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Sample preparation, a key step in physico-chemical analysis: 
extraction, pre-concentration, purification
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Liquid matrices
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Summary
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1. Introduction

│ Objectives of sample preparation

2. Strategies for liquid matrices

│ Liquid-liquid extraction: conventional and miniaturised

│ Solid phase extraction: conventional and miniaturised
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Introduction

Objectives of sample preparation
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Introduction : sample preparation
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Why?

D. Turner, LCGC North Amer. 30(2), 100–110 (2012)
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Introduction : sample preparation
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Matrix

Solvent

Analyte

Interferent

Principle of extraction
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Introduction : sample preparation
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cause problem

Sample not liquid

Too high concentration

Too weak concentration

Presence of particles

Presence of compounds that can cause 

damage to the analytical column

Presence of interferents for quantification

Solvent not adapted

Impossible injection

Column overload / out of calibration range

Not detectable

Plugged

Quantification error

Column deterioration
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Introduction : sample preparation
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cause solution

Extraction / dissolution

dilution

Concentration / derivatisation

Centrifugation / filtration

Solvent extraction / derivatisation

Solvent extraction / derivatisation

Solvent exchange / Injection volume

Sample not liquid

Too high concentration

Too weak concentration

Presence of particles

Presence of compounds that can cause 

damage to the analytical column

Presence of interferents for quantification

Solvent not adapted
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Objectives of sample preparation

How to increase sensitivity?

Signal

Noise

 extraction recovery

 concentration

 purification

 dilution

Extraction of compounds 

from the matrix

Concentration of traces

Removal of interferents

F enrichment = (Extracted volume/ final volume) x 

extraction recovery
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The most commonly used techniques

LC-GC North America, Vol. 30, No. 12, 2012
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Adapting sample preparation to final needs

LC-GC North America, Vol. 30, No. 12, 2012

« Just enough »
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Adapting sample preparation to final needs

Taking into account the 
concentration of analytes

W. Horwitz, L.R. Kamps and K.W. Boyer, J. Assoc. Off. Anal. Chem., 63, 1344–1354 (1980).
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Development of strategies before analysis

Exhaustive extraction

Extraction of compounds and 
interferents

• Short development time

• BUT purification step necessary 
and sometimes complicated

Selective extraction

Preferential extraction of compounds 
of interest over interferents

• Long development time

• BUT purification step easier to 
implement and sometimes not 
necessary
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Strategies for liquid matrices
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Strategies for liquid matrices

• Pre-treatment

• Liquid-liquid extraction

• LLE

• DLLME

• Solid phase extraction

• SPE

• MEPS

• SBSE
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Liquid matrices: pre-treatment
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Most used

R.E. Majors, LCGC North Am. 31(3), 190–202 (2013).
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Liquid matrices: pre-treatment
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• Pre-treatment : filtration : filter paper, membranes, functionalized membranes, 

SPE discs or cartridges

centrifugation

dialysis…

Sample preparation fundamentals for chromatography, Agilent Technologies® 
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Liquid matrices: pre-treatment

Techniques de l’ingénieur, 2013  
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Liquid matrices: pre-treatment
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• Pre-treatment : case of biological matrices

 Precipitation of proteins: blood, plasma, serum, milk

o NaCl, saturated ammonium sulphate, phosphate buffer

o Acetonitrile, methanol, Zn sulphate/methanol

LC-GC North America, Vol. 30, No. 12, 2012
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Liquid matrices: pre-treatment

• Pre-treatment : case of biological matrices

 Precipitation of proteins: blood, plasma, serum, milk

 Hydrolysis of glucuronide and sulphate metabolites:

o hydrochloric, acetic, formic acids

o β-glucuronidase /sulfatase enzymes (incubation, T°, pH, [enzyme])  
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Strategies for liquid matrices

Liquid-liquid extraction
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Liquid-liquid extraction
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Analyte

Organic phase not miscible with the matrix

Concentration

Injection

Abe et al. (2010)
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Liquid-liquid extraction
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Analyte

Organic phase

• Acidity constant pKa of the analyte

The analyte must be in neutral form to be extracted by an organic solvent

HA

BH+ B

A-
pH

pH = pKa

[AH] = [A-]
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Liquid-liquid extraction

Analyte

Organic phase

• Acidity constant pKa

• Octanol/water partition coefficient LogP (LogKow)

The higher the LogP, the more lipophilic the substance is
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Analyte

Organic phase

• Acidity constant pKa

• Octanol/water partition coefficient LogP (LogKow)

• Sources: 

o Publications

o PubChem

o Chemspider

o Chemicalize

Liquid-liquid extraction 
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Octanol/water partition coefficient Log P

POLAIRE

APOLAIRE

Eau

Methanol

Isopropanol

Acetonitrile

Acetone

Ethyl acetate

Ether

Tétrahydrofurane

Dichloromethane

Chloroforme

Toluene

Iso-octane

Hexane

LogP <3

LogP >5

3<LogP <5
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Liquid-liquid extraction

• One solvent

• Solvent

mixture
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Liquid-liquid extraction

Analyte

Organic phase• One solvent

• Solvent mixture:

o Advantage:

Extraction of a larger number of compounds of interest

o Disadvantage :

Extraction of a larger number of compounds:

Interferences of the matrix
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Liquid-liquid extraction

Analyte

Organic phase• One solvent

• Solvent mixture

• Ionic analyte: counter-ion

Ex: quaternary ammonium for anionic surfactants

sodium dodecylsulfate
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Liquid-liquid extraction
Analyte

Organic phase

• Optimisation

o Solvent :

o Choice of solvent(s)

o Volume, number of extractions

o Vortex, ultrasound

o Centrifugation 
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Salt assisted liquid-liquid extraction

Add 2 mL of acetonitrile + MgSO4+NaCl + IS solution

Purification

Centrifugation

1 mL of blood in a 15 mL tube

Plössl et al. (2006)

Centrifugation

Analysis

Time: 30 min for 8 

samples

Analytes: pharmaceuticals

Matrix: blood

Analysis: GC-MS



Groupe TRACES  - Sample preparation 32

Salt assisted liquid-liquid extraction

Analytes: pharmaceuticals

Matrix: blood

Analysis: GC-MS

Plössl et al. (2006)
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Liquid-liquid extraction : LLE

Large volume of solvent

Difficult to automate

Miniaturisation: Dispersive Liquid-Liquid Micro Extraction

DLLME

Water

Organic

compound
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Liquid-liquid micro extraction : DLLME

Water-immiscible solvent: 10-50µL

Water miscible dispersant solvent: 

0.5-2mL

Sample: 10mL 
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Liquid-liquid micro extraction : DLLME
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Liquid-liquid micro extraction : DLLME

Analytes: alkylphenols

Matrix: river water, wastewater

Volume: 20 mL

Extraction solvent: octanol, Vol: 50 µL

Analysis: HPLC-FLUO

Yiantzi  et al. (2010)
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Liquid matrices

Solid Phase Extraction

37
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Solid Phase Extraction : SPE

Agilent, 2011, sample “pre-treatment” 

SPE ≡ liquid chromatography
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Solid Phase Extraction : SPE

Source : Waters® Corporation 

Different adsorbent packages 

available for solid phase extraction

Source : Thermo ® Autotrace
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Solid Phase Extraction : 2 strategies
 Pass through

retention of interferents on the cartridge

no interaction of compounds of interest 

easy clean-up, little development 

No concentration of analytes

 Capture (retention of compounds of interest)

Clean-up, desalting, concentration, solvent change, 

fractionation

Development necessary

Source Waters®
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Supported Liquid Extraction SLE

Ex: Benzodiazepines in blood

diatomaceous

earth

t-butylmethylether

Smink  et al. (2004)
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Supported Liquid Extraction SLE

Agilent, 2011, sample “pre-treatment” 
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Supported Liquid Extraction SLE

Agilent, 2011, sample “pre-treatment” 
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Solid Phase Extraction : SPE

Dry

2/3 : rince/wash + 

conditionning

4 : load

5 : wash

6 : elute
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Solid Phase Extraction : SPE

2/3 : Rince/wash + conditionning: 

wetting the stationary phase with an organic solvent and then with a solvent

close to the sample matrix, to activate the retention sites, the seat of

molecular interactions

4 : Load : quantitative retention of analytes of interest on the stationary phase 

moderate sample flow rate (<10 mL/min)

5 : Wash : non-systematic step to eliminate weakly retained interferents

Dry : dry the substrate to evaporate traces of washing solvent

6 : Elute : use the solvent with the lowest possible eluting force 

capable of carrying away all the molecules of interest, 

thus avoiding eluting strongly retained interferents
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Solid Phase Extraction : SPE

Optimisation

• Choice of the cartridge

• Solid phase nature

The solid phase should retain the analytes
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Solid Phase Extraction : choice of solid phase

 SILICA

 REVERSED PHASE

 NORMAL PHASE

 ION EXCHANGE

 MIXED MODE

 POLYMERIC  
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Solid Phase Extraction : SPE

Analytes polar

Interferents apolar

stationary phase

Apolar

stationary phase

Polar

Analytes apolar

Interferents polar

NORMAL

PHASE

REVERSED

PHASE
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Solid Phase Extraction : silica based
NORMAL

PHASE

REVERSED

PHASE

Bonded silica:

•Cyano

•Diol

•Amine

Florisil

stationary phase

Apolar

stationary phase

Polar

Bonded silica:

•Octadecyl (C18)

•Octyl (C8)

•Phenyl
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Solid Phase Extraction : silica based

 Stable at pH between 2 and 7.5

 More selective than polymeric

 Lower load capacity due to lower specific surface area
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Solid Phase Extraction : silica based

R.E. Majors, LCGC North Am. 31(3), 190–202 (2013).

Silica-based phase use 
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Solvent elution strength
NORMALP HASEREVERSED PHASE

WEAK

HIGH

Eau

Methanol

Isopropanol

Acetonitrile

Acetone

Ethyl acetate

Ether

Tétrahydrofurane

Dichlorométhane

Chloroforme

Toluene

Iso-octane

Hexane

Hexane

Iso-octane

Toluene

Chloroforme

Dichlorométhane

Tetrahydrofurane

Ether

Ethyl acetate

Acetone

Acetonitrile

Isopropanol

Methanol
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Solid Phase Extraction : silica based
• Ion exchange SPE

Source: Waters

Quaternary

amine

Sulfonate

Carboxylic

acid

SAXSCX
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Solid Phase Extraction : choix de la cartouche à base de silice

•Ion exchange SPE
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Solid Phase Extraction : silica based
•Ion exchange SPE: Mixed mode

Double bonding: ion exchange + hydrophobic carbon chains

- Retention of compounds of interest (with acid or basic function) on the ion 

exchange media

- Removal of ionisable impurities by a powerful wash based on pH

- Removal of other impurities retained on the hydrophobic chain by an organic 

solvent 

RP/SCX ; RP/SAX ; RP/WCX ; RP/NH2
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Solid Phase Extraction : silica based
•Ion exchange SPE: Mixed mode

Double greffage : échange d’ions + chaînes carbonées hydrophobes

- Rétention des composés d’intérêt (avec fonction acide ou basique) sur le greffage 

échange d’ions

- Élimination des impuretés ionisables par un 1er lavage puissant faisant intervenir le 

pH

- Élimination des autres impuretés retenues sur le greffage hydrophobe par un 

solvant organique 

RP/SCX ; RP/SAX ; RP/WCX ; RP/NH2

Fontanals et al. 2019
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•Ion exchange SPE: Mixed mode
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Solid Phase Extraction : polymeric

stationary phase

Apolar

Polymeric:

•Polystyrene-divinylbenzene (PS-DVB)

Ex: Strata-X, Lichrolut-EN

•Polystyrene divinyl pyrrolidone (PS-PVP) 

•Poly(vinylpyrrolidone-co-divinylbenzene)

Ex: Oasis HLB

•Dimethylacryloxymethyl naphtalène divinylbenzene (DMN-DVB)
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Solid Phase Extraction : polymeric

 Very chemically stable cartridges

 Resistance to pH between 1 and 14

 Low selectivity compared to silica based solid phase 

 Much higher loading capacity than traditional silica and allows the purification of a 

very large number of molecules or families of molecules
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Solid Phase Extraction : polymeric
•Ion exchange SPE: Mixed mode
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R.E. Majors, LCGC North Am. 31(3), 190–202 (2013).

Solid Phase Extraction : polymeric
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Solid Phase Extraction : solid phase choice
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Reversed phase
Stationary phase

Apolar

Gros  et al. (2006)
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Solid Phase Extraction : solid phase choice
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Reversed phase
stationary phase

Apolar

Cazorla-Reyes  et al. (2011)
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Solid Phase Extraction : optimisation 

• Optimisation

•Choice of cartridge

•Nature of the phase

•Mass of solid phase

It must be adapted to the volume of matrix extracted

Retention capacity on silica = approx. 1-5% of the adsorbent mass

Retention capacity on polymer = up to 30 % of the adsorbent mass
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Solid Phase Extraction : optimisation 

Determination of the end of fixation volume:

Conc. at cartridge outlet = 1% conc. percolated

• Optimisation

•Choice of cartridge

•Nature of the phase

•Mass of solid phase

•Volume of sample percolated
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Solid Phase Extraction : optimisation 

• Optimisation

•Choice of cartridge

•Nature of the phase

•Mass of solid phase

•Volume of sample percolated

•Choice of solvents

•pH of the sample
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Solid Phase Extraction : SPE : summary
ANALYTE

- Polar functions (O, N, S or P)

- Number and position of polar groups

- Ionisable functional groups (cation and/or anion)

- pka of functional groups 

MATRIX

- Relative polarity of the matrix compared to the analytes, solvent or solid support 

- Potential interferents

- Analytes bound with matrix compounds (proteins) 

SOLID PHASE

- Interaction with the compounds of interest or the matrix

- Normal phase, reversed phase, ion exchange, mixed mode 

SOLVENT

- Extraction of analytes

- Removal of matrix interferents
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Solid Phase Extraction : strategies

Capture Pass-through Dispersive SPE 

(d-SPE)

Analyte Retained, then eluted Not retained Not retained

Interferent Not retained or 

removed with washing

solvent

Mostly retained Mostly retained

Purification Efficient and very

selective

More efficient than

d-SPE

Fast, simple and easy

Solid Phase 

Selectivity

- Maximise retention

of the analyte

- Minimise retention

of interferents

- Maximise retention

of interferents

- Minimise retention

of the analyte

- Maximise retention

of interferents

- Minimise retention of 

the analyte

Enrichment Yes < capture, evaporation < capture, evaporation

Analysis Similar analytes Multi-residue Multi-residue
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Solid Phase Extraction : SPE miniaturised

• SPE miniaturised: MEPS 

Novakova et al. (2009)

SPE MEPS

Volume of solvent 2-5 mL 20-50 µL

Mass of 100 mg 1-5 mg

Available phase unlimited C8, C18, SCX
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Solid Phase Extraction : SPE miniaturised
•Stir Bar Sorptive Extraction (SBSE)

Prieto et al. (2010)

Solvent-free extraction 

Desorption : thermal or liquid
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Stir bar Sorptive Extraction (SBSE)

Analytes: HAP, PBDE…

Matrix: sea water

Volume: 100 mL

Analysis: TD-GC-MS
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Thanks for your attention
Questions ? 

barbara.giroud@isa-lyon.fr 
laure.wiest@isa-lyon.fr
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