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Capillary liquid chromatography (cLC) offers high column efficiency,  
low consumption of sample and solvent, and good compatibility to mass 
spectrometry (MS) (1−4), which has led to widespread applications.  
Strong anion-exchange (SAX) columns are widely used to separate inorganic 
anions, organic weak acids, drugs, nucleotides, and proteins (5−9). For 
proteome analysis, SAX is often coupled with a reverse-phase column (5,10) 
and a two-dimensional separation system to substantially enlarge peak capacity. 
For the applications described previously, high hydrophilicity is desired. This 
allows a low content of organic modifier in the mobile phase to be used, and 
improves the orthogonality between SAX and reversed-phase mechanisms (5).

SAX columns can be prepared in the laboratory by packing capillaries with silica 
particles modified chemically with compounds containing quaternary ammonium  
groups (QAGs). QAGs are usually selected as the functional groups in SAX 
columns due to their ability to remain positive, even at high pH values, and their 
strong retention for anions. Packed columns possess good mechanical stability and 
almost no swelling-shrinking effects, but they do require retaining frits at both ends 
to trap the particles within the columns. The sintering process for the frits leads to 
band broadening, capillary fragility, chromatographic functionality degradation,  
and bubble formation in capillary electrochromatography (CEC) and cLC (4,11).

SAX columns can also be prepared by in-capillary synthesis of porous 
monoliths. Monolithic columns not only possess high permeability and column 
capacity but they also have none of the problems associated with the retaining 
frits. Depending on the matrix, reported monoliths are commonly classified into 
inorganically silica-based, organically polymer-based, or organically-inorganically 

A Hydrophilic Strong Anion-
Exchange Hybrid Monolith for 
Capillary Liquid Chromatography
Jun Liu, Qianfeng Weng, and Jinxiang Li, Department of Chemistry, Liaoning Normal University, Dalian, China

A hydrophilic strong anion-exchange monolithic hybrid column was prepared by in-capillary coating 5-µm bare silica 
particles with the copolymers of methacryloxyethyltrimethyl ammonium chloride and pentaerythritol triacrylate 
in the presence of a porogen consisting of water, methanol, and cyclohexanol. The composition of the porogen 
and the concentration of the monomers were investigated and selected. The resulting column was characterized. 
The column had an uniform pore structure and could withstand a back pressure up to 3500 psi. Its permeability 
was comparable to that of packed columns and the swelling-shrinking behaviour negligible. Its hydrophobicity 
could be suppressed at acetonitrile concentrations above 40% (v/v) and the minimum theoretical plate height 
was about 10 µm for Br—. The column-to-column relative standard deviations (RSDs) were 2.2% and 3.5% (n = 9) 
and the batch-to-batch RSDs were 2.4% and 5.5% (n = 3) for k and H values, respectively. The column exhibited a 
remarkable performance  for  the separation of inorganic anions, organic weak acids, phenols, and nucleotides.

KEY POINTS
• A hydrophilic strong 

anion-exchange monolithic 
column can be prepared by 
in-capillary coating 5 µm bare 
silica particles with the copolymers 
of methacryloxyethyltrimethyl 
ammonium chloride and 
pentaerythritol triacrylate.

• The column combines 
the typical merits of silica 
particle-packed and polymer-based 
monolithic columns.

• The column has potential 
applications for rapid analysis 
of some acidic drugs, inorganic 
anions, organic weak acids, 
phenols, and nucleotides.
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hybrid monoliths (4). Jaafar et al. (12) 
have reported a silica-based SAX 
monolith. This column was prepared 
by chemically modifying a porous 
silica-based monolithic matrix with a 
quaternary salt to introduce QAGs. 
Such silica-based monoliths have high 
permeability, little swelling-shrinking 
effect, and high mechanical stability, 
but they suffer from poor preparation 
reproducibility and tolerability to extreme 
pH. In addition, post-modification is 
time-consuming (4,12,13). As a result, 
silica-based SAX monoliths have not 
been researched much. Several organic 
polymer-based SAX monoliths have 
been prepared through in-capillary 
copolymerizing QAGs-containing 
monomers and cross-linkers in the 
presence of proper porogens (14−18). 
Such monoliths possess the merits of 
easy preparation, good tolerability to 

extreme pH, high permeability, and wide 
commercial availability of functional 
monomers (4,19), but they suffer from 
the swelling-shrinking effect (14,15). 
The swelling-shrinking effect is serious, 
particularly for organic polymer-based 
strong ion-exchange monoliths, and 
is very harmful to mechanical stability, 
permeability, analytical performance, 
and lifetime. In addition, hydrocarbon 
moieties of the monomers and the C–C 
backbone of the monoliths contribute 
to undesired hydrophobicity (20). 

Such hydrophobicity can be lowered 
by using polar cross-linkers, such as 
pentaerythritol triacrylate (PETA) (16) 
or poly (ethylene glycol) diacrylate 
(21). Organically-inorganically hybrid 
monoliths combine the merits of 
organic polymer-based monoliths with 
inorganic silica-based monoliths, such 
as good mechanical stability, good 
tolerability to extreme pH, and high 
permeability. Several approaches 
have been reported for the preparation 
of hybrid monoliths (4,20,22−24). 

(a) (b) (c) (d)

FIGURE 1: SEM images of the H-columns prepared with the porogens of different volumetric 
ratios (10000×) (water–methanol–cyclohexanol, [a] 1:1:2, [b] 1:1:4, [c] 1:1:6, and [d] 1:1:8).
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Among them, the most widely used 
is the “one-pot” method. Wang et al. 
(22) reported a hybrid monolith with 
mixed-mode of hydrophilic interaction 
and SAX using the “one-pot” method. 
This column was prepared through 
polycondensation of pre-hydrolyzed 
precursors of tetramethoxysilane 
and vinyltrimethoxysilane and then 
copolymerization of precondensed 
vinyltrimethoxysilane and 
2-(acryloyloxy)ethyltrimethyl ammonium 
methyl sulfate, and was used in CEC.

Our team reported a zwitterionic 
monolith (25) and a hydrophilic strong 
cation-exchange monolith (26). They 
were prepared by in-capillary coating 
5-µm bare silica particles with functional 

organic polymers. By adjusting  
the polarity of porogen and the total 
concentration of monomers, a thin 
layer of the polymers was formed only 
on the particle surface, leaving the 
interstitial space around the particles 
free for eluent flow. Such columns 
can be considered to be a hybrid of 
silica particles-packed and organic 
polymer-based monolithic columns, 
and thus combine the merits of both 
of them. This article presents a new 
hydrophilic SAX hybrid monolithic 
column (shortened to H-column 
below), prepared in a similar way. 
After preparation conditions were 
investigated and selected, the resulting 
H-column was characterized in detail.

Experimental 
Chemicals and Materials: 

Methacryloxyethyltrimethyl ammonium 
chloride (MATE) was produced by 
ACRŌS. Other chemicals and materials 
are described elsewhere (26). 
Instruments: Chromatographic 
separations were conducted on a setup 
composed of a Model 500 liquid delivery 
pump from Lab Alliance, an in-house 
made T-splitter, and a Micro 21 UV-01 
detector from Jasco (Japan). Morphology 
of monoliths was observed using a 
SU-8010 scanning electron microscope 
(SEM) from Hitachi. Data acquisition was 
implemented using a Lenovo computer 
equipped with a 24 bit analog-to-digital 
convertor and a N3000 software package 
from Zhejiang University. Chromatograms 
were reproduced using Origin software 
(OriginLab) based on the original data.
Preparation of the H-Column: The 
capillary was pretreated and pre-vinylized 
as described elsewhere (25). A retaining 
frit was fabricated at one end of the 
capillary by packing a 1–2 mm section 
of the capillary with 5-µm bare silica 
particles and then sintering this section 
in a hydrogen flame. The capillary 
with the retaining frit was packed with 
5-µm bare silica particles using a slurry 
packing technique. A polymerization 
mixture, composed of the monomers 
MATE and PETA (2:1 MATE–PETA [v/v]; 
total monomer concentration, 25%, v/v), 
the initiator 2, 2’-azobisisobutyronitrile 
(2%, w/v, with respect to monomers), 
and the porogen (1:1:6 water–methanol–
cyclohexanol [v/v/v]), was prepared. 
After being degassed and homogenized 
by purging with nitrogen gas and 
ultrasonicating for 15 min, the mixture 
was pumped into the capillary packed 
with silica particles. After reaction in a 
water bath at 60 °C for 7 h, the retaining 
frit was cut off. Finally, plenty of methanol 
and water was sequentially pumped 
through the capillary to remove the 

(a) (b) (c)

(d) (e) (f)

FIGURE 2: SEM images of three sections of an identical H-column for illustration of the 
axial and radial uniformity.

Acrylamide
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FIGURE 3: Curves of retention factor (k) to acetonitrile content (v/v, in water) on a H-column. 
Conditions: effective column length, 6.0 cm; flow rate, 0.2−0.4 µL/min; UV detection 
wavelength, 214 nm.
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porogen and unreacted monomers, 
and a H-column was obtained.

Results and Discussion 
Conditions for Preparation: In order 
to reduce the swelling-shrinking effect 
and increase permeability, the polymers 
should be allowed to form on the silica 
particles rather than in the interstitial 
space around the particles, and the 
polymer layer on the particles should 
be controlled to be as thin as possible.

According to the principle of 
“similarity-intermiscibility”, it can be 
anticipated that the polar polymers of 
MATE and PETA trend to associate with 
the silica particles after forming nuclei if 
the polarity of porogen is lower than that 
of the particles. Therefore, a porogen 
of low polarity should be favourable for 
the H-column preparation. In this work, 
a ternary porogen consisting of water, 

methanol, and cyclohexanol was 
used, and its polarity was adjusted 
by changing the volumetric ratios. 
Figure 1 shows the SEM images of 
H-columns prepared with the porogens 
of different ratios (water–methanol–
cyclohexanol: (a) 1:1:2, (b)1:1:4, (c) 
1:1:6, and (d) 1:1:8). As anticipated, 
the polymers formed both on the 
particles and in the interstitial space 
because of the high polarity of the 
porogens (Figure1[a] and 1[b]), and 
formed only on the particles when 
the polarity of porogens was properly 
lowered (Figure 1[c] and 1[d]). By 
close comparison of Figure 1(c) with 
1(d), it can be found that the polymer 
layer becomes thick with the decrease 
in the polarity of the porogens. The 
thick polymer layers, however, resulted 
in the decrease in permeability, which 
was proven by the curves of back 

pressure to flow rate (not shown). The 
ratio of 1:1:6 was selected in this work.

Total concentration of monomers 
affects morphology, mechanical stability, 
and permeability (22). Undoubtedly, high 
monomer concentrations lead to many 
polymers being formed. Four monoliths 
were prepared at the concentrations 
of 20%, 25%, 30%, and 35% (v/v), and 
the curves of back pressure to flow 
rate were plotted for them (not shown). 
Mechanical stability of the H-column 
prepared at the concentration of 20% 
was so poor that the monolith might be 
extruded out from the capillary at the 
pressures used for routine flushing. This 
was probably because the amount of 
forming polymers was too little to link 
the particles to the capillary inner wall 
strongly. At concentrations higher than 
20%, the obtained H-columns could 
withstand a pressure up to 3500 psi, 

www.hplc2023-duesseldorf.com

June 18 to 22, 2023
in Duesseldorf, Germany

51st International Symposium
on High Performance Liquid Phase Separations and 
Related Techniques
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but permeability of the monoliths 
decreased gradually with the increase 
of the monomer concentration. The 
concentration of 25% was used for 
the preparation of the H-column.
Morphology and Mechanical Stability:  

In order to observe axial and radial 
uniformity, a 10-cm H-column was cut 
into three sections; six SEM images 
were taken and are shown in Figure 2. 
Five observations can be made. First, 
polymers formed on the particles rather 
than in the interstitial space around 
particles (Figure 2[d], 2[e], and 2[f]). 
Second, thickness of the polymer layer 
on particles was estimated to be no 
more than 1 µm (Figure 2[d], 2[e], and 
2[f]). Third, the particles interconnected 
through the polymers, forming a 
monolith. Fourth, both axial and radial 
distributions of the particles were uniform. 

Fifth, there were no cracks between 
the monolith and the inner wall of the 
capillary (Figure 2[a], 2[b], and 2[c]). 

The mechanical stability of the 
H-column prepared under the selected 
conditions was evaluated based on 
the curve of flow rate to back pressure 
(not shown). With the increase in back 
pressure from 350 to 3500 psi, flow 
rate kept increasing linearly from 1.6 
to 10.7 µL/min. The back pressure 
above 3500 psi was not tested because 
of the failure in connection between 
column and solvent tubing. The flow 
rate of 10.7 µL/min at 3500 psi should 
be sufficient for practical use in cLC.
Permeability and Swelling-Shrinking 

Behaviour: The permeability was 
evaluated with Darcy’s Law (26). The K 
value was measured to be 2.0 × 10-14 m2. 
This value was comparable to that of 

1.3 × 10-14 m2 obtained with the packed 
column (27), demonstrating that there 
was no remarkable loss in permeability for 
the H-column. This was because the layer 
of the polymer was very thin and there 
were no polymers in the interstitial space.

Swelling-shrinking behaviour of 
a monolith affects its separation 
performance and lifetime (28).  
When swelling-shrinking behaviour of a 
monolith occurs, the size of its through 
pores will alter, and correspondingly the 
flow rate of mobile phase will change  
at a constant back pressure. Based 
on this principle, an experiment was 
designed and conducted to investigate 
the swelling-shrinking behaviour 
of the H-column. Acetonitrile was 
pumped through a H-column until 
swelling-shrinking equilibration (for 12 h 
at least), and then water for 10 h at a fixed 
pressure of 600 psi. During the 10 h for 
water, the water flow rate was measured 
once per hour, and the curve of flow rate 
to time was plotted (not shown). The 
curve showed that the flow rate had 
nearly no change, indicating that no 
remarkable swelling-shrinking behaviour 
had arisen during the 10 h. This was 
principally owing to the silica particles, 
which were less swellable or shrinkable 
and accounted for a larger proportion 
in the column (above 65%) than the 
organic polymers in the H-column.
Hydrophilicity: The curves of retention 
factors (k) on acetonitrile content were 
plotted for toluene, acrylamide, and 
thiourea (Figure 3). With the increase 
in acetonitrile content, the k values of 
nonpolar toluene and polar acrylamide 
and thiourea decreased and increased, 
respectively, showing the hydrophilic 
characteristics of the H-column. Lin et 
al. (9,28) suggest that hydrophilicity of 
a column can be measured using the 
acetonitrile concentration at the intercross 
point of the curves obtained with toluene 
and acrylamide as a critical value.  
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FIGURE 4: (a) Separation of three inorganic anions, (b) three organic weak acids, (c) five 
phenols, and (d) four nucleotides on H-columns. Conditions: (a) mobile phase, 50 mM 
NaCl in 10 mM NaH2PO4 buffer at pH 3.0; flow rate, 1.2 µL/min; effective column length, 
2.5 cm; UV detection wavelength, 210 nm; solutes, 1. bromate, 2. bromide, 3. nitrate. 
(b) Mobile phase, 10% v/v acetonitrile in 50 mM NaH2PO4 buffer at pH 4.2; flow rate, 
1.0 µL/min; effective column length, 2.5 cm; UV detection wavelength, 235 nm; solutes, 1. 
P-hydroxybenzoic acid, 2. M-hydroxybenzoic acid, 3. O-hydroxybenzoic acid. (c) Mobile 
phase, 10% v/v acetonitrile in 10 mM Na2HPO4 buffer at pH 9.3; flow rate, 1.0 µL/min; 
effective column length, 4.0 cm; UV detection wavelength, 277 nm; solutes, 1. phenol, 
2. hydroquinone, 3. resorcinol, 4. catechol, 5. phloroglucinol. (d) Mobile phase, 5% v/v 
acetonitrile in 10 mM Na2HPO4 buffer at pH 6.3; flow rate, 1.0 µL/min; effective column 
length, 4.0 cm; UV detection wavelength, 254 nm; solutes, 1. UMP, 2. AMP, 3. CMP, 4. GMP.
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The smaller the critical value, the higher 
the hydrophilicity of the column. The 
critical value of the H-column was about 
40%, much lower than those (50–70%) 
reported for other hydrophilic columns 
(9,22,29). The high hydrophilicity of the 
H-column should be mostly ascribed 
to QAGs of the MATE monomers and 
hydroxyl groups of the PETA cross-linkers.
Column Efficiency: A van Deemter 
plot of the H-column was obtained by 
using Br— (not shown). The minimum of 
theoretical plate height (Hmin) and the 
value of the C term were about  
10 µm and 9 ms, respectively. For the 
columns packed with 5 µm particles 
and silica-based monoliths, the 
reported values of Hmin were typically 
in the range of 5 to 10 µm (11,30). 
For some commercial silica-based 
monolithic columns and polymer-based 
monolithic columns, the reported 
values of the C term are 10 and 
70 ms on average, respectively (31). 
Therefore, the column efficiency of the 
H-column was comparable to those 
of the columns packed with 5 µm 
particles and silica-based monoliths 
(11,30), and much higher than those of 
polymer-based monolithic columns (31).
Preparation Reproducibility: Retention 
factor (k) and column efficiency (H ) 
were measured to evaluate preparation 
reproducibility of the H-column using 
Br—. Nine H-columns (5.0-cm long) 
were prepared in three batches 
(three columns per batch). The 
column-to-column relative standard 
deviations (RSDs) were 2.2% and 3.5% 
(n = 9) and the batch-to-batch RSDs 
were 2.4% and 5.5% (n = 3) for k and 
H values, respectively. The preparation 
reproducibility of the H-column was 
comparable to that reported by 
Wang et al. (13) for a SAX column.
Applications: Figure 4(a) shows 
three monovalent inorganic anions, 
including bromate, bromide, and 

nitrate, that were baseline separated 
on a 2.5-cm H-column within 2.5 min 
and with good peak symmetry. 
Evenhuis et al. (7) also separated 
the three anions using a 5.0-cm 
commercial polymethacrylate-based 
monolithic SAX column within 8 min. 

It is difficult to separate P, M, 
O-hydroxybenzoic acids due to the 
similarity in structure. As illustrated in 
Figure 4(b), the three isomers were 
baseline separated on a 2.5-cm 
H-column in less than 4 min based on 
a mixed mechanism of ion exchange 
and hydrophilic interaction. Ayaz et al. 
(8) also separated the three isomers 
using a reversed-phase column 
based on hydrophobic interaction, but 
retention times were more than 30 min. 

Figure 4(c) displays the baseline 
separation of five phenols on a 4.0-cm 
H-column based on ion exchange and 
hydrophilic interaction. The retention 
times of five phenols were no more 
than 12 min. In comparison, Lin et al. 
(9) failed to baseline separate the two 
isomers of hydroquinone and resorcinol 
on a poly (3-sulfopropyl methacrylate-
pentaerythritol triacrylate) column solely 
based on hydrophilic interaction. 

Figure 4(d) shows that four 
nucleotides were baseline separated 
on a 4.0-cm H-column within 10 min 
based on ion exchange and 
hydrophilic interaction. Wang et al. 
(22) also baseline separated the four 
nucleotides on a 35-cm hydrophilic 
SAX column within 17 min by CEC.

Conclusion
A new hydrophilic SAX monolithic 
column was prepared by in-capillary 
coating 5 µm bare silica particles with 
poly (MATE-co-PETA). This column can 
be considered to be a hybrid of silica 
particles-packed and polymer-based 
monolithic columns, and thus combines 
the typical merits of them both. The column 

overcame the serious swelling-shrinking 
problem with the polymer-based monolithic 
SAX columns reported previously, and 
exhibited a remarkable performance 
in fast separations of inorganic anions, 
organic weak acids, phenols, and 
nucleotides. This column is a significant 
complement to SAX monolithic columns, 
and has potential applications in the 
analysis of some acidic drugs and 
two-dimensional separations of a proteome. 
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Essentials of LC Troubleshooting, 
Part 3: Those Peaks Don’t Look Right
Dwight R. Stoll, LC Troubleshooting Editor

Some liquid chromatography (LC) troubleshooting topics never get old, because there are some problems that persist 
in the practice of LC, even as instrument technology improves over time. There are many ways for things to go wrong 
in an LC system that ultimately manifest as peak shapes that are not good. Developing a short list of the likely causes 
of these results can help streamline our troubleshooting experience when peak shape-related problems occur.

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 (for 
example, 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 February/March 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 “Guide to 

LC Troubleshooting” wall chart (4) that 
hangs in many laboratories. For the third 
instalment in this series, I’ve chosen 
to focus on problems related to peak 
shape, or perhaps peak characteristics. 
Incredibly, the wall chart lists 44 different 
potential causes of bad peak shapes! 
We won’t be able to consider all of these 
in any detail in a single article, so in 
this first instalment on this topic, I focus 
on some of the problems that I see 
most frequently. 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 response 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. With many possible causes 
of poor peak shape, it is important to 
keep an open mind when considering 
what might be the problem, and it 
is important to be able to prioritize 
the potential causes to start our 
troubleshooting effort, focusing on 
those possibilities that are most likely.

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 our expectations, which 
are formed from theories, empirical 
knowledge, and experience (5).  
By “peak shape”, we are really  
referring here to not only the shape 
of the peak (symmetric, asymmetric, 
smooth, shaggy, fronting, tailing,  
and so on) but also to the width.  
Our expectation regarding the actual 
peak shape is straightforward.  
The textbook expectation, which is well 
supported by theory (6), is that, under 
most conditions, chromatographic 
peaks should be symmetric and 
consistent with the shape of a Gaussian 
distribution, as shown in Figure 1(a). 
Our expectations for the peak width 
is a more complicated matter, and 
we’ll deal with that topic in a future 
instalment. The other peak shapes 
in Figure 1 show some of the other 
possibilities that can be observed— 
in other words, some of the ways that 
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things can go wrong. In the rest of this 
instalment, we take the time to discuss 
some specific examples of situations 
that can lead to these types of shapes.

No Peak
Sometimes peaks are simply not 
observed where they are expected  
to be eluted in the chromatogram.  

The aforementioned wall chart suggests 
that the absence of peaks (assuming the 
sample actually contains the analyte of 
interest at a concentration that should give 
a detector response sufficient to see it 
above the noise) is usually related to some 
instrumental problem, or mobile phase 
conditions that are incorrect (typically too 

“weak”, if peaks are observed at all). A short 
list of potential problems and solutions in 
this category can be found in Table 1.

Too Broad
As stated above, the question of how 
much peak broadening one should 
tolerate before getting concerned and 
trying to troubleshoot the problem is a 
complex topic that I will address in a 
future instalment. My experience has 
been that significant peak broadening 
is usually accompanied by a significant 
change in the peak shape, and more 
often peak tailing than fronting or splitting.  
Nevertheless, broadening of the 
peak that is nominally symmetrical 
can also occur, and could be caused 
by a handful of different reasons:
• “Volume overload”, where a large 

volume of injected sample can 
cause the peak to broaden (7);

• Data acquisition rate that is too slow (8);
• Connecting components of the 

system (for example, column and 
detector) with tubing that is too 
long or too large in diameter (9).

Each of these problems has been 
discussed in detail in prior instalments 
of “LC Troubleshooting”, and readers 
interested in those topics are referred 
to those articles for more detail 
on the root causes and potential 
solutions to these problems.

Tailing
Peak tailing, fronting, and splitting 
can each be caused by chemical or 
physical phenomena, and the list of 

(a) “Perfect” peak

(b) No peak

(c) Broad peak

(e) Fronting peak

(f) “Split” peak

(g) “Fuzzy” peak

(d) Tailing peak (g) “Negative” peak

FIGURE 1: Examples of (a) ideal, and (b–h) non-ideal peak shapes encountered in 
chromatography. The peaks shown in (d), (e), and (g) are from real experiments in my 
laboratory in the last two months.

TABLE 1: Potential problems leading to no peaks observed

Incorrect Mobile Phase

Problem Solution

Empty “B solvent” bottle 
(for example, organic solvent in reversed-
phase, or high salt in ion-exchange)

Refill solvent bottle and purge pump

Malfunctioning solvent proportioning valve 
(that is, low-pressure mixing 
in ternary pump designs)

Run diagnostic test using instrument 
software to determine if the valve is failing; if 

it is, replace the valve

Malfunctioning check valve in pump 
(that is, high-pressure mixing in binary 
pump designs)

Run diagnostic test using instrument 
software to measure the mobile phase 
composition accuracy; if it fails the test, 
troubleshoot to determine which pump  

head is producing the problem

Mobile phase prepared incorrectly 
by the operator

Prepare and try a new batch of mobile 
phase

Other Instrumental Problems

Problem Solution

Partially blocked autosampler needle, such 
that sample is not withdrawn by the syringe 
from the sample vial

Check pressure drop across needle; 
replace needle

Liquid level too low in the vial, such that the 
needle cannot reach it

Add more sample to vial; if sample is limited, 
use low volume vial inserts, or vial “bottom-

sensing” capabilities of sampler
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potential solutions for each of these 
problems differs greatly, depending on 
whether we are dealing with a chemical 
or physical problem. Often, an important 
clue about which one is the culprit can 
be found by comparing different peaks 
in a chromatogram. If all peaks in a 
chromatogram exhibit similar shapes, 
then the cause is more likely than not 
to have a physical origin. If only one or 
a couple of peaks are affected, but the 
rest look good, then it is more likely than 
not that the cause is chemical in nature.

The chemical causes of peak tailing are 
too complex to discuss in a short section 
here. Interested readers are referred to a 
recent instalment of “LC Troubleshooting” 
for a more thorough discussion (10). 
However, one easy thing to try is to 
decrease the mass of analyte injected and 
see if the peak shape improves. If it does, 
then this is a good clue that the problem 
is “mass overload”. In this situation, the 
method has to be limited to injecting less 
analyte mass, or the chromatographic 
conditions must be changed so that 
good peak shapes can be obtained 
even when injecting larger masses.

The potential physical causes of 
peak tailing are also numerous; readers 
interested in a detailed discussion of 
the possibilities are referred to another 
recent instalment of “LC Troubleshooting” 
(11). One of the more common physical 
causes of peak tailing is a bad connection 
at some point between the sample 
injector and the detector (12). An extreme 
example of this is shown in Figure 1(d), 
which was acquired in my laboratory a 
couple of weeks ago. In this case,  
we set up a system with a new injection 
valve we had not used previously, and 
installed a small volume injection loop 
that had ferrules already swaged onto 
the stainless steel capillary. After a few 
initial troubleshooting experiments, we 
realized that the port depth in the stator 
of the injection valve was much deeper 

than we are accustomed to, resulting in 
a large dead volume at the bottom of the 
port. This issue was easily resolved by 
replacing the injection loop with a different 
piece of tubing where we could adjust the 
ferrule to the proper position to eliminate 
the dead volume at the bottom of the port.

Fronting
Peak fronting like that shown in 
Figure 1(e) can also result from physical 
or chemical problems. A common 
physical cause of fronting is channelling 
in the particle bed of a column that is 
not well packed, or where the particles 
have reorganized over time. As with peak 
tailing, which is caused by this kind of 
physical phenomenon, the best solution 
for this problem is to replace the column 
and move on. Fundamentally, a fronting 
peak shape that has a chemical origin 
usually results from what we refer to as 

“nonlinear” retention conditions.  
Under ideal (linear) conditions,  
the amount of analyte retained by 
the stationary phase (and thus, the 
retention factor) is linearly related to 
the concentration of the analyte in the 
column. Chromatographically, this means 
that when the mass of analyte injected 
into the column is increased, the peak 
gets taller, but not wider. When retention 
behaviour is nonlinear, this relationship is 
broken, and when more mass is injected, 
the peak not only gets taller but also 
wider. Furthermore, the shape of the 
nonlinearity determines the shape of the 
resulting chromatographic peaks, leading 
to either fronting or tailing. As with mass 
overload that leads to peak tailing (10), 
peak fronting caused by nonlinear 
retention can also be diagnosed by 
reducing the mass of analyte injected. If 
the peak shape improves, then either the 
method has to be modified to not exceed 
the injected mass that leads to fronting, 
or the chromatographic conditions have 
to be changed to minimize this behaviour. 

Splitting and Shouldering
Sometimes we observe what appears to 
be a “split” peak, like that in Figure 1(f). 
The first step to solving this problem is 
to determine whether this peak shape 
is due to partial coelution (that is, the 
presence of two different but closely 
eluted compounds) or not. If there are 
actually two different analytes eluting 
close together, then this is a problem of 
increasing their resolution (for example, by 
increasing selectivity, retention,  
or plate number), and the apparently 

“split” peak has nothing to do with the 
physical performance of the column 
per se. Usually, the most important clue 
for making this determination is whether 
or not all peaks in the chromatogram 
exhibit the splitting shapes, or just one 
or two. If it is just one or two, then it is 
probably a coelution problem; if all peaks 
are split, then it is probably a physical 
problem, most likely with the column itself.

Split peaks that are related to the 
physical performance of the column 
itself are most often because of a 
partially occluded inlet or outlet frit, or a 
reorganization of particles in the column 
such that channels form where mobile 
phase flows faster in some regions of the 
column than in other regions (11).  
A partially occluded frit can sometimes be 
cleared by reversing the flow through the 
column; however, in my experience, this is 
usually a short-term rather than long-term 
solution. If the particles have reorganized 
within the column, this is usually lethal 
with modern columns. At this point, it is 
best to replace the column and move on.

“Fuzzy”, “Shaggy”, “Spiky”, 
or “Flat-Topped” Peaks
The peak in Figure 1(g), again from a 
recent instance in my own laboratory, 
most often indicates that the signal is  
so high that the high end of the  
response range has been reached.  
In the case of an optical absorbance 
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detector (UV–vis, in this case), when 
the analyte concentration is very high, 
the analyte absorbs most of the light 
going through the detector flow cell, 
leaving very little light to be detected. 
Under these conditions, the electrical 
signal from the light detector is heavily 
influenced by a variety of noise sources 
(for example, stray light and “dark 
currents”), such that the signal becomes 
very “fuzzy” in appearance, and 
independent of analyte concentration. 
When this occurs, the problem can 
usually be easily fixed by injecting less 
analyte—either by reducing the injection 
volume, diluting the sample, or both.

“Negative” Peaks
In chromatography school, we talk about 
the detector signal (that is, the y-axis 
in chromatograms) as an indicator of 
analyte concentration in the sample.  
Thus, it seems really weird to see a 
chromatogram where the signal goes 
below zero, as the simple interpretation 
would be that this indicates a negative 
analyte concentration—which, of 
course, is not physically possible. 
In my experience, negative peaks 
are most commonly observed 
when using optical absorbance 
detectors (for example, UV–vis). 

In this context, a negative peak simply 
indicates that the molecules eluting from 
the column absorb less light than the 
mobile phase itself immediately before 
and after the peak. For example, this 
could happen when using a relatively 
low detection wavelength (<230 nm) 
and mobile phase additives that absorb 
a significant fraction of light at these 
wavelengths. Such additives could 
be mobile phase solvent components 
(such as methanol) or buffer constituents 
(such as acetate or formate). One can 
actually prepare calibration curves and 
obtain accurate quantitative information 
using negative peaks, so there is no 

fundamental reason to avoid them per se 
(this approach is sometimes referred to 
as indirect UV detection) (13). However, 
if we really want to avoid negative 
peaks altogether, then the best solutions 
in the case of absorbance detection 
are to either use a different detection 
wavelength where the analyte absorbs 
more than the mobile phase, or change 
the constituents of the mobile phase so 
they absorb less light than the analyte.

Negative peaks can also occur when 
using refractive index (RI) detection 
when the components of the sample 
other than the analyte (for example, the 
solvent matrix) have a refractive index 
different from the refractive index of the 
mobile phase. This can also occur when 
using UV–vis detection, but the effect 
tends to be muted relative to RI detection. 
In both cases, negative peaks can be 
minimized by more closely matching 
the composition of the sample matrix to 
the composition of the mobile phase.

Summary
In this third instalment on essential topics 
in LC troubleshooting, I have discussed 
situations where the observed peak 
shape is somehow different from 
what is expected or normal. Effective 
troubleshooting for this type of 
problem begins with a sense for what 
the expected peak shape is (based 
on theory, or prior experience with an 
existing method), so that a deviation 
from those expectations is noticeable.  
There are many different potential 
causes of peak shape problems (too 
broad, tailing, fronting, and so forth). 
In this instalment, I discussed some 
of the causes I see most frequently 
in some detail. Understanding these 
details provides a good place to 
start troubleshooting, but does not 
capture all possibilities. Readers 
interested in learning about a 
deeper list of causes and solutions 

are referred to the LCGC “Guide 
to LC Troubleshooting” wallchart.
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Does High Polarity Mean High 
Retention on Stationary Phases 
in Gas Chromatography?
Nicholas H. Snow and Hetal Rana, Department of Chemistry and Biochemistry, Seton Hall University, New Jersey, USA

Stationary phase chemistry, polarity, and selectivity have been of ongoing interest since the inception of gas 
chromatography (GC) in the 1950s. In the early days when most analyses were performed on packed columns,  
there were hundreds of stationary phase materials available. Today, with modern capillary columns, most GC  
analyses are performed with a few stationary phases, with a wide array of choices for specialty applications. 
Stationary phases are often classified using the broad term polarity, with polar stationary phases recommended  
for separating polar analytes and nonpolar stationary phases recommended for nonpolar analytes.  
In this instalment, we examine the idea of stationary phase polarity. We examine the assumptions inherent 
in the most popular stationary phase polarity evaluating systems—McReynolds constants and the 
polarity scale. We see that high polarity does not always mean greater retention or higher selectivity. 

Nonpolar, moderately polar, and polar 
are probably the most used modifiers 
when describing stationary phases in 
gas chromatography (GC). We have 
all heard about stationary phases, 
such as polydimethylsiloxane (PDMS), 
being called nonpolar, cyano-modified 
PDMS being called moderately polar, 
and polyethylene glycol (PEG) being 
called polar. We also all remember the 
definitions of polar molecules and polar 
bonds from undergraduate chemistry, 
so we think about electronegativity 
differences and the presence of 
heteroatoms in the structure as a sign  
of a more polar compound. Translated to 
GC, we then use the old maxim  

“like dissolves like” to think about which 
stationary phase to choose to retain 
a given analyte or set of analytes. 
The stationary phase that seems to 
have a structure most similar to the 
analytes or the stationary phase that is 
on-hand is often the eventual choice. 

Whenever I am told that a 
compound is polar, I ask a simple 
question—compared to what? As we 
are in winter here in the eastern United 
States, I am reminded of a common 
and often fun social situation— 
talking about the weather. Depending 
on who you talk with, a nice January 
day in New York City, with an average 
temperature of 39 °F or 4 °C, may be 
either hot or cold, depending on who 
is discussing it. My friend from Florida 
might think it is cold, whereas my other 
friend from Vermont might think it is 
warm. So which is it? Polarity must 
be thought of in a similar fashion in 
that the word by itself is meaningless 
without a standard for comparison. 

In GC, there are two common 
measures for providing this 
comparison, both of which we 
discussed in an earlier column (1). 
These are Rohrschneider-McReynolds 
constants, developed in the 1960s 

and a polarity scale developed by 
Mondello in 2011 (2–4). As discussed 
in the previous column, note that 
the Mondello polarity scale is based 
on a sum of McReynolds constants, 
so both measures have the same 
basis. Both methods can easily lead 
to the common assumption that 
higher numbers for the constants 
provide greater retention and greater 
selectivity for compounds that have 
a similar structure to the test probes. 

To examine this assumption, 
consider three stationary phases 
(PDMS, PEG, and an ionic liquid, 
SLB-IL-100) whose structures 
are shown in Figure 1. A quick 
examination of the structures 
shown in Figure 1 shows a different 
chemistry for each stationary phase. 
We can expect that PDMS retains 
analytes by dispersive interactions, 
indicating strong retention for analytes 
containing high hydrocarbon content. 
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PEG, with a high hydroxy content, 
indicates strong retention of analytes 
capable of hydrogen bonding. Finally, 

SLB-IL-100, a molten salt, has 
complex retention properties, but 
because it is a salt, we can expect that 

it will not strongly retain hydrocarbons. 
Although a long hydrocarbon 
chain is seen in the structure, it 
seems likely that this chain, being 
flexible, bends to a conformation 
that exposes more of the polar and 
ionic character of the structure. 

Table 1 shows McReynolds 
constants and the sum of the 
constants for the three stationary 
phases seen in Figure 1. The constants  
and the total are much higher for 
the PEG and ionic liquid stationary 
phases than for PDMS. Details on 
how the McReynolds constants are 
determined using Kovats retention 
indexes and how the sum of the 
McReynolds constants are used 
to determine polarity numbers are 
provided in a previous column (1).

Kovats retention indexes and 
McReynolds constants are determined 
isothermally, so the temperature also 
has a major impact on the result and 
must be known. Figure 2 shows a 
chromatogram of four of the test probes 
used for determining McReynolds 
constants plus the necessary alkanes 
on a PDMS stationary phase, simulated 
using ProEZ GC online software (5).  
To calculate the McReynolds constant 
for an analyte, such as benzene  
(peak 2) in the chromatogram,  
the adjusted retention times of hexane 
(peak 1), benzene, and heptane  
(peak 5) must be known. The actual 
Kovats retention index for benzene in 
this chromatogram is 655, indicating  
that it elutes about halfway between 
hexane (600) and heptane (700).  
The McReynolds constant for 
benzene would then be determined 
by subtracting the Kovats retention 
index for benzene on squalene from 
the Kovats retention index on PDMS. 

Benzene is an aromatic hydrocarbon 
that undergoes both dispersive 
and pi–pi interactions. McReynolds 
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FIGURE 1: Structures of nonpolar, polar, and very polar stationary phases.  
(a) poly‑dimethylsiloxane, PDMS (nonpolar), (b) polyethylene glycol, PEG (polar),  
(c) SLB‑IL‑100 (very polar).

TABLE 1: McReynolds constants for three stationary phases

Probe Name Interactions PDMS PEG
SLB-
IL-100

X’ Benzene Pi–pi interactions for aromatics and olefins 16 334 602

Y’ Ethanol Proton donor and acceptor 55 509 853

Z’ 2-pentanone Proton acceptors 44 375 884

U’ Nitropropane Dipole–dipole interactions 65 601 1017

S’ Pyridine Strong proton acceptor 42 505 1081

Total 222 2324 4437
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FIGURE 2: Pro EZGC chromatogram modeller for McReynolds probes and alkanes  
on PDMS. Column: PDMS, 30.00 m × 0.25 mm, 0.25‑µm, carrier gas: helium,  
constant flow @ 2.03 mL/min, average velocity: 41.37 cm/s, outlet pressure:  
14.70 psi, oven temperature: 40 °C. Sample: 1) hexane (C6), 2) benzene,  
3) 1‑butanol, 4) 2‑pentanone, 5) heptane (C7), 6) pyridine, and 7) octane (C8).
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constants are determined by the 
difference between the Kovats 
retention indexes measured on the 
stationary phase of interest and on a 
classical nonpolar stationary phase, 
squalene, which is the liver oil from 
sharks. One challenge when working 
with McReynolds constants today 
is the availability of columns made 
using squalene, which were popular 
in packed columns but not used 
in capillary columns. Our nonpolar 
stationary phase in this discussion, 
PDMS, is considered the most 
nonpolar stationary phase in GC today. 

Looking more closely at the 
constants for benzene shown in 
Table 1, we see that the constants 
are much higher for PEG and 
SLB-IL-100, implying that the more 
polar stationary phases should 
retain benzene much more strongly. 
However, this is not the case. 

Table 2 shows the retention factors, 
McReynolds constants, Kovats 
retention indexes, and polarity 
numbers for benzene on the three 
stationary phases. The retention 
factors were determined at 60 °C.  
With the thin film columns used,  
we see that the retention factors are 
low, indicating that retention is not 
strong. We quickly make a couple 
of interesting observations. First, 
benzene is more strongly retained,  
as seen by the higher retention factor 
on PDMS, the least polar column 
than on SLB-IL-100. This observation 
may not be too surprising as PDMS 

primarily exhibits dispersion forces 
that are prevalent in benzene 
while SLB-IL-100 does not. 

If benzene is less retained on 
SLB-IL-100, then why are the 
McReynolds constants so much 
higher? Looking at the Kovats retention 
index data in Table 2, we see that 
the hydrocarbons that are used as 
standards in the calculation must shift to 
much lower retention factors themselves 
as the stationary phase becomes more 
polar, whereas the retention factor of 
benzene remains roughly the same  
or decreases. On PDMS, benzene  
elutes between hexane and heptane.  
On PEG, it elutes between nonane and 
decane. On SLB-IL-100, it elutes after 
undecane. In short, the n-alkanes have 
shifted to a much shorter retention, 
but retention of the analyte remains 
approximately the same. If this is the 
case, is it appropriate to then state 
that the stationary phase is more polar, 
retentive of the analyte, or has higher 
selectivity for similar analytes?

Does Polar Mean Retentive?
Does a high polarity, indicated either 
by large McReynolds constants or 
by a high polarity number, always 
indicate that a stationary phase will 
be retentive, giving long retention 
times? From the benzene example, 
a high polarity number or a high 
McReynolds constant does not 
always mean long retention times 
or high retention. Although the 
constants are a convenient and 

often illustrative example, we must 
consider how they are generated 
and whether the constants change 
because of a shift in retention of the 
analyte or of the n-alkane standards. 

Does Polar Mean Selective?
Does a high polarity number or a high 
McReynolds constant mean that a 
column will also be highly selective? 
Because the polarity number scale is 
derived from a combination of several 
McReynolds constants, it is not  
useful in determining selectivity.  
It is just an overall measure of polarity, 
and because it considers several 
intermolecular interactions, it cannot be 
used to determine the effectiveness of 
the stationary phase to separate based 
on any one of them. A high McReynolds 
constant can be used as an indicator 
of selectivity for compounds that 
exhibit similar properties as the test 
probe, but this should be used with 
caution. If the high McReynolds 
constant results from a shift in alkane 
retention, rather than analyte retention, 
then the stationary phase might not 
exhibit the expected selectivity. 

What About the Use 
of n-Alkanes?
The use of n-alkanes as standards in 
the Kovats retention index calculation 
and by extension for the McReynolds 
constants and the polarity scale 
presents an interesting problem. 
Alkane retention provides a measure 
of dispersive interactions that are 
major components of retention 
in both gas chromatography and 
reversed-phase high performance 
liquid chromatography (HPLC). 
Because n-alkanes themselves 
exhibit high dispersive interactions, 
using them as standards effectively 
subtracts dispersive interactions 
out of the discussion of retention. 

TABLE 2: Retention data for benzene at 60 °C on three stationary phases

Stationary 
Phase

Polarity 
Number

Kovats 
Retention Index

McReynolds 
Constant

Retention 
Factor (k)

PDMS 5 654.9 16 0.426

PEG 52 954 334 0.718

SLB-IL100 100 1114.1 602 0.323
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Dispersive interactions, also called 
London dispersion forces, are by 
far the most seen intermolecular 
interaction in GC. We remember from 
undergraduate general chemistry that 
they occur in nonpolar molecules or 
in the nonpolar portion of larger or 
polar molecules. They occur because 
electron clouds are rarely evenly 
distributed around the molecule, 
generating momentary dipoles.  
This is especially evident in aliphatic 
hydrocarbons, which contain only 
nonpolar carbon–hydrogen bonds, 
arranged in a tetrahedral orientation. 
As the hydrocarbon chains get longer, 
dispersive interactions between 
molecules of the hydrocarbon increase, 
generating an increased boiling 
point. Similarly, increased dispersive 
interactions between analyte 
molecules and the stationary phase 
lead to longer retention times in GC 

Looking at n-alkanes with our 
three stationary phases, we easily 
see that n-alkanes will be more 
strongly retained on PDMS than 
PEG than SLB-IL-100 because of 
the strongest dispersion forces 
being with PDMS, followed by PEG, 
and very little dispersion force with 
SLB-IL-100. In the case of SLB-IL-100, 
the stationary phase repels alkanes 
so strongly that undecane, with a 
normal boiling point of 384 °C, has 
a retention factor of approximately 
0.3, with 70% of the undecane 
molecules in the vapour phase at 
60 °C, indicating very little retention. 

What is the Solution?
The first solution to this problem 
is to consider the actual structure 
of the analytes and the expected 
intermolecular interactions 
qualitatively and carefully with the 
stationary phase, rather than simply 
looking at the McReynolds constant 

related to that interaction. Stronger 
retention can still be expected from 
stationary phases that exhibit similar 
intermolecular interactions, such as 
dispersion, pi–pi, or hydrogen bonding 
of the analytes. If a more rigorous 
analysis is needed, thermodynamic 
retention indexes, which are based 
on classical thermodynamics of 
separations and form the basis for 
chromatography modelling software, 
can be used, but these can also be 
tedious (5,6). To date, there is still 
no systematic way to fully predict 
separation power of a given stationary 
phase other than experimentation 
and classical method development. 

Conclusions
Polarity and polar are common and 
easily misunderstood terms used 
to describe stationary phases in 
GC. When polar is used to describe 
a stationary phase or a solvent, the 
question, “compared to what?” must 
be asked. PEG would be considered 
more polar compared to PDMS but less 
polar when compared to SLB-IL-100. 
The common measures of stationary 
phase polarity, McReynolds constants 
and the polarity scale, are not always 
accurate predictors of retentiveness 
or selectivity because of the use of 
n-alkanes as retention time standards. 
A truly systematic and easy-to-use 
means for predicting retentiveness 
and selectivity based on stationary 
phase chemistry remains elusive. 
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Application of Porous Layer 
Open Tubular Columns: 
Beyond Permanent Gases
Lina Mikaliunaite1, David S. Bell2, and Robert E. Synovec1, 1Department of Chemistry, University of Washington, Seattle, Washington, USA, 
2Column Watch Editor

Porous layer open tubular (PLOT) columns are traditionally built with particles that are adhered to the tubing 
walls. These columns have unique selectivity and provide a great alternative when gaseous samples need to be 
separated, but these columns have also been used to separate higher boiling point analytes. There are many different 
commercially available stationary phases of PLOT columns, including alumina-based columns, molecular sieves,  
and porous polymers. Alumina-based columns have an aluminium oxide stationary phase that is then deactivated with 
different salts. These columns have high capacity, superior loading ability, and produce symmetrical peaks. Molecular sieve  
columns are designed specifically for permanent gas separations because the columns have high retention.  
Porous polymer columns are highly hydrophobic, making them more applicable to analyzing a wider range of samples. 

There are a wide variety of commercially 
available stationary phases of 
porous layer open tubular (PLOT) 
columns (Table 1) such as alumina, 
molecular sieve, carbon, silica, 
and a variety of porous polymers. 
In general, PLOT columns are 
traditionally built with particles that 
are adhered to the tubing walls. 

Alumina columns have an aluminium 
oxide stationary phase that is then 
deactivated with various salts.  
These columns have high capacity  
and produce symmetrical peaks. 
Molecular sieve columns are designed 
specifically for permanent gas 
separations. Carbon‑layer columns 
provide selectivity for inorganic and 
organic gases, like separating carbon 
monoxide and carbon dioxide.  
Silica columns are a great alternative to 
packed columns because they are made 
to be selective for C1–C4 compounds.  
Porous polymer columns are 

hydrophobic, which makes them more 
applicable to the analysis of a wider range 
of samples. DVB/vinylpyridine polymers 
are moderately polar and DVB/ethylene 
glycol/dimethacrylate are the most polar 
polymer columns. These commercially 
available PLOT columns (Table 1) are 
extensively tested to produce superior 
separations and are made to not shed 
particles, which was previously a concern 
with PLOT columns (1). Although PLOT 
columns have been primarily applied 
in gas chromatography (GC) with the 
main focus on separating low boiling 
point analytes (2,3), there is evidence of 
PLOT column use beyond light samples 
(4–6). The versatility of PLOT columns 
has been exploited even further by their 
use in dynamic vapour microextraction 
(DVME) (7–9) and even in liquid 
chromatography (LC) (10–12). Here, we 
discuss the application of PLOT columns 
beyond their original primary use for 
permanent gaseous sample separations.

Gas Chromatography
The first laboratory‑made PLOT columns 
were introduced in 1963 (13,14). Since 
that time, these columns have been 
mostly used for separating light mixtures 
such as permanent gases (2,15,16) 
or light hydrocarbons (3,17,18). It has 
been shown that PLOT columns are 
very retentive for light compounds. For 
example, a 10‑m molecular sieve column 
has been used to separate permanent 
gases in the presence of hydrocarbons 
and nitriles (2). With the exception of 
helium and neon (which coeluted),  
all the other permanent gases (argon, 
dinitrogen, krypton, xenon), along 
with methane and carbon monoxide, 
were baseline separated (2). Alumina 
columns have been evaluated by Ji and 
others, where they showed that these 
columns are highly retentive for C1–C6 
compounds (3). The baseline separation 
of methane, ethane, ethylene, propane, 
and higher carbon content compounds 
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was achieved using a 30‑m alumina 
column (3). Retentiveness of PLOT 
columns that was obtained with 
light compounds could potentially 
be applied to higher boiling point 
analytes and there has been some 
work done throughout the years to 
broaden the use of PLOT columns.

In 1974, fast, high temperature 
separations were performed using a 
molecular sieve column by Soulages 
and others where the paraffin and 
naphthalene content was investigated 
in saturated hydrocarbon distillates (19). 
Arpino and others in 1977 presented a 
new PLOT column that was made with 
a graphitized thermal carbon‑black 
polar stationary phase that could be 
used for GC and LC (20). This column 
was used to investigate two oxidation 
reactions, where citral (boiling point: 

225 °C) was produced from geraniol 
(boiling point: 230 °C) (20). Reaction 
products were separated and more 
than 30 by‑products were identified 
(20). Another application, reported 
in 1980 by Uden and others, involved 
separating volatile metal chelates and 
organometallic compounds (such as 
chromium trifluoroacetylacetonate, 
chromium hexatluoroacetylacetonate‑
trifluoroacetylacetonate chelates, 
copper [II] tetradentate p‑ketoamine 
chelates, cyclopentadienylmanganese 
tricarbonyl compounds) using 
carborane‑silicone Dextil PLOT 
stationary phases in a stainless  
steel column (21). Following that,  
in 1983, Nijs and others implemented 
alumina‑coated PLOT columns to 
separate hydrocarbons up to C10 
(4). In the same study, the authors 

demonstrated a beautiful separation of 
naphtha, with p‑xylene (boiling point: 
138 °C) being the heaviest compound 
present (4). Another report, where 
some higher boiling point analytes 
were separated in conjunction with 
permanent gases, was published by 
Greally and others in 1998 (5). In this 
study, a novel PLOT column with a 
hydrophobic silica layer coated on 
a fused‑silica capillary was used (5). 
Various halogenated hydrocarbons 
were separated in this study; although 
most analytes had a boiling point 
<0 °C, they also separated heavier 
halogenated hydrocarbons such as 
chloroform (boiling point: 61 °C) (5). 
Another more recent work involving 
hydrocarbon mixture separations was 
reported by Wawrzyniak and others 
while evaluating a novel stationary 
phase of 4,4,4‑trifluoro‑1‑phenyl‑
1,3‑ketoiminepropyl silane used as 
a porous layer bonded on to 5‑μm 
nucleosil silica (22). Halogenated 
hydrocarbons up to C6 were analyzed, 
which facilitated the separation of 
the heaviest compound in this study 
of 1,2‑dichlorobenzene (BP: 180 °C) 
(22). Another unique application of 
PLOT columns includes isotopic 
separations where a commercially 
available porous polymer PLOT 
column has been used to separate 
acetaldehyde and methanol from their 
deuterated isotopologues, performed 
using headspace sampling (6). 

Implementation of PLOT columns 
has also emerged in the field of 
comprehensive two‑dimensional 
(2D) gas chromatography (GC×GC), 
where the complementary separation 
mechanisms provided by two different 
PLOT columns can be leveraged to 
produce intriguing 2D separations. 
Light hydrocarbons and some solvents 
were separated using different 
commercially available PLOT columns 
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TABLE 1: Commercially available PLOT columns of different stationary phases (porous layers) 
compared between Restek, Supelco, Agilent, and Quadrex. Table remade and updated from 
Restek’s PLOT family document from 2020.

Porous Layer Restek Supelco Agilent Quadrex

Bonded silica ------ ------ CP Silica PLOT, GS-
GasPro ------

Aluminium oxide Alumina BOND/
Na2SO4

Alumina-sulfate GS-Alumina, CP-
Al2O3/Na2SO4

------

Aluminium oxide Alumina BOND/
KCl

Alumina-
chloride

GS-Alumina KCl, HP 
PLOT Al2O3,  

CP-Al2O3/KCl
PLT-Al2O3

Aluminium oxide Alumina BOND/
CFC ------ ------ ------

Aluminium oxide Alumina BOND/
MAPD ------ Select Al2O3 MAPD ------

Molecular sieve 5A Msieve 5A Molsieve 5A HP PLOT Molesieve, 
CP-Molesieve 5A PLT-5A

Carbon ------

Carboxen-1010 
PLOT, 

Carboxen-1006 
PLOT

CarboBOND, 
CarboPLOT P7,  

GS-CarbonPLOT
------

100% 
Divinylbenzene Q-BOND Supel-Q-PLOT

HP PLOT Q, CP- 
PoraPLOT Q, CP-

PoraBOND Q
PLT-Q

Intermediate polarity 
porous polymer QS-BOND ------ GS-Q ------

DVB vinylpyridine 
polymer S-BOND ------ CP-PoraPLOT S ------

DVB ethylene glycol-
dimethylacrylate 
polymer

U-BOND ------
HP PLOT U, CP-
PoraPLOT U, CP-

PoraBOND U
PLT-U

COLUMN WATCH



by Patrushev and others in 2018, with 
the heaviest compound separated 
being methylcyclohexane (boiling 
point: 101 °C) (23). GC×GC has also 
been shown to provide informative 2D 
separations for gasoline, which we 
described in our recent report, where 
a distinct commercially available 
PLOT column was applied for each 
dimension. On the first dimension 
(1D), a silica PLOT was applied, while 
on the second dimension (2D), a 
porous polymer PLOT was used (24).

PLOT columns have unique 
selectivity and provide a great 
alternative to wall‑coated open tubular 
(WCOT) columns or packed columns 
for separations of light samples (25–27). 
Environmental Protection Agency 
(EPA) Appendix IX volatiles calibration 
megamix was separated by GC using 
the same temperature program and 

chromatographic conditions on a 
WCOT column (Rtx‑200) in Figure 1(a), 
and on a PLOT‑Q column in Figure 1(b). 
Most of the mix eluted at the beginning 
of the chromatogram using a WCOT 
column; while using the PLOT‑Q 
column, the entire mixture was well 
retained and separated—everything 
from carbon disulfide (BP: 46 °C) 
to naphthalene (BP: 218 °C). In this 
example, even a very short length PLOT 
column provides unique selectivity for 
low boiling point analytes relative to 
the selectivity that is provided using 
a WCOT column. A heavier sample 
of gasoline was used to further show 
the unique separation abilities of 
PLOT columns. Gasoline is one of 
the heaviest “common” samples 
that can be run on PLOT columns. 
Figure 2 presents optimized gasoline 
separations on a porous polymer 

(PLOT‑S) column (Figure 2[a]) and 
an alumina oxide (Rt‑Alumina BOND/
MAPD) column (Figure 2[b]). The 
heaviest compound that elutes from 
both columns is 1‑methyl naphthalene, 
which has a boiling point of 244 °C. 
Although both columns provide 
intriguing separations of gasoline with 
relatively short run times, Rt‑Alumina 
BOND/MAPD provides a better 
separation of very similar molecules. 
As shown in Figures 2(c) and 2(d), 
neopentane, 1‑pentene, isopentane, 
and pentane are separated into four 
peaks on Rt‑Alumina BOND/MAPD 
(Figure 2[d]), while on PLOT‑S column 
(Figure 2[c]), these compounds 
overlap into two peaks. Rt‑Alumina 
BOND/MAPD also provides a mix 
of sharper peaks and broader 
peaks. These separations show the 
ability to apply PLOT columns for 
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samples containing compounds with 
a wide variety of boiling points—for 
example, isobutane (BP: ‑11 °C) to 
1‑methyl naphthalene (BP: 244 °C). 

Dynamic Vapour Microextraction 
(Cryoadsorption)
More recently, PLOT columns have also 
been used for cryoadsorption, which 
was developed at National Institute 
of Standards and Technology (NIST) 
in 2009 by Bruno and others (7). This 
technique is also referred to as DVME. 
More specifically, it is an ultra‑sensitive, 
low volume purge‑and‑trap sampling 
method where vapour‑phase analytes 
are concentrated on a section of the 

PLOT column (9). DVME is a dynamic 
headspace sampling technique 
that is especially useful when low 
volatility compounds are of interest.

A cryoadsorption apparatus for 
DVME adapted from the pioneering 
report by Bruno and others is shown 
in Figure 3(a) (7). In this work, the 
apparatus was equipped with a short 
alumina PLOT column as a purge 
trap (Figure 3[b]) operating at a low 
temperature. The apparatus was 
evaluated using a pure explosive 
compound 2,3,4‑trinitrotoluene as 
well as a practical explosive C‑4 (7). 
Later, the same group published a 
broader study using alumina‑coated 

PLOT columns for cryoadsorption 
where industrial and military plastic 
bonded explosives (PBX) tagged C‑4, 
Semtex‑1A, Semtex‑H, detonating 
cord (detcord), and sheet explosive 
(Detaflex) were investigated (28). 
DVME was adapted later by Nichols 
and others. In this study, short PLOT 
columns were used in cryoadsorption 
on arson fire debris samples (29). 

Most recently, cryoadsorption 
was adapted to develop a portable 
vapour sampling device. The first 
account of such work was published 
in 2016 by Bruno and others, where 
the instrument was laboratory tested 
using naphthalene, kerosene, and 
others, producing accurate detection 
and quantitation after a short collection 
time of 3 s with a concentration 
limit of detection (LOD) of less than 
1 ppm (8,30). Then, this device 
was in‑field tested by Harries and 
others in 2019 on an old U.S. Army 
communication bunker as a simulated 
shipping container (31). This device 
was able to detect naphthalene, 
two‑explosive‑related compounds, and 
four protein decomposition markers,  
as well as gasoline (31). This work was 
further expanded by another study that 
examined how long after in‑field  
collection the samples stay preserved 
when collected on the PLOT column.  
It was determined that the integrity 
of the samples was fully preserved 
for 24 h, with losses occurring 
by the seventh day (9). 

DVME has been shown to be a 
very sensitive technique. Burger 
and others examined the difference 
between natural gas sampling using 
multi‑PLOT‑cryo (Figure 3[c]) and a 
direct injection of the same amount of 
natural gas using a gas‑tight syringe 
(Figure 3[d]). The study showed how 
much more sensitive and suitable 
for the analysis of trace components 
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FIGURE 1: Comparison between the separation of 200-ppm EPA Appendix IX Volatiles 
Calibration mix (Sigma-Aldrich) on (a) a wall-coated open tubular column (Rtx-200)  
and (b) a porous layer open tubular column (PLOT-Q) ran at the same chromatographic 
conditions, while only changing the column. Here, a 2 μL meaure of the sample was 
injected both times using a 1:25 split, columns were run at 1.5 mL/min carrier gas and 
analyzed using a quadruple mass spectrometer. The temperature program was started at 
100 °C and ramped at 10 °C/min to 250 °C. The lightest compounds in the mix separated 
using a PLOT-Q column but did not using a Rtx-200 column were identified in the 
insert of part (b). The heaviest compounds separated on both columns were identified: 
o-dichlorobenzene (BP: 180 °C), m-dichlorobenzene (BP: 173 °C), p-dichlorobenzene 
(BP: 174 °C), hexachloroethane (BP: 187 °C), 3-chloro-1,2-dibromopropane (BP: 196 °C), 
and naphthalene (BP: 218 °C).
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the PLOT‑cryo technique is over 
traditional sampling methods (32). 
Because of the superior sensitivity 
of DVME, it has been used in recent 
years to analyze a broad range of 
samples: fuels (33), cannabinoids 
(34), and forensics (28,29,35,36). 

Liquid Chromatography
Traditionally, LC is performed using 
packed columns with bonded phases, 
but it has been shown that open tubular 
columns can provide higher column 
efficiency (37). There have been a few 
studies into using open tubular columns 
in LC in the 1970s and 1980s (38,39), 
and it has been shown that to  
reach column efficiencies close to  
what is achieved in GC, the columns 
must be not more than 15 µm in  
internal diameter (i.d.) (40). Open 
tubular column use was revitalized 

in LC after coupling to electrospray 
(ES) mass spectrometry (MS) (41). 

PLOT columns have become 
increasingly popular in LC in recent 
years. Most papers have focused 
on using PLOT columns for LC 
separations of various biological 
samples. In 2010, Rogeberg and 
others separated intact proteins 
in skimmed milk using polystyrene 
divinylbenzene PLOT columns (10); 
narrow peaks (0.144–0.33 min) and 
good within‑column repeatability in 
retention times (0.6% RSD) were 
achieved, with less than 1.1% carryover 
injection‑to‑injection. In 2011, Wang 
and others analyzed haptoglobin 
from lung cancer patients with a 
10 µm i.d. polystyrene‑divinylbenzene 
PLOT column by LC coupled to 
collision‑induced dissociation/electron 
transfer dissociation–MS (LC−CID/

ETD‑MS) (11). Separation of three 
glycopeptides (T1, T2, and T3)  
was performed, whereby the intensity  
of a 10‑fmol sample separation using  
the PLOT column was similar to that  
of a 200‑fmol sample separation  
when a standard packed column  
was used for LC–MS (11). A new 
zwitterionic PLOT column was 
introduced by Peng and others in 2016 
that was used to separate flavonoids 
from rootstock of liquorice (42). Good 
RSD for differences in retention 
time run‑to‑run (≤1.1%), day‑to‑day 
(≤0.78%), and column‑to‑column 
(≤1.1%) were obtained.

There have also been nano‑LC 
and pico‑LC systems that have been 
introduced in recent years, where 
a PLOT column was used for the 
separations. In 2009, a nano‑LC 
system using an amine‑bonded 
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poly(vinylbenzyl chloride‑
divinylbenzene) hydrophilic interaction 
LC (HILIC) PLOT column was used 
for the separation of a glycan mixture, 
and only 50 fmol of a dextran ladder 
was needed to identify dextrans up to 
G22 (43). In 2011, Thakur and others 
presented a workflow where breast 
cancer cells were analyzed using 
PLOT‑LC tandem MS (MS/MS),  
demonstrating good quantitative 
reproducibility between the same 
patient samples (44). In 2017, Li and 
others presented a new pico‑PLOT 
HPLC system that was used to 
separate amino acid enantiomers 
(45). A very recent report from 
Vargas Medina and others in 2022 
describes the development of nano‑LC 
coupled to electron ionization (EI)–

MS. Polyaromatic hydrocarbons and 
thermolabile pesticides were separated,  
and the LOD of such a system was 
determined to be 25 µg/L (12).

Conclusion and Future 
Prospectus
PLOT columns provide unique retention 
and selectivity for low boiling point 
analytes relative to WCOT columns 
(25–27). Although most of their use has 
been shown with light mixtures (2,3), 
there has been some work done to 
broaden their use throughout the years 
(4–6). We demonstrated their unique 
abilities to separate light compounds 
as well as heavier boiling point analytes 
(Figures 1 and 2), which shows a 
broad analyte range that can be 
analyzed using PLOT columns. As in 1D 

chromatography, GC×GC using PLOT 
columns has mostly been employed 
to separate samples containing light 
boiling point compounds and continues 
to be an underutilized application area 
for PLOT columns. Further applications 
of PLOT columns have been shown by 
their use in a new sampling technique 
of DVME, and this technique has 
been applied to analyze various 
samples, including explosives, fuels, 
cannabinoids, and poultry (33–35). 
PLOT columns have also gained 
attention in the LC community due 
to higher efficiency, where they have 
been adapted to be used in nano‑LC 
systems to analyze mostly biological 
samples (10–12). It is important to note 
that because there are no commercially 
available PLOT‑LC columns, this is a 
research area under development with 
ample opportunities. Broader use of 
PLOT columns is a growing research 
area, especially with their use for 
heavier samples in GC. Applying these 
columns for sampling using dynamic 
vapour microextraction and utilizing 
their better column efficiency in liquid 
chromatography also demonstrate 
expanding utility of the technology. 
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FIGURE 3: (a) Schematic of cryoadsorption apparatus, where sample is kept inside 
the oven and (b) cryoadsorber trap is put inside the cryostat, so it can be chilled to the 
desired temperature. (b) The cryoadsorber trap is made from a PLOT alumina column, 
and for trace headspace analysis of explosives 3 m of PLOT column were used. (a) and 
(b) Reprinted with permission from T.M. Lovestead, T.J. Bruno, Trace headspace sampling 
for quantitative analysis of explosives with cryoadsorption on short alumina porous layer 
open tubular columns. Anal. Chem. 82(13), 5621–5627 (2010). Copyright 2010 American 
Chemical Society. (c) shows major components after natural gas was collected using 
multi-PLOT-cryo method, and (d) shows the analysis of the same sample using direct 
injection using a gastight syringe, showing that multi-PLOT-cryo method is much more 
sensitive. (c) and (d) Reprinted with permission from J.L. Burger, T.M. Lovestead,  
T.J. Bruno, Composition of the C6+ fraction of natural gas by multiple porous layer open 
tubular capillaries maintained at low temperatures. Energy & Fuels 30(3), 2119–2126 
(2016). Copyright 2016 American Chemical Society.
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Q. Why is there a need for a 
small footprint capillary liquid 
chromatography–ultraviolet–mass 
spectrometry (LC–UV–MS) system 
in the pharmaceutical industry?
A: This is a good question; 
most people’s perception of 
the pharmaceutical sector 
is one of massive analytical 
laboratories packed full of 
advanced instrumentation and 
endless resources. However, the 
pharmaceutical manufacturing 
industry is changing, and changing 
to become more responsive 
and enabled for smaller-scale 
manufacturing within more diverse 
locations. This doesn’t sit well with 
traditional large-scale analytical 
facilities, and instead demands a 
move towards greater analytical 
measurement capability and 
quality control technology at point 
of manufacture. In this case that 
would be in the manufacturing plant 
itself—as and when the formulations 
and products are being produced. 
Of course, this means a different 
class of chromatographic instrument, 
and the development of analytical 
systems that are flexible and 
robust, easily tailored for specific 
cases, and operated equally well 
by production engineers as well 
as analytical chemists. Given 
the dynamism and complexity 
of these smaller manufacturing 

facilities—including “in-hood”-scale 
reactions—small footprint and high 
performance analytical platforms 
are in demand to help progress 
this agenda, and top of the list in 
terms of capability, specificity, and 
quantitative performance is LC–MS.

Q. What, in your opinion, constitutes 
a truly portable LC system?
A: Well, how long (or short) is a 
piece of string? The definition of 
portability is one that writers of 
reviews on portable systems—and 
there are many—struggle to get 
agreement on. Let’s start with what 
is not “truly portable”, namely the 
vast majority of traditional benchtop 
LC and LC–MS systems that are 
specifically designed for laboratory 
use. As such, they are configured for 
essential supporting infrastructure 
and connections and the like, and 
therefore they remain stationary for 
the majority of their working lifetime. 
Its hard to describe a 120–150 kg 
LC–MS system as anything but a 
non-portable instrument. In our 
work we jump between the use of 
the terms “miniaturized”, “portable”, 

“deployable”, and even “mobile” 
to describe our small-footprint 
analytical platforms, but all have 
several characteristics in common 
that support their portability. First, 
size and scale—typically they are 
no larger than a standard desktop 
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computer and weigh little enough 
to be transported by an individual. 
Second, the time it takes to set up 
and begin analysis; we try and make 
this minutes rather than hours— 
that way the system can be taken 
from one site to another and get to 
work immediately, without the need 
for any specific local “immobile” 
infrastructure and specialist 
services. Plug-and-play and battery 
operation add to this capability 
but aren’t primary needs; however, 
robustness and reliability are very 
important when an instrument 
needs to be able to move around.

Q. In a recently published paper, 
you detail the development of 
a portable “briefcase-sized” 
capillary LC system with a 
UV-LED-based absorbance detector, 
simultaneously coupled with a 
small portable mass spectrometer 
(1). What challenges did you 
face in its development?
A: This has been quite a long 
project—which continues today—
and multiple systems of increasing 
complexity and performance have 
been developed over the past 
few years. First off the bat, find a 
worldly-wise industry partner to 
collaborate with, as any project on 
instrument development rapidly gets 
to a point where academics and 
research students run out of resource 
puff on their own. In terms of portable 
LC, there are many challenges.  
When attempting to reduce the 
physical scale of the instrument it 
was clear from an early stage in the 
project that we needed to be using a 
capillary format so that we didn’t have 
to deal with large volumes of solvents, 
and so we could also downsize 
the pumps—in our case moving to 
simpler syringe-based pumps to 

deliver a gradient option. This offers 
great advantages but comes with a 
price—that being building robustness 
into smaller, more delicate modules, 
such as small-scale switching valves, 
capillary tubing, and connections, 
and capillary-scale absorbance 
detection. All of this has been 
achieved, but a lot of lessons have 
been learned. With portable MS we 
needed to look to utilize a system that 
was self-supporting, such as internal 
vacuum pumps, and with minimal 
external inputs required—in our case a 
small nitrogen cylinder and a portable 
(petrol) power generator. Once again, 
a system with very rapid start-up and 
equilibrium times was essential—
typically under 30 min—otherwise 
it wasn’t going to work. Luckily, we 
identified a perfect companion MS 
system for our portable LC platform, 
and we had a portable LC–MS option 
that we could start-up and use in 
the field (literally) in under 30 min. 

Q. How does the system 
perform when compared 
with a standard system?
A: Quantitatively, as shown within 
our perfluoroalkyl and polyfluoroalkyl 
substances (PFAS) paper using 
the system (2), the results obtained 
were pretty much spot on when 
compared to laboratory analysis 
on a large commercial instrument. 
What we could never hope to match 
would be top-end chromatographic 
performance. We don’t claim to 
deliver separation efficiencies 
of a modern ultrahigh-pressure 
liquid chromatography (UHPLC) 
system, but that’s actually rarely 
ever necessary in most cases 
you can think of. Certainly, within 
the pharmaceutical sector, most 
separations include under five peaks! 
The system we have developed can 

match standard high performance 
liquid chromatography (HPLC) in 
terms of speed and selectivity—
and detector sensitivity in most 
instances—and, of course, surpasses 
most standard systems in terms of 
reduced solvent usage and costs.

Q. Was the UV-LED-based 
absorbance detector you are 
utilizing the one you developed 
for the paper published in 2020 
(3)? If so, could you talk a little 
about why you developed it, why 
it was needed, and its potential 
applications in other areas?
A: Essentially yes, but in fact we have 
developed a number of LED-based 
absorbance detectors over the 
years—in fact one for every new 
generation of deep-UV-LED. As the 
LEDs available move ever closer 
to the magical 200 nm region, the 
housing and peripherals of the 
detector require modification, and we 
have become somewhat expert at this. 
The latest version of the portable LC 
platform being developed has options 
for various detector configurations—
either LED-based, or indeed miniature 
diode array capability—designed 
to suit the needs of the end user. 
The benefit of any LED-based 
absorbance detector lies in its size 
and cost. LEDs—even deep-UV 
LEDs—are cheaper than traditional 
light sources, such as deuterium 
lamps, and their semi-monochromatic 
emission simplifies the detector 
considerably, reducing the need for 
filters or monochromators. Coupled 
with low power demands, it’s the 
obvious choice for portable platforms. 
Looking to the future, application 
areas of LED-based absorbance 
detectors will continue to expand 
as the emission wavelengths of 
commercial LEDs continue to 
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decrease, since most small molecules 
will then have some absorbance 
within the LED wavelengths available.

Q. Are there any limitations to the 
system or areas where further 
improvement could be achieved?
A: There are always improvements 
to be made. Future interactions of 
portable instruments will no doubt 
see improved efficiency, selectivity, 
and sensitivity—much like constant 
evolution of standard lab-based 
systems. Clever engineering will 
probably make such portable systems 
even smaller and lighter, and as 
with all analytical instrumentation, 
the need for reliability, robustness, 
and user-friendly operation will see 
continuing attention placed upon 
these as well. What still requires 
attention and innovation is the sample 
handling and preparation aspects 
of on-site chromatographic analysis. 
The development of automated, fast, 
and intelligent sample handling and 
preparation solutions to run alongside 
such portable instruments is still 
an area requiring much attention.

Q. Further to deploying a portable 
system for pharmaceutical 
analysis, you have also utilized 
a portable capLC–MS system 
for environmental analysis, 
specifically the detection of 
PFAS in soil (2). What are the 
challenges when analyzing PFAS 
in the field with such a system?
A: Actually, it wasn’t as hard as we 
thought it might have been. We 
managed to source a number of 
small portable accessories required 
for sample prep, including a small 
battery-operated balance for 
weighing the samples and a small 
battery-operated sonic probe for 
sonic-enhanced solvent extraction 

from the soils. We then simply needed 
a small nitrogen cylinder and a small 
common petrol generator for power. 
Put all this together in the back of 
an ute or small van and we were 
totally mobile. We had run plenty 
of laboratory tests first to ensure 
recoveries were acceptable, and so 
we were confident analytically that the 
system was fit for purpose. The only 
challenges the guys faced were where 
to start digging without causing locals 
to start worrying, or local dog walkers 
to start asking too many questions!

Q. How did the developed 
system and method perform?
A: As I alluded to above, for this 
particular application we were lucky 
enough to acquire a large number 
of soil samples, which had been 
previously analyzed for PFAS using a 
high-end laboratory LC–MS system 
from a commercial laboratory (2). 
We extracted and analyzed these 
samples blind and then compared 
results. The agreement was excellent, 
which gave us great satisfaction given 
the differences in the sophistication 
and complexity of the two systems. 
For sure we had ourselves a practical, 
portable, and deployable platform 
for on-site evaluation of soil and 
sediment PFAS contamination.

Q. Are there any other 
considerations necessary such  
as with sample preparation?
A: Again, as with all samples, 
attention needs to be given to this, 
as the answer is only ever as good 
as the sample tested. Solid samples, 
and particularly complex solid 
samples such as soils, always present 
the most challenging samples for 
chromatography. For the application 
of portable instrumentation in the 
field—in this case for environmental 

analysis—where and when the 
analysis takes place is also hugely 
significant. There’s no easy answer 
to this, only local knowledge, and 
a good sampling plan—plus a 
good deal of method validation on 
the lab bench before heading out 
into the field is always advisable.

Q. What are you currently 
working on?
A: We continue to work with our 
partners on improvements and new 
applications of the latest system, but 
simultaneously we are working on new 
capabilities in LED-based detection, 
including multi-LED-based detection 
and small-footprint multi-modal 
detection options for capillary 
chromatographs. Most excitingly, we 
have just been awarded research 
funding to establish a postgraduate 
research training centre focused upon 

“hyphenated analytical separation 
technology” (HyTECH), which 
is supported by several leading 
instrument manufacturers, and 
within which further development 
of the portable hyphenated 
technologies will play a part.
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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.

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

Headspace Sampler
The 2t sampler is the first manual system for static 
headspace that allows the quantitative application of this 
technique in a simple and economical manner, according 
to the company. The product meets all CE requirements. 
The sampler is suitable for applications such as volatiles 
in pharmaceuticals, flavour analysis in food and cosmetic 
products, alcohol and other toxic compounds in blood, and many more.

www.teknokroma.es/head-space/inyector-manual/ 
Teknokroma Analítica S.A., Barcelona, Spain.

Fittings
VICI Jour fingertight fittings connect the components of (U)HPLC systems, and 
are available in different colours, lengths, and shapes to fit customer needs.

www.vicijour.com/collections/fittings/products/ 
peek-one-piece-fitting
VICI AG International, Schenkon, Switzerland.

EAF4 System
Postnova’s simultaneous electrical and asymmetrical flow field-flow fractionation 
(EAF4) system is designed to enhance separation and characterization of 
biopharmaceutical, environmental, and nanomaterials. In an EAF2000 system, 
electrical and cross-flow fields are applied simultaneously, enabling separations 
by particle size and particle charge based on electrophoretic mobility to 
characterize complex proteins, antibodies, and viruses, as well as environmental 
and charged nanoparticles or polymers.

www.postnova.com
Postnova Analytics GmbH,  
Landberg, 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.

Centrifugal Partition 
Chromatography
The Verity CPC Lab System 
combines a PLC purification 
system with a centrifugal partition 
chromatography (CPC) system 
for high-level target compound 
purification. This automated, 
liquid–liquid purification technique 
utilizes reusable, silica-free 
chromatographic columns and 
specific molecules to be isolated 
with high yields and purity, 
according to the company.

www.gilson.com 
Gilson, Middleton,  
Wisconsin, USA.
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18–22 MARCH 2023
Pittcon 2023
Philadelphia, Pennsylvania, USA
E: info@pittcon.org
W: http://pittcon.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
51st International Symposium on  
High Performance Liquid Phase 
Separations and Related Techniques 
(HPLC 2023) 
Düsseldorf, Germany 
E: oliver.schmitz@chemie-ude.de / 
michael.laemmerhofer@uni-tuebingen.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

HPLC 2023
The 51st International Symposium on High Performance 

Liquid Phase Separations and Related Techniques 

(HPLC 2023) will be held at the Congress Center 

Düsseldorf (CCD) in Germany, from 18–22 June 2023. 
From the first HPLC conference in 1973, the HPLC 

Symposium Series has established itself as the world’s largest conference on liquid 
chromatography (LC) and other liquid phase separation techniques. With more than 1200 
attendees in the European edition of the HPLC conference series, HPLC 2023 presents a 
unique opportunity to contact leaders in chromatography and mass spectrometry (MS). The 
rich programme covers all aspects of separation science in liquid phases and supercritical 
fluids, including ion mobility spectrometry (IMS) and advanced detection technologies, 
especially MS. The conference focus ranges from fundamentals of chromatography and 
theory, new separation materials and column technologies, to innovations in the field of 
microfluidics. Recent developments in various applications will be covered, ranging from 
the (bio)pharmaceutical, chemical, and food industries to environmental, clinical, forensic 
analysis, and bioanalysis. The symposium will feature short courses and tutorials, plenary 
lectures, and keynote presentations by leading international scientists in these fields. 
However, the majority of the programme will be compiled from submitted abstracts.

Several giants in the field have already confirmed their contributions to HPLC 2023 
and will shed light on the newest instrumentation as well as the present and future ability 
to cope with molecular phenomics, the comprehensive measurement of molecular 
systems. Some lectures will explain how to skilfully hyphenate separation sciences with 
MS for multimodal analysis. At HPLC 2023, delegates will be able to enjoy the journey 
through the chromatographic universe, reaching out to innovative and revolutionary 
column technologies. Miniaturized analysis formats using high density droplet arrays 
for high-throughput and single-cell analysis will guide us into the future. New advanced 
analytical technologies that can deal with the challenges of next-generation pharmaceutical 
characterization, allowing the high structural complexity of protein therapeutics to be 
resolved, and even looking into biopolymer folding and interactions using ion mobility mass 
spectrometry, will be discussed. An industrial plenary will address the question of whether 
the digital transformation of the analytical laboratory is a big bang or just evolution?

Another focus will be industrial analytics. Two sessions will be offered specifically for 
analytical issues from the chemical and pharmaceutical industries, led by two industrial 
researchers. For the younger generation HPLC 2023 will offer a wealth of short courses 
and tutorials by the leading scientists in the field. There are several unique opportunities 
to meet and discuss with the experts of separation science and related fields.

As a conference venue, the Congress Center Düsseldorf offers several advantages.  
It is centrally located in Europe in one of the most densely populated regions of Germany, 
and has excellent transport links. 

Düsseldorf is a vibrant city and is known for its modern architecture and Rhenish 
tradition. Guests are spoilt for choice between attractions such as the Old Town, the 
historic part of the city, the Königsallee (a noble shopping mile), the Rhine promenade, 
or the architecturally and gastronomically attractive MedienHafen (MediaHarbor).

The event is organized by Michael Lämmerhofer (University of Tübingen) and 
Oliver J. Schmitz (University of Duisburg-Essen) under the auspices of the German 
Chemical Society (GDCh) and the AK Separation Science working group. 

For further information please visit the website at: www.hplc2023.com

35www.chromatographyonline.com

Mapics/stock.adobe.com

EVENTS



Stay Ahead of the Game with LCGC’s Asia E-Newsletters: 
The Latest and Greatest in Chromatography Delivered to Your Inbox.

Monthly Update
The Monthly Update keeps readers 
up-to-date with the latest techniques 
and technology in separation 
science, as well as updates on new 
content from LCGC Asia Pacific’s 
extensive print and digital portfolio.
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monthly with key topics including 
food and beverage, environmental, 
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