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Three-Dimensional 
Thinking

The Column spoke to Noor Abdulhussain from the University of 
Amsterdam, about her research on 3D-printing in separation science.

Interview by Lewis Botcherby

also presents the opportunity to design 
chromatographic beds. 

Additionally, the move from 
single‑column chromatography to 
comprehensive two‑dimensional 
chromatography (2D‑LC) to increase 
the peak capacity is an evolving field 
within analytical chemistry. Moreover, 
within the STAMP project (Separation 
Technology for A Million Peaks), the aim 
is to achieve spatial three‑dimensional 
liquid chromatography (3D‑LC) separation 
that can offer a solution to achieve peak 
capacities in the order of a million. These 
separations are envisaged to be achieved 
in a three‑dimensional separation 
device. A novel way to produce efficient 
separation devices can be established using 
3D‑printing technologies. The growth in 
3D‑printers becoming more affordable and 
accessible, and their resolution, speed, and 
broad material flexibility continue to be 

Q. The chromatographic possibilities 
of 3D-printing technologies have 
slowly edged their way into analytical 
chemistry in the past decade. What 
is it about this technology that has 
chromatographers excited?
A: In recent years, additive manufacturing 
or 3D‑printing, has gained popularity as 
a fabrication tool in many fields. It is now 
commonly viewed not only a prototyping 
tool but as an approach to obtain a 
final, customized product. Over time, 
3D‑printing technology has advanced 
and been adapted to a broad range of 
materials that could not stay unnoticed 
by the field of analytical chemistry. The 
availability and accessibility of 3D‑printers 
make them an attractive alternative for 
producing column components, such 
as column cartridges or customized 
microfluidic (or “millifluidic”) housings 
with alternative formats. 3D‑printing 
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attractive for chromatographers to bring 
fresh ideas for chromatographic columns 
developments and other applications in 
the separation sciences. 

Q. What do you regard as the
most important developments
in 3D-printing in relation to
chromatography so far?
A: Interestingly, 3D‑printing has
entered many areas within the field of
chromatography. The opportunity to design
chromatographic beds through 3D‑printing
is an interesting development. The first
example of a 3D‑printed chromatography
column was presented by Fee et al., with
packed beds designed in a simple cubic
arrangement of spherical particles (1).
Another interesting development is the
ability to create transparent fused‑silica
glass components using stereolithography
3D‑printers. Frederik Kotz et al. described
a 3D‑printing process for creating highly‑
quality components. They were able to
design complex shapes of highly transparent,
temperature‑ and chemical‑resistant glass
on the macro‑ and micro scale (2). This
work widens the choice of materials for
3D‑printing, enabling the creation of the
arbitrary macro‑ and microstructures in
fused‑silica glass for many applications in
both industry and academia.

Another interesting development 
regarding material is the use of selective 
laser melting (SLM). 3D‑printing in metals 
and alloys was presented by the group 
of Brett Paull, where a polymer monolith 
is fabricated within a printed titanium‑
coiled column (3,4). SLM provides the 
opportunity to create new columns 
housing design of varying degrees of 
complexity, such as 2D serpentine, 3D 
spiral, and 3D serpentine column. The 
use of titanium as a material with high 
thermal conductivity and suitable surface 
chemistry to fabricate monolith material 
within the housing was employed in 
printed devices described by Passamonti 
et al. Here, they demonstrated a 
method in which thermally‑initiated 
polymeric monolithic stationary phases 
were fabricated within discrete regions 
of 3D‑printed titanium devices. The 
devices were created with controllable 
hot and cold regions (5). Development 
in column design, such as folded or 
coiled column has pushed the boundaries 
for multidimensional chromatography. 
Wouters et al., designed a spatial 3D‑
LC device where the three separation 
dimensions were fitted onto a reasonably 
small area, such as a microchip (6). 
Another potential design for spatial 3D‑LC 
was proposed by Adampoulou et al., (7,8). 
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Q. Your recent paper focused on the 
creation of polymer monoliths within 
a printed channel. Why did you 
choose this particular approach?
A: To seamlessly use 3D‑printing to 
produce analytical or chromatographic 
devices, it is necessary to incorporate 
stationary phases in-situ in the designed 
channels. One feasible way to achieve 
this, in complex geometries, is to 
synthesize polymer monoliths within the 
printed channels. Polymer monoliths have 
been investigated extensively over the 
past 30 years because of their ease of 
preparation, affordability, and applicability 
to many different mould types. Inorganic 
moulds or housings where polymeric 
monoliths have been successfully created 
include fused‑silica capillaries and tubes, 
glass slides (9), and titanium (4,10), while 
organic housings include cyclic olefin 
copolymer (COC; chips and tubes) (11) 
and polypropylene (PP; pipette tips and 
tubes) (12). The idea behind the recent 
paper was quite straightforward. We 
aimed to print in‑house the PP channels 
in an affordable and time‑efficient way 
and fabricate the polymer monoliths for 
separation.

Q. To create the polymer monoliths, 
you used a 3D-printing technique 

called ‘Fused-deposition modelling’. 
What exactly is fused-deposition 
modelling? And why is it preferred 
over other methods?
A: Fused‑deposition modeling (FDM) is 
one of the most widespread additive 
manufacturing technologies. It is an 
extrusion‑based technique where layers 
of heated thermoplastic (filament) are 
deposited, fused, and stacked in layers on 
the build platform resulting in the printed 
3D object. In a detailed way, the filament 
is heated past their glass transition 
temperature to a molten state and then 
extruded through the nozzle (various 
diameter) of the 3D‑printer. The nozzle 
head can move in an x‑y direction to 
deposit the extruded thermoplastic on the 
build platform. The material is deposited 
layer‑by‑layer until the required 3D object 
is achieved. During the layering process, 
the printer nozzle navigates in the x‑y 
direction based on the spatial coordinates 
of the CAD model in the G‑code file, until 
the desired object is printed.

The main reasons for the preference of 
the FDM‑printed method over the other 
printers are the ability to create objects 
with various shapes with the low‑cost 
instrument and material costs; no need 
for chemical post‑processing; no resins to 
cure; and a broad range of materials that 

can be used to produce prints of high 
purity. The result is an easily tuneable, 
cost‑effective process.

Q. The materials used to create 
chromatographic devices using 
3D-printing are obviously key. 
What are the best options currently 
available? And is there room for 
further research into this area to 
perhaps create more specialised 
materials for analytical chemistry?
A: Unfortunately, the use of 3D‑printed 
analytical devices for chromatographic
purposes are limited by the solvent 
compatibility of some materials. 
Materials for 3D‑printing technology is 
a major challenge regarding the field of 
chromatography. The 3D‑printed parts 
must have excellent mechanical properties 
to withstand the typical pressure of 
HPLC conditions. Another challenge is 
the solvent compatibility against organic 
solvent that is typically used within 
chromatography. Even though, there is 
broad range of materials for 3D printing 
on the market, such as metals, ceramic 
and polymers, they are unfortunately not 
developed for chromatography. Moreover, 
the materials used for 3D‑printers can 
also contain some additives, fillers, and 
other unknown compounds that might 

interact or interfere with chromatographic 
purposes or during the modification 
of the inner wall of a printed channel. 
Simon and Dimartino have developed 
a novel way to overcome some of the 
above mentioned challenges [13]. They 
demonstrated a potential way to directly 
print a fully functional stationary phase, 
monolithic adsorbent, through DLP printer 
for the separations of proteins.  The 
3D‑printed anion exchange structures 
were tested for adsorption of proteins 
(BSA) as well as proteins contained in cell 
cultures, revealing excellent adsorption 
characteristics.  At the moment the best 
options that are currently available that 
can overcome the previously mentioned 
challenges could be metal‑printed parts, 
such as stainless steel or titanium, 
because they can provide pressure 
resistance and solvent compatibility by 
selective laser melting (SLM) printers. 
The use of these materials leads to 
transparency issues as well as issues 
with the internal surface of the device 
which may not have a smooth surface. 
However, the latter can be overcome with 
polishing methods. Another option that 
can be used is fused‑silica‑glass‑printed 
parts as mentioned earlier and devloped 
by Frederik Kotz et al., (2). The same 
group also developed highly fluorinated 
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perfluoropolyether (PFPE) methacrylates 
for transparent and chemically‑resistant 
microfluidic chips, they developed 
photocurable resin formulations that 
can be printed in commercial benchtop 
stereolithography printers. They printed 
a great variety of microfluidic mixers 
using stereolithography (14). The 
development of compatible materials for 
both 3D‑printing and chromatography 
purposes is a challenging field that is 
still growing. Material with appropriate 
chemistry for chromatography and 
with excellent physical properties for 
3D‑printing will need to continue to be 
developed in the future. 

Q. What issues did you encounter during 
the creation of the polymer monoliths 
and how did you overcome them? 
A: The main issue we encountered in the 
research regarding the fabrication of the 
polymer monoliths in the printed channels 
is the water tightness of the 3D‑printed 
columns which are mostly related to the 
material and the FDM printers. We started 
the research by printing the column using a 
standard polypropylene (PP) filament with 
an FDM printer. However, FDM printing 
technology has some drawbacks regarding 
the 3D‑printed channels. Here, we 
encountered the first issues with the water 

tightness of the material. For example, voids 
introduced during the production phase 
greatly affect the strength of the printed 
object. For the standard PP channels, such 
voids meant that backpressure exceeding 
30 bar led to approximately 30–50% 
loss of flow through the column housing 
and the connector ports. This prohibits a 
meaningful analysis of the backpressure and 
permeability of the monolith created in the 
standard PP‑filament housing.

This issue could be partly ameliorated by 
changing printing parameters, such as the 
filament flow and the orientation (“lay”) 
of the printed lines (15). Optimizing the 
printing process results in channels that are 
adequate for the low pressures generally 
used in microfluidic applications, but 
won’t suffice for pressures used in high‑
performance liquid chromatography (HPLC). 
Low‑pressure applications with regular FDM 
printers have limits such as warping due to 
the crystallinity of the PP material. We could 
overcome this issue by changing to a FDM 
printer with a heated chamber to control 
the change in crystallinity better during 
the print, the result being more pressure‑
resistant columns. 

We also moved to another filament 
material, the glass‑reinforced polypropylene 
(GPP) filament consists of 30% glass 
fibres, 68% PP, and 2% additives. The 

combination of the GPP material and FDM 
printer with a heated chamber resulted in 
printed devices with a minimized warping 
effect and the formation of internal pores 
within the housings. 

Despite the use of a stronger filament 
and a more robust printing method, 
voids within the printed pieces were not 
completely eliminated. However, it was 
sufficient enough to perform permeability 
and back‑pressure studies. 

Q. During your research you 
compared a few examples of 
3D-printed columns. What were the 
conclusions from your research?
A: During our research two different 
materials were compared: a regular 
(“standard”) polypropylene (PP) material 
and a glass‑reinforced polypropylene (GPP) 
for printing column housings. In both 
types of housings, acrylate‑based and 
polystyrene‑based monoliths were successfully 
fabricated with good wall attachment. 
Two approaches were used for monolith 
fabrication: (i) in standard polypropylene (PP) 
a two‑step process was developed, with a 
radical initiated wall‑modification, followed 
by a polymerization step to generate the 
monolith; (ii) for glass‑reinforced PP (GPP) a 
silanization step or wall modification preceded 
the polymerization reaction.

O

CH3

R=

DAICEL is committed to advancing 
chiral chromatography with 
innovative and reliable columns that 
chromatographers need.

DAICEL and Chiral Technologies 
The chiral chromatography experts

WWW.CHIRALTECH.COM

ADVANCING THE 
SCIENCE OF CHIRAL 
CHROMATOGRAPHY

CHIRALPAK® IJ
INTRODUCING

✔	 DAICEL’s newest immobilised 
chiral stationary phase

✔	 Immobilised version of 
CHIRALCEL® OJ

✔	 Robust to withstand all mobile 
phase combinations

✔	 Designed for HPLC and SCF to 
improve methods for challenging 
separations

Chiral 2011594->LCGC Europe 88x211 The Column Ad.2.indd   1Chiral 2011594->LCGC Europe 88x211 The Column Ad.2.indd   1 6/19/20   4:52 PM6/19/20   4:52 PM

Q&A Abdulhussian

5

Q&A Abdulhussian2 News8 McGregor and Hughes11 Tips & Tricks17
Incognito22 The LCGC Blog25 Training & Events28 Staff30

http://www.chiraltech.com


The Column    www.chromatographyonline.com

and the applicability to fast prototyping and 
different applications. 

Q. Is there room for innovation on 
the 3D-printing machines themselves 
which could improve their performance 
in their capacity to create tools for 
separation science?
A: 3D‑printing presents the opportunity 
to design chromatographic beds and 
to produce highly ordered packed 
beds. However, there is still room for 
improvement regarding the resolution, 
speed, and materials of the printers. 
To match the resolution of the 
chromatographic requirement high‑
resolution printers are needed. Nowadays, 
high‑resolution 3D‑printing technology 
exists, for example, projection micro 
stereolithography (PµSL) or two‑photon 
photopolymerization (TPP). There is still a 
major variance between nominal resolution 
and practical achievable printed size (1,19). 
While printers like TPP can achieve  
high‑resolution it will be at the cost of  
time and speed, therefore long printing 
times are required to be able to print with 
high‑resolution. 

Q. When do you think 3D-printed 
products will be commercially available 
for chromatographers and in what areas?

with the ability to specify bespoke (on‑
demand) column dimensions. The method 
reported can serve as the template for 
designing 3D‑printed devices with monolithic 
stationary phases for a wide variety of 
applications. New insights for further 
applications can be obtained by extending 
this work to create monoliths in confined 
parts of more complex printed objects or for 
applications in solid‑phase extraction (SPE) 
or immobilized‑enzyme reactors (IMERs). 
Calderilla et al., developed a modular 
device, disk‑based SPE, fabricated using 
stereolithography 3D‑printing. The devices 
are directly connected to a flow‑based 
analytical, instrumentation, replacing typical 
flow networks based on discrete elements 
(16). Moreover, in the field of bioscience 
3D‑printing hasn’t stayed unnoticed. The 
group of Chen Kuan et al., manufactured 
bioreactors using a commercial FDM‑
type 3D‑printer and developed a simple 
procedure to functionalize the printed ABS 
reactors to facilitate the determination of 
glucose and lactate in biological samples 
(17). The same group also developed 
a 3D‑printed cartridge to expand the 
applicability of paper spray ionization (18). 
These examples demonstrate the utilization 
of a 3D‑printer as a fabrication method with 
some advantages, such as low cost, fast 
production time (no workshop required), 

to anisotropy. Moreover, various printing 
parameters can directly affect some 
performance characteristics of 3D‑printed 
components, such as surface texture, 
component strength, thermal properties, 
and physical properties. To address issues 
such as voids in the 3D‑printed materials, 
post‑processing can be used, such as (i) 
mechanical deformation via sanding or 
polishing, and (ii) sealing via chemical 
vaporization or coating applications. 
Moreover, the FDM printers are limited by 
their low resolution which is not suitable 
for the chromatographic application. 
Printing columns using different printing 
methods, such as digital light processing 
–stereolithography (DLP‑SLA) printing 
techniques, also present challenges as 
the compatibility of the material towards 
organic solvents is an issue that needs 
to be addressed. Currently, ambiguous 
composition lists are reported by 
manufacturers which makes material 
selection a challenge.

Q. Do you see any application for the 
techniques developed during your 
research outside of column fabrication 
such as in sample preparation, injection, 
or in hyphenation?
A: Potentially, FDM can be used to produce 
columns in‑house, for a fraction of the cost, 

Within the GPP‑printed housing, SEM 
micrographs showed a radially homogenous 
monolithic structure compared to the 
monolithic structure in the regular PP 
housing. The columns prepared in standard 
PP showed lower pressure resistance as a 
result of voids in the PP‑printed housing. 
Moreover, the monolith structure in the 
standard PP housing has larger globules, 
ranging from approximately 0.7 to 3.8 μm, 
and exhibits significant inhomogeneity 
across the column conduit. The GPP‑housed 
monoliths showed a stable permeability 
for flow rates up to 500 μL/min, although 
they exhibited some swelling with different 
organic solvents. The separation was 
achieved with a mixture of small molecules, 
although without baseline separation.

Q. What issues still exist that need 
to be addressed for 3D-printed 
columns to become a standard tool in 
analytical chemistry?
A: For the FDM‑printing technology, 
some drawbacks can be addressed 
regarding the 3D‑printed channels. In 
the search to understand the functional 
capabilities and limitations of FDM‑
manufactured components, control over 
their structural behavior is crucial. For 
example, voids introduced during the 
production phase are a large contributor 
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Noor Abdulhussain obtained 
her M.Sc. degree in 2017. 
She is now a PhD student in 
the ERC STAMP (Separation 

Technology for A Million Peaks) project 
at the University of Amsterdam. 
Abdulhussain has published on integrated 
analysis of nanoparticles and the 
constituting macromolecules by LC×LC. She 
recently was decorated with a best poster 
award at HPLC2019 (Milan, Italy), and was 
invited to give a lecture at the Emerging 
Separations Technologies symposium 
(Chromatographic Society, London, 
UK). While her current work mainly 
focuses on functionality assessments of 
3D-printed devices for application to multi-
dimensional separations, Abdulhussain 
remains involved in studying fundamental 
separation mechanisms including those of 
hydrodynamic chromatography and size-
exclusion chromatography.
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A: Future improvements in 3D‑printers 
will be required to overcome some key 
challenges that will allow products to 
become commercially available. At the 
moment 3D‑printed parts, such as mixers 
are commercially available to achieve 
optimal fluid mixing performance in  
HPLC and bioprocessing applications. 
However, for complex microfluidic 
platforms that require less resolution,  
the 3D‑printed products are expected 
to be available in less than a decade. I 
have to say that no one should expect 
3D‑printing to do magic tricks, it is like 
any other production method and an 
addition to expand the boundaries of 
separation sciences.
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BIA Separations Announce Asia Distribution Deals
BIA Separations has announced the company has signed agreements 

with Bioscience companies, GeneX India Biosciences, Chennai, India 

and IT Technologies (IT Tech), Singapore. Both Companies will act as 

sole distributors of BIA Separations’ products and services across their 

respective regions of India, and Singapore and Malaysia. 

“We are delighted to have GeneX India and IT Tech on board and 

look forward to jointly providing researchers and process developers 

across Asia with our state-of-the-art bioprocessing technologies  

and services,” said Ingo S. Nagler, Business Development Officer,  

BIA Separations 

BIA Separations provides research and method development services 

for the purification of large and complex biomolecules including 

those with therapeutic applications. Through the agreements, 

both distributors will provide academic researchers, CMOs, and 

biopharmaceutical companies access to BIA Separations’ proprietary 

analytical and preparative purification technologies for cell and gene 

therapies, including viral vectors, nucleic acids, phages, and exosomes.

“We are very proud to be working with the team [BIA Separations] to 

ensure its leading purification technologies and expertise are available 

to research and bioproduction customers throughout India,” said Felix 

Paul, Managing Director GeneX India Biosciences.

“Cell and gene therapy is still at an early stage here [Malaysia], and 

therefore this is an exciting time to be signing a partnership with BIA 

Separations, enabling us to offer the Company’s products and services 

across research in this high-potential field,” said Danapalan Arumugam, 

Managing Director at IT Tech.
For more information, please visit: www.biaseparations.com

Contaminant Detection in 
Animal Feed using LC– and  
GC–MS/MS
Researchers have developed and validated a multiresidue method for pesticide and veterinary drug detection in animal 
feeds using liquid- and gas chromatography with tandem mass spectrometry (LC–MS/MS and GC–MS/MS).

Contaminated livestock feeds can have severe health implications to the animals themselves and also to the consumers of 
animals products further down the agricultural production chain. Two major concerns are pesticides and veterinary drugs which 
find their way into livestock feeds for different reasons. As livestock feeds tend to be the by-products of cereals, pulses and 
oilseeds they will have previously been treated with pesticides, and despite processing treatments, some can remain in the final 
food product given to the animals. The consumption of contaminated feeds can cause severe health complications for livestock 
including lung and liver cancer, mutation in chromosomes, teratogenicity, nephrotoxicity and hepatotoxicity (2,3).

Alternatively, veterinary drugs are often purposely inserted into animal feeds  to administer treatments to the animal without 
the need for injections. While this is an easier process it can lead to higher than necessary dosages being administered and can 
also lead to complications if administered at the wrong time with residues remaining in the tissues of farm animals and going on 
to affect humans further down the food chain.

Many reported methods exist which analyse pesticides and veterinary drugs separately in animal feed matrices, whereas only a 
few studies exist that use a single method for the simultaneous estimation of contaminant residues. Therefore, researchers aimed 
to develop and validate a single method for the analysis of wide range of pesticides and frequently used veterinary drugs  by 
using both LC–MS/MS and GC–MS/MS.

 The developed method, which included a single extraction and optimized sample preparation workflow, successfully detected 
192 pesticides during GC–MS/MS analysis and 187 compounds, including 17 veterinary drugs, during LC–MS/MS analysis. The 
validated methods performance also complied with the requirements of EU-MRLs and DG-SANTE’s analytical quality control 
criteria, and is therefore suitable for regulatory and commercial testing purposes.

References

1. A. Kumar et al, J. Chroma. A 1627, 461416 (2020).
2. R.S. Chauhan and L. Singhal, Int. J. of Cow Sci. 2(1), 61–70 (2006).
3. S.O. Igbedioh, Arch. Environ. Health 46 (4), 218–224 (1991).
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The chemical deterioration of historic 
glass objects on display and in storage in 
museum collections is a major concern for 
conservators and curators with the survival 
of precious historical artefacts in jeopardy. 
Chemical changes induced by atmospheric 
moisture can damage the appearance of 
the objects, rendering them unfit for display 
or even worse, result in the complete 
disintegration of the object. It is estimated 
that up to 30% of glass collections may 
consist of unstable objects and therefore the 
early detection of potential issues is critical 
for their conservation. 

Unfortunately, a straightforward method 
for the detection of damage does not exist 
and artefacts are subjected to a physical 
examination with results that are inconsistent 
and often inconclusive. This is because of the 
challenges of attributing physical changes to 
chemical instability, the timeframe at which 
those changes occur, and the fact that the 
deterioration of glass is not always visible to 
the naked eye, especially in the early stages 
of the degradation process. Researchers 
therefore attempted to develop a new 

method that could quantify damage and risk 
to identify artefacts in need of conservation 
intervention (1).

Historic vessel glass generally consists 
of three main components: a network 
former, a network modifier and a network 
stabiliser. The network modifier which was, 
usually soda or potash, was combined to 
a network former, such as silica, to lower 
the melting temperature. This combination 
would result in a very unstable glass and 
therefore a third component, typically lime, 
was added to the glass batch to act as a 
stabiliser. When melted together, these 
three components fuse into a viscous liquid, 
which can be worked into many shapes 
using a variety of techniques. Additional 
impurities may also be present through 
accidental inclusion in the melting process 
or deliberate inclusion from colourings or 
decorative elements.

It has been demonstrated that the 
chemical stability of a glass largely depends 
on the ratio of the three main glass 
constituents and that glass deterioration is 
generally associated with the result of ion 

exchange processes between the glass and 
water. In the case of museums this tends to 
be atmospheric moisture. The result of these 
exchanges is often a change in appearance 
with salt accumulating on the glass surface, 
and the formation of a network of hairline 
cracks referred to as “crizzling”. This damage 
can be difficult to undo and the earlier the 
diagnosis the better. 

Currently no straightforward and non-
destructive method exists to identify 
unstable glass before visual changes occur. 
Furthermore, the precise relationship 
between glass composition and stability is 
not fully understood, which prevents clear-
cut predictions of unstable historic glass. 

Researchers have developed and 
validated a non-destructive ion-exchange 
chromatography protocol for the early 
identification of unstable glass in museum 
collections, while also developing a non-
destructive surface swabbing protocol for 
sampling. The resulting ion chromatography 
and swab sampling protocol method 
produced a good separation and quantitative 
analysis of components, which confirms 

Detecting Instability in Historical Glass Artefacts 
Using Ion Chromatography

swabbing as a suitable sampling method to 
remove deposited ions. A pilot programme 
was set up at Rijksmuseum, Amsterdam, 
The Netherlands, to test the new method in 
practice and proved successful with efforts 
on-going to refine the method as an early 
warning system for glass conservation.

References
1. G. Verhaar, M. R. van Bommel, & N. H. 

Tennent,  J. Chroma. A 1627, 461394 
(2020).
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News In Brief

The Column    www.chromatographyonline.com

• The LCGC Blog: Optimizing Gas Chromatography Using Column Dimensions— Optimizing
gas chromatography (GC) separations typically involves making some informed choices around
stationary-phase chemistry and column temperature programmes  Read Here>>

•  Understanding Microplastic Leaching — Microplastic pollution in the environment is a major
concern for governments and companies worldwide attempting to understand and reduce the
damage they cause. As well as the direct damage these plastic pellets can also act as chemical
reservoirs that leach chemical contaminants into the environment and further damage ecosystems.
The Column spoke to Manuel Miró from the University of the Balearic Islands, Spain, about his
research into the pollution caused by chemical leaching from microplastics. Read Here>>

•  Detecting Biomarkers in Breath using GC–MS — Biomarker studies using exhaled breath are
rapidly emerging as a technique for early disease detection and precision medicine. By offering a
completely non-invasive experience for patients as an alternative to painful biopsy procedures. A new
approach has the potential to enhance patient compliance, while making clinical workflows simpler.
Read Here>>

•  Recent Developments in LC Column Technology — This special supplement brings you up to speed
on critical new developments in high performance liquid chromatography, with a special focus on
contributions to the field from emerging scientists. Read Here>>

•  Determining Microplastic Accumulation Using Pyrolysis GC–MS — Researchers have developed
an off-line pyrolysis GC–MS method to study the accumulation of polystyrene microparticles in filter-
feeding organisms. Read Here>>

Peaks of the Month

Like us  Join us  Follow Us 

Udit Batra, the head of the Boston life 
sciences division of a German company, will 
replace outgoing Waters Corp. CEO and 
president Christopher O’Connell in September, 
the Milford life sciences technology company 
announced on Wednesday. O’Connell is set to 
stay on with Waters in an advisory capacity 
until the end of the year in order to support 
the transition.

“Building on Waters’ strong foundation, we 
look forward to the Company’s next phase 
of innovation and growth with Udit at the 
helm.” said Flemming Ornskov, chairman of 
the Waters board.

Merck have announced plans to build a 
new 18 million laboratory facility in Buchs, 
Switzerland, to support the company’s rapidly 
growing reference materials business. 

“Researchers in testing labs around the 
world use Merck’s reference materials 
every day to help generate accurate, 
reliable analytical results in pharmaceutical, 
environmental and food and beverage 
analysis,” said Jean-Charles Wirth, head of 
Applied Solutions, Life Science, Merck. 

“This new laboratory will allow us to 
continue to drive innovation in diagnostics 
and testing and expand our research and 
development of analytical standards.”

The three-story building is scheduled for 
completion in December 2021 with a planned 
move for early 2022. Around 40 employees will 
work from the new 1,125 m2 site with some 
moving from existing heavily utilised sites.

For more information, please visit:  
www.merckgroup.com/en/news.html
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Improved Profiling of 
Cannabis Terpenes 
for Accurate Product 
Labelling Using GC×GC

There are three main sub-species of cannabis—indica, sativa, and ruderalis—
but there are hundreds of commercial strains based on these sub-species and 
their hybrids. Profiling the terpene content in these strains is vital to provide 
accurate labelling of cannabis-based products, but it can be very challenging. 
The usual technique for this—one-dimensional gas chromatography (GC)—
is not always reliable when it comes to separating the diverse classes of 
terpenes. This article illustrates how two-dimensional GC (GC×GC) coupled 
with mass spectrometry (MS) can be used to profile cannabis terpenes with 
enhanced separation, resulting in the confident identification of terpenes 
and improved flavour interpretation.

Laura McGregor and Elinor Hughes, SepSolve Analytical, Peterborough, UK

Terpenes are major constituents of cannabis 
plants. They contribute to their aromas and 
flavours, and to therapeutic effects such 
as sedation or anxiety relief (1,2). Cannabis 
plants are often engineered to provide 
particular traits (3) to make products that 
taste or smell pleasing for consumers or to 
enhance medicinal effects. Comprehensive 

terpene profiles are required to enable 
plant breeders to choose the best cultivars 
(the plants selected for their desirable 
characteristics) and to ensure cannabis 
products are labelled accurately. 

However, terpenes are difficult to analyze 
for several reasons: over 100 are known to 
occur in cannabis, many of which are isomers 
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(GC–MS or GC–FID) for terpene profiling. 
However, this may not provide adequate 
separation of the terpenes and terpenoids, 
resulting in low confidence in data quality due 
to important compounds being overestimated 
or overlooked completely.

A way to improve the separation is to 
use two-dimensional gas chromatography 

(GC×GC). GC×GC involves coupling two gas 
chromatography (GC) columns with different 
stationary phases to separate the analytes 
based on two different chemical properties 
(4,5). The result is separation of a sample in 
two dimensions, which provides the peak 
capacity required to deal with complex 
mixtures and has the added benefit of highly 
structured groupings of compounds to 
simplify identification (6).

Experimental
Samples: Dried cannabis flowers were 
obtained for the “Blueberry Kush” strain 
from two different origins. Sample A was 
purchased from a dispensary in Ontario, while 
Sample B was grown outdoors in the summer 
of 2019 from “Blueberry Kush” seeds. Note: 
phenotyping was not performed.
Sample preparation: 0.5 g of cannabis 
flower was extracted with methanol by 
vortexing for 20 min in a centrifuge tube. The 
extract was filtered using a 0.2 µm syringe 
filter, before transfer of 2 mL to a GC vial.
GC×GC: Modulator: INSIGHT flow modulator 
(SepSolve Analytical); Modulation period  
(PM): 2.6 s.
Time of Flight Mass Spectrometry 
(TOF-MS): BenchTOF-Select; Mass range: m/z 
40–350; Acquisition rate: 100 Hz in tandem 
ionization mode (with 70 eV and 12 eV data 
acquired simultaneously). 

Figure 1: GC×GC–TOF-MS surface chart for a 39-component terpenes standard. The terpene 
classes have been circled to highlight the structured ordering of GC×GC.

sharing similar chemical properties, as well as 
oxygenated derivatives known as terpenoids. 
Chromatographic separation of this diverse 
range of compounds is enough of a challenge, 
let alone identifying them with confidence.

Most laboratories rely on one-dimensional 
gas chromatography coupled with a mass 
spectrometer or flame ionization detector 

Presented By:
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EXPLORE NOW

From Sample 
Prep to LC–MS 
or GC–MS  
Analysis:  
Resources  
for Every Step

McGregor and Hughes

12

Q&A Abdulhussian2 News8 McGregor and Hughes11 Tips & Tricks17
Incognito22 The LCGC Blog25 Training & Events28 Staff30

https://ad.doubleclick.net/ddm/clk/472368843;278192935;a


The Column    www.chromatographyonline.com

Software: ChromSpace GC×GC software for 
full instrument control and data processing.

Results and Discussion
A GC×GC–TOF-MS method was optimized for 
the separation of common cannabis terpenes 
using a 39-component standard mix.

Terpene and terpenoid peaks that 
would have been difficult to separate with 
one-dimensional GC were fully resolved 

with GC×GC. The enhanced separation 
is evident in the chromatogram in Figure 
1. Monoterpenes and sesquiterpenes are 
easy to distinguish because they elute 
in well-separated bands when using a 
non-polar 1D column and a polar 2D column 
(the so-called “normal-phase” setup). 
Monoterpenoids and sesquiterpenoids elute 
later in the (more polar) second dimension. 
This structured ordering simplifies the 
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Figure 2: GC×GC–TOF-MS chromatograms of (Sample A) dispensary and (Sample B) 
outdoor-grown “Blueberry Kush”, highlighting the excellent terpene class separation.
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Turnkey methods for pesticide and mycotoxin analysis
LC/MS/MS is the technology of choice for pesticide and mycotoxin analysis in complex 
matrices like food or cannabis. Our turnkey QSight® LC/MS/MS system, with dual source 
technology and probe-independent switching (APCI/ESI), enables the development of 
SOPs and workflows to analyze pesticides and mycotoxins on a single instrument. And our 
StayClean™ technology takes care of matrix-induced maintenance, virtually eliminating 
downtime while improving throughput.

The QSight LC/MS/MS: The triple quad that surpasses expectations.
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identification process—a useful benefit 
for laboratories that do not have a mass 
spectrometer and instead must rely solely on 
FID detection (7).

The GC×GC–TOF-MS method was 
then used to investigate whether growing 
conditions affect terpene composition (8).

The two cannabis extracts shown in Figure 
2 represent the same strain (“Blueberry 
Kush”) but grown under different conditions. 
Sample A was purchased from a dispensary in 
Ontario, while Sample B was grown outdoors 
in the summer of 2019 from seeds.

The monoterpene, sesquiterpene, 
monoterpenoid, and sesquiterpenoid 
groups of peaks were clearly separate on 

the chromatograms, and there were clear 
differences between the two when it came to 
numbers of peaks. Table 1 shows the number 
of peaks detected per terpene class for both 
samples, while the charts in Figure 3 show 
the area percent contributions from each 
terpene class. This was created from a simple 
group-type report in the GC×GC software.

To prevent contributions from other 
chemical classes that happen to elute 
in the same regions (for example, other 
aroma-active species, such as esters and 
alcohols), simple scripting expressions were 
applied to each stencil region (the regions 
marked out by the black boundary lines 
in Figure 2) to add selectivity. The scripts 

exploit diagnostic ions from each terpene 
class in order to correctly classify the 
terpenes, and exclude interferences, in an 
automated manner.

The dispensary sample was characterized 
by high relative proportions of monoterpenes 
and sesquiterpenes, whose combined 
peak areas account for 82% of the total 
terpene peak area. The monoterpenoids and 
sesquiterpenoids represented 8% and 9% of 
the total terpene peak area, respectively.

In contrast, the outdoor-grown sample 
was depleted of monoterpenes (10%) and 
monoterpenoids (2%) and possessed relatively 
higher proportions of sesquiterpenes (67%) 
and sesquiterpenoids (21%). These results 
show the impact that growing conditions 
(such as temperature, nutrients, amount of 
sunlight, and so on) can have on the overall 

terpene profile of a particular strain.
The dispensary sample was more diverse, 

containing 213 individual terpenes and 
increased contributions from monoterpenes 
such as β-myrcene, α-pinene, β-ocimene 
and limonene. The outdoor-grown sample 
contained an increased abundance of 
sesquiterpenes and sesquiterpenoids, namely 
β-caryophyllene, α-humulene, trans-nerolidol 
and α-bisabolol. Identification of such a 
diverse range of terpenes is important to 
allow comprehensive aroma profiling and 
flavour interpretation, which in turn, enables 
accurate product labelling. For example, the 
β-eudesmene peak (Figure 4) was found 
to be twice as abundant in the dispensary 
sample (Sample A) and contributes a “herbal” 
aroma (9), while the α-calacorene was only 
identified in the outdoor-grown sample 
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Figure 3: Overview of the area percent contributions for each terpene class (based on summed 
peak areas from a group-type report).

Table 1: Number of peaks detected per terpene class for both dispensary (Sample A) and 
outdoor (Sample B) samples of dried cannabis flowers from the “Blueberry Kush” strain

Terpene class
No. of peaks detected

Dispensary (Sample A) Outdoor (Sample B)

Monoterpenes 31 20

Monoterpenoids 31 12

Sesquiterpenes 57 53

Sesquiterpenoids 94 52

Total terpenes 213 137

McGregor and Hughes
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can also be identified to further improve 
product characterization.

Despite the improved separation of GC×GC, 
individual terpene isomers can still cause 
difficulties due to their similar spectra, with 
the same fragment ions in slightly different 

(Sample B) and contributes a “woody” 
aroma (9)—likely resulting in a difference in 
flavour profile for the two samples. In fact, 
by coupling GC×GC with mass spectrometry, 
the analysis is not limited solely to terpenes—
other aroma-active species, such as esters, 
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Figure 4: A selection of sesquiterpenes identified in Sample A with BenchTOF spectra (red) 
compared to a commercial spectral library (in this case, NIST17) (blue).
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Laura McGregor received an M.Chem. 
in chemistry from the University of St 
Andrews, UK, followed by an M.Sc. 
in forensic science at the University 
of Strathclyde, UK. Her Ph.D. in 
environmental forensics, also at the 
University of Strathclyde, focused 
on the chemical fingerprinting 
of environmental contamination 
using advanced techniques such as 
GC×GC−TOF-MS. In her current role at 
SepSolve Analytical, she specializes in 
the application of GC×GC and TOF-MS 
to challenging applications.
Elinor Hughes obtained her B.Sc. 
in chemistry and Ph.D. in organic 
chemistry at Bangor University, 
UK. After working for a chemical 
manufacturing company for three 
years, she moved to the Royal  
Society of Chemistry where she 
worked in journals publishing for 
six years and on Chemistry World 
magazine for four years. This was 
followed by five years as a freelance 
copyeditor and science writer. Her 
current role is technical copywriter at 
Markes International.

with a mass spectrometer, GC×GC enables 
the widest possible range of terpenes 
and other aroma-active species to be 
identified, improving flavour interpretation 
for accurate product labelling. In addition, 
tandem ionization enables identification of 
terpene isomers.
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These results demonstrate how GC×GC 
overcomes the poor separation and 
low confidence in data seen with one-
dimensional GC, to produce accurate 
terpene profiles. The technique enables 
confident interpretation of aroma and 
flavour traits across cannabis strains for 
improved product labelling—a significant 
step for the cannabis products industry.

Conclusions
In this study, it has been shown that 
two-dimensional GC (GC×GC) provides 
the enhanced separation necessary for 
robust profiling of terpenes and terpenoids, 
overcoming the co-elution experienced 
with one-dimensional GC. When coupled 

ratios. The analytical system described here 
can provide another level of confidence in the 
identification of such compounds by using 
both hard (70 eV) and soft (12 eV) ionization. 
Soft ionization can aid the identification of 
isomers as the higher m/z ions are enhanced 
and differences in ratios emerge. Figure 5 
shows the spectra of two isomers of nerolidol, 
which are close to identical at 70 eV but there 
are clearer differences in ion ratios when using 
soft ionization. At 70 eV, this results in strong 
matches (match factor >800) for multiple 
compounds when compared to a commercial 
spectral library, while at 12 eV, there is a 
greater distinction between the spectra of 
similar terpenes, resulting in more confident 
spectral matching.
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Figure 5: cis-Nerolidol at 70 eV and 12 eV (top) and trans-nerolidol at 70 eV and 12 eV (bottom). 
With hard ionization (70 eV), the isomers share similar spectra; with soft ionization (12 eV), it is 
easier to distinguish between the two by differences in ion ratios.
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Tips & Tricks GPC/SEC  
Particle Size and 
the Effect of Mixing 
Columns of Different 
Particle Size

Gel permeation chromatography/size-exclusion chromatography (GPC/SEC) 
columns are filled with porous particles differing in particle and pore sizes. 
Typical particle sizes in analytical GPC/SEC range from sub-2-µm particles 
applied in oligomer and protein separations to approximately 20 µm for 
separations of ultrahigh molar mass macromolecules (1,2). While the effect 
of combining columns of different pore sizes has previously been discussed 
in GPC/SEC Tips & Tricks (3,4), the effect of combining columns of different 
particle sizes has not been addressed before. 

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

higher molar masses. Figure 1 shows 
the chromatogram of a mixture of four 
polystyrene (PS)  standards differing in 
molar mass While the lowest molar mass 
standard shows peaks for the individual 
oligomers (chain lengths), the individual 
degrees of polymerization of the higher 

Compared to other chromatographic 
techniques, GPC/SEC suffers from a limited 
resolution. While it is possible to separate 
individual oligomers up to molar masses of 
around 1000 Da using suitable columns, 
it is not possible to resolve individual 
degrees of polymerization for chains of A
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molar mass standards cannot be resolved 
any longer, due to the logarithmic relation 
between elution volume and molar mass.

Plate Count
The performance of a chromatographic 
column, or to be more precise of a 
chromatographic system, is often 
characterized by the plate count, N

th
 (or 

plate count/m, N
th
[m-1]). 

The plate count is a measure for 
the peak width resulting from band 
broadening processes when a truly 
monodisperse sample is run through a 

chromatographic column. Low plate counts 
correspond to broad peaks, while columns of 
high plate numbers produce narrow peaks.

The number of theoretical plates per 
column can be calculated via:

Nth =            
2 = 5.54              

2 VP
σ

VP
w1/2

(   ) (   )
   

 [1]

where V
P
, σ and w

1/2
 denote the peak 

position, the variance, and the full width at 
half peak maximum, respectively. To allow 
for better comparison of columns differing 
in length, it is useful to define the number 
of theoretical plates per meter:

Figure 1: Refractive index (RI) trace of four different PS molar mass reference samples. GPC/SEC 
allows separating oligomers into single peaks but resolution of individual degrees of polymerization 
cannot be achieved for high molar masses.

Adeno-associated viruses (AAVs) are increasingly used for gene therapy due 
to their versatility and safety. One of the biggest concerns for manufacturing 
a uniform AAV suspension is the presence of viral aggregates, which 
can create problems with transduction efficiency, biodistribution, and  
immunogenicity. These large AAV aggregates are challenging to separate 
and characterize by traditional column-based chromatography techniques 
such as size exclusion chromatography (SEC).

Asymmetrical Flow Field-Flow Fractionation with Multi 
Angle Light Scattering (AF4-MALS) can separate and 
size large AAV aggregates, and discern a difference in 
aggregate concentration due to the stressing protocol. 
Some or all of the large aggregates would be filtered 
out by SEC, resulting in incorrect determination of the  
aggregate content or the false conclusion that no  
aggregates are present.

For more details click here

NovaFFF SoftwareNovaFFF Software

ICP-MSICP-MSRIRIUVUVDLSDLSMALSMALS

Contact us for more information: www.postnova.com

Quantification of Adeno- 
Associated Virus Aggregation
The Field-Flow Fractionation Platform
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Nth[m
-1] =            

  
=                        =             100Nth

L[cm]
554

L[cm]
100

L[cm] (  )VP    
2

σ (   )VP       
2

w1/2

[2]
Typically, plate count decreases with the 

particle diameter. The theoretical possible 
plate counts range from approximately 
80 000 plates/m for 3-µm particles, to 
approximately 15 000 plates/m columns 
filled with 20 µm particles (5).

It should be mentioned that plate count 
does not depend on particle size only 
but is also affected by other parameters. 

Ageing or damaging of columns will 
result in decreased plate counts. Packing 
quality, detector band broadening, and 
instrumental peak broadening resulting 
from finite injection volume and tubing 
contribute to plate count as well. It is good 
practice to determine the plate count 
regularly in order to identify changes of 
column performance with time (6).

Resolution
While plate counts characterize the general 
column performance, resolution is the 

parameter describing the efficiency of 
a specific separation. The resolution, R

s
, 

between two peaks is calculated by:

Rs =        
VP2-VP1

2(σ1 - σ2)       
  [3]

, where Vpi and σi denote the elution 
volumes and variances of the two 
separated peaks, respectively. However, 
application of this equation to GPC/SEC 
separations is difficult, as most often GPC/
SEC does not result in well separated, 
but rather in broad unstructured peaks. 
Therefore, the specific resolution, R

sp
,  

was defined:

Rsp =                =       
0.579
D×σ  

0.579   Nth

D×VP      
[4]

The specific resolution corresponds to 
the resolution of two (hypothetical) truly 
monodisperse polymer molecules differing by 
a factor of 10 in molar mass.

As plate count depends on the particle size, 
resolution is also affected by particle size.

Figure 2 compares two column sets of 
identical pore sizes but differing in particle 
size; 3 µm (green) and 5 µm (blue). Again, 
a PS mixture of four different molar masses 
has been injected. As results of less band 
broadening, the column filled with the smaller 

(a) (b)

(c) (d)

Figure 3: Development of band broadening when applying two columns of different plate count.Figure 2: Overlay of refractive index (RI) traces for four different polystyrene (PS ) molar mass 
standards on column sets with 3-µm- (green) and 5-µm (blue) particles. The better performance of 
the 3-µm column set results in separation into single peaks for the oligomer and narrower peaks for 
the higher molar standards 
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particles yield a much better resolution for 
the oligomers.

Combining Columns of Different 
Particle Size (plate count, resolution)
The effect of combining columns 
of different particle size and thus 
performance is schematically depicted in 
Figure 3.

At injection the sample is introduced 
into the first column as a narrow band of 
typically 20–100 µL (a) Upon migration 
through the first column, the narrow band 
broadens, (b) to an extent depending on 
the column performance (plate count) 
of the first column. The transfer of the 
resulting peak into the second column 
can be regarded as a consecutive series 
of injections of narrow bands into the 
second column (c), where each introduced 
narrow fraction is subject to additional 
band, to an extent depending on the 
column performance (plate count) 
of the second column. The resulting 
chromatogram is then the superposition 
of the chromatograms of the broadened 
transferred fractions (d).

a) Columns of identical pore size 
distributions

If both columns are of identical pore size, 
the peak has the same elution volume on 
both columns. However, if both columns 

have different plate counts, the plate count 
of the column combination is given by:

Nth, total =           4N1×N2

N1+N2

Nth, total [m
-1] =           2N1[m

-1]×N2[m
-1]

(N1[m
-1]+N2[m

-1])
  

                   [5]
The factor 2 arises from the doubled 

column length of the column combination, 
compared with the single column.

If the columns perform very differently, 
for example, N

1 
>>N

2
 we find:

Nth, total = 2N2                 [6]
but:

Nth, total [m
-1] = N2 [m

-1]               [7]
In other words, if the efficiency of one 

column is much worse than that of the 
other, the plate count for two columns of 
identical calibration curves is determined by 
the plate count of the less-effective column. 

Figure 4 shows the dependence of N
total

 on 
the plate counts of the less effective column 
(N

2
), for a fixed plate count of the better 

performing column of N
1
 = 50 000 m-1. 

By combining the efficient column (N
1
) 

with a less efficient one (N
2
), the plate 

count of the column combination drops 
dramatically with decreasing plate count N

2
, 

approaching N
total

 = N
2
 for very low values 

of N
2
. The plate count gain with respect 

to N
2
 due to the combination with a more 

effective column (N
1
) however, is very low. 

In other words, the relative loss 
in efficiency of the “good” column 
significantly exceeds the gain relative to the 
less efficient column. The plate count of the 
less efficient column dominates the plate 
count of the column combination.

By combining a high plate count column 
with a column of low plate count, the 
resolution can even be reduced. 

If the plate count for the less efficient 
column (N

2
) is lower than N

1
/3, the single 

column with higher plate count (N
1
) 

achieves a better separation in less time.
b) Columns of different pore size distributions 

The above calculations describe identical 
columns (L, D, VP) differing only in the 
number of theoretical plates. 

However, in GPC/SEC it is common 
practice to combine columns with different 
pore size distributions to extend the 
separation range.

In these instances, V
P1

≠V
P2

 and the plate 
count of the column combination does 
not only depend on the plate counts of 
the two columns, but also on the different 
elution volumes of the analyte in the two 
columns. Denoting the elution volume 
contribution of the better performing 
column γ = V

P1 
⁄ (V

P1
 + V

P2
), and using 

typical values for the pore volumes of GPC 
columns the dependence of N

th,total
 ⁄ N

1
 on 
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0
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Figure 4: Dependence of total plate count on plate count of less performing column (N
2
) for a fixed 

plate count of N
1
 = 50 000 m-1 of the better performing column.
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Daniela Held studied polymer 
chemistry in Mainz (Germany) and 
is working in the PSS software 
and instrument department. She is 
also responsible for education and 
customer training.
Wolfgang Radke studied polymer 
chemistry in Mainz (Germany) and 
Amherst (Massachusetts, USA) 
and is head of the PSS application 
development department. He is also 
responsible for instrument evaluation 
and for customized trainings.

pore size column is sacrificed by adding 
the large particle size column to expanding 
the separation range.

Conclusions
• Particle size influences the column plate count 

and thus the performance of a column.
• By combining a highly efficient column 

(small particle size) with a less efficient 
column (large particle size), the plate 
count of the column combination is mainly 
determined by the less efficient column.

• When combining two columns of identical 
separation range (pore size distribution), 
enhancement of resolution can only be 
achieved if the plate count of the less 
effective column is at least 1/3 the plate 
count of the more effective one. 

• Combining a highly effective column for 
oligomer separations with a less effective 
column for high molar masses significantly 
reduces the plate count for oligomers, 
resulting in loss of oligomer resolution.
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strong, when the peak has a lower elution 
volume on the less effective column than 
on the more effective column (γ < 0.5).

Such situations occur when combing a 
large pore size column of large particle 
size with a small pore size column of 
small particle size. Those combinations are 
sometimes applied when trying to achieve 
oligomer separations while maintaining a 
large separation range. However, for such 
combinations the oligomer separation that 
can potentially be achieved by the small 

γ and on the ratio N
2 
/ N

1
 can be calculated 

and shown in Figure 5.
The number of theoretical plates of the 

column combination is always significantly 
lower than the plate count of the more 
effective one, that is, N

total
 ⁄ N

1 
<1. Thus, 

by combining columns of different plate 
counts the high plate count of the more 
effective column is strongly sacrificed 
as already mentioned in the case of 
combining columns of identical V

P
. This 

reduction in plate count is particularly 

E-mail: DHeld@pss-polymer.com
Website: www.pss-polymer.com
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Figure 5: Dependence of relative plate count N
total

/N
1
 on peak volume ratio and relative number of 

theoretical plates N
2
/N

1
 of the columns.
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The Science of Inspiration: 
Post‑COVID‑19
Incognito looks to a stellar gathering of scientists from the 5th Solvay Conference in 
1927 for inspiration to rejuvinate his mojo in these uncertain times.

distancing limiting our presence in the 
laboratory or the ease with which we can 
undertake our much loved science.

Well, just put that into perspective by 
thinking a little about the participants of 
the Solvay conference in 1927. Let’s take 
a look at some of the folks within the 
picture. Of the 29 people featured, 17 of 
them were either at that time, or would 
go on to become, Nobel Prize Laureates, 
which is why the image is often called the 
“Most Intelligent Picture in History”. Whilst 
I’m sure that you will be familiar with the 
most scientifically notable figures, let’s just 
draw upon history to highlight some of the 
notable achievements of this cohort:

Émile Henriot was the father of the 
ultracentrifuge and electron microscopy, and 
the first to demonstrate that potassium and 
rubidium were naturally radioactive.
Wolfgang Pauli was responsible for the 
exclusion principle which helped to explain 
the entire table of elements. He was famous 

In times like these, when we are all feeling 
a little battered and bruised from the 
pandemic, I like to turn to various sources 
of inspiration from the scientific world.

As I pondered where to go looking 
to pick up my spirits and rejuvenate 
my scientific mojo, I realised that the 
inspiration I was looking for was staring 
me in the face. My computer welcome 
screen shows me the picture to the left, 
every morning as I start work: This is 
a colourized photograph of the Fifth 
International Solvay Institute’s Conference 
for Physics and Chemistry, which took 
place in Brussels from 24 to 29 October 
1927. The special subject title for the 
conference was “Electrons and Photons” 
and focussed on the newly formed 
theorems of quantum physics.

As we labour to return to the laboratory 
and begin experimentation under the 
“new normal” ways of working, we might 
perhaps feel that adaptation puts us at a 
disadvantage, the requirements for social 

Back row (left to right): Auguste Piccard, Émile Henriot, Paul Ehrenfest, Édouard Herzen, 
Édouard Herzen, Théophile de Donder, Erwin Schrödinger, Jules-Émile Verschaffelt, Wolfgang 
Pauli, Werner Heisenberg, Werner Heisenberg, Ralph Howard Fowler, Léon Brillouin. 
Middle row ( left to right): Peter Debye, Martin Knudsen, William Lawrence Bragg, Niels Bohr
Front row (left to right): Irving Langmeir, Max Planck, Marie Curie, Hendrik Lorentz, Hendrik 
Lorentz, Charles Thomas Rees Wilson, Owen Willans Richards
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for his critical style and once said of a 
particularly bad paper he was reviewing, 
“This isn’t right, in fact it isn’t even wrong!”
Werner Heisenberg was the founder of 
quantum mechanics, developing the matrix 
theory of quantum mechanics (quantum 
principles applied to Bohrs semi-classical 
orbits model) and his famous uncertainty 
principle. He was also responsible for the 
proton / neutron model of the atomic 
nucleus.
Léon Brillouin was the father of modern 
solid state physics, applying information 
theory to physics and the design of 
computers (latterly as a faculty member of 
the IBM Watson laboratory), and coined the 
concept of “negentropy”, bringing together 
the concepts of entropy and information.
Irving Langmuir was a surface chemist 
who invented, amongst other things, gas 
filled incandescent lamps and hydrogen 
welding. The Langmuir-Blodgett film 
balance has been used for decades to study 
the physical and chemical properties of 
monolayers, and his 1919 publication, “The 
Arrangement of Electrons in Atoms and 
Molecules”, outlined the concentric theory 
of atomic structure.
Peter Debye pioneered the use of dipole 
moments for asymmetrical molecules and 
extended Einstein’s theory of specific heat to 
low temperatures by including low-energy 

phonons. In 1923, together with his assistant 
Erich Hückel, he developed an improvement 
to the Arrhenius’ theory of electrical 
conductivity in electrolyte solutions and 
derived the Debye–Hückel theory.
Sir William Lawrence Bragg was awarded 
the Nobel prize for physics jointly with his 
father Sir William Henry Bragg for their 
work on the analysis of the structure of 
crystals using X-ray diffraction. Bragg was 
the director of the Cavendish Laboratory, 
Cambridge, UK, when the discovery of the 
structure of DNA was reported by James 
Watson and Francis Crick in 1953.
Paul Dirac formulated the Dirac equation 
which describes the behaviour of fermions, 
and predicted the existence of antimatter 
prior to it being observed. Dirac shared 
the 1933 Nobel Prize in Physics with Erwin 
Schrödinger “for the discovery of new 
productive forms of atomic theory”.
Arthur Compton described Compton 
scattering, the behaviour of X-rays colliding 
with electrons as if they were relativistic 
particles, their frequency shifting in 
proportion to the angle of scatter. 
Louis de Broglie discovered that any 
particle has wavelike properties, with 
a wavelength inversely proportional to 
its momentum, helping to justify the 
Schrödinger equation. Anyone who 
has studied physical chemistry or mass 

spectrometry will be familiar with the “de 
Broglie wavelength”.
Sir Owen Richardson won the Nobel Prize 
in Physics in 1928 for his work on thermionic 
emission, a principle which should be familiar 
to those using gas chromatography (GC) 
with mass spectrometric (MS) detection.

This is just a smattering of the brilliance 
on show in this picture and I hope that 
many of those not specifically mentioned 
above—Curie, Planck, Einstein, Bohr, and 
Schrödinger especially—will be familiar to 
the reader.

The Solvay Conference of 1927 was 
famous for the constant mental jousting 
between Einstein and his supporters known 
as the “Scientific Realists”, and Niels Bohr 
and the “Instrumentalists”. Einstein led a 
series of thought experiments designed to 
disprove the Heisenberg uncertainty principle 
and at the end of each day Bohr would 
ruminate over Einstein’s attacks, responding 
the next day with a rebuttal, citing Einstein’s 
omissions or errors. Bohr even used 
Einstein’s own theory of relativity against 
him, reportedly winning the argument and 
laying the foundation for evidence-based 
physics derived using scientific methods. 
A not-so-happy Einstein is said to have 
commented that, “God does not play dice.” 
But Bohr would not be belittled, replying, 

“Einstein, stop telling God what to do.” A 
lively conference indeed – I remember seeing 
a few “mental and conceptual” tussles at 
conferences, but nothing on this scale and 
not for many years now.

However, what I really marvel at as I return 
to the laboratory, are the achievements of 
this group of almost a century ago, given 
the resources available to them. There was 
no internet, scientific journals were the 
main form of communication, the telephone 
had existed for almost 50 years but usage 
was still sparse (Einstein famously shunned 
the use of telephones, preferring to spend 
his time in quiet reflection), equipment 
manufacturers existed but their instruments 
were very expensive and so most had to be 
hand-made. To share ideas and collaborate, 
letters needed to be hand-written or 
time-consuming journeys undertaken. There 
were no computers; all computations were 
done manually and written longhand. What 
these people achieved beggared belief. 
There were no Teams video meetings, no 
ordering of equipment or consumables 
and reagents online for next day delivery, 
no next day call outs of service engineers, 
no online journals with advanced search 
engines, no internet, for goodness sake; yet 
they managed to change the world in just a 
few short years. Yes, this was a time of great 
challenge in a nascent area of science which 
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presented great opportunities, but compared 
to the ease and speed of communication, 
the availability of resources, and the wealth 
of knowledge at our fingertips, we should 
be taking on our current challenges with a 
vigour that surpasses even the great minds 
which gathered at the Solvay conference 
of 1927. Who in this picture could have 
envisaged that less than a century later, 
as we also face issues with travelling to 
conferences, that we would have the facility 
to switch to the “virtual” mode, meeting 
over the internet to share our ideas and 
aspirations?

So, let’s re-enter laboratory life with 
renewed vigour and push our science as we 
never have before. Let us break the barriers 
that face chromatography, mature though 
the technique is, and work tirelessly to make 

the seemingly impossible a reality. We need 
to have integrated chromatographic systems 
with dead volumes approaching zero in 
order to reduce the size of chromatographic 
columns and packings, which will ultimately 
lead to very fast separations. We need to 
improve the specificity and speed of our 
detectors. Heck, we still need a universal 
detector with a relative response factor 
of one for all analytes. Post-COVID, I feel 
that increased automation will also receive 
renewed attention given the immediate 
need for social distancing, so let us strive 
for fully autonomous systems, with sample 
preparation and analysis combined into 
single systems. There is so much for us 
to strive for. On a local level, we need to 
face our own personal and organisational 
challenges knowing that, no matter how 

difficult things have been in recent months 
and the tragedy of the COVID-19 pandemic, 
we really are blessed with the technologies 
and abilities at our disposal.

I wanted to conclude with a further 
comment, given the recent death of 
George Floyd and the emergence of the 
Black Lives Matter campaign. I would like 
to celebrate the fact that if I were to take 
a similar photograph at a conference in 
2021, I know that it would contain a much 
broader representation of gender and racial 
diversity than that of the Solvay Conference 
above. Whilst this is encouraging, we 
should never cease to battle against 
inequality in science and continue to strive 
to ensure our wonderful scientific family 
fully reflects the communities from which 
we draw our talents.

I’ll end with one of my favourite quotes 
from a physicist who would also have 
featured in the Solvay picture had he been 
of that time. This quotation, given as a piece 
of advice to his children during a June 2010 
television interview, never fails to get me 
going again after any lull in my scientific joie 
de vivre:

“One, remember to look up at 
the stars and not down at your feet. 
Two, never give up work. Work gives 
you meaning and purpose and life is 
empty without it. Three, if you are 
lucky enough to find love, remember 
it is there and don’t throw it away.”

—Stephen Hawking, 1942–2018.

Contact Author: Incognito
E-mail the Editor: kjones@mmhgroup.
com
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The LCGC Blog: The Lost 
Art of Fundamental 
Electronics in Analytical 
Chemistry

The first to pick up the mantle of The LCGC Blog on behalf of the American 
Chemical Society Analytical Division, Subdivision on Chromatography and 
Separations Chemistry, is James Grinias. From coding to circuitry, James 
expresses the need for electronics to be central to analytical chemistry 
education. He discusses the critical nature of electronic principles for 
chromatographers in particular—key to data collection and method design.

James Grinias, Department of Chemistry and Biochemistry, Rowan University, Glassboro,  
New Jersey, USA

I hope will continue in the future, for 
instructors to invite experts from across the 
globe on specific topics to guest lecture. 
These lectures effectively become a live 
“Master Class” for students that also 
helps them build a personal connection 
with leading scientists in the field. 
Based on my experience with the use of 
open‑source electronics in chromatographic 
instrumentation, I was invited by Professor 
Dwight Stoll to speak to a class of 

The ongoing global pandemic has 
transformed the way that educators 
approach teaching analytical chemistry. As 
I reflect back on my own experience from 
the spring 2020 semester, one positive 
aspect that has come from the seemingly 
infinite number of video meetings has been 
the opportunity to connect with colleagues 
that we might not consider if it weren’t for 
the “new normal” of working remotely. 
This provides a unique opportunity, that 
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upper‑level undergraduate students at 
Gustavus Adolphus College (Minnesota, 
USA) taking an advanced class in analytical 
instrument design. I had a great time 
meeting his students and discussing their 
interest in this area, although it did also lead 
me to realize that instruction in fundamental 
electronics and circuit design is becoming 
less central to analytical chemistry education 
and is now a “special topic” rather than a 
core curriculum component. This should be 
a cause for concern to the entire analytical 
chemistry community because the need for 
chemical analysts to fully understand both 
the chemical and electronic principles behind 
the data they collect is critical to the future 
of our field.

My first experience in this area came at 
the beginning of my graduate programme 
at the University of North Carolina at 
Chapel Hill, USA. The first few weeks 
following the move to North Carolina were 
focused on programme entrance exams, 
preparing to both take and teach autumn 
classes, and getting acclimatized to a new 
geographical area. In conversations with 
senior analytical graduate students, whispers 
of the “dreaded electronics class” were 
widespread. On the first day of “CHEM 
442L, Chemical Instrumentation Lab,” the 
reason became clear: We were given a key 
to a small electronics laboratory so that we 

could work outside of class hours, a book 
of experiments with a general timeline of 
when each project was to be completed, 
and the advice to get started as soon as 
we could. As a first‑year student with 
little‑to‑no experience in electronics, I was 
terrified! Over a decade later, I have come 
to realize that this course was actually one 
of the most critical aspects in my growth 
as an analytical chemist. First and foremost, 
the course design promoted a blend of 
hands‑on exploration and collaboration in 
the laboratory, which are key aspects to 
growing as an independent researcher in the 
field. Also, it forced us to learn the ability to 
troubleshoot electronic equipment, because 
mixing circuit design and inexperienced 
students often leads to burnt components, 
blown fuses, and various expletives. Of 
utmost importance, it introduced me to the 
concept of a high‑pressure oral examination 
setting, which came in handy during my 
preliminary and final presentations en route 
to the doctoral degree. These long‑lasting 
lessons came along with introductions to 
coding, data acquisition, signal processing, 
timing circuitry, analog and digital filtering, 
and a wide variety of other topics that I used 
throughout my graduate research career 
and still rely on today. Although I didn’t 
enjoy every minute of the class at the time, 
especially during the late‑night sessions 

spent trying to get some aspect of a circuit 
to work properly, I now look back fondly on 
the time spent in that laboratory— especially 
since it is where I first met my wife!

I didn’t have the opportunity to learn 
much about instrument circuitry or op‑
amp design in my undergraduate analytical 
chemistry classes, which put me at a 
disadvantage when I first started the 
graduate electronics course compared to 
my colleagues that had. As I teach these 
same undergraduate classes now, I better 
understand the reason these concepts 
weren’t included and the challenge that 
all analytical chemistry instructors face: 
With a broad field such as chemical 
analysis, what do you teach and what do 
you leave out in a 16‑week course? In 
the upper‑level “Instrumental Methods” 
course that I teach now, I spend at least 
two lecture periods discussing widely used 
op‑amp circuits, specifically those related 
to signal transduction, data filtering, and 
data acquisition. These core concepts are 
important to the broader field but are 
especially relevant for chromatographers 
because of their impact on detector settings 
during method design. As high‑throughput 
methods become increasingly relevant (2), 
data acquisition and filtering rates become 
critical aspects to ensuring high‑quality 
chromatographic data (3). High efficiency 

chromatography can quickly be diminished 
by undersampling of peaks or high levels 
of electronic noise, or both, but these 
detrimental effects are avoidable with a 
general understanding of the underlying 
fundamental concepts that are taught in 
electronics coursework.

So how do we encourage our peers to 
adopt more concepts related to instrument 
electronics into their curricula? One 
strategy involves the approach of turning 
our students from “instrument users” into 
”instrument builders”, because this allows 
for hands‑on practical experience with 
relevant circuitry while still maintaining 
focus on the core analytical techniques 
that must be covered. Many traditional 
second‑year undergraduate laboratories 
can be updated to include content related 
to instrument design (4): Burets used for 
titrations can be automated (5), pH meters 
can be constructed (6), and absorbance 
spectrometers can be built (7). The number 
of different samples that a student can 
analyze in a semester may be reduced 
because of the time needed to work on 
circuits for these home‑built instruments, but 
this is a small price to pay for the hands‑on 
experience in instrument design that is 
gained. For budget‑conscious departments, 
this approach is particularly appealing, 
because open‑source microcontrollers and 
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single‑board computers have significantly 
lowered the cost required to conduct 
these activities—these items are much 
cheaper than a new instrument! This line 
of reasoning led to my current interest in 
this area: During my time as a postdoctoral 
fellow at the University of Michigan, there 
was growing concern related to the data 
acquisition systems for a number of gas 
chromatography–thermal conductivity 
detector (GC–TCD) instruments used in 
the teaching laboratory. These systems 
were built using older commercial 
analogue‑to‑digital interfaces and control 
software, with a growing fear that they 
would become obsolete when computers 
running on older operating systems finally 
broke. Inspired by the growing movement 
in open‑source electronics, we designed a 
simple Arduino‑based circuit and control 
software that enabled any modern computer 
with a USB connection to easily acquire 
and plot the chromatographic detector 
data (8). More recently, we demonstrated 
that single‑board computers can be 
used to build an even better system that 
includes common data processing needs for 
chromatograms while eliminating the need 
for a separate desktop PC (9). Although 
our main interest lies in integrating this 

system into portable analytical platforms, 
we also appreciate its potential in “future‑
proofing” data acquisition by designing it 
with a simple $35 (£28/€30) computer that 
is widely available and easily replaced. With 
the simple instructions that are included 
for its construction and use, it becomes a 
feasible project for any chemistry student or 
professor to complete.

The time is now for analytical chemistry 
instructors to act and ensure that the next 
generation of measurement scientists have 
the necessary background in circuit design, 
simple coding, data acquisition, and signal 
processing required to better understand the 
information obtained from modern systems. 
As the major instrument manufacturers 
continue to promote simplicity and ease‑of‑
use], it will be easy for the wider analytical 
community to drift further away from the 
fundamental concepts that make these 
platforms work. With a few simple, low‑cost 
tweaks to existing laboratory activities, 
the goal of increasing our students’ 
understanding of these topics with hands‑on 
experience has never been easier to achieve.
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Training Courses
GC
The Theory of GC
Website: www.chromacademy.
com/gc-training.html

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

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

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

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

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

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

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

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

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

HPLC Fundamentals
Onsite training
Website: www.crawfordscientific.

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

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

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

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

Please send your event and training 
course information to Lily Atkins 
latkins@mjhlifesciences.com
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Event News

CAMAG® HPTLC PRO
Fully automated sample analysis and  
evaluation system for routine quality control

Explore the next dimension of High-Performance  
Thin-Layer Chromatography at camag.com

19–22 October 2020
Analytica 2020
Messe München, Munich, Germany
E-mail: info@analytica.de
Website: www.analytica.de/en

6–10 March 2021 
Pittcon 2021
Ernest N. Morial Convention Center, New Orleans, USA
E-mail: info@pittcon.org
Website: https://pittcon.org/pittcon-2021/

20–24 June 2021
51st International Symposium on High Performance Liquid Phase Separations 
and Related Techniques (HPLC 2021)
Congress Center Düsseldorf (CCD), Düsseldorf, Germany
E-mail: info@hplc2021.com

Website: www.hplc2021-duesseldorf.com

29 June–2 July 2021
26th International Symposium on Separation Sciences (ISSS 2020) and the 25th 
International Symposium for High-Performance Thin-Layer Chromatography 
(HPTLC 2020)
Grand Hotel Union, Ljubljana, Slovenia
E-mail: info@isss2020.si and info@hptlc2020.si
Website: https://isss2020.si/ and https://hptlc2020.si/

12–15 October 2021
The 18th International Symposium on Preparative and Industrial 
Chromatography and Allied Techniques (SPICA 2020)
Lisbon, Portugal
E-mail: janet@barrconferences.com
Website: www.spica2020.org

mailto:info@analytica.de
http://www.analytica.de/en
mailto:info@pittcon.org
https://pittcon.org/pittcon-2021/
mailto:info@hplc2021.com
http://www.hplc2021-duesseldorf.com
mailto:info@isss2020.si
mailto:info@hptlc2020.si
https://isss2020.si/
https://hptlc2020.si/
mailto:janet@barrconferences.com
http://www.spica2020.org
http://www.camag.com
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