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Messenger ribonucleic acids (mRNAs) are large single-stranded polynucleotides 
present within the cells of the body. mRNA naturally plays a role in the synthesis 
of proteins by carrying genetic code from the nucleus to the cytoplasm where it is 
translated into a protein by ribosomes. mRNA can also be used as a modulator of 
protein production processes to treat diseases in an approach known as RNA therapy. 
Modulation of protein production can be in the form of producing pathogen-associated 
antigens that stimulate the immune system (mRNA vaccination) or in the production of 
proteins that are otherwise lacking due to disease. There are currently two approved 
mRNA therapeutics that are registered as SARS-CoV-2 vaccines (manufactured by 
Pfizer/BioNTech and Moderna) (1). These mRNA therapeutics carry the nucleic acid 
code to produce a protein (spike) antigen from the outer shell of the COVID-19 virus 
(Figure 1) (2). Once this protein is synthesized, the individuals’ immune system is 
stimulated to produce an immune response to the antigen, thereby helping with defence 
against future infection. In addition to their use as vaccines against viruses, other 
opportunities include the use of mRNA in immune-oncology encoding patient-specific 
cancer antigens and inducing immune responses against cancerous cells.

mRNA therapeutics can also be utilized to produce proteins that are 
endogenously lacking or abnormal due to disease, an approach known as protein 
replacement therapy. This is a useful alternative to dosing with recombinant proteins, 
as mRNA-derived proteins are synthesized within the patient’s body. By producing 
proteins within the patient’s body, all post-translational modifications (PTMs) are 
host-suitable and will not induce additional PTM-derived toxicity, which can happen 
with recombinant proteins manufactured in non-human cells (3). In situ production 
of therapeutic proteins, such as antibodies, can also reduce treatment costs,  
as the antibodies are produced with the patients’ PTM machinery, which reduces 
the complexity of release testing of the pharmaceutical (4). In addition, this approach 

The Role of Separation Techniques 
in the Analysis of mRNA Therapeutic 
Drug Substances and Drug Products
Christina Vanhinsbergh, New Modalities Product Development, Pharmaceutical Technology & Development, Operations,  

AstraZeneca, Macclesfield, UK

Messenger ribonucleic acids (mRNA) therapeutics are becoming more widespread pharmaceutical tools to treat 
a wide range of diseases or infections, as highlighted by regulatory approval of two vaccines for SARS‑CoV‑2. 
Alongside their use as vaccines, they also play a role in protein replacement therapy to ensure therapeutic 
protein is synthesized within the patient. Structural elements, such as the 5’ cap, UTR regions, reading frame, 
and poly A tail are considered as critical quality attributes (CQAs) that are subject to a range of analytical 
techniques. However, chromatography and other separation methods are commonly used for characterization 
and quantification of the drug substance and drug product. This article reviews a range of techniques 
available for separative analysis of mRNA therapeutics, their associated impurities, and delivery vehicles.

KEY POINTS
• The mRNA therapeutic market 

is expected to reach a value 
of $101 billion by 2026.

• Chromatography is a common 
approach for critical quality 
attribute characterization 
and quantification.

• Mass spectrometry‑based 
detection is difficult due to 
large mRNA size, thus enzyme 
degradation is employed 
in sample preparation.

• Advances in stationary phases and 
chromatographic conditions could 
improve resolution challenges.
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reduces the requirements for rigorous 
sterile cell culture protein manufacturing 
processes. Protein replacement therapy 
remains challenging because of the 
need for repeated dosing, although there 
is a promising phase 1 clinical study 
investigating mRNA protein replacement 
therapy for cystic fibrosis (NCT03375047).

The greatest opportunity for mRNA 
therapeutics is the ability to alter their 
nucleic acid sequence to code for any 
protein without significant changes to  
the overall chemistry of the mRNA.  
This creates a pathway to the treatment 
of conditions that were otherwise 
undruggable in the past using small 
molecules or antibodies. In addition, 
mRNA therapeutics produce the 
target protein without causing mutative 
effects because they do not alter the 
DNA sequence within the nucleus 
(5). The greatest challenges currently 
associated with mRNA therapeutics are 
(i) immunotoxic effects from introducing 
foreign nucleic acids into the body and 
(ii) ensuring the mRNA gets to the target 
tissue within the body (targeted drug 
delivery). Despite these challenges, 
the global mRNA therapeutic market 
is expected to reach a value of $101 
billion by the year 2026 according to 
recent market reports, with further growth 
expected (6). A simple search using 
the keyword “mRNA” on clinicaltrials.
gov returns over 2000 clinical studies, 
which further highlights the growing 
interest in this therapeutic modality. 

With growing interest comes 
the requirement for accurate and 
effective analytical techniques to 
characterize critical quality attributes 
(CQAs) of both the drug substance 
(DS) and drug product (DP). As with 
other biopharmaceuticals, mRNA 
therapeutics will be subjected 
to multiple compendial and non-
compendial methods to evaluate identity, 
appearance, efficacy, toxicology, safety, 

concentration, pH, osmolality, process-/
product-related impurities, sterility, and 
formulation (7). Although there is a 
wide range of techniques available 
to analyze mRNA CQAs (Table 1), 
chromatography and other separation 
techniques sit at the forefront of drug 
characterization and quantification.

Synthesis
Unlike smaller oligonucleotide 
therapeutics that are chemically 
manufactured using solid phase 
synthesis, mRNA therapeutics are 
synthesized using in vitro transcription 
(IVT). This is because solid phase 
synthesis is limited to producing 
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oligonucleotides smaller than 100 
nucleotides, whereas mRNA therapeutics 
are typically larger than 1000 
nucleotides. IVT is performed first by 
creating a plasmid DNA template that is 
linearized and transcribed into a mRNA 
sequence using RNA polymerase and 
ribonucleoside triphosphates (rNTPs). 
The DNA template is designed to code 
for cis-acting structural regions: a 
5’ cap structure, 5’ and 3’ untranslated 
regions (UTR) sandwiching an open 
reading frame (ORF) containing the 
protein-encoding sequence of interest, 
and a poly A tail at the 3’ terminus 
(Figure 2). The 5’ cap and poly A tail 
structures assist with splicing, translation 
mechanisms, and stabilization of the 

mRNA against degradation, and can  
be manufactured during the IVT 
process or enzymatically added 
post synthesis. mRNA therapeutics 
are synthesized using a large range 
of modified nucleosides that help 
protect against degradation in vivo 
and reduce the immunotoxicity of the 
mRNA. Such nucleosides include 
pseudouridine, N1-methylpseudouridine, 
5-methylcytidine, 2-thiouridine, and 
N6-methyladenosine (4,8).

IVT is challenged by the requirement 
for a promoter sequence to signal 
the initiation of transcription by RNA 
polymerases, which limits the ability to 
design modifications to the 5’ terminus. In 
addition, non-specific run-off caused by 

RNA polymerases can lead to terminal 
heterogeneity. Despite these challenges, 
IVT synthesis is robust and reproducible 
regardless of the sequence of the ORF, 
thereby allowing rapid alterations to 
the ORF (and consequently the mRNA 
product). Rapid alterations to the ORF do 
not result in drastic changes to the mRNA 
chemistry, thus giving IVT synthesis a 
modular, high-throughput capability (1). 

Although regulatory guidelines are 
lacking in regard to mRNA therapeutics, 
they are classed as advanced therapy 
medicinal products (ATMPs) by the 
European Medicines Agency and 
as biologicals by the World Health 
Organization (4,9,10). As such, they are 
subject to quality regulations related 
to biotechnological products in ICH 
guidelines, for example, ICH Q5C 
(stability) or ICH Q6B (specifications) 
(9). Regulatory considerations for 
mRNA therapeutics are similar to 
biologics in the sense of starting material 
integrity, good manufacturing practice 
(GMP) manufacture consistency, and 
quality control of the drug substance/
product. Chemistry, manufacturing, 
and controls management of enzymes, 
nucleotides, and linear DNA templates 
used for IVT synthesis is crucial for 
maintaining quality. CQAs of the DS 
are mRNA purity, capping efficiency, 
and heterogeneity of the poly A tail or 
base sequence. CQAs of the DP are 
mRNA encapsulation, size distribution 
and heterogeneity of the delivery 
nanoparticle, stability, and sterility (11). 

Purification
Initial removal of residual 
double-stranded DNA template, 
un-incorporated ribo-nucleoside 
triphosphates, or enzyme is required to 
increase DS purity, as their presence 
can inhibit protein translation, cause 
immunotoxicity, and affect manufacturing 
variability and quality (12,13). Although 

DNA
plasmid

Linearized DNA template

+ RNA polymerase
+ nucleotide triphosphates
+ cap analogues
+ capping enzyme

5’ Cap 5’ UTR ORF 3’ UTR Poly A tail

FIGURE 2: In vitro transcription. A DNA plasmid is linearized and used as the template 
for RNA polymerase to build a transcribed mRNA from nucleotide triphosphate 
monomers. The mRNA consists of a 5’ Cap, untranslated regions (UTR), and a 
polyadenylated tail.

SARS-CoV-2

ssRNA (+)

Envelope (E)

Membrane (M)

Nucleocapsid (N)

Spike (S1 & S2)

FIGURE 1: Schematic structure of SARS-CoV-2 virus. The structural spike protein 
attaches to the human host cells during infection. mRNA vaccines for SARS-CoV-2 
enable the body to produce this antigen to induce immune responses. Adapted and 
reproduced with permission from reference 2 under a Creative Commons Attribution 
4.0 International License: https://creativecommons.org/licenses/by/4.0/.
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electrophoretic methods can enable 
purification of the mRNA, the employed 
denaturing reagents and acrylamide 
may cause covalent modifications or 
affect the molecular integrity of the mRNA 
therapeutic. An alternative approach is 
the use of size-exclusion chromatography 
(SEC), which facilitates purification of 
native state RNA. To remove  
IVT contaminants, such as the plasmid 
template, an agarose-based gel 
matrix was used in conjunction with a 
mobile phase consisting of 150 mM 
sodium chloride, 50 mM sodium 
phosphate, and 0.1 mM EDTA (pH 6.5) 
(14). Size exclusion columns are also 
compatible with fast performance liquid 
chromatography (FPLC) systems for 
rapid purification (15). However, SEC is 
limited by low resolution of similarly sized 
polynucleotides and may not be able to 
purify all possible fragment contaminants.

Ion-pair (IP) reversed-phase 
chromatography has also been 
demonstrated as an efficient approach to 
remove IVT contaminants (16). mRNAs 
were purified using a polymeric alkylated, 
non-porous polystyrene-divinylbenzene 
stationary phase and a mobile phase 
consisting of 0.1 M triethylammonium 
acetate, pH 7 with 25% v/v acetonitrile 
as eluting solvent. The effective 
purification of mRNAs in this way 
resulted in a 1000-fold increase in the 
translation efficiency, indicating the 
critical nature of the purification step. 
Other chromatographic approaches 
may involve affinity-based purification 
where the mRNA is captured on the 
solid phase using embedded poly-dT 
to hybridize with the mRNA poly-A 
tail (17) or anion exchange (AEC). 
Chromatographic purification of mRNA 
is a widely accepted gold standard due 
to ease of scale-up, and may be coupled 
with other filtration methods, such as 
tangential flow filtration or precipitation, 
to further remove contaminants (12).

Analysis of Drug Substance
mRNA is composed of multiple structural 
elements that require characterization to 
determine the DS identity, consistency, 
and heterogeneity. The 5’ cap structure 
ensures that the mRNA is recognized 
and stable against enzymatic 
degradation. The 5’ cap can be attached 
to the IVT mRNA transcript during or after 
synthesis using capping enzymes or by 
including a dinucleotide cap analogue 
to the IVT reagent mixture, respectively. 
As the latter capping approach can 
lead to mRNA with the analogue in the 
reverse orientation, the yield can be 

as low as 50% (18). Although “anti-
reverse” cap analogues have been 
developed to overcome this challenge 
(19), heterogeneity of the 5’ cap has led 
to the requirement for accurate 5’ cap 
characterization. This can be performed 
by first enzymatically digesting the mRNA 
and identifying forward and reverse cap 
structures based upon chromatographic 
retention time using AEC and 
radiolabelling the terminal phosphate. 
To reduce the complexity of capping 
analysis, non-labelled approaches can 
be used. One label-free approach utilizes 
a biotin-tagged RNase H cleavage probe 

TABLE 1: Analytical techniques for mRNA therapeutic analysis

Analytical Technique Quality Attribute

Sequencing of mRNA transcript or DNA 
template
Quantitative reverse transcription 
polymerase chain reaction (qRT-PCR)
Liquid chromatography–mass spectrometry 
(LC–MS) (IP-RP, HILIC)

Identity

UV spectrophotometry
qRT-PCR
Gel/capillary electrophoresis 
LC or LC–MS (AEC, SEC, IP-RP, HILIC)
Western blot (dsRNA)

Quantity

Gel/capillary electrophoresis
LC or LC–MS (AEC, IP-RP, affinity)
UV spectrophotometry
Fluorescence-based assays

Purity

LC–MS or LC (SEC, AEC, IP-RP, RP, HILIC)
Gel/capillary electrophoresis
Field-flow fractionation

Characterization of mRNA structure (Cap, 
polyA tail), nanoparticle lipid profile, 

encapsulation, DS/DP stability, nanoparticle 
size distribution, aggregation, and impurity 

analysis

Cell expression systems
LC–MS
Fluorescence-based assays

Efficacy and product characterization

Dynamic light scattering Nanoparticle size and polydispersity

Electron microscopy
Atomic force microscopy 
X-ray diffraction
Differential scanning calorimetry 
Field-flow fractionation

Nanoparticle physicochemical 
characterization 

Endotoxin analysis Sterility and safety

Microbiological assays

Compendial methods pH, osmolality, CCI, elemental impurities, 
and formulation

i) Adapted from references 35, 7, and 10.
ii) IP-RP = ion-pair reversed-phase chromatography, AEC = anion exchange chromatography, HILIC 
= hydrophilic interaction liquid chromatography, SEC = size-exclusion chromatography, RP = reversed 
phase chromatography.
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to hybridize with the mRNA 5’ terminus, 
which was then digested with RNase 
H. Following sample clean-up, the 5’ 
cap structures were analyzed using IP 
reversed-phase liquid chromatography–
mass spectrometry (LC–MS); specifically 
this was demonstrated using a C18 
column and a mobile phase consisting 
of 8.15 mM triethylamine, 200 mM 
hexafluoroisopropanol (HFIP) (pH 7.9), 
and methanol as organic solvent (18). 
Analysis of the cap structures using 
negative ionization MS facilitated 5’ cap 
characterization of a range of structures. 

Another structural element that can 
lead to DS heterogeneity is the 3’ poly-A 
tail, which can be encoded into the 
template DNA or by enzymatic addition. 
Poly A fragments can be enzymatically 
isolated and analyzed using denaturing 
polyacrylamide gel electrophoretic 
separation; however, length determination 

is reliant on accurate comparison to the 
relative migration of reference ladders 
within the sample (20). Poly A tail length 
can also be determined using LC–MS 
approaches (21,22). RNase T1 was used 
to cleave the tail and oligo dT magnetic 
beads were employed to remove the 
poly A tail fragments from the reaction 
mixture. The analytes were resolved 
with IP reversed-phase chromatography 
on a polymeric reverse-phase column, 
using a mobile phase of 15 mM 
dibutylamine and 25 mM HFIP (with 
methanol as organic solvent) (22). 

The mRNA base sequence is a key 
quality attribute because it defines the 
code for protein translation. Errors could 
lead to erroneous protein production 
and reduction in therapeutic efficacy. For 
many years, traditional RNA sequencing 
approaches were more widely used 
(23). These approaches were based 

on the creation of complementary DNA 
(to the original RNA sequence) libraries 
and sequencing cDNA fragments using 
fluorescently labelled nucleotides and 
next-generation sequencing instruments. 
However, LC–MS and LC–MS/MS 
approaches are becoming more common 
within the bioanalytical laboratory to 
sequence RNA polynucleotides.  
The mRNA is enzymatically degraded 
using RNases and the fragments are 
identified by their mass using MS. There 
is a range of available enzymes and 
often multiple are required to gain higher 
sequence coverage. One approach has 
been to use RNase T1, colicin E5, and 
MazF to generate mRNA fragments 
for orthogonal mass mapping of 
mRNAs (24). The challenge with single 
enzyme digestion is the creation of a 
large amount of short, isobaric RNA 
fragments with the same sequence, 
as these are hard to map to specific 
points in the RNA sequence. Multiple 
enzyme digestion overcomes this 
challenge by creating a wider range 
of isomeric and unique fragments 
by digesting at more RNA positions. 
The mRNA fragments were resolved 
using 0.1% diisopropylethylamine, 1% 
HFIP (acetonitrile organic solvent for 
elution) on an ultrahigh-pressure liquid 
chromatography (UHPLC) oligonucleotide 
C18 column. The UHPLC separation 
enabled sufficient resolution of all of  
the mRNA fragments and sequential  
MS/MS sequencing of collisionally  
activated dissociation fragments.  
Recent work at the University of Sheffield 
also applied a mass mapping approach 
to mRNA sequencing (25). Within this 
work, mRNA was partially enzymatically 
digested with RNase T1 to induce 
missed cleavages and therefore create 
larger mRNA fragments. The larger, 
more unique fragments were separated 
using 0.2% triethylamine, 50 mM HFIP 
(acetonitrile solvent) on a polymeric 
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FIGURE 3: Partial RNase digests with increasing concentration of immobilized RNase 
T1 to digest FLuc mRNA. Lower concentrations create larger mRNA fragments, as 
indicated by late retention in the top total ion chromatogram. Longer mRNA fragments 
are more unique and therefore more facile to map. Adapted and reproduced with 
permission from reference 25 under a Creative Commons Attribution 4.0 International 
License: https://creativecommons.org/licenses/by/4.0/
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reverse-phase column coupled with a high resolution orbital trap 
mass spectrometer. Figure 3 demonstrates the ability to tune 
enzymatic digestion with controlled RNase immobilized  
enzyme on magnetic particles. As fragmentation is not driven  
to completion, longer RNA fragments remain, which appear at 
later retention times using IP reversed-phase chromatography.  
A key tool in the ability to rapidly sequence the mRNA fragments 
in the digest is the use of oligonucleotide-appropriated data 
processing software that has the capacity to sequence modified 
oligonucleotides from MS data. Another key objective in any 
approach to sequence mRNA by mass mapping is to optimize 
the chromatographic separation prior to MS detection to reduce 
ionization inhibition and increase sensitivity. IP reversed-phase 
chromatography can be challenging to couple with MS,  
as the ion-pair reagent decreases sensitivity by suppressing 
electrospray ionization efficiency (26). Optimization of sensitivity 
may be achieved by optimizing the mobile phase pH and 
selecting an appropriate ion-pair reagent, or with the addition 
of an acidic fluoroalcohol (such as HFIP) to reduce the pH 
of the mobile phase. These approaches can narrow the 
oligonucleotide fragment MS charge state distribution and 
increase oligonucleotide fragment resolution. An alternative 
chromatographic approach is to employ hydrophilic interaction 
liquid chromatography (HILIC) to resolve ribonucleotide 
fragments after enzymatic degradation. This has been 
demonstrated using a quaternary ammonium-bonded polymeric 
column and a mobile phase containing 15 mM ammonium 
acetate, pH 5.5 (using acetonitrile as organic solvent and 
water for elution) (27). The benefits of this approach are 
the absence of an ion-pair reagent that would reduce MS 
sensitivity and the maintenance of high chromatographic 
selectivity for isomeric fragments containing structurally 
similar nucleobases, such as uridine and pseudouridine, 
that may exhibit low resolution in other chromatographic 
conditions. Increased polarity in pseudouridine containing RNA 
fragments induce stronger retention to the HILIC column.

A method to identify the nucleoside stoichiometric 
composition of an mRNA used capillary zone electrophoresis 
(CZE) coupled with tandem MS (28). The mRNA was first 
digested into nucleosides and separated using a bare 
fused-silica capillary and 10% acetic acid solution, pH 2.2. 
This was followed by tandem MS detection to quantify modified 
and unmodified nucleosides, which can be an orthogonal 
approach to RNA mass mapping using LC–MS approaches. 

Purity analysis of mRNA is challenging as the longer an 
oligonucleotide becomes, the harder it is to resolve molecules 
of similar length chromatographically (29). In addition to IP 
reversed-phase, anion exchange has been used to determine 

www.chromatographyonline.com

http://www.ecomsro.com
mailto:info@ecomsro.cz
http://www.chromatographyonline.com


mRNA purity using a polymeric positively 
charged column and 10 mM sodium 
hydroxide to elute mRNA at pH 12 without 
on-column degradation (30). Figure 4 
displays a chromatogram obtained after 
mRNA produced by IVT was purified using 
a silica membrane. It shows the mRNA in 
a highly pure form—free from small IVT 
contaminants, such as free ribonucleotide 
triphosphates. IP reversed-phase and 
AEC are optimal chromatographic modes 
to understand RNA stability and purity, 
as high-temperature IP reversed-phase 
chromatography enables highly efficient 
peaks and RNA is relatively stable in 
the basic conditions of AEC mobile 
phases (30,31). Nevertheless, it remains 
challenging to determine peak purity due 
to the low ionization efficiency of large 
nucleic acids and low chromatographic 
resolution of large RNA structures. 
Although chromatographic techniques, 
such as AEC and IP reversed-phase, 

can identify some synthesis impurities, 
analyte and impurity adsorption to metal 
surfaces within the chromatography 
system can lead to a reduction in 
chromatographic efficiency and sensitivity 
(32). Hybrid surface technologies, 
such as ethylene-bridged siloxane 
polymers, that reduce these effects 
are a welcome addition to improving 
chromatographic performance. 

Capillary gel electrophoresis is an 
alternative technique that can be utilized 
to separate large oligonucleotides and 
understand DS purity. The application 
of diluted solutions of aqueous 
hydroxyethylcellulose separation 
polymer can enable the resolution 
of large RNA fragments differing by 
as little as 700 nucleotides (33). 

Analysis of Drug Product 
mRNA, like all nucleic acids, is negatively 
charged and therefore incompatible 

with the lipid membrane bilayer of the 
cell. To deliver the mRNA therapeutic 
to its target, this incompatibility must 
be overcome. This is achieved by 
encapsulating the mRNA therapeutic into 
a nanoparticle, which is more amenable 
to endocytosis or cell delivery. In addition, 
the lipid nanoparticle protects the mRNA 
from degradation post dosage. Delivery 
nanoparticles are composed of cationic 
lipids or polymers and may also contain 
peptides for cellular membrane targeting 
(4). The two registered mRNA vaccines 
targeting SARS-CoV-2 are formulated 
within positively charged lipid nanoparticles 
to enable cell delivery (1), and as of 
December 2021, 32 clinical trials were 
registered for lipid nanoparticle-mRNA 
vaccines against cancer and infectious 
diseases (34). Within the drug product 
formulation, there may also be excipients, 
such as acetic acid, sodium acetate, 
potassium phosphate, sodium phosphate, 
or sucrose, for further stability (13,35). 

Critical quality attributes for DP 
formulations include the amount of the 
encapsulated vs. un-encapsulated mRNA 
in formulation, composition, or ratio of lipid 
species within the nanoparticles and the 
size distribution of the nanoparticles (36,37). 
Characterization and quantitation of lipid 
nanoparticle formulations employ capillary 
electrophoresis (CE) or reversed-phase 
chromatography coupled with UV, 
refractive index, multi-angle light scattering 
(MALS), evaporative light scattering (ELS), 
and charged aerosol detectors (CAD). 
MALS detectors measure the light that is 
scattered by a sample passing through 
the detector whilst in solution, whilst ELS 
detectors nebulize the column efflux 
into aerosol droplets. These droplets are 
dried, leaving the dried analyte to pass 
a detector that measures the amount of 
scattered light. Charged aerosol detectors 
are similar to ELS detectors; however, they 
charge the dried particles and detect 
them using an ion trap. These types of 
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FIGURE 4: After  purification, mRNA is highly pure and free from DNA and 
nucleotide contaminants, as can be seen using IP reversed-phase conditions (5  mM 
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detector are useful for the analysis of 
molecules that do not absorb light, such 
as lipids; therefore, the benefit of using 
CAD lies in its ability to characterize 
both lipid and nucleic acid peaks within 
the same separation and over a larger 
DP concentration range (13). There is 
also future potential to use supercritical 
fluid chromatography (SFC) for lipid 
analysis, as has been demonstrated 
for lipidomic studies derived from 
biological tissues (38). Identification 
of lipid species of mRNA-loaded 
nanoparticles using LC–CAD has been 
demonstrated using a C18 column 
and reverse phase chromatography, 
which facilitated the characterization 
and quantification of the ratio of lipids 
present within the nanoparticle (39). 
SEC-MALS and field-flow fractionation 
(FFF) have both been used to 
characterize loaded nanoparticle 
size heterogeneity (37). FFF enables 
the separation of analytes without a 
stationary phase, using a perpendicular 
field (for example, electric or thermal) 
to the mobile phase flow, fractionating 
the solution mixture according to 
differing analyte mobilities under the 
field. In addition, FFF-MALS is able to 
determine nanoparticle morphology, 
concentration, stability, and aggregation, 
which are also CQAs of interest (40).

Drug encapsulation analysis 
often begins with the separation of 
un-encapsulated mRNA from the 
nanoparticles and then comparative 
quantification of the free mRNA by IP 
reversed-phase or AEC chromatography 
vs. the encapsulated fraction. IP 
reversed-phase chromatography has 
been shown to resolve lipid nanoparticles 
from smaller ribonucleotides 
using a C18-phenyl column and 
dibutylammonium acetate as the IP 
reversed-phase ion-pairing agent (41). 
This approach could also be utilized for 
lipid nanoparticle-mRNA formulations 

and may also provide an indication of 
stability. Stability-indicating methods 
are crucial for DP characterization 
to ensure medicine quality over long 
periods of time. IP reversed-phase 
chromatography has been employed 
to analyze the stability of mRNA up to 
1000 nucleotides in length using 0.1 M 
triethylammonium acetate within the 
mobile phase (and acetonitrile as organic 
solvent) and a polymeric reverse-phase 
stationary phase (31). Under a 
range of stress-inducing conditions, 
degradation products were quantified 
and relative stability was evaluated.

Conclusions
The diversity of the analytical methods 
used to evaluate mRNA CQAs shows 
that chromatography plays a leading role 
in the purification and characterization 
of mRNA therapeutics. It is poignant 
to consider that mRNA therapeutic 
technologies are continually being 
advanced and developed. With future 
advancements in the structure and 
chemistry of mRNA therapeutics, we will 
continue to require separation techniques 
to resolve analytes and critical impurities. 
In addition, effective delivery of mRNA 
therapeutics to target tissues remains 
a challenge, which will also lead to 
further technological advancement of 
delivery vehicles, thereby adding to 
the complexity in developing accurate 
analytical methods. What is exciting is the 
range of detection methods available for 
hyphenation in separations of complex 
mixtures, such as formulated drug 
product. Chromatographic stationary 
phases are also being developed to 
address more complex and challenging 
separations. With regard to mRNA 
and other large nucleic acids, it is 
clear that low resolution of similarly 
sized oligonucleotides needs to be 
addressed—possibly by using novel 
stationary phases and chromatographic 

conditions. The wide interest in 
developing analytical methods for mRNA 
therapeutics is demonstrable from the 
wealth of literature, and chromatography 
will continue to remain crucial for 
purification and analysis of DS and DP.
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Essentials of LC Troubleshooting, 
Part 6: How Wide Should 
Those Peaks Be?
Dwight R. Stoll, LC Troubleshooting Editor

In this latest instalment of our series on recurring challenges in liquid chromatography (LC), we turn our attention 
to peak widths that are wider than expected. Estimating the expected peak widths can help determine when a 
column and LC system are not working quite right, and to decide when troubleshooting should be initiated.

Writing this “LC Troubleshooting” column 
and thinking about topics each month 
is interesting in the sense that there 
are some topics that just never get old. 
Whereas in the chromatography research 
world certain topics or ideas become 
obsolete as they are displaced by newer 
and better ideas, in the troubleshooting 
world there are certain topics that have 
remained relevant since the very first 
troubleshooting article appeared in this 
magazine (LC Magazine at that time) 
in 1983 (1). Over the last few years I’ve 
focused several “LC Troubleshooting” 
instalments on contemporary trends (such 
as the relatively recent advances in our 
understanding of the effects of pressure 
on retention [2]) in liquid chromatography 
(LC) that are affecting the way we 
approach our interpretation of LC results, 
and approach troubleshooting with 
modern LC instruments. With this month’s 
instalment, I am continuing a series I 
started in January 2022 (3) that is focused 
on some of the “bread and butter” topics 
of LC troubleshooting—those elements 
that are essential for any troubleshooter, 
no matter the vintage of the system we 
are working with. The topics at the heart 
of this series are highly related to LCGC’s 

well-known LC Troubleshooting wall chart 
(4) that hangs in many laboratories. 

For the sixth instalment in this series,  
I’ve chosen to continue the discussion I 
started in September 2022 focused on 
problems related to peak shape and 
characteristics (5). Incredibly, the wall 
chart lists 44 different potential causes of 
bad peak shapes! In the aforementioned 
discussion, I dealt with what I would say 
are gross problems with peak shape—
badly fronting or tailing peaks, “fuzzy” 
peaks, negative peaks, or even no peak 
at all. In this instalment, I will focus on 
the more subtle issue of how wide we 
should expect peaks to be when they 
appear to be relatively normal in all 
other respects. I hope LC users young 
and old will find some useful tips and 
reminders related to this important topic.

Everything is Possible
More and more I find myself responding to 
troubleshooting questions with “everything 
is possible”. This might seem like an 
easy out when considering observations 
that are hard to explain, but I find that 
this response is appropriate more often 
than not. While modern LC columns are 
incredibly powerful, and are the heart of 

any separation, they are also prone to 
sudden, unexpected, and sometimes 
spectacular failure. It may be unfair to 
the columns to always blame them first 
when things go wrong, but if they are 
not at the top of our list troubleshooting 
targets, they should be near the top of 
things to consider when the peaks in a 
chromatogram don’t look quite right.

What Is to Be Expected?
A critical step in any troubleshooting 
exercise, but one that I think is 
underappreciated, is recognizing 
that there is a problem to be solved. 
Recognizing that there is a problem 
usually amounts to recognizing that 
what is happening with the instrument 
is different from what is expected 
to happen, and our expectations 
are formed from theories, empirical 
knowledge, and experience (6). When 
we speak of “peak shape”, we are 
really referring not only to the shape of 
the peak (including, but not limited to, 
symmetric, asymmetric, smooth, shaggy, 
fronting, and tailing) but also to the 
width. Our expectations regarding the 
actual peak shape are straightforward. 
The textbook expectation, which is 
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well supported by theory (7), is that, under most conditions, 
chromatographic peaks should be symmetric and consistent 
with the shape of a Gaussian distribution. Our expectations for 
the peak width are a more complicated matter, and they are 
the focus of this instalment. Peak width in any chromatogram 
is dependent on many factors, including the size and other 
physicochemical characteristics of the analyte; the mobile 
phase flow rate, temperature, and viscosity; and the particle 
size, pore structure, and chemistry associated with the 
stationary phase, as well as others. Understanding how 
these factors relate to peak widths is powerful because this 
allows us to estimate the widths we should observe. If what 
we observe does not match our expectation, or if we observe 
changes in peak widths over time, then there is reason to 
suspect some kind of problem with the column or system, 
giving us reason to think about starting to troubleshoot. 

Essential Relationships
The following discussion assumes that we are considering 
reversed-phase LC, and primarily separations of small molecules. 
Similar relationships exist for other modes of separation  
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FIGURE 1: Comparison of simulated chromatograms for isocratic 
separations of a hypothetical eleven-component mixture of 
compounds with regularly spaced retention factors between  
0 and 10. Chromatographic parameters: column: 2.1 mm i.d.;  
average diffusion coefficient: 1.3 × 10-5 cm2/s. Parameters for all 
subfigures are shown, and abscissa label for all subfigures is 
Time (min), and ordinate label is Signal.
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(for example, hydrophilic interaction LC, or ion-exchange LC), but 
we restrict the scope of this particular discussion to reversed-phase 
LC to make it manageable for a single instalment. I also point out 
here that sophisticated simulators for reversed-phase LC are freely 
available through the internet. One maintained by my research 
group is available as an application that runs in a web browser 
(https://www.multidlc.org/hplcsim), and is now available in several 
languages; one developed by Davy Guillarme’s group is available 
as a downloadable Excel-based application (https://ispso.unige.
ch/labs/fanal/practical_hplc_simulator:en). These tools take care of 
all the maths for you, and they allow quick and easy manipulation 

of many of the variables discussed below. The discussion here 
is intended to help users understand the essential relationships 
that form the basis of the results we see with these simulators.
Isocratic Elution: The simplest place to begin a discussion 
on peak width is to consider isocratic conditions—conditions 
where the mobile phase composition is not deliberately changed 
during the analysis. In this case, in approximate terms, the more 
time the analyte spends in the column, the wider its peak is at 
the detector. One way of expressing this is shown in equation 1, 
where w is the 4∙σ width of the peak (drawn at about 13.4% of the 
peak height); N is the plate number (chromatographic efficiency); 
tm is the column dead time; and k is the isocratic retention 
factor of the analyte for a given mobile phase composition:

w =        � (k+1)4� tm
N                           [1]

Estimation of the column dead time is straightforward, and is 
nominally constant for a given column at a given flow rate.  
What is more interesting is to consider the effects of N and k on 
the width, and how these relate to the other parameters listed 
above (for example, analyte size). Estimating the plate number 
requires some knowledge about the extent to which peaks 
broaden when the flow rate changes. We start with what we 
refer to as the reduced form of the van Deemter equation, which 
relates the plate height to the mobile phase velocity (equation 2).

h = A+     +C� ve
B
ve

                      [2]

Here, νe is the reduced interstitial mobile phase velocity, and h 
is the reduced plate height. The LC simulators referred to earlier 
will calculate the reduced velocity when given inputs of column 
dimensions, flow rate, particle size, and an analyte diffusion 
coefficient. The important thing to recognize here is that this velocity 
is dependent on analyte size, as the rate at which the analyte 
diffuses in the mobile phase affects the reduced velocity; generally 
speaking, at a given mobile phase flow rate, the reduced velocity 
increases with the increasing molecular weight of the analyte.  
One of the advantages of using the reduced form of the van 
Deemter equation (equation 2) is that the coefficients A, B,  
and C are nominally independent of factors like particle size.  
In our work, we typically use values of 1.0, 5.0, and 0.05 for A, 
B, and C. Of course, these values are not truly constant, but 
they are good numbers to use to get an approximate value 
of the plate number under a given set of conditions. Readers 
interested in learning more about details related to these 
parameters are referred to several recent articles (8–10). After 
calculating the reduced plate height, h, we can calculate the 
non-reduced plate height H, and finally the plate number using 
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FIGURE 3: Simulated separation of a mixture of alkylphenone 
homologs ranging from acetophenone to octanophenone, 
under gradient elution conditions. Chromatographic parameters: 
column: 100 mm × 2.1 mm, 5-µm C18; flow rate: 0.4 mL/min; 
gradient from 30–80% acetonitrile in 10 min; temperature: 40 °C; 
gradient delay volume: 200 µL; average diffusion coefficient:  
1.3 × 10-5 cm2/s. Chromatogram was simulated using  
www.multidlc.org/hplcsim.
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for acetophenone eluted under gradient conditions. 
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equations 3 and 4, where dp is the 
particle size, and L is the column length.

H = h� dp [3]

N = L
H [4]

Figure 1 shows simulated 
chromatograms calculated using these 
steps for different combinations of particle 
size, flow rate, and column length. 
The main point of this comparison is 
that the trend in relative peak widths 
within a single chromatogram is primarily 
determined by retention—that is, within a 
given chromatogram, a peak eluting with 
a retention factor of 10 is approximately 
10 times wider (and thus 10 times shorter) 
than a peak eluting with a retention factor  
of 0 (that is, at the dead time). This ratio is 
the same no matter the choices of particle 
size, column length, and flow rate. When 
these variables are changed the absolute 
values of the peak widths change, but the 
trend in relative widths does not change. 
This is a hallmark of isocratic elution— 
that we should expect more retained 
peaks to be wider than less retained 
peaks, and the degree of the change 
in widths is at least approximately 
predictable using simple tools.
Gradient Elution: When working with 
gradient elution conditions we have 
an expression for peak width that is 
similar to equation 1, with two important 
differences. As shown in equation 5, 
we replace k with ke, and add the term 
G. We refer to ke as the local retention 
factor of the analyte in the mobile phase 
it experiences, as it is exiting the column.

w =        � G� (ke+1)4� tm
N [5]

We refer to G as the gradient 
compression factor, which accounts for 
the fact that when an analyte is eluted in a 
gradient, the rear of the peak (pump side) 
moves at a slightly higher velocity than  

the front of the peak (detector side), 
causing the peak to narrow slightly.  
We are not going to spend time discussing 
this factor here because under most 
practical conditions, it does not affect the 
peak width by more than approximately 
10%. Readers interested in learning more 
about this are referred to Snyder and 
Dolan’s book on gradient elution LC (11). 

Relatively speaking, the influence of ke  
on peak width in gradient elution 
separations is much more important 
than G. Moreover, the value of ke is 
strongly affected by the gradient slope 
(b), which quantifies the rate of change 
of the mobile phase composition 
during the gradient. This relationship is 
shown in equation 6, where ∆ϕ is the 
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change in the volume fraction of organic 
solvent in the mobile phase (0–1 scale 
for reversed-phase LC), and tg is the 
gradient time (note: b has no units!). 

b = S� ΔΦ� tm
tg

[6]

Generally speaking, larger gradient 
slopes lead to smaller ke values, and 
thus narrower peaks. The gradient 
slope increases with ∆ϕ or the dead 
time, and decreases as the gradient 
time is increased. The other parameter in 
equation 6, S, is related to the sensitivity 
of the retention of a given analyte to the 
mobile phase composition. The simplest 
way to understand this parameter is that 
it is the negative of the slope of a plot of 
the natural logarithm of retention factor 
(ln[k]) of the analyte as a function of the 
mobile phase composition (0–1 scale). 
This particular relationship is an outcome 
of what has become known as Linear 
Solvent Strength Theory (LSST). Given the 
involvement of S in equation 6, we see that 
the gradient slope that impacts the value 
of ke can be very different for two analytes 
with different S values, even if all the other 
parameters (∆ϕ, tm, tg) are exactly the same. 
I think this is counterintuitive for those new 
to gradient elution, and can lead to some 
real surprises when thinking about what 
to expect for peak widths under different 
conditions, and for different analytes. If the 
value of S is known, then the value of ke  
is given by equation 7, where ki  

is the retention factor of the analyte in 
the mobile phase used at the starting 
point in the gradient elution program.

ke =       ki

b · (ki –    )+1td
tm

[7]

Interestingly, when td << tm, and b·ki 

>>1 large, ke is approximately 1/b.
A representative calculation will 

illustrate how dramatically the gradient 
elution conditions can affect the peak 

width. The values of ln(kw) (the y-intercept 
of a plot of ln[k] vs. ϕ) and S for the 
small molecule acetophenone are 3.82 
and 6.35, respectively (C18 column, 
acetonitrile–water mobile phase, at 40 °C; 
see https://www.multidlc.org/hplcsim for 
more values like this for other molecules). 
Figure 2 shows that the magnitude of ke 
changes by about a factor of 10 as the 
gradient time is increased from 1.4 to 
18 min. This, in turn, results in an increase 
in the peak width (as expected from 
equation 5), but only by about a factor of 
five. Figure 2 also shows that the simple 
ratio 1/b is a good approximation for ke, 
particularly at low tg (and thus large b).

The results in Figure 2 show that ke 
can vary dramatically depending on the 
gradient conditions and thus result in 
very different peak widths. However, this 
is not always the case. Figure 3 shows 
a simulated chromatogram for a mixture 
of alkylphenone homologs ranging from 
acetophenone to octanophenone. In this 
case, the peak widths are similar for all 
of the compounds, even though they are 
eluted at very different points in the gradient. 
This is because the ke values are very 
similar for all of the compounds, covering 
the narrow range of 3.8 to 5.2 (compared 
to the range of 0.7 to 7.3 in Figure 2).

What About Large Molecules?
The larger size of molecules such as 
organic polymers and biopolymers 
(including proteins and oligonucleotides) 
compared to the small molecules 
discussed here has two main implications 
for the estimation of peak width discussed 
in this instalment. First, they diffuse much 
slower in solution, which generally leads 
to lower plate numbers. Second, their 
retention is generally much more strongly 
dependent on mobile phase composition 
(that is, larger S values, sometimes 
exceeding 100). This, in turn, results in low 
ke values (<2) for these molecules under 
a wide range of elution conditions, which 

provides the potential for narrow peaks. 
These two effects—slower diffusion leading 
to low plate numbers, and larger S values 
leading to low ke values—offset each other 
in many situations. We will take up a more 
detailed discussion of these effects in a 
future instalment of “LC Troubleshooting”.

When the Instrument  
Adds to the Peak Width
In 2021, Ken Broeckhoven and I wrote 
a series of four “LC Troubleshooting” 
articles focused on providing an update 
on the factors that affect broadening of 
peaks outside of the chromatography 
column—so-called “extracolumn 
broadening” or “extracolumn dispersion” 
(ECD) (12–15). Our aim was to provide 
a means to quantitatively estimate the 
contributions of different parts of a LC 
system (that is, injector, connecting tubing, 
and so on) to the total widths of peaks 
observed at the detector. Through a  
series of examples, we showed how the 
apparent performance of a high quality 
column can be severely compromised—
not due to actual poor performance of  
the column itself, but due to the 
broadening of peaks in the instrument 
components. Readers interested in 
the details are referred to this series 
of articles, and a freely available, 
web-based calculator that can help 
with the maths involved (https://www.
multidlc.org/dispersion_calculator/). 
These issues are particularly relevant to 
the discussion here about estimating 
peak widths, especially for gradient 
elution separations or early-eluted peaks 
under isocratic conditions, because the 
low k values can lead to very narrow, 
low volume peaks that are highly 
susceptible to extracolumn dispersion.

What To Do When the Peak 
Widths Are Not As Expected?
In my laboratory, we consider the 
following possibilities when we 
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suspect that a column is producing 
peaks that are wider than expected.
• Do a health check on the column.  

As shown in equations 1 and 5 above, 
the peak widths we can expect under 
both isocratic and gradient elution 
conditions are dependent on the plate 
number of the column, which can be 
measured under isocratic conditions. 
We do these checks with simple, 
small, neutral molecules to avoid 
poor plate numbers that can arise 
from deleterious interactions between 
analytes and the stationary phase. 
The measured isocratic efficiencies 
should be similar to those reported 
by the manufacturer on their quality 
control (QC) sheet. If not, then either 
something is wrong with the column, or 
something is wrong with the instrument 
used to make the measurement.

• Consider the possibility that wide 

peaks are due to chemical problems. 
Analyte-specific problems, such as 
slow desorption kinetics and mass 
overload, can lead to peak tailing  
and wider-than-expected peaks.  
If one observes that some peaks 
in a chromatogram are much wider 
than others, this can be an important 
clue that something is not going 
well in a chemical sense. Readers 
interested in these issues are referred 
to a recent “LC Troubleshooting” 
article on this topic (16).

• Check to make sure that the system 

is not the problem. As discussed 
above, peak dispersion in LC 
components other than the column can 
make the performance of a column 
look much worse than it actually is.  
A quick way to check for this possibility 
is to move the column in question to a 
different system that is known to have 
low extracolumn dispersion. If the 
column produces the expected peak 
widths in this second system, then this 
is a clue that the wide peaks observed 

with the first system are not due to the 
column, but rather the instrument itself.

Summary
In this sixth instalment on essential topics 
in LC troubleshooting, I have discussed 
the essential relationships that can be used 
to estimate expected peak widths for a 
given set of chromatographic conditions, 
including both isocratic and gradient 
elution. By using these estimated peak 
widths, one can detect when a column or 
system is not producing peak widths as 
expected, and initiate the troubleshooting 
process to determine why the peaks are 
wider than expected. This discussion has 
been focused on peak width estimates for 
small molecules (that is, less than 500 Da);  
a further discussion of details related to 
separations of larger molecules including 
biopolymers will be handled in a future 
instalment of “LC Troubleshooting”.
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Using Thermodynamics and 
Simulations to Understand 
Selectivity and Retention 
in Gas Chromatography 
Nicholas H. Snow, Department of Chemistry and Biochemistry, Seton Hall University, New Jersey, USA

Retention and selectivity in gas chromatography (GC) occur because of the thermodynamics of the phase  
transition from the vapour phase following sample injection to the solution phase of being dissolved in the  
stationary phase. Analytes then move along the column because the vapour phase is flowing. In this instalment,  
we quickly review the basic thermodynamics underlying separation in GC, and we see how this impacts selectivity  
and retention. Last month, we saw how seemingly large differences in column polarity may still generate little,  
or even the opposite, effect on retention and generate confusion and difficulty in method development. This month, 
we explore this challenge more in-depth using thermodynamics and a freely available online GC simulator. 

Like all separation and extraction 
techniques, gas chromatography (GC) 
relies on the equilibrium between two 
distinct phases. These two phases are a 
gas phase, which is moving, and a  
liquid or solid phase, which is stationary. 
 The equilibrium process and its relation to 
retention times is discussed in the literature 
(1–3). A quick summary, establishing the 
relationship between thermodynamic 
constants and retention times, is provided 
here. The phase equilibrium and 
equilibrium constant expression for an 
analyte partitioning between the mobile and 
stationary phases is shown in equation 1:

A(mp)    A(sp) ; K = [A(sp)]
[A(mp)] [1]

Equation 2 shows the relationship 
between the partition coefficient, K, 
and retention time. The gas hold-up 
time is tM and the phase ratio, β, is the 
volume ratio of the mobile phase and 

stationary phase. As seen in equation 2, 
there is a linear relationship between 
retention time and partition coefficient:

tR  =  tM (1+   )K
β [2]

Equation 3 is the classical van ’t Hoff 
equation, which relates the partition 
coefficient to the standard enthalpy and 
entropy of a reaction. In our case, this 
would be ΔHo and ΔSo of the phase 
transition described in equation 1. 
Equation 4 is the classical Gibbs’ equation, 
which relates the partition coefficient 
and the standard free energy change. 

ln K =        +   –ΔH°
RT

ΔS°
R [3]

ΔG° = –RTlnK [4]

As seen from equations 2 and 3, the 
thermodynamic constants, ΔHo and 
ΔSo, and the temperature determine the 

partition coefficient, which, along with 
the gas hold-up time, determines the 
retention time. For a given stationary 
phase and analyte combination, these 
thermodynamic constants are easily 
measured by plotting ln K versus (1/T), 
with the slope of the resulting line being 

-ΔHo/R and the y-intercept being ΔSo/RT. 
Optimizing selectivity is usually the 

goal of stationary phase selection. 
Selectivity, shown in equation 5, is seen  
as the ratio of adjusted retention time, 
retention factor, or partition coefficient, 
which is usually determined for adjacent 
peaks in a chromatogram. If equation 5 
is combined with equation 4, it can 
be seen that selectivity originates 
from the difference in the standard 
free energy change, ΔΔGo, for the 
phase transition seen in equation 1. 
A larger ΔΔGo indicates a greater 
ratio of partition coefficients and 
therefore a greater selectivity. 
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α =        =       =  t’R (2)
t’R (1)

k (2)
k (1)

K (2)
K (1)

[5]

In the 1980s, Dose coined the term 
thermodynamic retention indices to 
describe how thermodynamic constants 
can be used to predict retention times 
under any conditions for a given analyte 
and stationary phase combination.  
Rijks and others also used this 
concept for the determination of 
temperature-programmed retention 
indices and Snow extended it further 
to multi-ramp temperature programs 
(4–7). Thermodynamic retention indices 
provide the basis for today’s online 
tools for predicting retention times (8). 

We can use the online tool ProEZGC, 
whose web address is provided 
in reference 8 and which employs 
thermodynamic retention indices, to 
explore some factors that impact selectivity 
and retention and to follow up on our 
discussion of stationary phase polarity and 
retention from last month’s instalment (9). 
Retention Examples Using

Traditional Stationary Phases: 

Figures 1 and 2 show chromatograms of 
hydrocarbon mixtures on two classical 
stationary phases simulated using 
ProEZGC: 100% polydimethylsiloxane 
(PDMS) and polyethylene glycol (PEG). 
The two columns have identical length, 
inside diameter, and film thickness. 
The inlet pressure and the flow rates 
are also identical. The temperature 
was also identical for both at 40 °C 
isothermal, with a total run time of 30 min 
for PEG and 60 min for PDMS. Identical 
column dimensions and separation 
conditions allow for direct comparison 
of all chromatographic parameters. 

The mixtures consisted of a homologous 
series of n-alkanes and three additional 
compounds often used in stationary phase 
polarity determinations: benzene, which 
measures pi–pi interactions; ethanol, which 
measures hydrogen bonding; and pyridine, 
which measures acid–base interactions. 
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FIGURE 1: Simulated chromatogram of alkanes and test probes on PDMS. Peak 
identification: 1) ethanol; 2) pentane; 3) hexane; 4) benzene; 5) heptane; 6) pyridine; 
7) octane; 8) nonane; 9) decane; and 10) undecane. 
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FIGURE 2: Simulated chromatogram of alkanes and test probes on PEG. Peak 
identification: 1) pentane; 2) hexane; 3) heptane; 4) octane; 5) nonane; 6) benzene; 
7) ethanol; 8) decane; 9) undecane; 10) pyridine; 11) dodecane; and 12) tridecane.
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FIGURE 3: The van’t Hoff plots for (a) benzene and ethanol on PDMS, and (b) PEG from 
simulated chromatograms. Column dimensions: 60 m × 0.32 mm, 1.00-μm.  
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The two stationary phases are expected to exhibit different 
intermolecular interactions, with PDMS showing almost entirely 
dispersive interactions and PEG showing mostly hydrogen bonding. 

Examining retention of the homologous series of n-alkanes, 
several observations related to the fundamental thermodynamics 
and the differences in intermolecular interactions are 
seen. First, note that within the 30 min time window for the 
separation at 40 °C on PEG, tridecane (C13) is eluted in 
approximately 26 min, whereas on PDMS undecane (C11) 
it requires approximately 52.5 min, and it is eluted on PEG 
in approximately 6.5 min. Alkanes undergo almost entirely 
dispersive interactions. This demonstrates that the dispersive 
interactions are much stronger on PDMS than on PEG. 

Next, examine the spacing of the n-alkanes on both 
stationary phases. Adding methylene (-CH2-) units to a 
straight chain hydrocarbon has a roughly linear effect on 
the standard free energy of vaporization. This leads to an 
exponential effect on the partition coefficient, resulting from 
the classical Gibbs’ equation and a resulting exponential 
effect on the retention time, as seen in equation 2. We see this 
in the peak spacing for the n-alkanes on both columns. 

Finally, examine the three non-alkane compounds. Table 1 
shows retention time data and partition coefficients for these 
three compounds. Using the retention factor k, we can examine 
how the change in stationary phase affects the retention 
of each analyte based on intermolecular interactions. 

Ethanol shows the least retention of all compounds in the mixture 
on PDMS, with a retention factor of approximately 0.1, indicating 
that approximately 10% of the ethanol molecules are dissolved in 
the stationary phase at any moment in during the separation.  
The equilibrium shown in equation 1 lies strongly to the left, 
favouring the mobile phase. On PEG, ethanol shows a retention 
factor of approximately 2, indicating that approximately two-thirds, 
or 67%, of the ethanol molecules are dissolved in the stationary 
phase at any point in the separation. This equilibrium lies to the right, 
favouring the stationary phase. Because the PEG stationary phase 
exhibits primarily hydrogen bonding, it is no surprise that ethanol 
would be 6–7 times more strongly retained on PEG than PDMS. 

Benzene is more strongly retained on PEG than ethanol with 
a retention factor of 1.2, indicating that slightly more benzene 
is dissolved in the stationary phase; the equilibrium shown 
in equation 1 lies slightly to the right. On PDMS, benzene 
shows a retention factor of 0.7, indicating that more benzene 
is vaporized in the mobile phase and the equilibrium lies to the 
left. Benzene is generally considered nonpolar or moderately 
polar, but is polarizable, leading to stronger interactions with 
the polar PEG stationary phase and greater retention. 

Pyridine is the most strongly retained of these three 

analytes on both stationary phases. On PDMS, k for pyridine 
is 1.4 and on PEG, k is 8.3. On PDMS, the equilibrium 
shown in equation 1 lies slightly to the right and on PEG 
it lies far to the right, both favouring the stationary phase, 
but PEG favouring it much more. Being basic, pyridine 
is expected to strongly bond with the slightly acidic PEG, 
which is seen in the much higher retention factor. 
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FIGURE 4: Crossover separations of benzene and ethanol on 
PEG. (a) temperature: 40 °C; peak identification: 1) benzene and 
2) ethanol; (b) temperature: 120 °C; peak identification: 1) ethanol 
and 2) benzene.

TABLE 1: Simulated retention data for benzene, ethanol, and pyridine 
in the PDMS and PEG stationary phases. Column dimensions: 30 m 
× 0.25 mm, 0.25-μm; temperature: 40 °C; inlet pressure: 19.01 psi; 
carrier gas: helium; and hold-up time: 1.22 min. 

tR (min) t’R (min) k K

PDMS

Benzene 2.10 0.88 0.72 180

Ethanol 1.34 0.12 0.098 30

Pyridine 2.91 1.69 1.4 350

PEG

Benzene 2.91 1.69 1.4 350

Ethanol 3.07 1.85 1.5 380

Pyridine 11.32 10.10 8.3 2100
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Thermodynamics and Selectivity
Figure 3 shows van ’t Hoff plots 
for benzene and ethanol on PDMS 
(Figure 3[a]) and PEG (Figure 3[b]), 
generated using simulations of the 
separations of each in a temperature 
range from 40–120 °C. Thermodynamic 
values, determined from the slope and 
y-intercept of the lines, are included 
on the plots. These values are the 
thermodynamic retention indices 
described originally by Dose in 1987 
and used in ProEZGC and other 
programs to predict retention times. 

In Figure 3(a), the two lines are spaced 
far apart, indicating high selectivity in the 
temperature range shown on the plot. 
Note that as the temperature increases 
(reading the x-axis on the plot from right 
to left), the two lines converge slightly, 
indicating that selectivity decreases with 
increasing temperature, as expected. 
The high selectivity for ethanol and 
benzene, indicated in Figure 3(a), is 
also seen in Table 1, with the retention 
factor of benzene being 0.72 and ethanol 
0.098, for a selectivity, as calculated 
using equation 5, of approximately 
seven. Therefore, PDMS is highly 
selective for benzene and ethanol.

In Figure 3(b), showing lines for 
benzene and ethanol on the PEG 
stationary phase, the lines are much 
closer together, indicating much lower 
selectivity. Using the data in Table 1, we 
see that the selectivity for benzene and 
ethanol on PEG is approximately 1.1, 
much lower than on PDMS. From Table 1, 
note that the retention times for both 
are higher, indicating that PEG is more 
retentive but less selective than PDMS for 
these two compounds. Finally, note that 
the position of the lines also predicts the 
elution order. Reading up from the bottom 
of the graph, the earlier eluting compound 
is shown by the line closer to the x-axis. 

Figure 4(a) shows a simulated 
separation of benzene and ethanol on 

a PEG stationary phase at 40 °C and 
Figure 4(b) shows the same separation 
at 120 °C. First, note the impact of 
temperature on selectivity as seen by 
the spacing of the peaks calculated 
from the adjusted retention times and 
equation 5, 1.1 at 40 °C and 1.05 at 
120 °C, except with the order of the peaks 
reversed. There is almost no selectivity 
at 90 °C, as seen in Figure 3, with the 
data points for benzene and ethanol 
almost fully overlapped. Generally, since 
higher temperatures favour the mobile 
phase, pushing the equilibrium seen 
in equation 1 back to the left, selectivity 
decreases as the temperature increases. 
See also the change in elution order. 
At 40 °C, benzene is eluted first and 
at 120 °C ethanol is eluted first. This 
can be explained by the difference in 
slope of the two lines in Figure 4(b). 

The difference between the lines 
generates selectivity: the larger the 
spacing between the lines, the greater 
the selectivity. Retentiveness can also be 
predicted from this plot or from simply 
estimating partition coefficients. A larger 
partition coefficient, K, or a more  
negative ΔGo indicates stronger  
retention and longer retention times.  
For two compounds, a larger difference 
in K or in ΔGo indicates greater selectivity. 

Conclusions
Retention and selectivity in GC are 
based on thermodynamic values 
for the phase transition between the 
mobile and stationary phases. By 
examining the basic thermodynamics 
and equilibrium constants for this 
process, we can systematically compare 
retention on the same stationary phase 
with changing conditions or across 
stationary phases. We see that strong 
retention does not always mean high 
selectivity, and that selectivity changes 
with temperature, sometimes resulting 
in changes in elution order on the same 

stationary phase. Larger differences 
in partition coefficients or in standard 
free energy changes generate higher 
selectivity. Larger partition coefficients 
and more negative standard free energy 
changes generate longer retention. 
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Perspectives in Hydrophobic 
Interaction Temperature-Responsive 
Liquid Chromatography (TRLC) 
Frédéric Lynen, Adriaan Ampe, Elena Bandini, Mathijs Baert, Kristina Wicht, Ardiana Kajtazi, Turaj Rahmani, Jonas Veenhoven,  

and Gaëlle Spileers, Department of Organic and Macromolecular Chemistry, Ghent University, Ghent, Belgium

Temperature-responsive liquid chromatography (TRLC) is an emerging green high performance liquid 
chromatography (HPLC) mode allowing reversed-phase-type separations while necessitating only water as the 
mobile phase. The columns therein are typically packed with silica particles to which stimuli-responsive polymers 
are anchored. In hydrophobic interaction TRLC, such polymers depict a loss of water solubility when increasing 
the temperature above a characteristic conversion temperature, causing large changes in retention over quite 
narrow and mild temperature ranges (~5–55 °C). TRLC circumvents the concerns about analyte or column 
degradation that can occur when implementing high temperatures (>80 °C) on conventional reversed-phase 
columns. It allows for HPLC using only water often spiked with the additives typically used in reversed-phase 
LC. Therefore, this separation mode allows for greener, cheaper, and isocratic analyses under non-denaturing 
conditions. The absence of compositional solvent gradients also allows for the exploitation of temperature 
gradients in combination with refractive index detection. Purely aqueous hydrophobic interaction TRLC is mostly 
applicable for solutes depicting a 1 < LogP < 5, yet these ranges can be expanded through implementation of 
combined aqueous or organic mobiles phases, while preserving the temperature-responsive effects. In this 
first TRLC instalment, our recent developments, new possibilities, and current limitations of the use of 1D 
TRLC are discussed, while the column performance is described with respect to the fundamentals of HPLC. 

Temperature-responsive liquid 
chromatography (TRLC) is an emerging 
separation mode in liquid chromatography 
that makes it possible to obtain 
reversed-phase-type separations under 
purely aqueous conditions. In this 
mode, retention is controlled through the 
column temperature while the mobile 
phase is invariable and composed of 
only water. This stands in contrast with 
conventional reversed-phase liquid 
chromatography (LC) performed on, 
for example, octadecyl silica (C18), 
whereby compositional solvent gradients 
are usually necessary to allow timely 
elution of disparate molecules in terms of 
polarity and retention. Therefore, TRLC 

avoids the need for organic cosolvents 
in the aqueous mobile phase. 

The approach has mainly been based 
on the exploitation of a particular class 
of stimuli-responsive (often dubbed 

“smart”) polymers that lose their water 
solubility once a certain temperature is 
exceeded. The temperature at which 
this transition occurs depends mainly 
on a lower critical solution temperature 
(LCST), which is characteristic for each 
polymer. However, the molecular weight, 
concentration, and (poly)dispersity also 
influence the experimental polymer 
precipitation temperature. In TRLC, the 
polymer chains are typically anchored 
to silica particles and packed into 

stainless steel high performance liquid 
chromatography (HPLC) columns. The 
concept was introduced by Kanazawa 
and associates in the early 1990s, 
followed by a variety of demonstrations 
and enhancements, including by our 
group, in the last two decades (1–8).

Temperature-responsive polymers 
depict a drastic change in their physical 
properties with temperature. In general, 
such behaviour in polymers is not 
uncommon, providing one can consider 
any solvent composition. Given that only a 
limited number of polymers are responsive 
in water and around physiological 
temperatures, these polymers have 
attracted the most attention for applications 
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such as cell culture release and drug delivery, and for their potential 
in LC (9,10). This phenomenon has mostly been studied in 
substituted polyacrylamides, with particular emphasis on poly(N-
isopropylacrylamide) (PNIPAAm). The utilization of the ensuing 
stationary phases in LC makes it possible to obtain increased or 
reduced retention at higher or lower temperatures, respectively, 
as illustrated in Figure 1. This is caused by the formation of an 
apolar layer on the surface of the stationary phase owing to the 

precipitation (demixing) of the polymer from the aqueous mobile 
phase at higher temperatures. Correspondingly, cooling down the 
column resolubilizes the polymer chains, concomitantly eliminating 
their retentive ability. The retention mechanism is based on 
hydrophobicity and is therefore similar to that of reversed-phase LC. 
However, it allows operation with only water as the mobile phase, 
whereby the retention increases drastically with mild increases in 
temperatures. In this article, the possibilities and limitations of TRLC 
are discussed with respect to chromatographic fundamentals.

Retention
Thermodynamics of Retention:  
In reversed-phase LC, one typically observes a decrease in 
retention when increasing the temperature. Thermodynamically, 
this means that retention is enthalpically (∆Hretention) favourable, 
and entropically (∆Sretention) unfavourable (11). As chromatographic 
retention is usually exothermic, the Gibbs free energy equation 
(∆Gretention = ∆Hretention – T∆Sretention) shows that when increasing 
the temperature, the retention phenomenon becomes less 
favourable (as ∆Gretention is becoming less negative at elevated 
temperatures). This can be represented via a Van ‘t Hoff plot 
(ln k vs 1/T), as shown, for example, for Linuron in Figure 
2, whereby it can be seen that indeed the retention is slowly 
decreasing with increasing temperature on a C8 column (12).

In TRLC, this retention behaviour is drastically altered 
because the stationary phase itself (and hence mainly ∆Hretention) 
undergoes a radical, reversible change from a dissolved, highly 
hydrated random coil to a more condensed globular shape. 
Thermodynamically, this conversion is entropically driven.  
The enthalpy contribution of dissolving the polymer in water 
is exothermic (∆Hpolymer dissolution <0) because of the formation 
of favourable hydrogen bonds between the water molecules 
and the polar groups of the polymer, leading to hydration of 
the polymer. However, dissolving macromolecules with apolar 
groups on the backbone and side-chain causes a significant 
loss in entropy (∆Spolymer dissolution <0), as the water molecules are 
forced into a cage-like orientation around these hydrophobic 
parts of the polymer (see Figure 1). As the temperature increases, 
the enthalpy contribution becomes weaker and the entropic 
loss becomes more pronounced, leading to a positive Gibbs 
free energy (∆Gpolymer dissolution = ∆Hpolymer dissolution – T∆Spolymer dissolution), 
which causes the dehydration of the polymer chains. Before the 
dehydration, the hydrophobic side chains on the polymer are 
spread over a larger volume providing little retention. After the 
dehydration, the polymer exposes dense hydrophobic zones, 
allowing for enlarged retention based on hydrophobicity.

It is interesting to observe that, when the polymer is fully 
hydrated under cold conditions or fully precipitated in a warm 
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FIGURE 2: Van ‘t Hoff plots (ln k vs 1/T) obtained for butyl 
paraben data obtained on various TRLC columns (4) with 
water as mobile phase. Comparison with representative 
reversed‑phase LC retention data observed on a C8 column (12).
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environment, further temperature change 
beyond these points causes the normal 
thermodynamic behaviour to take (back) 
the upper hand. This is also visible through 
the chromatograms represented in 
Figure 3 obtained for a number of TRLC 
columns based on various polymers.
Other Aspects Controlling Retention 

in TRLC: Chromatographically, one aims 
for retention factors (k) >3 and <10, as 
this maximizes resolution while avoiding 
excessive analysis times. As illustrated 
in Figure 2 and 3, the use of different 
polymers (on otherwise identical columns) 
leads to different retention time changes 
as a function of temperature. When the 
isopropyl group in the most used PNIPAAm 
columns is altered for a linear n-propyl 
chain, the conversion temperature in the 
resulting PNNPAAm column drops to 
lower temperatures, while larger retention 
is obtained for the parabens compared to 

the first column type. From an HPLC point 
of view, the ability to perform TRLC at even 
lower temperatures could become useful 
because of the related diminished potential 
issues in terms of analyte stability and silica 
hydrolysis. When the single propyl groups 
are replaced by two ethyl groups per 
monomer, a more strongly retentive column 
is obtained, which might offer promise for 
applications where the PNIPAAm  
columns offer too little retention (such as  
for biomolecule analyses). A current 
limitation of TRLC is that, even at the lowest 
retentive conditions on all TRLC columns, 
a residual retention is obtained. Research 
has also been performed based on the 
implementation of co-polymers, whereby 
in most cases one of the monomers 
depicted TRLC behaviour and the other 
allowed for enhanced hydrophobic or 
coulombic retention. While copolymers 
can allow for better biomolecule retention, 

it also often further increases the residual 
column retention while reducing the range 
of retention factors that can be effectively 
covered through TRLC (1). As the latter is 
already currently not large in TRLC  
(see Figure 3[a], where k varies from 
7 to 23 on a PNIPAAm column for 
butylparaben), the incorporation of 
sections in the polymer that do not depict 
temperature responsive behaviour 
diminishes the range of retention 
covered with a column. Conversely, the 
combination of two or more temperature-
responsive polymers in a column might 
be promising for being able to exploit a 
broader reachable retention time window. 
Various studies have also reported 
the use of cross-linked networks, as 
compared to linear polymer strands. 
While promising applications have 
been shown, this does not seem to offer 
the prospect of generically applicable 
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columns, as they offer a more limited 
span of reachable retention factors (9).

Next to temperature and polymer 
composition, the retention also proves 
dependent on the grafting density of the 
polymer brushes immobilized on the  
silica particles, the molecular weight,  
the polydispersity, the coupling chemistry, 
and on surface characteristics of the 
supporting material. While these aspects 
can be controlled, an evolution towards 
narrower polymer dispersity immobilized 
on a highly controlled surface topology 
will allow further incremental improvement 
of TRLC. Most examples of successful 
TRLC indicate a carbon load on the silica 
> 15%, whereby polymers depict between 
40 and 50 repeating units with as narrow 
a distribution as possible. While obtaining 
a shift in retention with temperature is 
essential in TRLC, the magnitude of this 
shift can vary from a modest doubling of 
retention to a sometimes about 10-fold 
increase. Ideally, one would strive in 
TRLC to obtain a similar (extremely 
broad) ability to tune k from 0 to about 
infinite, as is the case when using different 
solvent compositions in reversed-phase 
LC. While this is currently unachievable, 
the ability to control k even over a 
comparatively narrow order of magnitude 
already offers significant benefits in 
terms of gradient peak focusing and 
analysis time reductions (13,14).

Unsurprisingly, the composition of the 
mobile phase also plays a strong role 
in the conversion of the polymer. The 
addition of salts favours the dehydration 
of polymers, which lowers the dehydration 
temperatures, and consequently 
enhances the column retention at a 
given temperature (8). A drawback 
thereof is that in order to obtain a useful 
influence, high (0.2–2 M) concentrations 
are required. While volatile salts can also 
be used, this approach is nevertheless 
demanding for the instrumentation and 
columns. Alternatively, organic modifiers 
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also strongly influence the polymer 
conversion temperature and the overall 
retention (3,7). While they strongly 
decrease the retention, the addition of 
relatively small fractions (5–15%) can be 
beneficial, as it can remove (or reduce) 
the residual polymer retention at lower 
temperatures and offer enhanced 
efficiencies, as well as elution of highly 
hydrophobic solutes that cannot be eluted 
with only water as the mobile phase. 
Although this approach is contrary to  
the green incentive to develop TRLC,  
it might offer promise when combined with 
biosourced or biodegradable solvents.

Efficiency
In general, polymer-based columns are 
often perceived to offer only a limited 
column efficiency as compared to silica-
based columns (15). Because, in TRLC, 
rather short polymer strands are 
immobilized on silica, similar column 

efficiencies and plate heights can be 
expected to be reachable as obtained 
with reversed-phase LC columns.  
The best reported performances (for well 
retained solutes) in TRLC offer column 
efficiencies that are only 33% below the 
optimal performance reachable on C18 
columns. Correspondingly, the minimal 
reduced plate heights (h = H/dp)  
are close to three (instead of two as 
obtained on a column packed with fully 
porous C18 particles). The van Deemter 
plots obtained for the three TRLC 
columns are represented (Figure 4[a]) 
as collected under the most retentive 
conditions (55 °C), and compared with 
an earlier TRLC study (described in 
Figure 4[b]) where a different (free instead 
of a controlled radical polymerization) 
synthetic route was followed.

While this illustrates that indeed 
reasonable and improvable efficiencies 
can be obtained in TRLC, it can also be 

seen that H/u plots are characterized by  
a rather steep C-term regime. This is  
attributed to the resistance to mass 
transfer in the stationary phase (Cs), 
which is inevitably larger in a bulky 
polymer layer as compared to a thin layer 
of C18 groups. As a consequence,  
the optimal linear velocity is found at about 
3–4 times slower flow rates compared to 
conventional reversed-phase LC.  
Hence, to reach optimal chromatography 
in TRLC, longer analysis times are still 
currently a necessity. Without a doubt, 
TRLC can become more efficient through 
the use of smaller fully or partially porous 
particles. The main hurdle therein has 
been the current practical unviability 
of sub-2-µm silica-based supporting 
materials that offer a suitable target 
functional group to which the polymers 
can be covalently anchored. In most 
TRLC work, the polymers are synthesized 
such as to contain a carboxylic end 
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group, which can then be attached to 
aminopropyl silica via various amide 
bond forming chemistries (2,4,6,8). 

On the other hand, when TRLC is 
performed under the poorly retentive 
low temperature conditions, the polymer 
layer is extended, and therefore 
more voluminous. This detrimentally 
affects the mass transfer (as shown in 
Figure 4[b] at 25 °C for PNIPAAm) and 
the corresponding efficiencies obtained 
under those conditions. However, this is 
unproblematic in terms of the applications, 
as in most cases a downwards 
temperature gradient is used, causing 
the peaks to refocus (as explained later 
in the section “Gradient Analyses”).

Selectivity
The selectivity in TRLC is altered through 
temperature, polymer composition,  
and additives. While at lower temperatures 
some enhanced retention of polar solutes 
can be observed, this has not led to 
promising applications. This is,  
in part, related to the aforementioned 
poor efficiencies obtained at low 
temperatures. At temperatures above 
the LCST, the retention is mainly based 
on hydrophobicity. When altering 
the polymer composition, different 
selectivities are observed, even for the 
three conceptually similar polyacrylamide 
polymers. This is illustrated in Figure 5, 
where changes in elution order are 

apparent for the analysis of steroids 
and barbiturates. The different 
selectivities can also be combined via 
a stationary-phase optimized selectivity 
LC-type of approach to deliver an 
optimized separation (16,17). TRLC 
also proves able to separate closely 
related diastereomers, as illustrated for 
a number of peptides in Figure 5(c) (6).

Gradient Analyses
Hydrophobic interaction TRLC is 
mainly operated at temperatures above 
the LCST, allowing exploitation of the 
then-obtained higher retention, while 
benefiting of reasonable plate numbers 
and selectivity reachable under those 
conditions. The main benefits of TRLC can 
be reaped when this is combined with a 
downward temperature gradient imposed 
on the columns. Although the column 
temperature can also be programmed in 
conventional static air ovens, their thermal 
mass hinders imposing rapid cooling 
gradients. Programmable water baths 
are mostly used to control the column 
temperature in TRLC, as they allow 
accurate temperature control. Recently, 
we introduced a column cooling approach, 
based on the controlled mixing of a hot 
and cold mobile phase as reachable 
through any binary HPLC pump, allowing 
for faster gradients as compared to 
the use of programmable water baths 
(13). The ensuing drastic reduction in 
retention time and obtained gradient 
peak focusing are illustrated in Figure 6.

The use of gradients also allows 
for novel possibilities in the field 
of quantitative analysis. While the 
combination of compositional solvent 
gradients with refractive index (RI) 
detection is prohibitive, the use of the 
thermal gradients required in TRLC  
proves not to influence the noise, drift,  
or response of this detector. A quantitative 
application is shown for a series of  
short chain fatty acids determined  
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under the steepest gradient conditions  
(45 to 5 °C at –1°/min). The overlapping 
calibration lines illustrate that standard 
independent quantitation now becomes 
possible, while the applicability range of 
the RI detector is extended (Figure 7).

Summary
TRLC is an alternative separation 
mode that makes it possible to 
obtain separations similar to those of 
reversed-phase LC while using only 
water as the mobile phase. Although 
poly(N-isopropylacrylamide) (PNIPAAm) 
is still the most commonly used polymer 
in TRLC, the possibilities offered 
by other temperature-responsive 
acrylamides is appealing, and 
potentially more interesting, because 
they offer more retention or dehydrate 
at lower temperatures. The efficiency of 
the columns obtained via such polymers 
immobilized on silica particles appears 
not fundamentally hindered and an 
evolution towards more efficient columns 
appears realistic. Nevertheless, the 
bulky nature of a polymer layer  
on silica slows down mass transfer  
and the resulting optimal velocities.  
The selectivity of TRLC columns differs 
between the polymers and at different 
temperatures. TRLC is most useful 
when it is used under thermal gradient 
conditions that allow for peak focusing 
and reduced analysis times. It could also 
be shown that the use of temperature 
gradients in TRLC is compatible with RI 
detection, allowing for novel applications 
via this fairly universal detector. 
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Bioinert (U)HPLC Columns
YMC-Accura Triart (U)HPLC columns are characterized by a bioinert surface 
coating for challenging substances. According to the company, they provide 
excellent peak shapes, secure recovery, and prevent carryover without  
any sample preconditioning. They are reportedly ideal for highly sensitive  
LC–MS analyses. Eight different stationary phases for 
RP and HILIC mode separations are available.

https://ymc.eu/d/brDnU  
YMC Europe GmbH, Dinslaken, Germany.

Chromatography System
The Ecom ECS23 system is designed for a wide 
array of preparative or flash applications. It offers 
absorbance measuring at four wavelengths and up to 
800 nm, making the system universal. It also allows for 
a peak purity check and other advanced techniques.

https://www.ecomsro.com/ecs23pc-quaternary-
preparative-gradient-system-with-fraction-collector
Ecom spol. s r.o. , Chrastany, Czech Republic.

GC Detector
VICI’s Model D-3-1-8890 is a plug-and-play 
pulsed discharge detector for easy installation and 
configuration on the Agilent 8890 GC. This detector  
is optimized for trace-level work in helium 
photoionization mode, and is a non-radioactive, 
low maintenance universal detector with a wide linear range.  
It also utilizes the electronics and power supply of the host GC.

www.vici.com
VICI AG International, Schenkon, Switzerland.

UV–vis Detector
Luma from VUV Analytics is a UV–vis detector for  
gas chromatography that is designed to be 
universal, sensitive, selective, and simple. Providing 
up to 12 channels of data from 120–500 nm, it is the 
ideal detector for trace-level analysis, according to  
the company.

www.vuvanalytics.com
VUV Analytics, Inc.,  
Cedar Park, Texas, USA.

Prep System
The Nexera Prep Series 
Preparative Purification Liquid 
Chromatograph (LC) system 
from Shimadzu provides prep 
processes for extraction of target 
compounds and impurities 
during drug discovery in 
the pharmaceutical industry 
and purification of functional 
components in the chemical and 
food industries. According to  
the company, the system 
improves productivity via efficient 
preparative workflows using LC or 
LC–MS methods.

www.shimadzu.eu/nexera-series.eu
Shimadzu Europa GmbH, 
Duisburg, Germany.

Polymeric HILIC Columns
iHILIC-Fusion(P) and iHILIC-(P) 
Classic are two lines of polymeric 
HILIC columns with different 
surface chemistries. They provide 
complementary selectivity,  
ultra-low column bleeding,  
and excellent durability at basic 
conditions. According to  
the company, the columns are 
particularly suitable for LC–
MS-based analysis of polar and 
hydrophilic compounds.

www.hilicon.com
Hilicon AB, 
Umeå, Sweden.
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15–17 FEBRUARY 2023
The 3rd Australian Symposium  
on Advances in Separation  
Science (ASASS 2023)
Hobart, Tasmania
E: vipul.gupta@3dmade.com.au 
W: www.asass2023.org 

11–14 APRIL 2023 
ANAKON 2023
Vienna, Austria
E: office@anakon2023.at 
W: www.anakon2023.at

19–21 APRIL 2023
Analytica Vietnam
Ho Chi Minh City, Vietnam
E: analyticavietnam@messe-muenchen.de 
W: www.analyticavietnam.com/en/ 

24–26 APRIL 2023
34th International Symposium 
on Polymer Analysis and 
Characterization (ISPAC 2023)
Stellenbosch, South Africa
E: contact@ispac-conferences.org 
W: https://ispac-conferences.org 

21–24 MAY 2023
8th International Conference on 
Polyolefin Characterization (ICPC)
Valencia, Spain
E: Raquel.ubeda@icpc-conference.org 
W: www.icpc-conference.org

18–22 JUNE 2023
HPLC 2023 
Congress Center Düsseldorf (CCD), 
Düsseldorf,  Germany,
E: michael.laemmerhofer@uni-
tuebingen.de / oliver.schmitz@uni-due.de
W: www.hplc2023.com

17–22 SEPTEMBER 2023
6th International Mass  
Spectrometry School
Cagliaria, Sardinia (Italy)
E: gianluca.giorgi@unisi.it 
W: www.spettrometriadimassa.it/
imss2023/#hero

Please send any upcoming event 
information to Kate Jones at  
kjones@mjhlifesciences.com

Pittcon 2023

Pittcon is back in-person from 18–22 March 

2023, in Philadelphia, Pennsylvania, USA. 
The premier conference and exposition on 

laboratory science, Pittcon provides direct access 
to the latest research and developments from an international assembly of 
top scientists and innovators. Advance your knowledge through the technical 
programme, listen to top researchers by attending award sessions and invited 
symposia, connect with professionals in networking sessions, and discover new 
insights on a range of subjects by signing up for in-person short courses. 

A sampling of sessions at Pittcon that chromatographers will find interesting includes:
• LCGC Lifetime Achievement Award in Chromatography
• LCGC Emerging Leader in Chromatography Award 
• Green Analytical Liquid Chromatography—“This is the Way”
• Application of LC–MS and its Challenges in Drug Discovery and Development
• Application of Automation and Machine Learning for Analytical Sciences—

Challenges in Pharmaceutical Research and Development
• Analytical Challenges and Solutions in the Detection 

and Quantification of Food Allergens
• Advances in Microfluidic Separations for Biological and Pharmaceutical Applications
• The Chromatography Forum of the Delaware Valley Dal Nogare Award

Pittcon is honoured to announce Dr. Joanna Aizenberg of Harvard University as 
the 2023 Wallace H. Coulter Lecturer. A distinct, keynote facet of Pittcon’s annual 
conference, the 2023 Coulter Lecture is entitled “Venturing into Analytical Chemistry 
Using Photonic Crystals”. The topic will introduce a powerful colloidal co-assembly 
approach that results in large-scale, highly ordered porous photonic crystals.  
This keynote lecture is scheduled to begin at 5:30 PM on Sunday 19 March 2023, 
in the Michael Nutter Theater at the Pennsylvania Convention Center. 

Pittcon’s in-person, instructor-led short courses provide registrants with the 
opportunity to enhance their professional, technical, and scientific skill sets.  
Covering an array of relevant topics, these continuing education courses—of which 
there are over 60—will be offered from 18 March 2023, in full- and half-day formats.

Networking sessions have become an important and valued facet of what 
Pittcon offers participants year on year, and this year’s sessions promise to be 
even more inclusive and collaborative than ever before. The 90-min networking 
sessions provide a unique opportunity for attendees with similar interests to 
meet other professionals in an informal setting. Here, participants will attend 
facilitated discussions on scientific topics of interest in a casual, open, and 
collaborative atmosphere. These sessions facilitate a renewed, more enriched 
perspective on a variety of scientific disciplines, while also helping many find 
solutions to laboratory problems they may be facing. Networking sessions are 
scheduled at Pittcon twice daily—morning and afternoon—20–22 March 2023.

Contact: Rocco Pacella
Email: marketing@pittcon.org
Event location: Pennsylvania Convention Center, Philadelphia, Pennsylvania, USA
Registration: pittcon.org/register
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