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the simplicity of protein precipitation and 
the selectivity of SPE for the targeted 
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Dear LC-MS User,

Advances in MS detection systems have drastically increased detection, selectivity and sensitivity, and 
by targeting specifi c target-ions, co-eluting matrix effects can be minimized. However, matrix 
contaminants and interferences can still impact analysis negatively by increasing background, or by 
interfering with the ionisation process. This results in a phenomenon called ion-suppression (erroneous 
reduction) of analyte response, further resulting in poor detection limits. Good sample preparation 
can often minimize ion-suppression, and molecularly imprinted polymers such as SupelMIP SPE 
(sigma-aldrich.com/supelmip) rank among the most selective solid phase extraction techniques 
available, ultimately resulting in highly clean extracts. Unlike most traditional SPE methods that target 
the extraction and recovery of target compounds of interest, another approach is to trap the main 
interfering matrix components inherent in a given sample. When analysing biological fl uids such as 
plasma, one of the main ion-suppression causing components are phospholipids. Phospholipids are 
highly abundant in biological samples, and when not adequately removed during sample preparation, 
they can often co-elute with analytes of interest or accumulate on the LC column and elute uncontrollably 
during an injection run, resulting in poor assay sensitivity and robustness. Most analysts opt for protein 
precipitation during sample preparation due to its innate simplicity (2-3 steps) and will only resort to 
more selective techniques such as SPE and LLE when necessary. In this Reporter issue, we introduce a 
new sample prep platform called HybridSPE™-Precipitation, which combines the simplicity of protein 
precipitation (2-3 steps) with the selectivity of SPE towards the targeted removal of proteins and 
phospholipids. To learn more, please visit page 7 of this Reporter issue.  

Kind regards

Klaus Buckendahl
European Sales Development Manager 
Sample Preparation
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Class-Selective Enantiomeric Separation of -Blockers and -Agonists using 
CHIROBIOTIC™ T Stationary Phase

Introduction
Understanding the role of chirality in pharmacology became ex-
tremely important following the tragedy of thalidomide use in the 
1960s. At that time the effect of chirality was poorly understood, 
and whilst it was discovered that the sedative effect resided in the 
R- enantiomer and the teratogenic effect in the S-, it is now known 
that there was some evidence of a mutual synergistic effect between 
the two enantiomers for both the effects of this drug, along with 
additional issues of neurotoxicity. This complex situation has fortu-
nately resulted in the development of effective chiral chromato-
g raphy solutions.

Furthermore, with increased pressure from rising numbers in 
chiral drug candidates (over 80 % of new chemical entities are now 
single enantiomers (1)), columns that are selective for a class of 
compounds become attractive and more useful: when combined 
with mass spectroscopy, informative, high throughput methods 
with the necessary sensitivity for clinical toxicological applications 
are obtained. 

For this study, we chose -blockers and -agonists as a class of 
pharmaceutically active compounds. -androgenic receptors mediate 
metabolic processes and are important in cardio and pulmonary 
functions. -blockers have shown benefi cial effects in treating cardiac 
disorders and tremor, while -agonists have been used to treat 
asthma and pulmonary disorders (2). Some -agonists, like clen-
buterol, have been shown to increase muscle mass and decrease 
adipose tissue. This has made -agonists popular as a performance 
enhancer. Moreover, the controversial use in raising livestock has 
increased concern over contaminated food sources (3).

-blockers and -agonists have in common a chiral alcohol func-
tionality in the beta position relative to a secondary amine (Figure 1). 
The CHIROBIOTIC T chiral stationary phase (CSP) was chosen for 
this study following many recent studies using this CSP(4). This silica 
phase is bonded with teicoplanin macrocyclic glycopeptide that is 
capable of ionic, , and hydrogen bonding interactions, making 
it broadly applicable to a wide range of molecular classes. Examples 
of observed unique selectivity include carboxylic acids, phenols, 
neutral aromatic analytes, amino acids and cyclic aromatic and ali-
phatic amines. Moreover, the CHIROBIOTIC T provides the majority 
of its chiral separations using reversed-phase or polar mobile phases 
that are preferred by many bioanalytical, stability and formulation 
chemists. Such mobile phases also allow for easy transfer to mass 
spectrometric detection (MS), as well as evaporative light scattering 
detectors (ELSD).

Experimental
This application was developed on a Hitachi® L-2300 chromato-
graph with UV detection using a CHIROBIOTIC T, 25 cm x 4.6 mm 
I.D. column, 5 μm silica. The mobile phase was 15 mM ammonium 
formate in methanol with a column temperature of 25°C. Atenolol, 
clenbuterol, metoprolol, and sotalol at a concentration of 1.0 mg/mL 
were separated under these conditions (Figure 2). The method was 
then transferred to an Agilent® 1100 equipped with an Applied Bio-
systems 3200 Q-Trap mass spectrometer run in multiple reaction-
monitoring (MRM) mode. The nine -agonists and blockers from 
Figure 1 were analysed using the same chromatographic condi-
tions.

Figure 2 shows the UV chromatogram of the separation of four 
-blocker and -agonist compounds in a single run. Clenbuterol 

elutes fi rst followed by the metoprolol, sotalol, and atenolol. These 
compounds demonstrate the capability of these CSPs for class 
select ive enantiomeric separations with baseline resolution. The 
specifi c conformation of each enantiomer peak was not determined. 
Table 1 provides chromatographic data including retention times, 
capacity factor, and selectivity for enantiomer pairs.

Daniel Shollenberger daniel.shollenberger@sial.com

sigma-aldrich.com/astec

(continued on page 4)

Alprenolol Atenolol

Clenbuterol
Metaproterenol

Propranolol Salbutamol

Sotalol

G002382

G003805

G002641

G004249

G002370

G002373
G004250

G004251

Pindolol
Metoprolol

G002379

Figure 1 Nine -Blockers and -Agonists Used in this Study
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The mobile phase used for this separation is a simple 100 % 
methanol with added volatile salt (the polar ionic mode). Adjust-
ments can be made to fl ow rate, salt concentration and temperature 
based on the requirements of the analysis. Typically in this mode, 
decreased fl ow rate enhances residence time between the analyte 
and stationary phase thereby increasing resolution. A decrease in 
temperature seems to increase interaction, leading to increased re-
tention and resolution. Changes in salt concentration affect the 
counter ion interaction with the ionic sites of the stationary phase. 
Higher salt concentration decreases retention, while a lower one 
increases retention. The addition of water to the mobile phase in this 
polar ionic mode (up to 10 %) affects the polarity of the mobile 
phase and changes the solvation of both analytes and stationary 
phase. In some cases, this has shown a decrease in retention, but an 
increase in enantiomeric resolution. Decreased injection volume and 
loading often also provide increased resolution.

The capability of class selective enantiomeric separation was 
further explored by utilising mass spectrometric detection. LC-MS 
provides enhanced sensitivity as well as MS selectivity. Table 2 pro-
vides a summary of results from the analysis of eight -receptor 
compounds by mass spectrometry. The extracted ion chromatograms 
for each mass transition are shown in Table 2. The retention times 
for each peak, the capacity factor, and selectivity between enantiomer 
peaks are also given. All of the compounds have been identifi ed and 
each enantiomeric pair separated with good selectivity. The chro-
matographic conditions are identical to those in Figure 2, with only 
the sample concentrations and injection volumes varying based on 
the detector.

The column used in both UV and MS analyses is a 25 cm x 4.6 mm 
I.D. at a fl ow of 1 mL/min. This is a much larger column than is 
typically used in an LC-MS analysis. Source gas and capillary adjust-
ments were optimised for this higher fl ow rate. This method shows 
the direct transfer of chromatographic conditions between detec-
tion techniques, but the LC-MS analysis could easily have been 

transferred to a smaller column length and internal diameter at a 
lower fl ow rate. While a direct transfer may not always be possible, 
the use of UV detection for chromatographic method development 
is useful before optimisation of LC-MS conditions for trace analysis.

Selective sample preparation
This application can be further optimised for biological samples by 
using SupelMIP SPE sample preparation. Based on a molecularly 
imprinted polymer, these SPE phases are specifi cally designed for 
the selective extraction of target analytes leading to cleaner ex-
tracts, high reproducibility and recovery and even lower detection 
limits. Cartridges specifi c for clenbuterol are available, as well as a 
class selective range for -blockers, -agonists and a combination 
of both. 

Conclusion
This application demonstrates a chiral separation in a mobile phase 
system preferred for LC-MS analysis. The separation of compounds 
with similar functionality and pharmacological properties by one 
method has many benefi ts for clinical and toxilogical applications. 
It increases sample throughput and has increased sensitivity with 
MS detection. Future experiments with other column dimensions 
may lead to faster LC-MS separations for chiral analytes.

References
Chiral Liquid Chromatography; Lough, W.J., eds.; Chapman & Hall: 1] 
Glascow, UK, 1995, 15–35.
Lee, H.B.; Sarafin, K.; Peart, T.E.; J. Chromatog A.; 2007, 1148, 158–67.2] 
Blomgren, A.; Berggren, C.; Holmber, A.; Larsson, F.; Sellergren, B.; 3] 
Ensing, K.; J. Chromatog. A.; 2002, 975, 157–64.
Jacobsen, G. A., Chong, F. V., Davies, N.W.; J Pharm & Biomed Sci, 4] 
2003, 31, 1237–43.

 column: CHIROBIOTIC T, 25 cm x 4.6 mm I.D., 5 μm particles
 mobile phase: 15 mM ammonium formate in methanol
 flow rate: 1.0 mL/min
 temp.: 25°C
 det.: UV at 220 nm
 injection: 3 μL
 sample: 1.0 mg/mL in methanol
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G004248

Figure 2 Analysis of Four -Receptor Compounds using CHIROBIOTIC T 
in the Polar Ionic Mode

Table 1 Peak Descriptions from UV Spectrum of Four Beta Receptor 
Compounds

No. Name tR k’ Selectivity

1 clenbuterol 8.5 2.4 1.20

2 clenbuterol 9.8 2.9

3 metoprolol 10.6 3.2 1.13

4 metoprolol 11.5 3.6

5 sotalol 13.2 4.3 1.10

6 sotalol 14.3 4.7

7 atenolol 17.8 6.1 1.10

8 atenolol 19.3 6.7

+
Featured Products
Description Cat. No.

Chirobiotic T HPLC Column

25 cm x 4.6 mm I.D. 12024AST

Further details of SupelMIP SPE cartridges can be found on 
sigma-aldrich.com/supelmip

! Related Products
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Analyte Extracted Ion Chromatogram MRM tR k’ Selectivity

Alprenolol 250/91 9.12 9.92 2.04 2.31 1.13

Atenolol 267/145 18.22 19.87 5.07 5.62 1.11

Clenbuterol 278/204 8.76 10.10 1.92 2.37 1.23

Metoprolol 268/56 10.77 11.68 2.59 2.89 1.12

Metaproterenol 212/152 9.12 10.54 2.04 2.51 1.23

Pindolol 249/116 10.36 11.16 2.45 2.72 1.11

Propranolol 260/116 11.19 12.17 2.73 3.06 1.12

Salbutamol 240/148 8.86 9.87 1.95 2.29 1.17

Sotalol 273/133 13.49 14.75 3.50 3.92 1.12
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 column: CHIROBIOTIC T, 25 cm x 4.6 mm I.D., 5 μm particles
 mobile phase: 15 mM ammonium formate in methanol
 flow rate: 1 mL/min
 temp.: 25     
 det.: mass spectrometer in multiple MRM mode
 injection: 5 μL
 sample: 100 ng/mL in methanol

Table 2 Individual Extracted Ion Chromatograms from Analysis of Nine -Receptor Compounds by LC-MS on CHIROBIOTIC T
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Ascentis Express
Fused-Core™ Technology
Redefi ning the Limits of Your HPLC

sigma-aldrich.com

Based on Fused-Core™ particle technology, Supelco’s Ascentis Express 
columns provide a breakthrough in HPLC column performance.

 ● Double the effi ciencies of conventional 3 μm particles
 ● Equal effi ciencies of sub-2 μm columns but at half of the backpressure
 ● Robust, dependable and now with new chemistries

The Future is Now! For further information please contact 
EurTechServ@sial.com or order the Ascentis Express Brochure 
(code JHD) by selecting it on the Business Reply card.

For additional information, visit us on the web: sigma-aldrich.com/express
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Ion-Suppression & Phospholipid Contamination
Excessive background from endogenous matrix components has 
always been a great concern in quantitative bioanalysis, and has 
become paramount with decreasing analytical run times. In bio-
analytical mass spectrometry, the issue of excessive background 
contributes to the growing problem of ion-suppression. 

Ion-suppression is caused by one or more interfering components 
or species that co-elute with the analyte(s) of interest during LC-MS 
analysis and manifests itself as a loss of analyte response. These 
co-eluting species can affect droplet formation or ionise concur-
rently resulting in an erroneous decrease (suppression) or increase 
(enhancement) in signal response. Ion-suppression often leads to 
poor assay reproducibility, accuracy and sensitivity, and such dele-
terious effects are often most notable at the lower limits of quanti-
tation (LLOQ) (1). 

One of the major causes of ion-suppression in bioanalysis is the 
presence of phospholipids during LC-MS or LC-MS-MS analysis in 
the positive ion electrospray mode (+ESI) (2). Phospholipids are the 
second largest lipid component in biological matrices after triglycer-
ides, and are typically present in extremely high concentrations in 
biological plasma samples. Figure 1 compares the LC-MS chromato-
grams of two clonidine spiked rat plasma samples processed by 
protein precipitation (100 μL spiked plasma + 300 μL 1 % formic 
acid in acetonitrile) alone and protein precipitation followed by 
phospholipid removal. The black trace chromatogram shows the 
response of clonidine after protein precipitation and phospholipid 
removal. The red trace chromatogram was subjected to protein pre-
cipitation only. By removing phospholipid interferences prior to 
analysis, response for clonidine was nearly doubled. 

Introducing HybridSPE™-Precipitation Technology for 
Pharmaceutical Bioanalytical Sample Preparation

Craig Aurand, An Trinh, Michael Ye and Charles Mi an.trinh@sial.com

In pharmaceutical bioanalysis, researchers develop and run various 
assays to quantitate drugs, pharmaceutical candidates and their 
metabolites in biological fl uids such as serum and plasma. The data 
resulting from these assays is used to help determine the pharma-
codynamic and pharmacokinetic properties as well as the toxic and 
therapeutic concentrations of existing and emerging pharmaceutical 
compounds in living cells, tissues, and animals. Although advances 
in Liquid Chromatography-Mass Spectrometry (LC-MS) technology 
have reaped overwhelming benefi ts in terms of increased through-
put and sensitivity, good sample preparation continues to be a 
critical component of bioanalysis. 

The three most common sample prep techniques used in bioana-
lytical sample prep are protein precipitation (protein PPT), liquid-liquid 
extraction (LLE), and solid phase extraction (SPE). Each technique 
offers unique advantages and disadvantages that are considered 
during the method development process. For example, protein pre-
cipitation methods are simple (2-3 steps), fast, and often require 
minimal method development. However, the technique offers mini-
mal selectivity as it only removes gross levels of protein from a sam-
ple prior to analysis. In contrast, SPE offers signifi cant benefi ts in 
terms of selectivity/sample cleanup, but the technique often requires 
moderate to extensive levels of expertise and time for adequate 
method development. In addition, SPE often requires multiple steps 
(5-8), resulting in increased assay time. 

In this report, we introduce a new sample prep platform trade-
marked HybridSPE™-Precipitation (HybridSPE™-PPT) in which we 
merge two predominate techniques in bioanalytical sample prep: 
protein precipitation and SPE. The end result is a technique that 
offers the advantages of both approaches while minimising their 
disadvantages. 

Min

Rat plasma injection of clonidine – 
After Protein PPT & Phospholipid 
Removal

Rat plasma injection of clonidine – 
After Protein PPT only

%

100

0

0.59

0 1.0 2.0
G004241

Figure 1 Phospholipid Effect on Ionisation of Clonidine

(continued on page 8)

Features & Benefits:
Merges both protein PPT & SPE• 

Offers simplicity & generic nature of protein PPT –
 PLUS

Selectivity approaching SPE via the targeted removal of  –
phospholipids

2-3 step generic procedure• 
100 % removal of phospholipids & precipitated proteins• 
Minimal to no method development• 
Available in 96-well and 1 mL cartridge dimensions• 
Patent pending technology• 
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How Does HybridSPE™-PPT Technology Work?
HybridSPE™-PPT technology is a simple and generic sample prep plat-
form designed for the gross level removal of endogenous protein and 
phospholipid interferences from biological plasma and serum prior to 
LC-MS or LC-MS-MS analysis. Biological plasma or serum is fi rst sub-
jected to protein precipitation via the addition and mixing of acidifi ed 
(with formic acid) acetonitrile. Precipitated proteins are then removed 
by centrifugation and the resulting supernatant is loaded on the Hy-
bridSPE-PPT 96-well plate or cartridge which acts as a chemical fi lter 
that specifi cally targets the removal of endogenous sample phospho-
lipids. The 96-well version contains a series of low porosity hydropho-
bic fi lters/frits, the packed-bed fi lter/frit assembly acts as a depth fi lter 
facilitating the concurrent removal of both phospholipids and precipi-
tated proteins during the extraction process. The phospholipid reten-
tion mechanism is based on a highly selective Lewis acid-base interac-
tion between the proprietary zirconia ions functionally bonded to the 
HybridSPE™-PPT stationary phase and the phosphonate moiety con-
sistent with all phospholipids. The resulting eluent is ready for immedi-
ate LC-MS or LC-MS-MS analysis.

An alternative “In-Well Precipitation” method is available for the 
HybridSPE™-PPT 96-well version in which biological plasma/serum 
is fi rst added to the 96-well plate followed by acidifi ed acetonitrile 
(precipitation agent). After a brief mixing/vortexing step, vacuum is 
applied to the 96-well plate. Figure 2 visually depicts the 
HybridSPE™-PPT process (“In-Well Precipitation”) and describes 
how phospholipids are removed. 

How are Phospholipids Selectively Removed?
Once the plasma/serum sample is subjected to protein precipitated 
via the addition of 1 % formic acid diluted in acetonitrile, it is passed 
through the HybridSPE™-PPT packed bed. The packed bed consists 
of a proprietary zirconia coated silica particle. The zirconia sites ex-
hibit lewis acid (electron acceptor) properties that will interact 
strongly with lewis bases (electron donor). Phospholipids structur-
ally consist of a polar head group (zwitterionic phosphonate moi-
ety) and a large hydrophobic tail (two fatty acyl groups that are 
hydrophobic). The phosphate group inherent with all phospholipids 
acts as a very strong Lewis base that will interact strongly with zir-
conia atoms functionalised on the particle surface (Figure 3). 

1)  Precipitate Proteins by adding 
100 μL plasma or serum to the 
HybridSPE™-PPT plate followed 
by 300 μL 1 % formic acid in ac-
etonitrile. Add I.S. as necessary.

2)  Mix by vortexing/shaking Hybrid
SPE™-PPT plate or by aspirating/
dispensing with 0.5-1 mL pipette 
tip (e.g. TOMTEC Quadra liquid 
handler).

3)  Apply vacuum. The packed-bed 
fi lter/frit assembly acts as a depth 
fi lter for the concurrent physical 
removal of precipitated proteins 
and chemical removal phospho-
lipids. Small molecules (e.g. 
pharma compounds and meta-
bolites) pass through unretained.

4)  Resulting fi ltrate/eluate is free 
of proteins and phospholipids 
and ready for immediate LC-MS-
MS analysis; or it can be evapo-
rated and reconstituted as ne-
cessary prior to analysis.

((

((

))

))

Precipitated 
Proteins

Retained 
Phospholipids

va
cu

um

Figure 2 HybridSPE™-PPT “In-Well” 96-well Precipitation Method and 
Phospholipid Removal

Note: The presence of  1 % formic acid in the acetonitrile 
precipitation agent is critical because: 

1) Formic acid is a stronger Lewis base than most carboxyl 
(-COOH) groups found in acidic pharmaceutical compounds. 
As a result, formate ions will tie up the phase’s zirconia ions, 
minimising retention of acidic analytes of interest. Because 
formate is not a strong enough Lewis base to displace the 
phosphate moiety found in phospholipids, phospholipids 
preferentially retain on the HybridSPE™-PPT phase. 

2) The low pH environment induced by formic acid neutralises 
residual silanol activity on the silica surface thereby eliminating 
secondary cation-exchange interaction with basic compounds 
of interest. 
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(continued on page 10)

To demonstrate the effi ciency of phospholipid removal using 
HybridSPE™-PPT technology, 100 μL of blank rat plasma was sub-
jected to protein precipitation via the addition of 1 % formic acid in 
acetonitrile followed by 1 min. of vortex and centrifugation. A second 
set of rat plasma samples were processed using the HybridSPE™-PPT 
procedure described in Figure 2. The resulting supernatant (standard 
protein PPT) and fi ltrate/eluent (HybridSPE™-PPT) was analysed via LC-
MS specifi cally monitoring for phospholipids (184 /104 m/z). These 
transition ions represent trimethylammonium-ethyl phosphate MS 
fragment consistent between the major phospholipids (e.g., phos-
phatidylcholine) found in plasma (2). In Figure 4, samples processed 
using HybridSPE™-PPT resulted in 100 % removal of phospholipids 
from 100 μL of rat plasma. In contrast, standard protein precipitation 
yielded high levels of phospholipid contamination which can poten-
tially co-elute with analytes of interest or build up on the column and 
elute uncontrollably during a given injection sequence. This is espe-
cially problematic as analysts strive for shorter analytical run times 
through the use of smaller column dimensions and particle sizes. 

Comparison of HybridSPE™-PPT, Protein Precipitation 
and SPE
In this application example, rat plasma samples were spiked with 
clenbuterol (R(-) and S(+) enantiomers) at the level of 10 ng/mL and 
extracted using three different procedures: HybridSPE™-PPT, Protein 
PPT, and a 9-step SPE procedure optimised for trace level clenbuterol 
analysis. The analysis was performed using a chiral stationary phase 
containing a macrocyclic glycopeptide covalently bound to silica and 
detection via MS-MS. Comparisons of sample preparation methods 
were made in terms of the amount of phospholipids in the sample 
extract and the overall effect on signal response of clenbuterol 
enantiomers. Absolute recovery was determined against an external 
standard. 

Representative chromatograms of each of the sample prep tech-
niques are depicted in Figure 5. From the results indicated in 
Figure 5, phospholipid contamination levels were highest for pro-
tein precipitation, resulting in signal suppression levels 70 and 25 % 
for the R(-) and S(+) enantiomers of clenbuterol, respectively. For 
the SPE procedure, phospholipid contamination was still evident 
after multiple wash steps, and overall absolute recovery was less 
than 50 %. In contrast, HybridSPE™-PPT offered 100 % removal of 
phospholipids, resulting in absolute recovery levels of 95 %.

Figure 3 Lewis Acid Base Interaction Between Hybrid SPE Zirconia Ions 
and Phospholipids

Figure 4 Efficiency of Phospholipid Removal of Hybrid SPE™-PPT 
Technology (575656-U) - MRM 184 and 104 m/z

The phosphate moiety of phospho-
lipids is a strong Lewis base (electron 
donor) that interacts with Zr atoms 
coated on the silica surface.

Proprietary HybridSPE™ 
Zirconia Coated Silica

The Zr atom acts as a 
Lewis acid (electron 
acceptor) because it 
has empty d-orbitals.

:

Si-OH

O

O

O

O

Zr

Zr

Si-O–

O

O
Zr+-OH

 column: Ascentis Express C18, 5 cm x 2.1 mm ID (53822-U)
 instrument:  Agilent 1100
 mobile phase:  (A) 10 mM ammonium acetate
  (B) 10 mM ammonium acetate in acetonitrile
 temperature:  35°C
 flow rate:  0.5 mL/min.
 detection:  ABI 3200 QT; ESI(+), MRM (184/104 m/z)
 inj. vol.:  5 μL
 gradient: Min. %A %B
  0 95 5
  10 50 50
  18 50 50
  18.1 95 5
  22 95 5

G004243Min
0 10 20

No phospholipid removal 
after standard protein PPT

Complete removal of phospholipids 
after HybridSPE™-PPT

Min
0 10 20

G004244
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+
Featured Products
Description Cat. No.

HybridSPE™-Precipitation 

96-well Plate, 50 mg/well, pk. 1 575656-U

SPE Cartridges, 30 mg/1 mL, pk. 100 55261-U

For more information on HybridSPE™-Precipitation technology, please visit 
sigma-aldrich.com/hybridspe-ppt

! Related Information

Conclusion
In this report, a new sample prep platform specifi cally designed for 
pharmaceutical bioanalysis was introduced. The technique, trade-
marked HybridSPE™-Precipitation or HybridSPE™-PPT, merges the 
simplicity of protein precipitation with the selectivity of SPE for the 
targeted removal of endogenous proteins and phospholipids from 
biological plasma for subsequent LC-MS analysis. Example applica-
tions demonstrate the chromatographic impact of phospholipids 
and how its presence can result in signal suppression during MS 
quantitation. When compared with traditional sample prep tech-
niques such as protein precipitation and solid phase extraction for 
the extraction of clenbuterol enantiomers from rat plasma, 
HybridSPE™-PPT offered complete phospholipid removal resulting in 
excellent recovery, minimal signal suppression, and improved S/N ra-
tios. In contrast, lower recovery and higher signal suppression was 
evident using the traditional sample prep techniques such as protein 
precipitation and solid phase extraction. 

References
King et al., J Am Soc Mass Spectrom 11 (2000), 942–50.1] 
Little et al., Journal of Chrom B, 833 (2006), 219–30.2] 

HybridSPE™-PPT Plate and PlatePrep 96-well Vacuum ManifoldFigure 5 Comparative Extraction and LC-MS-MS of 10 ng/mL 
Clenbuterol (R(-) and S(+) enantiomers) in Rat Plasma

 column: Chirobiotic T, 10 cm x 2.1 mm, 5 μm (12018AST)
 instrument:  Agilent 1100
 mobile phase:  10 mM ammonium formate in methanol
 temperature:  30°C
 flow rate:  0.3 mL/min.
 detection:  ABI 3200 QT; ESI(+), MRM: 184/104 m/z (phospholipids) 
  and 277.2/203.1 (clenbuterol)
 inj. vol.:  10 μL
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3-step procedure• 
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 Clenbuterol
 Phospholipids

Max 767 CPS

Standard Protein PPT
3-step procedure• 
25-70 % signal suppression• 
No phospholipid removal• 
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BPE-DNPH Cartridge for Simultaneous  Determination of Ozone and Carbonyls

Shigehisa Uchiyama ucym@tu.chiba-u.ac.jp

The BPE-DNPH cartridge is a patent pending sampler for the simul-
taneous determination of ozone and carbonyls in air. This sampler 
is a two-bed cartridge system and each bed consists of reagent-
impregnated silica particles. The fi rst contains trans-1,2-bis-(4-pyridyl) 
ethylene (BPE) while the second contains 2,4-dinitrophenylhydrazine 
(DNPH). Ozone in the air sample is trapped in the fi rst bed by the 
BPE-coated silica particles and reacts to form pyridine-4-aldehyde. 
Airborne carbonyls pass unimpeded through the BPE and are 
trapped in the second bed by the DNPH-coated silica particles 
where they react to form 2,4-DNPhydrazones. DNPH and carbonyl 
2,4-DNPhydrazones are not infl uenced by ozone because of effective 
trapping by the BPE. All of the hydrazones derived from airborne 
carbonyls and pyridine-4-aldehyde (derived from ozone) are com-
pletely separated and measured using high-performance liquid 
chromatography.

The use of a BPE-DNPH-cartridge has made it possible to simul-
taneously determine ozone and carbonyls. A separate ozone 
scrubber is not necessary as the BPE portion of the sampler serves 
this function.

Measuring Procedure
The air sample is drawn through the cartridge (see below, graphic) 
from the BPE bed to the DNPH bed at a fl ow rate of 100 mL/min for 
24 hours or 1000 mL/min for 1 hour. Ozone in the air sample is 
trapped in the BPE-coated silica bed and produces pyridine-4-alde-
hyde. Carbonyls in the air sample are trapped in the DNPH-coated 
silica bed and produce carbonyl 2,4-dinitrophenylhydrazones with-
out any interference by ozone.

Extraction is performed in the reverse direction to air sampling. 
Solvent passing through the BPE-DNPH cartridge washes DNPH 
into the BPE bed where it reacts with pyridine-4-aldehyde and 
forms the corresponding hydrazone derivative. The eluate from the 
BPE-DNPH cartridge contains hydrazones of the sampled carbonyls 
including pyridine-4-aldehyde formed from ozone. 

HPLC Analysis
Separation of pyridine-4-aldehyde and C1-C3 carbonyl-DNPH de-
rivatives was achieved using an Ascentis RP-Amide column 
(565322-U, 15 cm × 4.6 mm, 3 μm). For the mobile phase, various 
concentrations of ammonium acetate in acetonitrile:water were 
tested, with 2 mM found to be optimal. Figure 1 shows the HPLC 
separation of pyridine-4-aldehyde (PA), formaldehyde (FA), acetal-
dehyde (AA) and acetone (AC) 2,4-DNPhydrazones in the solutions 
extracted from air samplers on the Ascentis RP-Amide column.

The following was generated by an outside source using 
 Sigma-Aldrich products. Technical content provided by:
Shigehisa Uchiyama, Faculty of Engineering, Chiba University, 
1-33, Yayoicho, Inage-ku, Chiba City, Chiba, 263-8522, Japan

Contributed Article>

Reaction Principle

(continued on page 12)
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Accuracy and Precision
Both the limit of detection (LOD) and the limit of quantitation (LOQ) 
for the BPE-DNPH-method were calculated using the linear regres-
sion theory. A mixture of pyridine-4-aldehyde-DNPhydrazone, 
formaldehyde-DNPhydrazone, acetaldehyde-DNPhydrazone and 
acetone-DNPhydrazone (0.5 μg/L each) was analysed. The LOD and 
LOQ for the BPE-DNPH cartridge method was calculated as three 
and ten times the standard deviations, respectively, obtained from 
the data of 10 replicate measurements (Table 1). The reproducibility 
of the BPE-DNPH cartridge method was estimated from data of the 
six parallel air samplings.

Concentrations of ozone and carbonyls were measured in ambi-
ent air were collected by a DNPH cartridge, a DNPH cartridge coupled 
with a KI ozone scrubber, and a BPE-DNPH cartridge. Air collections 
were performed simultaneously in Chiba city, Japan, June-July 2007. 

The KI scrubber adsorbed a considerable amount of moisture and 
some water vapour migrated into the DNPH cartridge. As a result, 
aldehyde and ketone concentrations show lower results compared 
to DNPH alone and the BPE-DNPH cartridge (Table 2).

Conclusions
The use of the BPE-DNPH cartridge permits the simultaneous 
determin ation of ozone and airborne carbonyls. A separate ozone 
scrubbing cartridge is not necessary with the BPE-DNPH cartridge 
because the BPE performs this function. Moreover, air sampling 
can be performed effectively during either high or low humidity 
conditions.

 column: Ascentis RP-Amide, 15 cm x 4.6 mm I.D., 
  3 μm particles (565322-U)
 mobile phase: 2 mM Ammonium Acetate, 40:60 Acetonitrile:Water 
 flow rate: 1.5 mL/min
  temp.: 40°C
 det.: PDA at max, wavelength (200-400 nm)
 inj.: 10 μL
 1.  BPE: trans-1,2-Bis(4-pyridyl)-

ethylene
 2.  DNPH: 2,4-dinitrophenyl-

hydrazine
 3. FA: formaldehyde 
 4. PA: pyridine-4-aldehyde
 5. AA: acetaldehyde
 6. AC: acetone
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Figure 1 Pyridine-4-aldehyde and Other Carbonyl 2,4-DNPhydrazones 
from Ambient Air Sample

LOD, 
μg/m3

LOQ, 
μg/m3

RSD, 
μg/m3

ozone (pyridine-4-aldehyde) 0.03 0.10 5.0

formaldehyde 0.05 0.17 3.4

acetaldehyde 0.15 0.50 4.0

acetone 0.33 1.1 5.6

Table 1 Limit of Detection, Limit of Quantification and Reproducibility 
of BPE/DNPH-Cartridge Method

Table 2 Aldehyde and Ketone Concentrations found under Different 
Ambient Conditions

Analyte: Ozone Form-
aldehyde

Acet-
aldehyde

Acetone

Climate: Sunny Rainy Sunny Rainy Sunny Rainy Sunny Rainy

DNPH n.a. n.a. 4.1 3.0 2.2 2.9 2.6 3.1 

KI+DNPH n.a. n.a. 5.0 1.8 2.8 1.2 3.4 1.6 

BPE-DNPH 41.9 15.6 5.2 3.8 2.9 3.2 3.5 3.3 

Conc. units are in μg/m3

+
Featured Products
Description Qty. Cat. No.

Cartridges

BPE-DNPH 90/260 mg Rezorian 10 54269-U

BPE-DNPH 90/260 mg Rezorian 50 54270-U

Calibration Standards

TO11/IP-6A Aldehyde/Ketone DNPH Mix
(contains 15 components at 15 μg/mL as carbonyl)

1 47285-U

Formaldehyde-DNPH, 1 mL 
(100 μg/mL as aldehyde)

1 47177

Formaldehyde-DNPH, 1 mL 
(100 μg/mL as aldehyde) 

5 4M7177

Acetaldehyde-DNPH, 1 mL 
(1000 μg/mL as aldehyde)  

1 47340-U

Acetaldehyde-DNPH, 1 mL 
(1000 μg/mL as aldehyde)  

5 4M7340-U 

Analytical Columns

Ascentis RP-Amide, 15 cm x 4.6 mm I.D., 3 μm 1 565322-U

Accessories

Male Luer Fitting to 1/8“ 20 21016

Male Luer Fitting to 3/16“ 20 23364

Male Luer Fitting to 1/4“ 10 24856

LpDNPH Lapel Clips 6 21019-U

Filtration Column w/o Frit, 6 mL 30 57242

Elution Rack 1 21043-U

For more Air Monitoring products please refer to the Supelco catalogue 
and/or our new website sigma-aldrich.com/air_monitoring

! Related Information

Reference
Uchiyama, S. Anal. Chem. 2008, 80, 3285-90.1] 
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(continued on page 14)

Unique Technology: Ionic Liquid Capillary GC Columns
Polarity/Selectivity Benefits at Higher Temperatures Using Supelco SLB-IL100

Katherine K. Stenerson katherine.stenerson@sial.com

Introduction
In our last Reporter (1), we introduced an exciting new phase tech-
nology using ionic liquids. Our fi rst column in this line, the SLB-IL100, 
is similar in polarity to 1,2,3-tris(2-cyanoethoxypropane) (TCEP), one 
of the most polar stationary phases currently available. In this article, 
we will compare the selectivity of the SLB-IL100 to “traditional” polar 
capillary GC columns for fatty acid methyl esters (FAMEs), and PCB 
congeners.

Fatty Acid Methyl Esters on the SLB-IL100 Column
TCEP is not typically used for the analysis of FAMEs due to its low 
temperature limit of 140°C. There are a variety of columns less polar 

than TCEP available for the analysis of FAMEs, each with distinctive 
characteristics for this application. For example, the Omegawax™ 
is a polyethylene glycol (PEG) phase capillary column, which elutes 
FAMEs primarily by chain length and degree of unsaturation 
(Figure 1). However, this phase does not have the selectivity to re-
solve all groups of geometric isomers. For example, in Figure 1, 
C18:1n9 cis and trans coelute. For resolving geometric isomers, 
phases with higher polarity than PEG-based are used. The 
SLB-IL100 falls under this classifi cation, and exhibits different selec-
tivity towards FAMEs than the PEG-based Omegawax. The same 
FAME mixture shown on the Omegawax in Figure 1 was run under 
similar conditions on an SLB-IL100 column (Figure 2). The C18:1n9 
geometric isomers were resolved, and differences in elution order 
were observed between the two columns, as noted in Table 1. Due 
to its higher polarity, retention was less on the SLB-IL100 compared 
to the Omegawax, and elution of the saturated FAMEs was gener-
ally shifted further in ahead of the unsaturates. For example, C21:0 
elutes prior to C20:2 and C20:3n6, and C22:0 elutes prior to 
C20:3n3 and C20:5n3 on the SLB-IL100, while on the Omegawax 
these saturates elute after.

Advantages of SLB-IL100 Ionic Liquid 
GC Column:

Higher maximum temperature of 230°C• 
Alternative polar selectivity • 
Unique GC technology utilising dicationic ionic liquids• 

Peak IDs for Methyl 
Esters in Figures 1 
and 2
 1. C4:0 at 4 wt %
 2. C6:0 at 4 wt %
 3. C8:0 at 4 wt %
 4. C10:0 at 4 wt %
 5. C11:0 at 2 wt %
 6. C12:0 at 4 wt %
 7. C13:0 at 2 wt %
 8. C14:0 at 4 wt %
 9. C14:1 at 2 wt %
 10. C15:0 at 2 wt %
 11. C15:1 at 2 wt %
 12. C16:0 at 6 wt %
 13. C16:1 at 2 wt %
 14. C17:0 at 2 wt %
 15. C17:1 at 2 wt %
 16. C18:0 at 4 wt %
 17. C18:1n9c at 4 wt %
 18. C18:1n9t at 2 wt %
 19. C18:2n6c at 2 wt %
 20. C18:2n6t at 2 wt %
 21. C18:3n6 at 2 wt %
 22. C18:3n3 at 2 wt %
 23. C20:0 at 4 wt %
 24. C20:1n9 at 2 wt %
 25. C20:2 at 2 wt %
 26. C20:3n6 at 2 wt %
 27. C20:3n3 at 2 wt %
 28. C20:4n6 at 2 wt %
 29. C20:5n3 at 2 wt %
 30. C21:0 at 2 wt %
 31. C22:0 at 4 wt %
 32. C22:1n9 at 2 wt %
 33. C22:2 at 2 wt %
 34. C22:6n3 at 2 wt %
 35. C23:0 at 2 wt %
 36. C24:0 at 4 wt %
 37. C24:1n9 at 2 wt %

Figure 1 37-Component FAME Mix on the Omegawax 250

 column: Omegawax 250, 30 m x 0.25 mm I.D., 0.25 μm (24136)
 oven:  50°C, 3.0°C/min. to 280°C
 inj.: 240°C
 det.: FID, 280°C
 carrier gas: helium, 40 cm/sec constant
 injection: 1 μL, 50:1 split
 sample: Supelco 37-Component FAME Mix (47885-U), analytes at concentrations indicated in methylene chloride
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PCB Congeners on the SLB-IL100
PCB congeners are hydrophobic, and when analysed on a non-po-
lar capillary column, such as a poly(5 % diphenyl/95 % dimethyl-
siloxane), retention increases with the degree of chlorination, with 
more overlap between the elution ranges as chlorination increases. 
The deca-chlorinated congener (decachlorobiphenyl), being the 
heaviest and most hydrophobic, elutes last. By contrast, on a highly 
polar column such as the SP-2331, the elution pattern is quite dif-
ferent. The analysis of a mixture of mono-chlorinated to deca-
chlorinated congeners on the SP-2331 is presented in Figure 3. 
While dispersive interaction is the primary mechanism exhibited by 
non-polar columns, separation using a polysiloxane phase with a 
high biscyanopropyl content, such as the SP-2331, will be governed 
by additional mechanisms such as strong dipole-induced dipole inter-
actions. As a result, the deca-chlorinated congener is not as retained 
on this phase. The deca-chlorinated congener, #209, actually elutes 
prior to several other congeners. The same mixture on the SLB-IL100, 

under the same analysis conditions, is presented in Figure 4. Notice 
that, similar to the SP-2331, #209 elutes prior to several other con-
geners. However, the higher polarity of the SLB-IL100 has resulted in 
shorter elution time than the SP-2331 for all congeners. In addition to 
a shorter elution time, some elution order differences were observed 
between the two columns, as summarised in Table 2. The structure 
of PCB congeners suggests that they are capable of dipole and 
 interactions. While dipole-induced dipole interactions are likely to 

be the predominant contributor to selectivity for the SP-2331, the 
ionic liquid used in the SLB-IL100 has the additional capability of inter-
acting with the congeners’  electrons, thus providing it with different 
selectivity than the SP-2331.

SLB-IL100: A Superior Highly Polar Column
The SLB-IL100 shows promise as a superior highly polar column. Its 
higher maximum temperature and phase stability make it capable of 
analysing higher molecular weight compounds than those possible 

Figure 2 37-Component FAME Mix on the SLB-IL100

 column: SLB-IL100, 30 m x 0.25 mm I.D., 0.20 μm (28884-U)
 oven:  50°C, 3.0°C/min. to 240°C
 inj.: 240°C
 det.:  FID, 240°C
 carrier gas: helium, 40 cm/sec constant
 injection: 1 μL, 50:1 split
 sample: Supelco 37-Component FAME Mix (47885-U), analytes at concentrations indicated in methylene chloride
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Table 1 Elution Order Differences 
of FAMEs on the Omegawax and 
the SLB-IL100

 Omegawax SLB-IL100

 C4:0 C4:0
 C6:0 C6:0
 C8:0 C8:0
 C10:0 C10:0
 C11:0 C11:0
 C12:0 C12:0
 C13:0 C13:0
 C14:0 C14:0
 C14:1 C14:1
 C15:0 C15:0
 C15:1 C15:1
 C16:0 C16:0
 C16:1 C16:1
 C17:0 C17:0
 C17:1 C17:1
 C18:0 C18:0
 C18:1n9t (1) C18:1n9t
 C18:1n9c (1) C18:1n9c
 C18:2n6t (2) C18:2n6t
 C18:2n6c (2) C18:2n6c
 C18:3n6 C18:3n6
 C18:3n3 C20:0
 C20:0 C18:3n3
 C20:1n9 C20:1n9
 C20:2 C21:0
 C20:3n6 (2) C20:2
 C21:0 (2) C20:3n6
 C20:3n3 C22:0 (1)
 C20:4n6 C20:4n6 (1)
 C20:5n3 C20:3n3
 C22:0 C22:1n9
 C22:1n9 C23:0 (2)
 C22:2 C20:5n3 (2)
 C23:0 C22:2
 C24:0 C24:0
 C22:6n3 (1) C24:1n9
 C24:1n9 (1) C22:6n3

 (1) Co-elution
 (2) Partial co-elution
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with the highly polar TCEP phase. In comparison with other current 
polar and highly polar GC phases, such as PEG and biscyanopropylsi-
loxane, it offers alternative selectivity that can be utilised to “fi ne 
tune” specifi c separations. Future Reporter issues will highlight the 
applicability of the SLB-IL100 for additional uses.

Outlook for Future Supelco Ionic Liquid GC Columns
The patented and successful use of ionic liquids as viable GC sta-
tionary phases heralds in a new and exciting chapter in GC phase 
technology. A full family of columns that utilise ionic liquid phase 
chemistry is planned. For example, an ionic liquid column with a 
polarity and selectivity similar to that of Carbowax® 20M, but with 
a maximum temperature over 300°C, is just one of many possibili-
ties currently being investigated. Look for additional Supelco ionic 
liquid GC columns to be introduced in the coming months. This is 
truly an exciting time in capillary GC column technology!

 

Reference
Sidisky, L.M. and Buchanan, M.D., Supelco Patented Ionic Liquid GC 1] 
Phase Technology, Supelco Reporter, April 2008; Vol. 32; 16-17.

Figure 4 Mono- to Deca-chlorobiphenyl PCB Congener Standard on the SLB-IL100

Identical conditions to Figure 3 except for:
 column: SLB-IL100, 30 m x 0.25 mm I.D., 0.20 μm (28884-U)
 scan range: m/z = 95-500

Peak IDs for 
Figures 3 and 4

 0: Biphenyl
 1:  2-Monochloro-

biphenyl
 3:  4-Monochloro-

biphenyl
 10:  2,6-Dichloro-

biphenyl
 15:  4,4’-Dichloro-

biphenyl
 30:  2,4,6-Trichloro-

biphenyl
 37:  3,4,4’-Trichloro-

biphenyl
 54:  2,2’,6,6’-Tetrachloro-

biphenyl
 77:  3,3’,4,4’-Tetrachloro-

biphenyl
 104:  2,2’,4,6,6’-Penta-

chlorobiphenyl
 126:  3,3’,4,4’,5-Penta-

chlorobiphenyl
 155:  2,2’,4,4’,6,6’-Hexa-

chlorobiphenyl
 169:  3,3’,4,4’,5,5’-Hexa-

chlorobiphenyl
 188:  2,2’,3,4’,5,6,6’-Hepta-

chlorobiphenyl
 189:  2,3,3’,4,4’,5,5’-Hepta-

chlorobiphenyl
 194:  2,2’,3,3’,4,4’,5,5’-

Octachlorobiphenyl
 202:  2,2’,3,3’,5,5’,6,6’-

Octachlorobiphenyl
 206:   2,2’,3,3’,4,4’,5,5’,-6-

Nonachlorobiphenyl
 208:  2,2’,3,3’,4,5,5’,6,-6’-

Nonachlorobiphenyl
 209: Decachlorobiphenyl

Figure 3 Mono- to Deca-chlorobiphenyl PCB Congener Standard on the SP-2331

 column: SP-2331, 30 m x 0.25 mm I.D., 0.20 μm (24257)
 oven: 60°C (1 min.), 8°C/min. to 230°C 
 inj.: 250°C
 MSD interface: 220°C 
 scan range: m/z = 35-500
 carrier gas: helium, 1.5 mL/min. constant
 injection: 1 μL, splitless (1.0 min.)
 liner: 4 mm I.D., single taper
 sample: PCB congener mix, each analyte at 2.5 ppm in n-hexane
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Table 2 Elution Order Differences 
of PCB Congeners on SP-2331 and 
SLB-IL100

 SP-2331 SLB-IL100

 0 0
 1 1
 10 10 (2)
 3 30 (2)
 30 3
 54 (2) 155
 104 (2) 104
 15 (2) 54
 155 (2) 15
 188 188
 37 37
 202 202
 77 77
 208 208
 126 126
 209 209
 189 169 (2)
 206 (1)(2) 189 (2)
 169 (1)(2) 194 (2)
 194 (2) 206 (2)

 (1) Co-elution
 (2) Partial co-elution

+
Featured Products
Description Cat. No.

SLB-IL100, 30 m x 0.25 mm I.D., 0.20 μm 28884-U

SP-2331, 30 m x 0.25 mm I.D., 0.20 μm 24257-U

Omegawax 250, 30 m x 0.25 mm I.D., 0.25 μm 24136-U

Supelco 37-Component FAME Mix (listed on Figure 1) 
10 mg/mL (total wt.) in methylene chloride, 1 mL

47885-U

+
Related Products

Description Cat. No.

SLB-IL100, 60 m x 0.25 mm I.D., 0.20 μm 28886-U

SLB-IL100, 30 m x 0.32 mm I.D., 0.26 μm 28887-U

SLB-IL100, 60 m x 0.32 mm I.D., 0.26 μm 28888-U
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Hydrogen: A Carrier Gas Alternative to Helium

Robert F. Wallace and Leonard M. Sidisky bob.wallace@sial.com

Introduction
Carrier gas for gas chromatography (GC) should be an inert gas 
that does not react with the sample component. Its main role is to 
transport the vaporised solute molecules through the column. The 
selection of the carrier gas and the linear velocity it uses both affect 
resolution and retention times.  

Nitrogen, hydrogen and helium are the most widely used gases 
by today’s chromatographer. Each has unique benefi ts as well as 
drawbacks. Nitrogen shows the best effi ciency, but over a low and 
narrow linear velocity range. Therefore, it is extremely slow as a 
carrier gas, and not a great choice for temperature-programmed 
use. Hydrogen provides the fastest analysis time over a broad linear 
velocity range. However, safety concerns must be addressed. Helium 
is a compromise between nitrogen and hydrogen, with regards to 
effi ciency and analysis times. However, it is becoming an expensive 
choice for a carrier gas.

Let’s take a look and compare the advantages of using hydrogen 
over helium. 

Benefits of Hydrogen as a Carrier Gas: Speed 1
The Golay Theory for open tubular columns predicts that optimum 
gas velocity is proportional to diffusivity. Hydrogen has a higher 
diffusivity than helium, thus its optimum linear velocity is higher 
and can be used at a higher fl ow rate without adversely affecting 
effi ciency. Specifi cally, under isothermal analysis conditions, the 
typical linear velocity for hydrogen is 40 cm/sec, which is twice the 
optimum linear velocity of helium at 20 cm/sec. Therefore, simply 
switching to hydrogen carrier gas, even while keeping column dimen-
sions and oven conditions constant, can be expected to decrease 
analysis time.

Figures 1 and 2 illustrate this benefi t of hydrogen with the separ-
ation of 16 commonly analysed polynuclear aromatic hydrocarbons. 
The analysis was performed on a 15 m x 0.10 mm I.D., 0.10 μm 
Equity®-5 column. A fast temperature-programming rate was used 
to decrease the run time to less than 12 minutes using helium at its 
optimal linear velocity. Switching to hydrogen carrier gas (at its op-
timal linear velocity) under the same conditions resulted in a 25 % 
decrease in run time. 

As long as the proper safety controls are in place, hydrogen, with its 
broad working range, may be a more suitable carrier gas choice for 
capillary GC

Fast Analysis of Polynuclear Aromatic Hydrocarbons; 
Helium vs. Hydrogen Carrier Gas

Figure 1 Helium

 column: Equity-5, 15 m x 0.10 mm I.D., 0.10 μm (28083-U)
 oven: 100°C (1 min.), 35°C/min. to 325°C (5 min.)
 inj.: 250°C
 det.:  FID, 350°C
 carrier gas: helium, 20 cm/sec constant
 injection: 1 μL, 200:1 split
 liner: 4 mm I.D., split, cup design
 sample: each analyte at 200 ppm in methylene chloride

 1. Naphthalene
 2. Acenaphthylene
 3. Acenaphthene
 4. Fluorene
 5. Phenanthrene
 6. Anthracene

 7. Fluoranthene
 8. Pyrene
 9. Benzo(a)anthracene
 10. Chrysene
 11. Benzo(b)fluoranthene
 12. Benzo(k)fluoranthene

 13. Benzo(a)pyrene
 14. Indeno(1,2,3-cd)pyrene
 15. Dibenzo(a,h)anthracene
 16. Benzo(g,h,i)perylene

G003896

G003968

Figure 2 Hydrogen

 column: Equity-5, 15 m x 0.10 mm I.D., 0.10 μm (28083-U)
 oven: 100°C (1 min.), 35°C/min. to 325°C (5 min.)
 inj.: 250°C
 det.:  FID, 350°C
 carrier gas: hydrogen, 45 cm/sec constant
 injection: 1 μL, 200:1 split
 liner: 4 mm I.D., split, cup design
 sample: each analyte at 200 ppm in methylene chloride

     Same Peak IDs as Figure 1
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Benefits of Hydrogen as a Carrier Gas: Speed 2
What if carrier gas is run at higher than optimal linear velocity to 
decrease analysis times? Hydrogen, having a fl atter Golay curve, 
may be operated over a wide range of linear velocities while main-
taining a low height equivalent to a theoretical plate (HETP). This 
allows the use of a linear velocity higher than optimal with little 
decrease in effi ciency, resulting in shorter analysis times. 

Benefits of Hydrogen as a Carrier Gas: Cost 1
A shortage of helium began surfacing in 2006. Helium must be 
extracted from the ground and then refi ned. However, there are 
not enough refi neries to keep up with the increased demand, such 
as for applications in the medical, scientifi c, and industrial fi elds. As 
a result, helium is becoming a rare commodity with rising prices. 
Hydrogen has not seen a drastic rise in price because its production 
is not dependent on the same factors.  

Benefits of Hydrogen as a Carrier Gas: Cost 2/Safety
Because helium generators are not available, it can only be obtained 
in expensive cylinders. Hydrogen is also available in cylinders, but 
can also be generated on-demand on-site using a gas generator. In 
addition to being a much more sensible source of gas from a cost 
standpoint, generators are safer, more aesthetically pleasing, take 
up less space, and do not require the labour needed to move bulky 
cylinders around the lab. The safety benefi t of a hydrogen generator 
over a cylinder is due to the fact that a minimal volume of hydrogen 
gas is stored at a relatively low pressure. 

Conclusion
Hydrogen has several features (higher optimal linear velocity, and 
fl atter Golay curve) that result in desirable benefi ts (decreased 
analysis times) when compared to other GC carrier gas choices. If 
operating exactly at optimal linear velocities, hydrogen results in a 
faster analysis time. Because hydrogen has the fl attest Golay curve, 
the GC can be operated with an even higher linear velocity with-
out a signifi cant loss in effi ciency. As long as the proper safety 
controls are in place, hydrogen, with its broad working range, may 
be a more suitable carrier gas choice for capillary GC. 

References
L. Sidisky, Pittsburgh Conference Seminar 2008, Carrier Gas 1] 
Selection: Helium versus Hydrogen 
K. Stenerson, L. Sidisky, and G. Baney, Poster, T406106, Fast GC in 2] 
Environmental Analysis
Supelco, Fast GC Brochure, T407096, 20073] 
R. F. Wallace and M. D. Buchanan, Generate High Purity Gas with 4] 
Reliability and Safety, Supelco The Reporter, March 2008; Vol. 30:19

+
Featured Products
Description Cat. No.

Equity-5, 15 m x 0.10 mm I.D., 0.10 μm 28083-U

For more information on the 
principles of Fast GC, including 
practical considerations, theoretical 
discussions, a listing of columns 
in Fast GC dimensions, twenty-
six chromatograms, plus a list of 
literature for additional reading, 
request the “Fast GC: A Practical 
Guide for Increasing Sample 
Throughput without Sacrificing 
Quality” brochure, T407096 (JTW).

For more information on gas 
generators, request “Gas 
Generators: Generate High Purity 
Gas with Reliability and Safety”, 
T407110 (JXP). Alternatively, visit our 
website sigma-aldrich.com/gc 

! Related Information

sigma-aldrich.com/gc

Economical

Safe

Convenient

Gas Generators 
 Generate High Purity Gas with 
 Reliability and Safety

T407110.indd   1 2/15/2008   1:46:48 PM

The biggest concern with a high-pressure cylinder is that a full 
cylinder may be accidentally knocked over, causing the valve 
to break off, and the cylinder to become airborne, damaging 
anything and everything in its path. Each time a cylinder is 
handled, extreme caution must be used. 

Also, if a high-pressure cylinder regulator fails, the full pressure 
of the cylinder will be released into the system. Very few 
plumbing systems can withstand pressure of 2000-3000 psi. 
Such pressures are never encountered with gas generators – 
as pressures in these systems rarely exceed 125 psi.

Did you know?>
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 2.  Acetylation: The remaining sample residue from step 1 
was dissolved in 1 mL of methylene chloride, and 100 μL 
of TFAA or acetic anhydride was added. The vial was 
capped and heated at 60°C for 20 minutes. The sample 
was then cooled and the cap carefully removed from 
the vial. The remaining liquid was evaporated at room 
temperature under a gentle nitrogen stream (this proce-
dure allowed removal of volatile acids formed during 
the reaction). The remaining residue was reconstituted 
in methylene chloride for GC analysis.

Results and Discussion
Chromatograms showing the GC analyses of the proline mixture 
are presented in Figures 1 and 2. An Astec CHIRALDEX™ G-TA (2), 
which is a unique chiral GC column made using a trifl uoroacetyl 
derivatised cyclodextrin, was used. The achiral derivatisation did 
not affect the chiral centre of the molecule, as evidenced by the 
presence of two peaks in the chromatograms. However, the two 

Proline Derivatisation and Enantioresolution by Chiral GC

Katherine K. Stenerson and Jauh-Tzuoh Lee katherine.stenerson@sial.com

Introduction
Amino acids are building blocks of peptides and proteins. Enantio-
meric separation of these molecules can be performed through 
chromatography by chiral stationary phases. This article describes 
the chiral GC analysis of one amino acid, proline, after achiral 
derivatisation.

The benefi ts of a chiral GC analysis method include:
 1. better sensitivity than standard HPLC methods
 2. shorter analysis times, and 
 3.  simple method development as chiral selectivity can be 

increased by decreasing the analysis temperature. In add-
ition, the elution order of enantiomers can be reversed, 
a phenomenon called enantioreversal, using various 
techniques, including derivatisation. Enantioreversal can 
be utilised to analyse trace levels of one enantiomer in 
the presence of another.

An amino acid molecule contains both amine and carboxyl 
functional groups. Before GC analysis, the carboxyl group of the 
analyte must be esterifi ed, and subsequently the amino group 
needs to be blocked in order to obtain good peak shape and selec-
tivity. The carboxyl group can be esterifi ed using methanolic HCl 
(methylated), trimethyl chlorosilane (TMCS), or N,O-bis (trimethyl-
silyl) trifl uoroacetamide (BSTFA). The reagents used for the amino 
group’s derivatisation typically are trifl uoroacetic anhydride (TFAA), 
acetic anhydride and chloroacetic anhydride.

Experimental
A sample mixture of D and L proline was methylated and then 
acetylated using a two-step reaction (1):

 1.  Methylation: 1 mL of 3 N methanolic HCl was added to 
1 mg of sample. The sample vial was then capped and 
heated at 100°C for 30 minutes. After this treatment, the 
cap was removed and the mixture was allowed to cool 
down. The mixture was dry at this point (gentle heating 
can be used for drying if any liquid remains behind).

G004257

G004257

Methylation

Acetylation

Run Conditions for Figures 1-4

 column: CHIRALDEX G-TA, 30 m x 0.25 mm I.D. x 0.12 μm (73033AST)
 oven: 160°C
 inj.: 200°C
 det.: FID, 200°C
 carrier gas: helium, 50 cm/sec
 injection: 1 μL, 50:1 split

Figure 1 Chiral GC Analysis of D and L Proline on the CHIRALDEX G-TA 
after Methylation with Methanolic HCl and Acetylation with Acetic 
Anhydride

Figure 2 Chiral GC Analysis of D and L Proline on the CHIRALDEX 
G-TA after Methylation with Methanolic HCl and Acetylation with 
Trifluoroacetic Anhydride
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different acetylation reagents resulted in an elution order reversal of 
the D and L enantiomers (enantioreversal). Trifl uoroacetic anhydride 
also produced more volatile derivatives than the acetic anhydride, 
resulting in a shorter analysis.

The derivatisation scheme used in this study enabled the 
replacement of both active hydrogens in the proline molecule thus 
improving its chromatographic properties for GC analysis. If just the 
methylation step is done, the remaining underivatised amine group 
will result in peak tailing on the CHIRALDEX G-TA. This is demon-
strated in Figure 3. However, after the acetylation step, protection 
of the amine group resulted in a signifi cant improvement in peak 
shape (Figure 4) as well as a more volatile derivative resulting in a 
shorter retention time.

Conclusions
A two-step derivatisation process (methylation followed by acetyla-
tion) can be used to selectively replace active hydrogens on the 
amino acid proline. This process will not cause racemisation of the 
compound and, therefore, allows a successful separation of the 
enantiomers on the CHIRALDEX G-TA column. Using different acety-
lation reagents, such as acetic anhydride and trifl uoroacetic anhydride, 
enantioreversal of the D and L enantiomers can be achieved.

References
Derivatization Reagents – For Selective Response and Detection in 1] 
Complex Matrices, Sigma-Aldrich publication, T407138, KDI.
Astec CHIRALDEX GC Columns, Sigma-Aldrich publication, T407123, JCH.2] 

For more information, request T407138 (KDI), Derivatization Reagents – 
For Selective Response and Detection in Complex Matrices and T407123 
(KGR), Astec CHIRALDEX GC Columns.

! Related Information

Figure 3 L-Proline on the CHIRALDEX G-TA Column after Methylation 
with Methanolic HCl only

Figure 4 L-Proline on the CHIRALDEX G-TA Column after Methylation 
with Methanolic HCl and Acetylation with Acetic Anhydride
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New Solvents Optimised for Static Headspace GC Applications

Michael Jeitziner michael.jeitziner@sial.com

Static headspace GC (GC-SH) is a technique used to concentrate vola-
tile analytes prior to analysis. It improves detection of low-level vola-
tile analytes, and minimises matrix interference by eliminating the 
need to inject the sample directly. An important application of GC-SH 
is for the determination of residual volatile organic impurities in active 
drug substances or excipients in drug formulations. Other consumer-
oriented applications include the detection of residual solvents in 
foods, dietary supplements and packaging materials.

GC-SH application to residual solvents in pharmaceuticals is de-
scribed and validated in specifi c monographs [1-3]. 

When developing a GC-SH method, such parameters as sample 
solvent, extraction temperature, extraction time, sample volume 
and headspace volume are optimised [4, 5]. Because the composi-
tion of the sample solvent and its purity have signifi cant effects on 
the recovery and quality of the chromatogram (see Figure 1), we 
have developed solvents specifi cally for GC-SH applications. Their 
purity and handling specifi cations meet the requirements of Ph.
Eur., USP and ICH guidelines. 

References
United States Pharmacopeia, 31st Edition (2008), <467> Residual 1] 
Solvents.
 Ph Eur. 6.0 (2008) Method 2.4.24, Identification and control of 2] 
residual solvents.
ICH Guideline Q3C, Impurities: Guideline for Residual Solvents, The 3] 
Fourth International Conference on Harmonization, July 17, 1997.
Camarasu, C. C. Residual Solvents Determination in Drug Products 4] 
by Static Headspace-Gas Chromatography. Chromatographia 2002, 
56, 137–43.
Lee, C. R.; Nguyen van Dau, C.; Krstulovic, A. M. Artefact formation 5] 
in the determination of residual solvents according to a method of 
the European Pharmacopeia. Int. J. Pharm. 2000, 195, 159–69.

+
Featured Products
Description Boiling 

Point
Pkg. 
Sz.

Cat. 
No.

Price £

N,N-Dimethylacetamide, puriss. p.a. for GC-HS 166°C 1 L 44901 101.50

Dimethyl sulphoxide, puriss. p.a. for GC-HS 189°C 1 L 51779 72.30

N,N-Dimethylformamide, puriss. p.a. for GC-HS 153°C 1 L 51781 67.00

Water, puriss. p.a. for GC-HS 100°C 1 L 53463 28.70

Figure 1 Headspace Gas Chromatogram of GC-SH Grade (Black) and 
Conventional Grade (Red)

Analytical conditions according to Ph.Eur. 6.0 using a SPB™-624 column (23323-U) [2]

G004276



sigma-aldrich.com/syringes

St
an

d
ar

d
s

VICI® Precision Sampling A-2 Syringe

Advantages:
Push-button valve• 
Small volumes from 25 μL to 10 mL• 
Removable needle• 
Useable with both gas and liquid samples• 

The Precision Sampling Series A-2 syringe is an excellent choice 
when working with liquid and gas samples containing low boiling 
components. The push-button valve allows storage at pressures up 
to 250 psi, while the leak-free PTFE plunger tip prevents sample 
evaporation. These syringes are supplied with a two-inch stainless 
steel needle.

20

For the latest information on Hamilton, 
SGE, and Precision Sampling Syringes ...

… visit sigma-aldrich.com/syringes
 ● Online product catalogue ● Autosampler and gas/liquid syringes
 ● Overview of the different syringe styles ● Guidelines for choosing a syringe
 ● Tips on care and cleaning of syringes ● Answers to frequently asked questions

Sigma-Aldrich offers a variety of syringe products. For help with product selection, e-mail Sigma-Aldrich 
Technical Service at EurTechServ@sial.com or order our brochure Syringes for Chromatographic & Analytical 
Applications (code JCS) by selecting it on the Business Reply Card.

sigma-aldrich.com/syringes

P000433B

VICI Precision Sampling A-2 Syringe
Volume Needle OD/ID (inches) Pk. Size Cat. No.

25 μL 0.029/0.005 1 22268

50 μL 0.029/0.005 1 22269-U

100 μL 0.029/0.005 1 22270-U

250 μL 0.029/0.012 1 22271

500 μL 0.029/0.012 1 22272

1 mL 0.029/0.012 1 22273

2 mL 0.029/0.012 1 22274

5 mL 0.029/0.012 1 22275

10 mL 0.029/0.012 1 22276

Replacement Needles
Volume Needle Style Pk. Size Cat. No.

25-100 μL Bevel, open end 3 22298-U

250 μL-10 mL Bevel, open end 3 22299

250 μL-10 mL Side port, taper 3 22289

Replacement Plunger Tips
Volume Pk. Size Cat. No.

500 μL 2 21950

1 mL 2 21951

2 mL 2 21952-U

5 mL 2 21953-U
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Importance of HPLC Analysis of Residual Saccharides
A key measurement is the residual sugar and ethanol concentrations 
in the fermentation broth. Fuel ethanol facilities use High-Perfor-
mance Liquid Chromatography (HPLC) as the technique of choice to 
monitor the ethanol fermentation process. HPLC permits detailed 
monitoring of the complete cycle, including conversion of the sugars 
to ethanol and ethanol breakdown to acetic acid.

The HPLC analysis utilises a crosslinked polystyrene /divinylben-
zene resin ion exchange column. Traditional methods suffer from 
a) poor resolution or b) long run times.
 A)  Methods with fast run times (< 12 minutes) sacrifi ce reso-

lution of the early eluting saccharides. These fast methods 
often show co-elution of the dextrin, 
maltotriose and maltose peaks.

 B)  Methods focused on improved 
resolution of the simple sugars 
suffer from long run times. To 
achieve improved resolution 
for the early eluting saccha-
rides, these methods have run 
times exceeding 22 minutes.

Neither of these is an acceptable 
compromise for your lab. The 
 SUPELCOGEL™ C-610H column has 
proven to be an excellent choice 
for this analysis, yielding a shorter 
run time as well as resolution of 
all eight key components. Figure 1 
illustrates the improved separation 
of components in the Supelco 
Fuel Ethanol Residual Saccharides 
Mix.

Importance of Fuel Ethanol 
Residual Saccharides Mix
It is critical to ensure the analysis is 
calibrated through a commercially 
available quantitative calibration 
standard. The Supelco Fuel Etha-
nol Residual Saccharides Mix 
contains key components used 
to monitor the fermentation 
process. These components 
include dextrin (DP4+), 
maltotriose (DP3), maltose 
(DP2), D-glucose, and 
ethanol.

Fuel Ethanol: Fermentation Analysis by HPLC
One Source Solution of Column and Quantitative Calibration Standard

Steve Cecil EurTechServ@sial.com

Fuel ethanol continues to be the mainstay in the biofuel arena, with 
increasing production yield and higher conversion percentages of 
corn-to-ethanol driving discussion of both economic and environ-
mental viability of the product.

Ethanol is traditionally produced by the fermentation of sugar by 
yeast. Typically, commercial production of fuel ethanol involves 
breakdown of the starch into simple sugars, yeast fermentation of 
these sugars, and fi nally recovery of the main ethanol product and 
byproducts (e.g. animal feed).

Many areas of the process are important to ensure a quality end 
product, such as the breakdown of the corn substrate to ferment-
able sugars and distillation. However, none are more critical than 
the ethanol-producing step of fermentation.

Optimised fermentation leads to increased ethanol yield and 
profi tability of the biofuel facility. Residual sugars left unfermented 
lower ethanol concentrations, increase plant water usage and often 
require additional fermentation equipment cleaning and mainte-
nance. Consequently, fuel ethanol producers continually look for 
more effi cient processing techniques.

Figure 1 Fuel Ethanol Residual Saccharides Mix
Run on the SUPELCOGEL C-610H HPLC Column

 column: SUPELCOGEL C-610H, 30 cm x 7.8 mm, 9 μm (59320-U)
 mobile phase: 5 mM Sulphuric acid (pH 2.2 unadjusted)
 flow rate: 1.2 mL/min
 temp.: 80°C
 det.: R.I. 30°C
 injection: 25 μL
 sample: 48468-U

G004256

 1. Dextrin
 2. Maltotriose
 3. Maltose
 4. D-Glucose
 5. L-Lactic acid
 6. Glycerol
 7. Acetic acid
 8. Ethanol
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(continued on page 22)
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Nutritive and Non-nutritive Sweetener Standards

In addition to the saccharides and ethanol components, acetic 
acid, lactic acid and glycerol are included in the quantitative stan-
dard. Lactic acid and acetic acid are breakdown products produced 
during fermentation. Glycerol is also added to measure the stress 
being placed on the yeast during fermentation. Figure 1 illustrates 
the Fuel Ethanol Residual Saccharides Mix run on the SUPELCOGEL 
C-610H HPLC column.

Utilizing Supelco’s Fuel Ethanol Residual Saccharides Mix in con-
junction with the SUPELCOGEL C-610H column can lead to improved 
fermentation and higher ethanol yields. Both of these products are 
backed by strong technical support from the people you trust at 
Sigma-Aldrich.

To prevent column fouling, pass the Fuel Ethanol Residual 
Saccharide Mix and fermentation samples through a fi lter 
prior to injection.

Did you know?>
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Featured Products
Description Cat. No.

Fuel Ethanol Residual Saccharides Mix
w/v % varied conc., deionised water, 10 x 2 mL

Glycerol, 1.0 % L-(+)-Lactic acid, 0.3 %
D-(+)-Glucose, 2.0 % Acetic acid, 0.3 %
Maltotriose (DP3), 1.0 % Dextrin (DP4+), 3.25 %
Maltose (DP2), 2.0 % Ethanol, 12.0 %

48468-U

SUPELCOGEL C-610H Column
30 cm x 7.8 mm I.D., 9 μm particle size

59320-U

+
Related Products

Description Cat. No.

Empty Durapore® PVDF Disposable Millex® Syringe Filter Units, 0.22 
μm pore size, box of 100 Z227498

Polypropylene Syringe with Luer-Lok™ Tip, 1 ea Z192104

Description Pk. Size Cat. No.

Neats

Acesulfame K 1 g 47134

Aspartame 500 mg 47135

D-(+)-Glucose 1 g 47829

Saccharin, hemicalcium 1 g 47840

Sodium cyclomate 1 g 47827

Sodium saccharin 1 g 47839

D-Sorbitol 1 g 47841

Xylitol 1 g 47844

Kits

Monosaccharides Kit
7 components individually packaged, 500 mg each

D-(-)-Arabinose D-(+)-Mannose (mixed anomers)
Fructose D-(-)-Ribose
D-(+)-Galactose D-(+)-Xylose
D-(+)-Glucose (mixed anomers)

47267

Disaccharides Kit
4 components individually packaged

Isomaltose (mixed anomers) (100 mg)
-Lactose (500 mg)

Maltose (500 mg)
Sucrose (500 mg)

47268-U

Sugar Alcohols Kit
8 components individually packaged, 500 mg each

Ribitol Dulcitol
Maltitol D-Sorbitol
iso-Erythritol D-Mannitol
Glycerol D-(+)-Arabitol

47266

The increased use of non-caloric, non-nutritive or low caloric 
sweeteners in recent years has coincided with growing public 
awareness of the adverse health effects of excess consumption of 
simple carbohydrates. More products containing non-nutritive 
sweeteners are made available to consumers each year as the supply 
of sweeteners increases.

The availability of high-quality analytical standards is essential 
for their monitoring in food products, and for applied and basic 
research aimed at developing new sweeteners and understanding 
their biological effects.

Sigma-Aldrich offers Supelco brand individual standards and 
multi-component kits for both nutritive and non-nutritive sweeteners. 
The standards have been tested for identity and purity. The small 
package sizes eliminates the need to buy bulk material standards.
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New Environmental Drinking Water and Solid Waste Reference Materials

Sigma-Aldrich is continuously adding new reference materials to 
meet the needs of analysts performing environmental monitoring 
as described by the U.S. Environmental Protection Agency’s Series 
500, 600 and 8000. Below are three recent product additions to 
the Supelco line of environmental standards.

All raw materials and solvents used in the preparation of these 
calibration standards have been screened for identity and purity. The 
mixtures are gravimetrically prepared and quantitatively analysed by 
gas chromatography. A certifi cate of analysis accompanies each 
standard. As always, free data packets are available upon request.

sigma-aldrich.com/vials

Description Pk. Size Cat. No.

EPA Method 506: 
Determination of Phthalate and Adipate Esters in Drinking Water

EPA 506 Phthalate Mix 1 x 1 mL 40077-U

Concentration: 1000 μg/mL each component in isoocatane 

Dimethyl phthalate Bis-(2-ethylhexyl) phthalate
Diethylphthalate Di-n-octyl phthalate
Di-n-butyl phthalate Bis-2-ethylhexyl adipate
Benzyl butyl phthalate

EPA Method 521: Determination of Nitrosamines in Drinking Water

EPA 521 Nitrosamines Mix 1 mL 40035-U

Concentration: 2000 μg/mL each component in methylene chloride

N-Nitrosodimethylamine N-Nitrosodibutylamine
N-Nitrosodi-n-propylamine N-Nitrosomethylethylamine
1-Nitrosopyrrolidine N-Nitrosodiethylamine
1-Nitrosopiperidine

EPA Method 8100: Polynuclear Aromatic Hydrocarbons in Solid Waste

EPA 8100 PAH Additional Components Mix 1 x 1 mL 44694-U

Concentration: 1000 μg/mL methylene chloride

Dibenzo(a,e)pyrene Dibenz(a,h)acridine
Dibenzo(a,h)pyrene Benzo(j)fluoranthene
Dibenzo(a,I)pyrene Dibenz(a,j)acridine
3-Methylcholanthrene 7H Dibenzo (c,g) carbazole

TRADEMARKS: Agilent – Agilent Technologies; Applied BioSystems – Applied Biosystems; Ascentis, CHIRALDEX, CHIROBIOTIC, Equity, HybridSPE™, Omegawax, Sigma-Aldrich, SLB, 
SUPELCOGEL, Visidry – Sigma-Aldrich Biotechnology LP; Carbowax – Union Carbide Chemicals & Plastics Technology Corp.; Durapore, Millex – Millipore Corp.; Fused-Core – 
Advanced Materials Technology, Inc.; FocusLiner, SGE – SGE International Pty Ltd.; Hamilton – Hamilton Co.; Hitachi – Hitachi, Ltd.; Luer-Lok – Becton, Dickinson & Co.; VICI 
– Valco Instruments Co. Inc. and VICI AG

Requesting a Custom Standard Has Never Been Easier!

Too many meetings? 
No time to call?

Requesting a custom standard has never been 
easier! Use our convenient on-line custom standards 
form, found at sigma-aldrich.com/custom-standards 
to request your next custom standard. This easy-to-follow 
form walks you through all the critical steps for describing 
your product needs. After you complete the form, just 
press the submit button. Within seconds, your request 
will be received and our Custom Standards chemists will 
begin preparing a quote just for you. It’s that easy!
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Israel
SIGMA-ALDRICH ISRAEL LTD.
Free Tel: 1 800 70 2222
Tel: (+972) 8 948 4100
Fax: (+972) 8 948 4200

Italy
SIGMA-ALDRICH S.r.l.
Numero Verde: 800 827018
Tel: (+39) 02 3341 7310
Fax: (+39) 02 3801 0737 

Japan
SIGMA-ALDRICH JAPAN K.K.
Tel: (+81) 3 5796 7300
Fax: (+81) 3 5796 7315

Korea
SIGMA-ALDRICH KOREA
Free Tel: (+82) 80 023 7111
Free Fax: (+82) 80 023 8111
Tel: (+82) 31 329 9000
Fax: (+82) 31 329 9090

Malaysia
SIGMA-ALDRICH (M) SDN. BHD
Tel: (+60) 3 5635 3321
Fax: (+60) 3 5635 4116

Mexico
SIGMA-ALDRICH QUÍMICA, S.A. de C.V.
Free Tel: 01 800 007 5300
Free Fax: 01 800 712 9920
Tel: 52 722 276 1600
Fax: 52 722 276 1601

The Netherlands
SIGMA-ALDRICH CHEMIE BV
Free Tel: 0800 022 9088
Free Fax: 0800 022 9089
Tel: (+31) 78 620 5411
Fax: (+31) 78 620 5421

New Zealand
SIGMA-ALDRICH NEW ZEALAND LTD.
Free Tel: 0800 936 666
Free Fax: 0800 937 777
Tel: (+61) 2 9841 0555
Fax: (+61) 2 9841 0500

Norway
SIGMA-ALDRICH NORWAY AS
Tel: (+47) 23 17 60 60
Fax: (+47) 23 17 60 50

Poland
SIGMA-ALDRICH Sp. z o.o.
Tel: (+48) 61 829 01 00
Fax: (+48) 61 829 01 20

Portugal
SIGMA-ALDRICH QUÍMICA, S.A.
Free Tel: 800 202 180
Free Fax: 800 202 178
Tel: (+351) 21 924 2555
Fax: (+351) 21 924 2610 

Russia
SIGMA-ALDRICH RUS, LLC
Tel: +7 (495) 621 6037
 +7 (495) 621 5828
Fax: +7 (495) 621 5923

Singapore
SIGMA-ALDRICH PTE. LTD.
Tel: (+65) 6779 1200
Fax: (+65) 6779 1822

Slovakia
Sigma-Aldrich spol. s r.o.
Tel: (+421) 255 571 562
Fax: (+421) 255 571 564

South Africa
SIGMA-ALDRICH 
SOUTH AFRICA (PTY) LTD.
Free Tel: 0800 1100 75
Free Fax: 0800 1100 79
Tel: (+27) 11 979 1188
Fax: (+27) 11 979 1119

Spain
SIGMA-ALDRICH QUÍMICA, S.A.
Free Tel: 900 101 376
Free Fax: 900 102 028
Tel: (+34) 91 661 99 77
Fax: (+34) 91 661 96 42

Sweden
SIGMA-ALDRICH SWEDEN AB
Tel: (+46) 8 742 4200
Fax: (+46) 8 742 4243

Switzerland
SIGMA-ALDRICH CHEMIE GmbH
Free Tel: 0800 80 00 80
Free Fax: 0800 80 00 81
Tel: (+41) 81 755 2828
Fax: (+41) 81 755 2815

United Kingdom
SIGMA-ALDRICH COMPANY LTD.
Free Tel: 0800 717 181
Free Fax: 0800 378 785
Tel: (+44) 1747 833 000
Fax: (+44) 1747 833 313
SAFC (UK) Free Tel: 01202 712305

United States
SIGMA-ALDRICH
P.O. Box 14508
St. Louis, Missouri 63178
Toll-Free: 800 325 3010
Toll-Free Fax: 800 325 5052
Call Collect: (+1) 314 771 5750
Tel: (+1) 314 771 5765
Fax: (+1) 314 771 5757

Internet
sigma-aldrich.com


