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this field.

A novel GC××GC method for forensic analysis

Investigating Arson Attacks
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Investigating Arson 
Attacks Using 
Multidimensional Gas 
Chromatography  
(GC×GC)

A novel chemical fingerprinting method has been developed using 
multidimensional chromatography and multivariate analysis to investigate 
potential arson attacks. The Column spoke to Oliver Jones and Jessica 
Pandohee of RMIT University in Melbourne, Australia, about their research 
in this field.

—Interview by Alasdair Matheson

been working with Jim Pearson (one 
of the coauthors of this paper (1) from 
the Victoria Police Forensic Services 
Department for several years now. We 
have completed a number of research 
projects together and Jim regularly gives 
a seminar on forensic science that goes 
down very well with our undergraduate 
students. One time he gave this talk, he 

Q. You recently developed a 
chemical fingerprinting method to 
analyse petrochemicals in arson 
investigations for forensic analysis. 
How did this project arise? (1) 
OJ: Like many of the most enjoyable 
projects I have been involved with, this 
one came about from somebody asking: 
“I wonder if that would work?” I have 
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mentioned the difficulties of identifying 
accelerants in arson cases because of the 
complexities of the sample.

Imagine you are investigating an arson 
attack and have identified that a particular 
accelerant was used. There is a suspect 
in custody and when arrested they had a 
container of petrol in their car and petrol 
was on their clothes. Is this enough to 
convict, or even to charge the suspect? 
Clearly not. Just because somebody has 
some petrol in their car or on their clothes 
does not mean much; on its own, it is 
just coincidence. However, if you could 
say the petrol in the car was the same 
as that on the clothes, and both those 
samples matched the specific brand and 
age of the accelerant used in the fire you 
are investigating, then you might be more 
confident that the suspect was potentially 
involved.

This sounds simple but as anyone who 
has ever analysed them can tell you, 
hydrocarbons like petrol are very complex. 
Aside from that, petrol samples fresh from 
the tank are one thing but in a real arson 
case the samples might have been out 
in the environment for some time which 
makes a difficult analysis even harder.

I had been using multidimensional gas 
chromatography for my metabolomics 
work (metabolomics is the comprehensive 

analysis of small biological metabolites) 
and I asked Jim if he would be interested 
in exploring if it would work for fuels. He 
said he would. We happened to be setting 
up our third‑year undergraduate science 
projects at RMIT at the time so had the 
analytical facilities and willing students 
ready to go relatively quickly.

We were able to see variation in 
different fuel types, and even different 
brands of fuels fairly early on. Different 
manufacturers put a diverse range of 
additives in their petrol on purpose, which 
makes differentiating them a little easier. 
Jim then asked if we could look at how 
the chemical fingerprints changed over 
time as well? By this he meant does brand 
“X” that has been sitting out in the open 
air for a week look like a fresh sample 
and can you still tell it from brand “Y”? 
The ongoing feedback and collaborations 
with Jim were really critical in getting 
this project going and making sure it was 
relevant.

Q. Why is chemical fingerprinting 
of hydrocarbons useful in this 
instance? What information did you 
hope to obtain?
JP: We used chemical fingerprinting of 
hydrocarbons in a forensic application, 
more specifically to profile readily available 

Q&A Jones and Pandohee
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petrochemicals that could be used as a 
potential accelerant. Gas chromatography–
mass spectrometry (GC–MS) is the current 
chemical profiling technique used during 
arson investigations and it clearly has 
major limitations in separating complex 
petrochemicals that contain hundreds 
of compounds, let alone distinguishing 
between the same petrol coming from 
different petrol stations or determining the 
time a fire started.

Our approach to chemical fingerprinting 
is useful in arson cases as it allows the 
separation of the components of complex 
fuels, such as diesel and kerosene, 
that were previously co‑eluting using 
standard GC–MS methods. This gain in 
separation power gives forensic scientists/
investigators an advantage and enables 
them to identify “markers” that could be 
associated to a specific petrol station or 
a house where the fuel could have been 
stored before being used in a crime scene. 
From our experiment, we hope to provide 
chemical fingerprints for easily available 
petrochemicals and investigate their 
weathering patterns.

Q. You used multidimensional GC 
with flame ionization detection (FID) 
and multivariate analysis. Why did 
you choose multidimensional GC? 

What is novel about this approach 
and what benefits does it offer the 
analyst? 
OJ: Gas chromatography (GC) is the 
obvious analytical tool to use for 
volatile samples like petrol. We chose 
comprehensive multidimensional GC (or 
GC×GC) for the extra separation space 
and resolving power it provides. You can 
also infer some structural information from 
peak location in GC×GC.

Resolving power (in a reasonable time) 
is what it is all about in separation science 
Unfortunately, the chromatograms from 
petrol are very complex with lots of 
overlapping peaks and unresolved humps. 
Using standard GC just doesn’t provide 
enough information to separate out 
sample types.

With GC×GC (and its younger brother 
LC×LC) the increase in resolution power 
is based on linking two columns with 
different stationary phases, for example 
nonpolar and polar, via a modulator. 
Fractions exiting the first column are 
refocussed via the modulator and then 
injected into the second column where 
they are separated again based on a 
different chromatographic selectivity. 
In a sense, the addition of the second 
dimension can be thought of as 
being like standard GC with an extra 

chemically‑selective detector added on.
The total peak capacity of a 

two‑dimensional chromatography system 
is almost the product of peak capacities of 
the individual dimensions, so the resulting 
separation space far exceeds that of 
standard GC systems. This extra resolution 
and separation power is one reason the oil 
and gas industry were early adopters of the 
technology and it is now widely used in the 
analysis of all types of oils, including high 
value products like olive oils.

Q. Can you elaborate on the role 
of multivariate analysis in this 
research? 
JP: Multivariate analysis was critical to 
this project. The GC×GC plots of the 
petrochemicals were very distinct and the 
difference in the chemical fingerprints 
of each unweathered sample was 
obvious, making it straightforward for 
identification by visual comparison alone. 
The challenge arose when studying the 
weathered samples. As a result of the 
high similarity of chemical components 
in the petrochemicals matrix and the 
minute differences in its content between 
the chosen weathered timepoints, a 
multivariate analysis was essential to 
reduce the dimensionality (ironically) and, 
in turn, maximise the visualisation of the 

Changing the ART of analytical chromatography 
with μPACTM capLC columns:

Designed for increased robustness and throughput
without losing sensitivity.

The micro-Chip Chromatography Company

Discover our products on 
www.pharma�uidics.com

Micromachined reproducibilityUnrivalled separation power

Flow rate �exibility
1 - 15 µl/min

Plug-and-play connectivity
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variance. This can make patterns in the 
dataset clearer, which is just what we 
needed in this case, and allowed us to 
separate the weathered fuels at different 
timepoints.

Q. What were the main challenges 
you encountered when developing 
this method, and how did you 
overcome them? 
OJ: There were two main challenges. 
The first was around which was the best 
column combination to use. Getting 
the best separation in GC×GC relies on 
using columns that are as statistically 
independent (different) as possible. We 
spent a fair bit of time running the samples 
through different column set ups to 
optimize the separation before we could 
run the majority of the samples.

The other major challenge was the data 
analysis. It will come as no surprise to learn 
that using two dimensions of separations, 
leads to far more complex data plots. 
GC×GC files are much bigger than their 
one‑dimensional counterparts, with final 
file sizes of 500 Mb or more.

Dealing with two dimensions of 
separation requires a large amount of 
processing power to enable visualisation 
and analysis (both quantitative and 
quantitative). This introduces two problems 

to be solved. One, how to collect and 
save the data files, and two, how to easily 
handle and process the acquired data. You 
can export chromatograms as text files, 
but they don’t go into Excel very easily 
(although you can do multivariate analysis 
this way). To handle the large data sets 
we used the R programming language 
which is very powerful and open‑source. It 
allowed us to process and analyse the large 
datasets very quickly. We both also learned 
some new skills in coding along the way.

Another (minor) challenge was getting 
the samples. We needed a lot of different 
samples for the project to work so we 
had to do a bit of travel round Melbourne 
getting different brands of petrol for 
analysis and got a few funny looks at 
the petrol stations we visited as we only 
needed a small amount for testing rather 
than a full tank of fuel. The head of the 
RMIT Chemistry store very kindly helped us 
with this but did ask that I please let her 
know in advance if I wanted to do that sort 
of project in future.

Q. What were your main findings? 
JP: We successfully separated numerous 
components in petrochemicals that were 
previously co‑eluting using GC–FID. This 
paper is the first report of the application 
of GC×GC–FID to generate and compare 

detailed and sensitive chemical fingerprints 
of easily available ignitable liquids (1). 
We were able to show that we could 
distinguish between various petroleum 
products available on the market, but 
that multivariate analysis is needed to 
differentiate between various ignitable 
liquids and, moreover, to make a 
distinction between ignitable liquids that 
have been weathered.

It just goes to show that an “all‑singing, 
all‑dancing” mass spectrometer is not 
always needed to get good results in 
analytical science.

Q. Have you used GC×GC in any 
other areas of this research? Do you 
see it becoming more commonly 
used in routine analysis?
OJ: Although is it not that widely used 
compared to standard GC at present, 
GC×GC is actually a fairly mature 
technology in many areas. A simple search 
will illustrate the wide range of potential 
uses. GC×GC does have what might be 
termed a bit of an image problem in that 
it is often seen as overly complex and too 
difficult to use and operate for routine 
analysis. The instruments themselves are 
also more expensive than a standard GC; 
so the method is not without barriers to 
newcomers.

That said, I certainly see interest and use 
in this method growing in future. To see 
why, just step into any modern laboratory 
and look at the type of samples currently 
of interest to the analytical chemist. Such 
samples are amazingly complex, be they 
protein extractions, metabolites, water/
soil samples or food products. There is 
also an increasing need to measure more 
compounds than ever, even in targeted 
analysis. For example, not long ago an 
analyst looking at pesticides may only 
need to test for 20–30 compounds, 
now they may need to look for 6 000 
or more. Although not yet widespread, 
the increased separation power of 
multidimensional chromatography has 
great potential to meet this need in a 
large variety of areas, particularly for 
the analysis of compounds that are too 
sensitive for mass spectrometry (MS). 
Such areas include, but are not limited to, 
animal health, biomedicine, dairy science, 
environmental toxicology, food science, 
functional genomics, pharmacology, plant 
biology toxicology, and the ‑omic sciences.

The latest version of the Human 
Metabolome Database (version 4.0) (2), 
for example, lists 114 100 individual 
entries. This is nearly a three‑fold increase 
from version 3.0 and even this large 
database does not include all possible 
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Oliver Jones is a Professor of 
Analytical Chemistry and 
Associate Dean (Biosciences 
and Food Technology) at 

RMIT University in Melbourne, 
Australia.

Jessica Pandohee was a PhD 
student at RMIT but is now 
a Research Fellow at the 
Centre for Crops and Disease 

Management at Curtin University in 
Perth, Australia.

encourage everyone to give it a try if you 
get the chance.
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compounds and pollutants in a sample 
at the same time. Then you could start 
to correlate pollutants with specific 
biochemical changes.

Q. Any final comments on 
mutidimensional chromatography? 
OJ: Multidimensional chromatography 
(both gas and liquid) has a reputation 
of being too complex and difficult for 
everyday laboratory use and that you 
have to be an expert to use it. This 
understandably puts people off trying – 
even when it might be useful. GC×GC 
(and to a growing extent LC×LC) is 
actually quite a mature science with 
robust, established methods and software, 
and a growing number of applications. I 

compounds/isomers. This means that the 
actual number of human metabolites 
(both endogenous and exogenous) could 
potentially be far higher. Typically, however, 
metabolomics studies identify only around 
100 metabolites and there may be many 
compounds listed as “unidentified”. This 
means that potentially useful information 
is being lost from publicly‑funded studies 
each year. GC×GC was used in the early 
days of metabolomics, particularly for plant 
samples but this seems to have died back 
a bit recently. I think GC×GC still has a lot 
to offer in this area. I see the technique 
being of particular value in environmental 
toxicology‑based metabolomics and 
exposomics because you could perhaps 
measure the concentrations of biological 

E-mail: oliver.jones@rmit.edu.au
Website: www.rmit.edu.au/contact/
staff-contacts/academic-staff/j/jones-
professor-oliver
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Analytica Goes Totally Digital
Analytica 2020 have announced that their 2020 trade fair 
will be totally digital, due to COVID-19-related restrictions. 
The digital format will allow virtual visits to exhibition 
booths where product presentations and product flyers will 
be available along with the ability to contact the respective 
exhibitor directly via a text, audio, and video chat feature.

“We are glad that Messe München has reacted flexibly 
and quickly and in the form of analytica virtual to offer the 
proper concept for 2020”, emphasizes Siegbert Holtermüller, 
Chairman of Analytica’s Exhibitor Advisory Board.

The virtual trade fair will be open 24 hours a day from 
October 19 to 23, 2020. Product novelties and product 
innovations from all fields of laboratory and analytical 
technology for the target industries of chemistry, biotech, 
pharmaceuticals, and foodstuffs will be presented. In 
addition, webinars and parts of the classic Analytica 
supporting programme are to be made available via the 
platform. Important events will be repeated at different 
times of the day to reach interested parties in distant time 
zones. One of Analytica’s highlights, the special show Digital 
Transformation, will be present both in Munich and at 
Analytica Virtual. The show illustrates the state of laboratory 
automation in a presentation that is unique in the world.

Exhibitors and visitors can now register for Analytica Virtual. 
For further information, please go to: www.analytica.de

Multi-Chiral Centre 
Pharmaceutical Profiling
Researchers from Genentech Inc., have developed a new method of profiling compounds with multiple chiral 
centres using a two dimensional multicolumn liquid chromatographic (LC–mLC) approach (1).

A vast increase in drug candidates with multiple chiral centers is posing a significant challenge to analysts 
with the traditional chiral high performance liquid chromatography (HPLC) methods requiring a gruelling 
development process and still not guaranteeing a sufficient resolution for all stereoisomers. However, the 
precise and accurate analysis of all stereoisomers is essential as despite having the same chemical composition 
and connectivity, chiral stereoisomers can present vastly different pharmacological properties such as increased 
toxicity, differing pharmacokinetics, or even a different metabolic process. It is therefore essential that all 
stereoisomers of a drug compound are analysed and controlled to ensure the safety of those taking the 
medicines. To address this issue, researchers developed a LC–mLC 2D-LC approach which used multiple chiral 
stationary phases and mobile phases in the second dimension to resolve stereoisomers of compounds with 
multiple chiral centers and the related achiral impurities. The first dimension consists of a short achiral HPLC 
method to separate diastereomers and other achiral impurities, and the second dimension enables different 
chiral columns and different mobile phases to be used on each coeluted peak from the first dimension for 
maximum resolution. Essentially breaking down the complex multiple-chiral-center separations into simple 
individual separations.

The method was successfully employed to separate eight stereoisomers of a pharmaceutical compound 
with three chiral centers with a total method development time of around two hours and an analysis time of 
24 min, which include column equilibration time.

References

1. Lin et al., J. Chroma. A. 1620, 460987 (2020).
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During the production and testing of 
drug molecules, numerous impurities are 
removed to protect users from potentially 
toxic compounds, however, some impurities 
prove not to be toxic and could in fact 
have their own therapeutic potential. As 
such, researchers have developed a new 
methodology and protocol to increase the 
scope of essential pharmaceutical analysis to 
include drug discovery (1).

The drug discovery landscape is an 
increasingly demanding but fundamental 
part of the pharmaceutical industry, which 
constantly seeks new technologies to speed 
up all steps of the drug discovery process. 
Structure-based computational assessments 
are increasingly being relied on for the 
prediction of toxicity and biological activities, 
and bridging the gap between drug discovery 
and pharmaceutical analysis requires methods 
for the characterization of compounds 
produced during pharmaceutical drug 
production. As such, researchers developed 
a protocol and examined its potential 
by characterizing the major degradation 
products of zileuton (ZLT), which is a 

5-lipooxygenase (5-LOX) inhibitor used for 
the treatment of asthma.

The initial degradation products were 
resolved using an ultra-high-pressure 
liquid chromatography photo-diode-array 
(UHPLC-PDA) protocol, which was validated in 
a previous study (2). ZLT, along with acid- and 
alkali-stressed samples, were then subjected 
to liquid chromatography–mass spectrometry 
quadrupole time-of-flight (LC–MS-QTOF) 
studies. Major degradation products 
were isolated using preparative thin layer 
chromatography (PTLC) and characterized 
using QTOF and/or Proton nuclear magnetic 
resonance (1H NMR) studies. The information 
obtained was assembled for structural 
conformation.

Toxicology prediction software identified 
some compounds as non-toxic and hence 
they could be explored as therapeutic targets 
as they may have potential bio-therapeutic 
uses. Further analysis using three-dimensional 
extra precision (3D-XP)-molecular docking 
explored the changes in the bio-affinity of 
the degradation productions for the 5-LOX 
enzyme, with one product being found to 

have a higher binding affinity than the drug 
itself indicating it could potentially be a 
suitable anti-asthmatic.

Further to this, the products were evaluated 
for activity at other sites using prediction of 
activity spectra for substances (PASS) with 
some products being predicted antineoplastic, 
antiallergic, and inhibitors of complement 
factor-D, making them a potential antitumour 
agent.

References
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Unlocking the Potential of 
Pharmaceutical Impurities

Shimadzu Open Sixth Year of 
Lab4you Programme
Shimadzu have announced their lab4you 
student programme will run for the sixth 
year with young scientists from across 
Europe able to apply for laboratory bench 
space for their own research at the 
“Shimadzu World Laboratory” located 
in Duisburg, Germany. The laboratory 
includes a wide range of new and well 
serviced analytical instrumentation 
including HPLC/UHPLC, SFC, gas 
chromatography (GC), mass spectrometry 
(MS), and a wide range of spectroscopy 
equipment. “Our lab4you programme 
supports young scientists pursuing 
their creative research approaches and 
generates results...the lab space provided 
by us contributes to their innovations”, 
said Björn-Thoralf Erxleben, Manager of 
the European Innovation Center. 

Interested students can apply by 
submitting a short abstract of their 
research via www.shimadzu.eu/lab4you 
until October 31, 2020. The successful 
applicant will be selected by an expert jury 
at Shimadzu Europa GmbH. Laboratory 
space will be available for the duration 
of the research project. Requirements for 
participation are an undergraduate degree 
in science, an inspiring topic of research, 
and experience in the chosen technology.

News

8

Q&A Jones and Pandohee2 News7 Technology Forum: LC-MS10 Stoll and Pirok15
McNally19 The LCGC Blog21 Training & Events27 Staff29



The Column    www.chromatographyonline.com

News In Brief

The Column    www.chromatographyonline.com

•  The LCGC Blog: Chromatography Resources for Online Learning—Amber Hupp discusses some of 
the learning modules and resources she is planning to use in her chromatography course, as teaching 
institutions across the world pivot to an online learning experience. Read Here>>

•   Three-Dimensional Thinking—The Column spoke to Noor Abdulhussain from the University of 
Amsterdam, about her research on 3D-printing in separation science. Read Here>>

•    Beat the Heat: Cold Injections in Gas Chromatography—In gas chromatography, heating the 
sample in the inlet can lead to sample losses and loss of quantitative reproducibility, but these 
problems can be avoided using cold sample introduction. This article describes various types of cold 
injection and how they can benefit the analyst. Read Here>>

•    Practical Two-Dimensional Liquid Chromatography (2D-LC) in Drug Metabolism Studies and 
Bioanalysis—Filip Cuyckens, from Janssen R&D in Belgium, spoke to LCGC Europe about recent 
innovative approaches he and his team developed to support drug metabolism and pharmacokinetic 
studies, and the inventive role that 2D-LC plays in his laboratory to boost sensitivity, solve recovery 
issues, and increase overall efficiency. Read Here>>

•    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 scientific mojo in these uncertain 
times. Read Here>>

•    Recent Developments in LC Column Technology—This LCGC North America supplement features 
articles on the challenges in obtaining information from one- and two-dimensional LC experiments, 
portable capillary LC, biocompatible microextraction devices, and boosting the purification process 
of biopharmaceuticals. Read Here>>

Peaks of the Month

Like us  Join us  Follow Us 

Chan Zuckerbeg Alzheimer’s Grant
Rik van der Kant, VU Amsterdam, and Martin 
Giera, LUMC, have been awarded a grant by 
the Chan Zuckerberg Initiative to identify and 
map the lipid metabolism in the brain, in an 
18-month study.

“New drugs that regulate lipid metabolism 
in the brain might be of great potential to 
stop or even cure diseases like Alzheimer’s. 
Changes in the lipid metabolism in the brain 
have never been properly identified. With 
this subsidy we want to make this so-called 
Neurolipid Atlas that can be consulted by 
everyone,” said Van der Kant.

Read more on the study of Van der 
Kant and Giera on the Alzheimercentrum 
Amsterdam website: www.
alzheimercentrum.nl/beurs-voor-in-
kaart-brengen-van-vetmetabolisme-in-
hersenen

New 2D-LC Book Released
A new Springer book reviews key recent 
research into two-dimensional liquid 
chromatography, including its basic principles 
and practical applications. The book also 
outlines the main principles and features 
of 2D-LC, including comprehensive and 
heart-cutting modes, method development, 
and real-world applications, offering an ideal 
starting point for those wishing to get into 
2D-LC. It will also be of interest to more 
experienced scientists in the field.
Read more here: https://bit.ly/2YkL98v

RECENT

S U P P L E M E N T  T O

DEVELOPMENTS  
IN LC COLUMN 

TECHNOLOGY

Volume 38  Number s6  June 2020
www.chromatographyonline.com

Ph
o

to
 C

re
d

it
: 

C
o

u
rt

n
ey

 o
f 

Su
h

as
 

N
aw

ad
a,

 U
n

iv
er

si
ty

 o
f 

A
m

st
er

d
am

, 
A

m
st

er
d

am
, 

Th
e 

N
et

h
er

la
n

d
s

EM
IL

IO
 S

EG
R

E 
V

IS
U

A
L 

A
R

C
H

IV
ES

/A
M

ER
IC

A
N

 IN
ST

IT
U

TE
 

O
F 

PH
Y

SI
C

S 
/ 

Sc
ie

n
ce

 S
o

u
rc

e
 a

g
sa

n
d

re
w

/s
to

ck
.a

d
o

b
e.

co
m

News

9

Q&A Jones and Pandohee2 News7 Technology Forum: LC-MS10 Stoll and Pirok15
McNally19 The LCGC Blog21 Training & Events27 Staff29

https://www.chromatographyonline.com/view/chromatography-resources-for-online-learning
https://www.chromatographyonline.com/view/three-dimensional-thinking
https://www.chromatographyonline.com/view/beat-the-heat-cold-injections-in-gas-chromatography
https://www.chromatographyonline.com/view/practical-two-dimensional-liquid-chromatography-in-drug-metabolism-studies-and-bioanalysis
https://www.chromatographyonline.com/view/the-science-of-inspiration-post-covid-19
https://cdn.sanity.io/files/0vv8moc6/chroma/53f96b9870b7cc7aa94574313cca2c4c4017dcef.pdf
https://www.linkedin.com/company/lcgc/
https://www.facebook.com/lcgcmagazine
https://twitter.com/LC_GC
http://www.alzheimercentrum.nl/beurs-voor-in-kaart-brengen-van-vetmetabolisme-in-hersenen/


al
ex

ki
ch

/s
to

ck
.a

d
o

b
e.

co
m

Trends and 
Developments
in LC–MS

A panel discussion on the latest advances and future developments in liquid 
chromatography mass spectrometry (LC–MS).

—Interviews by Alasdair Matheson and Lewis Botcherby

including the increased desire for automated 
workflows encompassing pre-analytical, data 
acquisition, data processing, and reporting 
components as a way to help minimize the 
variability of results generated by different 
users, but I think the more important trend 
is in the user population. LC separation 
technology that was once only accessible to 
expertly trained scientists is now routinely 
used by a new generation that trusts and 
expects the technology to function for their 
purpose so they can focus on the results and 
what they mean.
Carsten Paul: I see a couple of key trends 
in the industry. First is the increasing 
utilization of ultrahigh-performance liquid 
chromatography (UHPLC) applications, with 
HPLC instruments remaining as the leading 
instruments in the market. In discovery and 

Q. What trends do you see emerging 
in LC or LC–MS? 
Robert Buco: Analytical liquid 
chromatography (LC) has been used as 
a tool in making decisions for quite a 
while, and as the need to improve the 
efficiency, defensibility, and clarity of critical 
decision-making processes continues to grow, 
there is an increasing focus on the question 
the scientist is asking, the analytical data they 
need, and ultimately the decision they are 
trying to make. This is driving a shift in LC 
users’ requirements of their systems, where 
the advances of technical specifications used 
to be the most important consideration, 
it has now been surpassed by reliability, 
reproducibility, and most importantly, 
usability. There are many trends in technology 
that are associated with this high-level need, 
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research, UHPLC is more prominent. However, 
as methods are transitioned to routine 
laboratories, the technology used is typically 
more “fit-for-purpose” HPLC. Second, the 
growing importance of mass spectrometry 
to characterize more complex biotherapeutic 
molecules, with implementation moving 
more into routine laboratories. The 
increasing shift in focus of pharmaceutical 
companies towards novel biologic medicines 
will direct the future development of 
analytical equipment to fulfil the complex 
characterization needs of these advanced 
therapies.
Stephane Moreau: Ultra-fast mass 
spectrometry (UFMS) improves the workflow 
and speed of analysis for routine testing 
laboratories. With the introduction of 
tandem LC–MS with fast polarity switching 
and high-speed analysis, the bottleneck of 
analysis has moved to sample preparation 
and data processing/reviewing. As a result 
of the lack or the cost of manpower, many 
laboratories are now seeking to automate 
the sample preparation stage. That means 
automating QuEChERS workflow in the field 
of food safety and automatic pretreatment 
of biological fluids in the clinical field. On 
the other side, the speed of analysis is now 
generating a huge amount of data that needs 
to be reprocessed and reviewed. Here, the 
penetration of artificial intelligence (AI) is 

starting to help bring analytical intelligence to 
the laboratory.
Rohit Shroff: Increasing separation 
efficiencies with lower column backpressures 
as well as faster run-times continue to drive 
the adoption of LC and LC–MS, particularly 
in the pharmaceutical/biopharmaceutical 
market. Biomolecular analysis, post-
translational modifications, and large 
biotherapeutic characterization are driving 
innovation in separation chemistries by 
several key vendors. Significant advances 
have been made in stationary phase 
development. Silica-based columns are still 
predominant, however, novel therapeutic 
characterization needs have driven the 
development of core–shell materials 
and monolith packings. Development 
of micro- and nanobore columns have 
allowed the detection of extremely low 
abundant molecules, particularly peptides 
in biological matrices. Other recent trends 
include development of affinity and chiral 
chromatography. Increasing adoption 
of HPLC in the clinical market has also 
seen vendors launch a general purpose 
and class 1 medical device range of 
instruments. Emerging applications, such 
as the recent demand for cannabis testing 
are also driving developments in the HPLC, 
thin-layer chromatography (TLC), and gas 
chromatography (GC) market. 

Q. What is the future of LC or LC–MS?
Robert Buco: One of the strongest trends 
in analytical LC is a shift towards increasingly 
easy-to-use instrumentation that enables 
anyone, regardless of experience, to use the 
technology correctly and produce reliable 
results. I believe the future will be defined 
by this shift, where advances in technical 
specifications and raw chromatographic 
performance will become expected of any 
system, and innovation will be judged on the 
metrics of usability and customer experience.
Carsten Paul: As the application area of 
LC and LC–MS grows, there is a greater 
demand for reducing the complexity of the 
instrumentation. Scientists need to focus on 
accomplishing their research or adhering to 
relevant regulatory guidelines rather than 
spending valuable time and resources on 
showing people how to run the instruments 
and interpret the data. I would envision 
that in the future, an operator of any 
experience can easily run an analysis and 
the software can automatically report the 
results needed—regardless of whether that 
is a structural characterization, the location 
of a post-translation modification, or the 
quantification of a toxic compound.
Stephane Moreau: In the clinical field, 
there is clearly an increase in the switch from 
immunoassays to LC–MS technologies. The 
better selectivity, sensitivity, and accuracy of 
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analysis coupled with multiplexing capabilities 
and less risk of cross-reactions give LC–MS/
MS a clear advantage in therapeutic drug 
monitoring as well as for toxicology and 
forensic applications. The penetration was 
somehow limited by the lack of automated 
sample preparation systems, but the recent 
launch of automated LC–MS systems is 
opening the door for a switch. The next step 
is to move for a more compact system fully 
automated and connected to an automated 
laboratory system. A similar tendency will also 
come to food safety analysis. 
Rohit Shroff: We should see continued 
miniaturization of chromatography systems to 
increase sensitivity and separation efficiency 
at lower volumes. As systems get more 
affordable, increasing adoption should be 
seen for routine analysis. Demand from 
bioprocessing would drive innovation in 
prepacked, disposable columns as well as 
membrane technology. There will likely be 
continued development of novel stationary 
phases, such as miniaturized monolithic 
columns, unique bonded-silica phases, and 
polymeric stationary phases that offer better 
separations in high-throughput analyses. 
The need for faster analyses, particularly in 
pharmaceutical research, will drive further 
developments and commercialization in 
the near future. Downstream processing in 
biopharmaceuticals will continue to drive 

improvements in two-dimensional (2D)-LC 
as well as continuous chromatography 
technology. Overall, LC–MS will continue 
to see innovation driven by biotherapeutic 
research and industry needs. 

Q. What is the LC or LC–MS application 
area that you see growing the fastest? 
Robert Buco: Certainly, there are trends 
that point towards the need for more 
comprehensive solutions in the analysis of 
biopharmaceuticals. The analysis of intact 
proteins and oligonucleotides, monoclonal 
antibody subunits, released N-Glycans, and 
peptide mapping/multi-attribute monitoring 
(MAM) applications are all growing quickly. 
However, I think there are other application 
needs that are growing quickly and more 
quietly, particularly in materials science 
where there is a clear need for better 
characterization tools for complex polymer 
systems.
Carsten Paul: As already seen over the past 
couple of years, there is a tremendous shift 
in the pharmaceutical industry away from 
small molecule based active ingredients and 
towards biologic therapies, especially complex 
formats such as multispecific antibodies, 
drug conjugates, oligonucleotide-based, as 
well as cell and gene therapies. These will 
require various characterization technologies, 
which need to be transferrable from the 
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initial development stage through to 
manufacturing. 
Stephane Moreau: The biggest one remains 
in food analysis, where the needs are mainly 
driven by the new regulations or the change 
of existing guidelines such as the Direction 
Générale de la Santé et des Consommateurs 
(DG-SANCO). The political pressure linked 
to random and/or recurrent scandals also 
boost development of applications in those 
fields. We have seen, for example, many 
interests for pyrrolizidine alkaloids recently, 
but multiresidue pesticides remain the 
mainstream. The second one would be 
the clinical field with penetration of MS 
technologies, not only LC–MS, for many 
areas, such as therapeutic drug monitoring, 
oncology, microbiology, and more.
Rohit Shroff: Biotherapeutic characterization 
in research as well as the biopharmaceutical 
industry is currently the fastest growth 
driver for LC and LC–MS technologies. 
Advances in columns, stationary phases, 
detectors, injection devices, as well as 
the improvements in chromatography 
methodology, are all leading to an exceeding 
number of applications, particularly in the 
pharmaceutical and biopharmaceutical 
sectors. Examples include: monoclonal 
antibody characterization, antibody–drug 
conjugates, DNA/RNA detection and 
modifications, quality control and process, 

or analytical technology in bioprocessing 
applications.

Q. What obstacles stand in the way of 
LC or LC–MS development? 
Robert Buco: One of the technical obstacles 
relates to the compromise that often exists 
between the size of an instrument and 
its technical performance. If analytical LC 
instruments are to become fully integrated 
into automated processes and enable real-time 
decision-making that impacts process control, 
they must be located in very close proximity 
to the point of analytical need, which in turn 
imposes restrictions on the physical size of the 
system as well as its robustness to be used in 
manufacturing environments. Developing an 
easy-to-use LC system that is sufficiently small, 
preserves the chromatographic capabilities of 
traditional systems, and offers an unparalleled 
level of usability while reliably running in 
continuous operation environments is a 
significant challenge, but I believe it is one 
our customer base is calling for and one our 
industry is ready to accept.
Carsten Paul: Some of the challenges are 
simply moving advanced detection and 
characterization methods, such as mass 
spectrometry, into a more routine usage. 
The instrument-to-instrument reproducibility, 
analytical precision, and accuracy tend to have 
wider tolerances than optical detectors, such 
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phases for large molecules had a focus on 
reversed-phase SPP architecture. Another 
interesting trend was the introduction of 
aromatic stationary phases that offered 
increased sensitivity and could be used with 
highly aqueous mobile phases for the analysis 
of polar compounds. 2019 also saw the 
continued development of new, compact, and 
hybrid LC–MS systems from key vendors. 

Robert Buco is the Director of 
Global Product Management 
of LC Systems at Waters 
Corporation.

Carsten Paul is a UHPLC 
Product Marketing Manager 
at Thermo Fisher Scientific.

Rohit Shroff is the Senior 
Director of LC–MS Strategy 
and Portfolio Management at 
VWR, Part of Avantor.

Stephane Moreau is a  
LC–MS and Life Sciences 
Manager at Shimadzu Europa.

for method life cycle management. When 
paired with analytical quality by design 
(AQbD), method life cycle management is 
set to change the way the pharmaceutical 
industry brings products to market, by 
ensuring the development of more robust 
analytical methods that result in more 
consistent, reliable, and high-quality data. The 
eventual implementation of Q12 will promote 
innovation and continual improvement in the 
biopharmaceutical sector, strengthen quality 
assurance, and improve the reliability of 
product supply.
Carsten Paul: With the analytical demands 
of scientists, who are often working with 
challenging analytes in complex sample 
matrices, the implementation of advanced 
LC and LC–MS instrumentation through 
2019/2020 has helped to meet their needs 
and expanded their capabilities. This continual 
improvement is crucial to ensure scientists are 
able to conduct their work, uninhibited by 
their equipment.
Rohit Shroff: 2019 saw continued focus 
on developing stationary phases/column 
chemistries, particularly to meet the needs in 
pharmaceutical, biopharmaceutical analysis, 
and quality control (QC). For small molecule 
separations, numerous reverse-phase and 
HILIC chemistries on both superficially porous 
particle (SPP) and fully porous particle (FPP) 
architectures were developed. Stationary 

Rohit Shroff: Speed of analysis continues to 
be a limiting factor for chromatography-based 
hyphenated techniques, particularly in 
high-throughput drug discovery applications. 
Although considered a highly sensitive 
technique, for large molecule applications LC–
MS sensitivity can be challenging compared 
with traditional ligand binding techniques. The 
high costs of chromatography instruments 
and reagents continues to be a deterrent for 
laboratories to invest in expensive equipment, 
unless the end product is of high value, 
such as a biotherapeutic. Coelution, sample 
adsorption, performance over a wide pH 
range, matrix complexity, robust method 
development for novel therapeutics, and 
high-skill requirements for efficiently running 
LC–MS laboratories are other obstacles.

Q. What was the biggest 
accomplishment or news in 2019/2020 
for LC or LC–MS? 
Robert Buco: For me, the biggest news 
was the ICH Q12 Guideline on Technical and 
Regulatory Considerations for Pharmaceutical 
Product Life Cycle Management and its 
annexes reaching step 4 of the ICH Process. 
There has been an increased focus on life cycle 
management for analytical methods in recent 
years from the industry’s regulatory bodies, 
resulting in a more harmonized approach 
to technical and regulatory considerations 

as UV or DAD. In addition, transitioning mass 
spectrometry from a high-end research tool to 
a routine characterization method will require 
a great deal of simplicity in how the users 
interact with and optimize the methodologies 
that require this powerful technique. In 
addition, many questions remain unanswered 
when considering LC–MS application in highly 
regulated environments. This includes, for 
example, transferability between different 
instruments and vendors, data handling, 
product support, and product life cycle, as 
well as connectivity into a compliant ready, 
software network. Steps are being taken 
to address these challenges today, but will 
continue to take some time before they are 
fully embraced within the regulated laboratory 
environment. 
Stephane Moreau: Currently, there are 
not so many improvements in sensitivity 
as a result of the difficulties for suppliers 
to improve the ionization efficiency. Thus, 
most developments are focused on the 
other bottlenecks mentioned earlier, that is, 
automation, easy reviewing/reprocessing using 
artificial intelligence software, and improved 
robustness. The request for more compact 
systems is also challenging because it leads 
to a compromise between sensitivity and 
size. For the clinical field, the future in vitro 
diagnostic regulation (IVDR) regulation is likely 
to transform the landscape.

E-mail: amatheson@mjhlifesciences.com
Website: www.chromatographyonline.
com
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The Latest News in 
Two‑Dimensional Liquid 
Chromatography

What’s new in two‑dimensional liquid chromatography (2D‑LC)? An update 
on the latest developments in this constantly evolving field.

Dwight R. Stoll and Bob W.J. Pirok2, 1 Gustavus Adolphus College, St. Peter, 
Minnesota, USA, 2Van ‘t Hoff Institute for Molecular Sciences (HIMS) at the University 
of Amsterdam

peak capacity methods; and 3) solutions that 
address the “solvent mismatch” problem 
in 2D-LC. Each of these is discussed in turn 
below.

Movement Toward Generic 2D‑LC 
Methods 
When starting to develop a new 2D-LC 
method, one of the most common questions 
asked by users is, “What columns should I 
use?” For some applications the answer is 
straightforward. For example, if the goal is to 
separate tryptic peptides from one or a few 
proteins, this can be done very effectively by 
2D-LC using either cation-exchange (CEX) 
or reversed-phase with a high pH (~9) in the 

The literature currently demonstrate that 
two-dimensional liquid chromatography 
(2D-LC) in particular is a rapidly developing 
area in the field of high performance liquid 
chromatography (HPLC). Figure 1 shows the 
number of publications in peer-reviewed 
journals in recent years that are clearly focused 
on applications of 2D-LC (www.multidlc.org/
literature/2DLC-Applications). The current year 
2020 looks to be particularly fruitful, with 40 
publications already just eight months into the 
year. For this brief piece we have elected to 
focus on three aspects of recent work by the 
2D-LC community that we think are especially 
noteworthy: 1) Movement toward “generic” 
2D-LC methods; 2) development of ultrahigh 

15

Q&A Jones and Pandohee2 News7 Technology Forum: LC-MS10 Stoll and Pirok15
McNally19 The LCGC Blog21 Training & Events27 Staff29

https://www.multidlc.org/literature/2DLC-Applications


The Column    www.chromatographyonline.com

first dimension, followed by reversed-phase 
at low pH (~3) in the second dimension. 
Excellent separations of this kind have been 
demonstrated in the literature, and these 
conditions can be adopted immediately 
(1). However, for other separations, and 
particularly when dealing with molecules 
that are highly similar, selectivity of the 
columns used is of paramount importance, 
and finding the “right” column can feel like 
finding a needle in a haystack. In conventional 
one-dimensional LC (1D-LC) this problem 
is most commonly addressed by using 
automated method development systems 
that screen a variety of mobile phases and 
columns in the hunt for the “needle” – the 
combination of conditions that will yield the 
best separation for the mixture at hand. In 
2013 Zhang et al. implemented a column 

switching valve in the second dimension of 
a 2D-LC system that allowed automated 
screening of different columns to make the 
process of finding the best column more 
efficient (2). In two recent papers this year, 
the group of Regalado and Pickens and 
coworkers has taken this approach further 
by implementing column selection valves in 
the first and second dimensions of a 2D-LC 
system, along with a solvent selection valve 
in the first dimension that allows screening 
not only column chemistries, but also 
combinations of stationary and mobile phases 
(3,4). This group has applied this approach 
to both small-molecule separation challenges 
(3) and protein separation challenges (4). 
This is exciting work that should capture 
the imagination of anyone interested in a 
“set it and forget it” approach to method 

development, where an array of conditions 
that are both generic and diverse can be 
used as a starting point to identify candidate 
combinations of mobile and stationary phases 
that can be further optimized using traditional 
tools (such as, DryLab and similar tools).

Applications for Ultrahigh Peak 
Capacity 2D‑LC 
As our ability to produce 1D-LC separations 
with more and more resolving power 
continues to advance through improvements 
in column technology and theoretical 
understanding of their limitations, so too does 
our ability to execute 2D-LC separations with 
higher and higher resolving power. It was 
only a decade or so ago that some believed 
that achieving peak capacities of 10 000 
or more was only practically feasible using 
offline 2D-LC approaches (5). Two recent 
publications—one from our own work, and 
one from the Desmet group—have shown 
that this barrier has fallen by the wayside. 
Figure 2 from shows that it is possible to 
achieve a peak capacity of 10 000 in an 
online LC×LC separation of tryptic peptides 
with an analysis time of four hours (6). This 
type of separation should be useful for 
those interested in separating extremely 
complex mixtures of peptides for subsequent 
identification by mass spectrometry, or 
for increasing the likelihood that observed 
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peaks detected by less selective detectors 
(such as UV-vis) are highly pure (that is, with 
less co-elution). Zhu and Desmet, et al., 
have developed a method that is focused 
on identification of unknown compounds 
in a complex mixture of amine oligomers 
where chromatographic separation is of 
paramount importance because it makes 
the interpretation of mass spectra for 
identification much simpler (7). In this case 
Zhu et al. achieved a peak capacity of about 
11 000, albeit in an analysis time of 11 h.

Addressing Solvent Mismatch 
One important topic in recent 2D-LC research 
is the issue of solvent mismatch (also referred 
to as incompatibility) between the 1D effluent 
and the 2D eluent. Such (vast) differences in 
solvent properties such as solvent strength, 

polarity, and viscosity, can result in dramatic 
distortion of 2D peaks (8). A decade ago, this 
issue was, arguably, widely perceived as one 
of the major limitations preventing application 
of 2D-LC to samples that required separation 
modes other than reversed-phase LC. In 
this period, several groups were working 
toward the application of LC×LC: food 
(9–11), natural medicines (12), lipidomics (13), 
polymers (14,15), and surfactants (16,17) have 
attempted to combine organic separation 
modes including hydrophilic interaction 
chromatography (HILIC), normal-phase LC, 
and size-exclusion chromatography (SEC), with 
reversed-phase LC in the second dimension. 
Depending on the ordering of the separations 
(that is, is reversed-phase LC in the first or 
second dimension?), the solvent mismatch 
affects the feasibility of the method differently 

(18). While generally successful, methods had 
to be adjusted to prevent the occurrence of 
these mismatch effects, and normal-phase LC 
× reversed-phase LC methods were typically 
very long, or had to be carried out offline. 
More recently, however, there has been less 
mention in the literature of solvent mismatch 
as a major impediment to further adoption 
of 2D-LC, presumably because the recent 
advances discussed below have made great 
strides toward addressing the problem. 

For the solution to this problem, several 
groups identified the modulation principle as 
the root cause. In standard LC×LC modulation, 
the 1D effluent is passively transferred in its 
entirety to the second dimension (8). This 
effluent comprises the analytes of interest 
as well as large volumes of 1D mobile-phase 
solvents, which in turn lead to detrimental 

effects on peak shape and width in the 2D 
column. Approaches aimed to resolve the 
issue have been designed to either actively 
remove the incompatible solvent or dilute it.

Strategies to remove the solvent include 
evaporation with (19) and without (12) a 
membrane, and adsorption-mechanisms 
(20) in combination with temperature (21) 
or active dilution of the 1D effluent (22) to 
facilitate retention. The critical prerequisite 
that determines the success of these 
strategies is the ability of the interface to 
retain all analytes during solvent removal. 
Unfortunately, such information has been 
scarcely provided for most applications 
utilizing this approach (23). Stationary-phase 
assisted modulation (SPAM) has been 
particularly successful for combinations where 
the analytes of interest could readily be 
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retained during modulation (24,25). Although 
the technique is readily applied to improve 
detection sensitivity and analysis time (Figure 
3), this retention is difficult to achieve for 
analytes for which the trapping sorbent is not 
selective, or where the mixing of the diluent 
flow is insufficient (26).

Approaches to dilute the solvent do not 
suffer from this prerequisite. A particularly 
robust approach that is also commercially 
available is active-solvent modulation (ASM) 
(27). In ASM, the 1D effluent is actively 
diluted during injection into the second 
dimension, and loss of analytes from the 
system during modulation is thus not possible. 
More importantly, the dilution factor can be 
tailored to facilitate on-column focusing on 
the 2D column and achieve a complementary 
enhanced of sensitivity. ASM has recently 
been applied to samples including antibodies 
and polymers (6,28).
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Chromatography and 
the Battle Against 
Counterfeit and Illegal 
Agricultural Products

A look at the role of chromatography in the fight against illegal food 
products entering the food chain. 

Mary Ellen P. McNally, Stine Research Center for FMC Corporation, Pennsylvania, USA

the health and well-being of consumers.
Legitimate commercial pharmaceutical 

and agricultural producers, after many 
years of work to prove the safety of their 
products, submit analytical methods for the 
identification and quantitation of technical 
active ingredients and full formulations 
to regulatory agencies worldwide. These 
methods, referred to as enforcement 
methods, verify that products sold meet the 
registered labelled specifications. Specifically, 
these methods are used to determine the 
identity and amount of the active ingredient 
or ingredients that are present.

Regulatory agencies can use these 
individual product enforcement methods to 

Estimated losses due to counterfeit and 
illegal products in the agricultural and 
pharmaceutical industries comprise a 
staggering 10% of global trade, and for 
some nations like Brazil it is believed to be 
closer to 20% (1,2). The impact of counterfeit 
and illegal material goes far beyond the 
loss of sales, however, extending into brand 
integrity damage and trademark dilution as 
well as the high cost of enforcing intellectual 
property rights and protection. In agriculture, 
residual effects of counterfeit products that 
are introduced into our food chain, if not 
manufactured correctly or used according 
to the registered specifications, have the 
potential to affect the environment as well as 
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bring legal action when suspect samples are 
found. A suspect product can be defined as 
any of the following: a product purposely 
manufactured to mimic a registered and 
trademarked material under patent, a product 
purposely sold in a container to mimic a 
registered product’s container and label, a 
product purposely sold under an accepted 
tradename but containing another product, 
a product purposely sold under an accepted 
tradename with no active ingredient present, 
or a product sold with an incorrect active 
ingredient present.

Most suspect samples found and believed 
to be from counterfeit suppliers and illegal 
sources are formulated products. As such, 
the active ingredient is just a portion of 
the components making up the marketed 
product, with the percentage of active 
ingredient ranging from as low as 0.2% to as 
high as 75–80%, depending on the strength 
of the active ingredient and the registered 
use of the formulated product. The rest of 
the ingredients are coformulating agents. 
These coformulants are a variety of materials, 
including but not limited to dispersants, 
biocides, binders, dyes, stabilizers, emulsifiers, 
adjuvants, wetting agents, antifoams, clays, 
gums, flow aids, and diluents. Basically, the 
coformulants are a broad array of chemical 
substances with varying physical properties 
to help the active ingredient reach the target 

portion of an organism. Original recipes of 
formulations are considered confidential 
information by the registered manufacturers 
and by regulatory authorities in most 
countries. As a result, it is difficult for the 
counterfeiters and illegal manufacturers to 
match the original formulations, particularly 
if the original formulations are complex 
and expensive. Consequently, counterfeit 
and illegal samples likely will have not only 
variability of the active ingredient but also 
differences in coformulant ingredients. Simply, 
this means counterfeit and illegal products 
could contain the same coformulants as the 
original product but most likely will not. The 
coformulants will probably be from different 
sources, in varying amounts or ratios, or both, 
than what was original to the registered 
product. Such differences in coformulants 
can also affect the efficacy and safety of the 
product.

Enforcement methods are typically based 
on liquid or gas chromatography (LC or GC) 
and are part of the arsenal of analytical tools 
used to verify that products are authentic. 
These methods are validated under good 
laboratory practice (GLP) guidelines and thus 
undergo standard validation parameters 
required to ascertain the rigour of the 
measurement, including the precision, 
accuracy (recovery), linearity, and specificity of 
the active ingredient.

When a counterfeit or illegal suspect 
sample is tested for its authenticity, the 
most straightforward and uncomplicated 
test is active ingredient identification. 
A chromatographic retention time 
confirmation is a quick screen to start this 
identification. Even with more than 1055 
active pesticide ingredients authorized for 
use in the United States alone, which yield 
more than 20 000 marketed products, 
chromatography can positively eliminate 
the majority of those present (3,4). Then, if 
necessary, a confirmation conducted with 
UV spectroscopy or mass spectrometry 
(MS) can provide definitive identification. In 
clear-cut cases where chromatography is used 
as a screening technique, one can readily 
determine if a product has an incorrect active 
ingredient present, no active ingredient at all, 
or several active ingredients instead of one, 
and the appropriate response can be taken, 
even without further confirmatory techniques.

As the complexity of suspect samples 
increases, separation methods in combination 
with advanced confirmatory techniques 
are needed to determine the exact 
sources of material, whether authentic, 
generic, counterfeit, or illegal. Upfront, the 
challenge is often to determine how much 
analytical data should be required to prove 
inauthenticity, which is vital to stopping this 
rampant criminal activity. Chromatographic 

techniques are key technologies to not only 
solve some of these challenging problems but 
also to determine how much further work 
may be required.
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The LCGC Blog: 
Optimizing Gas 
Chromatography Using 
Column Dimensions

This article explores how stationary‑phase chemistry and column 
temperature programmes can impact GC separations, navigating various 
choices to maximize resolutions.

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

tool, perhaps understandably, as changing 
columns can be both costly and, especially 
when using MS detection, time consuming.

Nonetheless, some knowledge of the 
relationships between resolution and column 
length, internal diameter and film thickness 
can lead to the best column choice to 
begin method development or to get you 
out of trouble when your stationary phase 
chemistry choice or temperature program 
optimization do not produce the required 
results!

The primary relationships between 
resolution and column dimensions are 
outlined in equation 1 and Table 1:

Optimizing gas chromatography (GC) 
separations typically involves making some 
informed choices around stationary‑phase 
chemistry and column temperature programs.

Often, phase choice will be influenced by 
separations gleaned from literature, while 
temperature programming tends to be more 
of an iterative process involving a good deal 
of trial and error.

However, some judicious initial choices 
of GC column dimensions, and even a 
change of column dimension during method 
development, can lead to significant 
improvements in resolution. This tends to be 
a much under‑used method development 
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[1]
• Efficiency (N) is a function of: carrier gas 

type, column length (L), column internal 
diameter (d

c
)

• Retention Factor (k) is a function of: 
temperature, film thickness (d

f
), column 

internal diameter (d
c
)

• Selectivity (a) is a function of: temperature 
(T), stationary phase chemistry

So how can we relate the various 
GC column dimensions to resolution 
(R

s
)? Combining equation 1 with the 

information in Table 1 we can summarise 
the overall effects of column dimensions 
on chromatographic resolution using the 
following general relationships and caveats:

Column Length (L)
• Doubling column length doubles efficiency 

(N) which improves resolution by a factor  
of 1.4

• Doubles analysis time (or by approximately 
1.5–1.75 times for gradient temperature 
programming)

• Increases column costs
• Need to consider the effects of elution 

temperature with increasing column 
length–may need to adjust oven 
temperature program

Column Internal Diameter (d
c
)

• Affects efficiency, retention, carrier flow 
rate, capacity and pressure drop across the 
column

• Column internal diameter is inversely 
proportional to column efficiency – halve 
column diameter, double efficiency, 
increase resolution by factor of 1.4 

• Column head pressure is an inverse square 
function of column radius–so halving 
column diameter will increase head pressure 
(for an equivalent linear velocity) by a factor 
of 4

• Column capacity increases with column 

internal diameter, however capacity is 
also dependant on the stationary‑phase 
type, film thickness, and the nature of the 
analytes 

Stationary‑Phase Film Thickness (d
f
)

• Affects retention, inertness, capacity, 
resolution, and bleed

• Film thickness is directly proportional 
to retention time (or a ratio of 1.5:1 for 
gradient temperature programming)

• Thick stationary‑phase films give retention 
for highly volatile analytes

• Increasing film thickness allows retention 
of volatile analytes at temperatures at or 
above ambient

• Doubling stationary phase film thickness 
gives an increase of around 20 °C in elution 
temperature

• Retention of late eluting (high boiling 
point) analytes is reduced using thinner film 
columns

• Early eluting analytes (k<2) are better 
resolved using thicker film columns

• Resolution may DECREASE for analytes 
with retention factor (k) values greater than 
around 5 with INCREASING film thickness

• Thicker films bleed more–upper 
temperature limits of thick film columns will 
be lower

• Thicker film columns are more inert as the 
film shields the analyte from active sites 

on the silica tubing (therefore, better peak 
shape for polar and active compounds)

• Thicker film columns have higher analyte 
capacity, and so may reduce peak fronting

As always, it is better to visualize these 
effects using real‑life examples, and so here 
we walk through some of the effects of 
changing GC column dimensions with the 
separation of nitrosamine standards.

GC Conditions
Column: 5% phenyl polydimethylsiloxane 
(ultra‑deactivated), 30.00 m, 0.25 mm ID, 
0.25 µm
Carrier Gas: Helium, Constant Flow @ 1.59 
mL/min
Average Velocity: 35.00 cm/s
Outlet Pressure: 14.70 psi (atmospheric 
pressure)
Oven Temp: 40 °C (hold 5 min) to 80 °C @ 
4 °C/min to 245 °C @ 8 °C/min

Analytes
1. N‑Nitrosodimethylamine, 2. 
N‑Nitrosomethylethylamine, 
3. N‑Nitrosodiethylamine, 4. 
N‑Nitrosopyrrolidine, 5. N‑Nitrosomorpholine, 
6. N‑Nitrosodipropylamine, 
7. N‑Nitrosopiperidine, 8. 
N‑Nitrosodibutylamine, 9. 
N‑Nitrosodiethanolamine, 

Table 1: The relationship between chromatographic variable of the resolution equation and 
GC column dimensions

Chromatographic 
Parameter Length (L) Internal Diameter (dc) Film Thickness (df)

N Increases
Increases with reducing 

diameter
‑

k ‑
Increases with reducing 

diameter
Increases with increasing 

film thickness

α ‑ ‑ ‑
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10. N‑Nitrosodiphenylamine, 
11. N‑Nitrosonornicotine, 12. 
N‑Nitrosodibenzylamine, 13. 
N‑Nitrosonornicotine ketone

From this separation we are particularly 
interested in optimizing the separation of 
compounds 4 through 7, and will use the 
relationships described above to obtain 
an optimized separation for just these 
compounds of interest.

Figure 2 shows an expansion of the 
chromatogram to help us visualize the 
separation more clearly. In each of the 
separation optimizations, as we change 
the column dimensions, we will maintain 
a constant carrier gas linear velocity by 
adjusting the column head pressure to obtain 
35cm/s for the carrier gas (helium), unless 
otherwise stated.

At a resolution of 1.4, this method is 
going to be difficult to implement in practice 
and therefore we need to optimize the 
separation.  Let’s see what happens when 
we change the column length to 15 and 60 
meters to assess the effects.

Ouch! It would seem that as we increase 
column length, the resolution increase which 
was promised above, has not been realized! 
We can see that indeed the 15 m column 
produces less efficiency (wider peak width at 
a constant linear velocity) and that the longer 
column delivers higher efficiency, again 
obvious from the decreased peak width 
when compared to the 30 m column. So 
what has gone wrong?

Well, the eagle‑eyed among you will have 
noted the caveat that while longer columns 
deliver higher efficiency, we may also need to 

5 10 15 20 25 30
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Figure 1: Separation of 13 different nitrosamine compounds using the GC conditions listed above.

Carrier Gas
Head pressure (psi) = 16.75
Outlet Flow (mL/min) = 1.59
Linear Velocity (cm/sec) = 35

Column Dimensions
L = 30m
dc = 0.25mm
df = 0.25 µm

R5 5,6 = 1.4

7

6
5

4

15.0 16.0 17.0 18.0 19.0 20.0
Peak Width (5) = 0.06min

Figure 2: Expansion of chromatogram in Figure 1 to show key analytes of interest and the 
resolution between the critical peak pair.

Carrier Gas
Head pressure (psi) = 35.27
Outlet Flow (mL/min) = 2.34
Linear Velocity (cm/sec) = 35

Column Dimensions
L = 60m
dc = 0.25mm
df = 0.25 µm

R5 5,6 = 0.6
7

6
5

4

18.0 19.0 20.0 21.0 22.0 23.0

Peak Width (5) = 0.043min

Carrier Gas
Head pressure (psi) = 8.15
Outlet Flow (mL/min) = 1.26
Linear Velocity (cm/sec) = 35

Column Dimensions
L = 15m
dc = 0.25mm
df = 0.25 µmR5 5,6 = 1.6

7

6
5

4

11.0 12.0 13.0 14.0 15.0 16.0

Peak Width (5) = 0.17min

Figure 3: Expansion of chromatograms to show the analytes of interest using a 15 m column 
(top) and 60 m column (bottom). All other conditions are as per those in Figure 1 except the head 
pressure is adjusted to maintain a constant carrier gas linear velocity of 35 cm/s.
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consider the oven temperature profile for this 
to offer improved resolution. If we were to 
calculate the actual elution temperature (for 
example, the oven temperature at which the 
peak elutes from the GC column) for peak 5, 
for example, the results would be:

15 m column = 71 °C
30 m column = 94 °C
60 m column = 122 °C
We know from equation 1 and the 

accompanying notes that selectivity is 
influenced by changing column temperature, 
and so in order to optimize resolution when 
changing column length, we may also need 
to optimize the oven temperature program. 
The most practical way to do this is to use 
a program which enables translation of the 
oven temperature program (offered by most 
of the vendors of GC equipment), the results 
of which are shown in Figure 4.

GC Conditions
Carrier Gas: Helium, Constant Flow @ 
1.59 mL/min
Average Velocity: 35.00 cm/sec (30m)
Outlet Pressure: 14.70 psi (atmospheric 
pressure)
Oven Temp: 40 °C (hold 5 min) to 80 °C 
@ 4 °C/min to 245 °C @ 8 °C/min (30 m 
column)
40 °C (hold 17 min) to 80 °C @ 1.2 °C/min 
to 245 °C @ 2.4 °C/min (60 m column)

It will be obvious from Figure 4 that by 
translating the oven temperature program we 
have managed to significantly improve the 
resolution between the critical peak pair. It 
is certainly something we could comfortably 
work with on a routine basis. However, you 
will also have noticed that, alongside the 
new oven temperature program, we now 
have a much longer run time and that the 
chromatographic efficiency has significantly 
decreased (wider peaks than obtained with 
the original temperature program). However, 
for the huge increase in resolution we can 
live with the reduced efficiency and I’m sure 
the analysis time could have been shortened 
with a little experimentation.

Now let’s turn our attention to both 
column internal diameter and the effects 
of changing column such as on resolution. 
Figure 5 shows the results using a 30 m 
column and internal diameters of 250 
(original), 180 and 530 mm. The original 
oven temperature program of Figure 1 was 
used in each case.

From Figure 5, we can see that we 
lose some resolution when the internal 
diameter is reduced and gain a little when 
it is increased (and the opposite effect is 
seen with efficiency or peak width). This 
makes sense of course, given that the k 
term increases when the internal dimeter 
is reduced, acting to reduce resolution and 

in this case we assume that the increase in 
k is greater than the increase in efficiency 
(N), thus resolution decreases with reducing 
internal diameter. Later we will look at a 
special case where when can overcome this.

From Figure 6, we can see that again 
the data follows our prediction and as we 

increase film thickness, retention factor 
increases and resolution decreases. What 
we also need to consider is that the column 
loadability (the amount of analyte we can 
load onto the column before peak shape 
begins to deform), is reduced by a factor 
of four when we move to the thinner film 

Carrier Gas
Head pressure (psi) = 16.75
Outlet Flow (mL/min) = 1.59
Linear Velocity (cm/sec) = 35

Column Dimensions
L = 30m
dc = 0.25mm
df = 0.25 µm

R5 5,6 = 1.4

7

6
5

4

15.0 16.0 17.0 18.0 19.0 20.0

Peak Width (5) = 0.06min

Carrier Gas
Head pressure (psi) = 35.27
Outlet Flow (mL/min) = 2.34
Linear Velocity (cm/sec) = 35

Column Dimensions
L = 60m
dc = 0.25mm
df = 0.25 µmR5 5,6 = 2.8

7

6
5

4

40.0 42.5 45.0 47.5 50.0 52.5 57.555.0

Peak Width (5) = 0.17min

Figure 4: Comparison of chromatograms obtained from 30 m (top) and 60 m (bottom) GC 
columns using translated oven temperature programs.
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Here the effects of the increased retention 
are counterbalanced by the reduction in 
film thickness, and we can often obtain 
very satisfactory separations. The added 

To end, there is one reasonably special 
case that we should consider, and that 
is the combination of smaller internal 
diameter columns with relatively thin films. 

(stationary phase) loadability as well as the 
volatility of the analytes, and that more 
volatile analytes require thicker films for good 
retention.

and increases by a factor of approximately 5 
when we move to the thicker film. So, when 
making our stationary‑phase film thickness 
choice, we must always consider the column 
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Head pressure (psi) = 16.75
Outlet Flow (mL/min) = 1.59
Linear Velocity (cm/sec) = 35

Column Dimensions
L = 30m
dc = 0.25mm
df = 0.25 µmR5 5,6 = 1.4

Carrier Gas
Head pressure (psi) = 16.70
Outlet Flow (mL/min) = 1.59
Linear Velocity (cm/sec) = 35
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R5 5,6 = 2.4

4

5
6

7

7

65

4

Peak Width (5) = 0.06min

Peak Width (5) = 0.07min

109 11 12 13 14 15

Carrier Gas
Head pressure (psi) = 16.69
Outlet Flow (mL/min) = 1.58
Linear Velocity (cm/sec) = 35

Column Dimensions
L = 30m
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Figure 6: Comparison of chromatograms obtained from a 30 m column with 0.25 mm (top),  
0.10 mm (middle), and 1.00 mm (bottom) film thickness.
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R5 5,6 = 1.4

Carrier Gas
Head pressure (psi) = 33.96
Outlet Flow (mL/min) = 1.18
Linear Velocity (cm/sec) = 35
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Carrier Gas
Head pressure (psi) = 3.58
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Figure 5: Comparison of chromatograms obtained from a 30 m column with 0.25 mm (top),  
0.18 mm (middle), and 0.53 mm (bottom) internal diameter.
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E-mail: tony@crawfordscientific.com
Website: www.chromatographyonline.
com

Restek (Bellefonte, Pennsylvania, USA): 
www.restek.com/proezgc

Agilent (Santa Clara, California, USA) 
GC Method Translator: www.agilent.
com/en/support/gas‑chromatography/
gcmethodtranslation

Agilent (Santa Clara, California, USA) GC 
Calculators: www.agilent.com/en/support/
gas‑chromatography/gccalculators

Hopefully, you will carefully consider your 
choice of column dimension when planning 
and optimizing your next separation!

Tony Taylor is the Chief Scientific 
Officer of Arch Sciences Group 
and the Technical Director of 
CHROMacademy. His background 
is in pharmaceutical R&D and 
polymer chemistry, but he has 
spent the past 20 years in training 
and consulting. He has trained 
and consulted with thousands of 
analytical chemists globally and 
is passionate about professional 
development in separation science, 
developing CHROMacademy as a 
means to provide high‑quality online 
education to analytical chemists.

resolution obtained with the 60 m column 
(Rs = 2.8), yet we have obtained this 
resolution in quarter of the analysis time 
hence the power of what has become 
known as “Fast GC.” This would be a very 
acceptable set of conditions for routine 
analysis, provided that we do not load too 
much sample onto the column, which of 
course can be controlled by altering the 
inlet split ratio. We have explored the basic 
relationships between column dimensions 
and resolution, considering the many caveats 
and rules of thumb which might guide our 
choices during method optimization. While 
it is not highly convenient to alter columns 
during the method development process, 
sometimes, if we run out of resolving power 
and cannot obtain a satisfactory separation 
by altering the oven temperature program, 
we have no choice but to alter either the 
stationary‑phase chemistry (and effectively 
start all over again!) or we can make 
some smart choices in altering the column 
dimensions to squeeze every last drop of 
resolution from our chromatographic system.

In writing this article I used some very 
useful tools which can help to model the 
separations that we may obtain and the 
translation of oven temperature and column 
flow conditions. I’ve listed links to these 
tools below:

Pro EZGC Chromatogram Modeler from 

used without any meaningful reduction of 
resolution.

Figure 7 shows an example of this in 
action. Note that the linear velocity has been 
optimised and the temperature program 
translated.

From Figure 7 it should be immediately 
obvious that we are approaching the 

advantage is that to obtain a reasonable 
flow rate, column linear velocities are 
typically higher and therefore analysis tends 
to happen in shorter timeframes. This 
combination of smaller internal diameter 
with thinner films is often coined “fast 
GC” as, not only are column flow rates 
higher, but shorter columns can often be 

Carrier Gas
Head pressure (psi) = 16.75
Outlet Flow (mL/min) = 1.59
Linear Velocity (cm/sec) = 35

Column Dimensions
L = 30m
dc = 0.25mm
df = 0.25 µmR5 5,6 = 1.4

Carrier Gas
Head pressure (psi) = 44.53
Outlet Flow (mL/min) = 1.82
Linear Velocity (cm/sec) = 45

Column Dimensions
L = 30m
dc = 0.18mm
df = 0.10 µmR5 5,6 = 2.7

4

5
6

7

7

65

4

Oven Temp: 40 ˚C (hold 4 min) to 80 ˚C @ 3˚C/min to 245 ˚C @ 10 ˚C/min (30m)

Peak Width (5) = 0.06min

Peak Width (5) = 0.07min
11.0 12.0 13.0 14.0 15.0 16.0

15.0 16.0 17.0 18.0 19.0 20.0

Figure 7: Comparison of chromatograms obtained from a 30m column with standard (top) and 
”reduced” dimensions (bottom). Note that the linear velocity and oven temperature program have 
been further optimized in the bottom chromatogram.
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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

Complete GC & GC–MS
12–22 October 2020
On-line or at The Open University, 
Milton Keynes, UK
Website: www.anthias.co.uk/
content/5-day-complete-gc-gc-ms

The GC & GC–MS Clinic
19–22 November 2020
On-line (4 days) or face-to-face (2 
days) at The Open University,  
Milton Keynes, UK
Website: www.anthias.co.uk/
content/2-day-gc-gc-ms-clinic-1

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

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

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 
Providion, Manchester, UK
Website: www.anthias.co.uk/
training-courses/hands-on-
complete-LC-LCMS

How to Run HPLC Methods
20 October 2020
Live on-line training
Website: www. 
mournetrainingservices.co.uk/course_ 
list#how_run_hplc

How to Develop HPLC Methods − 
Parts 1 & 2
22–23 October 2020
Live on-line training
Website: www. 
mournetrainingservices.co.uk/course_ 
list#how_develop_hplc

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

https://www.chromacademy.com/gc-training.html
https://crawfordscientific.com/training-consultancy/gc-training/gc-troubleshooting-and-maintenance
https://anthias.co.uk/content/5-day-complete-gc-gc-ms
https://www.anthias.co.uk/content/2-day-gc-gc-ms-clinic-1
https://www.chromacademy.com/hplc-training.html
https://www.chromacademy.com/mass-spec-training.html
https://www.chromacademy.com/hplc_troubleshooting.html
https://crawfordscientific.com/training-consultancy/hplc-training/hplc-fundamentals
https://anthias.co.uk/training-courses/hands-on-complete-LC-LCMS
http://www.mournetrainingservices.co.uk/course_list#how_run_hplc
http://www.mournetrainingservices.co.uk/course_list#how_develop_hplc
https://www.chromacademy.com/sample-prep-training.html
https://www.chromacademy.com/basic-lab-skills-training.html
https://www.chromacademy.com/infrared-training.html
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Event News
19–23 October 2020 
Analytica 2020

Analytica Virtual

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
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