
     

Sorptive extraction is a technique for getting VOCs and SVOCs from a sample into a GC–MS.

Uses a relatively large volume 
of polymer sorbent to absorb 
compounds, which are then 

desorbed by heating

Uses a focusing step to  
enhance sensitivity

Equilibrium technique  
(although often performed 

under non-equilibrium 
conditions)

Suitable for solids 
(headspace)  

and liquids (headspace  
and immersive)

Aroma/flavour compounds  
in foods and beverages

Pollutants in  
soil and water

Biomarkers in clinical  
samples

Metabolites in biological  
samples

Concept of extracting analytes 
onto a solid phase introduced

Open polymer-coated 
tubular traps first used

Application of PDMS-encapsulated  
stir-bars to headspace

Launch of PDMS-coated metal 
tubes for sorptive extraction  

(SPE-tD™, Markes International)

Release of 
further phases for 

encapsulated stir-bars 

Launch of automated system with 
capability for HiSorb™, headspace, 

SPME and TD (Centri®, Markes 
International)

Launch of PDMS sorptive 
extraction probes (HiSorb™, 

Markes International)

Launch of PDMS-encapsulated  
stir-bars (Twister®, Gerstel) and  

application to liquid phase

TYPICAL WORKFLOW

The workflow for sorptive extraction depends on whether the sorptive phase  
is immobilised on a probe or stir-bar.

Probes 
(manual or automated)

Stir-bars 
(manual)

Sample  
added to vial

Length: 
10.5 mm  

(probe form)

10–20 mm  
(stir-bar form)

Diameter: 
4.5 mm (probe form) 
3.2 mm (stir-bar form)

Sorbent thickness: 
~0.8 mm (probe form) 

0.5 or 1 mm (stir-bar form)

Analytes 
absorb into 
the bulk of 
the sorptive 
phase

Sorptive extraction uses a polymeric sorbent immobilised on an inert metal probe  
or a glass-encapsulated stir-bar.

Sorbent volume: 
30 - 63 µL (probe form) 
55–220 µL  
(stir-bar form) 

HOW SORPTIVE EXTRACTION WORKS

Compatible sample types Compatible analyte types  
with the popular poly(dimethylsiloxane) (PDMS) phase:

Headspace

Immersive

Solids Liquids

Increasingly 
non-polar

log Ko/w  > 4
 Non-polar
 Excellent recovery 

e.g. Hydrocarbons, 
aromatics, most 
terpenoids, most 
halogenated compounds

log Ko/w

log Ko/w  2–4
 Moderately polar
Moderate recovery 

 

e.g. Medium-to-high-MW 
oxygenates (acids, esters, 
alcohols, ethers, ketones, 
aldehydes) and sulfur 
compounds

Increasingly  
polar

log Ko/w < 2
 Highly polar
 Low recovery 

e.g. Low-MW oxygenates
(acids, esters, alcohols,
ethers, ketones, aldehydes) 
and sulfur compounds

To learn more about automating high-capacity  
sorptive extraction using Markes’ Centri® multi-mode 
sampling and preconcentration platform, visit  
chem.markes.com/Centri-Platform

ADVANTAGES & DISADVANTAGES

Sorptive extraction is a versatile technique with a range of benefits,  
enhanced further by the use of backflush trapping.

+Sorbent-packed focusing trap

Splitting and re-
collection of single 
samples allows for 
storage or repeat 
analysis/validation

Variation of split 
flows at the trap 
stage improves 
capability to handle 
wide concentration 
ranges

Improved options 
for removing water 
result in better 
chromatography

Improves peak shape  
and boosts sensitivity

Combining multiple 
extractions from a  
single sample can  
boost sensitivity

Reasonably broad
analyte range

~100x more sensitive 
than equivalent-phase

SPME fibers

Suitable for HS and 
immersive

Highly
reproducible

Probe-based workflows 
are easily automated

No solvent

ADVANTAGES

DISADVANTAGES

Workflow for glass-
encapsulated 

stir-bars requires 
manual user 
intervention

Glass-encapsulated 
stir bars are fragile 
and easily fractured

Samples containing
abundant polar
solvents (e.g.
ethanol) need

careful optimisation

PDMS can give
low recoveries for

highly volatile
and polar species

EG-Silicone
Polyacrylate can

result in increased
water retention

Some systems
require liquid
cryogen for
focusing

Stir-bars are 
difficult to remove 

from cloudy 
samples

Probes are robust Suitable for dirty
matrices

High sample
capacity

Stir-bar  
manually  

immersed  
in liquid

Stir-bar  
manually 

suspended 
above sample

Vial heated/
agitated to aid 

equilibration

Vial heated/
agitated to aid 

equilibration

Stir-bar manually 
washed to remove 
excess matrix

Stir-bar manually 
placed in TD 
injector liner

Analytes desorbed 
from stir-bar into 

cryogenically-cooled 
trap packed with single 
sorbent only (or none)

Preconcentrated 
analytes desorbed 

from trap into  
GC–MS (forward-flush)

4

2

1970s

Headspace
(headspace sorptive extraction)

Immersive
(stir-bar sorptive extraction)

HeadspaceImmersive

WHAT IS IT?

INTRODUCTION TO  
HIGH-CAPACITY 
SORPTIVE EXTRACTION

WHAT CAN IT BE USED FOR?

1986 1999

2012 2008 2000

2016 2018

…�and on Centri®:

HISTORY

KEY APPLICATIONS

Probe 
positioned 
above sample 
and heated/
agitated to aid 
equilibration

MANUAL AUTOMATED

Analytes desorbed from 
probe into electrically-
cooled trap packed with 
multiple sorbents

Preconcentrated 
analytes desorbed 
from trap into  
GC–MS (backflush)

Probe immersed 
in sample and 
heated/agitated  
to aid equilibration

Probe desorption

FORWARD-FLUSH OR BACKFLUSH TRAPPING?

Forward-flush
instruments only
allow analytes to
enter and leave at
opposite ends

Only one bed of
sorbent can be used

Restricted single-run
analyte range

Backflush-type
instruments allow
analytes to enter
and leave at the
same end

Multiple beds of
sorbent can be used

Extended single-run
analyte range

Flow from
sorptive 
phase

Flow to GC

Flow from
sorptive 
phase

Flow to GC

The high-MW analytes
never encounter the
strongest sorbents
– so they are easily
desorbed

Product names used with the™ or ® symbols are trademarks of the companies indicated.

Probe 
automatically 

washed to 
remove excess 

matrix
(if required)

Sample injection

Stir-bar desorption

Sample injection

The choice of forward-flush or backflush operation is a key factor in determining  
the analyte range and performance that can be achieved.

Weaker sorbents
are always at the

sampling end.  
These trap the 

higher-MW 
analytes

Stronger sorbents
are always at the

non-sampling end. 
These trap the more 

volatile species

Trap 
cooled1 Trap 

heated2 Trap 
cooled1 Trap 

heated2

Centri®,  
like all Markes’  

TD systems,  
operates entirely  

in backflush  
mode

2021

Launch of further phase combinations 
for sorptive extraction probes 

(HiSorb™, Markes International)


