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Due to the price of helium (He), many laboratories are 
looking for alternative carrier gases for their gas 
chromatography/mass spectrometry (GC/MS) 
methods. This work describes the conversion of a 
GC/MS method for the identification of flavor and 
fragrance compounds in essential oils from helium to 
hydrogen (H2). A single quadrupole GC/MS system 
was used with hydrogen carrier gas and an EI source 
optimized to provide spectral fidelity with hydrogen. 
To increase confidence in compound identifications, 
deconvoluted mass spectra and linear retention 
indices (RI) were searched against the NIST23 mass 
spectral library. A column and chromatographic 
conditions for hydrogen were chosen that reduce the 
analysis time by 2.5 times compared to the helium 
method and generates results comparable to helium.

Introduction

Experimental

HydroInert Source 

The HydroInert source is an EI source optimized for 
use with hydrogen carrier gas. Due to its inert nature, 
it minimizes undesirable in-source chemical reactions 
between the analytes and hydrogen. This results in 
improved  library match scores (LMS) vs helium-
based libraries and allows using the same target ions 
in GC/MS and MRM transitions in GC/MS/MS. This 
makes the transition  of methods from helium to 
hydrogen much easier.

Considerations for GC/MS Method Conversion

The following should be considered when converting 
from helium to hydrogen.

• Review the document “The EI GC/MS Instrument 
Helium to Hydrogen Carrier Gas Conversion Guide” 
[1] for detailed instructions for method conversion 
from He to H2 carrier. This covers all aspects, 
including H2 safety, you should consider.

• Use Agilent’s Method Translation calculator [2] to 
pick a column and parameters to obtain the same 
elution order as with the helium method. Since 
most helium methods use a 30 m x 0.25 mm id 
column, the 20 m x 0.18 mm version is a great 
place to start. 

• The increased resolution afforded by hydrogen 
may allow the development of a faster method. 
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Translation of GC Method from Helium to Hydrogen 

Results and Discussion

Figure 2. TIC chromatograms of Brazilian orange oil with helium (top) and the translated hydrogen method (bottom). 
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GC: Agilent 8890, MSD: Agilent 5977C
Injection: Split, split ratio 25:1, 250 °C, 1 μL volume
MSD Transfer Line: 300 °C, Source 300 °C, Quad: 150 °C 
Source: 3 mm Inert Extractor (He), 9 mm HydroInert (H2)
Solvent Delay: 2.2 min (He), 0.88 min (H2)
Scan: 40-400 m/z, TID ON, A/D samples 8 (He), 4 (H2)
Sample Preparation: Essential oils diluted to 5% in ethanol

Hydrogen MethodHelium Method
Figure 1 shows the Agilent Method Translation calculator used 
to design the H2 method. The chromatographic parameters for 
He are entered in the left column and corresponding calculated 
H2 parameters appear on the right. The calculator is designed 
to maintain the same elution order as with the original method. 
This is crucial with complex analyses and especially if retention 
indices (RI) are to be used. The chosen conditions allowed a 
2.5 x speed increase, albeit with a predicted capacity 36% of 
the He method.

Instrument Parameters 

Figure 1. Method Translation from He to H2. 

Fig. 2 shows the Total Ion Chromatograms (TIC) for the Brazilian orange oil with He and the translated H2 methods. The H2 
method is 2.5 times faster and retains the same elution order and chromatographic resolution, but with reduced capacity.

Runtime reduced 2.5 x 
vs helium

RI Calibration and Component Identification
RI calibration was performed with a custom mixture of all the 
n-alkanes from n-C5 to n-C40 (Agilent). Compounds were 
identified using MassHunter Unknowns Analysis where the 
deconvoluted spectra were searched against NIST23 with RI 
time filtering. 
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Results and Discussion

Spectral Fidelity With H2

One of the problems with converting to H2 carrier is the 
possibility of in-source hydrogenation reactions, which 
can result in spectral changes and poorer library match 
scores (LMS). The HydroInert source was developed to 
minimize these reactions. 

As an example, Fig 3 shows the carvone oxide spectrum 
obtained with the H2 method using the HydroInert source 
(top) and the conventional source (bottom). The NIST23 
library reference spectrum for carvone oxide is inverted 
for comparison. The spectrum with HydroInert matches 
the NIST23 library reference spectrum with an LMS of 
95.8. For comparison, the He method had an LMS of 
95.5. With the standard 3 mm inert extractor and H2, the 
spectrum exhibits changes due to in-source reactions 
and has a poorer LMS of 85. If the 9 mm inert extractor is 
used with H2 instead of the 3 mm, spectral changes are 
still evident, but the LMS is improved to 91.2. As seen in 
Table 1, LMS scores with H2 and HydroInert show 
excellent agreement with the He values. The exceptions 
are due to either lower response for small peaks with H2 
or overlapping peaks causing spectral interferences.   

Figure 3. Deconvoluted spectra of carvone oxide with H2 carrier 
gas and with HydroInert source (top) and standard inert extractor 
(bottom).

9 mm HydroInert H2

LMS=95.8

3 mm Inert Xtr H2

LMS=85.0

NIST23 
Carvone Oxide

NIST23 
Carvone Oxide

Measured RI Values With He and H2

As seen Table 1 in the column listing the difference 
between the RI measured with helium and that with 
hydrogen (labeled RI He-RI H2 ), the agreement of the RIs 
measured with both methods is excellent. The only 
exception is the earliest peak.

Carvone Oxide

Table 1. Partial results for Brazilian orange oil comparing 
RI and LMS scores with the He and H2 methods. 

(LR indicates a small peak with low response when using H2)

LMS He-RI He-Hydrogen with HydroinertHelium

LMS H2RI H2LMSDelta RIRIRTLMSDelta RIRIRTLib RICASCompound Name

2-996-67321.0619837232.445726105-57-7Ethane, 1,1-diethoxy-

409109001.9839509004.807900111-84-2Nonane

2097-19332.33299-19335.6889327785-70-8(1R)-2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene

2-29529682.6999849666.566970111-70-61-Heptanol

0-19809742.7599819736.7579743387-41-5Bicyclo[3.1.0]hexane, 4-methylene-1-(1-methylethyl)-

2-195-19922.9539709917.240991123-35-3.beta.-Myrcene

1-297-310063.11698-110047.6161003124-13-0Octanal

9-189-110123.21198010117.883101113466-78-93-Carene

0-399-610373.56299-310348.68210315989-27-5D-Limonene

2-274010393.59376210378.7961039766-25-61-Methylbicyclo[2.2.1]heptan-exo-2-ol

-3-177310673.98574410669.837107017699-16-0trans-Sabinene hydrate

1-297010704.01698210689.9191070111-87-51-Octanol

0-194110734.063942107210.03910745989-33-3cis-Linalool oxide

0-194-310894.29795-2108810.630108634995-77-2trans-Linalool oxide (furanoid)

-1-192010904.306911108910.66510901195-32-0Benzene, 1-methyl-4-(1-methylethenyl)-

-6-179-410944.36573-3109310.804109029414-55-9Epoxymyrcene,6,7-

1-195-211014.46297-1110011.051109978-70-6Linalool

LR10-186-111054.533960110411.2321104124-19-6Nonanal

8-173011084.574811110711.32411081010292-85-2cis-Pinen-3-ol

-1-296111224.799953112011.87211237212-40-02-Cyclohexen-1-ol, 1-methyl-4-(1-methylethenyl)-, trans-

4-171211304.925743112912.2171132143185-91-55-Undecene, 4-methyl-

-4-190-111345.003860113312.40111331195-92-27-Oxabicyclo[4.1.0]heptane, 1-methyl-4-(1-methylethenyl)-

-10-289-411375.04279-2113512.46211333886-78-0cis-p-Mentha-2,8-dien-1-ol

-1-198011395.082971113812.58611396909-30-4(+)-(E)-Limonene oxide
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The data presented here shows that H2 can successfully 
be used as a carrier gas for flavor and fragrance analyses 
with the proper conversion steps. 

• The choice of the 20 m x 0.18 mm id x 0.18 µm film 
HP-5MSUI column allowed a 2.5 times faster analysis 
with equivalent chromatographic resolution.

• The Method Translation calculator provided  
chromatographic conditions that maintained the same 
elution order as with the He method, resulting in 
excellent agreement of the RI values measured with 
both methods.

• The use of MassHunter Unknowns Analysis software 
to deconvolute spectra and search them with RI 
filtering against the NIST23 library significantly 
simplified identification of the flavor components.

• The HydroInert EI source minimized in-source 
reactions with H2, resulting in higher LMS values.

For further details on this work, please see reference 3. 
Reference 4 provides more information on flavor 
components that can react with H2 in the source, and 
which benefit from the use of HydroInert. 

Note that if He is available at an acceptable price, it is the 
preferred carrier for GC/MS and should be used. 
However, as shown in this work, H2 can be used if 
appropriate method adjustments are made to 
accommodate its use.  

  

Figure 4. The HydroInert source for hydrogen carrier gas 
on GC/MS.
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