
GC-IMS: Tecnica Analitica innovativa per controllo     
di qualità tramite le sostanze volatili

Dott. Cesare Rossini
Business Development Manager (Lab Service Analytica Srl)

MARGHERA  20 FEBBRAIO 2020



Gas Chromatograhy-Ion Mobility Spectrometer 

(GC-IMS)

2



3

Company:

▪ Founded in 1997 as spin-off of the ISAS –
Leibniz-Institute for Analytical Sciences 

e.V.

▪ R&D and manufacturing facilities at
Technology Centre Dortmund 

▪ Development, production and distribution 
of analytical instruments based on 

Gas Chromatography coupled to
Ion Mobility
Spectrometry customized to application    

and customer requirements

▪ More than 200 installed instruments
at global market leaders in food &
flavours, process industry, research
institutes   
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GAS CHROMATOGRAPHY – IONMOBILITY SPECTROMETRY

2 DIMENSIONS OF SEPARATION

HIGH SENSITIVITY (LOW PPB RANGE)

SAMPLE IN

FlavourSpec®



N2
+ + 2N2 → N4

+ + N2

N4
+ + H2O → 2N2 + H2O

+

H2O
+ + H2O → H3O

+ + OH

H3O
+ + H2O + N

2

→ (H2O)2H
+ + N2

(H2O)2H
+ + H2O + N

2

→ (H2O)3H
+ * + N2

N2 + ß → N2
+ + ß’ + e-

Ionisation of the nitrogen of the drift gas by the ß emission: 

Generation of reaction ions in nitrogen:

*Number of water molecules vary

Soft-Ionization no fragmentation – almost 100% output

Ambient pressure – no Dilution!
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Without analyte:

residual water → H+(H2O)n | reactive species

With analyte:

H+(H2O)n + A → AH+(H2O)n + H2O | analyte ion

High analyte load:

H+(H2O)n + 2A → A2H
+(H2O)n + H2O | analyte ion

RIP

soft chemical ionization by proton transfer

high analyte concentration due to atmospheric pressure 

b-

b-

b-

evolution of reactive proton species by interaction with radiation

RIP

RIP

AH+

A2H
+
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fast GC

pre-separation

(typically 5 to 15 min)

IMS separation (30 ms)
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IMS – Principle 
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Working Principle of the IMS

           Drift velocity:                      Mobility:  
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E electric field strength                 d drift path length

td drift time                                    e unit charge

m ion mass (analyte)                    M molecular mass (drift gas)

N number density (drift gas)         k Boltzmann-constant

T temperature                                r minimum in the potential curve

collision integral 1. order          correction term for approximations 
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Working Principle of the IMS
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Aromatic Amines 930.0 KJ/mol Pyridine

Amines 899.0 KJ/mol Methyl Amine

Phosphorous Compounds 890.6 KJ/mol Trimethylphosphate

Sulfoxides 884.4 KJ/mol Dimethyl Sulfoxide

853.6 KJ/mol Ammonia

Ketones 832.7 KJ/mol 2-Pentanone

Esters 821.6 KJ/mol Methyl Acetate

Alkenes 805.2 KJ/mol 1-Hexene

Alcohols 789.2 KJ/mol Butanol

Aromatics 750.4 KJ/mol Benzene

691.0 KJ/mol Water

Alkanes 543.5 KJ/mol Methane

Source: Gary Eiceman & Zeev Karpas, Ion Mobility Spectrometry, CRC Press, 2005, ISBN 0-8493-2247-2

Protone affinities of various VOCs can be found at the NIST chemistry webbook

http://webbook.nist.gov/chemistry/
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Protone Affinities decissive for DetectabilityFlavourSpec®
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RIP

(H2O)nH+

Hexanone

Monomer

MH+

Hexanone

Dimer

M2H
+

5 ppb

16 ppb

49 ppb

Quantitative 

information
from

peak intensity

Qualitative 

information
from

peak position

IMS Resolution: ~ 100

Calibration for 2-Hexanone

Peak Analysis (Height, Volume) for Quantification
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Headspace sampling

Long runtimes for complex mixtures

Well developed technology

Limited sensitivity

Detector

time

Gas Chromatography – Conventional DetectorFlavourSpec®
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time

Second physical 

separation
Outstanding sensitivity

High GC mapping by fast spectroscopy

FlavourSpec®
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IMS drift time

2-Dimensional separation by GC and IMS
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FlavourSpec® - Schematic Representation

Capillary Column (CC)
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Workflow of the FlavourSpec® headspace Analysis

Fill vial
Generate 

headspace

Sampling

Flavour

Spec®

Injection Data Analyis
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Hedonistic EvaluationHigh-end Mass Spec GC-IMS

- ‘golden standard‘

- approved technology

- R&D 

- available data base

- well known

- most decisive Criteria

- availability critical

- subjectivity problematic

- easy-to-use

- reliabe (phys. principle)

- QC related

- fingerprint and data base

- attractive value for money

- flexible/portable use

FlavourSpec®



OLIVE OIL classification : OLEUM project
FlavourSpec®

Olio di OLIVA
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Authentication / Determination of Honey using FlavourSpec

Premium taiwanese honey exhibits unique VOC pattern

FlavourSpec®
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Off-Smell Detection: Series of compounds found to be unique and other elevated in concentration
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unwanted

odor

normal

odor

thiazole C288471 C3H3NS 85,1

(E)-3-penten-2-one C3102338 C5H8O 84,1

Methyl isothiocyanate C556616 C2H3NS 73,1

3-Methylbutanenitrile C625285 C5H9N 83,1

Methanedithiol C6725640 CH4S2 80,2

3-Methyl-3-buten-1-ol C763326 C5H10O 86,1

3-methylbutan-1-ol C123513 C5H12O 88,1

2-methylbutan-1-ol C137326 C5H12O 88,1

2-methylbutan-1-ol C137326 C5H12O 88,1

‘Gallery Plot‘ of selected SignalFlavourSpec®

Caffè



Measurements on Tea

Complex fingerprint of tea

Signals are first marked by drawing rectangles around the signals

FlavourSpec®

Tea



Analysis of the aroma composition to validate origin

Verification of Regional Huangjiu wines

One sample exhibits different Pattern -> produced in other Chinese Province

FlavourSpec®
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Storage of raw material / finished products degrade the quality and affect the flavour

Applications: 

- Monitoring aroma during shelf  life testing

- Determination of ‘best-before’ data

- Monitoring of product ripening

FlavourSpec®
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Provenienza pesce



Freschezza uova



UV-IMS

Summary

• ”Fingerprint” for fast classification (good, bad, fresh etc.)  

Single substances can be identified and quantified using

• Sensitive - Detection limits for VOCs in the low ppbv / µg/L 

range
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