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Miniature Mass Spectrometry and On-line 
Analysis of Flow Chemistry Research

Flow chemistry is a developing practice in chemical research laboratories and has improved the effi ciencies of some research techniques such as 

screening reactions at hyperthermal conditions and generating and using hazardous and toxic reagents. Although in its infancy, fl ow chemistry 

has progressed to the extent that total syntheses of natural products have been demonstrated.1–8 This article will discuss the introduction 

and benefi ts of miniature mass spectrometry (MS) and how it can be combined with a preparative fl ow chemistry system to optimize reaction 

conditions, monitor reactive intermediates and highlight competing reaction pathways.

Duncan L. Browne, Department of Chemistry, University of Cambridge, Cambridge, UK.

Flow chemistry offers some clear benefi ts over a 

volume-fi xed batch chemistry approach. When 

optimized, it is capable of pumping reagent 

reservoirs together through a series of reactor 

zones (cooled, heated, microwave irradiated, 

electrochemical or photochemical cells) 

to provide a continuous stream of product. The 

product stream can then either be worked up 

in traditional ways, or purifi ed, and processed 

further downstream. 

Industrial companies involved with the research 

and development of novel molecules with 

biological activity also recognize the benefi ts 

associated with this approach and have invested 

in both commercial fl ow equipment and the 

development of in-house technologies.

There are numerous benefi ts from using fl ow 

chemistry, with safety being one of the main 

advantages.

In research aimed at the discovery of molecules 

with bioactivity, bulk preparation of dangerous 

and toxic intermediates is preferably avoided. 

However, this issue is often encountered with 

chemical processing in batch when scale-up is 

required to achieve bulk quantities of material.

In fl ow chemistry scale is proportional to 

time rather than volume. The accumulation of 

hazardous material can be avoided by allowing 

the machines to pump for longer. Provided 

an optimized protocol is in place, only a small 

volume of hazardous yet reactive intermediate is 

generated and quenched at any point in time.

The experiment discussed in this article 

highlights how preparative fl ow chemistry 

and a miniature electrospray ionization 

mass spectrometer (ESI–MS) can be linked 

together. Traditional mass spectrometers can 

be used in this application; however, they 

are not often considered because of their 

size and bulk. Miniature mass spectrometers 

eliminate this issue, enabling them to be 

effectively coupled to the fl ow chemistry P
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platform in the same laboratory and even the 

same fume cupboard. 

A miniature mass spectrometer simplifi es a 

typically disjointed practice. If a make-up pump 

and static splitter are added it is possible to 

take real-time samples and observe hazardous 

intermediates without the dangers associated 

with off-line manipulations.

Miniature Mass Spectrometry

Recent advances in techniques and materials that 

have emerged from research in micro-electro-

mechanical systems (MEMS) technology have 

enabled the construction of chip-based mass 

spectrometers.

Laboratories can benefi t from the use of 

miniature mass spectrometers because they 

overcome issues of bench space availability, noise 

and vibration, heat generation and laborious 

workfl ows. Specifi cally in the fi eld of fl ow 

chemistry, on-line mass spectrometry (MS) provides 

real-time detailed snapshots of the materials 

discharged by a fl ow chemistry reactor system. 

Experimental 

A miniature ESI–MS system (Microsaic 3500 MiD) 

was used to demonstrate the continuous fl ow 

diazotization of anthranilic acid to generate an 

explosive diazonium salt intermediate. Under the 

right conditions this would eliminate nitrogen 

and carbon dioxide to generate benzyne 

that could then be trapped in a cycloaddition 

reaction. 

Despite the effi ciency of generating and 

reacting benzynes in this way, the practice 

has largely moved to a much milder (but far 

less economic) method since catastrophic 

explosions have been reported of the diazonium 

salt intermediate. When monitoring what is 

happening in the reaction, the scientist needs to 

wait for the experiment to run its course, make a 

sample and then transport it to a neighbouring 

room or fl oor that houses the analytical 

equipment. Once the data is acquired, it can 

then be analysed, reaction parameters can be 

amended and the process repeated in an effort 

to optimize the reaction conditions. 

CO2H CO2

O

O

- CO2, - N2

diazonium
salt

explosive

anthranilic
acid

benzyne

cycloaddition

product

N2
+

t-BuONO

diazotizationNH2

Figure 1: Reactions leading to the formation of 1,4-endoxide-1,4-dihydronaphthalene.9
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One of the keys to successfully incorporating 

the miniature ESI–MS system with the 

preparative fl ow equipment was in the mode of 

sampling the output fl ow stream. To periodically 

sample the fl ow stream leaving the reactor coil, 

a six-port switching valve fi tted with a 5 μL 

loop was used. To ensure the gaseous products 

remained in solution, a high fl uidic pressure 

was maintained. Approximately 10 s after 

activating the valve mass spectra corresponding 

to the sample loop contents were observed. 

As a demonstration of how this apparatus can 

be used the generation of benzyne and its 

subsequent reaction with furan was investigated. 

Benzyne was prepared in situ, via diazotization 

of anthranilic acid using tert-butyl nitrite. 

Figure 2 shows a schematic of the miniature 

mass spectrometer coupled to a fl ow chemistry 

system.

Data and Results

The experiment found that the explosive 

diazotized intermediate was detected by the 

mass spectrometer at both low coil temperatures 

and short residence times. The optimal reactor 

temperature and residence time for production 

of the desired Diels-Alder product are 50 °C 

and 3–5 min, respectively. There are competing 

reaction pathways leading to the formation of 

acridone and several other by-products.

The data produced from the experiment was 

used to deduce a number of other interesting 

by-products, allowing the exploration of other 

avenues and probing of the reaction mechanism. 

Interestingly, several of the low-level background 

reactions observed by the miniature mass 

spectrometer device have been previously 

exploited and reported as discrete reactions of 

benzyne in numerous other papers. In other 

words, the set-up permits the observation of 

useful background reactions, each of which 

could be delineated and optimized separately. 

Often, such low levels of by-products can be 

overlooked and potentially new and exciting 

reactions missed. 

The data and the noted trends permitted 

optimization of the fl ow reaction conditions so 

as to minimize any observation of the dangerous 

material in the fl owing output. As a result of 

the rapid collection of real-time data, it is also 

possible to observe trends for other masses at 

the same time. 

Conclusion

The cited article9 and the results demonstrated 

here highlight how a miniature mass 

spectrometer may be used to advance 

fl ow chemistry research. An on-line mass 

spectrometer enabled the fl ow conditions to 

be quickly tuned for safe operation and optimal 

generation of the desired product. The validity 

of this approach was supported by off-line liquid 

chromatography–mass spectrometry (LC–MS) 

analysis of a fl ow sample. On-line MS provides 

Figure 2: A schematic of the miniature mass spectrometer coupled to a fl ow chemistry 
system. The reactant solutions were pumped through high pressure pumps (A and B) to 
a mixing tee (C). The fl ow stream then fl owed through the reactor coil (D) and sampling 
loop (G), which was fi tted across two ports of the six-port valve (E). After passing through 
a back-pressure regulator (I), the solution was discharged into a collection vessel (H). When 
the six-port valve was switched to the inject position, a third high-pressure pump (J), which 
was stabilized by back-pressure regulator (K), pumped acetonitrile through the loop to fl ush 
the contents into mixing tee (M). A 50:50 (v/v) mixture of acetonitrile and water with 0.1% 
formic acid was pumped into the mixing tee by a fourth high-pressure pump (L) to further 
dilute the sample and modify the solution to aid the ESI process. An in-line fi lter (N) removed 
particulates before analysis of the sample by the miniature mass spectrometer (F).9
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an in-depth snapshot of the materials discharged 

by a f ow chemistry reactor system. 

Generally, the results are encouraging and 

demonstrate that compact MS technology is 

an important development. It is apparent that 

through this technique a f ow chemistry system 

can be set up in such a way that it can generate 

reactive intermediates that can then be diverted 

by another reactant f ow stream. This is a 

particularly exciting prospect — the potential to 

observe and intercept such f eeting and reactive 

entities paves the way to discovering untapped 

synthesis methods. 
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The amount of vitamin D in supplements can be anything from 9% to 146% of the 

stated dose, according to a research letter published in the JAMA Internal Medicine.1 

Investigators from Kaiser Permanente (Portland, Oregon, USA) tested 55 bottles of over-

the-counter vitamin D supplement tablets from 12 different manufacturers using high 

performance liquid chromatography (HPLC). 

Vitamin D supplements are often prescribed for vitamin D defi ciencies, but are not 

regulated by the Food and Drug Administration (FDA). There are a range of reports 

suggesting that a vitamin D defi ciency may have links to a number of health problems 

from neurological disorders to hypertension, as reported in The Column2 last year. 

Hypovitaminosis D, a defi ciency of vitamin D from either dietary or sunlight sources, 

is now widely recognized to be an affl iction of the western world as a result of low 

sunlight exposure and poor diet. 

Supplement tablets purchased from Portland pharmacies were analysed by HPLC and 

found to contain 9–146% of the labelled concentration. This variation was found not 

only between tablets produced by manufacturers but also between tablets contained 

within the same bottle.

“We were surprised by the variation in potency among these vitamin D pills,” said 

study co-author Erin LeBlanc, lead author and investigator, Kaiser Permanente Center 

for Health Research (Portland, Oregon, USA). “The biggest worry is for someone who 

has low levels of vitamin D in their blood. If they are consistently taking a supplement 

with little vitamin D in it, they could face health risks.”

Manufacturers can voluntarily submit supplements to accreditation by US 

Pharmacopeial Standards (USP). These standards require tablets to contain between 

90% and 110% active ingredient. According to the report, these may be sparsely 

distributed.

“The USP verifi cation mark may give consumers some reassurance that the amount of 

vitamin D in those pills is close to the amount listed on the label”, commented LeBlanc. 

“There are not many manufacturers that have the USP mark, but it may be worth the 

extra effort to look for it.”

References 
1. E.S. LeBlanc, N. Perrin, J. Johnson Jr, A. Ballatore and T. Hiller, JAMA Intern. Med., DOI: 10.1001/
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High performance liquid chromatography coupled with mass spectrometry (LC–MS) 

was used to investigate cell-to-cell communication. The results, published in PLOS ONE, 

outline how proteins in the cell membrane of a specific cell line are modified 

to change their function. 1

The study analysed the proteome of E14.Tg2a, focusing specifically on glycoproteins. 

The cell line is an important tool in the study of the physiology and pathology of human 

Lesch-Nyhan disease, a neurological disease characterized by mental retardation and 

self-mutilation.

Glycoproteins are added to other proteins to change function, and so play an important 

role in cell-to-cell communication, as well as facilitating interactions with pathogens, such 

as viruses. The analysis found that most of the glycoproteins were cell surface proteins, 

which are thought to be difficult to study because of their complex structure and poor 

solubility, according to lead author Bingyun Sun.

 As well as providing detailed molecular information about the E14.Tg2a stem 

cell line, the scientists also discovered a novel relationship between the levels of 

glycosylation and the function of proteins within the cell. Advances in understanding 

how membrane proteins are adapted by glycosylation could improve drug design 

and development.

According to Sun, the findings will help further our understanding of glycoprotein 

function, which are implicated in a number of roles from signalling, sensing 

environmental cues, cell-to-cell communication, development and defence. Sun told The 

Column: “This finding has also been conserved in evolution, when we further examined 

other four evolutionary distinct species, such as fly, worm, fish and human, which 

indicates the importance of it to biological systems.”

Reference
1. B. Sun et al, PLOS ONE DOI: 10.1371/journal.pone.0055722 (2013).
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AB Sciex (Massachusetts, USA) and Leco (Michigan, USA) have formed a co-marketing partnership 
to provide support for researchers working in metabolomics in Europe and North America 
Metabolomics researchers often use a systems biology approach that requires both liquid 
chromatography–mass spectrometry (LC–MS) and gas chromatography–mass spectrometry (GC–MS). 

“We interact with metabolomics researchers all over the world, and we understand that there 
are times when metabolomics researchers want to use both GC–MS and LC–MS,” said Aaron 
Hudson, Senior Director, Academic and Omics Business, AB Sciex. Hudson added that the joint 
“bundles “ from AB Sciex and Leco provide users with improved felxibility in chromatography while 
obtaining the rich information that MS–MS delivers.” 

Jeffrey Patrick. Director of Marketed Technologies at Leco, said his company’s GC–MS 
technologies complement the AB Sciex offerings and the combined portfolios offer expertise, 
services and support for metabolomics researchers.

The companies will offer “bundled” solutions for researchers requiring both separations. The 
application and service support teams from each company will work together.

For more information please visit: www.leco.com or www.absciex.com

The University of Manchester (Manchester, UK) has announced the start of the world’s biggest 
allergy study. Eurofi ns (Brussels, Belgium) is one of the main industry laboratory participants in the 
four-year study sponsored by the European Commission. Eurofi ns were selected following validation 
of liquid chromatography–tandem mass spectrometry (LC–MS–MS) for this type of research.

The project has attracted funding of 9 million euros, advancing on an earlier 14.3 million euro 
research study. Researchers from across Europe, Australia and the US are taking part in the 
European Commission-sponsored research known as the Integrated Approaches to Food Allergen 
and Allergy Risk Management (IFAAM) to formulate a standardized management process for 
companies involved in food manufacturing.

Professor Clare Mills of the Allergy and Respiratory Centre of The University of Manchester’s 
Institute of Infl ammation and Repair will head-up the study. Mills said, “This is a massive research 
project which will have far-reaching consequences for consumers and food producers. The evidence 
base and tools that result from this will support more transparent precautionary ‘may contain’ 
labelling of allergens in foods which will make life easier for allergy sufferers as they try to avoid 
problem foods.”

For more information please visit: www.eurofi ns.com

AB Sciex and Leco 
support metabolomics

World’s biggest allergy study

The heart of Richard I — King of England from 1189–1199 and nicknamed 

“Richard the Lionheart” — has been analysed by gas chromatography–

mass spectrometry (GC–MS), combined with an array of other bioanalytical 

techniques. The team of scientists, led by forensic scientist Dr Philippe Charlier, 

published their findings in the journal Scientific Reports.1 

The heart of Richard I was first found in the 19th century, contained within 

a small lead box with the inscription “Here is the heart of Richard, King of 

England”. This is somewhat inaccurate; in reality what remained within the 

lead box was a white-brown powder. 

The team used an array of bioanalytical approaches to show that the heart 

had been embalmed and mummified. The breakdown of the tissue is likely to 

be because of an incomplete seal on the iron box.1 

GC–MS analysis of the powder revealed the presence of triterpenoid 

compounds including α- and ß-boswellic acids characteristic of frankincense. 

In addition, GC–MS analysis detected phenolic derivative compounds indicating 

the presence of creosote, noted for its antiseptic and preservative properties. 

Other biomedical techniques suggested the use of daisy, mint, mercury 

and lime.

The results indicate that the aim was to preserve the tissues, with 

materials inspired by biblical texts, according to the authors. The findings 

are important as they provide insight into the post-mortem processes used 

at that time.

Reference

1. P. Charlier et al, Scientific Reports, DOI: 10.1038/srep01296 (2013).

The heart of 
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analysed
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Market Profile: 
Flash Chromatography

Contact author: Glenn Cudiamat
E-mail:  Cudiamat@strategic-directions.com

Flash chromatography is a type of 

preparative liquid chromatography 

commonly used in the separation of 

organic compounds. It utilizes a plastic 

column filled with some form of solid 

support, usually silica gel, with the 

sample to be separated placed on top of 

this support. The rest of the column is 

filled with an isocratic or gradient solvent 

that, with the help of pressure, enables 

the sample to run through the column 

and become separated. 

Flash chromatography has become 

a popular method of normal-phase 

separation through purification. While 

flash chromatography is typically a 

low-pressure technique, scientists are 

using vacuums or pumps at medium 

pressures to speed up the separation 

process. The columns are packed with a 

silica adsorbent of defined particle size, 

usually between 30–60 μm, although 

other packings with other particle sizes 

are also used. Mobile phases with low 

viscosity require smaller particle sizes. 

Demand for flash chromatography 

comes primarily from the pharmaceutical 

industry and accounts for over half of the 

market. Biotechnology, CRO, academia 

and chemical industries complete the 

top 5 demand for flash chromatography. 

The technique is commonly used for 

the separation of synthetic organic 

compounds, which are particularly useful 

in drug discovery. Flash chromatography 

systems assist laboratories focusing on 

combinatorial chemistry to streamline 

their purification steps.

The foregoing data was extracted 

and adapted from SDi’s recently 

published report titled Laboratory 

Sample Preparation Techniques: 

Breaking the Productivity Bottleneck 

- Prep Chromatography, Extraction & 

Concentration. For more information, 

contact Glenn Cudiamat, VP of 

Research Services, Strategic Directions 

International, Inc., 6242 Westchester 

Parkway, Suite 100, Los Angeles, 

California 90045, USA, tel: +1 310 641 

4982, fax: +1 310 641 8851, e-mail: 

cudiamat@strategic-directions.com

Pharmaceutical
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Biotechnology
15%
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9%
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8%
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2012 Flash Chromatography Demand by Industry



Tips & Tricks: 
GPC/SEC Method Optimization 

During the development of a gel permeation chromatography/size exclusion chromatography (GPC/SEC) method, 
when selecting the optimum stationary and mobile phase an optimization of the default conditions is a good 
idea. Depending on the sample molar mass and polydispersity several adjustments are recommended. 

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

Many scientists consider the development 

of a gel permeation chromatography/

size exclusion chromatography (GPC/

SEC) method easy, especially when 

compared to high performance liquid 

chromatography (HPLC) applications. This 

is true in the sense that normally only 

isocratic conditions are applied, so that 

a time-consuming gradient optimization 

is not required. However, there are many 

measures that can be taken to improve 

the quality of an existing method and the 

reproducibility.

Once the stationary and mobile 

phases of a GPC/SEC method have been 

established (where the sample chemistry 

plays the most important role), method 

optimization with respect to sample 

molar mass and polydispersity is desirable. 

Special care is required, if high molar 

mass samples above 1 million dalton are 

to be analysed.

Stationary Phase, Solvent 

Additives and Modifiers

The importance of a matching stationary 

phase for a robust method has been 

discussed in previous GPC/SEC Tips & 

Tricks instalments.1,2 GPC/SEC ideally 

relies on interaction-free chromatography. 

To reach this goal for a range of sample 

chemistries and molar masses, a variety 

of stationary phase polarities is 

required. 

Many GPC/SEC methods, especially 

in medium polar and polar solvents (for 

example, DMF and water) require the 

addition of a low molar mass additive 

or modifiers.2 Column manufacturers 

provide recommendations for the 

concentration of these additives that will 

work for the majority of samples. In some 

cases, this concentration might be either 

too high or too low. Therefore, varying 

the additive concentration may be useful 

to learn more about the influence of this 

concentration.

 If the peak shape and the elution 

volume of the peak maximum do 

not change when a higher or lower 

concentration is used, the lowest additive 

concentration with constant conditions 

should be used. This helps to protect 

the pump seals or other parts of the 

instrumentation. If, on the other hand, 

a small change in additive concentration 

changes the peak shape and the 

elution volume, this indicates that the 

method is not robust and needs further 

development. 

Tools to Increase the Resolution

Additional Columns: The accessible 

pore volume is the parameter that mainly 

influences the separation in GPC/SEC. 

Pore volume can be added by adding 

more separation columns to the system, 

with the disadvantage that the analysis 

time and solvent consumption will 

increase with the resolution. 

For better resolution in the actual molar 

mass separation range, a column with 

the same porosity (for linear columns 

a column of the same type) has to be 

added. 

To separate system peaks or residual 

monomer/solvent further away from 

potential oligomers, a column with a 

smaller porosity can be added. However, 

the combination of the porosities of 

the columns should be dislocation or 
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mismatch free. Therefore, linear columns 

should not be combined with columns 

with single small porosities, as in the 

majority of cases this will result in a 

mismatch or a dislocation and artifical 

peak shapes.3

Smaller Particle Size: When applicable 

to sample molar mass and system back 

pressure, smaller particle sizes can be 

used to gain a better resolution. They 

are particularly useful for the analysis of 

oligomers, low molar mass polymers and 

proteins. 

They should not be used if there is a 

danger of shear degradation, for example, 

when very high molar masses are 

analysed. However, recent data showed 

that the risk for shear degradation is less 

than previously reported, opening up new 

characterization paths.4 

Flow Rate: The typical flow rate applied 

in GPC/SEC on analytical columns with 
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Figure 1: Oligomeric dextran separated on a traditional 10 μm aqueous phase (black line) 
and an optimized 5 μm phase with one (blue line) and two (green line) 100 Å columns. The 
reduction of the particle size and the fl ow rate dramatically increased the resolution.
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However for good chromatography, 

the injected mass should be as low as 

possible. 

As it is always better to see something 

in the detector than not to be able to 

analyse at all, users of GPC/SEC and 

hyphenated techniques should be aware 

of the consequences when they increase 

concentration or injection volume. Too 

high an injected mass can produce 

artifical peak shapes and wrong elution. 

These effects are more pronounced for 

higher molar masses. Figure 2 shows the 

effect of an increased concentration for 

two samples with a low polydispersity 

around D = 1.1 and with two different 

molar masses. While the elution volume 

of the peak maximum and the signal 

shape change only slightly for the low 

molar mass sample, the high molar mass 

sample shows a shift to higher elution 

volume and artifical shoulders. Not only 

does the elution volume shift, but also 

the chromatography can be disturbed, 

resulting in erroneous distribution 

information, even when using such 

techniques as triple detection or on-line 

light scattering.

Tables 1 and 2 show the 

recommendations for sample 

concentration and injection volume 

depending on the sample molar mass 

and polydispersity and on the number of 

analytical columns used for separation. 

These conditions should be applied 

if the raw data quality and the 

signal-to-noise ratio for all detectors 

allows the determination of results with 

low result uncertainty.5 If one or more 

detector requires more injected molar 

mass they can be changed depending on 

the sample molar mass:

t�'PS�IJHI�NPMBS�NBTTFT�UIF�JOKFDUJPO�

volume can be increased while the 

concentration should be kept as low as 

possible. A low concentration ensures that 

an inner diameter between 7.5 mm and 

8 mm is 1 mL/min. This flow rate is a 

good compromise between time and 

eluent consumption and resolution. 

However, lower flow rates can be 

advantageous to increase the resolution. 

A reduced flow-rate is required for 

high molar mass samples. As a rule of 

thumb, above 1 million dalton a flow-rate 

of 0.5 mL/min or less should be used. 

This reduces the risk for potential shear 

degradation and irregular retention at the 

same time.  

Temperature: When using highly viscous 

solvents like DMAc, a temperature 

increase improves the separation because 

of the reduced solvent viscosity. Only a 

few polymers, for example, polyethylene 

glycol in aqueous systems, show better 

resolution at lower temperatures. To 

ensure trouble-free detection, the 

columns and detector temperature should 

be 15–20 °C lower than the boiling point 

of the solvent.

Figure 1 shows the separation of an 

oligomeric dextran on an aqueous GPC/

SEC system. Separation on a traditional 

10-μm column material (black line) was 

compared to separation on the latest 

5-μm column material with one (blue line) 

or two (green line) separation columns. To 

obtain the highest resolution, a reduced 

flow rate of 0.25 mL/min has been 

applied. 

Tools to Increase the Raw Data 

Quality

A high signal-to-noise ratio can be 

obtained by using high-quality detectors 

and by increasing the overall injected 

mass, which is the product of sample 

concentration and injected volume. 

Number of analytical columns Guideline injection volume (μL)

4, 5 or more 200–250

3 100

2 50

1 20

Table 2: Recommended injection volume with respect to number of analytical 
separation columns.

Sample Guideline concentration [mg/mL], (%)

narrow PDI (100–10 000 Da) 2 (0.2%)

narrow PDI (10 000–1 000 000 Da)
2–1 (0.2–0.1%)

(lower for higher molar masses)

narrow PDI  (> 1 000 000 Da)
0.5 (0.05%)

(lower for higher molar masses)

broad PDI (2 and higher) 4–5 (0.4–0.5%)

Table 1: Recommended sample concentrations with respect to molar mass and 
polydispersity index (PDI).
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the individual polymer chains can occupy 

the hydrodynamic volume corresponding 

to their molar mass. 

t�'PS�MPX�NPMBS�NBTTFT�BOE�PMJHPNFST�

the sample concentration can be 

increased while the injection volume 

can be kept as low as possible. A small 

injection band has advantages for a good 

separation.

Fortunately the risk of having too high 

an injected mass is less for samples with a 

higher polydispersity. Therefore, for many 

industrial samples the concentration can 

be increased significantly. 

As usual there are some exceptions to 

the given general recommendations. The 

values in the tables are based on flexible, 

linear chains. As it is the viscosity of the 

sample that mainly influences the elution 

behaviour, molar mass is only one of the 

E-mail: Dheld@polymer.de
Website: www.pss-polymer.com 

parameters. Branching and chain stiffness 

must also be taken into account. 

Because of the lower viscosity of a 

branched sample compared to that of 

a linear one of the same molar mass, 

branched samples can be analysed at 

higher concentrations than their linear 

counterparts. On the other hand, for 

stiff chains the concentrations above 

might already be too high and these 

samples might require an even lower 

concentration.  
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Figure 2: Concentration effect for a 3000 Da and 650,000 Da sample. Increasing the 
concentration too much results in a peak shift and artifi cial shoulders, especially for higher 
molar masses.
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Authentication of Organic Milk

A growing number of people are purchasing organic milk, partly because of concerns over substances added intentionally or unintentionally 

to conventional milk. This, coupled with high food and fuel prices, has led to shortages in organic milk supplies. As demand outstrips supply, 

a gallon of organic milk can cost 25–100% more than conventional milk, which presents the opportunity to defraud consumers. This article 

illustrates how chromatographic and mass spectrometry techniques can be used to establish milk authenticity.

Robert Packer and Avinash Dalmia, PerkinElmer, Shelton, Connecticut, USA.

Sales of organic whole milk rose in the 

US by 17% between January 2011 and 

October 2011, with reduced-fat organic 

milk increasing by 15%.1 This surge in 

popularity, coupled with high food and 

fuel prices, has caused shortages in the 

supply of organic milk.2 

In the US and Europe, stricter policing 

of farming practices has been adopted 

to ensure authenticity, but this is not the 

case for all countries. 

As imports of organic milk powder 

are growing, fraudulent powders can 

find their way into the West through 

distributors or processed foods, such as 

chocolates. These products also command 

a higher price if labelled as organic. 

These substitutions do not commonly 

cause health problems, but consumers 

are defrauded and hardworking organic 

farmers lose business.

What is the Difference Between 

Organic and Non-organic Milk?

When producing organic milk, farmers 

must adhere to specifi c rules, and these 

vary from country to country. Here are the 

guidelines for the USA:

t�Grazing time — Farmers have to ensure 

that at least 30% of their cows’ diet comes 

from pasture grass during the mandatory 

grazing season (no less than 120 days).3 

t�Antibiotic use — Organic dairy cows are 

not to be routinely treated with antibiotics. 

If required, the animal is not allowed back 

in the milk production rotation until 12 

months of antibiotic-free certifi cation have 

passed.

t�Bovine Growth Hormone (BGH) — Dairy 

cows from organic farms are not allowed 

shots of BGH.

t�Pesticide use — The use of pesticides 

on an organic dairy farm is forbidden. P
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The organic cow cannot consume 

pesticide-treated feed.4

How Can We Detect This?

Chromatographic techniques, such as 

liquid chromatography–mass spectrometry 

(LC–MS) and high performance liquid 

chromatography (HPLC), can be used to 

detect traces of pesticides, antibiotics 

or even growth hormones in the milk or 

animal feed. Determining if a cow has 

been fed a predominately commercial 

feed diet, rather than fresh grass or silage, 

is more diffi cult. One of the techniques 

used to characterize organic compared 

to non-organic milk is isotopic ratio mass 

spectrometry (IRMS). 

IRMS can identify the type and 

even origin of feed, but requires large 

databases and has not been explored 

in enough depth to make definitive 

conclusions. Recent work has been 

looking at the levels of minor acids 

in the milk. One study used gas 

chromatography–mass spectrometry 

(GC–MS) to measure levels of phytanic 

acid in organic and non-organic milk. 

Organic cows consume more fresh 

green matter than non-organic cows, so 

consume higher levels of phytol. which 

is part of chlorophyll. Phytol is broken 

down in ruminant’s stomachs to phytanic 

acid. The study found that, on average, 

organic milk had double the amount of 

phytanic acid levels than conventional 

(approximately 300 mg/100 g for organic 

milk compared with 150 mg/100 g for 

non-organic milk).5 Another study focused 

on goats’ milk proposed measuring 

hippuric acid, which is suggested to be 

found at higher levels if more grass and 

silage were consumed.6 
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Figure 1: Representative mass spectra of an organic milk sample spiked with 5 ppm internal 
hippuric acid standard.

Table 1: Experimental parameters for the 
analysis of hippuric acid in milk.

DSA Parameters Value

Heater temperature 350 ˚C

Auxiliary gas pressure 80 psi

Drying gas flow rate 3 L/min

Drying gas temperature 25 ˚C

Corona current -5 μA

TOF Parameters Value

Mode Pulse (Negative)

Mass range 100–700 m/z

Capillary exit voltage -100 V
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Experimental

Most of these techniques involve some 

time waiting for separations to take place. 

In this investigation, ambient ionization 

mass spectrometry using an AxION Direct 

Sample Analysis (DSA) system (PerkinElmer) 

integrated with an AxION time of fl ight 

(TOF) mass spectrometer (PerkinElmer) 

was performed. Samples were directly 

ionized and drawn straight into the mass 

spectrometer to reduce the time of analysis 

to 30 s.

Three organic and three conventional 

milk samples were purchased from a local 

supermarket. All milk samples were subjected 

to the same preparation: 1 mL of milk was 

diluted with 2 mL of acetonitrile and 1 mL of 

methanol to carry out a protein precipitation. 

The samples were then centrifuged for 

10 min at 7800 RPM. Finally, 1 mL of the 

resulting supernatant was diluted and then 

spiked with an internal standard, d5-hippuric 

acid, to give fi nal concentrations of 5 mg/L 

of internal standard in each sample. Ten μL 

of each protein precipitated sample was 

then pipetted directly onto the stainless steel 

mesh of the system ready for ionization and 

analysis. The experimental parameters are 

shown in Table 1.

Results

Figure 1 shows the mass spectra of an 

organic milk sample. It is clear that the 

dominant signals are from the hippuric acid 

and the deuterium substituted hippuric acid 

standard. 

If these peaks are examined in more 

detail and then overlaid as shown in 

Figure 2, it can be seen from the area 

of the peaks that the response from the 

hippuric acid is 1.692 times that of the 

deuterated standard. If this is repeated for 

conventional milk (Figure 3), we see that 

the ratio is closer to 1 at 0.932.

Discussion

This was repeated for all 6 samples with 

the results shown in Table 2. For all 
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Figure 3: Representative extracted ion chromatogram of hippuric acid and d5-hippuric acid 
(5 mg/L) for the conventional milk sample.

Time (min)

EIC
m/z (178.041:178.061)

Hippuric Acid
Average Response Ratio = 1.692 ppm

d5-Hippuric Acid 5 mg/L

90000

In
te

n
si

ty
 (

cp
s)

80000

70000

60000

50000

40000

30000

20000

10000

0

1.100 1.125 1.150 1.175 1.200 1.225 1.250 1.275

Figure 2: Representative extracted ion chromatogram (EIC) of hippuric acid and d5-hippuric 
acid (5 mg/L) for the organic milk sample.
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three samples of conventional milk, the 

hippuric acid concentration was on a 

average 1:1 (v/v) ratio with the reference 

standard. Factoring in dilution, this means 

that hippuric acid concentrations in the 

conventional milk were around 20 mg/L. For 

organic milk samples 1 and 2, it was clear 

that the levels of hippuric acid were higher 

as previously hypothesized. These samples 

had around 35 mg/L which is approximately 

1.75 times that of conventional milk. One 

organic milk sample (sample 3) even had 

lower levels than conventional milk. This 

could be because this particular sample was 

the supermarket “home” or generic brand 

and therefore not as organic as suggested 

on the label. Ideally a wider study is needed 

to support this theory. For example: split 

a herd of cows into two groups, feeding 

one group an organic diet and the other a 

conventional feed-based diet over a year. 

Over the year, hippuric acid levels could be 

measured in the resulting milk, in a similar 

way to that used for the goats’ milk study.6 

Conclusion

This work has shown that it is possible 

to measure hippuric acid levels in milk 

by ambient ionization TOF–MS using a 

reference standard to ascertain relative 

concentrations (rather than using a 

calibration curve). There is also evidence 

that hippuric acid levels could be used to 

determin whether cows have been fed an 

organic diet; however, a much wider study 

would be needed to prove this conclusively. 
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A Shotgun Approach

Dr Shabaz Mohammed from Oxford University, Oxford, UK, spoke to The Column about his group’s activities in 

protein analysis and the importance of “shotgun proteomics”.

Q: Why are you interested in 

researching proteins?

A: Proteins represent a major class of 

biomolecules that aid in the functioning 

of cells. Their activity is modulated 

by changes to their structure that are 

performed by the chemical modification 

of various amino acids. Such changes are 

often referred to as post-translational 

modifications or PTMs. Each cell contains 

over 10 000 proteins spanning seven 

orders of magnitude in abundance: 

the proteome. Each protein can be 

present in multiple forms because of 

these PTMs. The primary mandate of 

our group is to develop and improve 

protein characterization and quantitation 

techniques. Such complexity, both in 

terms of number of unique biomolecules 

and variety in chemical composition, 

requires complexity reduction through the 

development of separations/enrichment 

and improvements in mass spectrometric 

characterization techniques.

Q: Shotgun proteomics is considered 

to be a rapidly growing field of 

research, rivalling that of genomics. 

Do you agree and, if so, why do you 

think this is?

A: Certainly, shotgun proteomics is 

the de facto method to characterize 

proteomes. Advances in mass 

spectrometers and the required 

computational tools have also improved 

dramatically. The current generation 

of mass spectrometers are capable 

of sequencing up to 50 peptides per 

second and can detect over 4 orders 

of magnitude. A single proteomic 

experiment will now generate 

millions of sequencing events. As our 

understanding of the generated data has 

improved so have the algorithms. We 

can now, without human intervention, 

assign peptide sequences to the mass 

spectrometric data for the majority of 

the common peptide classes. These same 

algorithms can also then assign these P
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peptides to proteins with the help of 

genomic data. The current state of play is 

that within a week, we can now identify 

and quantify over 10 000 proteins. Our 

laboratory and a few others can perform 

the same task in a few days primarily 

as a result of further improvements 

in chromatography. This level of data 

is rivalling the level of information 

generated by genomics yet proteins are 

the main protagonists in a cell. Thus, we 

can now study the behaviour of cells in a 

more biologically relevant manner in the 

context of their environments and their 

reactions to stimuli. 

Q: Shotgun proteomics could 

potentially be used in biomarker 

identification methods in the 

diagnosis of disease. Do you 

think this is feasible in a clinical 

setting? Are there other potential 

applications? 

A: A significant number of diseases 

and cancers are caused by proteins 

malfunctioning which has a direct 

knoc-on effect on other proteins. 

Detecting the malfunctioning of a 

protein and its direct consequences is 

useful for both diagnosis and prognosis 

as well as therapies. A number of these 

proteins can be shred from tumours 

into the bloodstream too. The massive 

improvements observed in proteomics 

are now allowing efforts to be made to 

detect such aberrant processes initially in 

cell lines and tumours but also, 

ultimately, in blood. Of course, 

understanding how cellular systems 

operate (and their impact on physiology) 

is the greater goal.

Q: You have recently optimized a 

protocol for the use of Zwitterionic 

chromatography-cholinate 

hydrophilic interaction 

chromatography (ZIC-cHILIC) for 

sample separation in proteomics 

analysis. Can you outline the basic 

principles of the approach you used 

and how this is different to currently 

used protocols? 

A: A proteomic experiment usually 

involves a number of rounds of peptide 

fractionation followed by LC–MS where 

the optimal configuration for this final 

step is the use of nanolitre flow-rate 

reversed-phase (RP) chromatography 

and a high sequencing rate mass 

spectrometer with an electrospray 

source. The upstream fractionation must 

be orthogonal to this reversed-phase 

chromatography. Furthermore, sensitivity 

of an experiment depends heavily on 

minimizing surface areas and sample 

dilution. Developing a high-resolution 

separation that operates at very low 

flow rates is desirable. Ion exchange 

chromatography (IEC) has been the 

preferred strategy for a decade. It has 

excellent orthogonality to RP but has 

a poor separation power for peptides 

and is difficult to miniaturize. ZIC-cHILIC 

allowed us to operate with salt-free 

eluents thus allowing miniaturization, 

and it also provides an excellent 

separation that is mostly orthogonal to 

reversed-phase chromatography.

Q: Single-cell proteome analysis 

is the ultimate goal for the 

development of research protocols. 

How will optimization of sample 

preparation protocols advance 

research to this?

A: The ability to analyse material levels 

approaching single cell populations is 

the holy grail of most biotechniques. 

However, most cell behaviour depends on 

their immediate environment and they are 

also constantly communicating with their 

surrounding cells. I would suggest the 

goal has slightly changed to measuring 

the proteomes of cell populations at the 

resolution of a single cell. Nevertheless, 

the argument still boils down to sample 

handling, reducing sample losses, 

improving sensitivity and speeding 

up the process. Miniaturization and 

automation will improve sample handling 

and that requires constant improvement 

in separation power and robustness. 

Through improving separations upstream 

sample manipulation can be reduced. 

The added bonus of better separations 

is sharper peaks which lead to less 

ion suppression in mass spectrometry, 

improved dynamic range and better 

sensitivity. Better separation also means 

faster analysis, which is important 

because sample throughput is a major 

challenge too.

Q: Is it plausible that with the 

information encoded within the 

proteome of a single cell that disease 

biomarkers may be identified?

A: I don’t think a single cell is particularly 

informative; however, catalogues of 

shred proteins from tumours into the 

blood stream are being generated in 

a number of proteomic laboratories. 

Enzyme-linked immunoassay absorbent 

(ELISA) has shown that such proteins 

can be used for prognosis/diagnosis 

of diseases and, I believe, the current 

improvements in proteomics will allow 

the mass spectrometer to replace 
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ELISA with the added benefits of 

superior specificity, sensitivity and 

reproducibility. 

Q: What are the challenges you face 

in your field of research?

A: Although great strides are being 

made in the analytical tools for the 

characterization of proteomes they are 

far from comprehensive. Over 200 PTMs 

exist and methods are only available for 

a handful. Much work needs to be done 

before we have a complete picture. An 

equally significant challenge is stitching 

all the data together. Bioinformatics is 

always lagging a little behind what can 

be experimentally generated, which 

is primarily a cause of the unknown 

territory that is being explored.

Q: Is there anything you would 

like to add?

A: I would add that there is great 

excitement in the field because we can 

now identify proteins at a similar depth 

as genomics and there is now much we 

can explore about the cell that wasn’t 

possible in the past. Furthermore, there 

are still many things to explore in terms 

of analytical tools to address the trials 

ahead. Like all scientists, we love a 

challenge and it’s great because there is 

a feeling we are up to the task.

Dr Shabaz 

Mohammed 

received his PhD 

specializing in 

mass spectrometry 

from the University 

of Manchester, 

Manchester, UK, 

before joining 

the University of South Denmark as a 

post-doctoral researcher. He was an 

assistant professor at Utrecht University, 

Utrecht, The Netherlands, and a theme 

leader at the Netherlands Proteomics 

Centre until 2013. He is now a group 

leader at the University of Oxford, 

Oxford, UK. Mohammed’s primary 

research focus is on the development 

of proteomics techniques to answer 

biological questions.

E-mail: shabaz.mohammed@chem.ox.ac.uk 
Website: http://research.chem.ox.ac.uk/shabaz-mohammed.aspx
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Subscribe to 
LCGC North America’s e-Newsletters

Unique electronic newsletters covering the most up-to-date 
industry topics delivered on a weekly basis

e-Separation Solutions

e-Separation Solutions is LCGC’s 
weekly e-newsletter covering all of 
the hottest chromatography topics, 

techniques, and applications. 
Each e-newsletter is dedicated to a 
different area of separation science.

e-Application Note Alert

LCGC’s e-Application Note Alert is 
a monthly e-newsletter showcasing 
useful applications by technique.

 

Webcasts | Events | Chromatographyonline.com | Application Notes | The Peak | Subscribe | Contact Us
 

Follow us on:
 

 

Technology Forum

Bioanalysis: LC–MS-MS, Sample Prep, and Dried Blood Spot 
Analysis 
Bioanalysis uses a variety of separation techniques to analyze samples ranging 
from plasma and urine to dried blood spots. Participants in this Technology Forum 
are Ling Bei, Patrik Appelblad, and Dave Lentz of EMD Millipore; Nadine Boudreau 
of PharmaNet Canada; Diab Elmashni, Jeff Zonderman, and Simon Szwandt of 
Thermo Fisher Scientific; and Debadeep Bhattacharya of Waters Corporation. 
More...

Name your budget or application—the Agilent 1200 Infinity Series has you 
covered. From our affordable 1220 Infinity LC starting at just $15,000 to our 
cutting-edge 1290 Infinity LC, we have a solution that’s right for you. Plus, our 
most popular 1200 Infinity Series LC configurations are now available with a 3-5 
year up-and-running guarantee. Read more.

 

Featured News

Health Sciences Unit Launched
LGC has launched a new business unit, Health Sciences, which combines the 
group's sport, food, consumer safety and pharmaceutical testing activities within a 
single entity. 
More...

KNAUER is now offering its PLATINblue UHPLC systems with the MSQ Plus 
mass detector in a special package deal. PLATINblue systems and the MSQ Plus 
are an ideal combination for high-throughput applications. For a limited-time only, 
the UHPLC-MS package is being offered at a very special price. Don’t miss out!

Performance Materials Supplier Acquired
American-based Avantor Performance Materials will acquire Polish Performance 
Materials Supplier (POCH S.A.). 
More...

Your brilliance. Our know-how. Collaborative Life Science. 
It all joins forces at EMD Millipore. Now your organization can leverage the 
combined synergies of two leading Life Science companies – for deep insight and 
know-how along every step of the biotherapeutic value chain. Find out how at 
www.emdmillipore.com

Featured Vidcast

Using LC–MS with Online Sample Preparation to Survey 
Metabolites Formed In Vitrol
An Interview with Samuel Yang, University of Texas at Arlington. 
More...

Featured Products

EXP
®
 Products for UHPLC

The EXP
®
 Product Family offers hand-tight fittings, filters, 

traps and guards – rated to 20,000+ psi. This advanced 

GC HPLC Sample Prep GPC Hyphenated Miscellaneous
 

Subscribe Go to Application Note Library

Featured Application Note:
Screening and Quantification of Multiple Drugs in Urine Using Automated Online Sample Preparation 

and Tandem Mass Spectrometry 
Barbora Brazdova and Marta Kozak, Thermo Fisher Scientific

Learn about a 9-min, sensitive (LOQ 1—50 ng/mL) method to quantitate 30 immunosuppressant 

drugs using TurboFlow technology and LC–MS-MS.

Evaluation of the Ultra Inert Liner Deactivation for Active Compounds Analysis by GC
Limian Zhao, David Mao, and Allen Vickers, Agilent Technologies

Endrin and DDT breakdown and active semivolatiles tests were used for the Ultra Inert liner 
deactivation performance evaluation. The results indicate that the Ultra Inert deactivated liners 
provide superior inertness for analysis of active compounds.

 

Food Analysis of PAHs Using GCxGC-TOFMS and QuEChERS
LECO Corporation
The combination of QuEChERS extraction and GCxGC-TOFMS is a fast and accurate method for 

detecting and identifying PAH contaminants in complicated foodstuff matrices such as liquid infant 
formula and blended blueberries.

  

Screening and Identification with High Confidence Based on High Resolution and 
Accurate Mass LC–MS-MS
Andre Schreiber and David Cox, AB Sciex
This note describes a workflow and tools to identify targeted and nontargeted pesticides in fruits 
and vegetables. High resolution, accurate mass LC–MS-MS data is mined using advanced 

software tools to identify components based on retention times, accurate mass, isotopic pattern, 
and MS-MS library searching.

 

  Highly Sensitive UV Analysis with the Agilent 1290 Infinity LC System for Fast and 
Reliable Cleaning Validation – Part 1
Edgar Naegele and Katja Kornetzky, Agilent Technologies
This application note demonstrates high sensitivity measurement of pharmaceutical compounds 

with the Agilent 1290 Infinity LC. It also demonstrates a performance comparison of different 
flow cells with the Agilent 1290 Infinity LC diode array detector (DAD) for highly sensitive UV 
measurement including calibration, validation, and determination of LOD and LOQ.

  

Pesticides in Fatty Matrices
Don Shelly, UCT
"Fat is where it's at" when it comes to finding most pesticides. Extracting the pesticides and not 

the lipids can be a challenge! This months featured application is easy, quick, effective, rugged, 
and inexpensive.

  

Which GPC Column First? 
Bruce Kempf, Tosoh Bioscience
Most manufacturers recommend the installation of SEC columns in order of decreasing pore size 
when running columns in series. Scientists at Tosoh Bioscience tested the validity of this 
recommendation.

  

Ultra-Fast Analytical Method for the Sample Cleanup and LC–MS-MS Analysis of 

Chloramphenicol in Shrimp and Other Marine Food Products
Philip J. Koerner, Matthew Trass, Liming Peng, and Jeff Layne, Phenomenex
A method for the analysis of chloramphenicol in shrimp has been developed with a limit of 
quantitation (LOQ) of 0.001 ng/g in shrimp (0.001 ppb) based on the calibration standards. This 
is 300 times lower than the current U. S. Food and Drug Administration (USFDA) method. The 
method described uses Strata-X solid phase extraction (SPE) cartridges for sample cleanup and 

concentration, followed by ultra-fast LC–MS-MS analysis (<5 min) using a Kinetex core-shell 
column.

  

Topics and categories include: 
HPLC • GC • Sample Prep • LC-MS and 
GC-MS • Emerging techniques
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powered by 

Building on the success of our ground-breaking HPLC 
Troubleshooter, we are excited to announce the GC version.

In 3 simple steps we can help you overcome your instrument, 
separation and quantitation issues.

Step 1. Select from over 40 different chromatographic symptoms, which 

deal with separation, peak shape, baseline and quantitation issues.

Step 2. Select from nearly 50 different instrument symptoms which deal 

with pressure and fl ow problems as well as a host of inlet and detector 

issues.

Step 3. The troubleshooter returns a list of possible causes ranked by an 

algorithm, developed by chromatography experts. Each cause has a concise 

summary of the problem and recommended solutions. 

Our promise
If you don’t fi nd a satisfactory solution or just need more information, ask 

our experts and we‘ll have your answer within 24 hours.

With its ease of use, self explanatory graphics and a huge 
database of resources to draw from, the CHROMacademy HPLC 
troubleshooter is invaluable.

CHROMacademy is announcing the launch of the interactive 
GC Troubleshooter, sponsored by Thermo Scientifi c. The GC 
Interactive Troubleshooter - Test Drive Now!

CHROMacademy is a professional development site for 
chromatographers developed in collaboration with the 
-$t($�UFBN�BOE�$SBXGPSE�4DJFOUJå�D�

Visit the new CHROMacademy Forum today, as a Lite 
Member you will have access to:

t� $)30.BDBEFNZ�'PSVN
t� .POUIMZ�XFCDBTU�BOE�UVUPSJBM
t� 4FMFDUFE�F-FBSOJOH�NPEVMFT
t� 'FBUVSFE�$)30.BDBEFNZ�DPOUFOU

To sign up click here: http://www.chromacademy.com/
forum.html

If you have any questions or concerns contact us
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GC
Gas Chromatography: 
Fundamentals, Troubleshooting 
and Method Development
15–18 April 2013

Chicago, Illinois, USA

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

catalog/courses/GCPC/

Absolute Basics of GC & GC–MS
20 May 2013

The Open University, Milton Keynes, UK

Website: http://anthias.co.uk/content/1-

day-anthias-absolute-basics-gc-gc-ms

GC–MS for the 
Chromatographer 
4 June 2013

Hilton Milton Keynes, Milton Keynes, UK

Website: http://www.crawfordscientific.

com/training-online-calendar.asp 

Practical GC Method Development
8 June 2013

Caledonian University, Glasgow, UK

Website: http://www.crawfordscientific.

com/training-online-calendar.asp

HPLC/LC–MS
HPLC Troubleshooting and 
Maintenance
8 May 2013

Training Courses
Hilton Reading, Drake Way, Reading, UK

Website: http://www.crawfordscientific.

com/training-online-calendar.asp

How to Troubleshoot HPLC
21 May 2013

Dublin, Ireland

Website: http://www.

mournetrainingservices.co.uk/course_list.

html#htth

Metabonomics Shortcourse — 
Metabolic Phenotyping in Disease 
Diagnosis & Personalized Health 
Care 
17–21 June 2013

Imperial College London

Website: http://www1.imperial.ac.uk/

surgeryandcancer/divisionofsurgery/

biomol_med/education/short_courses/

metabonomicsshortcourse/

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
Introduction to Analytical 
Method Validation
23 April 2013

Hilton Milton Keynes, Milton Keynes, UK 

Website: http://www.crawfordscientific.

com/training-online-calendar.asp 

Validation of Analytical Methods 
for Pharmaceutical Analysis
6–7 May 2013

Berlin, Germany

Website: http://www.

mournetrainingservices.co.uk/course_list.

html#vampa

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

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

sample-prep-training.html

GPC/SEC
PolyRMC GPC Academy
20–22 May 2013
PolyRMC Facilities at Tulane University in 

New Orleans, LA, USA

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

polyRMC/polyrmc-gpc-academy.cfm

Light Scattering and Viscometry 
Hands-on Training 
27–28 June 2013 
Mainz, Germany

Website: www.polymer.de

MISCELLANEOUS 
Light Scattering Training
16–18 April 2013
Santa Barbara, California, USA

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

training/training/light-scattering-

training.html

Polymer Science and 
Technology
7–8 September 2013
Indianapolis, Indiana, USA

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

catalog/courses/PCHM/

Please send your event and training 
course information to Kate Mosford 
kmosford@advanstar.com
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16–20 June 2013
HPLC2013 Amsterdam

Amsterdam RAI Conference Centre, Amsterdam, The Netherlands

Co-chairs: Peter Schoenmakers and Wim Kok

E-mail: hplc2013@caos.nl

Website: www.hplc2013.org

1–4 July 2013 
9th Annual Conference of the Metabolomics Society 

Scottish Exhibition and Conference Centre (SECC), Glasgow, Scotland, UK 

Organizers: Metabolomics Society

Tel: +44 (0)131 339 9235 

Fax: +44 (0)131 339 9798

E-mail: metabolomics@in-conference.org.uk

Website: www.metabolomics2013.org

25–29 August 2013
Euroanalysis

Warsaw, Poland

Tel: +48 22 2347408 

Fax: +48 22 2347408 

E-mail: secretariat@euroanalysis2013.pl

Website: http://www.euroanalysis2013.pl/

25–28 September 2013
19th International Symposium on Separation Sciences 
Porec, Croatia

Organizers: Croatian Society of Chemical Engineers

Tel: +385 1 4872 499

Fax: +385 1 4872 499

E-mail: hdki@zg.t-com.hr

Website: http://pierre.fkit.hr/hdki/isss/index.html

Event News

HPLC

powered by 

LIVE on the web

www.chromacademy.com
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t� "TTFTTNFOUT���1%'�USBJOJOH�NBUFSJBMT

t� .VMUJNFEJB�UFBDIJOH�BOE�MFBSOJOH�NBUFSJBMT

t� ,FZ�DPODFQUT�IJHIMJHIUFE�VTJOH�SFBM�MJGF�NFUIPET�BOE�DISPNBUPHSBNT
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Fundamentals of HPLC
Instructor led HPLC training without leaving your desk
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