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[Introduction] 
 Electron ionization (EI) is a hard ionization method that is commonly used with gas chromatography mass spectrometry (GC-MS). The mass spectral fragmentation 

patterns produced by EI are used for library database searches to identify compounds. Conversely, soft ionization methods like field ionization (FI) tend to produce 

clear molecular ions with minimal fragmentation. When high-resolution MS is used with these ionization techniques, the accurate masses for the fragment ions 

produced by EI and the molecular ions produced by soft ionization provide an additional dimension of information for the analytes. Combining the exact mass 

information with the results of conventional library search can enhance the accuracy of identification compared to the use of library search alone.  In this work, we 

introduce the msFineAnalysis software and use it to automatically combine data acquired by GC/EI and GC/soft ionization for the qualitative analysis of coffee 

headspace. 

[Experimental] 
A commercial coffee was prepared as follows: 

1)  One gram of coffee beans was loaded into a 22 mL vial, 15 mL of 

boiling water was added, and the vial was sealed. 

2) After the sample was cooled to room temperature, 10 mL of the 

supernatant was loaded into another vial, and 2 µL of an internal 

reference (p-Bromofluorobenzene) solution was added to the sample. 

3) Finally, 2 mL of the above solution was transferred to the vail for the 

headspace sampler and sealed in a vial that was then used as a 

sample. 

Table 1 shows the measurement conditions used for the headspace/GC-

TOFMS system. 

 

Figure 1. Qualitative Analysis Flow 

Product: Mass spectrometer (MS) 

Table 1. Measurement Conditions 

[Conditions of headspace sampler] 

System MS-62070STRAP (JEOL) 

Mode Trap mode 

Extract 3 times 

Heating condition 60°C,  15 min 

[GC-TOFMS Conditions] 

System JMS-T200GC (JEOL) 

Ionization mode 
EI+: 70 eV, 300 mA 

FI+: -10 kV, 8mA (Carbotec 5 mm) 

GC column ZB-WAX, 30 m x 0.18 mm, 0.18 mm 

Oven temp. 
40°C (3 min) → 30°C/min → 250°C (10 

min) 

Inlet temperature 250°C  

Inlet mode Split 30:1 

EI Data 

1. NIST Library Search 

Results 

Conventional 
GC-MS Qualitative Analysis 

msFineAnalysis integrated qualitative analysis of 
both EI data and soft ionization (SI) data 

EI Data SI Data 

1. NIST Library Search 
2. Molecular Ion 
    Search 

3. Exact Mass Analysis 
    of Molecular Ions 

 4. Isotopic Pattern Analysis 
    of Molecular Ion [2] 

5. EI Fragment Ions 
   Formula Estimation [3] 

6. Integrated Results Report 

Link both 
mass spectra 

[1] Use the library search results as the condition for estimating molecular ion 
[2] Molecular ions can be selected from EI data 
[3] Use the results of estimated molecular ion composition as conditions for  
      estimating fragment ion compositions 

[1] 

[Results and Discussion] 
Figure 1 shows the operational flow chart for the integrated 

analysis steps used for the JEOL msFineAnalysis software (chart on 

the right). First, the data is acquired by using both EI and soft 

ionization (SI), and all peaks and associated mass spectra are 

detected in the chromatograms. Afterwards, the mass spectra 

produced by these ionization methods are linked using their 

retention times, and these linked mass spectra are recorded as 

single components. Next, the EI mass spectrum is used for the 

library database search (1), and the SI mass spectrum is used to 

identify the analyte molecular ion (2). Afterwards, the molecular 

ion is  used for exact mass analysis to determine possible 

elemental compositions, and these candidate formulas are then 

filtered by using the EI library search results (3). Next, the 

molecular ion is subjected to isotopic pattern analysis to help 

further limit the candidate formulas (4). Each candidate formula is 

then used as a search constraint for the exact mass analysis of the 

EI fragment ions (5). If the molecular ion formula candidate is 

incorrect, the EI fragment ions will not result in many (if any) 

compositional formulas, thus indicating that the molecular ion 

formula is not a good candidate for that particular analyte. These 

results are then output as an integrated qualitative report (6).  



[003]
[004]
[006]

[007]

[008]

[009]

[010]
[011]

[012]

[014][015]
[016]

[017]

[018]
[021][022]

[028]

[030]

[033]

[035]
[037]

[038]

[044][047]

[049]
[051]

[052]

[053]
[055]

[058]

[060][062] [065] [067]

TICC: EI Data

0.00

2.50

5.00

x106

In
te

n
si

ty

0 1 2 3 4 5 6 7 8 9 10
Time [min]

[003]

[007]

[014]
[016]

[020]
[021]

[023]

[028]

[030]

[033]

[034][037]
[038]

[044]

[049]

[052]

[053]

[058]

[061][062] [064] [067]

TICC: SI Data

0.00

1.00

2.00

3.00

x106

In
te

n
si

ty

0 1 2 3 4 5 6 7 8 9 10
Time [min]

Figure 2. TIC chromatograms of coffee aroma acquired by a HS/GC/TOFMS 

Figure 3. Integrated qualitative analysis results on msFineAnalysis 

GC/EI 

GC/FI 

The msFineAnalysis Auto Analysis function detected 67 components in the GC/EI and GC/FI measurements (Figure 2) that were automatically linked using their 

retention time. The Auto Analysis function then automatically used the steps in Figure 1 to analyze the linked data, and the results were output as a color-coded 

table as shown in Figure 3. Each color indicates a level of confidence for the identity of the compound: 

  Green:   A molecular formula candidate was uniquely identified. 

  Orange: Multiple molecular formula candidates were identified. 

  White:   No significant molecular formula candidates were identified. 

The components classified as orange or white can be further reviewed manually to potentially identify a unique candidate formula. In this example, the software 

was able to automatically determine a unique molecular formula for 63 of the 67 components in the coffee headspace sample.  

 

[Conclusions] 
The msFineAnalysis software produces highly accurate qualitative analysis results by automatically combining the EI library search results and soft ionization (SI) 

molecular formula determinations. Additionally, this software makes it possible to determine molecular formulas for unknown components not registered in 

library (match factor score: low), which can not be identified by database search alone (Figure 1, left side). The effectiveness of the msFineAnalysis integrated 

analysis method effectiveness for GC/MS qualitative analysis was demonstrated by automatically determining molecular formulas from exact masses, regardless 

of the level of match factor score, to limit the candidate formulas.

 


