
The enhanced separation offered by comprehensive two-dimensional gas chromatography with 

time of flight mass spectrometry (GCxGC-TOF MS) has made the technique a popular choice for 

petrochemical analyses. 

Despite this enhanced separation, the identification of individual compounds in complex samples 

may become complicated when similar mass spectral characteristics are evident across entire 

chemical classes. Branched alkanes are a prime example, with weak molecular ions that further 

complicate the process. Spectral similarity can be addressed by the use of soft ionization to reduce 

the degree of ion fragmentation, but this approach has been cumbersome to implement until now. 

Select-eV® ion-source technology aims to solve this problem through the ability to switch 

effortlessly between hard and soft electron ionization without loss in sensitivity. The novel ion 

source provides enhanced molecular ions whilst retaining structurally-significant fragment ions, 

thus simplifying the identification of isomeric compounds. 

The enhanced selectivity and sensitivity stemming from the dramatic reduction in fragmentation at 

low energies also greatly increases the number of compounds identified, permitting robust 

statistical comparisons essential for successful chemical fingerprinting. 

 Introduction 

Conclusion 

In this work, we have shown that GC×GC–TOF MS provides the sensitivity and chromatographic 

resolving power necessary to deliver highly structured, data-rich chromatograms, alongside the 

‘classical’ library-searchable spectra that provide a high degree of confidence in analyte 

identification.  

In addition, Select-eV has been shown to provide improved sample characterization for the complex 

crude oils, by reducing fragmentation and increasing molecular ion response, with no inherent loss 

in sensitivity.  

By suppressing the fragmentation at low ionization energies, matrix interferences are greatly 

reduced. Furthermore, carrier gases and/or residual background gases are not ionized, due to 

their higher ionization potentials. Therefore, the signal-to-noise ratios for target substances are 

dramatically improved, allowing lower limits of detection to be achieved. 
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 Experimental 

A gas chromatograph equipped with a Zoex ZX1 loop modulator was used in combination with the 

BenchTOF-Select™ (Markes International) for the following case study on the analysis of crude oil. 

Column set: DB-5 (28 m × 0.25 mm × 0.25 μm) in the 1st dimension and SGE BPX50 (2.3 m × 0.1 

mm × 0.1 μm) in the 2nd dimension. 

Modulator delay loop: 1.0 m, as for 2nd dimension; Modulation time: 6 s. 

The presence of only structurally-significant fragments in Select-eV mass spectra leads to a reduced 

demand on dynamic range and an increase in peak capacity for GC×GC–TOF MS. Furthermore, the 

ability to provide enhanced molecular ions whilst retaining structurally-significant fragment ions 

allows for greater orthogonality between the mass spectra of isomeric compounds, thus simplifying 

compound identification. Figure 3 shows an example of this increased orthogonality for the 

identification of hydrocarbons in crude oil. 

The enhanced signal for heavier, more structurally-significant ions also provides increased 

confidence in quantitation, by improving the probability of finding a unique quantitative ion. 

 Differentiation of isomers 
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Additionally Select-eV does not require source-switching, reagent gases or source pressurization. 

The ionization energy is simply entered as a method parameter within the accompanying TOF-DS™ 

software package, allowing a fully automated sequence of samples to be analyzed at various 

ionization energies. These results indicate that BenchTOF-Select can provide an additional level of 

sample information with no disruption to analytical workflow. 

Figure 3: Section of a GC×GC-TOF 

MS chromatogram for crude oil, with 

increased orthogonality in the spectra 

of isomers demonstrated by the 14 eV 

spectral comparisons. 

 Select-eV variable-energy electron ionization 

Until now, space-charge limitation has 

hindered the use of low ionization energies 

in conventional EI GC-MS due to the 

resulting catastrophic loss in sensitivity 

(Figure 1B). In the Select-eV ion source, 

depicted in Figure 1C, an additional 

electrostatic element is placed between 

the e-gun and the ion chamber to ensure 

that electrons emitted from the filament are 

channeled efficiently into the ion chamber 

at the defined electron energy. 

Moreover the signal is improved by 

reducing coulombic effects and increasing 

the number of electrons produced by the 

filament. This improves instrument 

sensitivity at low ionization energies and 

allows soft ionization in an e-gun 

arrangement. 

Figure 1: Illustration of thermal emissions in EI. A: Conventional 

70 eV ionization. B: The space-charge limitation in conventional 

(EI) GC-MS systems at low ionization energy. C: How the Select-

eV ion source overcomes this problem. 

 Identification of biomarkers 

Figure 4: Mass spectral comparisons for two sterane-type biomarkers 

at 70 eV and 14 eV. In each case, signal-to-noise ratios are given for 

the molecular ion. 

Select-eV technology was also 

applied to the identification of crude 

oil biomarkers.  

Biomarkers are breakdown 

products of the biomolecules in the 

original oil-producing organisms, 

and are known as ‘chemical fossils’ 

because of their resistance to 

degradation. 

Figure 4 compares the 70 eV and 

14 eV mass spectra for two 

sterane-type biomarkers in the 

crude oil. In both cases, the mass 

spectra at low energies have 

dramatically reduced fragmentation, 

as well as enhanced molecular ion 

signals, resulting in improved 

signal-to-noise values and lowered 

limits of detection.  

However, unlike other soft 

ionization techniques that produce 

a sole molecular ion, Select-eV 

retains significant fragments that 

can aid structural elucidation. 

Results 

Figure 2: GC×GC TOF MS color plots of crude oil analyzed at 70 

eV (top) and 14 eV (bottom); the expansions highlight the 

improved chromatographic resolution for hydrocarbons at low 

ionization energies. 

The GC×GC–TOF MS color plots 

shown in Figure 2 provide a 

comparison of the analysis of crude oil 

at 70 eV and 14 eV. The results show 

an improvement in selectivity at low-

energy ionization, particularly within 

the aliphatic region, due to 

dramatically reduced fragmentation of 

these compounds within the ion 

source. 

The enhanced selectivity provided by 

Select-eV low-energy ionization 

allowed the automated detection of 

over 1000 additional ‘blobs’ in the 14 

eV GC×GC color plot, compared to the 

same sample run at 70 eV. This extra 

information provides more robust 

statistical comparisons for chemical 

fingerprinting of whole oils. 
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