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• Squeezing 

• Extraction 

• Adsorption 

• Centrifugation 

• Filtering 

• Distillation 

• Headspace 

Isolation Techniques for Natural Products 
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General scheme for sample work up 
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General outline for the separation of a mixture 
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Extraction protocol for purification of a neutral compound 
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Extraction protocols for 

purification of an acidic organic 

compound 
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Extraction protocols for 

purification of a basic organic 

compound 
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Purification Techniques for Natural Products 

Liquid-liquid Extraction 

Soxhlet Extraction 

Fractional Distillation 

Fractional Distillation under Vacuum 

Steam Distillation 

Sublimation 

Thin layer Chromatography 

Liquid Chromatography 

Gas Chromatography 
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Soxhlet Extraction 
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Isolation of caffeine from tea leaves using Soxhlet extractor 

Tea leaves 

1. Grinding 

2. Extracting (ethanol) 

3. Evaporation 

Solid residue 

1. Extracting (water) 

2. Filtering 

3. Evaporation 

4. Extraction (CHCl3) 

5. Washing 

6. Evaporation 

7. Recrystallizing S
te
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Distillation 
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Fractional Distillation 
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Fractional Distillation under Vacuum 
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Steam Distillation 
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Main Chromatographic Techniques 
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Thinlayer Chromatography 
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Thinlayer Chromatography 
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Liquid Chromatography 
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Solvent 

A 

Solvent 

B 

Pump A 

Pump B 

Mixer Injector LC column 

Solvent 

A 

Solvent 

B 

Mixer Pump Injector LC column 

Programmer 

Programmer 

High-Pressure Solvent Programmer 

Low-Pressure Solvent Programmer 

Liquid Chromatography Gradient Elution 
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Volatiles from Plants 
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Sampling of Volatiles from Plants 
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Sampling 

of Volatiles 

from Plants 
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Adsorbent Material used in Trap 
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Capillary Gas Chromatography 
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Capillary Gas 

Chromatography 

of Volatiles from 

Tomato Leaves 
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Sampling of Volatiles from Soil 
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Capillary Gas Chromatography Eigenvector projection 
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Solid Phase Micro Extraction 
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Solid Phase Micro Extraction 
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Solid Phase Micro Extraction 
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Solid Phase Micro Extraction 
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Solid Phase Extraction 
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Solid Phase Extraction 
S

te
n
h
a
g
e
n
A

n
a
ly

s
la

b
 A

B
 



Solid Phase Extraction 
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Solid Phase Extraction 

S
te

n
h
a
g
e
n
A

n
a
ly

s
la

b
 A

B
 



Large White Butterflies P. brassicae 
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Dual Choice chamber 

Ovipositing of the Large White Butterflies P. brassicae 
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Cardenolides on Leaf Surface 
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Ovipositing of the Large White Butterflies P. brassicae 
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Tarsal Contact Chemoreceptory 
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Protocol for isolation of active component 
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Identification of  

Natural Products 
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Identification Techniques of Natural Products 

• Gas and Liquid Chromatography 

• Mass Spectrometry 

• UV/Vis Spectrophotometry 

• IR Spectrophotometry 

• NMR Spectrometry 

• Roentgen Diffraction 
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Mass spectrometers separate ions according to 

their mass to charge (m/z) ratios 

1. Quantitative information about 
samples 

2. Qualitative structural information 

3. Sensitive for a wide range of 
compounds 

4. Extremely selective 
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Uses of Mass Spectrometry in Organic and Biological Chemistry 

Application Samples Methods Comment 

Molecular weight 

determination 

Pure compounds, 

mixtures 

Recognize intact 

molecular ion in 

spectrum 

Several ionisation 

methods can be used for 

confirmation 

Molecular formula 

determination 

Usually pure 

compounds but also 

mixtures by LC-MS or 

GC-MS 

High accuracy mass 

measurement on 

molecular ion 

High accuracy alone 

seldom gives a unique 

molecular formula 

Molecular structure 

determination 

Pure compounds or 

mixtures by LC-MS, 

GC-MS, and MS-MS 

Spectrum-structure 

correlations; library 

comparisons 

Confirmation of 

suspected structures is 

usual; de novo 

interpretations rare 

Sequence determination Proteins, other 

biopolymers 

Tandem mass 

spectrometry (MS-

MS) 

Sensitive, very rapid and 

increasingly useful 

Isotopic incorporation and 

fractionation 

Naturally and artificially 

labelled compounds 

(13C, 2H, 18O, etc.) 

Ion abundance 

measurements 

Precise isotope ratio 

measurements require 

special instrument 

Quantification Mixtures by LC-MS or 

GC-MS 

Selected ion detection 

(SIR) or multiple 

reaction monitoring 

(MRM)  

Sensitive and very 

selective 
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Components of a Mass Spectrometer 

Vakuum System 

Inlet 

e.g. LC 

Ion 

Source 

Mass 

Analyzer I 

Mass 

Analyzer II 
Detector 

Data 

System 
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Ion Sources 

• High vacuum sources 
– Electron Ionization (EI) 

– Chemical Ionization (CI) 

– Field Desorption (FD, FI) 

– Fast atom bombardment (FAB. LSIMS) 

– Matrix-Assisted Laser Desorption (MALDI) 

• Atmospheric Pressure Ionization (API) 
– Electro spray Ionization (ESI) 

– Atmospheric Pressure Chemical Ionization (APCI) 

– Atmospheric Pressure Photo ionization (APPI) 

– Atmospheric Matrix-Assisted Laser Desorption  
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Application range of various ion sources 

EI 

FAB 

Electrospray 

Polarity 

Mw 

1000 

10 000 

100 000 

nonpolar Very polar 

APCI 

MALDI 

1000 000 
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High Vacuum Sources 

 

– Electron Ionization (EI) 

– Chemical Ionization (CI) 

– Fast atom bombardment (FAB. LSIMS) 

– Matrix-Assisted Laser Desorption (MALDI) 
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Ion Source for Electron Impact (EI) 
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EI mass spectrum of methanol 
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EI mass spectrum of decan (C10H22) Mw 142 
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TIC 

Mass gas 

chromatogram of 

m/z 323 

GC-MS 

with EI ionisation 
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Advantages and Disadvantages of EI 

Reproducible method  Libraries of EI allow compound identification 

Extensive fragmentation occurs Molecular structure information can be deduced 

Ionisation efficiency high Method is sensitive: 1 in 1000 molecules is ionised 

Ionisation is non-selective All vaporized molecules can be ionised 

 

Advantage Consequence 

Disadvantage 

Only positive ions formed Not ideal for all classes of compounds 

Radical cations formed Rearrangement processes complicate mass spectra 

Sample must be volatile Limited to relative low molecular weight compounds 

Ionisation is non-selective All vaporized molecules contributes to the mass 

spectrum 

Relatively energetic (large interal 

energy) 

Often extensive fragmentation; limits value in 

molecular weight determination 

Consequence 
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Chemical ionisation (CI) 
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Fast atom bombardment (FAB. LSIMS) 
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Fast atom bombardment (FAB. LSIMS) 
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Fast atom bombardment (FAB. LSIMS) 
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Matrix-assisted Laser Desorption/Ionization 
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The analyte molecules are distributed throughout the matrix so 

that they are completely isolated from one other. This is 

necessary if the matrix is to form a homogenous 'solid solution' 

Some of the laser energy incident on the solid solution is absorbed 

by the matrix, causing rapid vibrational excitation, bringing about 

localized disintegration of the solid solution, forming clusters made 

up of a single analyte molecule surrounded by neutral and excited 

matrix molecules. The matrix molecules evaporate away from 

these clusters to leave the excited analyte molecule. 

The analyte molecules can become ionized by simple protonation 

by the photo-excited matrix, leading to the formation of the typical 

[M+X]+ type species (where X= H, Li, Na, K, etc.). Some multiply 

charged species, di- and trimers can also be formed. Negative ions 

are formed from reactions involving deprotonation of the analyte by 

the matrix to form [M-H]- and from interactions with photoelectrons 

to form the [M]-° radical molecular ions. 

The mechanism of MALDI is not totally understood…: 

These ionization reactions occur in the first tens of nanoseconds after 

irradiance, and within the initial desorbing matrix/analyte cloud.  

The Formation of a 

 'Solid Solution' 

Matrix Excitation 

Analyte Ionization 
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The most important applications of MALDI mass 

spectrometry are: peptides and proteins, synthetic 

polymers, oligonucleotides, oligosaccharides, 

lipids, inorganics. 

 

Numerous matrices have been found for these and 

other classes of compounds; a summary is given in 

figure. 

 

Although electrospray ionization (ESI) is somewhat 

competitive and certainly complementary, MALDI 

remains the method of choice in several key areas, 

particularly proteomics. The sensitivity of ESI is 

reduced by the presence of salts, impurities, and 

organic buffers which are more easily tolerated by 

MALDI. 

Applications and Choice of Matrix 
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Examples of MALDI 

mass spectra 
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Electrospray Ionization (ESI) 

Atmospheric Pressure Chemical Ionization (APCI) 

Atmospheric Pressure Photo ionization (APPI) 

Atmospheric Matrix-Assisted Laser Desorption 

Atmospheric Pressure Ionization (API) 
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Schematic of electrospray ionization process 

N B Cech & C G Enke Mass Spectrom Reviews 2001, 20, 362 
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The major steps in ESI 

• Formation of a Taylor cone with excess of positive charge on 

its surface 

• Formation of charged droplets 

• Shrinkage of droplets through evaporation and columbic 

fission (droplet disintegration into smaller droplets due to 

increased charge density) 

• Ionization takes place in gas-phase produced by ion 

evaporation from small highly charged droplets 

N B Cech & C G Enke Mass Spectrom Reviews 2001, 20, 362 

E de Hoffmann & V Stroobant Mass Spectrom: Principles and 

Applications, 2nd ed, J Wiley & Sons, 1999 
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Electrospray ionization process 

Suppression: Interacts with evaporation 

or  with gas phase ion formation 

Analyte: A 

Solvent: S 

charged 

droplet 

S 
A 

SH+ 

cluster ion 

solids 

lost 

droplets 

drying + 

coulombic explosion 

drying +  

ion evaporation 

lost neutrals 

AH+ 

gas phase 

ion 

drying,  

declustering 

+ 
+ 

+ 
+ + + 

+ + 

liquid 

MA 

S
te

n
h
a
g
e
n
A

n
a
ly

s
la

b
 A

B
 



Waters 

Orthogonal Spraying 

The concept used by most manufactures today 
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Advantages of ESI 

• Suitable to a wide range of polar non-volatile compounds 

• Sensitive (low pg amounts) 

• Soft ionization technique (gives molecular weight) 

• Robust 

• Accepts LC flow rates from low nl to over 1 ml/min 
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Atmospheric Pressure Chemical Ionization APCI 

• Mobile phase and analyte are nebulized 

• Droplets are vaporized 

• Mobile phase molecules are ionized by electrons from 

the corona discharge 

• Analyte molecules are ionized by the mobile phase ions 

• Ionization takes place in the gas phase 
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APCI ionisation process 

Analyte A 

Solvent S 

droplet 

S 
A 

S 

uncharged cluster 

solids on surface 

drying drying 

AH+ 

gas phase 

ions 

chemical ionisation 

solid particles 

S 
A 

SH+ 
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Agilent Technologies 

Atmospheric Pressure Chemical Ionization APCI 
S

te
n
h
a
g
e
n
A

n
a
ly

s
la

b
 A

B
 



Compatability of API-MS with chromatography 
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Mass Analyzers 
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+ 

+ 

+ + 

The      ion is transmitted along the quadrupole in a stable 
trajectory Rf field.  The      ion does not have a stable 
trajectory and is ejected from the quadrupole. 

Quadrupole mass filter 
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Schematic of a Triple Quadrupole 

 Mass Spectrometer 

Q1 q2 Q3 

Focusing lenses q2 is a collision cell 

(quadropole using RF only) 

Detector 

Ion source 
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Triple Quadrupole Mass Spectrometer 

MDS Sciex 
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MS/MS-scan functions 

• Daughter ion scan – MS1 is set on parent ion mass and 

MS2 is scanned 

• Parent ion scan – MS2 is set on daughter ion mass and 

MS1 is scanned 

• Neutral loss scan – MS1 and MS2 are linked with an 

offset of the lost mass and both are scanned 

synchronized 
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Mass Analyzers 
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Time-of-flight mass spectrometry (TOF) 

1. Bundles of ions are 
pulsed down the 
flight tube. 

2. Ions have a velocity 
relative to their 
mass. 

3. Their arrival time at 
the detector will be 
relative to their 
m/z. 

Linear TOF 

Single-stage reflectron TOF R J Cotter Anal Chem 1999, 445A 

S
te

n
h
a
g
e
n
A

n
a
ly

s
la

b
 A

B
 



Time of flight (TOF) mass spectrometer 

• High accuracy, 0.005 mass units, 100x better than 
quadrupole. 

• High resolution, peak width 0.05 mass units which is 10x 
better than a quadrupole. 

• High scan speeds 

• High sensitivity, though lower than SRM in a quadrupole 

• Dynamic range 103, about 10-100 times lower than for a 
triple quadrupole. 
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Q-Tof Premier ESI schematic 

Waters 
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Attacked plants call the cops 
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Isolation of An Elicitor of Plant Volatiles from Beet 

Armyworm Oral Secretion 

• Crude secretion was centrifuged  
• Sterile filtering (0.22µm filter) 

• Proteins precipitated and removed 

• Solid phase extraction (RP18 column) 

• Gradient HPLC (NP C18 column) 

• Gradient HPLC (RP ODS column) 

• Extraction into organic phase (methylene 
chloride/acetic acid/water) 

• Solid phase extraction (Diol column) 

• Isocratic HPLC (RP ODS column) 
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FAB/MS of active compound 

FAB/MSMS Daughter ion mass spectra 

S
te

n
h
a
g
e
n
A

n
a
ly

s
la

b
 A

B
 



Determination of methylester of hydroxy acetic acid 

The same GC/MS analyze also show a second peak in the gas 

chromatogram. The corresponding mass spectrum gave m/z 309 (M) 

and 291 (M-18) with CI. No molecular ion with EI but M-18 and a 

fragment pattern corresponding to a straight hydrocarbon 

 

Determination of glutamine 

Determination of glutamine by adding 10µl aceticanhydride to 100 µl 

of oral secretion. GC/MS with chemical ionization of the product 

gave m/z 144 (M+H). GC/MS with EI of the same product gave m/z 

143, 84, 56 and 41 and was identified as the methyl ester of 

pyroglutamate showing the presents of glutamine 
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Elemental composition 
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Accurate mass measurement gave elemental composition C23H38N2O5. 

Subtraction of glutamine linked via an ester or amide bond gave C18H30O3 as 

the elemental composition for the second part of the molecule. 
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Location of the hydroxyl group.  Pyrrolidide derivatives of the fatty acid 

methyl esters were prepared by dissolving a sample in 10 µl of 1% glacial 

acetic acid in freshly distilled pyrrolidine and heating to 100°C for 30 min in 

a sealed tube (Anderson, 1978). The product was cooled to room 

temperature, 10 µl of CH2Cl2 were added, and the product analyzed by GC-

MS. This derivative significantly refine the characteristic hydrocarbon MS 

fragmentation pattern of long chain fatty acids and was originally developed 

to determine the location of double bonds in the chain. It also resulted in 

increased intensity of diagnostic ions for the location of hydroxyl groups. 
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To 1 ml of filter sterilized oral secretion 

100 µl acetic acid and 2 ml of CH2CI2 

were added. The solution was shaken for 

5 min, and the organic phase was 

evaporated to dryness under vacuum. 

One milliliter of 50 mM (pH 8) sodium 

phosphate buffer was added and 10 µl of 

the solution was analyzed on HPLC with 

the ODS-AQ S-5 column. UV detection 

at 200 nm. 

A HPLC method to analyze the acidic components 

of the BAW oral secretion. 
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The End 
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