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Typical steps in an analytical method

� Sample preparation

� Extraction

� Derivatization

� Clean-up

� Measurement



Topics to be covered

� Health & Safety
� Physical properties
� Extraction efficiency
� Matrix effects
� Liquid/liquid partition
� Extraction techniques



Extraction methods

1. SRM
2. MRM – single class
3. MRM – multi class



Solvents - Health & Safety

� Toxicity
� Flammability
� Environmental hazard

� Cost



Solvents to avoid

Definitely not to be used:
� Benzene
� Carbon-disulfide
� Carbon tetrachloride
� Pyridine
� Di-isopropyl ether

Only to be used if really necessary:
� Chloroform
� Diethyl ether
� Tetrahydrofuran



Toxicity & Flammability
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Health & Safety

Worker inhalation
� Have adequate ventilation in laboratories
� Use fume hoods

Flammability
� Use only spark-proof equipment



Costs of Common Organic Solvents

3.76Water

27.80Pentane

7.10Methanol
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7.00Ethyl Acetate
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Price of 2.5 L (£)Solvent



Extraction solvents

Analyte compatibility
� Extraction efficiency
� Stability (during extraction and in final 

extracts)

Analyte selectivity
� Avoid potentially interfering matrix 

components



Extraction Efficiency

� Is there a difference between a ‘naturally 
occurring’ residue and a ‘laboratory spike’

� Use laboratory spike for recovery (precision), 
but no idea of accuracy.

� Can get ‘binding’ of analyte to sample matrix 



Polarity

‘Like dissolves like’

� Non-polar molecules – saturated hydrocarbons

� Polar molecules – unsaturated hydrocarbons with 
linkage to a halogen, nitro group, oxygen, hydroxide, 
etc

� Ionic molecules – acids and bases



Increasing Polarity

pentane/hexane ® cyclohexane ® carbon tetrachloride
® benzene ® dichloromethane ® chloroform ®
diethyl ether ® ethyl acetate ® pyridine ® acetone 
® ethanol ® methanol ® water ® acetic acid 



Water Miscibility

Water miscible
� Acetone, acetonitrile, methanol, etc

Non-miscible
� Ethyl acetate **, pentane, hexane, 

dichloromethane, cyclohexane, etc



Selectivity

� Lipophilic co-extraction

Decreases – EtAc > acetone > MeCN

� Sugar co-extraction

Decreases – acetone > MeCN > EtAc



Common Co-extractives

� Fats/oils
� Chlorophyll
� Carotenoids
� Carbohydrates/sugars
� Proteins



Amount of matrix co-extracted from a mixed  
fruit & vegetable sample
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Citrus vs Apple Matrix TIC using GC-ITD



Effects of Co-extractives

� Complex chromatograms (interference)
� Produce enhancement/suppression effects
� Reduce life of analytical columns
� Foul injectors, GC column liners & detectors –

lead to loss of sensitivity, poor 
chromatography



Other factors affecting extraction efficiency

� Sample size and comminution procedure
� Water content of the sample
� Extraction procedure (blending, shaking)
� Time
� Sample/solvent ratio
� Type and amount of salt added
� Temperature
� pH



Drying solvent extracts

Use of anhydrous salts

Sodium sulfate and magnesium sulfate

MgSO4 forms a monohydrate and a
heptahydrate
Na2SO4 forms a heptahydrate and a
decahydrate



Use of salts to aid extraction process

Addition of salts (NaCl, Na2SO4, MgSO4)

� Improve partition of polar analytes from 
aqueous to organic layer

� Beware  - Also results in more polar co-
extractives partitioning into the organic layer  



Removal of water from MeCN extract

90%0.66.00.8g/4mlMgSO4

35%3.96.00.8g/4mlNa2SO4

Effectiveness 
of water 
removal
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Possible contamination from inorganic salts

� Can be a source of organic contamination, 
e.g phthalates

� Heat in a muffle furnace at 500  - 600ºC for 
2-3 hours 



Combined extraction/clean-up techniques

� Can combine extraction with liquid-liquid 
partition

� Can combine with SPE



MRM Extraction methods – F&V

� Ethyl acetate
� Ethyl acetate, sample (water), sodium sulphate, 

pH adjustment

� Acetone
� Acetone, sample (water), dichloromethane, (pH 

adjustment)

� Acetonitrile
� Acetonitrile, sample (water), MgSO4, NaCl



Conclusions

� Health & Safety

� ‘Like’ dissolves ‘Like’

� Identify critical points

� Just because an existing method uses a particular 
solvent it does not necessarily mean that it is the best 
choice


