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Current Trends in 
Chiral Chromatography
Professor Debby Mangelings from the Vrije Universiteit in Belgium, estimates that 60% of newly commercialized 

drugs possess chiral properties. In this interview with Bethany Degg of The Column, Mangelings discusses the 

importance of chiral chromatography in pharmaceutical analysis, the challenges of current methods, and 

where the f eld is heading next.

Q: What are your main research 

interests and how did you become 

interested in your field?

A. My main research interests are 

separations with chromatographic 

separation techniques and the use of 

miniaturized separation techniques, with 

a special focus on chiral separations. 

We have several research lines within 

chiral separations, such as the definition 

of generic separation strategies for 

different high performance liquid 

chromatography (HPLC) modes, capillary 

electrophoresis (CE), and supercritical fluid 

chromatography (SFC); the implementation 

of capillary electrochromatography (CEC) 

as a chiral separation technique; and the 

use of monolithic chiral stationary phases 

in CEC. In addition, our department is also 

involved in the development of fingerprint 

chromatograms of herbal extracts and the 

use of chemometrics on these fingerprints 

for identification, classification, and 

calibration purposes.

The interest of my main research field 

originates from my studies as a pharmacist: 

As a first year student, I became fascinated 

by the fact that mirror images of molecules 

exist, and that they display different 

activities in the human body. Later, I 

discovered that chirality had an enormous 

impact on the pharmaceutical industry, 

and I was lucky that the department where 

I did my Master and PhD thesis was doing 

research on chiral separations.

Q: What are you focusing on at the 

moment?

A. For chiral separations, we have two 

research projects: The first focuses on SFC 

used as a separation technique and in the 

second we are investigating new types 
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of chiral stationary phases in CEC mode. 

In all research we try to implement the 

use of experimental designs, for example 

in method optimization, to reduce the 

number of experiments.

Besides these projects, we are working 

on precision improvement and method 

transferability of CE methods between 

different instruments and laboratories. 

Also here, we are using chiral separations 

as test cases.

In SFC, we also initiated a project 

concerning the development of drug 

impurity profiles.

A final topic is the development of 

fingerprint chromatograms by means of 

liquid chromatography–mass spectrometry 

(LC–MS) and LC with diode array detection 

(LC–DAD), and subsequent chemometric 

analysis. The idea is to compare both 

fingerprint types and see how much 

information is kept, gathered, or lost for 

data analysis when switching from 

LC–DAD to LC–MS fingerprints.

Q: Why is there so much emphasis 

on chiral analysis and the detection 

of enantiomers in pharmaceutical 

products?

A. Chiral analysis is a very important 

topic in the pharmaceutical industry 

because enantiomers of a given compound 

exhibit different pharmacodynamic 

and pharmacokinetic profiles in living 

systems. This originates from the fact that 

receptors, enzymes, and ion channels in 

the human body are composed of chiral 

building blocks, such as amino acids and 

carbohydrates, and therefore are also 

chiral.

In this chiral environment, different 

interactions are seen for individual 

enantiomers. For chiral medicines, it is 

often seen that only one enantiomer 

(eutomer) displays the therapeutic activity, 

while the other (distomer[s]) may exert 

no effect, another effect, an antagonist 

effect, may cause side effects, or can 

even be toxic. When a chiral molecule 

is commercialized in a pharmaceutical 

formulation, the presence of distomeric 

forms may be inconvenient. This should 

therefore be investigated properly in 

advance. Softenon is an often-handled 

example when discussing the risks of 

introducing chiral drug molecules. Here, 

racemic thalidomide (equimolar mixture 

of enantiomers) was incorporated as the 

active pharmaceutical ingredient (API). One 

enantiomer (probably S-thalidomide) had 

teratogenic properties and administration 

of Softenon to pregnant women led to 

thousands of newborns with serious fetal 

malformations.
www.gerstel.comwww.gerstelus.com

GERSTEL automation reduces

matrix effects in LC/MS and GC/MS

 SPE, dSPE (DPX) and online SPE (SPExos)

 Filtration and Centrifugation

 Adition of Internal Standards and Derivatization

 Solvent Change and Solvent Addition

 LC Effluent Optimizer (LEO) for best possible 

 MS ionization

Dilute & Shoot   

Hit or Miss?

Hit your mark  

with GERSTEL 

Sample Prep!

Q&A: Mangelings

3

Q&A: Mangelings2 News8 Tips & Tricks: GPC/SEC12 Molnar et al.1688 122
Q&A: Kujore22 CHROMacademy25 Training & Events26 Staff28252 2626

ES416980_LCTC040814_003.pgs  03.29.2014  04:21    ADV  blackyellowmagentacyan



 The Column    www.chromatographyonline.com

Q: Why is the single enantiomer 

important and how is this regulated? 

A. When commercializing a chiral 

pharmaceutical product, the use of a single 

enantiomer drug is preferred because 

it presents many advantages, such as 

dose reduction, reduced pharmacokinetic 

and pharmacodynamic variability 

among patients, simpler dose-response 

relationships, and the reduction of side 

effects and toxicity. The commercialization 

of a racemate (a mixture of enantiomers) 

is still allowed, but only when the eutomer 

is converted into the other enantiomers 

by metabolization processes in the human 

body (in vivo racemization). This occurs, 

for example, with thalidomide. Therefore, 

even when this product would have been 

commercialized as pure enantiomer, 

the severe outcomes could not have 

been avoided because R-thalidomide is 

converted fast into S-thalidomide during 

metabolization.

The effects of the enantiomers in a 

chiral drug molecule must be carefully 

investigated for the registration file. The 

pharmacological and toxicological profile 

of each enantiomer must therefore be 

well documented in regulatory files, 

because when a single enantiomer drug 

is commercialized, other enantiomers 

are considered as an impurity of the API. 

Identification tests should be able to 

distinguish the enantiomers of the drug 

molecule. In addition, the enantiomers 

must be separated and quantified during 

production, fabrication, and quality control 

processes.

Knowing that at least 60% of newly 

commercialized drugs have chiral 

properties, there is no need to state that 

the development of chiral separation 

methods is very important in the 

pharmaceutical industry.

Q: What methods are used for chiral 

separation in industry at the present 

time?

A. There are two ways to achieve a 

chiral separation: The indirect methods 

use derivatization reactions to convert 

enantiomers in diastereomers, which 

can be separated with conventional 

achiral methods because these have 

different physico-chemical properties. 

However, this method is less used because 

derivatizations are generally avoided in the 

pharmaceutical industry. Therefore, direct 

methods are mostly preferred.

Direct methods use a chiral selector that 

forms transient diastereomeric complexes 

with the enantiomers, enabling their 

separation. This selector can be added 

to the mobile phase but this approach is 
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mostly used in miniaturized techniques 

such as CE and CEC because of the high 

selector consumption with techniques such 

as HPLC. The selector may also be coated 

or immobilized on a chromatographic 

matrix, creating a chiral stationary phase 

(CSP). The use of a CSP is by far the most 

applied approach in the pharmaceutical 

industry to separate enantiomers, with 

the most popular CSP those containing 

polysaccharide-, macrocyclic antibiotic-, 

or cyclodextrin-based selectors. CSPs are 

used in combination with chromatographic 

techniques, such as HPLC, SFC, and gas 

chromatography (GC), of which HPLC is 

definitely the most popular one. Some 

companies also use SFC and CE, but the 

application of those techniques is far 

below that of HPLC, but there has been a 

kind of a revival in SFC recently.

Q: What are the limitations of these 

methods?

A. A major problem with chiral separations 

is that enantioselectivity cannot be 

predicted. Several research groups have 

tried, but with limited success. This 

also implies that the development of 

a chiral separation method is often a 

trial-and-error approach. Therefore, our 

research focused on the development 

of generic chiral separation strategies, 

which help the analysts in chiral method 

development. In principle, these strategies 

should be applicable on any compound, 

independent of their structure. Our 

separation strategies consist of a 

screening step, where a limited number 

of experiments are performed on a 

CSP with a broad and complementary 

enantioselectivity. The second step of such 

a strategy is to apply an optimization step 

when a (partial) separation is obtained 

and a second attempt with new conditions 

when it was not the case. Screenings 

are often also defined “in-house” in 

pharmaceutical companies.

Chiral HPLC consumes a relatively high 

amount of organic solvent for the analysis. 

Particularly for less environmentally friendly 

modes of HPLC such as normal-phase- and 

polar organic solvent chromatography, 

this can represent a major hurdle on the 

level of waste disposal. The analysis times 

can also be quite long, but this is really 

case-dependent.

Q: Are there other methods in 

development or emerging to replace 

such established methods?

A. SFC is def nitely a candidate technique 

to complement HPLC as a separation 

technique. I have recently seen what SFC 

can do, and I am quite impressed about 
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the capability of the technique for chiral 

separations. What you can do in one hour 

in HPLC, you can easily achieve in less 

than half an hour in SFC. In addition, the 

waste problems of HPLC are not applicable 

for SFC, because the largest fraction of 

the mobile phase is CO2 and this simply 

evaporates after the analysis. There are 

still some hesitations in the scientif c world 

about the potential of SFC because the 

instruments of former generations were 

not what they should have been in terms 

of repeatability and baseline noise, but 

instrument manufacturers have invested 

much in this technology recently, and I 

am convinced that the new generation 

analytical instruments are signif cantly 

better.

I also still believe in the potential of CEC 

because it uses a combined separation 

principle (chromatographic partition and 

electrophoretic mobility) that is quite 

unique. However, for this technique, 

there are not just instrumental issues, 

development of proper CEC stationary 

phases is also needed.

With regards to stationary phase 

technology, polysaccharide-based 

selectors are the most popular. 

Recently, several companies introduced 

chlorinated polysaccharide-based 

selectors and some even have a broader 

enantioselectivity than non-chlorinated. 

Polysaccharide-based selectors were also 

immobilized to cope with the restriction 

of using special solvents, like acetone, 

tetrahydrofuran (THF), and chloroform, 

on coated polysaccharide CSP. Therefore, 

these selectors will probably remain the 

most frequently used. What may be an 

interesting development is the use of new 

chromatographic matrices, for example, the 

use of smaller particle sizes and fused-core 

materials. However, at the moment these 

are still at the research level.

Q: What will it take for these methods 

to become industry standards?

A. SFC has the most potential to become 

an industry standard in the short-term. In 

fact, it is already used as a technique in 

several pharmaceutical companies, and 

increasingly at the level of preparative 

separations. Exact control of instrumental 

parameters and much more fundamental 

research is still required to get SFC to 

the level where HPLC is at the moment, 

but with the introduction of the new 

generation instruments, there are new 

ways to get there.

Q: Where do you see your research 

taking you in the future? 

A. In SFC, we want to investigate its 
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potential for non-chiral separations and 

see in what way it can be related to HPLC. 

Is it a replacement technique for HPLC 

or is it complementary? The coupling 

of our SFC instrument to mass 

spectrometry is also a future research 

topic.

In CEC, our research will remain in 

the chiral separation field, where the 

investigation of polysaccharide CSPs with 

smaller particles and fused-core particles 

will be future topics.

More fundamental research in chiral 

separations is a necessity that remains, so 

comparative studies will be introduced in 

our future research. We will also focus on 

including more chemometrics in this field 

of our research.

Debby Mangelings is 

a professor at the Vrije 

Universiteit Brussel, 

Belgium. She graduated 

as a pharmacist in 

2001, obtained a PhD in 

pharmaceutical sciences 

in 2006, and became 

a full professor in 2010. She is a member of 

the Department of Analytical Chemistry and 

Pharmaceutical Technology, headed by Yvan 

Vander Heyden. Together, they currently 

supervise the work of seven PhD students. Her 

main research interests are chiral separations 

and miniaturized separation techniques. 

Debby is author or co-author of eight book 

chapters and 59 manuscripts, 57 of which are 

published in peer-reviewed journals.

E-mail: Debby.Mangelings@vub.ac.be

Website: http://homepages.vub.ac.be/~dmangeli/
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Gerstel Form OEM Agreement with Spark Holland

Gerstel GmbH & Co. KG (Mülheim an der Ruhr, Germany) and Spark 

Holland (Emmen, The Netherlands) have announced an original 

equipment manufacturer (OEM) agreement. The agreement will allow 

Gerstel to develop and market fully integrated automated dried blood 

spot (DBS) technology from Spark Holland that recently received 

a US patent. DBS or dried matrix sampling is an emerging tool for 

bioanalysis, and is particularly useful in the clinical and pharmaceutical 

laboratory, requiring 5–15 μL of sample for each analysis.

www.gerstel.com or www.sparkholland.com

Gerard Rozing Wins 2014 Uwe D. Neue Award 

Gerard Rozing has been announced as the winner of the second 

annual Uwe D. Neue Award in Separation Science. The award was 

created by Waters Corporation (Massachusetts, USA) to recognize 

the work of distinguished industrial scientists, in honour of Dr Uwe 

D. Neue, late scientist and Waters Corporate Fellow. Rozing will 

receive the award at the upcoming 41st International Symposium on 

High Performance Liquid Phase Separations and Related Techniques 

(HPLC2014) held on 11–15 May in New Orleans, USA.

Rozing is widely known and recognized as an outstanding 

researcher for his work that bridges fundamental science with 

technical solutions in a commercial environment. He worked in 

industry for over 30 years, before retiring in 2012 to become a 

consultant for Agilent Technologies and other organizations. He has 

authored more than 57 publications and holds six US patents. For 

more information visit www.rozing.com

A team of scientists based in the US has used solid-phase microextraction (SPME) and gas chromatography–mass 

spectrometry (GC–MS) to provide the f rst analysis of volatile organic compounds (VOCs) present in human earwax 

(cerumen).1

There are between 1000 and 2000 ceruminous glands in the ear, keeping the eardrum lubricated, waterproof, and 

cleaning the external auditory canal. Cerumen also has antibacterial properties and can reduce the viability of a range of 

bacteria. The team also investigated and compared cerumen prof les of subjects of East Asian and Caucasian descent. 

Cerumen from Caucasian subjects is a wet, yellow-brown colour; while East Asian subjects 

have a dry, white wax. Lead author of the study, Katharine Prokop-Prigge, told 

The Column: “Earwax, until now, has been a little-studied human secretion. 

We have found important information contained in human earwax, specif cally 

information about the ethnicity of a person simply by looking in his ears.” 

The team sampled the headspace of earwax samples from 16 male 

subjects by using SPME. The earwax sample was f rst transferred to 

glass vials and incubated at body temperature for 30 min. This allowed 

the release of volatiles into the headspace of the vial. The SPME f bre 

was then exposed in the vial’s headspace for an additional 30 min. The 

compounds adsorbed onto the f bre were separated and identif ed using 

GC–MS. While the analysis was relatively straightforward, Prokop-Prigge 

revealed to The Column that one issue arose during the course of the 

experiment. “The different earwax types, wet vs. dry, provided very 

different matrices for dissolving and subsequently releasing an internal 

standard. To get around this, we employed an external standard injected 

on the GC–MS prior to each sample to account for daily variation in GC–MS 

responses”, she said. 

The principal odourants emitted were C2-to-C6 acids. The study found that the 

two groups emitted many of the same VOCs but the relative amounts were found to 

be greater in the Caucasian group in relation to the East Asian results. 

Prokop-Prigge concluded: “Our lab has studied human odours and the information they 

contain for years. In this study, we wanted to examine ‘a new frontier of human odour’ and 

possibly uncover unique information about a person by examining his/her earwax.” K.M.

Reference
1. K.A. Prokop-Prigge et al., Journal of Chromatography B, http://dx.doi.org/10.1016/j.jchromb.2014.01.043 (2014).

Waxing Lyrical: Analyzing VOCs 
in Human Cerumen
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LC–MS–MS Approach to Aid the 
Optimization of Biopharmaceutical 
Immunogenicity Assays
Scientists from Bristol-Myers Squibb 

Company have developed a novel 

approach for the simultaneous 

quantitation of neutralizing antibodies, 

residual drug, and human Immunoglobulin 

G (IgG) in immunogenicity assay 

development using liquid chromatography–

tandem mass spectrometry (LC–MS–

MS). This work published in Analytical 

Chemistry presents a new approach that 

aids the refinement of therapeutic protein 

neutralizing antibody assays in drug 

development.

Patients who are given 

biopharmaceutical formulations can 

produce anti-drug antibodies (ADAs) that 

can impact drug efficacy. During clinical 

trials analysts need to determine the 

effect of ADAs on the efficacy of drugs in 

patient serum. ADAs are extracted from 

patient serum samples, and are quantified 

using cell-based neutralizing antibody 

assays. Robert Dodge, co-author of the 

publication, said: “Since functional assays 

usually rely on live cells, this method also 

allows the simultaneous measurement of 

interfering components in a sample that 

may affect cell health or cell response 

independent of the drug.”

Samples need to be cleaned-up before 

performing cell-based assays, removing 

the drug and other interfering components 

from the plasma/serum samples using 

bead extraction and acid dissociation 

(BEAD), according to co-author Hao Jiang. 

Acid is used to break the binding between 

ADAs and drug present in samples, and 

beads are used to extract the antibodies 

that can then be used in the cell-based 

assay. 

BEAD can be an effective approach 

to purifying and enriching drug–

antibody complexes, but it is sensitive to 

interferences from non-specific binding 

and carryover of endogenous serum 

components. Jiang said: “For accurate 

measurement of the neutralizing effect, 

it is critical to understand how much of 

the anti-drug antibodies are extracted 

and if there are any residual drug and 

endogenous proteins carried over from the 

BEAD procedure.”

Ligand binding assays (LBA) are the 

usual method for measuring low-level drug 

concentration but lack sensitivity when 

performed on serum samples containing a 

high concentration of ADA, according to 

Jiang. Jiang told The Column: “There are 

also no reagents available for endogenous 

interfering components measurement. 

In addition, different assays are needed 

for anti-drug antibodies, residual drugs 

and endogenous components even 

though all reagents are available while 

LC–MS–MS can measure all three in a 

single assay.”

The team applied liquid LC–MS–MS 

to simultaneously detect residual drug, 

endogenous IgG, and neutralizing 

antibody recovery following BEAD, 

thereby aiding optimization of BEAD and 

improving the accuracy of the cell-based 

assay. Jiang stated: “A 0.3 nM lower limit 

of quantitation (LLOQ) was achieved for 

all three analytes with 25-µL extracted 

samples.” 

Dodge told The Column: “This 

methodology has been successfully applied 

to assist in development of functional 

cell-based neutralizing antibody assays for 

two therapeutic monoclonal antibodies 

(mAbs) at Bristol-Myers Squibb Co, and 

will continue to be refined to aid in 

assay improvements for these and other 

therapeutic protein neutralizing antibody 

assays in development.” — B.D.

Reference

1. H. Jiang et al., Analytical Chemistry 86(5), 
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GC–MS Detects and Identif es Four Ozone 
Depleting Gases in Atmosphere
Four new ozone-depleting substances 

(ODSs) — CFC-1121, CFC-112a, CFC-113a, 

and HCF-133a — have been detected and 

identif ed in the Earth’s atmosphere using gas 

chromatography–mass spectrometry (GC–MS).1 

The research published in Nature Geoscience 

compared samples collected between 1978 

and 2012 to establish a clear increase in the 

emissions of these gases, even though CFC 

production has been banned globally since 

1987.

More than 25 years have passed since 

the discovery of the hole in the ozone layer 

above Antarctica, now linked to changes 

in climate. Man-made gases were linked 

to the destruction of the ozone layer, in 

particular chlorof uorocarbons (CFCs) and their 

intermediates hydrof uorocarbons (HCFCs). 

Johannes Laubes, lead investigator of the 

study, said: “CFCs are the main cause of the 

hole in the ozone layer over Antarctica. Laws to 

reduce and phase out CFCs came into force in 

1989, followed by a total ban in 2010. This has 

resulted in successfully reducing the production 

of many of these compounds on a global scale. 

However, legislation loopholes still allow some 

usage for exempted purposes.” Exempted 

purposes, as referred to by Laubes, refer to the 

use of CFCs as feed-stocks and intermediates in 

the production of chemicals such as insecticides 

and electronic cleaning products. 

The gases were identif ed, using GC–MS, 

in atmospheric samples collected as part of 

the Civil Aircraft for the Regular Investigation 

of the Atmosphere Based on an Instrument 

Container (CARIBIC) project on f ights between 

Germany and South Africa between 2009 and 

2011.2 To establish a timeline and to model 

the accumulation of the gases, atmospheric 

samples collected from above Tasmania, 

Australia, between 1978 and 2012 were also 

analyzed. Previously published data from the 

analysis of deep snow f rns in Greenland was 

used to build a reconstruction of past gas 

concentrations.  

Laube told The Column that there were 

various challenges in the analysis. He said: 

“Firstly, their concentrations are very small, 

less than 1 part per trillion (ppt) per part of 

air. In combination with limited sample sizes 

(especially for air samples collected in the 

stratosphere, where ambient pressures fall 

below 50 mbar), it is often hard to get the high 

precision data you need for reconstructing 

atmospheric spatial and temporal concentration 

gradients. And secondly, there are thousands 

of trace gases present in air, and they are being 

emitted from a large variety of sources. So we 

are dealing with a comparably and variable 

complicated matrix.”

The team found that the gases have 

accumulated since the 1960s, but accumulation 

in Tasmania has lagged behind the Antarctica, 

suggesting emission of the gases from the 

Northern hemisphere. The team estimated, 

using the GC–MS data and modelling, that the 

total emissions of the four gases up to 2012 

was 74,000 tonnes. 

Laube said: “At their current concentrations 

these gases do not pose a big threat to the 

ozone layer. However, two of them continue to 

increase in concentration. Especially, CFC-113a, 

has started to accelerate its increase in recent 

years. If such an acceleration continued, it could 

become a big problem in the next years. But 

we are here in a very good position (unlike for 

many other environmental problems) to be able 

to deal with it before it happens.” — B.D.

References

1. J.C. Laube et al., Nature Geoscience, DOI:10.1038/

ngeo2109 (2014). http://www.nature.com/ngeo/

journal/vaop/ncurrent/full/ngeo2109.html 

2. Civil Aircraft for the Regular Investigation of the 

Atmosphere Based on an Instrument Container, 

http://www.caribic-atmospheric.com/ [Last 

accessed: 14 March 2014]
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Ethanol and Water Quantitation 

A method for the simultaneous quantitation of 

ethanol and water has been developed using ionic 

liquid-based gas chromatography capillary columns. 

The study published in the Journal of Agriculture 

and Food Chemistry states that typical run times 

are just over 3 min. DOI: 10.1021/jf4050167

Medicinal Plant Analysis in a Single Step 

A novel two-dimensional hyphenation of expanded 

bed adsorption chromatography (EBAC) and 

high-speed countercurrent chromatography 

(HSCCC) approach was applied to the extraction 

and purif cation of medicinal plants in a single step. 

The study published in Analytical Chemistry states 

that the method is a rapid and green approach to 

isolate target compounds from medicinal plants.

DOI: 10.1021/ac4035955

Lipidomics Research Consortium Led by 

National University of Singapore

The National University of Singapore (Singapore) 

is leading a research consortium to develop the 

world’s f rst lipid database for different racial and 

ethnic groups, supported by Agilent Technologies 

(California, USA). When completed, the project 

will provide a centralized resource for researchers 

studying fat levels as diagnostic markers. 

www.nus.edu.sg

LCGC TV: Eliminating Matrix Effects: LC–MS Analysis of 

Biological Fluids

A single drop of blood represents a complex mixture of 

biological compounds including phospholipids, proteins, and 

salts. Frederic Lynen of Ghent University in Belgium, discusses 

why LC–MS is the ideal analytical tool for the quantitative 

analysis of analytes in biological samples. Lynen also presents 

a new HILIC-based SPE approach to improve analyte recovery 

and sensitivity by removing phospholipids from samples.

LCGC TV: The Pros and Cons of GC×GC

Two-dimensional gas chromatography has advanced 

considerably since its f rst emergence in the late 1980s 

and its f rst applications for the hydrocarbon f ngerprinting 

of crude oils. In a new interview, Frank L. Dorman of Penn 

State University talks about the evolution of GC×GC and 

the key advantages and disadvantages of the technique, 

including why fear of its complexity gets in the way of 

its broader use.

As ever, we at LCGC Europe and LCGC North America are keen to hear your thoughts, opinions, and general feedback so 

get in touch! Tweet us (@LC_GC), like our Facebook page (LCGC Magazine), join our LinkedIn group (LCGC), or contact 

the managing editor, Kate Mosford, at kmosford@advanstar.com

•  LCGC E-book Library: Covering the latest innovations in chromatography, these new e-books are available for the iPad 

or standard computer web browser. LinkedIn Followers: “Awesome.” “I f nd them very useful. Thanks to the authors 

and LCGC.”

•  On-Demand Webcast: Sample Prep for Unconventional Matrices — Tips on improving compound recovery from 

unique matrices by optimizing QuECheRS and SPE.

•  HILIC: A Critical Evaluation — This article, transcribed from an LCGC web seminar presented by Davy Guillarme of 

the University of Geneva and the University of Lyon, explains how HILIC works and provides keys to using the technique 

effectively.

•  Current Practices and Considerations for a Stability-Indicating Method in Pharmaceutical Analysis — A guide 

to current practices in pharmaceutical analysis from LCGC Europe.
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Tips & Tricks GPC/SEC: 
Mobile Phase Considerations

There are many sources of advice on how to select the most appropriate stationary phase for sample analysis, but the 

mobile phase is not often discussed. The mobile phase is an essential and integral part of an analytical system and 

infl uences the success of the analysis and the quality of the data and results. Correct solvent preparation can save vast 

amounts of time that would otherwise be used for troubleshooting issues.

Daniela Held, PSS Polymer Standards Service GmbH, Mainz, Germany. 

The choice of mobile phases available for gel 

permeation/size-exclusion chromatography 

(GPC/SEC) are limited to those that are 

compatible with the stationary phase and 

can dissolve the sample. Typically, GPC/

SEC mobile phases are either aqueous 

(water, solutions of neutral inorganic salts, 

buffer solutions) or organic (tetrahydrofuran 

[THF], toluene, dimethylacetamide [DMAc], 

dimethylformamide [DMF], trichloromethane, 

hexafl uoroisopropanol [HFIP], 

trichlorobenzene). The wrong choice of mobile 

phase can destroy columns with stationary 

phases based on cross-linked polymers, such 

as the most common organic stationary 

phase styrene-divinyl benzene, or hydrophilic 

polymer gels because they can shrink the 

swollen gel. Therefore, aqueous solvents 

should only be used with aqueous polymeric 

stationary phases and organic solvents should 

only be used with organic polymeric stationary 

phases. 

Even if a solvent is classed as generally 

applicable with the stationary phase, it may 

not be suffi cient to be used as is. Insuffi cient 

suppressing of the sample-stationary phase 

interaction often requires the addition of low 

molar mass modifi ers or salts: Polar organic 

solvents, such as DMAc or DMF often need 

additives such as lithium bromide (LiBr) or 

lithium chloride (LiCl); and aqueous systems 

require the addition of additives to prevent 

algae growth and salts to suppress interaction. 

Sometimes however, even with additives, a 

true size-separation cannot be achieved if the 

polarity of the three involved chemicals (sample 

– mobile phase – stationary phase) does not 

match. An example of this is the separation of 

poly(styrene) (PS) on styrene–divinyl benzene 

material in polar organic solvents, such as DMF 

or DMAc. Here, PS oligomers will elute with or 

after the salt peak (Figure 1). Therefore, either 

a polarity matched stationary phase should 

be used or poly(methyl methacrylate) (PMMA) 

should be used to calibrate the system.1

It is also important to ensure that the solvent 

allows the sample to be detected. In the case 

of refractive index detection (RI), the mobile 
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phase and sample refractive indices need to 

be as different as possible. If the difference 

is too small the signal intensity will be low. A 

famous example of an isorefractive system 

(refractive index increment dn/dc = 0) is 

poly(dimethylsiloxane) in THF. Although the 

sample is fully dissolved, it cannot be measured 

because of a missing detector response. It 

is therefore necessary to change the mobile 

phase to toluene (dn/dc < 0) or to use another 

detector such as an evaporative light scattering 

detector (ELSD).  

Another factor to consider is solvent viscosity. 

Low viscosity gives increased resolution, so for 

highly viscous mobile phases (such as DMAc 

and DMF), elevated temperatures (60–80 °C) 

help to reduce the viscosity and therefore 

increase the resolution.

Solvent Quality and Solvent 

Preparation

Although more expensive, solvents should 

be of the highest quality (HPLC-grade [high 

performance liquid chromatography]) as the 
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Figure 1: Elution of poly(styrene) (PS) 1620 Da in DMAc on a PS-Divinylbenzene stationary 
phase (red) and on a medium polar GRAM stationary phase. Lower PS oligomers will elute 
even after the salt peak on PS-Divinylbenzene.
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For the best in SFC columns contact Daicel, 

the chiral experts at cte@chiral.fr

+33 (0)3 88 79 52 00     www.chiral.fr

     Working with 

super-critical separations  
            requires super-critical column performance.

Now you can get the high-quality columns you need for your most 

demanding SFC separations from the worldwide leader in chiral 

technology. Daicel’s new chiral columns are engineered to a new  

3 mm i.d. dimension to meet the demand of high-performance SFC.

Introducing Daicel’s new SFC columns – optimised  

for success in high-performance SFC systems. 

•   Full range of chiral SFC columns 

available for the best results

•  High-resolution SFC

•   Available in immobilised  

and coated phases

•  3 micron particle size

move reliably
move quickly

move ahead

CHIRALPAK  is a registered trademark of DAICEL CORPORATION.  © 2014 CHIRAL TECHNOLOGIES EUROPE

move easily
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difference in purity is marked. All mobile phases 

and buffers should be prepared freshly on the 

day required. This will ensure that the buffer 

pH is unaffected by prolonged storage and that 

there is no microbial growth present as both 

could affect the chromatographic results.

Isocratic GPC/SEC chromatography requires a 

homogeneous mobile phase. Special attention 

must be given to solvent mixtures or solvents 

spiked with salts or other modifi ers. If there is a 

large density difference between mobile phases 

in a mixture, or if the salt is not fully dissolved, 

chromatograms at the beginning and the end 

of a run might be shifted because of different 

solvent quality during the sequence.

Polar organic solvents are one such example. 

When using DMAc or DMF, Li salts are often 

used as additives. Careful preparation of 

the mobile phase is required because of the 

reduced solubility of these salts under these 

conditions. LiBr has the advantage of being 

more soluble than LiCl, but still requires 

heating to approximately 50 °C and stirring 

for at least 2 h. 
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Figure 2: Wavy refractive index (RI) baseline as a result of insuffi cient eluent quality.
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CHROMacademy is an intuitive, comprehensive e-learning and trouble-shooting 

platform with more than 3,000 pages of content for HPLC, GC, sample preparation, 

and hyphenated techniques. No other online resource offers separation scientists 

more live streaming events, a knowledge base, practical solutions, and new 

technologies in one easy to navigate website. 

• Monthly webcasts increase your knowledge from the comfort and convenience

of your desk

• Multi-media and video tutorials enhance your skills at your own pace

• Interactive experiments, lab simulations, and tools improve your productivity

• Applications, news, and feature articles from world leaders in analytical science

• Troubleshooting modules based on real-world laboratory experience, help you

solve common problems

• Access to over 5,000 articles and application notes from LCGC

• ...and more.

In addition, CHROMacademy has an interactive discussion forum where visitors 

can get technical and application assistance from other users or provide advice to 

members who are looking for help.

All of this can be yours for free*, thanks to Agilent Technologies. Simply log on to 

www.chromacademy.com/agilent, complete** and submit the form, and receive 

your complimentary five year membership worth US $1,475. 

* Five years free access to CHROMacademy only available to customers affiliated with an academic or research 
institution, conditions apply. 

** A valid university e-mail address is required. 

Five years FREE access for all university students & staff at www.chromacademy.com/agilent

BUILDING BETTER SCIENCE

Stay connected with Agilent and 

CHROMacademy via Twitter, 

Facebook, LinkedIn and YouTube.

Join the conversation today!

twitter.com/AgilentChem 
(@AgilentChem) or  
twitter.com/AgilentLife  
(@AgilentLife) 

twitter.com/CHROMacademy 
(@CHROMacademy) 

linkedin.com/company/Agilent-
Technologies

YouTube.com/AgilentChem or 
YouTube.com/AgilentLife

facebook.com/Agilent.Tech

facebook.com/CHROMacademy

Agilent Products are for Research Use Only.

Not for use in diagnostic procedures.

Information, descriptions and specifications in this

publication are subject to change without notice.

© Agilent Technologies, Inc. 2013 

Published in USA, 5991-1198ENUC, 2013

ENJOY THE BENEFITS OF 

CHROMACADEMY
COMPLIMENTS OF AGILENT TECHNOLOGIES
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E-mail: Dheld@pss-polymer.com
Website: www.pss-polymer.com

Chromatograms might also shift if the water 

content in an organic solvent increases with 

time or if the solvent quality changes from 

oxidation, for example. THF should therefore 

be stabilized with a small amount of butylated 

hydroxytoluene (BHT) and chloroform with 

ethanol. Sodium azide (NaN3) or similar should 

be added to aqueous solutions to prevent algae 

growth.  

Before using the freshly prepared mobile 

phase, it should be thoroughly degassed to 

remove dissolved gas and avoid problems such 

as noisy or wavy baselines or spikes. The most 

commonly used method to degas is the use of 

an on-line degasser installed between mobile 

phase reservoir and pump. Care should be 

taken if HPLC degassers are used with organic 

GPC/SEC solvents because most of these 

degassers are not compatible with all solvents. 

It is also important that the mobile phase is free 

of small particles and dust that might cause 

blockages in the system or the columns. 

GPC/SEC mobile phases should be exchanged 

regularly. Performing an analysis with solutions 

that are several days (or even weeks) old and 

have been run in recycle mode will most 

probably produce low quality data with drifting 

and wavy baselines (Figure 2). Operation under 

these conditions can even cause problems with 

pumps, injection systems, and detectors.

It should also be noted that the use of 

solvent plus salts requires special care for the 

instrumentation. Always apply a low fl ow-rate if 

the system is not in use to prevent corrosion of 

the instrument or the columns. Remove all salt 

solutions with pure solvents before exchange 

from one solvent to another, before you turn 

off the pump, or before you store a column. 

Summary

• The mobile phase is an integral part of the 

system and needs to be selected carefully. 

• In the case of polymeric (cross-linked) 

stationary phases the wrong type of solvent 

(organic on aqueous gels or water on organic 

gels) can destroy the column, if the mobile 

phase collapses the gel structure. 

• The use of high-quality (HPLC-grade) solvents, 

freshly prepared and degassed, can save time 

otherwise spent with troubleshooting issues 

and increases the quality of the results.

Reference

1. T. Hofe and G. Reinhold, The Column 3(12), 30–33 

(2007).

Daniela Held studied polymer chemistry in 

Mainz, Germany, and works in the PSS software 

and instrument department. She is also 

responsible for education and customer training.
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UHPLC Method Development and Modelling in 
the Framework of Quality by Design

The goals in ultrahigh-pressure liquid chromatography (UHPLC) method development are to f rst f nd the best separation, second f nd the 

best column, and third f nd the most robust method in a multifactorial Design Space. Trial and error methods are not suff cient anymore and 

solid science based on Quality by Design (QbD) principles is required. Control strategies and continual improvements of the methods are 

necessary, which offer much greater f exibility in the quality control laboratories than before. Modelling tools based on QbD principles used 

in method development give transparency to the control of multivariable inf uences and achieve faster drug applications and commercial 

authorization by the regulatory agencies. 

I. Molnár1, H.-J. Rieger1, A. Schmidt2, J. Fekete3, and R. Kormány4, 1Molnár-Institute, Berlin, Germany, 2Chromicent 

GmbH, Berlin, Germany, 3Budapest Technical University, Dept. of Inorganic and Analytical Chemistry, Budapest, Hungary, 4Egis 

Pharmaceuticals, Budapest, Hungary.

In the last decade, high performance 

liquid chromatography (HPLC) method 

development was advanced to a great 

degree by a) modelling software; b) 

development of very high pressure 

instruments with reduced dwell- and 

extra-column volumina; and c) new particle 

technologies and new stationary phase 

chemistries.

The use of modelling software in HPLC 

method development led many scientists 

in the pharmaceutical industry away from 

a trial-and-error approach to methods 

using a systematic, risk-oriented procedure 

based on solid science. Although the 

influence of experimental factors (such 

as gradient time, pH, and temperature) 

were well-known in reversed-phase 

chromatography in 1976,1,2 regulatory 

control on methods was extremely 

tight. This continued until 2002, when 

the pharmaceutical industry submitted 

a strong protest note to the Food and 

Drug Administration (FDA). As a result, 

the FDA introduced a paradigm change, 

and adopted the Quality by Design (QbD) 

framework, well known in pharmaceutical 

manufacturing also for analytical work, 

and laid down recommendations in various 

International Conference on Harmonization 

(ICH) guidelines. Understanding of the 

underlying phenomena was supported by 

the development of modelling tools by 

the group of Lloyd R. Snyder and many 

other researchers.3 Studies on further 

investigations using modelling tools were 

published in a number of important 

papers.4–14

16

Q&A: Mangelings2 News8 Tips & Tricks: GPC/SEC12 Molnar et al.1688 122
Q&A: Kujore22 CHROMacademy25 Training & Events26 Staff28252 2626

ES417032_LCTC040814_016.pgs  03.29.2014  04:30    ADV  blackyellowmagentacyan



 The Column    www.chromatographyonline.com

The key steps for QbD-related method 

developments are:

• Clearly defining the method goals, 

where the QbD term is the Analytical 

Target Profile (ATP). In HPLC method 

development one important method 

goal will almost always be a sufficient — 

mostly baseline — resolution (Rs,crit > 1.5) 

between the critical peaks of the sample.

• Performing a risk assessment, which 

means evaluating which variables may 

have a negative influence on the defined 

method goals. In this instance the 

method parameters affect the resolution 

of peaks in the chromatogram in a 

negative way.

• Experimental evaluation of how the 

critical variables affect the method goals. 

3.50
70

T(oC)

tG(min)

60

50

40

5 10

3.00

2.50

2.00

1.50

1.00

0.50

0.00

Figure 1: Gradient time (tG) versus temperature (T) map of the critical resolution. In the red 
area (MODR = Method Operating Design Region) the critical resolution is > 1.5, and here is a 
chance to work at any point with baseline resolution. The edge from red to yellow colour is 
called the “Edge of Failure” of the method. The inclusion of a third measured parameter, such 
as the ternary eluent composition from acetonitrile (AN=B1) and (AN:2-propanol(40:60) =B2), 
allows the chromatographic selectivity to be changed and a Design Space (DS) formed, as 
shown in Figure 2.

Molnar et al.
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Applying Best-in-Class  
HPLC Column Technologies to the  
Analysis of Proteins and Biotherapeutics

EVENT OVERVIEW:

The introduction of columns packed with solid-core particles has been 

embraced by pharmaceutical and other analysts to speed up or improve 

the analysis of compounds of low molecular mass. The same benefts, 

summarized as ‘faster or better,” are now also available to bioanalytical 

scientists for the analysis of proteins, peptides, and other biopolymers.

This presentation will frst discuss how the benefts of solid-core 

technology, particularly the BIOshell Fused-Core® HPLC columns, 

apply to compounds of larger molecular mass with emphasis on the 

analysis of proteins and peptides as they relate to the development 

of biotherapeutics.
 

The second part of this webcast will 

show the application of LC -MS-MS to 

assess the pharmacokinetic (PK) proper-

ties of biotherapeutic antibodies using a 

stable labeled antibody internal standard 

(SILUMab). This standard universally sup-

ports preclinical quantifcation of mono-

clonal antibodies as well as Fc-fusion 

therapeutics. SILUMab can be introduced 

early in the workfow to reduce variability 

and improve accuracy.

Who Should Attend:

n Bench biochemists and managers 
interested in reducing HPLC 
analysis time.

n Analysts and managers interested 
in separating more peptides and 
proteins per unit time.

n Pharmaceutical researchers 
studying the pharmacokinetics of 
monoclonal antibody therapeutics 
(PK).

Key Learning Objectives:

n The benefts of fused-core 
technology apply to peptide and 
protein analysis.

n BIOshell™ fused-Core columns 
are stable at high temperature, 
as  required for the analysis of 
hydrophobic antibodies.

n The universal peptide strategy 
supports bioanalysis of a broad 
range of preclinical monoclonal 
antibody candidates by LC-MS. 

n The SILUMab universal antibody 
standard improves reproducibility 
and accuracy by accounting for 
variability throughout the entire 
analytical workfow.

Presented by                                                                        Sponsored by

For questions, contact Kristen Moore at kmoore@advanstar.com

™Fused-Core is a registered trademark of Advanced Materials Technology, Inc.

Presenters

Dr. Hillel Brandes 
Principal Applications Chemist 
Analytical Research Services
Sigma-Aldrich

Dr. Kevin Ray
Manager of Analytical  
Research & Development
Sigma-Aldrich

Moderator

Laura Bush
Editorial Director
LCGC

ON-DEMAND WEBCAST

Register Free at www.chromatographyonline.com/applying
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This should be done in a systematic, 

multifactorial way using a scientifically 

based Design of Experiments (DoE). As 

a result of the experimentation a Design 

Space can be created, which describes 

the range of parameters in which the 

method goals are fulfilled.

• If a f nal method has been found in the 

steps described above, a robustness study 

should be performed to evaluate how 

the method goals (for example the critical 

resolution of the chromatogram) are 

inf uenced by small unintentional deviations 

from the def ned method parameters. 
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 B2 in B1) 60
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Figure 2: The tG-T-tC-Cube shows the Design Space as a red volume, in which the 
Working Point (“Set Point”) can be altered without a new validation. B1 is acetonitrile, B2 
is (acetonitrile:2-propanol) (40:60) (V:V). It is obvious that a robust work is not possible with 
eluent B1 (pure acetonitrile) (no red area), but possible with eluent B2 (front part of the Cube, 
large red region). Although the critical resolution is > 1.5, in a multivariable space the robust 
area has to be calculated, including tolerance limits of the individual variables. So far, f ow 
rate, temperature, gradient time, and ternary eluent composition might reduce the robustness 
of methods, leading to “Out of Specif cation”(OoS) results. 
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• The results of the robustness study 

will help to set up a control strategy 

for the method or for any of the 

critical separation variables (the next 

important step in QbD-related method 

development). 

• As the basic experiments are well 

defined, adjustments are easily possible 

by repeating the experiments and finding 

the actual Design Space again. Normally 

only small differences will be found. 

Altering the variables of a method (the 

set point) within the calculated Design 

Space is not considered as a “change” by 

the regulatory authorities and therefore 

can be done without a revalidation of 

the method. This allows a previously 

unknown flexibility in many laboratories.

Experimental

According to an older method of the 

European Pharmacopoeia (EP), the analysis 

of a drug sample took 160 min.8,9 A new 

synthesis route of the drug substance 

has now been discovered and should be 

used. The substance was produced in one 

Figure 3: Comparison of the predicted with the real experiment approves the applicability 
and reliability of the f nal position of the set point in the multifactorial Design Space. The table 
lists the deviations between predicted and real experimental retention times of on average 
under 0.04 min (< 3 s) (12).
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day, but the analysis, according to the 

EP method, took five to six days. A new 

analytical method had to be developed, 

which could separate all impurities from 

the drug substance in a much shorter time. 

At the end of the process the analysis time 

could be reduced to less than 3 min using 

modelling software.

The Analytical Target Profile (ATP) was 

formulated as follows: Separate the drug 

substance from all the impurities with a 

minimum critical resolution of Rs,crit > 1.5 

(baseline separation).

The risk assessment could be based on 

previous experiences and in this case has 

been established as follows: Based on prior 

knowledge and experience with similar 

projects, the gradient time tG (2–6 min), 

pH, temperature T (35–70 °C), and ternary 

composition, tC, of the eluent B are 

the most important, potentially critical 

separation parameters among the three 

other variables: Flow rate, %B(start), and 

%B(end) of the gradient.

The pH 6.2 (10mM) acetate buffer and 

the separation column (50 × 2.1 mm, 

1.7 µm Acquity BEH C18 [Waters]) were 

selected based on preliminary experience.

From the risk assessment it was 

concluded that the variables tG, T, and tC 

should be modelled to evaluate how they 

influence the resolution of the critical peak 

pair in the variable space. Furthermore, 

the other three variables — flow rate, 

%B(start), and %B(end) — should also be 

tested in the robustness evaluation.

Peak tracking was carried out according 

to the description in references 6–9, 

either with the help of peak areas 

or with molecular weights of an MS 

detector. The sensitivity of the MS 

detection can be increased if ternary 

(acetonitrile:methanol)-cubes are 

established, because methanol provides 

much more sensitive signals than 

acetonitrile.

Column comparison, the establishment 

of the best column performance, and the 

selection of equivalent columns was carried 

out with ternary and pH-Cubes.9,10,12

Results and Discussion

The modelling software used to build 

the separation model required a Design 

of Experiment: 3 tG-T-sheets, which 

consisted of 12 experiments of all 

possible combinations; 2 gradient times; 

2 temperatures; and 3 different organic 

eluents (acetonitrile, 2-Propanol-mix).9 

The experiments were performed and the 

resulting chromatograms were integrated. 

After importing the data (tR and peak 

areas) of the 12 experiments into the 

modelling software and performing peak 

tracking, the software calculated 97 other 

tG-T-sheets, leading to a Cube, in which 

the Design Space of the separation could 

be visualized in the form of irregular 

geometric bodies. A cross-section is shown 

in Figure 1 (see also Figure 2).

There is a problem however, if the 

variables (also called factors or parameters) 

might change their value simultaneously 

within their so called “tolerance limits”. 

These limits are in many cases instrument 

dependent. In this case the Design Space 

is reduced to a smaller volume with 

multivariable tolerance limits around the set 

point and the critical resolution is reduced 

to a smaller value than the preset required 

critical resolution limit. In quality control (QC) 

this often leads to “Out of Specif cation” 

(OoS) and to a disqualif cation of production 

batches, which causes big losses in the 

pharmaceutical industry. About 10% of 

produced batches today have to be burned, 

which corresponds to a loss of drugs with 

a value of around $85 billion per year 

worldwide.

After the model has been created, a 

robustness test can be performed with the 

modeling software. In this step variables 

tG, T, and tC, and 3 calculated parameters 

(flow rate, %B[start] and %B[end]) 

were simultaneously varied, so that 

3^6 = 729 experiments were evaluated 

in approximately 30 s and graphically 

visualized in the form of chromatograms. 

The robustness testing calculates a “success 

rate”, which can provide a percentage of 

how many experiments in a 100 will be 

successful and how many will be OoS; 

in this instance, how many tests will be 

unable to qualify a certain production 

batch for commercial authorization.

Each of the 729 chromatograms can 

be visually observed and investigated 

in a table, and, by clicking on the 

corresponding line. the chromatogram 

can be studied. The calculation of the 

729 chromatograms takes only 30 s. In 

case of too many OoS runs, the errors 

in the six variables can be examined and 

modified, according to the manufacturer 

specifications. After measuring these 

values and corresponding adjustments, the 

calculation can be performed again. 

It was observed that in many instances 

the flow rate was responsible for the 

OoS, because the tightness of the seals 

around the plungers of the pump was 

wearing out. The seals should therefore be 

replaced at regular intervals. In addition, 

the oven temperature precision contributes 

to method performance. With the correct 

tolerance limits it is possible to establish 

results free from OoS and successfully 

produce pharmaceutical products fast to 
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HPLC/IC Method Development
Chromatographers are faced with a plethora of analytes, contained within a variety of matrices, for testing. Ranging from the analysis 

of pesticides in fruit and vegetables, to detecting gold in space dust, there is no universal separation method that can be applied. 

The process of developing different methods can be a tricky, time-consuming process. Ade Kujore from Cecil Instruments Limited, 

Cambridge, UK, summarizes many of the issues that should be addressed throughout the method development process. 

Q: What is method development?

A. Method development describes the process 

of producing an analytical method for a given 

analyte within a given concentration range 

and within a given sample matrix that may 

be reliably reproduced. It relies on empirical 

science, scientif c intuition, and in many cases 

is followed by method validation. It can take a 

team of professionals a few months — method 

development software can shorten the process.

Although many instrument vendors will 

quickly develop an analytical method to 

prove that their high performance liquid 

chromatography/ion chromatography (HPLC/IC) 

system may be used in a particular application, 

not many of these will be fully validated, and if 

a purchaser wishes to detect a new chemical 

entity within a particular sample matrix, it 

would be unusual for a vendor to have prior 

knowledge.

Q: Is method development always 

required?

A. Method development is always required, it is 

the mainstay of knowing if a particular analysis 

is appropriate. After all, it is good to know if 

a person’s glucose in blood measurement is 

accurate. A method for measuring glucose 

within a soft drink will differ from that used 

for the measurement of glucose within blood. 

There may be ways to shorten the process 

of method development. Some aspects of 

method development may have been already 

performed by others, so a literature search is 

useful in building on the work of others. The 

past scandal of melamine in milk is an example 

of a particular analysis method that was not 

used appropriately.

Q: Is there a universal method 

development practice for all cases? How 

do we do it?

A. Before embarking on developing a method, 

the analyst needs to decide on the objective 

or goal. One laboratory may want to perform 

full method development and validation for a 

new chemical entity (especially in the absence 

of previous studies), but another may wish to 

qualitatively conf rm the presence of a single 

established analyte, within a sample of raw 

material.

When judging the importance of method 

development ask yourself the question: “Would 

you like to travel in an aircraft where a real-life P
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aircraft was built directly from theoretical plans 

and no prototype?” 

Q: Can you comment on how the 

characteristics of a new chemical entity 

affect method development. 

A. If we take the example of a new chemical 

entity formulated within an excipient, several 

phases of method development are required. 

The method has to be applicable to multiple 

laboratories, detect low concentration 

levels and expected impurities, and provide 

quantif cation within a single stability-indicating 

method. It must be able to detect losses in 

the content of the entity and the subsequent 

increases in degradation products and related 

impurities. There is an increasing range of 

software programs designed to aid and speed 

up method development, which are based 

on theoretical projections, but experimental 

work is still necessary. The following aspects 

of method development phases need to be 

considered:

a)  The chemical nature of the entity: 

What is the molecular weight? What is 

its chemical structure? Are there stably 

occurring isomers? In what solvent is it 

soluble? What is its pka? Is it volatile?

b)  Forced Degradation: Forced degradation 

is where a new entity is forcibly stressed — 

by exposure to heat, humidity, acid/base 

hydrolysis, oxidation, and/or UV–vis light. 

It is used to determine the degradation 

products of the entity and its related 

impurities. The amount of degradation 

should be suff cient to force a degradation 

of some 5 to 20% of the entity, but not 

suff cient to induce the formation of 

secondary degradation products.

As this is a new chemical entity, the 

information pertaining to the degradation 

products and related impurities may be 

entirely lacking. Tests should be performed 

to determine the degradation products and 

related impurities when the entity is contained 

within the chosen excipients and also when 

the entity is stored in its pure form. This type 

of testing, where the new chemical entity is 

stressed, is referred to as forced degradation.

If the degradation products and related 

impurities can be reliably predicted, and 

pure standards of the entity, impurities, and 

degradation products are available, then forced 

degradation testing can probably be avoided.

c)   HPLC/IC Detector Selection: Once 

the chemical entity has been suff ciently 

degraded, a strategy has to be developed 

using a HPLC/IC system. The choice of 

detector is crucial at this stage, and this 

should be determined by the physical and 

chemical properties of the analytes:

• Fluorescence: Fluorescence detector.

• Ionic charge: Conductivity detector.

• Ability to undergo oxidation/reduction 

reactions in an electrical current: 

Electrochemical detector.

• UV–vis chromophore: UV–vis detector.

• Large analyte molecule: Refractive index 

detector or light scattering detector.

• Non-volatile: Charged aerosol detector.

Because a developed method has to be 

applied in multiple laboratories, the availability 

of resources is also a key factor in detector 

selection. Different detectors require different 

solvents and mobile phases, but are they readily 

available to all labs that wish to perform the 

method? Furthermore, are there requirements 

for special services such as gases, rooms, and 

special electricity supplies? Will the detector 

provide acceptable or the required detection 

limits? 

Q: What do you need to take into account 

to choose the correct column and mobile 

phase?

A. This is probably the trickiest part of method 

development, and where scientif c intuition 

plays a part: Use the mantra of “keep it as 

simple as possible”. When starting out, use an 

analytical column that is shorter than 15 cm, 

with no guard column, and of a fairly moderate 

pore size so that the initial chromatographic 

runs will not be too long. Ref ning the column 

pores and dimensions can be completed once 

peaks are seen. In the interests of method 

transfer, avoid using a very specialist column, 

which may not be widely available, either now 

or in the future. Most columns fall into the 

following main category types:

• Reversed phase: Ideal for polar analytes. 

C8 and C18 columns are among the most 

popular.

• Normal phase: For nonpolar analytes.

• Anion/cation exchange: Analytes are ions or 

can be converted into ions.

• Size-exclusion/gel permeation: For large 

molecular weights.

• Chiral: Analytes are in stable isomeric forms.

• Aff nity: Ligand binding may be exploited.

• Specialist: For analytes with special functional 

groups such as glycoproteins.

• Other: Some column categories use a 

combination of separation modes, such as 

HILIC, for use with highly hydrophilic analytes.

There is an array of different solvents which 

may be used with different modif ers or 

buffers, at different pHs and concentrations, 

dependent on the column and detector 

selection. Anion/cation exchange columns 

offer a smaller choice of solvents, modif ers, 

buffers, and pHs. If analytes do not elute in a 

reasonable time using a single mobile phase 

at a reasonable pump f ow rate, it may be 

that more than one mobile phase is required 

and therefore a gradient. Try a binary gradient 
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before using more complex ternary, quaternary, 

and quinary and above gradients.

Once all expected analyte peaks are 

observed, try to obtain peaks which are 

of acceptable resolution, peak asymmetry, 

tailing factor, capacity factor, and theoretical 

plates. The degree of acceptability will vary 

within different laboratory environment types.

When a reasonable chromatogram has f nally 

been obtained, try the same analysis with 

an analytical column from a different batch. 

Hopefully, there will be little difference in 

chromatograms between the two analytical 

columns used. 

Q: How can you conf rm peak purity and 

identity?

A. At this stage, several analytes, including 

the new chemical entity, have eluted with 

reasonable resolution. However, the analyst 

has to ensure that each chromatographic peak 

represents a single analyte, and should verify 

the identity of each peak.

Ideally, each chromatographic peak should be 

identif ed using another analytical conf rmatory 

technique, such as mass spectroscopy (MS) 

or nuclear magnetic resonance (NMR). If the 

number of analytes found by the conf rmatory 

technique corresponds with the number on the 

chromatogram the method is progressing well. 

Co-elution of peaks is often observed. It can 

be detected by scanning peaks as they elute, 

but is only possible if each analyte has its own 

discernable prof le. Detectors available for peak 

scanning are mass spectrometers, ultra-fast 

scanning UV–vis HPLC detectors, diode array, 

and some scanning f uorescence detectors. 

When a good separation of all of the 

expected analytes is achieved, separation 

speed can be increased by increasing column 

temperatures and f ow rates. The HPLC/IC 

system itself can be f ne-tuned by changing the 

detector response times, the detector response 

ranges, and detection wavelengths (as in the 

case of UV–vis and f uorescence detectors). 

It is also important to test the stability of the 

method by checking the precision of peak 

areas and heights after some parameters are 

changed.

Q: What about sample pretreatment?

A. Within samples, the chemical entity, related 

impurities, and degradation products will 

not be present within a pure solvent matrix, 

rather they will need to be extracted from 

the expected excipients. Extraction is required 

because of the distinct possibility of matrix 

interference with the new method, and this is 

true of any sample matrix. 

Prior to extraction, the representative sample 

should be made homogenous and if necessary 

dissolved, f ltered, and centrifuged. For some 

samples, f ltration or centrifugation may be 

all that is required. However, some samples 

will need to be pre-column derivatized and/or 

stored within certain temperature ranges for 

nominated time periods.

Prior to introduction to the HPLC/IC system, 

the analytes of interest should ideally be 

extracted or made up into a solvent with the 

same or weaker concentration than the mobile 

phase. The sample can then be diluted or 

concentrated as appropriate.

Whatever sample treatment is used, it must 

be reproducible and produce acceptable 

analyte recoveries.

Q: Can you comment brief y on calibration 

curves?

A. Once a clear chromatogram has been 

produced, a quantif cation method is required. 

Automatic integration, or a mode that 

uses user-determined pre-set parameters 

automatically, is crucial within an HPLC/IC 

system. Once a peak has been integrated, there 

are three main modes of analyte calibration 

available: External standard, internal standard, 

and standard addition methods. 

The external standard method is the simplest 

and is dependent on the precision of injection 

volume. The internal standard method is 

more appropriate when extensive sample 

pre-treatment is required, because any loss 

of the internal standard correlates to a loss of 

analytes. However, the choice of a suitable 

internal standard can be a complex matter 

in its own right. If sample matrix effects are 

problematic, the standard addition method 

may be used as a means of calibration.

Q: Anything else you would like to add?

A. HPLC/IC covers a vast range of analytes in a 

wide range of situations, but it may be found 

that a different analytical technique is needed. 

This should be apparent at an early stage of 

method development. Not all of the above 

steps are necessary for all laboratories, but 

choosing the right column and mobile phase 

is possibly the most relevant to all. Following 

successful method development, the system 

can then be f ne-tuned to increase the speed, 

sensitivity, and resolution of separations. 

Method development is challenging and 

requires logical thinking. Above all, remember 

that chromatographers have a huge pool of 

information available, and if you are out of 

ideas consider consulting your wider team, web 

forums, and publications.

Ade Kujore is an analytical biochemist with 

many years of laboratory experience, within 

several types of laboratories. She can be 

contacted at the Marketing department of 

Cecil Instruments Limited.

E-mail: info@cecilinstruments.com
Website: www.cecilinstruments.com
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Website: http://anthias.co.uk/training-

courses/handson-GC-theory-methods 

Gas Chromatography: 
Fundamentals, Troubleshooting, 
and Method Development
17–20 June 2014

Axion Analytical Laboratories, Chicago, 

Illinois, USA

Website: http://proed.acs.org/course-

catalog/courses/GCPC/

Practical and Applied Gas 
Chromatography 
4–5 December 2014

Houston, Texas, USA

Website: http://proed.acs.org/course-

catalog/courses/PAGC/

Training Courses
HPLC/LC–MS
HPLC Troubleshooting and 
Maintenance
7 May 2014

Hilton Milton Keynes, Milton Keynes, 

UK

Website: http://www.crawfordscientific.

com/training-online-calendar.asp

How to Develop Stability Indicating 
HPLC Methods
2–3 June 2014

Jurys Inn Heathrow, London, UK

Website: http://www.mournetraining

services.co.uk/course_list.html

#htdsihm

The Theory of HPLC
On-line training from CHROMacademy

Website: http://www.chromacademy.com/

lc-hplc-overview.asp

Basics of Preparative HPLC
On-line training from CHROMacademy

Website: http://www.chromacademy.com/

Preparative_HPLC_Essential_Guide.

asp?tpm=1_2

Fundamental LC–MS
On-line training from CHROMacademy

Website: http://www.chromacademy.com/

mass_spec-overview.asp

HPLC Troubleshooter
On-line training from CHROMacademy

Website: http://www.chromacademy.

com/hplc_troubleshooting.html

METHOD VALIDATION
How to Develop Validated 
HPLC Methods: Rational Design 
with Practical Statistics and 
Troubleshooting
28–29 April 2014

Temple University, Philadelphia, 

Pennsylvania, USA

Website: http://www.crawfordscientific.

com/training-online-calendar.asp

SAMPLE PREPARATION
Solid-Phase Extraction
On-line training from CHROMacademy

Website: http://www.chromacademy.

com/sample-prep-training.html

GPC
GPC Academy 
11–13 May 2014

PolyRMC Facilities at Tulane University, 

New Orleans, Louisiana, USA

Website: http://tulane.edu/sse/polyRMC/

polyrmc-gpc-academy.cfm

Light Scattering and Viscometry 
Hands-on Training

26–27 June 2014
Mainz, Germany

Website: www.pss-polymer.com

MISCELLANEOUS
Hands-on Solid-Phase 
Microextraction (SPME)
20 May 2014
The Open University, Milton Keynes, 

UK

Website: http://anthias.co.uk/training-

courses/hands-on-SPME 

Light Scattering Training
8–10 July 2014
Santa Barbara, California, USA

Website: http://www.wyatt.com/

training/training/light-scattering-

training.html

Please send your event and training 
course information to Kate Mosford 
kmosford@advanstar.com
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18–23 May 2014
38th International Symposium on Capillary Chromatography and 

11th GC×GC Symposium

Congress Centre, Riva del Garda, Italy 

Organizers: Luigi Mondello, Chromaleont, University of Messina, Italy

Tel: +39 334 3612788

E-mail: iscc@chromaleont.it

Website: www.chromaleont.it/iscc

25–28 May 2014
ExTech2014

Center of Mediterranean Architecture, Chania, Crete, Greece

Organizers: Technical University of Crete, Greece

Tel: +302821037793

E-mail: extech2014@enveng.tuc.gr

Website: www.extech2014.tuc.gr

30 August–2 September 2014
20th International Symposium on Separation Sciences

Hotel DAP, Prague, Czech Republic

Organizers: The Chromatography and Electrophoresis Group of the 

Czech Chemical Society

Tel: +42 0 466 650 618

E-mail: info@isss2014.cz

Website: www.isss2014.cz

14–18 September 2014 
ISC 2014 — 30th International Symposium on Chromatography

Salzburg Congress Center, Salzburg, Austria

Organizer: Austrian Society of Analytical Chemistry (ASAC)

Tel: +43 (0)512 575 600

E-mail: i.kaehler@cmi.at

Website: www.isc2014.at

Event News

www.chromacademy.com/2014

To fnd out more contact:

Glen Murry on  +1  732 - 346 - 3056    |    e-mail: gmurry@advanstar.com

The next course is:  Fundamentals of GC - May 2014

•	 Instructor led training courses - delivered via four 90 minute live web sessions

•	 Key concepts highlighted using real life methods and chromatograms

•	 Understand your methods and instrument variables

•	 How to set and optimize critical parameters

•	 Understand instrument maintenance

•	 Troubleshoot problems with hardware and separations

LIVE
on the web

Fundamentals of GC - May 2014

HPLC Method Development - July 2014

GC Method Development  - Sept 2014

LCMS Method Development - Nov 2014

powered by 

SPEMSGCHPLC IR
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