
separation science www.sepscience.comAdvances in Environmental Analysis

 Advances in  
 Food Safety Analysis

www.sepscience.com

Impact of GC Parameters on The Separation 
Part 4: Choice of Film Thickness
Jaap de Zeeuw, Restek Corporation, Middelburg, The Netherlands.

HILIC Solutions #8:  
Column Equilibration in HILIC 
Giorgia Greco & Thomas Letzel

Veterinary Drug Analysis with Supercritical Fluid Chromatography and 
Triple Quadrupole MS Analysis

Excellent LC-MS Separation of Penicillins and Cephalosporins Using 
Ultra IBD Columns

Separation of Statistic MMA-MAA Copolymers using Gradient SEC

LC-MS/MS Screening of 64 New Psychoactive Substances Using Dried 
Blood Spots

Improved Recoveries and Lower Background for the Analysis of PAHs in 
Olive Oil

Using Longer Aeris PEPTIDE Core-Shell HPLC/UHPLC Columns for 
Improved Peptide Mapping

Click here to view more>>

http://www.sepscience.com


www.sepscience.comAdvances in Food Safety Analysis2

to this presentation will learn the 
basics of Foodomics and will see some 
of the most recent applications of this 
new discipline in Food Science. 

The Importance of Mass 
Spectrometry in Food 
Safety
John Gilbert (FoodLife 
International Ltd, UK)
Mass spectrometry 
has undoubtedly 

revolutionized the detection and 
quantification of residues and 

contaminants in foods, and has 
greatly enhanced our ability to ensure 
the safety of the food and feed chain.  
In this webinar, the areas of pesticide 
and veterinary drug residues, 
environmental contaminants, 
process contaminants, mycotoxins, 
phycotoxins, and contaminants from 
packaging migration will be reviewed 
in terms of the current state-of-the-
art using mass spectrometry as well 
as the outstanding challenges.  The 
importance of LC-MS/MS and LC-
high resolution MS (Orbitrap) in the 

Separation Science, in collaboration with AB Sciex, Merck Millipore, Shimadzu, Supelco/Sigma-Adrich, Thermo Fisher Scientific and Waters, has 
developed an on-demand, online resource for analytical scientists working in the food analysis industries. Covering such topics as foodomics, 
GMO analysis, food authenticity/origin, marine toxins, and allergen analysis, this resource offers educational presentations from some of the 
leading experts in food analysis. You will find details of all presentations over the next few pages - remember, access is free!
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Foodomics: Fundamentals and 
Applications

Alejandro Cifuentes (National 
Research Council of Spain 
(CSIC), Madrid, Spain)
Overview: The main 
goal of Foodomics is 
to boost food science 

investigations, including those 
related to speed up the resolution 
of food safety issues, to improve 
the quality of food and to explain at 
molecular level the bioactivity of food 
ingredients applying 21st century 

omics tools and bioinformatics. Since 
our first definition of Foodomics in 
2009 in a SCI journal, the use of omic 
approaches in food science and 
nutrition has quantitatively evolved 
and grown. The Foodomics concept 
has also become more and more 
popular, because it is the ideal frame 
and distinctive stamp of any work 
in which an omic approach is used 
to investigate food safety, quality or 
bioactivity. Besides, Foodomics is also 
getting instruments companies, which 
now use regularly this term. Attendees 
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above areas will be demonstrated 
with a number of examples from the 
literature.  Additionally the challenge 
of untargeted analysis with respect 
to deliberate adulteration and 
authenticity will be outlined. Here 
there are encouraging indications of 
the promise which high resolution MS 
holds, in profiling and fingerprinting 
foods when used in combination with 
chemometric techniques.

GMO Analysis and Best 
Measurement Practice

Malcolm Burns (LGC, UK)
This will discuss GMO 
analysis and best 
measurement practice 
guidelines. It describes 
the use of DNA and 

real-time PCR for GMO analysis. The 
webinar then introduces some of the 
key concepts in best measurement 
practice guidelines of GMO analysis 
through the use of reference materials 
and involvement in external quality 
assessment exercises. Attendees to this 
presentation will raise their awareness 
of some of the issues surrounding GMO 
analysis, as well as being provided with 
a tool-kit and resources regarding best 
measurement practice guidelines in 
this topical area.  

Chromatographic Solutions to 
Improve Food Safety

Patrik Appelblad (Merck 
Millipore)
The presentation 
introduces strategies/
solutions to improve 

food safety using different 
chromatographic techniques (sample 
preparation, HPLC/UHPLC, TLC/
HPTLC). Scandals in recent years have 
clearly proven that better testing 
is required. Techniques have to be 
more selective, quicker and with 
higher sensitivity. The talk discusses 
the analytical possibilities from a 
molecular perspective, thus how 
it is possible to develop a suitable 
method using the most appropriate 
analytical technique. The aim 
with the presentation is that the 
attendees afterwards will consider 
the molecule(s) first and choose the 
most suitable technique from that 
perspective.

What’s in your food? Modern takes 
on detecting allergens, vitamins, 
packaging migrants, and more using 
LC-MS/MS

Andre Schreiber (AB SCIEX)
Food testing can be 
a challenging and 
complex job – from 
the complex sample 
preparation to the 

variety of compounds requiring 
monitoring, from contaminants to 
vitamins, allergens, packing migrants, 
mysterious adulterants, and other 
things – additional layers of complexity 
are continuously added to food 
testing requirements. Developing 
new, modernized analytical methods 
that overcome limitations of older 
methodologies, such as ELISA, HPLC, 
microbiology, PCR, or others, is essential 
to empower food testing labs to 

achieve better precision, accuracy, and 
throughput for their analyses. Modern 
methods using LC-MS/MS also offer 
advantages in simplifying sample prep 
steps, selectivity and sensitivity for 
reliable quantitation, and the ability 
to multiplex to analyze for many more 
compounds in a single shot. This 
seminar discusses new & improved 
food testing methods utilizing LC-MS/
MS.

The Use of Isotope Ratio 
Measurements in the Determination 
of Food Authenticity/Origin

Philip Dunn (LGC, UK)
Isotope ratios can differ 
between different 
sources of the same 
chemical due to 
fractionation. For 

example sugar (sucrose) obtained 
from sugar cane has a very different 
carbon isotopic composition to 
the same chemical obtained from 
sugar beet.  Such differences in 
isotopic composition can be used to 
discriminate between adulterated and 
non-adulterated foods (or correctly 
vs wrongly labelled foods). Attendees 
will learn how a combined multi-
isotope ratio approach has been used 
to increase the discriminatory power, 
as well as basic principles of Isotope 
Ratio Mass Spectrometry including 
calibration of results to primary 
reporting scales. The presentation 
will explain how this technique can 
be applied to food authenticity 
using meat as an example matrix 
highlighting the various challenges 

such measurements present.

Application of UPLC and µUPLC-
MS/MS for the Detection of Marine 
Biotoxins

Arjen Gerssen (RIKILT, The 
Netherlands)
Within Europe three 
intoxication syndromes 
related to shellfish 
consumption may 

occur, amnesic shellfish poisoning, 
paralytic shellfish poisoning and 
diarrheic shellfish poisoning (DSP). 
DSP toxins belong to the class of 
lipophilic marine biotoxins. For most 
of the lipophilic marine biotoxins 
LC-MS/MS methods have been 
developed. With new technologies as 
UPLC we’re able to reduce run times 
significantly. The improved UPLC 
methodology is applied in routine 
applications for various incidents 
that occurred in the course of 2012-
2013. Furthermore, the conventional 
method is also transferred to 
microUPLC. The rationale behind 
this research originates from both a 
green analytical chemistry philosophy 
(reduced solvent use) and from the 
limited sample extract volumes 
available when expensive standards 
are used. Our µUPLC-MS/MS method 
reduces the solvent usage by more 
than 90% and also the amount of 
extract or standard injected is reduced 
from 5µL to 0.5µL. Attendees to this 
presentation will learn about the 
possibilities for applying UPLC and 
µUPLC for their applications.
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Marine Toxins: Analytical Strategy 
Driven by European Legislation and 
Possible Alternatives 

Nathalie Gillard (CER Groupe, 
France)
The goal of this talk 
is to present marine 
toxins and especially 
those of importance in 

Europe: Amnesic Shellfish Poisoning 
(ASP) toxins, Diarrhetic Shellfish 
Poisoning (DSP) toxins and Paralytic 
Shellfish Poisoning (PSP) toxins. 
Attendees to this presentation will 
learn more about their structure and 
toxicity but the talk will be especially 
focused on the analytical strategies 
that are presently used, the legislative 
background of these strategies and 
possible alternatives.

Quality Assurance and Results 
Interpretation in Allergen Analysis

Michael Walker (LGC/
Safefood Food Allergy & Food 
Intolerance Network, UK) 
Attendees to this 
presentation will learn 
about the pros and 

cons of the principle techniques for 
analysis of allergens, ELISA, PCR and 
Mass Spectrometry (LC-MS).  Routine 
and confirmatory quality control 
approaches will be discussed and 
attendees will learn how to interpret 
results based on the Allergen Bureau 
VITAL (Voluntary Incidental Trace 
Allergen Labelling) system and EAACI 
(European Academy of Allergy & 
Clinical Immunology) Guidelines 
reference doses for major allergens.

Reference Doses for Allergens in 
Foods and their Implications for 
Analysis

Clare Mills (University of 
Manchester Health Science 
Centre, UK)
Different types of foods 
may elicit a variety 
of physiological and 

psychological responses which will 
have a direct impact on our health 
and well being. Reliable detection 
and quantification methods for food 
allergens are necessary to ensure 
compliance with food labelling and 
to improve consumer protection. 
Attendees of this presentation will 
learn how reference doses are derived,  
i.e. clinical data, dose distribution 
modelling and a summary of VITAL 
doses, different types of allergen 
analysis (ELISA, PCR, MS), implications 
for analysis regarding sensitivity and 
reporting units.

Multiplexed LC-MS Screening 
Method for the Simultaneous 
Detection of Various Plant-Based 
Allergens and Gluten

Jennifer Sealey Voyksner 
(Immunogenics, USA)
Attendees to this 
presentation will learn 
more about how 
mass spectrometry 

(MS) has become an important 
analytical technique in food science.  
This established technology is 
essential in research, aiding in the 
identification and characterization of 
allergenic food and gluten proteins 
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and peptides, as well as providing 
a sensitive alternative to ELISA for 
detecting and quantifying trace 
levels of these analytes in food and 
consumer products. This presentation 
will describe how a proteomic 
approach was used to develop a 
method to detect and quantify select 
marker peptides representing wheat, 
soy, peanut, ten different kinds of 
tree nuts, mustard, sesame, celery 
as well as wheat, barley and rye 
gluten in a single assay, using LC-MS. 
Proteins were extracted from food 
and consumer product samples and 
enzymatically digested in a novel 
sample preparation step. LC-QTOF 
accurate mass and MS/MS analysis 
permitted the identification of 2 or 
more marker peptides representing 
each analyte. This method was tested 
on a variety of real food and consumer 
products, whereby allergenic proteins 
were present in native and hydrolyzed 
form. This LC-MS method allows 
accurate and sensitive detection 
of multiple plant-based allergens 
and gluten in a single assay, at 
concentrations down to the ppb 
range.

GC(-MS) Considerations when 
Analysing Food Samples

Diane Turner (Anthias 
Consulting, UK)
Attendees to this 
presentation will 
learn about the key 
aspects of their GC or 

GC-MS to consider when setting-up 
and developing a method for the 

analysis of food samples. Starting 
with the properties of the analytes 
and matrix analysed in various food 
samples, this will then be drawn 
on to think about the selection 
of and purity of carrier gases; the 
sample introduction techniques and 
consumables; the column properties 
and set-up including pre-columns and 
backflushing; the selectivity and use 
of different GC detectors; the different 
types and modes of operation of mass 
spectrometers, including single quads 
in SIM, MS/MS and QToFs; and finally 
the different data analysis tools like 
deconvolution to find and identify 
target and unknown analytes in food 
samples.

Direct Analysis of Intact Glycidyl 
Fatty Acid Esters in Edible Oils Using 
GC-MS

Hans-Gerd Janssen (Unilever 
Research and Development, 
The Netherlands)
The presence of 
glycidyl esters (GE) 
in refined vegetable 

oils attracts significant attention of 
food technologists and toxicologists. 
To date several analytical methods 
for the determination of GE in oils 
and fats have been published. 
Most of these are indirect methods. 
Direct methods are available, but 
these use complex and expensive 
LC-MS equipment. In the current 
contribution we present a new, GC-
MS based method measuring intact 
glycidyl esters. In comparison to the 
currently used LC-MS methods, the 

and normal phase LC for the isolation 
of GE from edible oils. In addition 
they will learn how to select the 
correct GC-MS settings for the reliable 
analysis of these labile compounds.

GC-MS equipment used in the new 
method is cheaper, easier to use and 
more abundantly present in oil and 
fat laboratories. Attendees to this 
presentation will learn to exploit the 
selectivity of liquid/liquid partitioning 

http://view6.workcast.net/?cpak=3883330612363447&pak=9215791075753918
http://view6.workcast.net/?cpak=3883330612363447&pak=9215791075753918
http://info1.thermoscientific.com/content/CMD_KL_Resources?kl=PHA_&ce=E.14CMD.CC105.04443.01&iq=IQLAALGABXFANUMBBB#&rid=10111


www.sepscience.comAdvances in Food Safety Analysis

“quick, easy, cheap, effective, rugged, 
safe” (QuEChERS) approach to sample 
preparation and, second, in a solid 
phase extraction (SPE) device for the 
direct extraction of PAHs from olive 
oil. Attendees to this presentation will 
learn how the unique chemistry of 
the sorbents helped to improve the 
cleanup and increase the recoveries 
for hydrophobic analytes.

Green Extraction of Food Bioactives
Elena Ibañez (National 
Research Council of Spain 
(CSIC), Madrid, Spain)
At present, there is 
an enormous interest 
in trying to give new 

answers to one of the main societal 
challenges in our society: that, is, 
sustainability. Sustainability can 
be understood as a rational way of 
improving processes to maximize 
production while minimizing the 
environmental impact. Considering 
this framework, the production 
of valuable products from natural 
sources by using green processes 
is of high interest. Up to now, 
traditional extraction methods 
(mainly S-L extraction) have been 
used to extract bioactives; these 
methods have several drawbacks like 
they are time consuming, laborious, 
have low selectivity and/or low 
extraction yields. New challenges 
involve the development of fast, 
selective, efficient, sustainable, 
green (without using toxic organic 
solvents), with high yields and at 
lower cost. The techniques able 

to meet these requirements are, 
among others, those based on the 
use of compressed fluids such as 
supercritical fluid extraction (SFE), 
pressurized liquid extraction (PLE) 
and subcritical water extraction 
(SWE), which are among the more 
promising processes. Attendees 
to this presentation will learn the 
basics of different Green Extraction 
Techniques and will see some of 
the most recent applications to the 
production of food bioactives.

All of these presentations are free to view, simply 
click the link on the opening page, or click any of 
the presenter photos to gain access. If you have 
already registered for the your email address will 
be required, if not you’ll need to complete a short 
registration form. 

Novel Comprehensive 2D GC-Mass 
Spectrometry Strategies in Food 
Analysis

Peter Q. Tranchida (University 
of Messina, Italy)
The present lecture is 
focused on the most 
powerful analytical 
tool today-available for 

the analysis of complex mixtures of 
volatiles, namely comprehensive 2D gas 
chromatography-mass spectrometry 
(GC×GC-MS). The first GC×GC-MS 
experiments were carried out at the 
end of the 1990s and, since then, the 
methodology has been increasingly 
studied and applied. Almost all GC×GC-
MS applications have been carried 
out by using either a time-of-flight or 
quadrupole mass analyzer. However, 
recently, novel MS machines have been 
hyphenated [i.e., triple quadrupole, 
isotope ratio, high resolution time-
of-flight, hybrids] to GC×GC systems, 
Significant experiments relative to the 
analysis of food constituents, as well 
as the general characteristics of the 
GC×GC-MS systems employed, will be 
reported. Possible future scenarios of 
the three-dimensional approach will 
also be a topic of discussion.

GC-MS to GC-MS-MS for Chemical 
Residue Analysis

Nicholas Snow (Seton Hall 
University, USA)
With the advent of 
bench top systems, GC-
MS-MS is an emerging 
technology for 

chemical residue analysis in foods and 
the environment.   Although bench 
top systems make GC-MS-MS more 
easily accessible, it still represents a 
significant capital and managerial 
investment.   This seminar will focus 
on the challenges and opportunities 
involved with transitioning from 
classical GC-MS to GC-MS-MS for trace 
residue analysis. Circumstances that 
call for GC-MS-MS will be outlined 
and examples of GC-MS-MS of 
pesticides and other contaminants 
will be presented.  Attendees to this 
presentation will learn about the 
questions they should be asking as 
they consider transitioning analytical 
methods and workflow from GC-MS 
to GC-MS-MS.

Effective Cleanup of Fat Containing 
Samples in the Analysis of 
Contaminant Residues

Katherine Stenerson (Supelco)
Fatty matrix poses a 
special problem in the 
analysis of hydrophobic 
contaminant residues 
such as  PCBs, PAHs, 

and some pesticides.  Conventional 
sample preparation methods often 
result in high levels of co-extractives. 
This background can subsequently 
interfere with low level detection, 
and contaminate chromatographic 
systems. The presentation will discuss 
several new approaches which can be 
used for the cleanup of fat-containing 
samples. Specifically, a family of 
zirconia-based materials will be 
presented for use, first, as part of the  
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Impact of GC Parameters on The Separation 
Part 4: Choice of Film Thickness 
Jaap de Zeeuw, Restek Corporation, Middelburg, The Netherlands.

Film Thickness in Capillary Columns.
Film thickness in capillary columns, 
is in general between 0.1 and 10 μm 
for liquid stationary phases such as 
Rtx-1, 17 and wax.  Mostly used are 
the 0.25 micron films. Thin films are 
used for the analysis of high boiling 
materials and thick films for volatiles.  
If adsorbents are used, we do not talk 
about films but of layers. Such layers 
are between 5 and 50 μm in thickness 

and are usually built by particles.
 It is essential is that the film is 
distributed homogeneously over the 
whole column length. If the phase 
is not distributed as a film anywhere 
in the column, the efficiency of 
the column will be compromised, 
especially with liquid stationary phases. 
This happens most often in the inlet 
section when injecting samples. 
If the film is broken up, stationary 

phase may deposit downstream in 
the column. This can be observed 
as a kind of droplet (see Figure 2). 
This will cause peak broadening and 
activity. That’s also why cutting off a 
section of 10–30 cm from the inlet 
will often completely restore column 
efficiency and peak shape: By removing 
the contamination or sections with 
distorted film the performance is 
restored.

How is Film Thickness Measured?
Column length and ID can easily be 
measured by counting coils and using 
a microscope. Film thickness can be 
measured also via a microscope but 
this would be extremely expensive 
and will not be very correct as 
thickness will always depend on 
where it is measured. Figure 3 shows 
an example of a SEM picture at 40,000 
magnification, showing a 0.20 micron 

In part 1, 2 and 3 of this series we focused on the selection of stationary phase, column length and internal diameter. The stationary phase is 
also deposited as a film or a layer (Figure 1), which is the fourth parameter that we need to understand its impact. The thickness of the layer 
determines the amount of the stationary phase that is present in the capillary. Retention is directly related to the amount of the stationary 
phase; thicker films equal more retention. When do we choose thin or thick films and how do they impact the chromatography?. Changing 
film thickness will impact several parameters: retention, loadability, bleed, efficiency and even inertness.

Cd
The Chrom 

Doctor
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polysiloxane film where the column 
has on average a 0.25 micron film. 
There is always some deviation in 
exact film deposition.
 When capillary columns are 
prepared, some methods allow exact 
calculation of the film thickness. 
When static methods are used, the 
whole column is filled with a solution 
of the stationary phase. The amount 
of dissolved polymer is exactly 
known and with the specific density 
of the polymer and the volume of 
the capillary, one can calculate the 
deposited film. 
 For polymers that are 100% 
immobilized, this works well. Some 
phases cannot be bonded for 100%, 

and when columns are rinsed to 
remove non-bonded polymer, the 
residual film will be thinner.  Here the 
film has to be calculated.
 Calculation of average film 
thickness can be done using the 
specific retention volume. This is a 
fixed value for a certain component 
at a certain temperature. Using the 
specific density, the film thickness 
can be calculated for any column 
dimension using the formula:

df  = 0.5  (r   x   k) / Vg  x SD

where:

df   =  film thickness in μm;
r     =  column radius in μm;
k    =   retention factor reference 
component at test temperature
Vg  =   specific retention volume 
for reference component at test 
temperature in cm3/g
SD  =   specific density of phase in g/
cm3

Anomaly: 
There is, however, some anomaly 
between suppliers of GC columns. 
For example, an exact equivalent film 
thickness was supplied as was listed 
by the customer. They asked for a 
2.0 micron on 0.53 mm. The column 
was prepared but did not work. After 

testing the original column used by 
the customer, it showed that this 
column had a 2.7 micron film, which 
was in reality a 30% thicker film than 
was listed on the test report. 
 We could make the equivalent, but 
the discussion remains: How is film 
thickness defined? For some column 
suppliers there is a history that goes 
along with that.  The problem is, once 
a “wrong” film is listed in a method 
because a mistake has been made, 
what can you do about that?  If 
you supply a “thicker film” that will 
do the exact separation,  it will not 
be accepted as it does not fit the 
description, and if you supply exactly 
the “listed film”, the column will not 

Figure 1

Figure 1: The 7 main parameters that impact separations in GC: focusing on film thickness.

Figure 2

Figure 2: Accumulation of stationary phase resulting in a “droplet” of stationary phase inside the 
capillary.
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Figure 3

Figure 3:  Detail of capillary with an average PDMS film of 0.25 μm; Courtesy of James Harynuk, 
University of Alberta, Edmonton,  for sharing the picture.

Figure 4

Figure 4:  Resolution equation. Two terms are impacted by changing the film thickness.

Figure 5

Figure 5:  Impact of film thickness on retention. All 30 m x 0.25 mm Rtx-1;  A: film  = 0.25 μm;  
B: film  = 0.75 μm,  C: film = 1.5 μm.

Figure 6

Figure 6:  Typical application for VOC using the Rxi®-624Sil MS, 30 m, 0.25 mm ID, 1.40 μm
For conditions and identification (see reference 1).
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do the identical separation, as peaks 
elute too fast.

Impact of Film Thickness on 
Retention and Separation
The retention of a capillary is linear 
dependent on the film thickness.  If 
we look at the resolution equation 
in Figure 4  the film thickness will 
influence the resolution in 2 ways:
 First on the retention factor “k”, 
the retention factor is linear with 
the film thickness. Figure 5 shows 
an isothermal separation where the 
only change was the film thickness.  
Increasing film thickness will linearly 
increase retention factor, which 
translates in a longer retention 
time. The section of the resolution 
equation that incorporates the “k”, is 

k/k+1. This means that at LOW values 
of k, this factor increases linearly to 
increase the value of R. This is also 
seen in Figure 5 where separation 
significantly improves using a thicker 
film. As soon as k values become 
bigger, for example, > 5, this term 
becomes very close to 1, meaning the 
R value will not increase significantly. 
This is the reason that that higher 
k (higher retention) will not add 
anything to resolution.
 As a rule of thumb, k should be 4–7. 
To reduce k values, thinner films can 
be used and to increase k values, one 
can choose thicker films.
 That’s why for the separation of 
volatiles, thicker films are always 
used. The Rxi-624Sil MS phase is very 
popular, which is a medium polar 

phase, but coated with thick films 
(see Figure 6). In a 0.25 mm column a 
1.4 micron film is used. Such films are 
also highly efficient.
 An alternate way to increase 
retention is to use PLOT columns. 
Retention here is, however, based 
on adsorption, and typically layer 
thickness is between 5 and 50 micron.
 It is possible to increase film 
thickness of liquid phases to higher 
values. Quadrex did a great job in 
making extreme thick layers. Figure 7 
shows a PDMS film that is as thick 
as 20 μm [2].  Such films have high 
loadability and retention but also 
rapidly loose their efficiency, due 
to resistance of mass transfer in the 
liquid phases. Figure 8 shows a C1-C5 
separation on a 10 micron PDMS 

phase. Despite even film distribution, 
the peaks broaden rapidly.

Some Other Points to Consider 
when Changing Film Thickness
Column bleed is linear with film 
thickness 
Thick-film coated columns will 
always bleed more.  Make sure you 
use thick film-coated columns not 
at their highest temperature. If the 
bleed is too high, you may consider 
to increase the flow to elute the 
late eluting compounds at a lower 
temperature. This can be beneficial 
because the bleed of most siloxane 
phases is not dependent on flow. As 
a result, bleed will be lower if elution 
temperature is decreased.

Figure 7

Figure 7:  Extreme thick PDMS films of up to 20 μm thickness.  Courtesy of John Lipsky, Quadrex 
Corporation.

Figure 8

Figure 8: Separation of C1-C5 on a 10 micron PDMS 007-1 PHAT phase film on 30 m x 0.32 mm; For 
details, see reference 2.



Impact of GC Parameters on The Separation

Inertness and robustness increases with 
increased film thickness  
This is for two reasons:
•	  Shielding effect: The thicker film 

will cover active sites better which 
reduces their impact

•	  Higher elution temperature: At a 
higher temperature, adsorption 
kinetics will be faster, which will 
improve peak shape.

 If a column is selected with a thicker 
film, and if analysis times need to be 
similar, the easiest way is to set the 
initial oven temperature at a higher 
value. For each factor 2 increase in 
film, start 15 °C higher. For example if 
a 0.25 µm film is replaced for a 1.0 µm 
film, the initial oven temperature is set 

30 °C higher. This can only be done if 
no focusing is required for the setting 
of the starting temperature. 
The positive effect on the inertness 
also helps with robustness/life time. 
Because activity will be masked more, 
thicker films will also be preferred 
from a robustness perspective. 

Thicker films will provide highest 
loadability
Loadability is especially required 
if high levels have to analysed. It is 
not always possible to use splitted 
injection as both high and low levels 
of components are present. Often 
with valve injections (such as are used 
in analysers) and with direct injection, 
a thicker film is preferred.

 Table 1 gives some indications 
on the loadability in relation to film 
thickness. There is a range listed for 
loadability as it strongly depend 
on the polarity of the component 
in relation with the polarity of the 
stationary phase. For example, 10 ng 
of a free fatty acid will be overloaded 
on a 0.25 micron Rtx-1, while on a 
0.25 micron Stabilwax, it will provide 
a perfect symmetrical peak. The 
upper listed value of loadability for 
a certain film will already show an 
overloaded peak with asymmetry 
factor of approximate 3.0 for a well 
dissolved component.

References
1. http://www.restek.com/chromatogram/view/ 
 GC_EV1169/624Sil
2. Phat films  :  http://www.quadrexcorp.  
 com/007-1.html
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Table 1

Table 1: Loadability estimation in relation to film thickness for a 0.32mm ID column.
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Column Equilibration in HILIC

Giorgia Greco

Thomas Letzel

It is matter of fact that the samples most chromatographers 
have to face are rather complex for sample number and 
compound variety. 
 In these situations, gradient elution is largely preferred for the 
separation of analytes with different retention factors. In this 
way it is possible to narrow the peak width of the later eluted 
compounds and shorten the run time.
 However, gradient separations have a principal drawback: after 
each run they require column equilibration with the starting 
concentration of the mobile phase before the next sample can 
be injected.
 In comparison to RPLC stationary phases, HILIC phases need 
gradients with lower slope and longer equilibration times. This 
is because in HILIC the separation is driven by the thickness 
of the water layer that originates from the water in the mobile 
phase. Changing the mobile phase composition will change the 
water layer. However, this is a slow process and requires several 
column volumes before the water in the water layer reaches 
equilibrium with the mobile phase.
 A HILIC mobile phase must always contain at least 2–3% of 
water in the final mobile phase in order to allow the formation 
of the water layer on the surface of stationary phase. Then a 
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gradient elution should be performed increasing the water 
content up to a maximum of 40–50% in 20 minutes. Each HILIC 
column requires a different amount of column volume in order 
to reach a complete equilibration. Let’s consider a general 
column of dimensions 2.1 mm × 150 mm. The column volume 
is ~300 µL (for calculation of the column volume, see HPLC 
Solutions #101: Estimating Column Volume). HILIC columns need 
20 column volumes, or more, for proper equilibration. This 
means that at a mobile phase flow-rate of 200–400 µL/min, the 
equilibration time will be between 30 and 15 minutes.
Insufficient column equilibration will cause shifting of the 
retention times, resulting in poor reproducibility (Figure 1).
 In order to shorten the equilibration time it is possible to 
perform the equilibration step at a flow-rate higher, even 
two-fold, than the one used for the analysis. In HILIC this is 
possible owing to the low viscosity of the mobile phase at high 
organic content, which gives a low back pressure.
Another possibility of increasing the analysis throughput 
shortening the equilibration step is to run the samples 
continually allowing a fast but constant equilibration time 
among the runs. In this case, the column reaches a dynamic 
equilibrium and even if there is not a complete equilibration, it 
is possible to obtain good reproducibility. 
 In the forthcoming instalment, we will discuss the effect of 



Column Equilibration in HILIC

sample diluent on HILIC retention and peak shape. 

Next Tip: Sample diluent

Giorgia Greco is currently a Post Doc researcher at the Analytical Research Group at the Technische 
Universität München, Germany. She received a PhD in Chemistry at the University of Naples, Italy. 
During her research, she specialized in the analysis and separation of metabolites from human and 
food matrices, as well as of organic contaminants in waste water samples, by hyphenated RPLC/MS 
and HILIC/MS techniques. She has also focused on the theoretical elucidation of the HILIC retention 
mechanism with the aim of providing scientific bases for the fast development of HILIC separations.
   Thomas Letzel, Associate Professor, is head of the Analytical Research Group at the Technische 
Universität München, Germany. He received his PhD in Chemistry with Aerosol Analysis, worked 
as Post-Doc performing pharmaceutical analysis, built up his research group in bioanalysis with 
Habilitation in 2009 and extended his analytical experience from then in food and water analysis. 
In all areas he developed novel analytical platforms based on LC–MS for the characterization of 
organic molecules in complex matrices. Thereby techniques (such as HILIC or RP-UHPLC) are applied 
for new analytical solutions often in direct flow-coupling with (bio)functional assays. He is the 
author of more than 50 publications and two books. 
 Thomas Letzel wants to share his experience in liquid chromatography, especially in HILIC, with 
the community to accelerate the dissemination about HILIC theory and practical handling.

Figure 1

Figure 1: Retention time shift between runs due to insufficient column equilibration.
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emphasis on the analysis of drugs in biological 
matrices
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Although “small molecule” and “biopolymer” 
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deal with both. Fortunately, the underlying  
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in both situations when interpreted   
appropriately. 
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Veterinary Drug Analysis with Supercritical Fluid Chromatography and Triple 
Quadrupole MS Analysis 
Agilent Technologies
This application note describes the combination of the Agilent 1260 Infinity 
Analytical SFC Solution and an Agilent 6490 Triple Quadrupole LC/MS for the 
measurement of veterinary drugs.

Extraction of a Range of Opiates and Metabolites From Human Urine Using 
ISOLUTE® SLE+ Columns prior to GC-MS Analysis
Biotage
This application note describes the supported liquid extraction clean-up of a 
wide range of opiates and metabolites from urine prior to quantitative GC-MS 
analysis. This application note demonstrates an effective and efficient supported 
liquid extraction protocol for the clean-up and concentration of a range of 
forensically significant opiates and their metabolites. Analyte recoveries achieved 
using this method ranged from 70-99% with RSDs below 5% for all analytes.

Excellent LC-MS Separation of Penicillins and Cephalosporins Using Ultra IBD 
Columns
Restek
Antibiotics are the most widely used medications in the world. Whether by 
prescription, addition to animal feed stocks, or use of cleaning agents, everyone 
in the civilized world is either directly or indirectly exposed to antibiotics in 
daily life. This application note describes the LC-MS separation of penicillins and 
cephalosporins using Ultra IBD columns. 

Separation of Statistic MMA-MAA Copolymers using Gradient SEC 
PSS Polymer
Isocratic GPC/SEC is a powerful tool to separate macromolecules based on their 
hydro-dynamic volume. In the case of homopolymers GPC/SEC allows the fast, 
precise and easy determination of the complete molar mass distribution. Here 
SEC-gradients or polymer HPLC is the method of choice.   
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Excellent LC-MS Separation of Penicillins and 
Cephalosporins Using Ultra IBD Columns

   www.restek.comInnovative Chromatography Products

Introduction
Antibiotics are the most widely used medications in the world. 
Whether by prescription, addition to animal feed stocks, or use of 
cleaning agents, everyone in the civilized world is either directly 
or indirectly exposed to antibiotics in daily life. The overuse of 
antibiotics, however, has allowed resistant bacteria to thrive. The 
death of 12,500 people in Guatemala from an episode of Shigella 
fever can be traced to a simple mutation of the bacterial strain. 
Research indicated that the bacterium incorporated a single plas-
mid into its RNA sequence and resultantly became resistant to 
four different antibiotics. This illustrates the danger of resistance 
caused by adaptation. To combat resistant bacteria, new antibi-
otic derivatives must be created to overcome the bacteria’s new 
defense mechanisms. Typically, HPLC columns can be used to 
analyze penicillins and their structurally related cephalosporins. 
However, the similarity of many derivatives may require addition-
al interactions to effectively separate related compounds. Restek’s 
Ultra IBD column is better able to resolve these compounds using 
polar and hydrophobic interactions.

Background
Penicillins and cephalosporins represent nearly sixty percent of 
antibiotics worldwide. These antibiotics possess a sulfur atom 
within a five- or six-membered ring, attached to a fourmember 
ß-lactam ring. They are produced by fermentation processes using 
either selected fungi or species of Streptomyces bacteria. Deriva-
tives are produced in two fashions: 

1. Biosynthetic process—The fungus or bacteria are geneti-
cally engineered to produce a new derivative, or the starting 
materials are altered to produce biosynthetic variants during 
fermentation.

2. Semi-synthetic processes—The materials from a biosynthetic 
process are converted to chemical derivatives. Penicillin deriv-
atives are created from penicillin G or V, while cephalosporin 
derivatives are created from cephalosporin C or cephamycin C. 

Figure 1: Ultra IBD column separates penicillin V 
from fermentation impurities.
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Column Ultra IBD (cat.# 9175565)
Dimensions: 150 mm x 4.6 mm ID
Particle Size: 5 µm
Pore Size: 100 Å
Temp.: 30 °C
Sample
Diluent: acetonitrile:water (10:90, v/v)
Conc.: 1.2 mg/mL
Inj. Vol.: 2.5 µL
Mobile Phase 10 mM ammonium formate, pH 2.5:acetonitrile (95:5, v/v)
Flow: 1.2 mL/min
Detector UV/Vis @ 270 nm

  Peak
 1. Penicillin V
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Veterinary Drug Analysis with 
Supercritical Fluid Chromatography 
and Triple Quadrupole LC/MS
The Agilent 1260 Infi nity Analytical SFC Solution and 
Agilent 6490 Triple Quadrupole LC/MS

Application Note
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Food Testing and Agriculture

Abstract
This Application Note describes the combination of the Agilent 1260 Infi nity 
Analytical SFC Solution and an Agilent 6490 Triple Quadrupole LC/MS for 
the measurement of veterinary drugs. The connection of the SFC to the triple 
quadrupole MS was made through the Agilent Jet Stream Technology electrospray 
ionization source. The confi guration of the system is described, including a split 
from the SFC to the MS and a separate make-up fl ow for improved ionization, 
together with the method parameters. The data show limits of quantitation  
(LOQs) and limits of detection (LODs) in the lower ppb range for all measured 
veterinary drugs.
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Separation of statistic MMA-MAA Copolymers using
Gradient SEC

Application Note Pharmaceutical Analysis

Author
Dr. Wolfgang Radke
contact: WRadke@pss-polymer.com

Isocratic GPC/SEC is a powerful tool to separate macromolecules based on their hydro-
dynamic volume. In case of homopolymers GPC/SEC allows the fast, precise and easy
determination of the complete molar mass distribution. 
Unfortunately many modern polymeric materials are copolymers and isocratic GPC/SEC does
not provide any information about the chemical composition. Here SEC-gradients or polymer
HPLC is the method of choice. 

Introduction
Statistic copolymers of methyl methacrylate (MMA) and methacrylic acid (MAA) are widely used
in pharmaceutical applications. Besides the molar mass distribution the chemical composition
and the amount of comonomers in the copolymer is of importance. Separations by conventional
gradient HPLC failed, since the polar eluents required to dissolve polymers of high acid content
prevent adsorption onto the stationary phase, resulting in pronounced breakthrough peaks. The
problem can be avoided applying SEC-gradients, resulting in the desired separation according
to the amount of methacrylic acid. The system can be calibrated using reference materials of
known composition. This allows determining the average copolymer composition as well as the
compositional heterogeneity.

System Requirements
Conditions

Pump PSS SECcurity GPC1260 binary pump
• flow rate [mL/min]: 1.0
• mobile phase: 
Gradient: Chloroform/DMAc

Injection system PSS SECcurity GPC1260 Autosampler
Injection interval: 32 min

Columns • PSS PROTEEMA precolumn (8*50 mm) 
• PSS PROTEEMA, 3 µm, 100 Å (8x300 mm)
Temperature: 60/C

Calibration PSS MMA-MAA copolymers of different acid content
(MAA: 9%, 25%, 31%, 42%, 48%wt)

Loading Samples dissolved in DMAc
• 1 mg/mL, 100 µL injection volume

Detector • PSS SECcurity ELS1000
Gas flow: 1.5 SL/min
Nebulizer temperature: 100 /C
Evaporator temperature: 200 /C.

Software PSS WinGPC UniChrom with ChromPilot and Chemical
Heterogeneity module 

   

 

 

 

Figure 1. Structure of Morphine 

Analytes 

Introduction 

Dihydrocodeine, Oxycodone, Oxymorphone, Codeine, Morphine, Hydrocodone, Hydromorphone and 6-monoacetylmorphine (6-MAM). 

Extraction of a Range of Opiates and Metabolites 
From Human Urine Using ISOLUTE® SLE+ Columns 
prior to GC-MS Analysis 

This application note describes the supported liquid extraction clean-up of a wide range of opiates and metabolites from urine prior to 
quantitative GC-MS analysis. 

This application note demonstrates an effective and efficient supported liquid 

extraction protocol for the clean-up and concentration of a range of forensically 

significant opiates and their metabolites. 

Analyte recoveries achieved using this method ranged from 70-99% with RSDs  

below 5% for all analytes. 

Sample Preparation Procedure 

Sample pre-treatment:  Dilute urine (1 mL) with 100 mM ammonium acetate pH 5 (950 µL) and β-Glucuronidase enzyme  

    (~4500 AU) (50 µL). Hydrolyze with heat in a water bath at 60 C for 2 hours. Cool and add 25%  

    ammonium hydroxide in water (10μL) and vortex. 

    (i) If urine volume is more than 1 mL, an extra 50 μL of enzyme is required for every extra 1 mL of  

    urine to achieve required activity. 

    (ii) To achieve desired pH after hydrolysis, an extra 10 μL of 25% ammonium hydroxide in water is   

    required for every extra 1 mL of urine. 

Sample loading:  Load the pre-treated sample (1 mL) onto the column and apply a pulse of vacuum (VacMaster 20  

    Sample Processing Manifold, 121-2016) or positive pressure (PRESSURE+ 48 Positive Pressure Manifold 

    PPM-48) to initiate flow.  Allow the sample to adsorb for 5 minutes.  

Analyte extraction:  Apply dichloromethane:isopropanol (95:5, v/v) (2.5 mL) and allow to flow under gravity for 5 minutes.  

    Apply a second aliquot of dichloromethane:isopropanol (95:5, v/v) (2.5 mL) and allow to flow for  

    another 5 minutes. Apply vacuum or positive pressure to pull through any remaining extraction solvent. 

Post-extraction:  Evaporate the extract to dryness (40 ºC). Reconstitute in ethyl acetate (500 µL) and transfer to high  

    recovery glass vial. Evaporate the extract to dryness (40 ºC). Derivatize with BSTFA:TMCS (99:1, v/v)  

    (20 µL) and dichloromethane/Isopropanol (95:5, v/v) (20 µL). Seal with non-split caps and heat in a  

    heating block at 70 ºC for 30 minutes. 

Application Note 

www.biotage.com

AN770 

ISOLUTE SLE+ Supported Liquid Extraction columns offer an efficient alternative to traditional liquid liquid extraction (LLE) for   

bioanalytical sample preparation, providing high analyte recoveries, no emulsion formation, and significantly reduced sample  

preparation time. 

ISOLUTE SLE+ 1 mL Sample Volume column, part number 820-0140-C     
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LC-MS/MS Screening of 64 New Psychoactive Substances Using Dried 
Blood Spots 
AB SCIEX
A robust, fast, sensitive and specific LC-MS/MS screening method for the 
determination of 64 new psychoactive substances in dried blood spots (DBS) 
has been developed and validated using an AB SCIEX QTRAP® 5500 LC/MS/
MS System. DBS provide fast and efficient sample preparation and are easy to 
handle in terms of further preparation steps and shipping.  

Improved Recoveries and Lower Background for the Analysis of PAHs in 
Olive Oil
Sigma-Aldrich
This study compared the Supelclean EZ-POP NP to silica gel SPE for the 
extraction of PAHs from olive oil, a problematic fatty matrix. In terms of lipid 
removal, the EZ-POP NP removed more unwanted background than silica 
gel SPE, greatly decreasing the matrix effects. The EZ-POP NP produced 
better overall analyte recoveries than the silica gel SPE, with adequate 
reproducibility.  

Using Longer Aeris PEPTIDE Core-Shell HPLC/UHPLC Columns for 
Improved Peptide Mapping
Phenomenex
A new 3.6 µm 100 Å HPLC/UHPLC column (Aeris PEPTIDE) has been 
introduced that is specifically designed to improve separations of peptide 
and peptide mapping applications. The Aeris PEPTIDE XB-C18 column was 
developed to complement Aeris WIDEPORE XB-C18 core-shell columns for 
protein characterization. 

FEATURED APPLICATIONS
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Using Supelclean™ EZ-POP NP and an SLB®-5ms GC Column

Table 1. Cleanup Procedure for Olive Oil using  
Supelclean EZ-POP NP
1. Add 10 mL of acetone to the Supelclean EZ-POP NP cartridge (54341-U), and 

allow it to elute with gravity. 
2. Dry the cartridge at -10" Hg for 10 min.
3. Accurately weigh 0.500 mL of oil directly onto the SPE cartridge.
4. Add the internal standard directly to the oil on the cartridge.
5. Allow the sample to penetrate the upper frit. 
6. Pulling vacuum, elute the analytes of interest with 15 mL of acetonitrile (rate of 

approximately 1 drop/sec.).
7. Concentrate the samples to a final volume of 1 mL under nitrogen (5 psi) at 40 °C.

A recent survey implemented by Supelco revealed that 58% of 
analytical chemists in the food industry find the analysis of compounds 
in fatty matrices to be highly problematic. Lipid interferences can 
produce elevated detection limits, contamination of LC and GC 
systems, and ultimately decrease instrument and column lifetime. 

Current extraction and cleanup techniques for fatty samples may be 
time consuming, expensive, and/or provide insufficient background 
removal prior to analysis. For this reason, a new approach has been 
developed. The Supelclean EZ-POP NP, a dual-layer SPE cartridge 
containing Florisil® and Z-Sep/C18, was designed for the extraction of 
nonpolar analytes from oil matrices. By means of Lewis acid/base and 
hydrophobic interactions, fatty matrix interferences are preferentially 
retained by the cartridge while analytes of interest are eluted. In this 
way, lipid interferences are removed from the sample.

Experimental
The Supelclean EZ-POP NP and two competitor silica gel SPE 
cartridges were compared in terms of matrix removal and analyte 
recovery for the extraction of select polycyclic aromatic hydrocarbons 
(PAHs) from olive oil. Multiple replicates of both unspiked and spiked 
(20 ng/g with PAHs) oil samples were processed for each SPE cleanup 
technique. The cleanup procedures are summarized in Tables 1 and 2.  

Improved Recoveries and 
Lower Background for the 
Analysis of PAHs in Olive Oil

Extracts were then analyzed by GC-MS (SIM mode). Quantitation was 
performed against a 5-point calibration curve (1–20 ng/mL) prepared 
in unspiked olive oil extract with naphthalene-d8, fluoranthene-d10, 
perylene-d12 internal standards, spiked at 10 ng/mL. 

Results and Discussion

Matrix Removal
Figure 1 shows the GC-MS (full scan) chromatograms of the extracts 
after cleanup with Supelclean EZ-POP NP, Competitor A silica gel SPE, 
and Competitor B silica gel SPE, respectively. The chromatograms 
illustrate that the EZ-POP NP cleanup produces much lower 
background than the silica gel SPE cleanup. 

Figure 1. GC-MS Full Scan Chromatograms of  
Olive Oil Extract (same y axis)
 column: SLB®-5ms, 20 m x 0.18 mm I.D., 0.18 µm (28564-U)
 oven: 60 °C (1 min.), 15 °C/min. to 250 °C, 8 °C/min. to 330 °C (7 min.)
 inj. temp.: 300 °C
 carrier gas: helium, 1 mL/min constant flow
 detector: MS
 MSD interface: 330 °C
 injection: 1 µL, pulsed splitless (50 psi until 0.75 min, splitter open at 0.75 min.)
 liner: 4 mm ID FocusLiner™ with taper and quartz wool

10 20 30

10 20 30
Min

10 20 30

Supelclean EZ-POP NP Cleanup

Competitor A 
Silica Gel 
SPE Cleanup

Competitor B 
Silica Gel 
SPE Cleanup

Table 2. Cleanup Procedure for Olive Oil using Silica Gel  
SPE Cartridges (Competitor A and B)1*
1. Condition the SPE cartridges with 20 mL of hexane.
2. Dilute 5 g of oil with hexane to a final volume of 10 mL. Load  

1 mL onto the cartridge. Add the internal standard directly onto the cartridge.
3. Wash the cartridge with 8 mL hexane:methylene chloride (70:30).
4. Elute the analytes of interest with 8 mL hexane:methylene chloride (70:30).
5. Concentrate the samples to a final volume of 1 mL under nitrogen (5 psi) at 40 °C.
* Gravity elution was used for the above steps. 
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LC-MS/MS Screening of 64 New Psychoactive Substances 
Using Dried Blood Spots
Dried Blood Spots as an Alternative to Whole Blood

Dr. Sebastian Dresen1, Lars Ambach2, Dr. Stefan König2, Prof. Dr. Wolfgang Weinmann2

1AB Sciex, Darmstadt, Germany and 2Institute of Forensic Medicine, University of Bern, Switzerland 

Overview
A robust, fast, sensitive and specific LC-MS/MS screening 
method for the determination of 64 new psychoactive substances 
(NPS) in dried blood spots (DBS) has been developed and 
validated using an AB SCIEX QTRAP® 5500 LC/MS/MS System.
DBS provide fast and efficient sample preparation and are easy 
to handle in terms of further preparation steps and shipping. Only 
low sample volumes of capillary blood are required which can be 
obtained through minimally invasive techniques compared to 
blood sampling via venipuncture.

Introduction
In recent years there has been a significant increase of new 
designer drugs alongside the classic drugs of abuse. The 
number of new substances reported for the first time to the 
European Monitoring Centre for Drugs and Drug Abuse 
(EMCDDA) has risen from 13 substances in 2008 to 73 new 
compounds in 2012 (Figure 1). Those new psychoactive 
substances often consist of a broad range of substances that are 
not controlled under international drug laws. Frequently, they are 
chemically similar to controlled drugs to mimic the effects of 
existing controlled drugs. However they are sufficiently different 

that they are not covered by national drug laws.

The main groups of substances monitored by the early warning 
system (EWS) operated by the EMCDDA besides synthetic 
cannabinoids are the phenethylamines (with stimulant, 
entactogenic or hallucinogenic effects, such as PMMA and 2C-I), 
tryptamines (which have predominantly hallucinogenic effects, 
such as AMT and 5-MeO-DALT), piperazines (which exhibit 
predominantly stimulant effects, such as mCPP and BZP) and 
cathinones [1].

Dried blood spots can be an interesting alternative to 
serum/plasma or whole blood analysis for which only one or few 
drops of blood are sampled on filter paper. After drying the 
paper, it can be stored until preparation and analysis or can 
easily be shipped. The low required blood volumes, the fast,
easy and minimally invasive sampling, as well as the stabilization 
of the analytes, all form the main advantages of this technique.

Since the sample volume is very low, a highly sensitive and 
selective LC-MS/MS system is required to apply this sampling 
method for the detection of low concentrations of the designer 
drugs [2].

Figure 2: AB SCIEX QTRAP® 5500 LC/MS/MS System

Figure 1: Number of new psychoactive substances notified to the 
European EWS, 2005–2012. Source: EMCDDA/EWS 
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Using Longer Aeris™ PEPTIDE Core-Shell HPLC/UHPLC Columns for Improved  
Peptide Mapping
Michael McGinley, Deborah Jarrett, and Jeff Layne
Phenomenex, Inc., 411 Madrid Avenue, Torrance, CA 90501 USA

backpressure amenable to using standard HPLC systems (200 
bar at 1.2 mL/min). These results demonstrate the performance 
advantage and utility of the Aeris PEPTIDE 3.6 µm XB-C18 media 
for highly complex peptide mapping mixtures where one can uti-
lize different column lengths to optimize resolution and separa-
tion time based on the needs of a specific application.

Conclusion
Maximizing  resolution  between  proteins  and  their  modified
impurities is critical in obtaining useful quantitation of post-
translational modifications of biogeneric proteins. The different 
applications in this technical note show the utility of Aeris 
WIDEPORE columns for obtaining accurate data for intact protein 
applications. The optimized geometry of the core-shell Aeris 
WIDEPORE columns, as well as good selectivities of the three 
separate phases offered (XB-C18, XB-C8 and C4), deliver better 
resolution and recovery than existing fully porous 300 Å columns 
for intact protein analysis. Finally, the large particle size of the Aeris 
WIDEPORE column delivers a significantly lower backpressure 
than sub-2 µm 300 Å columns which allows for more flexibility in 
instrument used (HPLC or UHPLC) as well as column length in 
developing biogeneric protein applications.

A new 3.6 µm 100 Å HPLC/UHPLC column (Aeris PEPTIDE) has 
been introduced that is specifically designed to improve separations 
of peptide and peptide mapping applications. The Aeris PEPTIDE 
XB-C18 column was developed to complement Aeris WIDEPORE 
XB-C18 core-shell columns for protein characterization. When one 
looks at peptide mapping applications, performance requirements 
are significantly different versus intact protein separations, as 
increased retention and selectivity are required to separate the large 
number of peptides generated in peptide mapping applications. 
Because increased resolution is a higher priority versus speed, a 
larger particle (3.6 µm) core-shell particle was developed allowing 
the use of longer columns at lower backpressures. In this application 
the increased resolution that longer Aeris PEPTIDE 3.6 µm XB-C18 
provide will be demonstrated.

Materials and Methods
All chemicals, standards and antibodies were obtained from Sigma 
Chemical (St. Louis, Missouri). Solvents were purchased from EMD 
(San Diego, California). Core-shell Aeris PEPTIDE 3.6 µm XB-C18 
columns (150 × 4.6 mm and 250 × 4.6 mm) were obtained from 
Phenomenex (Torrance, California). Bovine serum albumin was 
digested with trypsin and analyzed on an Agilent 1200 HPLC system 
with autosampler, column oven, solvent degasser, and UV detector 
set at 214 nm. Data was collected using ChemStation software 
(Agilent, Santa Clara, California). Mobile phases used were 0.1 % 
Formic acid in water (A) and 0.1 % Formic acid in acetonitrile (B) 
with a gradient from 3 to 65 % B at a flow rate of 1.2 mL/min. 
Gradient times were adjusted based on column length (33 to 55 
minutes respectively). Column was maintained at 40 °C.

Results and Discussion
Aeris PEPTIDE 3.6 µm XB-C18 core-shell particles demonstrate 
similar or better performance than sub-2 µm fully-porous columns 
at a fraction of the backpressure, allowing the use of longer col-
umns at backpressures compatible with existing HPLC systems. 
The 3.6 µm core-shell media is of particular utility for peptide map 
applications where the increased resolution of longer columns is 
desired (for high-speed UHPLC applications the Aeris PEPTIDE 
1.7 µm XB-C18 can be used instead). An example of the utility is 
demonstrated in Figure 1 where 150 × 4.6 mm and 250 × 4.6 mm 
Aeris PEPTIDE 3.6 µm XB-C18 columns were compared for a 
peptide map of BSA. The 150 × 4.6 mm column provides excel-
lent separation of the peptide mixture at a low column backpres-
sure (140 bar at 1.2 mL/min) such that a longer column could be 
used to achieve additional resolution if required. When the 250 
× 4.6 mm Aeris PEPTIDE 3.6 µm XB-C18 column was used for 
the separation, additional peptides were resolved while still at a 

Figure 1.  
BSA Tryptic map separated on different length Aeris PEPTIDE 3.6 µm 
XB-C18 columns (150 × 4.6 mm top, 250 × 4.6 mm bottom). Note the 
good separation on the shorter Aeris PEPTIDE column and the increased 
resolution provided by the longer Aeris PEPTIDE (250 × 4.6 mm) column. 
Because backpressure for the Aeris 3.6 µm column is so low, one can 
optimize column lengths based on their separation time and resolution 
requirements.
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