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Fused-Core™ HPLC Columns, CHROMASOLV® LC-MS 
Solvents, and HybridSPE™-Precipitation Technology 
accelerate the success of bioanalytical scientists
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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 corporate commitment to chiral 
chemistry. Information on other products, 
including chiral mobile phase additives and 
reagents for asymmetric synthesis, chiral 
derivatization and resolution is available 
through our dedicated chiral portal:

www.sigma-aldrich.com/chiral

Regards,

Tracy Ascah

Chiral Chromatography Product Manager
tracy.ascah@sial.com

Tracy Ascah

Chiral Chromatography Product Manager

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

Ascentis Express Particle Totally Porous Particle
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(continued on page 4)

Introducing Ascentis
®

 Express RP-Amide: 
Combining an Embedded Polar Group Stationary Phase  
and Fused-Core

™

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

Ascentis Express RP-Amide HPLC columns are the most 

recent product additions to the Supelco HPLC product 

line. Combining an embedded polar group (EPG) station-

ary 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 perfor-

mance 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 improvements 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 

the 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 aminopro-

pylsilane 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 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.

G004388
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Improved Peak Shape for Basic Compounds

As previously mentioned, Ascentis Express RP-Amide 

phase reduces silanol interactions with basic analytes 

improving peak shape. A good test to demonstrate 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 compounds are protonated.  

The protonated (charged) bases interact 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 column with a mobile phase 

pH of 7 (Figure 4). As shown in Figure 4, the RP-Amide 

produces more symmetrical peaks than the C18 for these 

difficult test probes. Asymmetry data is summarized in 

Figure 5 for doxepin, imipramine, and amitriptyline.

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 

demonstrating enhanced selectivity of the RP-Amide phase. 

(continued from page 3)

Figure 2. Early Generation Two-step Bonding Process for EPG Amide Phases
Step 1. Aminopropyl Phase Step 2. Amide Phase

      Incomplete conversion to amide phase

Figure 3. Next Generation One-step Bonding Process for EPG Amide Phases
 Base Silica Step 1. Amide Phase
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The RP-Amide phase shows 

complete baseline resolu-

tion of these related 

compounds 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 differ-

ences 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. 

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

 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

G004358
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 1. Maleate 
 2. Nordoxepin
 3. Protripyline
 4. Desipramine
 5. Nortriptyline
 6. Doxepin
 7. Imipramine
 8. Amitriptyline
 9. Trimipramine
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Figure 5. Asymmetry Factors for Difficult Bases on  
Ascentis Express RP-Amide and Conventional C18
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Figure 6. Separation of Phenolics on Ascentis Express 
RP-Amide & C18, & Waters BEH Shield RP18, 1.7 μm

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

G004309

G004360

G004308

Ascentis Express RP-Amide, 2.7 μm
pressure: 4400 psi

Waters BEH Shield RP18, 1.7 μm 
pressure: 8250 psi

G002590

Catechol

G002594

Resorcinol

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

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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Aqueous Compatible Reversed-Phase Column

Ascentis Express RP-Amide provides stable and reproduc-

ible 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.

Featured Products+
 ID Length Ascentis Ascentis
  (mm)  (cm) Express C18 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

1 2

3
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5

6
7

1 2

3
4

5
67

Ascentis Express C18, 2.7 μm
pressure: 4400 psi
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High Quality TSK-GEL® HPLC Columns and Toyopearl® 
LC Resins for Bioseparations from Sigma-Aldrich

Tracy Ascah
tracy.ascah@sial.com

Supelco customers in pharmaceutical, biotech, aca-

demia, government and research institutions worldwide 

have benefited from our longstanding relationship with 

Tosoh Biosciences as distributor of their premier line of 

TSK-GEL HPLC columns and Toyopearl LC resins. With this 

relationship entering its third decade, we want to take this 

opportunity to provide our readers with an overview of 

the Tosoh line.

TSK-GEL columns

Prepacked columns containing TSK-GEL media are 

designed for the analysis of proteins, peptides, biopoly-

mers and low molecular weight analytes. Launched in 

1972, TSK-GEL columns have an outstanding reputation 

for performance, quality and reliability. TSK-GEL columns 

cover all major chromatography modes, including size 

exclusion, ion exchange, hydrophobic interaction, affinity, 

HILIC and reversed-phase. The TSK-GEL packings are 

either silica- or polymer-based, in particle sizes ranging 

from 2 μm to 20 μm. A wide range of pore diameters 

permits separation of small to large biomolecules. Surface 

treatments minimize adsorption and maximize protein 

recovery. Columns are available in analytical through 

preparative sizes, in stainless steel, PEEK® and glass.

  TSK-GEL SW, SWXL and SuperSW – Silica-based 
particles for high performance size exclusion protein 
separations

  TSK-GEL PW and PWXL – Polymer-based particles 
for high performance size exclusion separations of 
water-soluble polymers and oligosaccharides

  TSK-GEL DEAE, CM and SP – Silica- and polymer-
based particles for high performance ion exchange 
separations

  TSK-GEL ABA, Boronate, Heparin, and Chelate 
– Polymer-based particles for high performance 
affinity separations

  TSK-GEL Butyl, Ether and Phenyl – Polymer-based 
particles for high performance hydrophobic interac-
tion (HIC) separations

  TSK-GEL ODS-140HTP, Super-ODS, C18-NPR, 
C18-4PW, Phenyl-5PW and Oligo-DNA – High 
performance reversed-phase (small or large) 
biomolecule separations

  TSK-GEL Amide-80 – Polymer-based particles for 
high performance hydrophilic interaction (HILIC) 
peptide separations

Toyopearl resins 

Hydrophilic, macroporous Toyopearl resins are ideal for 

large-scale chromatographic applications, with the same 

separation modes and selectivity as TSK-GEL columns for 

reliable scale-up. Toyopearl resins are stable from pH 2-12 

for operating and pH 2-14 for cleaning. The particle sizes 

include 20-50 μm superfine grade for the highest 

performance, 40-90 μm medium grade for economical 

purification and 50-150 μm coarse grade for capture 

chromatography. 

The entire line of TSK-GEL columns and Toyopearl resins 

is available through Supelco/Sigma-Aldrich, where you 

can benefit from our technical support and worldwide 

distribution network. 

To see the complete line, please visit our website 

sigma-aldrich.com/tsk

Figure 1. Glutathione S-transferase on TSK-GEL 
G3000SWXL

 column:  TSKgel G3000SWXL, 30 cm x 7.8 mm I.D.,  
  5 μm particles (808541)
 mobile phase:  0.3 M NaCl in 50 mM Na2HPO4, pH 7.0
 flow rate:  1 mL/min.
 temp.:  25 °C
 inj:  100 μL crude glutathione S-transferase preparation  
  from guinea pig liver (0.7 mg)
 det.:  UV at 220 nm

713-0939
0 5 10 15

Min

Active fraction  
(recovered activity = 89%)

Standard

TSK-GEL Columns are supplied in a wide variety of particle  
and column formats to accommodate your specific separation  

or purification requirements

sigma-aldrich.com/tsk

E001007
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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-sup-

pression. Ion-suppression 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-coag-

ulants 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-sup-

pression species are predominately caused by phospho-

lipid 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 contaminants can accumulate on the 

column and potentially elute uncontrollably 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 centrifuga-

tion. 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 phosphatidyl-

choline). From the chromatogram, we see that there is a 

steady accumulation of phospholipids on the column with 

each successive injection. 

In Reporter 26.3, we introduced HybridSPE-Precipitation 

(HybridSPE-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 

HybridSPE-PPT, researchers can reduce ion-suppression, 

prep samples using a 2-3 step procedure, and reduce 

analytical run time while implementing isocratic conditions. 

How does HybridSPE-PPT work?

HybridSPE – PPT technology is a simple and generic 

sample prep platform 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. Precipi-

tated proteins are then removed by centrifugation and the 

resulting supernatant is loaded on the HybridSPE-PPT 

Figure 1. Accumulation of Phospholipids on LC Column 
after Standard Protein PPT of Plasma 

 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
 temp.:  35 °C
 flow: 0.2 mL/min.
 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

(continued on page 8)

G004367

Phosphonate

m/z 184
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(continued from page 7)

cartridge that acts as a chemical filter that specifically 

targets the removal of endogenous sample phospholipids. 

The HybridSPE-PPT 96-well version contains a series of 

low porosity 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 process. 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. 

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

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

Figure 3. No Accumulation of Phospholipids Using 
HybridSPE-PPT

Inj. #20 of HybridSPE-PPT

Inj. #1 of HybridSPE-PPT

0 10 20
Min

0

G004363

Figure 4. Stabilization of Backpressure Using  
HybridSPE-PPT

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

B
ac

k 
P

re
ss

ur
e 

(p
si

)

2200

0 10 20
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2000

1800
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Hybrid PPT

Standard PPT

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 vacuum was applied. The resulting filtrate / eluate 

was analyze directly using the analytical conditions 

described in Figure 1. The results are depicted in Figure 3. 

By processing biological plasma samples using the 

HybridSPE-PPT approach, complete removal of phospho-

lipids were achieved. Unlike standard protein precipitation 

(Figure 1), no accumulation of phospholipids was ob-

served 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). 

G004367

Phosphonate

m/z 184

G004255

G004389
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Figure 5. Phospholipid Contamination from Standard 
Protein PPT Requires Increased Run Time (> 10 min.)

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

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 (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. There-

fore, shorter run times (e.g., < 5 min.) pose a great risk to 

on-column phospholipid accumulation / 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 phos-

pholipids evident when using alternative sample prep 

techniques. Rat plasma spiked with verapamil and 

metabolites (10 ng/mL) were extracted using the Hybrid-

SPE-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 conditions; 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 phospholipids and how traditional sample prep tech-

niques 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 contami-

nation is eliminated. As a result, shorter run times are 

possible. As a demonstration, HybridSPE-PPT was combined 

with Ascentis Express C18 technology for the extraction 

and analysis of verapamil (and metabolites) from plasma.  

By combining the two techniques, less than 90 second run 

time was achieved under isocratic conditions. 
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 1. King et al., J Am Soc Mass Spectrom 11 (2000), 942-50.

 2. Ahnoff et al., Proceedings of the 51st ASMS Conference on Mass Spectrometry and 
Allied Topics Montreal, Canada (2003).
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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

For more information on HybridSPE-Precipitation and Ascentis 
Express Column Technology, please visit sigma-aldrich.com/
hybridspe-ppt and sigma-aldrich.com/express, respectively.

Related Information!
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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

  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
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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, making the identification of many 

compounds possible. In the case of complex mixtures 

containing many peaks, differences in mass fragmentation 

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 chromato-

graphic peak, or by monitoring 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 chro-

matographically resolved: benzo(b)fluoranthene/benzo(k)

fluoranthene, and a peak pair that is not: bis(2-chloroiso-

propyl)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 an MSD 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 “extracted 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 compounds 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-meth-

ylphenol, the two peaks are not chromatographically 

resolved. However, the mass spectrum for each is different, 

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

 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 2. EIC Chromatogram of m/z 252, Retention Time 
Window for benzo(b) and benzo(k)fluoranthene Isomers

benzo(k)fluoranthenebenzo(b)fluoranthene

 16.2 16.4 16.6 16.8 17
Min G004370
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Figure 5. EIC Chromatogram of m/z 77, Retention Time 
Window for bis(2-chloroisopropyl)ether and 2-methylphenol

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 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 window for these compounds will produce a 

single peak (Figure 4) that can be used to accurately quan-

tify 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.

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

coeluting peaks. If it is not possible to choose unique 

ions, then the GC method must be modified to resolve 

the affected peaks chromatographically. This can be 

done by modifying analysis conditions, or using a GC 

column with different selectivity. 

Figure 4. EIC Chromatograms of m/z 45 and m/z 108, 
Retention Time Windows 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

 6.7 6.8
m/z

G004373

G004374

G004375

bis(2-chloroisopropyl)ether + 2-methylphenol

 m/z 77

Unique Ion

Common Ion

77

Featured Product+
Description Cat. No.

SLB™-5ms, 30 m x 0.25 mm I.D., 0.25 μm  28471-U
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The 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 chromatographic 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 contaminant free.

With so many products available, how does one go about 

determining which ones are appropriate for each gas stream? 

Let’s take a closer look at the best purifier choices for several 

gas streams, including 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 cylinder changing process, fittings, and regulators. Of 

these, the primary source is the gas cylinder. All grades of 

cylinder gas contain contaminants. 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 

determining 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 operation 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 compound-specific detectors (sulfur, nitrogen/phospho-

rus, 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.

Table 1. Purifiers and the Contaminants They Remove

Name Contaminants Removed

Supelcarb™ HC C3 and higher hydrocarbons

Molecular Sieve  H2O

High Capacity  O2, H2O, CO2 & CO 
Heated Purifier**

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.

As shown in Table 1, for maximum system protection and 

longest purifier lifetimes, we recommend a carrier gas purifica-

tion 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 Moisture 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.

Figure 1. Recommended Configuration for Carrier Gas 
Purifiers
Carrier  
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Cylinder
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The primary function of a hydrocarbon trap is to trap most 

hydrocarbons. Some hydrocarbon traps, like our Supelcarb 

HC Hydrocarbon 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 downstream. (Note that hydrocarbon traps do not trap 

methane under normal conditions.)

The Molecular Sieve 5A Water Vapor Trap, which 

contains a zeolite molecular sieve, removes most of the 

moisture and slows the movement 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 perfor-

mance 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 contaminants. If it changes color, the GC system 

has leaks or the purifiers installed in front of it have expired 

and need replaced.

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 chromatographically 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 contami-

nants (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 minimize 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 contaminants 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.

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 

(continued on page 14)

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

75% of Length

Unspent Adsorbent

Spent Adsorbent Color Indication

Forwardmost Point of Expended Absorbent

797-0371

Direction of Gas Flow

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 

Table 2. Quality1 and Cost Benefits of Proper Purification
 Impurity Levels (ppm)2

  Certified Gas  High Purity Gas  High Purity Gas   
 (99.9995%) (99.995%) (99.995%)  
Component No Purifiers No Purifiers 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

 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.
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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 perfor-

mance of the FID. 

The approach to air purification differs, however, depend-

ing 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 purification 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 Hydrocarbon 

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 purification system specifically designed to 

meet the high flow demands of the LC-MS while removing 

hydrocarbons, allows the nitrogen 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 levels 

lower than the limit of the analytical detection. To allow 

longer contact with the gas stream the purifiers are con-

nected in parallel and the gas stream is split equally between 

the cartridges and rejoined 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 include 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 guarantee the highest quality gas, resulting in maximum 

column life and ultimate performance.

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 Hydrocarbon,  
  (charcoal) Pack of 2  SU861029
Two-position baseplate, high flow for LC-MS 1/4 in. 28879-U

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!

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

Related Products +

(continued from page 13)

Volume 26.5

Did you know...?

Purifiers should be installed as closely as possible to 

the GC bulkhead fitting. If purifiers are installed up-

stream, a leaky fitting downstream of the purifiers could 

allow contaminants to enter the gas stream and degrade 

column performance. To prevent spontaneous breakage, 

coil the line leading to and from purifiers to relieve strain 

and isolate instrument vibrations.



15

or
de

rin
g:

 8
00

-2
47

-6
62

8 
(U

S 
on

ly
) /

 8
14

-3
59

-3
44

1 
te

ch
ni

ca
l s

er
vi

ce
: 8

00
-3

59
-3

04
1 

(U
S 

an
d 

C
an

ad
a 

on
ly

) /
 8

14
-3

59
-3

04
1

Volume 26.5

A
cc

es
so

ri
es

sigma-aldrich.com/vials

Center Drain (CD™)Vials 

The patented Center Draining or CD Vial has a unique 

conical interior 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 manufac-

turers’ 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 signifi-

cant 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

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

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 concen-

trating samples
  Made from Type 1 Borosilicate glass

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

E000998

CD Vial
High  

Recovery  
Vial

E000999

TRADEMARKS: Ascentis, CHIROBIOTIC, CHROMASOLV, Equity, HybridSPE, OMI, Radiello, SLB, SPB, Supelcarb, 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.; Toyope-
arl, TSK-GEL – TosoH Corp.; Waters – Waters Associates, Inc.

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

(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 itself. 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, chlorobenzilate 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.

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 chemis-

try 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 primary 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 pesti-

cides 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 the SPB-608 

than the SLB-5ms. The selectivity of the SPB-608 provided 

resolution of the chloropropylate/chlorobenzilate pair, 

however dicloran and pentachloronitrobenzene coeluted.

The Supelco Equity-1701 column is also of a higher 

polarity than the SLB-5ms. It is made using a cyanopropy-

lphenyl dimethylsiloxane stationary phase. In addition to 

dispersive, the Equity-1701 also exhibits strong dipole and 

moderate basic interactions. Its selectivity 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 
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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

selectivity was noted between the Equity-1701 and 

SPB-608, as dicloran was resolved from pentachloroni-

trobenzene. The chloropropylate/chlorobenzilate pair also 

resolved, although not to baseline as on the SPB-608.

Figure 3. Method 608.1 and 608.2 Pesticides on the 
Equity-1701, 100 ppb

Figure 1. Method 608.1 and 608.2 Pesticides on the  
SLB-5ms, 100 ppb

      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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Figure 2. Method 608.1 and 608.2 Pesticides on the 
SPB-608, 100 ppb
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 7. Chlorothalonil
 8. Dacthal
 9. Chloropropylate
 10. Chlorobenzilate
 11. Methoxychlor
 12. Permethrin isomers

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 confir-

mation 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.

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 certificate of analysis accompanies 

each standard.
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sigma-aldrich.com/lc-ms-solvents

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 contami-

nation, 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.

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 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 com-
pounds to maintain 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 variabil-

ity due to mixing. 

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)
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sigma-aldrich.com/gc

New Solvents Optimized for Static Headspace GC 
Shyam Verma
shyam.verma@sial.com

Static headspace GC (GC-HS) is a valuable technique 

that replaces costly and time-consuming traditional GC 

and allows rapid analysis of a variety of sample matrices. 

This technique improves detection of low-level volatile 

analytes, and minimizes matrix interference by eliminating 

the need to inject the sample directly. The GC-HS is 

commonly used in the determination of residual volatile 

organic impurities in active drug substances or excipients 

in drug formulations (1-3). Other important applications 

include the detection of residual solvents in foods, dietary 

supplements and packaging materials.

Use of static headspace method is ideal in collecting the 

volatile compounds such as, residual solvents and low 

volatile additives. Typical sensitivity for static headspace is 

in the sub microgram range, however, it is dependent on 

the volatility of the compound. When developing a GC-HS 

method, it is important to optimize parameters such as, 

sample solvents, extraction temperature and time, and 

sample and headspace volume (4,5). 

Composition and purity of the sample solvent signifi-

cantly affect the recovery and quality of the chromato-

gram (Figure 1). A high purity GC-HS solvent exhibits least 

interference. Sigma-Aldrich offers solvents specifically 

developed for GC-HS applications. Their purity and 

handling specifications meets the requirements of Ph Eur., 

USP and ICH guidelines.

Figure 1. Headspace Gas Chromatogram of GC-HS 
Grade (Black) versus a Conventional Grade (Red) solvent

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

G004276

References
 1. United States Pharmacopoeia, 31st Edition (2008), <467>residual Solvents.

 2. Ph. Eur. 6.0 (2008) Method 2.4.24, Identification and control of residual solvents

 3. ICH Guideline Q3C, Impurities: Guideline for Residual Solvents, The Fourth Interna-
tional Conference on Harmonization, July 17, 1997.

 4. Camarasu, C.C. Residual solvents determination in drug products by static 
headspace-gas chromatography, Chromatogaphia 2002, 56, S137-S143.

 5. Lee, C.R., Nguyen van Dau, C., Krstulovic, A.M., Artefact formation in the determi-
nation of residual solvents according to a method of the European Pharmacopoeia. 
Int. J. Pharm. 2000, 195, 159 – 169.

Featured Products+
 Boiling Pkg. 
Description point  Size Cat. No.

Solvents for GC-HS

N,N-Dimethylacetamide, puriss. p.a.  166 °C 1 L 44901

Dimethyl sulfoxide, puriss. p.a.  189 °C 1 L 51779

N,N-Dimethylformamide, puriss. p.a. 153 °C 1 L 51781

Water, puriss. p.a. 100 °C 1 L 53463

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 CHROMASOLV 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

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 containing ultra-pure volatile ionic addi-
tives, 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
 1. C. T. Santasania and S. Verma, Avoid LC-MS source contamination by using high 

quality CHROMASOLV solvents and blends, Supelco, TheReporter, Vol. 25.2: 8-9.
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sigma-aldrich.com/analytical-events

It’s Time to Register for the
Analytical Innovation Seminars
at The Eastern Analytical Symposium
November 18, 2008. Garden State Convention Center – McDivitt Room. Somerset, NJ. Hosted by Supelco. 

Ascentis Express…Stay Up-To-Date on Fast Moving Fused-Core Technology
New applications for Fused-Core HPLC columns will be shown using traditional instruments to achieve Fast HPLC with improved resolution. 

Strategies for choosing column dimensions, phases, and optimizing instrument parameters will be discussed. Time: 10 am – 11 am

HybridSPE Precipitation Technology…Reduce Ion Suppression
HybridSPE-PPT is a new sample prep platform developed for pharmaceutical bioanalysis. The technique merges the simplicity of protein 

precipitation with the selectivity of SPE for the targeted removal of proteins and phospholipids from biological plasma. In this discussion, 

we will describe this technology and provide applications illustrating the unique benefits associated with this new and innovative technique. 

Time: 11 am – 12 pm

Basic Chiral HPLC… Methods Screening and Optimization
This presentation will begin with a basic overview of stereochemistry classification, chromatographic principles and nomenclature. We will 

then explore the chromatographic challenges of chiral separations. The Astec chiral stationary phases (CSPs) are introduced and their chem-

istry and chiral selectivity are described. Results are presented for the screening of analytes Astec CSPs based on methods development 

screening procedures. The chiral screening services offered by Supelco/Sigma-Aldrich including screening, method optimization, and small-scale 

purification are illustrated. Time: 1 pm – 2 pm

Ionic Liquid GC Columns…Finally Something Really NEW in GC Capillary Columns
The successful use of dicationic/polycationic ionic liquids as viable stationary phases unlocked a brave new world in GC. Discover how alternate/

extended polarity/selectivity combined with high temperature limits and low column bleed allow previously unobtainable applications to be 

achieved. Join us for a discussion of where we are today and where we are going with this exciting new technology! Time: 2 pm – 3 pm

Biocompatible SPME Fibers for HPLC Analysis… Pharmacokinetics & Drugs
Historically SPME has been used predominantly with GC due to incompatibility of the fiber coatings with LC solvents. Recently we have 

developed SPME fiber coatings using traditional HPLC type coating materials such as C18 and RP-Amide. These coatings are biocompatible, 

meaning that they do not adsorb the biological matrices which could interfere with the analysis. Time: 3 pm – 4 pm

To register for the above seminars, please visit sigma-aldrich.com/analytical-events

Mark Your Calendar...
2008 AAPS Annual Meeting 
and Exposition
November 17-19, 2008. Georgia World Congress Center. Atlanta, Georgia

Visit Supelco/Sigma-Aldrich at Booth 1048
Poster Presentation at AAPS:

Hybrid SPE: Depletion of Phospholipid Interference in Bioanalysis
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sigma-aldrich.com

Riedel-de Haën HYDRANAL®

now comes with a Fluka Label

The quality, performance, manufacturing,  
and package sizes all remain the same

Only the brand has changed

For more information, call 800-493-7262/814-359-3041  
or visit our website: sigma-aldrich.com/rebranding

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



22

si
gm

a-
al

dr
ic

h.
co

m
/a

na
ly

tic
al

Volume 26.5

Sa
m

p
le

 H
an

d
lin

g

sigma-aldrich.com/radiello

Validation of the Radiello
®

 Diffusive Sampler for 
the Measurement of Formic and Acetic Acids in 
Museum Environments

Introduction

The assessment of potential damages to indoor cultural 

heritage, due to some airborne pollutants, is a major and 

growing concern for curators and conservators. For years, 

objects of art in museums have been placed in showcases.

Besides security reasons, this is mainly done to protect 

these objects against contamination by dust particles and 

deterioration by gaseous pollutants, a field of growing 

interest for conservators. In recent years, formic acid and 

acetic acid were also assumed to be harmful for several 

objects of art, containing e.g. copper or lead. Measure-

ments inside museum showcases via SPME technique 

showed that these acids can accumulate and reach high 

concentrations. Most of the showcases are made of wood 

and/or composite materials such as MDF (Medium Density 

Fiberboard), which can be considered a source of low 

molecular weight volatile organic compounds (VOCs).

This research is especially focused on formic acid and 

acetic acid. The aim was the development of a monitoring 

technique based on diffusive sampling and its validation in 

environmental conditions typical of museum showcases.

The Measurement

Measurements inside microenvironments such as the 

museum showcases can easily be done by means of 

diffusive samplers, which require little space and no 

electrical power. The Radiello samplers provide vali-

dated methods for the diffusive sampling and analysis 

of various gaseous pollutants. To evaluate and validate 

the applicability of the diffusive sampling of gaseous 

acetic and formic acids, a radiello diffusive sampler, 

containing chemi-adsorbing cartridges (RAD166) 

impregnated with triethanolamine (TEA) in a blue 

diffusive body (RAD1201) was tested. The quantifica-

tion was made by ion chromatography. 

The Diffusive Sampler
The theoretical principle of a 

general diffusive sampler is 

based on Fick’s first law:

where m is the mass of the 

compound being adsorbed, t  

is the time of exposure of the 

sampler, D is the diffusion 

coefficient of the compound,  

S is the diffusive surface area,  

C is the ambient air concentra-

tion, l is the distance from the 

diffusive surface to the 

adsorbent layer.

In radiello samplers the diffusive surface is cylindrical, thus 

the diffusion equation is the following:

where r and h are the radius and the height of the cylinder, 

respectively. When using diffusive sampling, the atmospheric 

concentration C of target Compounds is determined by means 

of the following equation:

where Q, the sampling rate, needs to be experimentally 

determined under specified conditions (exposure time, concentra-

tion, temperature, humidity…). The adsorbed mass m may need 

to be corrected by subtracting the blank value, that is the mass 

recovered on an unexposed sampler. In order to adsorb formic 

and acetic acids, a microporous polyethylene cylinder (5.8 mm 

diameter, 60 mm height) was used as the inner chemiadsorbing 

cartridge: the reactant is the triethanolamine (TEA), which is 

impregnated onto the microporous polyethylene. The underlying 

hypothesis is that TEA react with acids diffusing towards the 

chemiadsorbing cartridge by forming a reaction adduct 

(HOCH2CH2)3NH+RCOO-.

ra
ra

dm dC
dt dl

= D·S·

The following was generated by an outside source using 
Sigma-Aldrich products. Technical content provided by:

P. Sacco, F. Quaglio
Fondazione Salvatore Maugeri-IRCCS,  
Centro di Ricerche Ambientali, Padua/Italy

psacco@fsm.it

Contributed Article

dm dC
dt dl

= D·2 rh·

mC
t·Q

=

Diffusive 
Surface

Absorbing 
Surface

Analysis

The analytical procedure involves recovery of the acids 

from the chemi-adsorbing cartridges by means of water 

extraction (5 mL) followed by two 1 minute mechanical 

stirring steps, between which the extracts are left to settle 
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one hour. The analysis of aqueous extracts is performed 

using ion chromatography, quantifying the corres ponding 

ions (formate and acetate) by means of a conductivity 

detector with a suppressor module. A peak resolution 

acetate/formate of 1.95 is achieved.

Exposure Chamber Tests

Two exposure experiments were performed in order to 

determine the sampling rates. The temperature and air 

humidity were kept constant at 25 °C and 47% Relative 

Humidity, respectively. The two experiments were carried 

out by applying two different levels of concentration:

 Low level: 128 μg/m3 of formic acid,  
160 μg/m3 of acetic acid

 High level: 1248 μg/m3 of formic acid,  
1564 μg/m3 of acetic acid

During each experiment, four groups of samplers (6 

replicates each) were exposed to the test concentration 

for variable periods: 24 hours, 2 days, 4 days and 7 days.

The test atmospheres were generated by means of 

capillary injection of an aqueous mixture of the two 

organic acids in a nitrogen stream, followed by a further 

gaseous dilution.

The analysis of variance (ANOVA) with two-level factors 

(concentration/time of exposure) shows that formic acid 

sampling rate is significantly affected by both concentration 

and exposure time. On the other hand, acetic acid sampling 

rate shows a weaker depend ence on exposure time, but no 

statistically significant dependency on concentration.

Therefore, several sampling rate values must be used for 

7-day formic acid sampling. However, the average acetic 

acid sampling rate, for the same exposure times was 

determined as 97.3 ± 3.1 mL/min.

The formic acid sampling rates show an unexpected 

behavior, especially at low concentration. In fact, taking 

into account the higher value of the diffusion coefficient 

of that compound, higher sampling rate values, compared 

to acetic acid, would have been expected.

Conclusions and Perspectives

The measurement method allows the determination of 

concentrations above 1,000 μg/m3 of both formic acid and 

acetic acid inside museum showcases, with detection limits 

below 0.5 μg/m3. The method will be a powerful tool in the 

assessment of concentrations of low molecular weight organic 

acids inside museum showcases, as well as for establishing 

“threshold values” for the protection of art objects.

Future developments will involve the evaluation of other 

para meters which could influence the sampling rates in 

typical museum conditions, such as air speed, which is 

likely to be slow.

In addition, the behavior of formic acid must be investi-

gated further in order to explain the observed deviations 

from the typical “Fick’s Law” behavior of the sampler.
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Exposure Chamber Generation and Control Assembly

Results

A series of six unexposed samplers were analyzed in 

order to assess the blank levels (Table 1) and hence the 

detection limits of the measurement method, defined as 

three times the standard devi ations. For each compound 

and concentration level, a set of sampling rate values was 

calculated. Values in Tables 1 and 2 represent the average 

and standard deviation of six individual values obtained 

for a specified exposure time.

Table 1. Blank Value

  Standard 7-days Sampling
 Blank Values Deviation Detection Limit
Compound (μg) (μg) (μg/m3)

Formic acid 1.69 0.07 0.2
Acetic acid 1.21 0.14 0.4

Table 2. Sampling Rate Value Comparison for Different 
Exposure Times

 Concentration Sampling Rate (mL/min)  
 (μg/m3) 24-hour 2-day 4-day 7-day

Formic acid sampling rate (average values and standard deviations)

 128  80.4±1.3 93.0±5.0 101.4±3.7 91.2±3.9
 1248  86.7±4.2 109.9±4.9 113.9±5.3 111.6±2.8

Acetic acid sampling rate (average values and standard deviations)

 160  92.8±4.1 101.0±4.9 102.0±3.7 98.0±4.0
 1564  95.6±4.9 101.0±4.5 99.0±3.8 96.6±2.0

Featured Products+
Description Pk. Cat. No.

Radiello cartridge adsorbent for 20 RAD166 
  HF and NO2 & SO2

Radiello blue diffusive body  20 RAD1201

Radiello triangular support plates  20 RAD121
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