Solid Phase Micro-extraction (SPME)

® 2009 Sigma-Aldrich Co. All rights reserved. SIGMA-ALDRICH"®




Modern Sample Preparation ‘ .
robust accepted simple environment friendly
reproducible sensitive cheap
compatible economical fast

universal
validated available easy to use
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Technology: General Background Informatlci‘

SPME History

» Patented technology licensed by Sigma-Aldrich from Univ. of Waterloo
* Inventor: Janusz Pawliszyn, Ph.D.

Automisation by Varian (AS 8200 & CTC CombiPal)

o CTC CombiPal makes the SPME compatible with most GCs

@ 2009 Sigma-Aldrich Co. All rights reserved. SIGMA -ALDH’CH °



SPME User Profile i‘ =

When using GC for volatile or semi-volatiles analysis
« Composition of aromas, flavours & fragrances
« Water screening for pollutants
* Trace levels of analytes in air (e.g. explosives)
L Many more
R&D well as QA/QC
» Both quantification and / or screening
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Which sectors can use SPME? 1‘ S

Food & Beverage
Flavours and Fragrances
Environmental

University

Government Labs
Consumer products
Pharmaceutical
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Technology: Applications Areas i "

Why do SPME?
» Solvent-less
« Sample preparation and injection in one step
* Reusable (100+ times)
* Inexpensive
* Fast
« Compatible with all GC instruments

» Useful for volatiles, semi-volatiles  and non-volatiles in gases,
liquids and solids.

Position in the analytical application
 SPME is a sample preparation step before GC
—To clean up the analytes and / or to concentrate
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Comparison of SPME to other Extraction

Techniques
Extraction Conc Easy to
Technigue |Analytes and Matrix |Range | Price | use?
Gases, VOC and
some SVOC - solids &
Static HS liquids Wide | High |Medium
Dynamic | Some gases, VOC -
HS liguids only Narrow| High | Easy
SPE SVOC - liguids only | Wide | Low | Hard
Some gases, VOC,
SVOC - liguids &
| SPME solids Wide | Low | Easy
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SPME Holders

Manual Holder Field Sampler
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SPME Holders

For Manual Sampling
(Fibre Exposed)

__— Plunger

Barrel uzn
~ / Z" Slot

Plunger Retaining
Screw

Hub-Viewing
Window

Adjustable Needle
/Guide/Depth Gauge

Fibre-Attachment

Septum-Piercing
Needle

\/Needle
Coated SPME
Fused Silica Fibre

For Varian 8100/8200
AutoSampler or

SPME/HPLC Interface __— Plunger
(Fibre Retracted)
Barrel
Retaining Screw ~_ —
Slot —_
Color-Coded
Screw Hub 77—

Fibre-Attachment
—" Needle

Sealing Septum  —___ _—Retaining Nut

T Needle Ferrule
Septum-Piercing
Needle ~—
Coated SPME
Fused Silica Fibre

713-0105
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nical Fibre

Color-Coded Screw

Hub . :
—— Tensioning Spring

Sealing Septum ——__

e

Ferrule

_——Septum-Piercing Needle

Coating Extracts
the Analytes Until

Fibre-Attachment Needle Equilibrium is Reached

\
Coated SPME /
Fused Silica Fibre ——_

713-1344
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Fibres (Manual vs. Autosampler)



Types of SPME Fibre Assemblies

Assemblies for holders
* manual

* autosampler style (no spring)

Gauge size of piercing needle ’
» Standard size - 24 GA
» Larger bore size - 23 GA (for septum free inj. ports)

Types of fibre core
* Fused silica
» Stableflex
* Metal NEW!
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Super Elastic vs. Standard SPME Fibre Assemblies

Super Elastic Standard
SPME Fibres SPME Fibres
Needle 23 gauge 24 or 23 gauge.
metal alloy SS
Beveled tip Blunt tip
Fibre Core Metal alloy Fused silica
or Stableflex
Plunger Solid metal SS tubing
alloy
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Standard
SPME Fibre

Plunger

Needle

Metal
SPME Fibre
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The SPME Concept



Desorption Procedure for SPME

Pierce GC Expose Retract
Inlet Septum Fibre/Desorb Fibre/Remove

|
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Adsorption Mechanism for SPME

SPME is Based
on Adsorption
and Absorption
Equilibrium
Between Sample
And Coated Fibre

Analyte
Adsorbed

Extraction Time

Silica Rod

Liquid Polymer

Aqueous
Solution

Vial




Amount of Analyte absorbed by the Fibre at Equilibrium

- for small sample volumes (2-5ml):

n,= _KV,C,V.
KV +V,

« at infinite volume of sample (V _ >>V)):

n.= KVC,

S

K Distribution Constant fibre/sample

n,  Analyte molecules into the Stationary phase
V;  Stationary Phase Volume

V., Sample Volume

C, wConcentration of the Analyte in water



Available SPME Fibres, by Film Type

Absorption Fibres

Polydimethylsiloxane (PDMS) 7, 30, and 100um
Polyacrylate (PA)
Polyethyleneglycol (FEG) NEW!

Adsorption fibres (with particles)
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Carboxen-polydimethylsiloxane(CAR-PDMS)
Polydimethylsiloxane-divinylbenzene (PDMS-DVB)
Divinylbenzene/Carboxen- Polydimethylsiloxane (DVB-CAR-PDMS)

Non-polar
Polar

Polar

Adsorption
Adsorption
Adsorption



Adsorbent vs. Absorbent Fibres

Adsorbent (particle) fibres Absorbent (film) fibres
® Physically traps or chemically reacts bonds ® Analytes are extracted by partitioning
with analytes liquid phase
®porous material eretains by thickness of coating

®high surface area
® Analytes do not compete for sites

® Analytes may compete for sites
® Fibres can have high capacity

® Fibres have limited capacity
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Factors Affecting Sample Recovery

* Fibre Selection

« Sample Modifications

e Extraction Time

« Extraction Temperature
* Desorption Conditions
* Inlet Design

e Column Selection



Comparison of SPME Fibers for the Extraction of

Small Hydrocarbons
(Analytes at 1ppm in Air, Extracted for 10 Min)

Analyte 100pm PDMS PDMS/DVB Carboxen™/PDMS
Ethane 0 0 750
Propane 0 0 20000
Butane 0 340 72100
Pentane 230 2150 108000

Hexane 460 9280 105000
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Sample Modifications

The Effect of Salt and pH on Extraction of Phenols (

50ppb) by SPME (PA)

No Salt No Salt Salt Salt

Neutral pH =2 Neutral pH =2
2-Chlorophenol 1800 2361 3952 14028
Phenol 810 1003 6425 6150
Methylphenol 761 882 5485 7434
3- & 4-Methylphenol 1795 1846 15337 19723
2-Nitrophenol 422 474 311 2315
2,4-Dimethylphenol 1344 1476 15000 20710
2,4-Dichlorophenol 5396 8138 19803 61664
2,6-Dichlorophenol 2991 5858 12511 48530
4-Chloro-3-methylphenol 2398 3137 24060 33529
2,4,5-Trichlorophenol 3115 11097 24270 96333
2,4,6-Trichlorophenol 9702 19307 35466 109492
2,4-Dinitrophenol 0 11 765 1182
4-Nitrophenol 626 730 11458 6536
2,3,4,6-Tetrachlorophenol 3108 27683 33938 70440
2-Methyl-4,6-dinitrophenol 55 47 920 1685
Pentachlorophenol 2305 40582 22056 143905
Dinoseb 68 2123 6676 37744



Physical Factors Affecting Sample Recovery

* Influence on Equilibrium

 Influence on Kinetics
— Stirring
— (Temperature)
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Adsorption-time Profile for BTEX Compounds Using SPME

8.00e+6

. . m-+p-xylene
K is compound specific

* Also dependent on fibre &
matrix

6.00e+6

Kinetics of analytes are
: 4.00e+6
different ethyl benzene

* Higher k values require longer

equilibrium times o-xylene
2.00e+6
toluene
benzene
0.00e+0

0 100 200 300 400 500 600 700

Secs.
Figure courtesy of J. Pawliszyn, et al., University of Waterloo, Ontario,
24 Canada.



Headspace vs. Direct Immersion

Volatility of Sample
Extraction Time concerns
Sample Matrix

Selectivity of Analytes



Tips for Headspace SPME Analysis

Reduce headspace volume

Minimize temperature for heating samples
(Generally 40C to 60<C is adequate)

Add salt to samples to increase sensitivity

Stir aqueous samples
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Comparison of Inlet Liners
for Analysis of Gaseous VOCs by SPME

Standard Splitless Liner,

2mm ID 5
50ppb
2 4
1 3
2 3 4 5

Min
27

1. Chlormethane
2. Vinyl chloride

3. Bromomethane
4. Chloroethane
5. Freon1l

0.75mm ID Inlet Liner

50ppb

794-0050, 005:



Fruit Punch Flavor by Headspace SPME
Elimination of Glycerin Interference
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Propylene glycol

Ethyl caproate

L‘ | Glycerin

_l

A

Direct Injection
HS SPME

Figure provided by Dr. A. Harmon,
McCormick & Co., Inc., Hunt Valley,
MD, USA.
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Exposure of SPME in Lab
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Sample: lab air in GC and HPLC lab

Extraction:10 min exposure to air

Desorption: 3 min at 290C

Column: VOCOL™, 30m x 0.25mm ID,
1.5um film

Oven: 40C (2 min) to 200T at 8C/min

Injection: splitless/split, closed 3 min

Detector: GC/MS, Quadrupole m/z = 31-24(

Components

. Methanol

. Ethanol

. Acetone

. Acetonitrile

. Methylene chloride
. Hexane

. Isooctane

~NOoO o, WNPRE



Odor Agents at 1ppt in Water by SPME-GC/MS

Sample: 30mL water containing MIB and geosmin at 1ppt and 25%
NaCl in a 40mL vial, at 65 C
SPME Fiber: DVB/Carboxen™/PDMS
Extraction: heated headspace, 30 min, 65 C, with rapid stirring
Desorption: 3 min, 250 C, splitter closed
Column: Meridian MDN-5,
30m x 0.25mm x 0.25um film
Oven: 60 C (1 min) to 250 C at
15 C/min
Det.: mass spectrometer,
m/z = 75-180 at 0.6 sec/scan
(quantitation ions 95 and 112)

MIB Geosmin
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Equipment Required

Fibre Holders

Portable Field Samplers
SPME Fibres
SPME/HPLC Interface
SPME Sampling Stand
Vials and Closures
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SPME Fibre Holders

Manual Sampling (57330-U)
» Adjustable depth guide for proper positioning during
desorption (uses fibres with springs)
Automated Sampling or HPLC Analysis (57331)
 Recommended for Varian 8100/8200 (uses fibres without
springs)
CTC CombiPal Autosampler and Varian 8400/8410
(57347-U) (uses fibres without springs)

Field Sampler
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SPME Sampling Stand

Compatible with 4 or 15 mL vials
Heat/stir plate with vial puck

Thermometer inserts into vial puck to monitor
sample temperature
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SPME Inlet Liners, Vials and Closures

SPME/GC Inlet Liners

* Reduces inlet liner ID increasing linear velocity, leading
to sharper peaks

Vials
» Wide range of vials from 2 —20 mL
* Improved vial designs to preserve headspace sample
integrity
Closures

* New, thinner septa to minimize stress on fibers during
sample extraction
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Conclusion

One Step Extraction Technology
Trace Analysis
100% Solvent Free

Equilibrium Technology
e - Control your T's (Time, Temp., Technique)

Suitable for Liquids (Water) or Solids

Quantitative

Automatisation possible (CTC)
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Recommended Supplemental Reading

SPME Applications CD (7 ™ Edition)
» Applications References (< 1500)
* Product Bulletins
— Theory and Optimization
— Flavour Compounds
— Drugs in Biological Fluids
» Application Notes

SPME Central (website)

http://www.sigmaaldrich.com/analytical-chromatography/sample-
preparation/spme.html



Where to go for help....

In the office

David Cheetham — ukanalytical@sial.com custom items, 01202712374,
Fax 01747833584

Ben Kemp — eurtechserv@sial.com - technical queries 0800272572

Local Analytical Field Sales

Darren Cooke — London darren.cooke@sial.com 07768622053
Alan Farnaby — Midlands and East alan.farnaby@sial.com 07747773920
Paul Walsh — North England and Scotland paul.walsh@sial.com 07900814419

Jon Farkas-Blake (Team Leader) — Southwest and Wales

lonathan.farkas-blake@sial.com 07786272011

UK Sales Development

Lisa Fitzpatrick — lisa.fitzpatrick@sial.com 07831238988
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