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Tech Tip
GC Ferrules – Graphite and Polymeric Ferrules

This month we continue last month’s discussion of ferrules used in gas 
chromatography. We discuss ferrules of graphite, Vespel® (polyimide), Vespel®-
graphite mixtures, and Teflon® (polytetrafluoroethlyene, PTFE). Attributes of 
these ferrule materials are summarized in Table 1.
Click here to read more...

Featured Applications
BenchTOF-dx and TargetView – high-de?nition, 
versatile technologies for the identi?cation of TO-15/
TO-17 ‘air toxics’

Fast Separation of Chlorinated Pesticides Using 
Zebron GC Columns

Analyze More Semivolatiles Samples Per Shift Using 
Split Injection

Versatile Automated Pyrolysis GC Combining a 
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TCA and Precursors in Red Wine Using In-Matrix 
Derivatization Followed by SPME on the SLB-5ms
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Versatile Automated Pyrolysis GC Combining a Filament 
Type Pyrolyzer with a Thermal Desorption Unit
Company: Gerstel
This paper describes an automated pyrolysis system 
for gas chromatography (GC) based on a fi lament type 
pyrolyzer combined with a commercially available thermal 
desorption instrument, onto which the pyrolysis module 
is installed. Automated sample introduction for both 
pyrolysis and thermal desorption is performed using a 
commercially available autosampler.

Fast Analysis of Acrylonitrile in ABS Polymer Using a 
Backflush GC System
Company: Shimadzu
Residual organic solvent in food packaging materials 
is a problem that receives serious attention because of 
the implications to food safety and public assurance. 
Acrylonitrile, which is controlled as a carcinogen by 
the U.S. Food and Drug Administration (FDA) and by 
regulations in the European Union (EU), is one specific 
compound of concern. This Application News introduces 
a fast analysis of acrylonitrile based on the use of the 
backflush GC system. 

TCA and Precursors in Red Wine Using In-Matrix 
Derivatization Followed by SPME on the SLB-5ms
Company: Sigma-Aldrich
Cork taint refers to a musty odor in wine caused by the 
presence of 2,4,6-trichloroanisole (TCA). The source of TCA 
is thought to be the fungal methylation of chlorophenols 
present in t he wine. Chlorophenols can originate from 
the cork or other sources, such as biocides, fungicides, 
and exposure of processing equipment to antiseptic 
cleaning products that contain chlorophenols. This article 
demonstrates the determination of TCA and several 
chlorophenol precursors in a red wine.
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ABSTRACT
This paper describes an automated pyrolysis system for gas 
chromatography (GC) based on a  lament type pyrolyzer 
combined with a commercially available thermal desorption 
instrument, onto which the pyrolysis module is installed. 
Automated sample introduction for both pyrolysis and 
thermal desorption is performed using a commercially 
available autosampler.

For pyrolysis of solid, liquid, or melting samples the use of 
different types of sample holders is investigated, for example 
cup-type holders for liquid samples. A special design has 
been developed that enables accelerated gas phase transport 
to help reduce the formation of secondary pyrolysis products. 
Sample holder design and complete  ow path heating are 
essential design aspects in order to maximize recovery and 
minimize carry-over, enabling the system to reliably perform 
automated analysis of batches of different sample types. 
These aspect are discussed. 

The cryo-trap function of the thermal desorption system 
used enables splitless transfer to the GC/MS of the formed 
pyrolysis products. An example is presented, in which 
water containing macromolecule residue in the ppm range 
is introduced into the pyrolysis module. The water is then 
removed using a solvent vent step and pyrolysis performed 
immediately afterwards, enabling quantification of the 
macromolecules by chromatographic determination of their 
pyrolysis products.
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TCA and Precursors in Red Wine Using In-Matrix 
Derivatization Followed by SPME on the SLB™-5ms
Katherine K. Stenerson

katherine.stenerson@sial.com

Introduction

Cork taint refers to a musty odor in wine caused by the presence 
of 2,4,6-trichloroanisole (TCA). The source of TCA is thought to 
be the fungal methylation of chlorophenols present in the wine. 
Chlorophenols can originate from the cork or other sources, such 
as biocides, fungicides, and exposure of processing equipment 
to antiseptic cleaning products that contain chlorophenols (1). 
This article demonstrates the determination of TCA and several 
chlorophenol precursors in a red wine.

Experimental

Calibration standards were prepared in 12% ethanol in water 
using a mixture of TCA and chlorophenols. Two samples were 
based on a California (USA) shiraz, packaged in a wax-lined 
carton-type container with a plastic closure. The first sample was 
the wine as is, and the second sample was the wine after being 
spiked with each analyte at 100 ng/L.

The chlorophenols were derivatized in-matrix using acetic 
anhydride, and the acylated derivatives were then extracted 
from the headspace using solid phase microextraction (SPME). 
TCA, which is not derivatized, was simultaneously extracted 
with the chlorophenols. An SPME fiber coated with 100 µm 
polydimethylsiloxane (PDMS) was chosen based on past work 
we performed with TCA, and also on published findings for 
derivatized chlorophenols (1). The extraction conditions were 
based on published findings as well, with adjustments made to 
sample volume and corresponding amounts of reagents. Final 
analysis was performed by GC-ECD (gas chromatography with 
an electron capture detector) on the SLB™-5ms capillary column, 
selected due to its low bleed characteristic.

Results

Derivatization and Extraction. The chlorophenols were acylated 
with acetic anhydride prior to extraction.  Acetic anhydride 
will hydrolyze in the presence of water. However, the phenolic 
groups present on the analytes are more reactive, making it 
possible to conduct derivatization in an aqueous matrix (2). 
The reaction is shown in Figure 1. The addition of potassium 
carbonate (K2CO3) drives the reaction by removing the acetic acid 
that is formed. The resulting derivatives demonstrated good peak 
shape and response by ECD, allowing for easy and consistent 
integration. The use of headspace extraction and selective 
detection (ECD is selective for halogens) resulted in minimal 
background interference.

Linearity. Five calibration standards from 10-300 ng/L prepared 
in 12% ethanol in water were extracted, then analyzed. Figure 2 
shows the chromatogram resulting from the mid-level standard. 
Linearity results are summarized in Table 1. A linear response 

Figure 1. Derivatization Reaction

Table 1. Calibration Linearity for Five Standards from  
10-300 ng/L

Analyte Correlation Coefficient
2,4,6-Trichloroanisole 0.9908
2,4,6-Trichlorophenol 0.9978
2,3,4,6-Tetrachlorophenol 0.9932
Pentachlorophenol 0.9873

Figure 2. Calibration Standard

 sample/matrix: 1.5 mL of each analyte at 100 ng/L in a 12% ethanol in water  
  solution + 600 µL 5% potassium carbonate (K2CO3) +  
  240 mg sodium chloride (NaCl) + 60 µL acetic anhydride
 SPME fiber: metal fiber coated with 100 µm PDMS (57928-U)
 extraction: headspace, 50 °C for 30 min., with stirring
 desorption process: 250 °C for 3 min.
 column: SLB-5ms, 30 m x 0.25 mm I.D., 0.25 µm (28471-U)
 oven: 50 °C (1 min.), 25 °C/min. to 280 °C
 det.: ECD, 290 °C
 carrier gas: helium, 1.5 mL/min., constant
 liner: 0.75 mm I.D. SPME (2637501)

 1. 2,4,6-Trichloroanisole
 2. 2,4,6-Trichlorophenol (acylated)
 3. 2,3,4,6-Tetrachlorophenol (acylated)
 4. Pentachlorophenol (acylated)

 4 6 8 10 12
Min

1 2

3

4

was observed over this concentration range, with correlation 
coefficients of >0.990 for all analytes except pentachlorophenol. 
For this compound, excluding the 10 ng/L standard results in a 
correlation coefficient of 0.998.

Recovery. Immediately after calibration, unspiked and spiked 
(100 ng/L) wine samples were prepared, extracted, and analyzed. 
Resulting chromatograms are presented in Figures 3-4. Using 
the calibration curves, the levels of TCA and chlorophenols were 
calculated, along with a percent recovery for the spiked wine 
sample. These results are summarized in Table 2. It appears that 
the wine matrix may have interfered, as indicated by the low % 
recovery values.
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Derivatization Reagents Brochure
Listing over 400 Derivatization Reagents
To order your free copy go to sigma-aldrich.com/derivatization,  
call 800-359-3041 (US and Canada) or 814-359-3041, or email techservice@sial.com.
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