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A New Format for Reporter

Dear Colleague,

Starting with this issue of the Supelco® Reporter newsletter, we have changed the format to focusing on 

 market-based application solutions.

Many customers often don’t realise the breadth of our analytical product offering, which ranges from sample 

collection, sample preparation, analytical standards and reagents and analytical columns, to solvents and 

derivatisation reagents. Going forward, we plan to publish articles that demonstrate the utility of all these 

analytical products used in market-specific applications. Below are four major markets that we will focus on 

through the coming year, plus an additional technology segment to capture more unique/innovative and 

non-market-specific topics.

Pharmaceutical & Bioanalysis – analysis of pharmaceuticals 

and small molecules in biological matrices

Food & Beverage Analysis – sample preparation and analysis of 

foodstuffs and beverages for safety, nutrition and composition

Environmental Analysis – sample collection and analysis of air, 

water and soil samples for environmental contaminants

Chromatography Purification – resins, media and columns for low-pressure 

liquid chromatography, thin layer chromatography (TLC) plates and accessories

Research & Technology – topics on new and innovative technologies 

and techniques not specific to an individual market segment

We hope that you find this new Reporter format, based on market-specific application articles beneficial to 

your work. We welcome your comments and suggestions for topics that you would like us to cover in the 

future. Perhaps you might also consider contributing an article that we might publish in one of our future 

newsletters. You will see that each article has an email for either an author or a main contact; please send us 

an email if you have questions, comments or suggestions.

Best regards,

Daniel Vitkuske

Market Segment Manager

Sample Preparation

daniel.vitkuske@sial.com
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(continued on page 4)

Development of an SPME-GC-MS Procedure for the 

Determination of Phthalate Esters in Ramen Noodle 

Flavour Packets

Katherine K. Stenerson

katherine.stenerson@sial.com

Introduction

In June of 2011, food safety authorities in Hong Kong found phthalate 

ester contamination in a variety of imported food and drink products 

(1). Among these foods were several brands of ramen noodle kits. 

Specifically, there was concern with the presence of bis(2-ethylhexyl) 

phthalate (DEHP) in the oil-based flavour packets in these kits. The 

method currently used in China for the analyses of phthalate esters in 

foods requires gel permeation chromatography (GPC) as a cleanup 

step to remove fats and oils prior to GC-MS analysis (2). GPC cleanup 

is extremely effective. However, it is also a time-consuming technique.

For this article, solid phase microextraction (SPME) was evaluated for 

suitability to perform the extraction of phthalate esters from the fatty 

matrix of oil-based flavour packets in ramen noodle kits, eliminating 

the need for GPC cleanup. The goal was to demonstrate a method 

that is simple and relatively fast. Calibration standards were prepared 

in corn oil. Unspiked and spiked samples of chicken and beef oil fla-

vour packets were prepared. High-temperature headspace extraction 

of all standards and samples was done with an SPME fibre, which was 

then directly desorbed into the GC-MS system. Recovery data was 

also generated for each matrix.

Experimental

Standard preparation: A calibration stock solution containing 

16 phthalate esters in hexane was prepared. An internal standard 

stock solution containing deuterated analogues in hexane was also 

prepared. When possible, direct analogues of each phthalate ester 

were used as internal standards for quantification. Otherwise, the 

closest analogue eluting prior to the analyte in the GC-MS analysis 

was used. Seven calibration standards ranging from 100 to 

2000 μg/kg were prepared as follows:

1. The appropriate amounts of calibration stock solution and internal 

standard stock solution were added to 15 mL glass vials.

2. The hexane solvent was evaporated off.

3. 1 g of corn oil was accurately weighed into each vial.

4. The vials were capped and vortexed for 2 minutes.

Corn oil was used to matrix-match the standards to the types of 

samples to be extracted/analysed.

GC column: An SLB™-5ms capillary GC column was selected for its 

low bleed characteristics and high maximum temperature limit. 

A 20 m x 0.18 mm I.D. dimension was used to allow for a fast analysis.

Extraction temperature: High-temperature heated headspace was 

chosen based on previously published work, in which a 50/30 μm 

Divinylbenzene/Carboxen/Polydimethylsiloxane (DVB/CAR/PDMS) 

fibre was used (3). Therefore, an extraction temperature of 90 °C, 

measured in the headspace over the oil, was selected. Higher tem-

peratures were not evaluated due to the possibility of burning the 

flavoured oil samples.

Fibre choice: References in the literature indicated two fibres as 

useful for this application, a DVB/CAR/PDMS fibre, and a 100 μm Poly-

dimethylsiloxane (PDMS) fibre (3,4). These two fibres were compared 

by extracting corn oil samples spiked at 100 μg/kg, and comparing 

the absolute responses obtained for each phthalate ester. Data 

obtained for several of the analytes is presented in Figure 1. The 

DVB/CAR/PDMS fibre yielded better response for the lighter phthalate 

esters, while the PDMS fibre was better for the heavier ones, including 

several very low-responding analytes. Since ample response was 

obtained for the lighter phthalates on both fibres, the PDMS fibre 

was chosen to optimise response for the heavier analytes.

Extraction time: Extraction time was evaluated using the PDMS fibre, 

and 30 minutes was found to be optimal. A drop in the response of 

many of the phthalate esters was observed after 30 minutes. A chart 

plotting response versus extraction time is shown in Figure 2 for 

several of the analytes.

Figure 1. SPME Fibre Selection Study
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(continued on page 6)

Calibration and linearity: All calibration standards were extracted by 

SPME prior to GC-MS analysis. Calibration curves generated for sev-

eral of the analytes are presented in Figure 3, and a chromatogram 

of the analysis of the 500 μg/kg standard is presented in Figure 4. 

Using internal standard correction to compensate for fluctuations 

in response, linearity was generally very good. A first order fit using 

corrected responses was used for subsequent quantitation.

Sample analysis: Samples of chicken- and beef-flavoured oils were 

prepared in a similar manner as the calibration standards. Due to 

limited sample, only a single unspiked sample of each type was 

analysed. Spiked samples were prepared by addition of 500 ng of 

each phthalate ester to 1 g of flavoured oil. Three replicate spiked 

samples were prepared for both chicken and beef. Example chroma-

tograms of the spiked samples are presented in Figure 5 (chicken) 

and Figure 6 (beef ).

Time Comparison of Methods

Summaries of the steps used in a published method and the SPME 

method are compared in Table 1. The estimated total preparation 

time for the published method is 150 minutes per sample. GPC clean-

up and the subsequent concentration step accounts for the bulk of 

this time. Of this total time, 105 minutes requires hands-on work. This 

is due in part to multiple transfer steps, plus the concentration step 

(~20 mL to 2.0 mL) following GPC cleanup.

By comparison, the 42 minute total preparation time for the SPME 

method is much shorter, and only requires 12 minutes of hands-on 

work. In addition to the shorter sample preparation time, the SPME 

method does not require solvent extraction, and no sample transfer 

steps are necessary. Robotic autosamplers are available which would 

automate the heated headspace extraction and sample injection 

steps of the SPME method. While SPME can be done manually, an 

automated set-up would further reduce the hands-on time and 

increase productivity and method reproducibility.

Results & Discussion (see Figure 4 for analyte abbreviations)

Using internal standard corrected response factors, the phthalate 

ester levels (in μg/kg) were calculated for all unspiked and spiked 

samples. Also calculated were % recovery, average % recovery, and 

%RSD values as appropriate. Results are summarised in Table 2 

(chicken) and Table 3 (beef ). Several phthalate esters were found in 

the unspiked samples. However, the levels are below the limit estab-

lished by Chinese authorities that indicates “food adulteration or a 

misuse of food packaging materials” (5). The levels observed most 

likely were caused by the plastic packaging.

Recovery and reproducibility of the chicken-flavoured oil samples 

was generally very good (see Table 2, page 6). The phthalate esters 

showing lower recoveries (<80%) were many of those that were 

quantified using an internal standard that was not a direct deuterated 

analogue. There was matrix present in the analysis that interfered 

with DMEP. The high %RSD value for DEHP could not be attributed to 

matrix interference, however the level detected in the unspiked 

chicken oil was almost 2x that of the spiking level. Ideally, replicates 

of the unspiked samples would determine the variability in the DEHP 

level. However, as stated previously, due to limited sample availability, 

only a single unspiked sample was prepared.

Table 1. Comparison of Methods

Published Method (2)

1. Weigh 0.5 g of sample into a 15 mL vial

2. Dilute to 10 mL with ethyl acetate:hexane (1:1)

3. Vortex, then filter and collect in a second container

4. Perform GPC cleanup and collect in a third container

5. Concentrate to 2.0 mL

6. Transfer to a fourth container (autosampler vial) and 

 add internal standard

7. Proceed to GC-MS analysis

SPME Method

1. Add internal standards into a 15 mL vial

2. Evaporate hexane

3. Add 1 g sample then vortex

4. Heated headspace extraction (headspace at 90 °C)

5. Proceed to GC-MS analysis

Figure 3. Calibration Linearity
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The beef-flavoured oil samples exhibited much more matrix interference 

in the analysis, which is reflected in the recovery and reproducibility of 

many of the analytes (see Table 3, page 6). In the case of DBEP, DNOP, 

and DNP, accurate quantitation was not possible. The consistency of 

the beef flavour packet was much less homogenous than the chicken 

flavour packet, making it difficult to sample consistently. %RSD values 

were generally higher for the heavier phthalate esters. This may be due 

to matrix (which appeared to contain some water) having a greater 

effect on the extraction efficiency of the heavier (and less polar) 

phthalate esters.
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Figure 4. Phthalate Standard, each Analyte at 500 μg/kg

 sample/matrix: Analytes and internal standards added to a 15 mL vial, mixed, hexane evaporated, reconstituted with 1 g corn oil, heated until headspace at 90 °C
 SPME fi bre: 100 μm PDMS fi bre (57300-U)
 extraction: headspace, 90 °C (measured in the headspace) for 30 min.
 desorption process: 260 °C for 4 min.
 column: SLB-5ms, 20 m x 0.18 mm I.D., 0.18 μm (28564-U)
 oven: 60 °C (1 min.), 10 °C/min. to 330 °C (10 min.)
 MSD interface: 330 °C
 scan range: SIM
 carrier gas: helium, 0.6 mL/min. constant
 liner: 0.75 mm I.D., SPME type, straight design (2637501)

 1. Dimethyl phthalate (DMP)
 2. Diethyl phthalate (DEP)
 3. Diisobutyl phthalate (DIBP)
 4. Dibutyl phthalate (DBP)
 5. bis(2-Methoxyethyl) phthalate (DMEP)
 6. bis(4-Methyl-2-pentyl) phthalate (BMPP)

 7. bis(2-Ethoxyethyl) phthalate (DEEP)
 8. Dipentyl phthalate (DPP)
 9. Dihexyl phthalate (DHP)
 10. Butylbenzyl phthalate (BBP)
 11. bis(2-n-Butoxyethyl) phthalate (DBEP)
 12. Dicyclohexyl phthalate (DCHP)

 13. bis(2-Ethylhexyl) phthalate (DEHP)
 14. Diphenyl phthalate
 15. Dioctyl phthalate (DNOP)
 16. Dinonyl phthalate (DNP)

Figure 5. Spiked Chicken-Flavoured Oil

 sample/matrix: Analytes and internal standards added to a 15 mL vial, mixed, hexane evaporated, reconstituted with 1 g oil from a ramen noodle chicken fl avour  
  packet, heated until headspace at 90 °C

Other conditions and peak IDs are the same as Figure 4.

Figure 6. Spiked Beef-Flavoured Oil

 sample/matrix: Analytes and internal standards added to a 15 mL vial, mixed, hexane evaporated, reconstituted with 1 g oil from a ramen noodle beef fl avour packet, 
  heated until headspace at 90 °C

Other conditions and peak IDs are the same as Figure 4.
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Conclusion

High-temperature headspace SPME can be used for the extraction 

of phthalate esters from oily food matrices, such as the flavoured oils 

included with ramen noodle kits. A general procedure was devel-

oped that is sensitive, quantitative, and reproducible for most of the 

phthalate esters. Optimisation of this procedure is warranted based 

on the exact matrix to be processed. An example would be to adjust 

the extraction conditions for the beef oil in an effort to reduce matrix 

interference and increase extraction efficiency of the heavier phthalate 

esters. For non-homogenous samples, such as the beef oil, a technique 

should be employed to allow for better mixing. This will lead to more 

consistent aliquots to be taken for processing.

The use of internal standards is imperative to alleviate matrix issues 

that may exist with some types of oily matrices. More specific detec-

tion, such as MS/MS, may also help to eliminate matrix interference.
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Featured Products+
Description Cat. No.

SPME Fibre Assemblies, 3 ea

100 μm PDMS fused silica, 24 ga for manual  57300-U
holder and rubber septa 

50/30 μm DVB/CAR/PDMS StableFlex™ 57328-U
24 ga for manual holder 

SLB™-5ms Capillary GC Column

20 m x 0.18 mm I.D., 0.18 μm 28564-U

Table 3. Recovery and Reproducibility: Beef-Flavoured Oil 

(Spiked Samples at 500 μg/kg)

 Unspiked  3 Spiked
 Sample Samples

 Level Average
Analyte (μg/kg) Recovery %RSD

Dimethyl phthalate 0 101% 1

Diethyl phthalate 0 96% 1

Diisobutyl phthalate 103 111% 1

Dibutyl phthalate 24 103% 3

bis(2-Methoxyethyl) phthalate 0 51% 31

bis(4-Methyl-2-pentyl)  0 109% 5
phthalate isomer 1 

bis(4-Methyl-2-pentyl)  0 107% 3
phthalate isomer 2 

bis(2-Ethoxyethyl) phthalate 0 87% 18

Dipentyl phthalate 0 106% 3

Dihexyl phthalate 0 112% 8

Butylbenzyl phthalate 67 70% 10

bis(2-n-Butoxyethyl) phthalate 183 n/c* n/c*

Dicyclohexyl phthalate 0 122% 15

bis(2-Ethylhexyl) phthalate 367 79% 85

Diphenyl phthalate 0 96% 28

Dioctyl phthalate 0 n/c* n/c*

Dinonyl phthalate 0 n/c* n/c*

* Not calculated due to matrix interferences

Table 2. Recovery and Reproducibility: Chicken-Flavoured Oil 

(Spiked Samples at 500 μg/kg)

 Unspiked  3 Spiked
 Sample Samples

 Level Average
Analyte (μg/kg) Recovery %RSD

Dimethyl phthalate 0 102% 1

Diethyl phthalate 0 96% 1

Diisobutyl phthalate 253 98% 2

Dibutyl phthalate 328 95% 4

bis(2-Methoxyethyl) phthalate 0 62% 5

bis(4-Methyl-2-pentyl)  0 74% 2
phthalate isomer 1 

bis(4-Methyl-2-pentyl)  0 72% 1
phthalate isomer 2 

bis(2-Ethoxyethyl) phthalate 0 64% 4

Dipentyl phthalate 0 105% 3

Dihexyl phthalate 0 94% 2

Butylbenzyl phthalate 63 71% 4

bis(2-n-Butoxyethyl) phthalate 0 128% 6

Dicyclohexyl phthalate 0 91% 5

bis(2-Ethylhexyl) phthalate 986 79% 26

Diphenyl phthalate 0 103% 10

Dioctyl phthalate 0 91% 12

Dinonyl phthalate 0 101% 20

Did you know . . .

SPME-Fast Fit Assemblies (FFA), the newest configuration of SPME, 

can be automatically exchanged on an autosampler, e.g. for auto-

mated fibre phase screening in method development. Read more 

at sigma-aldrich.com/spme-ffa
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Related Products+
Description Cat. No.

SPME Fibre Assemblies, 100 μm PDMS Fused Silica, 3 ea

24 ga for autosampler 57301

SPME Fibre Holders, 1 ea

for manual use 57330-U 

for CTC CombiPAL™, GERSTEL® MPS 2,  57347-U 
and Thermo® TriPlus™ Autosamplers

SLB™-5ms Capillary GC Columns

20 m x 0.18 mm I.D., 0.36 μm 28576-U 

30 m x 0.25 mm I.D., 0.25 μm 28471-U 

30 m x 0.25 mm I.D., 0.50 μm 28473-U 

Molded Thermogreen™ LB-2 GC Septa, with injection hole, 50 ea

9.5 mm diameter 28331-U 

10 mm diameter 28333-U 

11 mm diameter 28336-U 

11.5 mm diameter 29446-U 

17 mm diameter 29452-U 

Inlet Liners, 0.75 mm I.D., Direct (SPME) Type, Straight Design, 5 ea

for Agilent® (5890, 6890, 7890) and Varian 2637505 
(CP-1177 Injector)

for PerkinElmer® (AutoSystem™) 2631205 

for Shimadzu® (17A [with SPL-17 Injector]) 2633905 

for Thermo (ThermoQuest® 8000 and TRACE®) 2876605-U 

for Varian® (1078 and 1079 Injector) 2637805 

Description Cat. No.

Phthalate Ester Standards

Butylbenzyl phthalate, 250 mg 36927

Dibutyl phthalate, PESTANAL®, 1 g 36736

Dicyclohexyl phthalate, PESTANAL, 250 mg 36908

Diethyl phthalate, PESTANAL, 5 mL 53008

Dimethyl phthalate, PESTANAL, 1 g 36738

Dioctyl phthalate, PESTANAL, 250 mg 31301

Dipentyl phthalate, 1000 mg 442867

Diphenyl phthalate, PESTANAL, 1 g 36617

bis(2-Ethylhexyl) phthalate, PESTANAL, 1 g 36735

bis(2-Ethylhexyl) phthalate, CRM TraceCERT® 67261

bis(2-Methoxyethyl) phthalate, PESTANAL, 250 mg 36934

Deuterated Phthalate Ester Analogs

Dibutyl phthalate-3,4,5,6-d4, 10 mg & 25 mg 34169

Dicyclohexyl phthalate-3,4,5,6-d4, 10 mg & 25 mg 34186

Diisobutyl phthalate-3,4,5,6-d4, 25 mg 34204

Maximise Your GC Performance!
Keep your GC running at its best by performing preventative maintenance on a 

regular schedule. Our Maximise Performance! Gas Chromatography Accessories 

and Gas Purifi cation/Management Products brochure (T407103 JWE) is a ‘must-

have’ for all GC labs! It includes all the common replacement items, such as septa, 

liners, ferrules, solvents, syringes, vials, purifi ers, and much more.

Request your copy by email (EURTechServ@sial.com), or download 
at sigma-aldrich.com/gc

Special Limited-time Off er

20–25% OFF 
GC Accessories!*

Valid until June 30, 2012. 

To learn how, visit 

sigma-aldrich.com/gc-off ers 

*Only GC Accessories listed in T407103 apply.
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Determination of Bisphenol A in Drinking Water

Craig Aurand

craig.aurand@sial.com

Introduction

The level of Bisphenol A (BPA) detected in foods and beverages has 

gained media attention over the last several years. Specifically, this 

interest is related to two types of containers:

 Re-useable rigid containers made of polycarbonate plastic; 

commonly used for water bottles, baby bottles, plastic mugs, 

carboys, and storage containers

 Metal cans with an internal epoxy-based lacquer coating; used to 

keep the foods or beverages from directly contacting the metal

BPA is one of the chemicals used to make both polycarbonate 

plastics and epoxy-based lacquers. Research has shown that small 

amounts of BPA can migrate into the foods and beverages enclosed in 

these types of containers. Furthermore, the transfer of BPA from the 

container to the contents increases if the containers are exposed to 

elevated temperatures, such as when baby bottles are heated and 

when metal cans are filled while the food or beverage is still hot (1–3).

Experimental

The focus of the work presented here was to demonstrate the extrac-

tion and analysis of BPA from drinking water. A sample was spiked 

with BPA to a level of 200 ng/mL prior to extraction. Sample process-

ing using solid phase extraction (SPE) was selected to demonstrate 

the ability of this technique to perform both extraction and concen-

tration tasks. Supelclean™ ENVI™-18 SPE material in glass tubes with 

PTFE frits was used. This hardware eliminates the possibility of intro-

ducing compounds (such as phthalates) which may be solvent-leached 

from alternative hardware (for example, polypropylene tubes with 

polyethylene frits).

This allowed recovery data of the spiked sample to be calculated. 

Figure 2 shows chromatograms of the 1 μg/mL calibration standard. 

Chromatograms of the spiked sample are shown in Figure 3. 

This figure also includes a complete description of the sample 

preparation steps.

Figure 1. Structure of Bisphenol A

The structure of BPA is shown in Figure 1. GC may be a more sensitive 

technique for this analyte, but it requires that BPA undergo derivatisa-

tion prior to analysis. In addition to increasing the sample processing 

procedure by several steps, artifacts may be introduced during the deri-

vatisation steps. Therefore, HPLC was selected as the analytical tech-

nique for this work to minimise interferences. An Ascentis® Express C18 

column was utilised to obtain a fast HPLC analysis. The system used for 

this work was equipped with two detectors in series, ultraviolet (UV) 

and fluorescence (FL). The system was calibrated with several standards 

and a response factor for BPA was generated for each detector. 

Figure 2. Bisphenol A Standard at 1 μg/mL

 column: Ascentis Express C18, 10 cm x 2.1 mm I.D., 2.7 μm (53823-U)
 mobile phase: water:acetonitrile (60:40)
 fl ow rate: 0.4 mL/min.
 pressure: 3268 psi (225 bar)
 column temp.: 35 °C
 detector: UV (230 nm); FL (Ex 225 nm, Em 310 nm)
 injection: 1 μL
 sample: bisphenol A at 1 μg/mL in acetonitrile

 1. Bisphenol A

Figure 3. Drinking Water Spiked with Bisphenol A

 sample/matrix: Drinking water spiked with bisphenol A to a 0.2 μg/mL level
 SPE tube: Supelclean ENVI-18, 500 mg, 6 mL glass tube, 
  PTFE frit (54331-U)
 condition: 1 mL 1% formic acid in acetonitrile, 1 mL DI water
 sample addition: 5 mL spiked water sample
 elution: 2 mL 1% formic acid in acetonitrile
 eluate
 post-treatment: 1 mL evaporated, then reconstituted to 0.5 mL 
  with acetonitrile

Conditions (except for sample) and peak IDs are the same as Figure 2.
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Results & Discussion

A better signal-to-noise ratio was obtained with the FL detector. Also 

of note is the slightly longer retention time and broader peak shape 

observed on the FL chromatograms. These are caused by the extra 

system volume contributed as the sample passes through the UV cell 

as well as the tubing connecting the detectors. The removal of the 

UV component and shortening the tubing connecting the column to 

the FL detector would eliminate these phenomena.

As shown in Figure 3, a fast analysis was obtained in which the analyte 

is free of interference. The procedure results in a calculated 1 μg/mL 

BPA level in the final spiked sample extract. This works out to a 5-fold 

concentration (0.2 μg/mL in the spiked sample was concentrated to 

1 μg/mL in the extract). Using the calibration factor generated for the 

FL detector, a recovery of 88% was calculated.

Conclusion

A comprehensive sample preparation and analytical procedure was 

developed for determining BPA in drinking water. This fast procedure 

employed materials and techniques selected in part for speed, but 

also those that would not contribute unwanted artifacts. The use of 

SPE allowed BPA to be extracted plus concentrated, which may result 

in greater method sensitivity compared to simple headspace or 

direct injection methods.

Featured Products+
Description Cat. No.

Supelclean™ ENVI-18™ SPE Tubes, 30

500 mg, 6 mL glass tube, PTFE frit 54331-U

Ascentis™ Express C18 HPLC Column

10 cm x 2.1 mm I.D., 2.7 μm 53823-U

Related Products+
Description Cat. No.

Bisphenol A (4,4’-Isopropylidenediphenol)

analytical standard, 500 mg 442840

Acetonitrile

LC-MS CHROMASOLV®, >99.9%, 2.5 L 34967-2.5L

Formic Acid

eluent additive for LC-MS, ~98%, 50 mL 56302-50ML-F
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Sigma-Aldrich Analytical 
The constant monitoring of food constituents and potentially present pollutants in everything we eat or drink is of paramount importance 

to ensure food safety and the highest quality of products that we take in. In recent years, the growing use and development of innovative 

and advanced analytical techniques has identified more and more specific components of foods and drinks, enabling the presence of 

toxic substances to be checked at even lower levels. Sigma-Aldrich Analytical develops new, innovative products and dedicated appli-

cations in order to support analysts in achieving reliable and highest quality analytical data.

Analytical tools from Sigma-Aldrich
 Analytical standards 

 Certified Reference Materials (CRMs)

 HPLC & GC columns and applications

 Sample preparation – incl. QuEChERS
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Sensitive Determination of L- and D-Lactic Acid Enantiomers 

by HPLC-MS-MS

Introduction

This article summarises the work of H. Henry and associates at the 

Clinical Chemistry Laboratory, Centre Hospitalier Universiaire Vaudois, 

University of Lausanne, CH-1011 Lausanne, Switzerland (1). Determi-

nation of L- and D-lactic acid enantiomers (Figure 1)and their sub-

sequent quantification is of vital importance in infants, as a major 

excess of D-lactic acid production can lead to metabolic acidosis 

resulting into significant neurological symptoms if left untreated. 

Thus, D-lactic acid has the potential to be a clinical marker for the 

diagnosis of these diseases. Hence it is of great significance for clinical 

diagnosis to assay lactic acids, especially D-lactic acid level. There 

is a need for a reliable and selective method to detect and quantify 

D-lactic acid. This work demonstrates development of a new and 

highly sensitive analytical method for a simultaneous determination 

and quantification of L- and D-lactic acid enantiomers. The method 

demonstrates the application of Supelco®’s Astec CHIROBIOTIC® R 

chiral column in an LC-MS/MS to chirally separate L- and D-lactic acid 

enantiomers. In addition, the linearity and precision of this method 

are good. This application is rapid, simple and reproducible for clinical 

routine detection of L- and D-lactic acid enantiomers.

The L- and D-isomers of lactic acid can both contribute to metabolic 

acidosis, but their relative contributions differ due to their different 

origins and metabolic pathways. Therefore, it is important to distin-

guish the isomers of lactic acid in plasma for understanding their rela-

tive contributions to metabolic acidosis. However, because of the 

similar physical and chemical properties of both enantiomers, it is 

difficult to determine the isomers of lactic acid in biological samples. 

Thus, it is necessary to develop a sensitive and reliable method for the 

separation and quantification of lactic acid enantiomers in urine 

samples. Currently enzymatic assays with D-lactic acid dehydrogenase 

are being applied to measure the D-lactic acid in urine. However the 

enzymatic assays lack sensitivity and specificity in urine controls of 

newborns, due to low levels of D-lactic acid, that are below the level 

of quantification by the enzymatic method.

The current work has demonstrated a reliable and reproducible analyti-

cal method for the simultaneous determination and quantification of 

L- and D-lactic acid enantiomers in urine by purification and concentra-

tion of the organic acids followed by chiral chromatography coupled 

to tandem MS. This method is rapid, simple and effective for clinical 

routine detection of L- and D-lactic acid enantiomers. This method 

deployed the use of Supelco’s Astec CHIROBIOTIC R chiral column, 

which is available from Sigma-Aldrich (sigma-aldrich.com/chiral). 
With this analytical method, L-lactic acid can be quantified within a 

range of 2–400 μm/L and D-lactic acid can be quantified within a 

range and 0.5–100 μm/L, with accuracy and high precision (Figure 2).

Figure 2. LC MS/MS Chromatogram Showing the Chiral Separation 

of Urinary L- and D-Lactic Acid Using an Astec CHIROBIOTIC R Chiral 

HPLC Column

HPLC (Isocratic in an HPLC MS-MS system):
 column: Astec CHIROBIOTIC R Chiral Column, 15 cm x 2.1 mm I.D., 5 μm 
  (13019AST)
 mobile phase: 15% (v/v) 33.3 mM ammonium acetate in H2O and 
  85% (v/v) acetonitrile
 fl ow rate: 0.7 mL/min
 column temp.: 4 °C  
 detector: MS, ESI(-), MRM, m/z 89.1/43.3, 90.1/44.3, 93.1/46.3
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Figure 1. Structure of L- and D- Lactic Acid

The following was generated with the assistance of an outside 

source using Sigma-Aldrich products. Technical content was 

generated and provided by:

H. Henry1, N. Marmy Conus2, P. Steenhout2, A. Benguin1, and O. Boulat1

1  Clinical Chemistry Laboratory, Centre Hospitalier Universitaire Vaudois, 

University of Lausanne, CH-1011, Switzerland
2 Nestac Ltd, Avenue Reller 22, CH-1800 Vevey, Switzerland

gaurang.parmar@sial.com
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Description Cat. No.

Astec CHIROBIOTIC R Chiral Columns 

15 cm x 2.1 mm, 5 μm, 100 Å 13019AST

15 cm x 4.6 mm, 5 μm, 100 Å 13023AST

25 cm x 2.1 mm, 5 μm, 100 Å 13020AST

25 cm x 4.6 mm, 5 μm, 100 Å 13024AST

Astec CHIROBIOTIC R Guard Column

SS, 5 μm, 2 cm x 4.0 mm 13100AST

For an entire listing of chiral chromatography products and 

related application literature, please visit our website 

sigma-aldrich.com/chiral

Featured Products+

Description Cat. No.

L-Lactic Acid CRM TraceCERT® 40394
(certified value not stereospecific)

Related Products+

Conclusion

The Astec CHIROBIOTIC® R chiral column is most suitable for enantio-

resolution of hydrophilic acids like alpha-hydroxy/halogenated acids 

and N-blocked amino acids. This phase’s unique ionic character and 

H-bond capability play an important role in the chiral recognition 

mechanism. Also, Sigma-Aldrich offers a variety of other chiral 

stationary phases that can be used in above capacity to resolve 

enantiomers of diverse molecules. Please visit our chiral portal at 

sigma-aldrich.com/chiral to learn more about Sigma-Aldrich’s 

product offering, application information and relevant literature as 

applied to chiral chemistry and separations.
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Improved Detection and Identification of Amphetamines using 

MSTFA and MSTFA-d9 Derivatisation with GC-MS Analysis

Introduction

Derivatisation, especially silylation, is commonly used to identify and 

quantify both known and unknown compounds using GC-MS. It is 

not limited to small molecules. Even peptides can be silylated, espe-

cially when the introduction of deuterium is desired (1). 

N-Methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA) is a very 

versatile reagent because it can be used to derivatise many of the 

functional groups commonly found in organic compounds. It oper-

ates by attachment of a nonpolar trimethylsilyl (TMS) group 

(Figure 1). In most cases TMS derivatives have a lower boiling point 

than the parent compound, which allows GC analysis at a lower 

temperature. This reduces the possibility of thermally induced decay 

of compounds in the injector or on the column. For quantitative 

analysis the use of catalysts is recommended (2–4).

Using Deuterated MSTFA (MSTFA-d9) for Compound 

Identification

In some cases it is unclear precisely how many of the molecule’s 

functional groups are affected by the derivatisation reaction, espe-

cially when dealing with unknown compounds. Using deuterated 

MSTFA (MSTFA-d9) helps to overcome this problem because the 

molecular mass of the MSTFA-d9 derivative increases by exactly 9 

mass units for each derivatised functional group. Thus, it is possible 

to calculate the molecular mass of the original compound by taking 

the mass shift in the MSTFA/MSTFA-d9 spectra into account.

Figure 2 shows the mass spectrum of amphetamine 

(α-methylphenethylamine) using GC-MS on an SLB™-5ms column. 

Primary and secondary amines often give an [M-1]+● ion that can 

The following was generated with the assistance of an outside 

source using Sigma-Aldrich products. Technical content was 

generated and provided by:

Dieter Urbach

Bundeskriminalamt (BKA), KT 12 – Zentrale Analytik II, 65173 Wiesbaden, 

Germany

rudolf.koehling@sial.com 

Contributed Article

Figure 1. Reaction of Hydroxyl Groups (Silylation) with MSTFA 

Alcohol (R-OH) shown, but reaction also applies to R–COOH, R=NH, R–NH2, R–SH

cause misinterpretation of molecular mass and failure to identify 

nitrogen-containing compounds. Amphetamine also generates 

unspecific and ambiguous major fragments; 44 m/z can match both 

amines and aldehydes (Figure 2, top). After MSTFA derivatisation, the 

mass spectrum (Figure 2, middle) reveals typical fragments of TMS-

derivatives (loss of methyl from TMS), while the target compound 

amphetamine can be calculated based on the fragment mass 192 m/z 

as intact molecule (192+15 m/z=207 m/z, TMS-amphetamine). 

Using MSTFA-d9 the M+ 216 m/z loss of both a methyl group to frag-

ment 201 m/z and a D3 methyl group to fragment 198 tells us that a 

methyl group is present in the investigated molecule and not only in 

the derivatisation reagent (Figure 2, bottom).

Figure 3 shows the effect of MSTFA derivatisation on the resultant 

chromatography on an SLB-5ms GC column. Despite the presence of 

other substances in the sample, underivatised amphetamine elutes 

first followed by its TMS derivative. This example shows how derivati-

sation can be used to alter retention or selectivity to see unknown 

compounds that might normally coelute with the sample matrix or 

other components of the sample.

Summary

The majority of current GC-MS systems are equipped with single 

quadrupole mass analysers with limited mass resolution. They do not 

offer the ability to acquire MS/MS or MSn spectra, as triple quadrupole 

or ion trap mass analysers do, making them particularly amenable to 

the MSTFA/MSTFA-d9 derivatisation described here. There is no need 

to change the ionisation technique, such as chemical ionisation, to 

obtain the molecular mass or run additional MS/MS experiments to 

elucidate the structure and composition of a fragment or molecule.

Another advantage of MSTFA and MSTFA-d9 is the comparability of 

chromatographic properties of their corresponding derivatives. TMS 

and TMS-d9 derivatives elute within the same time window. Deuter-

ated compounds may elute a few seconds earlier. Thus, researchers 

can use the compound retention time to find and identify a target 

compound even at low concentration levels.

sigma-aldrich.com/derivatisation
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Description Qty. Cat. No.

N-Methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA) 

for GC derivatisation 5 mL, 10 x 1 mL, 25 mL 69479

N-Methyl-N-(trimethyl-d9-silyl)trifluoroacetamide (MSTFA-d9) 

for GC derivatisation 500 μL 68768

DL-Amphetamine hydrochloride 10 mg 94777

DL-Amphetamine-d11 solution,  1 mL 610666

1 mg/mL in methanol 

SLB-5ms capillary GC column,  1 ea 28471-U

30 m x 0.25 mm, 0.25 μm 

Featured Products+

Related Information+
See also page 20 in this edition of the Reporter for a new 

addition to the silylating reagent line. 

The new Derivatisation Brochure lists Fluka® brand derivatisation 

reagents for GC, HPLC, Chiral, and TLC techniques. To view the pdf 

or request a free copy, visit sigma-aldrich.com/derivatisation

Figure 2. Mass Spectra of Amphetamine (top), TMS-Amphetamine 

(middle), and TMS-d9-Amphetamine (bottom)

 Derivatisation 
 procedure:  Dissolve 1 mg sample in 270 μL MSTFA (or ~10 μg sample 
  in 25 μL MSTFA-D9). Heat for 10 minutes at 70 °C. Add 30 μL 
  pyridine. Heat for 10 minutes at 70 °C. Dilute the solution 
  with chloroform if necessary.
 column: SLB™-5ms, 30 m x 0.25 mm, 0.25 μm (28471-U)
 oven: 40 °C to 300 °C in 26 min (10 min)
 carrier gas: helium, 1 mL/min
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Figure 3. GC-MS Chromatogram (TIC, EIC) of Amphetamine and 

TMS-Amphetamine

Conditions are the same as Figure 2.
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Sampling of Carbonyls Using a Dual-Layer LpDNPH Glass 

Sampling Tube and HPLC Analysis

Kristen Schultz and Jamie Desorcie

kristen.schultz@sial.com

Introduction

The dual-layer LpDNPH sorbent tube is an air sampling device 

designed for sampling carbonyls (e.g. formaldehyde) in ambient, 

indoor, and industrial atmospheres. Carbonyls are trapped on our 

high-purity silica gel adsorbent coated with 2,4-dinitrophenylhydra-

zine (2,4-DNPH) where they are converted to stable hydrazone 

 derivatives. The derivatives are eluted from the tube in acetonitrile 

and analysed by HPLC.

The ORBO™-555 is a 6 mm O.D. x 110 mm length dual-layer DNPH glass 

sampling tube containing 300 mg of LpDNPH in the front section and 

150 mg in the back section. The back section functions as a back-up 

bed for incidences of breakthrough sometimes associated with single 

bed DNPH cartridges in higher concentration environments or when 

you are not certain of the concentration.

ORBO-555 Features and Benefi ts

 Low-pressure drop enables use at high sampling rates of 

1.5–2.0 L/min, even with personal sampling pumps

 High-purity LpDNPH adsorbent for greater accuracy 

in trace analysis

 Manufactured in a controlled, low-carbonyl environment

 Low background 

Experimental

An airborne mixture of carbonyl compounds was generated by 

vaporising a mixture of formaldehyde, acetaldehyde, acetone and 

hexanal. The air mixture was sampled using a dual-layer LpDNPH 

tube (Cat. No. 54020-U) at a flow rate of 1 L/min for 120 minutes. 

The sampling tube was oriented such that air passed first through 

the 300 mg (primary) bed, followed by the 150 mg (secondary) bed.

At the end of the sampling period, the packing beds were removed 

and placed in 15 mL vials. Acetonitrile (5 mL) was added to each vial. 

The mixtures were allowed to set for 1 hour with occasional agitation. 

As a blank, packing beds from an unused sampling tube were removed 

and extracted in an identical manner. Aliquots of the solutions above 

the settled silica were removed and analysed using HPLC. Calibration 

was achieved using a mixture of single-component carbonyl-DNPH 

calibration standards.

Results

Table 1. Blank Tube

 Primary Secondary
 Bed Bed

DNPH 1.1 mg 0.5 mg

Formaldehyde 0.03 μg 0.01 μg

Acetaldehyde 0.01 μg 0.01 μg

Acetone 0.04 μg 0.02 μg

Hexanal N.D. N.D.

N.D. = Not detected

Table 2. Sample Tube (Blank Values Subtracted)

 Primary Secondary Total
 Bed (μg) Bed (μg) (μg)

Formaldehyde 3.74 0.00 3.74

Acetaldehyde 1.12 0.00 1.12

Acetone 3.93 0.00 3.93

Hexanal 0.96 0.00 0.96

Table 3. Measured Airborne Concentrations (μg/m3)

 Formaldehyde Acetaldehyde  Acetone  Hexanal 

 31.2 9.3 32.8 8.0

54020-U

2,4-Dinitrophenylhydrazine
(DNPH)

DNPH Derivative
(a hydrazone)
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Method Applications
Our LpDNPH products are suitable for use for the following 

methods:

 US EPA TO-11A – Method for the Determination of 

Formaldehyde in Ambient Air Using Adsorbent Cartridge 

Followed by High-Performance Liquid Chromatography

 ASTM Method D5197 – Standard Test Method for 

Determination of Formaldehyde and Other Carbonyl 

Compounds in Air

 NIOSH 2016, Appendix B – Formaldehyde

 US EPA IP-6A – Determination of Formaldehyde and Other 

Aldehydes in Indoor Air Using a Solid Adsorbent Cartridge

 US EPA 100 – Sampling for Formaldehyde and Other 

Carbonyl Compounds in Indoor Air

Figure 1. Acetonitrile Extract of Sample Tube (Primary Bed)

 column: Ascentis® Express C18, 15 cm x 4.6 mm I.D., 
  2.7 μm particles (53829-U)
 mobile phase A: Water
 mobile phase B: Acetonitrile
 fl ow rate: 0.5 mL/min.
 temp.: ambient
 det.: UV, 360 nm
 injection: 10 μL

 Gradient Program: Min %A %B
  0 45 55
  4 45 55
  13 10 90
  20 10 90

 1. 2,4-Dinitrophenylhydrazine (DNPH)
 2. Formaldehyde-DNPH
 3. Acetaldehyde-DNPH
 4. Acetone-DNPH
 5. Hexanal-DNPH

Figure 2. Acetonitrile Extract of Blank Tube (Primary Bed)

Conditions and peak IDs are the same as Figure 1.

Conclusions

The dual-layer LpDNPH ORBO™-555 tube is an effective sampler for 

measuring airborne carbonyl concentrations (Table 3). The low 

background levels (Figure 2/Table 1) allow for accurate measurements 

of low-concentration samples or samples collected in situations where 

short sampling times are needed. The results (Figure 1/Table 2) indi-

cate that under the sampling conditions employed, there was no 

breakthrough of formaldehyde, acetaldehyde, acetone or hexanal. 

Description Qty. Cat. No.

ORBO-555 Dual-Layer LpDNPH Sampling Tube 20 54020-U

Ascentis Express C18 HPLC Column

15 cm x 4.6 mm, 2.7 μm 1 53829-U

Single Component Carbonyl-DNPH Solutions

Formaldehyde-2,4-DNPH  1 47177

Acetaldehyde-2,4-DNPH  1 47340-U

Acetone-2,4-DNPH  1 47341

Hexaldehyde-2,4-DNPH 1 47178-U

Featured Products+
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Figure 1. Comparison of the VOC Background for Supel-Inert, 

Tedlar and Competitor K Bags (Calibration Standard 10 ppb)

Tedlar

 Supel-Inert

 Competitor K

 Calibration Mix 10 ppb

0 20 40

Min

Sampling VOCs with Supel™-Inert Film Gas Sampling Bags 

with Thermogreen™ LB-2 Septa as an Alternative to Tedlar®

Kristen Schultz and Jamie Brown

kristen.schultz@sial.com

Introduction

For ten years, Supelco® has provided our customers with high-quality 

Tedlar gas sampling bags. Recently, we expanded our gas sampling 

bag line to include an alternative to Tedlar for sampling VOCs that 

incorporates our low-bleed Thermogreen LB-2 septa in the valve 

fitting.

Key Features and Benefits

 Inertness properties similar to Tedlar for a wide range 

of compounds

 Suitable for sampling and analysis for most VOCs within 

2 days and many sulfur compounds for up to 24 hrs

 Chemically inert to most acids, aliphatic and aromatic 

organic compounds, chlorinated solvents and alcohols

 Abrasion resistant

 No static properties; unlike other alternative films, 

the Supel-Inert Film does not cling to bench-tops 

and other materials

 Two fittings available: Push-Pull Lock Valve (PLV) and 

Screw Cap Valve (SCV)

Bag Composition & Construction

Supel-Inert Film is composed of a fluoropolymer film, (PVDF; polyvi-

nylidene difluoride) specifically engineered for sampling VOCs from 

air, manufactured to the highest standards from ultra-clean, high-

quality materials. They are leak tested at both the hermetically sealed 

seams and at the valve fittings to ensure tight and strong seals and 

minimise sample loss. The Supel-Inert Film materials are proprietary 

materials to Supelco.

Testing the VOC Background 

New sampling bags (right out of the box) were filled with a litre of 

clean dry nitrogen. The bags were allowed to sit for an hour at room 

temperature. Then the contents of the bag were concentrated onto a 

Carbotrap™ 300 thermal desorption tube (21705-U) by emptying the 

bag using an air sampling pump at a flow rate of 100 mL/min. Each 

tube was thermal desorbed at 330 °C for 5 minutes. 

Results – VOC Background

Figure 1 The bottom chromatogram shows the EPA TO-15 calibration 

mix (41973-U) spiked at a concentration of 10 ppb. For comparison, 

in the middle is Competitor K, above is Supel-Inert Film and at the 

top is Tedlar Film. The Tedlar shows peaks of DMAC and phenol. The 

chromatograms demonstrate that after one hour’s incubation, 

Supel-Inert Film bags coming right out of the box have a lower VOC 

background than Tedlar or Competitor K’s Film. 

Table 1. Comparison of Supel-Inert Film and Tedlar Film

 Supel-Inert Film Tedlar Film

Thickness 3 mil 2 mil

Tensile Strength 6100 psi (42 MPa) 8000 psi (55 MPa)

Max Operating Temp 150 °C (302 °F) 204 °C (400 °F)

Specific Gravity 1.78 g/mL 1.70 g/mL

Oxygen Permeability 58 mL/(m2 x d) 50 mL/(m2 x d)

Water Vapour Permeability 12–15 g/(m2 x d) 9 –57 g/(m2 x d)

Carbon Dioxide Permeability 172 mL/(m2 x d) 172 mL/(m2 x d)

Testing the VOC Recovery

New sampling bags were purged twice with clean, dry nitrogen. The 

bags were then filled with one litre of TO-15/17 Calibration Gas 

Mix (62-components Mix, Cat. No. 41973-U) at 1 ppm each. After the 

specified time (4, 24, 48 and 120 hrs) a 12.5 mL sample was taken from 

each bag using a GasTight® syringe. The contents of the syringe were 

transferred (concentrated) onto a thermal desorption tube by inject-

ing the syringe contents into the Adsorbent Tube Injector System – 

ATIS (28520-U/28521-U) with a Carbotrap 300 tube (21705-U) attached 

to the outlet. 
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 Push Lock  Screw Cap

Description Valve (PLV)  Valve (SCV)

Supel-Inert Film Gas Sampling Bags 

1 L, 7 x 9 in. (17.8 x 22.9 cm), 10 Pk

 30213-U  30221-U

2 L, 9 x 11 in. (22.9 x 27.9 cm), 10 Pk

 30214-U  30222-U

5 L, 12 x 14 in. (30.5 x 35.6 cm), 10 Pk

 30215-U  30223-U

10 L, 12 x 21 in. (30.5 x 53.3 cm), 10 Pk

 30216-U  30224-U

25 L, 19 x 25 in. (48.3 x 63.5 cm), 5 Pk

 30217-U  30225-U

Description Cat. No.

Thermal Desorption Tubes

Carbotrap 300 Stainless Steel TD Tube,  21705-U
preconditioned, 10 Pk.

Standards

EPA TO-15/TO-17 Gas Calibration Mix  41973-U
(62 component) 1 ppm each in N2, 100 L

Instruments

ATIS (Adsorbent Tube Injection System), 110 V 28520-U

ATIS (Adsorbent Tube Injection System), 230 V 28521-U

Analytical Column

SPB-HAP, 60 m x 0.32 mm x 4 μm 25020-U

Featured Products+

Each tube was thermally desorbed using a PerkinElmer 

TurboMatrix™ -150 thermal desorber at 330 °C for five minutes. 

A four-point calibration curve was performed by spiking the 

same gas mix directly (3.2, 6.4, 9.4, and 12.5 mL ) from the gas 

cylinder onto the Carbotrap™ 300 tubes.

Results – VOC Recovery

After two days of ambient storage, 25 compounds still showed 

recoveries of >80%; even after five days, nine of these compounds 

still showed recovery of >80%. The same compounds tested in 

Tedlar® exhibited similar results.

Conclusions

Based on the results from the background and recovery data, 

Supel™-Inert gas sampling bags provide a low background compared 

to Tedlar and Competitor K, and are suitable for sampling most VOCs 

comparably to Tedlar.

Table 2. VOC Recovery 4 hrs to 120 hrs – 62 Component Mix

  % Recovery
Compound 4-hrs 24-hrs 48-hrs 120-hrs

Propylene 88 111 114 89

Halocarbon 12 98 98 106 93

Chloromethane 96 96 91 70

Halocarbon 114 104 100 105 97

Vinyl chloride 92 95 96 77

1,3-Butadiene 107 104 112 92

Bromomethane 105 123 97 77

Chloroethane 92 95 98 79

Ethanol 145 125 88 64

Acetone 79 60 51 29

Halocarbon 11 103 99 106 91

1,1-Dichloroethene 98 96 99 80

Methylene chloride 94 88 85 59

Halocarbon 113 102 98 104 89

Carbon Disulfide 100 95 91 66

trans-1,2-Dichloroethene 97 91 89 62

1,1-Dichloroethane 104 95 97 78

Methyl Tertiary Butyl Ether 99 96 99 84

2-Butanone 79 57 42 25

cis-1,2-Dichloroethene 95 85 81 54

Ethyl Acetate 86 66 53 13

Hexane 110 95 99 78

Chloroform 102 93 94 70

Tetrahydrofuran 94 77 68 46

1,2-Dichloroethane 94 79 71 45

1,1,1-Trichloroethane 101 95 97 77

Benzene 94 84 79 52

Carbon tetrachloride 101 95 97 76

Cyclohexane 102 97 99 80

1,2-Dichloropropane 98 84 79 54

Bromodichloromethane 101 85 80 52

Trichloroethene 89 85 77 50

Heptane 105 95 95 69

Methyl Isobutyl Ketone 80 53 40 23

  % Recovery
Compound 4-hrs 24-hrs 48-hrs 120-hrs

cis-1,3-Dichloropropene 95 66 53 30

trans-1,3-Dichloropropene 90 52 38 19

1,1,2-Trichloroethane 93 72 61 35

Toluene 89 68 56 31

2-Hexanone 61 29 20 13

Dibromochloromethane 97 77 68 39

1,2-Dibromoethane 89 60 44 24

Tetrachloroethene 99 81 73 42

Chlorobenzene 77 53 39 20

Ethylbenzene 84 59 45 24

m & p-Xylene 73 49 34 19

Bromoform 97 61 48 26

Styrene 59 33 23 13

1,1,2,2-Tetrachloroethane 87 56 42 22

o-Xylene 69 45 31 17

4-Ethyltoluene 64 40 27 15

1,3,5-Trimethylbenzene 55 34 22 13

1,2,4-Trimethylbenzene 47 27 19 12

Benzyl Chloride 27 16 11 7

1,3-Dichlorobenzene 50 27 18 11

1,4-Dichlorobenzene 47 25 17 11

1,2-Dichlorobenzene 41 21 15 10

1,2,4-Trichlorobenzene 26 19 11 13

Hexachlorobutadiene 58 35 22 14

*Note: Order based on typical GC retention
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LPLC Purification Media: Custom Solutions to Your 

Unique Challenges
Sigma-Aldrich off ers a broad media portfolio supported by custom services 
that optimise your purifi cation results

Lori Fields

lori.fields@sial.com

It has been said that the only thing that all purification applications 

have in common is that they are all unique. Most users share the 

common desire to obtain purified material quickly and easily while 

maximising purification yields. The special considerations associated 

with each purification application pose a serious challenge for users 

in trying to identify the best products to use for their specific applica-

tions. To meet the needs of 

our customers performing 

purification chromatography, 

Sigma-Aldrich has put 

together a broad selection 

of chromatographic media 

coupled with a range of 

custom services (including 

processing and packaging) 

that allow us to tailor solu-

tions to our customers’ indi-

vidual needs rather than 

limiting them to just a few, 

off-the-shelf options.

Media Selection

The selection of chromatographic media is a vital step towards 

successful chromatographic separation and desirable purification 

results. Columns packed with a variety of materials, inorganic and 

organic, are used in various chromatographic modes such as adsorp-

tion, ion exchange, hydrophobic interaction and size exclusion in 

applications ranging from purification and isolation of low molecular 

weight compounds to more sensitive bio-separations. We offer a full 

line of resins and media in convenient package sizes from leading 

manufacturers, including:

 Sigma-Aldrich

 Tosoh

 Merck KGaA

 Lanxess

 U.S. Silica

 Dow/Rohm and Haas

 GE Healthcare

 Grace Davison

 Mitsubishi

Our product range extends from synthetic polymers to traditional 

inorganic adsorbents including silica, bonded phase silica, alumina 

and Florisil®.

Polymeric Resins

Sigma-Aldrich offers many brands and types of organic (polymeric) 

resins for general and specialised applications that are suitable for all 

types of purification processes, including:

 Anion & cation exchange

 Chelating ion exchange

 Adsorption

 Mixed bed ion exchange

 Nuclear ion exchange

 Gel filtration

Our comprehensive offering of well-known resin and media brands 

for laboratory and pilot-scale purification include:

 Supelite™ 

 Supelpak™ 2 (purified Amberlite® XAD®-2)

 Dowex® Marathon™, Monosphere®, Optipore® , Retardion®

 Amberlite®, Ambersep®, Amberlyst®, Amberjet®, Ambersorb®, 

Amberchrom®, Duolite®

 Diaion®, MCI-GEL®, Sepabeads® 

 Lewatit® 

 Sephadex®

 Toyopearl®

Inorganic Adsorbents

Sigma-Aldrich’s polymeric resins portfolio is further complemented 

by a broad range of inorganic adsorption media for a wide variety of 

purification applications. Our offering of inorganic adsorption media 

includes:

 Bare silica

 Silica, bonded, e.g. C18, C8, aminopropyl, chloropropyl, etc.

 Florisil magnesium silicate

 Activated alumina

 Celite® and Celite Analytical Filtration Aid (CAFA II)

 Carboxen™ and carbon molecular sieves

Wide Selection of Resins and Media
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Custom Resin and Media Processing Services

In addition to the stock 

products already men-

tioned, Sigma-Aldrich 

offers custom processing 

to meet customer-specific 

purification requirements. 

Following are just a few 

of the resin and media 

processing capabilities 

we offer.

Cleaning – Leachates 

from raw resins are a 

significant source of con-

tamination. Our chemists 

can clean resins using a 

variety of solvent and 

solvent-free methods. 

Pre-wetting – Dried media is often difficult to handle. We can pre-

wet the media with solvents or water, making it compatible with your 

process and easier to handle with less of the media ending up on 

your laboratory bench and floor.

Blending – We can blend different resins, eliminating the need for 

you to do the mixing and keep two or more different resin stocks in 

your laboratory.

Drying – Residual moisture can interfere with certain analyses or 

reduce the resin’s capacity or ability to disperse in organic solvents. 

We can dry nearly any resin to the moisture specifications your 

application requires.

Ionic form conversion – If an ion-exchange media is supplied by the 

manufacturer with a counterion that is not ideal for your application, 

we can convert it and supply the media in the correct ionic form.

Sanitising and sterilising – We can assure sterility according to 

USP methods and test for endotoxins. Many of our sterilisation and 

sanitation processes are customer defined.

QC testing, including C of A – Supelco® is an ISO-9001:2000 

registered vendor. We can test and certify resins to meet your 

specific criteria, using a variety of analytical methodologies.

Custom Packaging

Bulk media or media that we custom process can be supplied to 

you in nearly limitless formats, from simple storage containers and 

in-line cartridges to process-specific devices. Single-use, disposable 

Porozorb™ (250, 1000 and 4000 mL) and Rezorian™ A161 (1 and 5 mL) 

cartridges are examples of special LPLC media packaging options we 

can provide to our customers. 

Contact Information

For more information on the media and resins with regard to selec-

tion and applications or to enquire about custom processing and 

packaging services, please visit sigma-aldrich.com/techservice or 

contact your local Sigma-Aldrich office to speak with one of our 

Technical Support Specialists.

Economical & Versatile Glass Columns
● Glass columns can be used again and again

● Limitless media & packing confi gurations to suit your specifi c needs

Sigma-Aldrich off ers a variety of glass column choices including ACE Gravity 

Columns, Aldrich Glass Flash Columns, Michel-Miller Columns, Sigma Glass 

Columns and Omnifi t Columns. To view our complete off ering, visit us on the 

web at sigma-aldrich.com/lplc

Special Limited-time Off er

10% OFF 
Omnifi t® Columns & 
Accessories!
Reference Code SCM when ordering. 

Off er valid until June 30, 2012.
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New Silylation Reagents for GC Derivatisation

Shyam Verma

shyam.verma@sial.com 

Derivatising a compound through silylation modifies it chemically 

to increase its volatility and diminish surface adsorption. Silyl deriva-

tives are formed by displacement of active hydrogen on –OH, –SH, 

and –NH groups. Compounds containing active hydrogen atoms 

amendable to silylation are acids, alcohols, thiols, amines, amides, 

and enolizable ketones and aldehydes. If left underivatised, these 

compounds can demonstrate poor chromatographic behaviour, 

insufficient volatility, and poor thermal stability or have inadequate 

detector response. The silyl derivatives of these compounds are gen-

erally more volatile, less polar, and thermally more stable, thus allow-

ing accurate chromatographic analysis. The choice of a silyl reagent 

is based on its reactivity and selectivity towards the compound, the 

intended application, the stability of the derivative, and the abun-

dance and nature of reaction by-products. 

Silylation is also valuable for mass spectrometry applications where 

introduction of the silyl group either produces more interesting 

diagnostic fragments or particular characteristic ions used for SIM 

(Selected Ion Monitoring).

Sigma-Aldrich offers a broad portfolio of different types of derivatising 

reagents. We are committed to seeking new advancements and 

implementing them in improved and innovative products. The 

products below allow silylation to derivatise without solvent or 

excess reagents for GC analysis. The complete listing is available at 

sigma-aldrich.com/derivatisation 

Description Qty. Cat. No.

Silylation Reagents for GC Derivatisation 

Trimethylsilyl methallylsulfinate  5 mL 79271

Triethylsilyl methallylsulfinate  5 mL 79264

tert-Butyldimethylsilyl methallylsulfinate 5 mL 79262

Featured Products+

NEW! Superior Derivatisation Reagents
Over 400 Derivatising Reagents for accurate analysis 
in GC, HPLC or TLC
● Silylation, acylation and alkylation reagents for GC

● UV/VIS, fl uorescent and electrochemical derivatives for HPLC

● Optically pure derivatising reagent for chiral

● Derivatising reagents for TLC applications

● Accessories for derivatising reactions

To order your free copy of the New Derivatisation Guide, and for product and ordering information, 
visit sigma-aldrich.com/derivatisation
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The following was generated with the assistance of an outside 

source using Sigma-Aldrich products. Technical content was gen-

erated and provided by:

Petr Chocholouš, Dalibor Šatínský, Petr Solich

Charles University, Faculty of Pharmacy, Department of Analytical 

Chemistry, Heyrovského 1203, Hradec Králové, 500 05, Czech Republic

wayne.way@sial.com

Contributed Article

Enhanced Separation Capabilities of Estrogens in Sequential 

Injection Chromatography – Fused-Core® Particle Column 

Introduction

Sequential Injection Chromatography (SIC) introduced in 2003 by 

Šatínský et al is a developing technique based on a highly versatile 

sequential injection analysis (SIC) manifold employing short chroma-

tographic columns (1). In SIC, only short monolithic columns for chro-

matographic separations have been used (2). The novel use of an 

Ascentis® Express Fused-Core particle column (C18, 3 cm x 4.6 mm 

I.D.) is possible thanks to the compatibility with the medium-pressure 

SIC manifold. Typical flow rates (0.5–1.0 mL min-1) and working back-

pressures (3–6.9 MPa) enable high-performance separations with 

these columns.

The aim of this work (3) was to prove and confirm all the characteristics 

of the column and test it with a separation of a mixture of analytes 

with similar chromatographic properties.

The estrogens are a group of steroid compounds that function as the 

primary female sex hormones with the primary compound being 

estradiol. A model mixture of four chosen estrogens for column 

testing contained β-estradiol, 17-α-ethinylestradiol, estrone and 

17-α-estradiol-hemihydrate (Figure 1). The structures are different 

only in substitutions in position 17 of the steroid structure, thus 

suited for testing of chromatographic performance of columns. Ethyl-

paraben, a common preservative in foods and drugs was chosen as 

an internal standard.

Experimental

SIChrom™ instrument (FIAlab® Instruments Inc., Bellevue, WA, USA) 

with S17 PDP syringe pump with 4.0 mL reservoir was equipped 

with a fibre-optic CCD UV–VIS detector USB 4000 (Ocean Optics Inc., 

Dunedin, FL, USA) (Figure 2).

Figure 1. Chemical Structures of Estrogens Used and Internal Standard 

Ethylparaben

17-α-Estradiol-hemihydrate 
(A-EST) β-Estradiol (B-EST)

17-α-Ethinylestradiol 
(ET-EST)

Estrone (ESTN) Ethylparaben (EP)

Figure 2. Scheme of SIC setup for determination of 4 estrogens with IS

8 – Relief valve 20 PSI – post column
9 – Sample
10 – Mobile phase
11 – Waste
12 –  Manometer with Relief valve – 

system pressure safety valve 1000 PSI 

12
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4 5

6

8

7
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10

12

1 – Sapphire syringe pump
2 – Eight-port selection valve
3 – Chromatographic column
4 – Z-fl ow cell
5 – UV lamp
6 – CCD UV-VIS detector
7 –  Computer with FIAlab 

software

The mobile phase for the separation of all substances on both 

particle and monolithic columns was acetonitrile:water (40:60, v/v, 

no pH adjustment). The sample was a mixture of four estrogens 

(20.0 μg/mL) and the internal standard ethylparaben (4.0 μg/mL).

Results and Discussion

Mobile phase flow rate was set to 0.48 mL/min with the aim to 

achieve the highest efficiency of both columns and the fastest analy-

sis time. The system pressure within the separation was 750 psi. The 

mobile phase volume of 2.2 mL for the particle column was necessary 

for the elution of all separated analytes within one analysis cycle. The 

injected volume was 10.0 μL with regard to the recommended and 

tested capacity of the columns. From the UV spectra of all analysed 

compounds, the optimal detection wavelength of 225 nm was 

chosen to give the best sensitivity.

Chromatographic Characteristics and Figures

Measurements showed good results for all analytical parameters 

(linearity, sensitivity, repeatability, selectivity and precision). Linearity 

was established with a series of working solutions prepared by diluting 

the stock solution with 40% acetonitrile to the final concentrations. It 

was obvious that the quite low molar absorption coefficients of the 

estrogens enabled only a narrow linear calibration range and was 

much lower than the molar absorption coefficient of the ethylparaben. 

(continued on page 22)
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Table 1. Characterisation of SIC Process Performed on Ascentis® Express Column

 EP B-EST A-EST Et-EST ESTN

Retention time (min) 1.55 2.36 2.88 3.24 3.69

Peak symmetry 1.67 1.67 1.50 1.30 1.25

Number of theoretical plates 1288 1875 1930 2482 2377

Height equivalent to a theoretical plate (μm)  23.3 16.0 15.5 12.1 12.6

Peak resolution 4.06 2.15 1.42 1.58 

Table 2. Validation Results and Analytical Parameters of SIC Process on Ascentis Express Column

 EP B-EST A-EST ET-EST ESTN

Calibration range (μg/mL) 0.6 – 10.0 3.1 – 50.0 3.1 – 50.0 3.1 – 50.0 3.1 – 50.0

Equation of calibration - slope 0.0044 0.0075 0.0055 0.0076 0.0052

Equation of calibration - intercept − 0.0371 0.0275 0.0211 0.0281 0.0180

Correlation coefficient 0.997 0.998 0.998 0.998 0.999

Limit of detection (μg/mL) 0.2 1.0 1.0 1.0 1.0

Limit of quantification (μg/mL) 0.6 3.1 3.1 3.1 3.1

System precision (%)▲ <2.0 <2.0 <2.0 <2.0 <2.0

Repeatability of time tR (%)▲ <2.0 <2.0 <2.0 <2.0 <2.0

▲ Relative standard deviation (R.S.D.) values were calculated for repeated standard injections (n = 6) - concentration 20.0 μg/mL of each estrogen and 4.0 μg/mL of EP.

Six working solutions were used for calibration of both methods. Each 

working solution was injected in triplicate and the mean value of peak 

height was used for the calibration curve. The characterisation of the 

separation process is given in Table 1. The analytical parameters of 

measurement are in Table 2. The representative sequential injection 

chromatograms showing successful separation of all the analytes on 

the Fused-Core® particle column is shown in Figure 3.

Conclusion

Separation of five analytes was successfully obtained with a short 

column. The use of short Fused-Core particle columns with low dead 

volume and with the low mobile phase flow rate results in effective 

separation of five analytes within five minutes. The use of the 

Fused-Core particle column brings new features to the SIC system – a 

higher separation efficiency, high mass capacity, wide range of working 

pH 2–9, good choice of column chemistries and column dimensions 

and the lower price compared to the monolithic columns typically 

used in SIC.

This work in flow methods can be considered as a broadening of the 

chromatographic abilities of the SIC and follows the trends in rapid 

chromatographic separations. Improved performance of chromato-

graphy and the typical features of SIC – discontinuous flow, easy 

sample handling, simple operation and portability of the instrument 

enables reduction in cost per analysis.
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Figure 3. Separation of Ethylparaben, β-Estradiol, α-Estradiol, 

Ethinyl-Estradiol, Estrone using Ascentis Express C18 column

 column:  Ascentis Express, 3 cm x 4.6 mm I.D., 2.7 μm (53818-U)
 mobile phase:  40:60 (v/v), acetonitrile:water
 fl ow rate:  0.48 mL/min
 temp.:  ambient
 det.:  UV at 225 nm
 injection:  10 μL
 1. Ethylparaben   1.55 min
 2.  β-Estradiol  2.36 min
 3.  17-Estradiolhemihydrate 2.88 min
 4.  17-Ethinylestradiol 3.24 min
 5.  Estrone   3.69 min
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Figures 2 and 3 used with permission of Elsevier Limited, Oxford, UK

Description Cat. No.

β-Estradiol E1132

17-α-Ethinylestradiol – analytical standard VETRANAL  46263

Estrone – analytical standard VETRANAL  46573

Ethylparaben – pharmaceutical secondary standard  PHR1011

Related Products+
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Two beer or not two beer?
“Microbial Quality Control of Beer” – 

Feature article in Analytix 1/2012

Have you missed an edition of Analytix, 

Sigma-Aldrich‘s newsletter on analytical 

standards, reagents and solvents? Visit us 

at sigma-aldrich .com/analytix to download past editions.

Not registered yet? 

Please go to sigma-aldrich.com/subscription and make sure 

you don’t miss the next edition.

Did you know…?? 
Between Fluka®, Supelco®, RTC and Cerilliant® brands, 

Sigma-Aldrich supplies over 10,000 different reference 

materials and Certified Reference Materials.

All applications in environmental, pharmaceutical and food 

analysis, plus spectroscopy, physical property and chromato-

graphy standards can be found in the link below.

Also try our standards search engine 

to find your standard of choice:

SPME-FFA
SPME-Fast Fit 

Assemblies (FFA) are 

the newest configuration of SPME. They are barcoded for easy 

traceability in field sampling campaigns and are complemented 

by a new sampler and holder e.g. for passive air sampling. In 

conjunction with a Multifibre Exchanger System (MFX)*, the 

fibres can automatically be desorbed on a GC instrument’s 

autosampler. The MFX can also be used for fast & automated 

fibre screening in method development.

* Available from GERSTEL®

Improve your Separations of Mycotoxins 
Using Ascentis Express RP-Amide and F5 
(PFP) HPLC Columns

As the first in a series of Application Notes in food analaysis, this 

provides a fast, robust method for the analysis of several myco-

toxins, their metabolites and related compounds, without the 

need for a lengthy sample preparation. Don’t miss the fast novel 

separation between the 3 Ac-DON and 15-Ac-DON on Ascentis 

Express F5.

Supel-Inert™ Film Gas Sampling bags
An economic alternative to Tedlar® bags, providing:

 2 valve options: Push-Pull-Lock (PLV) and Screw Cap Valve 

(SCV) with low bleed Thermogreen™ LB-2 septa

 VOC recovery similar to Tedlar, without the background of 

DMAC and phenol

 Available in 1 L, 2 L, 5 L, 10 L, 25 L

 Complemented by bag samplers, for contamination-free filling

To read more visit the link below:

New product
The Ascentis® Express OH5 phase is a new high-speed,

high-performance HILIC HPLC column. The Stationary phase 

possesses 5 hydroxyl groups tethered to the silica Fused-Core® 

Particle. The densely bonded hydroxylated 

ligand exhibits HILIC retention 

without a typical silanol anionic 

character. The OH5 column 

is a fast-equilibrating HILIC column, 

which is convenient in gradient 

separations of polar compounds.
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SAMS Code: OKP

New Supelco® SLB™-IL111 
For Detailed Analysis of C18:1 cis/trans FAME Isomers
The new SLB-IL111 capillary GC column has proved to be a highly efficient 

column for the analysis of Fatty Acids Methyl Esters (FAMEs), especially for the 

26 C18:1 cis/trans FAME isomers. 

The SLB-IL111 can be used in a complementary fashion with the SP™-2560 

cyanopropylsilicone column to provide a more complete and accurate fatty 

acid identification and composition information than is currently possible.

 • The highest polarity column available on the market

 • Temperature limits: 50 °C to 270 °C (isothermal or programmed)

 • Ideal for use in GCxGC applications

sigma-aldrich.com/il-gc

Introductory offer!
Receive 40% off SLB-IL-111 columns until June 30, 2012. 

Quote Promo Code SBC when ordering. 

Description Cat. no.

SLB-IL111, 100 m x 0.25 mm I.D., 0.20 μm 29647-U

SP-2560, 100 m x 0.25 mm I.D., 0.20 μm 24056

Supelco 37 Component FAME Mix analytical standard, 

10 mg/mL in methylene chloride (varied)

47885-U

Linoleic Acid Methyl Ester Mix, cis/trans analytical standard, 

10 mg/mL in methylene chloride (as total weight), pkg of 1 mL

47791

Linolenic Acid Methyl Ester Isomer Mix analytical standard, 

10 mg/mL in methylene chloride (as total weight), ampule of 1 mL

47792


