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Introduction 
While the mass spectrometer produces powerful structural information based on molecular 
fragmentation, often including molecular weight data, MS can be weak in the area of isomer 
differentiation.  Conversely, the Infrared spectrometer is reliable in this area and can offer 
complementary information when used in tandem with an MS.  This note highlights the power of the 
IRD to aid in the identification of isomers, specifically cis and trans isomers of isoeugenol and 
eugenol.  While this sample was chosen from the area of flavors and fragrances; isomer 
differentiation has broad applicability in all areas where structural identification is essential. 
 
Eugenol occurs in allspice, cinnamon & bay leaves, myrrh, and patchouli in cloves, where it 
constitutes 85% of the oil.  Clove leaf oil is the raw material for the production of eugenol, which is 
further used to make isoeugenol and eugenol esters.  Small amounts have been used as a dental 
antiseptic.  An important alternate source of eugenol is from the California bay leaf.  Eugenol is a 
carminative compound in that it can release hydrogen sulfide, methane, and hydrogen in the 
digestive tract.  Isoeugenol differs from eugenol only in the location of the double bond in the 
hydrocarbon side chain.  This small change will give an odor from clove-like to nutmeg-like.   

 

Product Overview  
The IRD 3 is designed from the chromatographer’s point-of-view and is unique in that it was 

designed to be used directly with a Gas Chromatograph (GC), and not just as a lab top FTIR.  The IRD-

3 seamlessly integrates the separating power of the GC with the molecular identification of an FTIR.   

The IRD 3 is the perfect tool for the chromatographer looking to obtain more information about 

unknown samples.  Using a heated light pipe flow cell, the sample is kept in the vapor state while 

interacting within the IR band width.  Keeping the molecular geometry intact during analysis provides 

unique and highly reproducible spectra.  

 

Parameters and Results 
It can be seen from Figure 1 that the mass spectra of eugenol and cis-trans isoeugenol are very 

similar.  The only difference of note is a slightly larger fragment at m/z 137 in the spectrum of 

eugenol due to a loss of part of the hydrocarbon side chain.  On the other hand, the infrared spectra, 

in Figure 2, have many subtle differences, which allow higher confidence in structural determination. 

 

Figure 3 highlights these differences with a comparison of the fingerprint region.  Visual differences 

are easily spotted, and the IRD library search routine confirms the identities, finding the correct 

match in all three cases.  Some peaks shift a little but in an entirely reproducible manner due to the 

nature of vapor phase spectra and the highly precise way in which the IRD collects spectra.  The most 

critical spectral difference is the out-of-plane deformation of the vinyl hydrogens of eugenol at the 

wavelength of 916 compared to the out-of-plane deformation of the trans-disubstituted hydrogens 

of trans isoeugenol at 959. 

Key Features 

• Vapor phase FTIR for use with GC 
and GC-MS 

• Low Maintenance with no moving 
parts 

• Smallest footprint available saves 
bench space 

• Dedicated vapor phase libraries 

• Single sequence table operates the 
entire GC-IRD system 



IRD 3 Application Note  
 

Cis/Trans Isomers 

 
ASAP Analytical 
1511 Neave Street 
Covington, KY 41011 

(859) 581-6990 
info@asapanalytical.com 
www.asapanalytical.com 

Figure 1. 

 

 

 

 

 

 

 

 

 
Figure 2.  

 

 

 

 

 

 

 

 

 

 

Conclusion 
The use of the GC/IRD has been shown to be useful in the differentiation of similar isomeric compounds where spectral information has pro-

vided only molecular weight and general structural information. Running both these detectors in serious can offer the analyst both the best 

in compound identification as well as differentiation of all types of isomers. 


