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Tracy Ascah
Chiral Chromatography

Product Manager

Dear Colleague,

There are few examples that illustrate the resolving power of chromatography more poignantly than chiral
compounds. Considering that enantiomers have identical physical and chemical properties and differ only
in their optical rotation and interactions with other chiral molecules, even a seasoned chromatographer
cannot help but be awed at the amazing selectivity provided by chiral stationary phases.
A major business emphasis at Supelco has been developing novel chemistries that leverage the power

of stationary phase selectivity, including chiral stationary phases or CSPs. With the 2-year anniversary of
our acquisition of Astec approaching, we thought it was a good time to revisit our chiral products and
services with our readers.

Chiral HPLC and GC Columns
The CHIROBIOTIC™ CSPs, our flagship line for chiral HPLC, are based on the macrocyclic glycopeptide
technology pioneered by Prof. Daniel Armstrong. Ionic character, aqueous to organic solvent compatibility
and absence of memory effect, make the CHIROBIOTIC CSPs the most flexible chiral columns available
today. Including CHIROBIOTIC columns will maximize the effectiveness of your screening protocol. Not
only will they accomplish the desired separation in the majority of cases, the full solvent compatibility
means your methods can be optimized to reduce hazardous solvent consumption, or improve LC-MS
compatibility and analyte solubility. If different selectivity is required, we also have cyclodextrin (HPLC
and GC), chiral polymer, protein and ligand-exchange CSPs.

Chiral Analytical and Purification Services
We all deal with having too much to do and too little time. Outsourcing has become a viable option to
many companies, large and small. Developing chiral methods and isolating pure enantiomers for further
testing is time-consuming. To help our customers, we offer chiral column screening, method optimization
and isolation of mg to gram quantities of purified enantiomer. Process-scale amounts can be purified by
our SAFC facilities around the world. All work done by the expert staff of our state-of-the-art Chiral
Services Laboratory is performed according to your specifications and is fully confidential.
Our columns and services are only part of our corpo-

rate commitment to chiral chemistry. Information on
other products, including chiral mobile phase additives
and reagents for asymmetric synthesis, chiral derivatiza-
tion and resolution is available through our dedicated
chiral portal: sigma-aldrich.com/chiral

Regards,

Tracy Ascah
Chiral Chromatography Product Manager
tracy.ascah@sial.com

Reporter is published five times a year by Sigma-Aldrich
MarCom Europe, Industriestrasse 25, CH-9471 Buchs SG, Switzerland
Publisher: Sigma-Aldrich Marketing Communications Europe
Publication Director: Ingo Haag, PhD
Editor: Daniel Vogler

Visit us on the web at sigma-aldrich.com/thereporter
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Introducing Ascentis® Express RP-Amide:
Combining an Embedded Polar Group Stationary Phase with Fused-Core™ Particles

Ascentis Express RP-Amide HPLC columns are the most recent
product additions to the Supelco HPLC product line. Combining an
embedded polar group (EPG) stationary phase with the Fused-
Core particles, Ascentis Express RP-Amide provides a host of useful
benefits to the HPLC chromatographer. The benefits come from
both the phase technology and the particle technology and can be
summarized as:

Fused-Core Benefits
Higher efficiency than traditional HPLC columns (3 and 5 μm)•
Half of the backpressure of sub 2 micron columns•
Capable of UHPLC performance on traditional HPLC systems•

RP-Amide Benefits
Alternative reversed-phase selectivity to C18•
Improved peak shape for bases•
100 % aqueous compatible reversed-phase column•

At the heart of the Ascentis Express RP-Amide is the 2.7 μm
Fused-Core particle that comprises a 1.7 μm solid core and a 0.5 μm
porous shell (Figure 1). Compared to totally porous particles, the
Fused-Core particles have a much shorter diffusion path because of
the solid core. This partial porosity reduces dispersion of solutes
and minimizes peak broadening. Other features, such as a very
tight particle size distribution and high packing density, result in

Ascentis Express columns capable of delivering extreme performance
to any HPLC system. In fact, there have been many reports on the
vast improvements in efficiency and speed provided by Ascentis
Express HPLC columns versus traditional HPLC columns. The improve-
ments provide UHPLC performance on traditional HPLC systems.
While the Ascentis Express C8 and C18 provide classic reversed-

phase selectivity, the RP-Amide phase offers an alternative selectivity.
Supelco first commercially introduced an EPG phase in 1988. At
that time, large tailing factors for basic analytes continued to plague
conventional C18 and C8 bonded phases. The EPG phase was found
to improve peak shape of basic analytes. The early generation EPG
phases were based on a two-step bonding process (Figure 2). The
first step was the bonding of an aminopropylsilane to the bare silica
surface creating a surface with amine functionality. In step two,
palmitoyl chloride was reacted with the amine to create a long
chain amide. Not all amines would be converted in the process,
leaving a mixed system. These early generation EPG phases suffer
from poor reproducibility.
Next generation phases, including Ascentis and Ascentis Express

RP-Amide, are produced using a one-step process (Figure 3). In the
single step process, no free amino ligands occur since the amide is
introduced as a whole unit. This one-step bonding process yields
excellent batch-to-batch reproducibility. Interestingly, not all EPG
phases on the market use the modern, one-step bonding approach.

Wayne K. Way, Hillel Brandes, and William Campbell wayne.way@sial.com

(continued on page 4)

Figure 1 Fused-Core Structure of Ascentis Express Compared to Totally Porous Particles

Ascentis Express Particle Totally Porous Particle
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Improved Peak Shape for
Basic Compounds
As previously mentioned, As-
centis Express RP-Amide phase
reduces silanol interactions with
basic analytes improving peak
shape. A good test to demon-
strate this effect is highly basic
compounds using a mobile
phase pH of 7. At this pH, many
of the residual silanols are in the
ionized form and the basic com-
pounds are protonated. The
protonated (charged) bases in-
teract with the charged silanols
via ion exchange and result in a
tailing peak. A test mix of tricyclic
antidepressants was analyzed on
Ascentis Express RP-Amide and a
C18 columnwith amobile phase
pH of 7 (Figure 4). As shown in
Figure 4, the RP-Amide pro-
duces more symmetrical peaks
than the C18 for these difficult
test probes. Asymmetry data is
summarized in Figure 5 for
doxepin, imipramine, and ami-
triptyline.

Alternative Selectivity
Ascentis Express RP-Amide provides increased selectivity for polar
compounds, especially those that can act as a hydrogen-bond donor.
Phenols, carboxylic acids, amines, and to a lesser extent, alcohols
show enhanced retention on the RP-Amide phase when compared
to neutral, non-polar analytes. An example of the power of the
hydrogen bonding mechanism is shown in Figure 6. The phenolic
nature of catechols and resorcinols provides a good test for demon-
strating enhanced selectivity of the RP-Amide phase. The RP-Amide
phase shows complete baseline resolution of these related com-
pounds while the C18 phase shows reduced retention, resolution,
and selectivity for the phenolics. In comparing the Ascentis Express
RP-Amide to the Waters™ BEH Shield RP18, a competitive EPG
phase, the selectivity is very similar. The difference in this example
is the Ascentis Express RP-Amide yields a backpressure half of the
1.7 μm column. This difference in backpressure means the Ascentis
Express column is suitable for traditional HPLC systems while the 1.7
μm column is not.
The selectivity differences between the RP-Amide and the C18

can be a useful tool in method development. In many cases, when
peaks co-elute on a C18 phase, the RP-Amide can be substituted to
achieve separation without a change in mobile phase.

Step 2. Amide Phase
Incomplete conversion to amide phase

Step 1. Amide Phase
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columns: as indicated; 10 cm x 4.6 mm I.D.
mobile phase: 35:65, 14 mM ammonium phosphate in water,

pH = 7 : methanol
flow rate: 1.5 mL/min.
temp.: 35 °C
det.: 254 nm

injection: 0.5 μL
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Ascentis Express RP-Amide
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1. Maleate
2. Nordoxepin
3. Protripyline
4. Desipramine
5. Nortriptyline
6. Doxepin
7. Imipramine
8. Amitriptyline
9. Trimipramine

C18

G003453, 54

G003455, 56, 57

Figure 4 Separation of Tricyclic Antidepressants on Ascentis Express
RP-Amide and Conventional C18

Figure 2 Early Generation Two-step Bonding Process for EPG Amide Phases

Figure 3 Next Generation One-step Bonding Process for EPG Amide Phases

Step 1. Aminopropyl Phase

Base Silica
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Aqueous Compatible Reversed-Phase Column
Ascentis Express RP-Amide provides stable and reproducible analyte
retention in 100 % aqueous mobile phases. Many C18 phases are
known to suffer from phase collapse under highly aqueous mobile
phase conditions causing loss of retention. Shown in Figure 7 is a
mix of organic acids analyzed under 100 % aqueous conditions.
Excellent selectivity and peak shape is noted for all the test probes,
even citric acid, which is a notoriously difficult analyte.

Conclusion
Ascentis Express RP-Amide is a blend of modern phase technology
and innovative particle technology. The Fused-Core particle provides
benefits in terms of speed, resolution, sensitivity, and ruggedness.
The one-step RP-Amide bonding chemistry provides benefits in
terms of selectivity, aqueous stability, and improved peak shape for
bases.

A
sy
m
m
et
ry

2.0

1.0
Doxepin Imipramine Amitriptyline

C18
RP-Amide

columns: as indicated; 10 cm x 2.1 mm I.D.
mobile phase A: 20 mM phosphoric acid, pH 2 (unadjusted)
mobile phase B: water
mobile phase C: acetonitrile

mobile phase ratios: A:B:C = 75:5:20
flow rate: 0.3 mL/min.
temp.: 35 °C
det.: 270 nm

injection: 1 μL
sample: 50 mg/L ea. in

20 mM phosphoric acid

1. Resorcinol
2. Catechol
3. 2-Methylresorcinol
4. 4-Methylcatechol
5. 2,5-Dimethylresorcinol
6. 3-Methylcatechol
7. 4-Nitrocatechol

G002590

Catechol

G002594

Resorcinol

column: Ascentis Express RP-Amide, 10 cm x 2.1 mm I.D.
mobile phase: 0.1 % TFA (v/v) in water
flow rate: 0.3 mL/min.
temp.: 35 °C
det.: 210 nm

injection: 1 μL
sample: in mobile phase; tartaric acid, 2 g/L; lactic acid, citric acid,

4 g/L; acrylic acid, 0.5 g/L; fumaric acid, 0.2 g/L

1. Tartaric acid
2. Lactic acid
3. Citric acid
4. Acrylic acid
5. Fumaric acid
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Waters BEH Shield RP18, 1.7 μm
pressure: 8250 psi
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Ascentis Express RP-Amide, 2.7 μm
pressure: 4400 psi
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Ascentis Express C18, 2.7 μm
pressure: 4400 psi

Figure 7 Separation of Small Organic Acids Under 100 % Aqueous
Conditions

Figure 5 Asymmetry Factors for Difficult Bases on Ascentis Express
RP-Amide and Conventional C18

Figure 6 Separation of Phenolics on Ascentis Express RP-Amide & C18,
& Waters BEH Shield RP18, 1.7 μm

Ascentis Express is also available with C8 and HILIC chemistries.

! Related Information

+

Featured Products

ID

(mm)

Length

(cm)

Ascentis Express C18 Ascentis Express

RP-Amide

Ascentis Express Columns

2.1 3 53802-U 53910-U

2.1 5 53822-U 53911-U

2.1 7.5 53804-U 53912-U

2.1 10 53823-U 53913-U

2.1 15 53825-U 53914-U

3.0 3 53805-U 53915-U

3.0 5 53811-U 53916-U

3.0 7.5 53812-U 53917-U

3.0 10 53814-U 53918-U

3.0 15 53816-U 53919-U

4.6 3 53818-U 53921-U

4.6 5 53826-U 53922-U

4.6 7.5 53819-U 53923-U

4.6 10 53827-U 53929-U

4.6 15 53829-U 53931-U
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a wide series of different protein types; Discovery BIO C5 also
showed the best peak symmetry out of a series of wide pore mate-
rials providing higher peak resolution.
Discovery BIO RP HPLC columns are selective, MS compatible and

scaleable – all essential for protein and peptide HPLC. In protein and
peptide separations, trifluoroacetic acid (TFA) is commonly added to
HPLC mobile phases to improve peak shape, but it reduces the LC/
MS signal and so decreases sensitivity. Discovery BIO columns can
also provide high efficiency without TFA or other additives for lowest
ion suppression. They are also fully compatible with 100 % water.

Reference
E Reh et al, J Chromatogr B, 844 (2006) 204-2121]

Separation of Protein Isoforms from Different Species Using Discovery BIO C5

Denise Wallworth denise.wallworth@sial.com

Cytochrome c is a small (ca 12 kDa) mitochondrial protein found in
plants, animals and many unicellular organisms, where it is an essen-
tial component of the electron transport chain. This protein is present
in many closely related variants that can be used as a test for protein
selectivity since they are so problematical to separate. Discovery BIO
C5 provides an efficient separation that demonstrates the power of
this phase for protein and peptide chromatography and the advan-
tages of C5 chemistry over traditional C4 HPLC columns. Figure 1
shows the separation of a series of six types of Cytochrome c on
Discovery BIO C5.
Short chain reversed phase wide pore (300 A) columns often pro-

vide better separations for many proteins and hydrophobic peptides.
The C5 chemistry in Discovery BIO appears to be more stable and
have a longer lifetime than C4 phases yet exhibits similar selectivity
to traditional C4 phases. Proprietary end capping techniques pro-
vide less non-specific interaction between analytes and the silica
surface, resulting in better peak shape for these large molecules
and in high recoveries. These manufacturing techniques also ensure
high reproducibility and good pH stability (2.0 to 8.0): Figure 2
shows the retention time stability for a series of small molecules at
pH 8.0 over 14,000 column volumes. A recent study [1] demon-
strated a high mean mass recovery of 77% for Discovery BIO C5 for

For further information on Discovery BIO HPLC columns, please visit
sigma-aldrich.com/discovery
The purity of mobile phase solvents directly affects the sensitivity of LC/MS
analyses. LC/MS CHROMASOLV solvents are high purity for high sensitivity
protein and peptide separations. sigma-aldrich.com/solvents

! Related Information

SPECIAL OFFER
All Discovery BIO wide pore reversed phase
analytical columns are currently available for
you to evaluate at 30 % discount. Please quote
promotion code T56 with your purchase order.
Offer valid to April 30th 2009.

Figure 2

Column: 4.6 x 150 mm, 5 μm
Mobile phase A: 70:30 (water/0.1 %TFA): (MeCN/0.1 %TFA)
Mobile phase B: 64:36 (water/0.1 %TFA): (MeCN/0.1 %TFA)

Gradient: 0 to 100 % B in 30 min
Flow: 1.0 mL/min

Temperature: Room temperature
Detection: UV 220 nm
Injection: 12 μL
Sample: Cytochrome c (different sources), 10 μg each.

Figure 1 Higher Resolution on Discovery BIO C5 Separation of
Cytochrome c from Different Sources
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+
Featured Products
Description Cat. No.

Discovery BIO C5 HPLC Columns

Discovery BIO C5, 5 μm, 50 x 4.6 mm 568420-U

Discovery BIO C5, 5 μm, 100 x 4.6 mm 568421-U

Discovery BIO C5, 5 μm, 150 x 4.6 mm 568422-U

Discovery BIO C5, 5 μm, 250 x 4.6 mm 568423-U

Discovery BIO C5 is also available in other column sizes – analytical, microbore and
preparative – and also in C8 and C18 chemistries
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How does HybridSPE-PPT 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
first subjected to protein precipitation via the addition and mixing
of acidified (with formic acid) acetonitrile. Precipitated proteins are
then removed by centrifugation and the resulting supernatant is
loaded on the HybridSPE-PPT cartridge that acts as a chemical filter
that specifically targets the removal of endogenous sample phos-
pholipids.

Increase Bioanalytical Assay Speed via Phospholipid Removal using
HybridSPE™-Precipitation Technology

Craig Aurand and An Trinh an.trinh@sial.com

Introduction
One of the primary concerns when analyzing small molecules in
biological samples via LC-MS/MS is ion-suppression. Ion-suppres-
sion is caused by one or more interfering components or species
that co-elute with analyte(s) of interest during LC-MS analysis and
manifests itself as loss of analyte response. These co-eluting species
can affect droplet formation or ionize concurrently resulting in an
erroneous decrease (suppression) in signal response. As a result, the
phenomenon often leads to poor assay reproducibility, accuracy,
and sensitivity. Such deleterious effects are often most notable at
the lower limits of quantitation (LLOQ) [1].
Ion-suppression can be caused by a variety of agents including

phthalates and plasticizers from plastic ware; common buffers and
salts such as TFA; stabilizers (glycerol) and dosing agents (PEG); and
plasma anti-coagulants such as lithium-heparin and sodium citrate.
One of the principle causes of ion-suppression in bioanalysis is the
presence of serum albumin and phospholipids during LC-MS/MS
analysis in the positive ion electrospray mode (+ESI). Phospholipids
are present in biological plasma at extremely high concentrations
(~1 mg/mL) and can suppress analyte response if not removed during
sample prep and/or resolved during chromatography [2-4].
In general, ion-suppression typically occurs during the early and

late regions of analysis during reversed-phase chromatography. It is
presumed that late elution ion-suppression species are predominately
caused by phospholipid contamination [4]. As researchers strive to
reduce analytical run time (< 5 min.) using ballistic gradients and UPLC
conditions, the risk of ion-suppression increases considerably [5]. At
such ballistic gradients and fast run times, phospholipid contami-
nants can accumulate on the column and potentially elute uncon-
trollably during a given run sequence. In Figure 1, blank rat plasma
was subjected to protein precipitation by combining rat plasma with
1 % formic acid in acetonitrile (1:3, v.v) followed by centrifugation.
The resulting supernatant was analyzed by LC-MS using a sub 2 μm
C18 column monitoring for m/z 184 (the phosphonate moiety or
polar head group of phosphatidylcholine). From the chromatogram,
we see that there is a steady accumulation of phospholipids on the
column with each successive injection.
In Reporter 33, we introduced HybridSPE-Precipitation (Hybrid-

SPE-PPT) technology for targeted removal of phospholipids and
precipitated proteins for subsequent LC-MS analysis in which we
compared its performance against traditional protein precipitation
and SPE for the extraction of clenbuterol and clonidine from plasma.
In this report we describe how, by removing phospholipids via Hybrid-
SPE-PPT, researchers can reduce ion-suppression, prep samples using
a 2-3 step procedure, and reduce analytical run time while imple-
menting isocratic conditions.

(continued on page 8)

sigma-aldrich.com/hybridspe-ppt

column: C18 column, 5 cm x 2.1 mm I.D., 1.8 μm
mobile phase: (A) 13 mM ammonium acetate in water

(B) 13 mM ammonium acetate in acetonitrile
gradient: Min. % A % B

0 95 5
5 50 50
8 50 50
8.1 95 5
15 95 5

flow: 0.2 mL/min.
temp.: 35 °C
inj.: 10 μL
det.: MS/MS

0 10 20
Min

0

Inj. #20 of Std. Protein PPT
Inj. #10 of Std. Protein PPT
Inj. #5 of Std. Protein PPT
Inj. #1 of Std. Protein PPT

G004362
G004367

Phosphonate

m/z 184

Figure 1 Accumulation of Phospholipids on LC Column after Standard
Protein PPT of Plasma
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The HybridSPE-PPT 96-well version contains a series of low po-
rosity hydrophobic filters/frits, the packed-bed filter/frit assembly
acts as a depth filter facilitating the concurrent removal of both
phospholipids and precipitated proteins during the extraction pro-
cess. As a result, plasma can be first added to the well plate (upper
PTFE frit keeps plasma from dripping through prematurely) followed
by acidified acetonitrile (precipitating agent). After a brief mixing/
vortexing step, vaccum is applied to the HybridSPE-PPT plate and the
resulting filtrate/eluate can be analyzed directly. The phospholipid
retention mechanism is based on a highly selective Lewis acid-base
interaction between the proprietary zirconia ions functionally
bonded to the HybridSPE stationary phase and the phosphonate
moiety consistent with all phospholipids. The resulting eluent is
ready for immediate LC-MS or LC-MS/MS analysis. Figure 2 visually
depicts the HybridSPE-PPT 96-well plate.

HybridSPE-PPT – 100 % Removal of Phospholipids
In this study, 100 μL of blank rat plasma was applied to a HybridSPE-
PPT 96-well plate followed by 300 μL 1 % formic acid in acetonitrile.

The plate was vortexed briefly and vacuumwas applied. The resulting
filtrate/eluate was analyzed directly using the analytical conditions
described in Figure 1. The results are depicted in Figure 3. By pro-
cessing biological plasma samples using the HybridSPE-PPT approach,
complete removal of phospholipids was achieved. Unlike standard
protein precipitation (Figure 1), no accumulation of phospholipids
was observed using the HybridSPE-PPT approach. In addition, because
the HybridSPE-PPT 96-well acts as both a depth filter and a chemical
filter to remove particulate matter and phospholipids concurrently,
backpressure was significantly reduced (Figure 4).

Reduce LC-MS Run Time using HybridSPE-PPT
In this study, plasma samples spiked with verapamil, normethyl
verapamil, and methoxy verapamil at the level of 10 ng/mL were
subjected to protein precipitation by diluting the samples with 1 %
formic acid in acetonitrile (1:3, v/v) and analyzed by LC-TOF/MS

The phosphate moiety of phospholipids 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
Zr+-OH

Upper 5 μm
PTFE Frit

Lower 0.2 μm
Hydrophobic Filter

0 10 20
Min

0

G004363

Back Pressure of C18 1.8 μm Column (5 cm x 2.1 mm)

Ba
ck
Pr
es
su
re
(p
si
)

2200

0 10 20
Injection No.

2000

1800

G004363

Hybrid PPT

Standard PPT
G004367

Phosphonate

m/z 184

G004255

G004389

Figure 3 No Accumulation of Phospholipids Using HybridSPE-PPT

Figure 2 HybridSPE-PPT 96-well Schematic and Phospholipid Retention Mechanism

Figure 4 Stabilization of Backpressure Using HybridSPE-PPT

Inj. #20 of HybridSPE-PPT
Inj. #1 of HybridSPE-PPT
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Figure 6 Less than 90 Sec. Run Time Achieved Using Ascentis Express
C18 and HybridSPE-PPT for Verapamil and Metabolites in Rat Plasma

Figure 5 Phospholipid Contamination from Standard Protein PPT
Requires Increased Run Time (> 10 min.)

(Figure 5). From these results, we see that although verapamil and
its metabolites are eluted early in the run (~ 90 sec.), contaminating
phospholipids are strongly retained and do not elute off from the
column until after 10 min. Therefore, shorter run times (e.g.,
< 5 min.) pose a great risk to on-column phospholipid accumula-
tion/contamination.
Because HybridSPE-PPT depletes phospholipids from the plasma

sample (Figure 3), it is not necessary to run long gradient conditions
to “wash off” contaminating phospholipids evident when using alter-
native sample prep techniques. Rat plasma spiked with verapamil
and metabolites (10 ng/mL) were extracted using the HybridSPE-PPT
method described for Figure 3 and analyzed by LC-TOF/MS using
Ascentis Express C18. In Figure 6, we demonstrate the utility of
combining HybridSPE-PPT and Ascentis Express column technology.
Less than 90 second run time was achieved under isocratic condi-
tions; and because HybridSPE-PPT was employed during sample
prep, risk of phospholipid ion-suppression and column accumulation
was eliminated.

Conclusion
In this report, we discussed the ion-suppression impact of phospho-
lipids and how traditional sample prep techniques such as protein
precipitation do not remove this common matrix interference. As
researchers strive for shorter run times using ballistic gradients, the
risk of column phospholipid accumulation grows considerably. By
using HybridSPE-PPT, the risk of phospholipid contamination is

column: Ascentis Express C18, 5 cm x 2.1 mm I.D., (53822-U)
instrument: Agilent 1200 RR

mobile phase: (A) water:acetonitrile, pH 2.55 adjust with formic acid (30:70)
(B) 13 mM ammonium formate diluted in 95 % methanol

gradient: Min % A % B
1.0 100 0
2.5 0 100
10 0 100

flow: 0.6 mL/min.
temp.: 35 °C
inj.: 1 μL
det.: TOF/MS

Phospholipids (750-850 m/z range)
Verapamil (455.305 m/z)
Normethyl verapamil (441.280 m/z)
Methoxy verapamil (485.323 m/z)

0 10 20
Min

Expanded region
of Verapamil and
Metabolites

Phospholipids

G004363

G004366

0 0.5 1.0 1.5
Min

40000

20000

0

Conditions identical to Figure 5, except for mobile phase
Mobile phase:water:acetonitrile, pH 2.55 adjust with formic acid (30:70)

(isocratic)

1. Normethyl verapamil
2. Verapamil
3. Methoxyverapamil

eliminated. As a result, shorter run times are possible. As a demon-
stration, HybridSPE-PPT was combined with Ascentis Express C18
technology for the extraction and analysis of verapamil (and me-
tabolites) from plasma. By combining the two techniques, less than
90 second run time was achieved under isocratic conditions.

References
King et al., J Am Soc Mass Spectrom 11 (2000), 942 – 50.1]
Ahnoff et al., Proceedings of the 51st ASMS Conference on2]
Mass Spectrometry and Allied Topics Montreal, Canada (2003).
Little et al., Journal of Chrom B, 833 (2006), 219 – 230.3]
Shen et al., Journal of Pharmaceutical and Biomedical4]
Analysis 37 (2005) 359–367.
Xu et al., Journal of Pharmaceutical and Biomedical5]
Analysis 44 (2007) 342–355.

For more information on HybridSPE-Precipitation and Ascentis Express
Column Technology, please visit sigma-aldrich.com/hybridspe-ppt and
sigma-aldrich.com/express, respectively.
For test samples of the HybridSPE please contact our technical service.

! Related Information

+
Featured Products
Description Cat. No.

HybridSPE-Precipitation

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

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

Ascentis Express C18

5 cm x 2.1 mm I.D., 2.7 μm 53822-U
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Method Validation for Determination of Chloramphenicol in Urine Using
Molecularly Imprinted Polymer (MIP) SPE

Rejtharová Martina, Rejthar Libor rejthar@uskvbl.cz

Institute for State Control of Veterinary Biologicals and Medicaments,

Hudcova 56a, CZ 621 00 Brno, Czech Republic

Summary
The method for determination of low concentrations of chloram-
phenicol in bovine and porcine urine was developed. Sample clean-
up was performed by Molecular Imprinted Polymer (MIP) columns.
Confirmatory analyses were conducted using GC/MS-NCI after de-
rivatisation (silylation). The described method was fully validated
according to CD 2002/657/EC, CCa was 0.06 ng/mL, CCb was
0.1 ng/mL. This method is considerably robust and allows to pro-
cess even very dirty samples. The described procedure is very sim-
ple, low-time-consuming, provides high throughput of examinated
samples, and could be used for routine screening and confirmatory
analyses as well.

Introduction
Chloramphenicol (CAP) is a broad-spectrum antibiotic. Because
chloramphenicol has displayed significant toxicological effects on
humans, its use was banned in food production in European Com-
munity and some other countries. A range of analytical methods
has been developed for the determination of CAP in finished foods
and food raw materials. The monitoring of illegal use of CAP at food
producing animals during their live can be conducted by determina-
tion of CAP in urine samples. All confirmatory methods consist of
some clean-up procedure and GC/MS or LC/MS detection.
Because of variation in the composition of urine samples of indi-

vidual animals, the development of a reliable method can be chal-
lenging. Some extracts from clean-up procedures of very dirty and
concentrated urine samples using conventional SPE columns may
not be clean enough for chromatographic analyses. A new type of
SPE technology has been developed on the basis of molecularly

imprinted polymers (MIP) for the targeted extraction of CAP. An
older procedure used in our laboratory applied C18 SPE columns with
the same detection by GC-MS/NCI after derivitisation by silylation.

Materials and Methods
MIP columns were SupelMIP SPE – Chloramphenicol, (Cat.no.
53210-U). Samples of urine were collected from different animal
species (pig, cow, goat, sheep) from standard commercial breeding.

SPE Method
Conditioning of SPE
1 mL MeOH
1 mL Water

Add 1mL sample

Wash 1
2 mL Water
1 mL 5 % ACN in 0.5 % Acetic Acid
2 mL 1 % NH4OH

Vacuum Dry 5 min

Wash 2
2 mL Dichloromethane (DCM)

Vacuum dry 1 min

Elution
2 mL DCM AcAcid MeOH (89:1:10)

Derivatisation & GC
Derivatisation
Evaporate under N• 2

Add 0,05 mL BSTFA with 1 % TMCS•
Heat @ 75 °C, 45 min•
Evaporate to dryness•
Dissolve in Toluene•

GC/MS Analysis
NCI mode, reagent gas methane
Monitored ions:in SIM:
m/z 466, 468, 376, 378, ( 471 for IS)

Selective
interaction

G003942

HO

OHO2N

H Cl

Cl
H

H
N

O

Chloramphenicol Structure
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Internal standard (deuterated CAP) was added at the concentration
of 2 ng/mL (10 ng/mL respectively) to each sample. Samples were
eventually fortified with CAP standard solution to achieve different
concentration levels for calibration measurement and determination
of different validation parameters. Deconjugation was performed
by b-Glucuronidase/aryl sulfatase overnight at room temperature
after pH adjusting to 5.2. After deconjugation pH was set to 7.0.

Results and Discussion
Blank urine samples were fortified at concentration levels A) 0.0,
0.2, 0.5, 1.0, 2.0 and 5.0 ng/mL or for higher concentration at B) 0,
2, 5, 10, 20, 50 ng/mL, respectively. Internal standard concentration
was 2 ng/mL or 10 ng/mL, respectively. The results are plotted in
Figures 1 and 2.
For determination of intra-laboratory reproducibility of blank

samples and samples fortified at concentrations 0.2, 0.5, 1.0, 2.0
and 5.0 ng/mL were prepared and measured six times on different
days. The results are plotted in Figure 3. Decision limit (CCα) and
detection capability (CCβ) were calculated as CCα = 0.06 ng/mL,
CCβ = 0.1 ng/mL, respectively.
A set of 36 samples fortified at concentration level of 0.1 ng/mL

was measured for determination of reproducibility at concentration
near detection limit and under MRPL for CAP (Figure 4). The mean
determined concentration was c = 0.111 ng/mL (SD = 0.013 and
RSD = 12 %).

Conclusions
The described method for the determination of CAP in samples of
urine using MIP columns clean-up procedure appears to be simple
and robust alternative for common sample preparation. The MIP
clean-up procedure gives cleaner extract for GC analyses with lower
interferences from matrix or the deconjugation with glucuronidase.
Sensitivity of determination is sufficient for given purpose, CCα is
about five times lower than MRPL (see CD 2003/181/EC). In connec-
tion with GC/MS-NCI measurement it allows to achieve low limits of

Figure 1 Calibration curve for concentration range A) 0–5 ng/mL

Figure 3 Intra-laboratory reproducibility

Figure 2 Calibration curve for concentration range B) 0–50 ng/mL
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determination (CCα was 0.06 ng/mL, CCβ was 0.1 ng/mL), which offer
a possibility to trace the illegal use of CAP for live animals in breeding
within the scope of National plan of monitoring. The method is fully
validated according to the requirements of CD 2002/657/EC.

References
Commission Decision of 12 August 2002 implementing Council1]
Directive 96/23/EC concerning the performance of analytical
methods and the interpretation of results, OJ L 221, 17.8.2002, p. 8
Commission Decision of 13 March 2003 amending Decision 2002/657/2]
EC as regards the setting of minimum required performance limits
(MRPLs) for certain residues in food of animal origin, OJ L 71,
15.3.2003, p. 17
Shimalis O, Trinh A, Brandes H (2007) The Selective Extraction of3]
Chloramphenicol Using Molecular Imprinted Polymer (MIP) SPE.
Supelco Reporter 25.1, p.9

(continued on page 12)
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Figure 4 SupelMIP Reproducibility at concentration level 0.1 ng/mL

0,00

0,04

0,08

0,12

0,16

1 6 11 16 21 26 31 36
sample no.

c(
C

A
P)

n
g

/m
L

Newest additions to the SupelMIP range are phases for Amphetamines and
Fluoroquinolones.
For samples of the SupelMIP SPE tubes, please contact our Technical Service.
Also see the information on SPE samples on page 22.

! Related Information

Read more at sigma-aldrich.com/supel-select and request your copy of the product information brochure T408148 (KZQ).
Contact Technical Service for your free sample to try out and compare this new material.

NEW! – Supel™-Select HLB SPE
Sample Prep Performance at the Price you Desire
Supel-Select HLB SPE is a hydrophilic modified styrene-based polymer developed for
solid phase extraction. The retentionmechanism is predominately based on reversed-
phase interaction. However, hydrophilic modifications also allow the phase to be
selective for more polar compounds. (HLB: Hydrophilic Lipohilic Balance)

Extracts and Recovers a Broad Range of Analytes•
Reduces Ion Suppression•
Generic Methodology•
Resistant to Overdrying•
Low UV & MS Extractables•
Stringent Production and QC•
Greater Capacity for Smaller Elution Volumes•

Special offer!

Receive a 35 % discount on your first box of Supel-Select HLB.
Quote Promotion Code U42. (offer valid until 31.5.2009)

Phase Chemistry: Hydrophilic modified
styrene polymer

pH Compatibility: 0-14

Particle Size: 55-60 μm

MS Suitable: Yes

Surface Area: 400-410 m²/g

Pore Volume: 0.88 mL/g

Pore Size: 87 Å
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+
Featured Products
Description Qty. Cat. No.

SupelMIP Chloramphenicol, 25 mg/3 mL Pk. 50 53209-U

SupelMIP Chloramphenicol, 25 mg/10 mL (LRC) Pk. 50 53210-U
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(continued on page 14)

Resolving by Mass

Katherine K. Stenerson katherine.stenerson@sial.com

Introduction
GC-MS is a powerful tool for the analysis of unknowns and complex
mixtures due to the existence of vast GC-MS spectral libraries, mak-
ing the identification of many compounds possible. In the case of
complex mixtures containing many peaks, differences in mass frag-
mentation patterns can be used to resolve two peaks that are not
chromatographically resolved. This ability, exclusive to mass spectral
detectors (MSDs), is often referred to as “resolving by mass”. This is
not to be confused with the term “mass resolution” which refers to
the ability of the MSD to distinguish between two different masses.
On a standard GC detector such as an FID, the data obtained for

a chromatographic peak is two-dimensional, that is, it consists of
time vs. response. In the case of an MSD, the data for each peak can
be thought of as three-dimensional. It consists of time vs. response
vs. mass to charge ion, or m/z. The MSD can acquire the m/z data
by either continuously scanning a mass range (scan mode), thus

obtaining mass spectra of each chromatographic peak, or by moni-
toring selective ions (SIM mode). In this later case, since the MSD is
not scanning a mass range, a spectrum cannot be obtained for each
peak.

Resolved Chromatographically vs. Resolved by Mass
A total ion current (TIC) chromatogram of a semivolatile standard is
presented in Figure 1. Two specific areas have been highlighted to
represent a peak pair that is chromatographically resolved: benzo(b)
fluoranthene/benzo(k)fluoranthene, and a peak pair that is not:
bis(2-chloroisopropyl)ether/2-methylphenol. We shall demonstrate
why the former pair must be resolved chromatographically, while
the later pair can be resolved by mass.
When using anMSD in scan mode, quantitation is usually done by

monitoring response for a specific ion in an analyte’s mass spectrum.
In many cases, this ion, termed the “quantitation ion”, is the most
abundant in the spectrum. Other lesser abundant ions may also be
monitored to aid in proper identification of the analyte. These are
often termed “qualifier” ions, and are not used in quantification of
the peak. During the quantitation process, the quantitation ions are
extracted from the TIC chromatogram. The result is termed an “ex-
tracted ion current” or EIC chromatogram. This is demonstrated in
Figure 2 for the benzo(b)fluoranthene and benzo(k)fluoranthene
peaks indicated in the TIC chromatogram in Figure 1. These com-
pounds are isomers, and have the same mass spectra. As a result,
the EIC chromatogram of the quantitation ion, m/z 252, within the
relevant retention time window shows two peaks. For this reason,
these peaks must be resolved chromatographically in order to be
identified and quantified accurately.
In the case of bis(2-chloroisopropyl)ether and 2-methylphenol,

the two peaks are not chromatographically resolved. However, the
mass spectrum for each is different, and unique quantitation ions can
be chosen such that the peak produced in the relevant retention time
window of the EIC chromatogram is specific to each compound.
Library spectra for both compounds are presented in Figure 3. The
largest ions, or base peaks, present in each MS spectrum could be
chosen as quantitation ions, as they are not common between the

column: SLB-5ms, 30 m x 0.25 mm I.D., 0.25 μm (28471-U)
oven: 40 °C (2 min.), 22 °C/min. to 240 °C,

10 °C/min. to 330 °C (1 min.)
inj.: 250 °C

MSD Interface: 330 °C
scan range: m/z 40-450
carrier gas: helium, 1.0 mL/min. (11 min.), ramped at 10 mL/min.2

to 1.5 mL/min. (constant flow remainder of run)
injection: 0.5 μL, splitless (0.5 min.)
liner: 2 mm I.D., straight

sample: 40-50 mg on-column of a 72 component semivolatile standard

bis(2-chloroisopropyl)ether & 2-methylphenol

4 8 12 16 20
Min

6.6 7.0

benzo(b) & (k)
fluoranthene isomers

G004368

G004369

Figure 1 TIC Chromatogram of a GC-MS Analysis of a Semivolatile
Standard

benzo(k)fluoranthenebenzo(b)fluoranthene

16.2 16.4 16.6 16.8 17
Min G004370

Figure 2 EIC Chromatogram of m/z 252, Retention Time Window for
benzo(b) and benzo(k)fluoranthene Isomers
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two compounds. In the case of bis(2-chloroisopropyl)ether, this is
m/z 45, and in the case of 2-methylphenol, this is m/z 108.
EIC chromatograms of each of these ions in the retention win-

dow for these compounds will produce a single peak (Figure 4)
that can be used to accurately quantify each compound. If an ion
common to both spectra such as m/z 77 is chosen, a single peak is
still obtained in the EIC chromatogram, however it now represents
both analytes. This is an example of how by choosing unique ions,
coeluting peaks can be resolved by mass.

Conclusion
We have demonstrated the meaning of “resolving peaks by mass”,
which is a power unique to mass spectral detectors. This can simplify
chromatographic method development by allowing for coelutions of
peaks that have unique ions in their respective mass spectra, and
narrowing focus to those coelutions involving compounds with
similar mass spectra, such as isomers. In the case of chromatographic
coelutions, care should be taken when choosing quantitation ions
for each analyte to ensure that there is no interference from coelut-
ing peaks. If it is not possible to choose unique ions, then the GC
method must be modified to resolve the affected peaks chromato-
graphically. This can be done by modifying analysis conditions, or
using a GC column with different selectivity.

6.7 6.8
m/z G004375

bis(2-chloroisopropyl)ether + 2-methylphenol

m/z 77

Figure 5 EIC Chromatogram of m/z 77, Retention Time Window for
bis(2-chloroisopropyl)ether and 2-methylphenol

6.7 6.8
m/z

bis(2-chloroisopropyl)ether

m/z 45

2-methylphenol

m/z 108

6.7 6.8
G004373

G004374

Figure 4 EIC Chromatograms of m/z 45 and m/z 108, Retention Time
Windows for bis(2-chloroisopropyl)ether and 2-methylphenol

Figure 3 Library Spectra of bis(2-chloroisopropyl)ether (left) and 2-methylphenol (right)

G004371 G004372

A
bu
nd
an
ce

0 50 100 150
m/z

8000

6000

4000

2000

0

Unique Ion

Common Ion

15
27

45

38
55

63

77

85
93

107

121

128

135

146

A
bu
nd
an
ce

0 25 50 75 100
m/z

8000

6000

4000

2000

0

27
39

51

63
82

90

108

Unique Ion

Common Ion

77

+
Featured Products
Description Cat. No.

SLB™-5ms, 30 m x 0.25 mm I.D., 0.25 μm 28471-U
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Best Approaches to Gas Purification
Surpass Instrument/Column Manufacturers’ Recommendations

Robert F. Wallace bob.wallace@sial.com

Introduction
Even with the use of ultra-high purity gases, contaminants may be
present that will shorten column life and/or adversely affect chro-
matographic performance. To guard against this, gas management/
delivery systems must contain components designed to eliminate
these damaging contaminants. The installation of gas purifiers is
the only sure way to guarantee that every gas stream is contami-
nant free.
With so many products available, how does one go about deter-

mining which ones are appropriate for each gas stream? Let’s take a
closer look at the best purifier choices for several gas streams, includ-
ing GC carrier gas, make-up gas, FID fuel gas (both compressed air
and hydrogen), and the protection needed for LC-MS units.

Sources of Contaminants
Sources of gas contamination can include the gas cylinder, the cylin-
der changing process, fittings, and regulators. Of these, the primary
source is the gas cylinder. All grades of cylinder gas contain con-
taminants. The differences in grades are in the level and types of
contaminants measured. There is always a chance that even the
highest purity gas contains contaminants that can adversely affect
your application.

GC Carrier Gas
Selecting the proper purifiers for GC carrier gas begins with deter-
mining the contaminants to be removed from the gas, the levels to
which the contaminants must be reduced, the flow and pressure
needs of the system versus the flow maximums for effective opera-
tion of various purifiers, and the desired frequency of changing
purifiers. There is always a possibility that a gas cylinder, gas line,
or valve can contain residual hydrocarbons. Hydrocarbons and
other contaminants in the carrier gas can appear as peaks with
commonly used thermal conductivity detectors (TCD) and flame
ionization detectors (FID). In addition, it is known that GC columns
can degrade when exposed to moisture and oxygen in the carrier
gas. Therefore, carrier gas purification should start with purifiers
for trapping hydrocarbons, moisture, and oxygen. With com-
pound-specific detectors (sulfur, nitrogen/phosphorus, electron
capture), these three contaminants may be unseen, but they still
can hinder quantification of analytes and shorten column life.
Therefore, they must still be removed.
In carrier gas purification, the best purifier system includes multiple

purifiers that help protect each other from surges of contaminants
(as when room air enters the system during the process of changing
cylinders) while they are protecting columns and detectors. The first
step in deciding which purifiers to use is to determine, based on the

number and types of chromatographs in your system, what the gas
flow through the purifiers will be. Exceeding the flow rate that a
purifier is designed for will reduce the contact time between the gas
and the medium in the purifier, and the purifier may not reduce the
contaminants in the gas to the advertised levels of purity. If the total
flow in your system is 1 liter/minute or less, smaller purifiers (typically
containing 100-120 cc of adsorbent material) can be used. If the flow
is between 1 liter/minute and 10 liters/minute, a large capacity purifier
of each type (typically 750 cc of adsorbent material) can be used.

As shown in Table 1, for maximum system protection and longest
purifier lifetimes, we recommend a carrier gas purification scheme
consisting of a Supelcarb HC Hydrocarbon Trap, a Molecular Sieve 5A
Water Vapor Trap to remove moisture, a High Capacity Gas Purifier
for the removal of moisture and oxygen, and an OMI (Oxygen Mois-
ture Indicator) Purifier. This system will remove hydrocarbons first,
followed by moisture, and then oxygen. Figure 1 illustrates the
above-mentioned sequence of installation for carrier gas purifiers.

Name Contaminants Removed

Supelcarb™ HC C3 and higher hydrocarbons

Molecular Sieve H2O

High Capacity
Heated Purifier**

O2, H2O, CO2 & CO

OMI™ -2 O2, H2O, CO2, CO, NH3, alkynes, halocarbons,
halogens, & hydrogen halides

** Can be used with He, N2, Ar/CH4; not compatible with air, O2 or H2.

Table 1 Purifiers and the Contaminants They Remove

(continued on page 16)

Carrier
Gas
Cylinder

Shutoff
Valves

797-0152

Pressure Relief Device

Hydrocarbon
Trap

Pressure Gauge

Molecular Sieve 5A
Drying Tube

In-Line
Filter

To
O
th
er

G
C
s

OMI Tube

Shutoff Valves

Pressure
Gauge

GC

Oxygen/Water
Vapor Trap

Pressure
Gauge

Figure 1 Recommended Configuration for Carrier Gas Purifiers
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The primary function of a hydrocarbon trap is to trap most hydro-
carbons. Some hydrocarbon traps, like our Supelcarb HC Hydrocar-
bon Trap, contain a carbon molecular sieve that also restricts the
elution of moisture and oxygen. Surges of moisture and oxygen that
enter the gas line during the installation of a new gas cylinder enter
the Supelcarb HC Hydrocarbon Trap and are released slowly, diluted
by the clean carrier gas from the new cylinder to levels that are more
effectively dealt with by the Molecular Sieve 5A Water Vapor Trap
and/or the High Capacity Gas Purifier moisture/oxygen trap down-
stream. (Note that hydrocarbon traps do not trap methane under
normal conditions.)
TheMolecular Sieve 5AWater Vapor Trap, which contains a zeolite

molecular sieve, removes most of the moisture and slows the move-
ment of oxygen. Gas reaching the very efficient High Capacity Gas
Purifier contains significantly reduced concentrations of contaminants.
This conserves the purifying material in the trap, minimizing the
frequency of replacement, and ensures the trap will reduce moisture
and oxygen levels to less than 1 ppm, the desired level of carrier gas
purity to ensure best column performance and long column lifetimes.
This 1 ppm level meets the demands of GC columns.
As a final safeguard, we recommend installing an OMI Purifier

just before the carrier gas line enters the GC. This protects against
contaminants that may have entered through fittings in the gas
lines. The OMI Purifier also gives a visible indication of contami-
nants. If it changes color, the GC system has leaks or the purifiers
installed in front of it have expired and need replaced.

It should be noted that contaminants start to break through a
purifier after about 75 % of the theoretical capacity (Figure 2) is
expended. This is because contaminants react with the material
along the center of the purifier tube before they react with the
material along the periphery of the tube.

It is not required to purchase costly certified gas in an effort to
avoid critical carrier gas impurities that can damage your GC columns
and elicit detector noise. These sequentially connected purifiers
remove impurities from inexpensive (99.995 % pure) carrier gas.
Supelco researchers routinely purify low carrier gas grades with
this purification system. As shown in Table 2, after purification,
our carrier gas actually contains lower concentrations of chromato-
graphically critical impurities than most certified grades.

GC Carrier Gas (Helium Specific)
For helium carrier gas protection, the combination of a Supelco
Helium Purifier and an OMI Purifier is the best choice. The Supelco
Helium Purifier incorporates multiple beds of highly effective, high
capacity adsorbent material to remove hydrocarbons, moisture,
oxygen, carbon monoxide, and carbon dioxide from the helium
stream. It is ideal for GC or GC-MS applications where high purity
helium is essential. The output purity will be less than 100 ppb total
of all contaminants (less than 30 ppb hydrocarbons [as methane],
less than 20 ppb moisture, less than 2 ppb oxygen, less than 20 ppb
carbon monoxide, and less than 20 ppb carbon dioxide).

Make-Up Gas
To increase the total flow entering the detector and to help mini-
mize dead volume, make-up gas may be added at the exit end of
the column. Gases such as nitrogen, helium, and argon/methane
are typical make-up gases. Make-up gas should be free of con-
taminants to prevent baseline interference and excessive noise
within the detector. If hydrocarbon contamination is suspected,
install a Supelcarb HC Hydrocarbon Trap upstream of moisture and
oxygen traps. Because moisture reacts with most oxygen traps,
install a Molecular Sieve 5A Water Vapor Trap in front of a
Supelpure™-O Oxygen Purifier. Installing an OMI Purifier last on the
make-up gas line will give the final polishing of the gas before it
enters the system.

75 % of Length

Unspent Adsorbent

Spent Adsorbent Color Indication

Forwardmost Point of Expended Absorbent
797-0371

Direction of Gas Flow

Figure 2 Breakthrough Begins at About 75 % of Apparent Purifier
Capacity

Table 2 Quality1 and Cost Benefits of Proper Purification

1 Relevant to chromatographically critical impurities.
2 Column 1 compiled from various specialty gas manufacturers catalog specifications;
Column 2 from personal communication with industry experts;
Column 3 provided by Hercules, Incorporated, Wilmington, DE.

Impurity Levels (ppm)2

Component

Certified Gas
(99.9995 %)
No Purifiers

High Purity Gas
(99.995 %)
No Purifiers

High Purity Gas
(99.995 %)
Supelco Purifiers

THC (as CH4) 0.5 1 1

Water 0.5 1.5 0.01

Oxygen 1 3 0.01

Carbon Dioxide 0.1 0.5 0.06



G
C

17

sigma-aldrich.com/gc

FID Fuel Gas (Compressed Air)
Air used as fuel for a flame-type detector does not require the same
degree of purification as carrier gas. Impurities in fuel gases used
with flame ionization detectors (FID) affect the performance of the
detector, particularly when operating at high sensitivity. Effective
air purification consists of removing the hydrocarbons and reducing
the water level to 50 ppm or less. A Supelcarb HC Hydrocarbon
Trap and a Molecular Sieve 5A Water Vapor Trap will assist in the
removal of contaminants and ensure the proper performance of the
FID.
The approach to air purification differs, however, depending on

whether the source of the air is cylinders, an air compressor, or an
air generator. As an alternative to air cylinders or compressors, a
modern, low-maintenance zero air generator will provide air at a
purity exceeding the quality demands of your chromatograph.

FID Fuel Gas (Hydrogen)
For hydrogen used as fuel for a flame-type detector, the same puri-
fication system (removal of hydrocarbons and moisture) is used as
for air from cylinders. We do not recommend using plastic bodied
purifiers to purify fuel hydrogen because they are permeable to
moisture and oxygen in the atmosphere. The Supelcarb HC Hydro-
carbon Trap and Molecular Sieve 5A Water Vapor Trap are the best
options for protecting fuel hydrogen gas.

LC-MS Units
Removing contaminants from a nitrogen feed line is critical to the
performance of an LC-MS unit. A two-cartridge base-plate gas pu-
rification system specifically designed to meet the high flow de-
mands of the LC-MS while removing hydrocarbons, allows the ni-
trogen supplying the system to reach a purity greater than 6.0 gas
(99.9999 %) quality. Independent of the original gas quality, this
purifier can reduce contaminants down below the ppm level or lev-
els lower than the limit of the analytical detection. To allow longer
contact with the gas stream the purifiers are connected in parallel
and the gas stream is split equally between the cartridges and re-
joined after the purification and prior to leaving the base-plate. This
LC-MS purifier is a glass/metal cartridge making it completely inert
with the ability to withstand pressures up to 150 psi/11bar.

Conclusion
Gas purifiers to remove contaminants are needed regardless of the
gas purity being used. As discussed, sources of contaminants in-
clude the gas cylinder, the cylinder changing process, fittings, and
regulators. Adhering to Supelco’s purifier recommendations and
installing them in the proper sequence is the only sure way to guar-
antee the highest quality gas, resulting in maximum column life and
ultimate performance.

Purifiers should be installed as closely as possible to the
GC bulkhead fitting. If purifiers are installed upstream, a
leaky fitting downstream of the purifiers could allow
contaminants to enter the gas stream and degrade col-
umn performance. To prevent spontaneous breakage,
coil the line leading to and from purifiers to relieve strain
and isolate instrument vibrations.

Did you know?>

For more information on gas purification and installation, request Gas
Management Systems for GC, T196898 (AYW), Selecting Purifiers for Gas
Chromatography, T197918 (BIT), or visit our website sigma-aldrich.com/gc

! Related Information

+
Featured Products
Description Fittings Cat. No.

Single Bed Purifiers, Indicating*

OMI-1 purifier tube n/a 23900-U

OMI-2 purifier tube n/a 23906

OMI-2 holder 1/8 in. 23921

OMI-4 purifier tube n/a 23909

OMI-4 holder 1/8 in. 23926

Single Bed Purifiers, Non-Indicating*

High Capacity Gas Purifier, 110 V 1/8 in. 23800-U

High Capacity Gas Purifier, 230 V 1/8 in. 23801

High Capacity replacement purifier tube 1/8 in. 22396

High Capacity Gas Purifier, 110 V 1/4 in. 23802

High Capacity Gas Purifier, 230 V 1/4 in. 22398

Supelcarb HC hydrocarbon trap, 120 cc 1/8 in. 24448

Supelcarb HC hydrocarbon trap, 120 cc 1/4 in. 24449

Supelcarb HC hydrocarbon trap, 750 cc 1/4 in. 24564

Supelpure HC hydrocarbon trap, 120 cc 1/8 in. 22445-U

Supelpure HC hydrocarbon trap, 120 cc 1/4 in. 22446

Supelpure HC hydrocarbon trap, 750 cc 1/4 in. 24518

Molecular Sieve 5A water vapor trap, 200 cc 1/8 in. 20619

Molecular Sieve 5A water vapor trap, 200 cc 1/4 in. 20618

Molecular Sieve 5A water vapor trap, 750 cc 1/4 in. 23991

Supelpure-O oxygen trap, 120 cc 1/8 in. 22449

Supelpure-O oxygen trap, 120 cc 1/4 in. 22450-U

Supelpure-O oxygen trap, 750 cc 1/4 in. 503088

Multi-Bed Purifiers, Non-Indicating

Supelco Helium purifier 1/8 in. 27600-U

Supelco Helium purifier 1/4 in. 27601-U

Super Clean™ LC-MS Purifiers, Non-Indicating Hydro-
carbon, (charcoal) Pack of 2

SU861029

Two-position baseplate, high flow for LC-MS 1/4 in. 28879-U

* For contaminants removed please refer to Table 1.

+
Related Products
Description Cat. No.

Swagelok® On/Off Throttling Valve 1/8 in. 22138-U

Swagelok On/Off Throttling Valve 1/4 in. 22139-U

Swagelok Toggle Valve, Brass, 1/8 in. 22699

Swagelok Toggle Valve, Brass, 1/4 in. 22697

Fine Metering Valve, Brass, 1/8 in. 22116

Fine Metering Valve, SS, 1/8 in. 22117

Pressure Gauge Kit, 0-100 psig 20392
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Intermediate Polar Capillary Columns:
SPB™-608 and Equity®-1701
As stated earlier, the confirmation column chosen for Methods
608.1 and 608.2 must be of a different chemistry than the primary
column, and thus result in different retention times for each of the
analytes. It should also resolve any coelutions observed on the pri-
mary column.
The Supelco SPB-608 has higher polarity than the SLB-5ms, and

consequently, provides different selectivity. The exact composition of
the phase is proprietary, however it is known that it displays selectivity
for pesticides based on pi-pi and dipole-induced dipole, in addition
to dispersive interaction. The mixture of 608.1 and 608.2 pesticides
shown previously on the SLB-5ms was analyzed on the SPB-608
(Figure 2). Overall, the pesticides were more strongly retained by

Chemical Standards and Capillary Columns for US EPA Methods 608.1 and 608.2

Katherine Stenerson katherine.stenerson@sial.com

Introduction
US EPA Methods 608.1 and 608.2 are extensions of Method 608,
and describe the extraction and analysis of certain organochlorine
pesticides in municipal and industrial wastewater. This method re-
quires the use of an electron capture detector (ECD) and two GC
packed columns of different chemistries to confirm the presence of
pesticides found in unknown samples. EPA, however, allows the
use of open-tubular capillary columns, as described in the Gas
Chromatography sections of both 608.1 and 608.2. Considered an
improvement over packed columns for this application, capillary
columns will provide superior resolution and peak shape, and often
have longer usable lifetimes.
Recently, Supelco introduced two new analytical standards for

Methods 608.1 and 608.2. The standards were formulated to con-
tain all pesticides listed in the methods, and are made in isooctane,
making them compatible with further dilution into hexane. This article
will discuss the analysis of these new standards on three different
capillary GC columns. Since many laboratories utilizing these methods
may choose to cover both pesticide lists in a single GC analysis, we will
show analysis of the combined two standards on each column.

Non-Polar Capillary GC Column: SLB-5ms
A 5 % phenyl-type column is a common choice as the primary GC
analysis column for organochlorine pesticide methodologies. This
type of column incorporates phenyl groups on a dimethylpolysiloxane
polymer backbone. Selectivity is based mainly on dispersive inter-
action (London dispersion forces), resulting in separation primarily
by boiling point. The phenyl content of the phase also provides
some selectivity for molecules in which a dipole can be induced.
The Supelco SLB-5ms capillary column is in this class.
In many 5 % phenyl phases, the phenyl group is attached as a

side or “pendant” group on the dimethylpolysiloxane polymer. The
polymeric structure of the phase used in the SLB-5ms is such that
the phenyl groups are incorporated into the polymer backbone it-
self. This type of polymeric structure is termed “silphenylene”. The
structure of a silphenylene polymer makes it more stable and less
susceptible to the degradation reaction that produces column
bleed. This is a desirable characteristic for columns used with highly
sensitive detectors such as an ECD.
In Figure 1, the analysis of the 608.1 and 608.2 pesticides is

illustrated on this column. The pesticides eluted generally from
lowest to highest boiling. One coelution was noted, chloroben-
zilate and chloropropylate. These two pesticides are very similar in
structure, differing by a single methyl group. In this case, the use
of a more polar confirmation column is necessary to resolve the
pair, by differentiating between the subtle differences in dipole
moments between the compounds.

Conditions for Figures 1, 2 and 3
columns: SLB-5ms, 30 m x 0.25 mm I.D., 0.25 μm (28471-U)

SPB-608, 30 m x 0.25 mm I.D., 0.25 μm (24103-U)
Equity-1701, 30 m x 0.25 mm I.D., 0.25 μm (28372-U)

oven: 75 °C (2 min.), 15 °C/min. to 300 °C (SLB-5ms and SPB-608)
or 280 °C (Equity-1701) (5 min.)

inj.: 250 °C
det.: ECD, 300 °C

carrier gas: helium, 1.2 mL/min., constant flow
injection: 1 μL, splitless (splitter open after 0.75 min.)
liner: 4 mm I.D., single taper

sample: mixture of 608.1 and 608.2 calibration solutions
(40351-U and 40352-U) at 100 ppb in n-hexane

Peak IDs for Figures 1, 2 and 3
1. 1,2-Dibromo-3-chloropropane
2. Etridiazole
3. Chloroneb
4. Propachlor
5. Dicloran
6. Pentachloronitrobenzene

G004376
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7. Chlorothalonil
8. Dacthal
9. Chloropropylate
10. Chlorobenzilate
11. Methoxychlor
12. Permethrin isomers

Figure 1 Method 608.1 and 608.2 Pesticides on the SLB-5ms, 100 ppb
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The analytical standards used for this illustration are now available
as separate standard solutions for Methods 608.1 and 608.2. They
can be easily diluted into hexane for final use, and used separately or
combined into a single working standard. As always, each chemical
and solvent used in the preparation of these standards has been
screened for identity and purity. The mixtures are gravimetrically
prepared and quantitatively analyzed by gas chromatography. A cer-
tificate of analysis accompanies each standard.

the SPB-608 than the SLB-5ms. The selectivity of the SPB-608 pro-
vided resolution of the chloropropylate/chlorobenzilate pair, how-
ever dicloran and pentachloronitrobenzene coeluted.
The Supelco Equity-1701 column is also of a higher polarity than

the SLB-5ms. It is made using a cyanopropylphenyl dimethylsilox-
ane stationary phase. In addition to dispersive, the Equity-1701 also
exhibits strong dipole and moderate basic interactions. Its selectiv-
ity for pesticides is different from the SLB-5ms, thus it has often
been used as a confirmation column. The 608.1/608.2 pesticide
mixture was analyzed on this column (Figure 3), and as expected,
retention times were different by >2 minutes from the SLB-5ms.
However, compared to the SPB-608, retention times were similar
(<0.5 min.) Despite this, a difference in selectivity was noted be-
tween the Equity-1701 and SPB-608, as dicloran was resolved from
pentachloronitrobenzene. The chloropropylate/chlorobenzilate pair
also resolved, although not to baseline as on the SPB-608.

Conclusion
If the Supelco SLB-5ms is chosen as the primary column for the
analysis of EPA Methods 608.1/608.2 pesticides, a confirmation
column must be chosen that will resolve any coelutions, and exhibit
different retention times for the analytes. Both Supelco SPB-608
and Equity-1701 columns meet these criteria, and either could be
used as a confirmation column for this application. In addition,
these columns have utility for other applications such as the analysis
of pesticides by EPA Method 8081 or PCBs by EPA Method 8082.
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Figure 2 Method 608.1 and 608.2 Pesticides on the SPB-608, 100 ppb
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Figure 3 Method 608.1 and 608.2 Pesticides on the Equity-1701, 100 ppb

For other dimensions of above mentioned columns or other phases please
refer to the Supelco catalog or visit us under sigma-aldrich.com/gc

! Related Information

+
Featured Products
Description Cat. No.

SLB-5ms, 30 m x 0.25 mm I.D., 0.25 μm 28471-U

SPB-608, 30 m x 0.25 mm I.D., 0.25 μm 24103-U

Equity-1701, 30 m x 0.25 mm I.D., 0.25 μm 28372-U

EPA 608.1 Calibration Solution 40351-U

1000 μg/mL in isooctane
Chlorobenzilate Propachlor
Chloroneb Pentachloronitrobenzene
Chloropropylate Etridiazole (ethazol)
1,2-Dibromo-3-chloropropane

EPA 608.2 Calibration Solution 40352-U

100 μg/mL in hexane
Chlorothalonil Methoxychlor
Dacthal Permethrin (cis/trans)
Dicloran
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An earlier study (1) demonstrated that lower quality solvents (e.g.
standard HPLC grade brand) contaminates the detection source.
On the other hand, use of a higher quality LC-MS CHROMASOLV
solvent does not foul the source and minimizes chance for lower
detection, complex spectral analysis and instrument downtime.

LC-MS CHROMASOLV® Mobile Phase Eluents and Additives
High Purity and Pre-tested Solvents, Solvent Blends and Additives

Shyam Verma shyam.verma@sial.com

LC-MS is now routinely used as an analytical tool in research and
industrial laboratories. The demand on sensitivity, specificity and
speed of analysis requires use of high purity chemicals for sample
preparation, mobile phase and post-column additives. Impure mobile
phase solvents are the most common source of extraneous peaks
and unstable LC-MS baselines. Unlike other sources of contamina-
tion, solvent-derived impurities do not condition out over time.
Potential LC-MS contaminants include inorganic ions, decomposition
products, closely related compounds present in the manufacturing
process, microbes and compounds they excrete, particulate matter
from improper filtration and precipitation, and compounds adsorbed
from the atmosphere and packaging materials.

Irrespective of the source, impurities in LC-MS mobile phase solvents
can result in the following situations:

Build-up on the head of the HPLC column and elute as distinct•
peaks or as baseline rise.
A general elevation in baseline, lowering the sensitivity of the•
analysis.
Foul or damage sensitive instrument components.•
Cause cluster ion formation that prevents reliable identification•
and quantification.

LC-MS CHROMASOLV solvents from Sigma-Aldrich undergo 34
distinct and relevant tests to ensure they meet the stringent criteria
required for sensitive LC-MS analysis. Some of the most valuable
features include:

Application-tested for LC-MS using the resperpine test (• Figure 1)
Low gradient baseline with an external optimized protocol•
Very low level of inorganic and metal ions for high sensitivity•
spectral interpretation.
Free of particulate matter and non-volatile compounds to main-•
tain system integrity.

LC-MS CHROMASOLV high purity solvents deliver stable, minimal
LC-MS baselines. Convenient pre-mixed and pre-tested blends are
easy to use and reduce variability due to mixing.

The LC-MS CHROMASOLV product line comprises of:
Pure solvents: the most commonly used pure solvents, including•
water, acetonitrile and methanol.
Solvent blends: convenient pre-blended solvent mixtures con-•
taining ultra-pure volatile ionic additives, like TFA, ammonium
acetate, acetic acid and formic acid.
Mobile phase additives: buffers and other ionic additives that offer•
many benefits, such as pH control, low adsorption, improved
peak shape, selectivity or recovery, and optimized ionization at
the MS interface.
Flush solution: provides stable baseline.•

References
C. T. Santasania and S. Verma, Avoid LC-MS source contamination1]
by using high quality CHROMASOLV solvents and blends, Supelco,
TheReporter, Vol. 25.2: 8-9.
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Figure 1 Resperpine Test: resperpine spectrum measured in Methanol
(Cat. No. 34966); no signals should be greater than [M+H]+=609
(100 ppb resperpine; ESI, positive mode)

+
Featured Products
Description Cat. No.

LC-MS CHROMASOLV Solvents

Water 39253

Acetonitrile 34967

Methanol 34966

2-Propanol 34965

Ethyl acetate 34972

LC-MS CHROMASOLV Solvent Blends

Water with 0.1 % TFA 34978

Acetonitrile with 0.1 % TFA 34976

Methanol with 0.1 % TFA 34974

Acetonitrile with 0.1 % formic acid 34668

Acetonitrile with 0.1 % ammonium acetate 34670

Acetonitrile with 0.1 % formic acid and 0.1 % TFA 34676

LC-MS Mobile Phase Additives

Trifluoroacetic acid, puriss p.a. 40967

Formic acid, puriss p.a. 56302

Acetic acid, puris p.a. 49199

Ammonium formate, puriss p.a. 55674

LC-MS CHROMASOLV Flush Solution

Water:2-propanol 34689
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Vial Size (mL) 2 2 2 4 7 15 22 40/60

Septa Diameter (mm) 8 9 10 11 13 16 18 22

Package Size 100 100 100 100 100 100 100 100

PTFE/silicone, Max. Temp.: 250 °C

tan/white 27095-U – – 27144 27155 27166 27177 27188-U

blue/white 27510-U – – 27511 27512 27513 27514 27515

red/white 27097-U 29039-U 27277 – – – – –

white/white – – – 27356 – – –

red/white w/slit 27098-U – 27279 – – – – –

PTFE/silicone/PTFE 27096-U 29041-U 27275 27122-U – – – –

Thermoseal, Max. Temp.: 300 °C

(high temperature)

27191 – – 27192 27193 27194 27195 27196

PTFE/rubber, Max. Temp.: 100 °C 27132 29038-U – 27145 27156 27167 27178 –

PTFE liner, Max. Temp.: 225 °C 27133 – 27281 27146 27157 27168 27179 –

Barrier, Max. Temp.: 350 °C

(aluminum/silicone)

24882-U – – 24883 24884 24885-U 24886-U 27190-U

Viton, Max. Temp.: 260 °C 27350-U – – 27351 27352 – 27354 27355

Autosampler Vials

Headspace Vials

SPME Vials

Silanized Vials

Precleaned Vials

Vial Accessories

V I A L SV I A L S

Chromatographic Vial Septa

Wide range of sizes and materials available•
Fits tightly in closures•
Available to ship immediately•

Supelco offers a wide range of septa for a variety of analytical appli-
cations. Each septum has been sized to fit tightly into our phenolic
and polypropylene caps.
Supelco septa are manufactured from various materials includ-

ing PTFE/silicone, PTFE/red rubber, Viton®, thin PTFE (0.010"),
Thermoseal™ (high temperature) and Barrier (aluminum-faced sili-
cone). PTFE/silicone septa are the septa of choice when working
with organic solvents. These septa are preconditioned to reduce
siloxane interferences and are ready to use. PTFE/silicone septa are
offered with several different colors of PTFE facing for color-coding
samples.

PTFE/red rubber septa are useful with most organics until pierced.
Viton septa resist mineral oil, aliphatic and aromatic hydrocarbons
and high concentrations of acids. These septa are useful for applica-
tions requiring only a few injections and where the temperature
may reach 260 °C. For application in sealing where non-permeabil-
ity and low volatility are required, we offer Barrier (aluminum faced
silicone) septa.
If you require dimensions not shown below, please provide the

type of septa material preferred, the diameter of the septa and the
quantity that you require. We will provide you with a custom
product quotation.

P000881 P000883

PTFE/Rubber PTFE/Silicone Thermoseal

PTFE Liner Barrier Viton

P000874

P000882

For more information please order Vials Brochure (code IXH) or to inquire
about other products, please email EurTechServ@sial.com

! Related Information

P000879
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Pipette Tips

SPE Micro-Scale Extraction
The right solution for faster sample enrichment in
Proteomics, Glycomics, and Metabolomics.

� Superior recovery, binding capacity, and affinity
� Excellent sorbent bed stability for cleaner samples
� Fast and effective analyte retention/elution

Pipette Tips Cat. No.

Supel-Tips Zr 54266-U

Supel-Tips Ti 54263-U

OtherChemistries:

Supel-Tips C18 TPSC18

Supel-Tips Carbon 54227-U

All pipette tips are 10 μL in size

Zirconia-Silica & Titania-Silica Composite
Pipette Tips for Purification/Enrichment
of Phosphopeptides

For more information, visit our website sigma-aldrich.com/pipette-tips

Test the Best …

… for your application. In doubt of a suitable SPE phase for your sample prep-
aration? Need support in SPE Method development? Then feel free to contact
our technical service for support and request your sample of an SPE phase that
is most promissing for your application.

SupelMIP™

FreeSamples!

Samples are available for
SupelMIP SPE• tubes for highly selective isolation of compound from
complex matrices – NEW! for Fluoroquinolones
Discovery SPE tubes• – reversed phase, normal phase, ion exchange,
mixed mode and carbon for applications in pharma, environmental
and food analysis
dSPE – dispersive SPE• – tubes for the “QuEChERS” method
Discovery Ag-Ion SPE• – SPE tubes for the fractionation of
cis & trans FAMES prior to GC
NEW!• Supel™-Select HLB – Hydrophilic lipohilic polymer phase
NEW!• Supel ™-Tips – packed pipette tips for micro-scale SPE

For more information on SPE products, request your copy of
the new SPE brochure (FEB) or contact our Technical Service
EurTechServ@sial.com

New pricing!

Save on your sample clean up.
Request your free trial pack.
Contact our Technical Service.
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Center Drain (CD™) Vials

The patented Center Draining or CD Vial has a unique conical inte-
rior bottom that promotes draining of the vial’s contents into the
center bottom of the vial, where virtually all of it can be extracted.
The production process ensures consistency of quality and precision
in the CD Vials. The conical well, located in the exact center of the
vial bottom, features a smooth transition from sidewall into the
well, and the bottom thickness dimension is the same in each vial.
In comparison tests against other manufacturers’ conical high-

recovery vials, the CD Vial allows maximum extraction (<4 μL dead
volume), while the competitors’ vials allow the contents to hang up
in the transition area, leaving several microliters of liquid still in the
vials after extraction. As shown in Figure 1, there is a significant
amount of sample remaining in the competitor’s vial on the right,
while the CD Vial has yielded almost total recovery of the liquid in
the vial.

Applications
Library sample storage•
Lyophilization•
Centrifugation•
Micro mixing•
Extraction•
Concentrations•
Derivatization•

Hybridization•
Anaerobic Reactions•
Homogenization•
Small scale reactions•
Radiosynthesis•
Catalytic hydrogenation•

E000998

CD Vial
High
Recovery
Vial

E000999

TRADEMARKS: Ascentis, CHIROBIOTIC, CHROMASOLV, Equity, HybridSPE, OMI, SLB, SPB, Supelcarb, Supel, SupelMIP, Supelpure – Sigma-Aldrich Biotechnology LP;
CD – QIS, Inc.; Fused-Core – Advanced Materials Technology; Hamilton – Hamilton Co.; PEEK – Upchurch Scientific, Inc.; Super Clean – Scientific Glass Technology;
Swagelok – Swagelok Co.; Waters –Waters Associates, Inc.; Center Drain (CD)

SPME (Solid Phase Microextraction) – Technology licensed exclusively to Supelco. US patent #5,691,206. European patent #523,092

Figure 1 Superior Sample Extraction from CD Vial Compared to
Competitor Vial

Features and benefits:
Limited volume injections with less than 4 μL dead volume•
Eliminates bent needle problem associated with limited volume•
inserts
Will withstand temperatures from -70 °C to 160 °C•
Concentrate samples in the same vial that you use in autosampler•
Solid glass base offers better heat sink for concentrating samples•
Made from Type 1 Borosilicate glass•

Sigma-Aldrich offers a variety of CD vial products. For help with product
selection, email Sigma-Aldrich Technical Service at EurTechServ@sial.com

! Related Information

+

Featured Products
Certified Center Drain CD Vials
12 x 32 mm, 1.5 mL, large opening, Pk/100
Description Cat. No.

Screw top vial kits with blue cap and septa, 9 mm thread

Clear glass, PTFE/silicone septa 29307-U

Clear glass, PTFE/silicone/PTFE septa 29308-U

Clear glass, pre-slit PTFE/silicone septa 29309-U

Amber glass, PTFE/silicone/PTFE septa 29313-U

Amber glass, pre-slit PTFE/silicone septa 29314-U

Snap Top kits with caps and septa

Clear glass, blue cap with PTFE septa 29301-U

Clear glass, blue cap with PTFE/silicone septa 29302-U

Clear glass, blue cap with pre-slit PTFE/silicone
septa

29303-U

Crimp top vials (vial only)

Clear glass 29298-U
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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

Vietnam
SIGMA-ALDRICH Pte Ltd. VN R.O.
133/27N Ngo Duc Ke Street,
Ward 12 Binh Thanh District,
Ho Chi Minh City
P: (848) 3516 2810
F: (848) 6258 4238

Internet
sigma-aldrich.com


