decimal places specified 
in your method. Bear in mind that when 
using volatile mobile phase additives (formic 
acid, trifluoroacetic acid, ammonia, and so 
on) that the additive may be lost over the 
course of a long campaign of analysis and 
therefore pH may “creep” over time. Try 
to avoid mistakes with eluent preparation 
by specifying if pH modifying additives are 
to be added in weight to volume (w/v) or 
volume to volume (v/v) fashion (such as 
0.1% formic acid v/v rather than just 0.1% 
formic acid). It is beyond the scope of this 
blog entry, however, it is best policy, and 
most accurate, to prepare eluent systems 
gravimetrically; for more information see 
reference 1. Check and correct the eluent 
pH—combined with Check 6 prior to 
re‑analysis.
6. Check the eluent eluotropic strength 
and buffer concentration (2)—Ensure 
that the correct organic modifier solvent 
has been used and the correct solvent 
channels selected in the CDS method. 
Where mobile phases are pre‑mixed, ensure 

WinGPC  
UniChrom 

GPC/SEC, IPC and 2D of 
(Bio)Polymers and Proteins

 Macromolecular Chromatography Data System

 Ensure Compliance and Data Integrity

 Instrument control for all major LCs and specialty  
detectors

 Data Evaluation, Client/Server or MultiWorkstation

MultiWorkstation Data Evaluation Client/Server

Request a Live Demo at your Desk:
info@pss-polymer.com

www.pss-polymer.com

PERFECT  
SEPARATION SOLUTIONS
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those which rise over a large range of 
eluent B in just a few minutes or even 
seconds (it can be argued the current 
method under investigation falls into this 
category). Unless we are using the highest 
efficiency, lowest dead‑volume pumping 
systems, then the instrument may not be 
to able to accurately or reproducibly deliver 
the required gradient. Again, a detailed 
treatment of this topic is beyond the scope 
of our discussion here, but reference 4 
contains more details on this topic. 

In our example, we followed the checklist 
to item number 5 and found that there was 
an error in the eluent preparation, which 
had been prepared volumetrically rather than 
gravimetrically. A 0.01% measure of formic 
acid prepared volumetrically had resulted in 
an aqueous solution pH of 3.22, whereas 
the gravimetric method resulted in a solution 
pH of 3.27. While this difference of 0.05 
pH units may seem vanishingly small and 
inconsequential, when the eluent pH was 
so close to the pK

a
 value of the analytes of 

interest, this had resulted in the change of 
chromatographic selectivity. The separations 
obtained from the freshly made eluent, 
compared to the last time the method was 
run, are shown in Figure 3. The further 
point to be made here is that, in as far as is 
possible, methods should be designed with 
the eluent pH at least 1 (and preferably 2) 

8. Verify gradient mixing and delivery 
accuracy and capability—Sometimes 
instruments get a little worn out and their 
capacity to mix the gradient in an accurate 
or reproducible fashion diminishes. In this 
instance, trying a different instrument is 
probably the simplest solution in the short 
term. Quaternary pumps, which mix the 
gradient using a series of electronically 
actuated valves on a “time” basis are more 
prone to gradient mixing inaccuracy than 
binary pumps, which deliver the correct 
eluent composition based on differential 
flow or piston stroke volume. There are 
various tests to identify the effectiveness 
of the quaternary mixing valve, but the 
simplest is to dope the eluent (channel B) 
with 0.1% v/v acetone and measure the 
UV response at 268 nm during a gradient 
which is programmed in “steps” of 20% 
per segment, for example, 10% B for 5 min, 
10% B per min until 7 min, hold for 5 min 
at 20% B, and so forth. Replace the mixing 
valves if necessary, noting that sometimes 
eluent mixing issues can be caused by 
cavitation induced by blockages in the sinker 
and filters within the eluent reservoirs. 
These should also be cleaned as necessary, 
following your manufacturer’s recommended 
cleaning process, on a regular basis. 

Sometimes we are a little overambitious 
when programming ballistic gradients, 

injected at some time after the gradient 
has started. The details of the underlying 
theory and corrective actions can be found 
in reference 3, however, this problem is 
more typical than is usually thought, and 
as such, if all other checklist items have 
been implemented then switching the 
column and eluent system to a system on 
which the last satisfactory separation was 
achieved will be indicative of dwell volume 
difference issues. Use reference 3 to adjust 
the gradient characteristics and re‑analyze 
the sample and standard solution. 

mixed (binary versus quaternary pumping 
systems) or differences in the system volume 
between the point at which the eluent is 
mixed to the head of the analytical column 
can cause differences in retention time 
and selectivity of the separation. When 
switching between HPLC systems for a 
particular method, one needs to verify that 
these inherent system differences have been 
accounted for; this is usually achieved by 
adding an isocratic hold to the initial portion 
of the gradient or even by introducing 
an injection delay, whereby the sample is 

Column:          C8, 50 mm x 2.1 mm, 3.0-mm
Flow rate:       600 µL/min
Col. temp.:      35 °C
Detection:       LC-MS detection in ESI with +ve/-ve switching, 3.2 kV sprayer potential
Eluent:             0.01% formic acid (A)-acetonitrile (B)
Gradient:         20-55% B over 2.5 min

1
2

3

1

2

3

1. Aspirin (3.49)

2. Furosemide (3.56)

3. Flufenamic acid (3.91)
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Figure 2: Change in selectivity for the separation of pharmaceutical test compounds (relevant 
analyte pK

a
 values shown in brackets).
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reverse‑phase‑chromatography

5. T. Taylor, The LCGC Blog: http://www.

chromatographyonline.com/lcgc‑blog‑generic‑

methods‑potluck‑supper‑analytical‑chemistry

Tony Taylor is Group Technical Director 
of Crawford Scientific Group and 
CHROMacademy. His background is 
in pharmaceutical R&D and polymer 
chemistry, but he has spent the past 
20 years in training and consulting, 
working with Crawford Scientific  
Group clients to ensure they attain the 
very best analytical science possible. 
He has trained and consulted with 
thousands of analytical chemists 
globally and is passionate about 
professional development in separation 
science, developing CHROMacademy 
as a means to provide high-quality 
online education to analytical chemists. 
His current research interests include 
HPLC column selectivity codification, 
advanced automated sample 
preparation, and LC–MS and GC–MS for 
materials characterization, especially in 
the field of extractables and leachables 
analysis.

instrument used and the accuracy and 
reproducibility of the gradient profile were 
satisfactory, so this was ruled out as a 
potential issue.

In summary, changes in chromatographic 
selectivity can be among the most 
difficult to diagnose and correct. One 
should properly establish that selectivity 
has changed, and implementation of 
the diagnostic checklist outlined above 
represents a logical and time‑efficient 
way in which to isolate and ultimately 
correct the problems with the chemistry 
of the separation. Wherever possible, 
chromatographic separations should 
be designed with robustness in mind, 
and where this is not possible, method 
specifications should be carefully written 
to highlight the key variables within the 
separation conditions.
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separation. Reference 5 contains more 
details on this type of alternative approach 
to method development.

It should be noted that we also studied 
the gradient delivery performance for the 

pH units away from the pK
a 
values of the 

analytes of interest. Undoubtedly the analyst 
who developed this method used fine 
control of pH to finesse this rather difficult 
separation, however, perhaps a better route 
would have been to have the analytes in 
their fully ionized or non‑ionized forms and 

E-mail: tony@crawfordscientific.com
Website: www.chromatographyonline.
com

Column:          C8, 50 mm x 2.1 mm, 3.0-mm
Flow rate:       600 µL/min
Col. temp.:      35 °C
Detection:       LC-MS detection in ESI with +ve/-ve switching, 3.2 kV 
                         sprayer potential
Eluent:             0.01% w/v formic acid (A)-acetonitrile (B)

1.0 2.0 3.0 4.0 5.0

1.0 2.0 3.0 4.0 5.0

Figure 3: Selectivity comparison of separation shown in Figure 1 after troubleshooting (original 
chromatogram top). Note the inclusion of w/v in the method conditions.
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Training Courses
GC
The Theory of GC
Website: www.chromacademy.
com/gc-training.html

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

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

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

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

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

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

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

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

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

HPLC Fundamentals
Onsite training
Website: www.crawfordscientific.

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

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

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

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

Please send your event and training 
course information to Kate Jones 
kjones@mjhlifesciences.com
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Event News
29 June–2 July 2020
26th International Symposium on Separation Sciences (ISSS 2020) and the 25th 

International Symposium for High-Performance Thin-Layer Chromatography 

(HPTLC 2020) 

Grand Hotel Union, Ljubljana, Slovenia

E-mail: info@isss2020.si and info@hptlc2020.si          

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

27–30 October 2020
The 18th International Symposium on Preparative and Industrial 

Chromatography and Allied Techniques (SPICA 2020)

Lisbon, Portugal

Website: www.spica2020.org

18–23 June 2022
50th International Symposium on High Performance Liquid Phase Separations 

and Related Techniques (HPLC 2020)

San Diego, California, USA

E-mail: janet@barrconferences.com

Website: www.hplc2020-usa.org

18–22 September 2022
33rd International Symposium on Chromatography (ISC 2020)

Budapest, Hungary

E-mail: elesetele@diamond-congress.com

Website: www.isc2020.hu
s h a r p e r  p e a k s ,  b e t t e r  s e p a r a t i o n s

GC×GC services and supportGC×GC services and support

ZX2 GCxCC Qtof solutions
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•  
•  
•  
•   

For more information
please contact us: 
t : +31 (0)320 87 00 18
e : info@go-jsb.com 
i : www.go-jsb.com

Double inlet and
double reversed flow
GCxCC with FID

 Dedicated training courses Dedicated training courses  Customized training courses Customized training courses  Application support hotline Application support hotline  GCXGC experience center GCXGC experience center

TOTAL GC×GC SOLUTIONS
GC×GC made EASY for youGC×GC made EASY for you

Product offering:
    Agilent GC/MS platform
    Thermal modulation ZX1 and ZX2
    Flow modulation and reversed flow modulation
    Software solutions, GC Image®

Product offering:
    Agilent GC/MS platform
    Thermal modulation ZX1 and ZX2
    Flow modulation and reversed flow modulation
    Software solutions, GC Image®
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