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Abstract

Essential oils contain many terpene compounds. When a conventional ion source is
used with hydrogen as a carrier gas, changes in the mass spectra may be observed
for certain compounds. Therefore, the current study examined the characteristics
and mechanisms of formation of compounds with mass spectra that are likely

to change. Changes suggestive of the dehydration of tertiary alcohols were often
observed with compounds. Other changes in mass spectra were observed with
compounds containing oxygen such as aldehydes, epoxides, and esters. With the
use of the Hydrolnert ion source, which is specifically for use with hydrogen as a
carrier gas, the mass spectra fidelity is retained and allow users to continue to use
the existing helium-based mass spectral libraries.



Introduction

GC/MS is often used to analyze aroma components, and
helium is commonly used as a carrier gas. However, demand
for using hydrogen as a carrier gas is increasing as a result

of the recent shortage of helium as well as part of efforts to
decarbonize. Aroma components are often analyzed using
untargeted analysis (comprehensive analysis), so matching
of the retention index (RI) and mass spectrum is an important
element of identification.

This Application Note reports the results of a study of the
characteristics of compounds with mass spectra that tend to
change when using hydrogen carrier gas with a conventional
ion source.

Analytical conditions

13 commercially available essential oils (e.g., rose, hinoki,
neroli, peppermint, lemongrass, lemon, ylang-ylang,
palmarosa, geranium, and clary sage) were analyzed using
hydrogen carrier gas on both conventional ion source and
Hydrolnert ion source.

- Intuvo 9000GC-5977B GC/MS

: DB-HeavyWAX (p/n 122-7162-INT)
Length: 30 m, internal diameter:
0.25 mm, film thickness: 0.25 pm

Instrumentation
Column

Injection mode - Split (200:7)

Inlet temperature :250°C

Guard chip temperature : Oven track

Bus temperature 1250 °C

Inlet liner - Ultra Inert, single taper, low
pressure drop, single taper, with
wool (p/n 5190-2295)

Injection volume :0.2yL

Column flow 2 1.0 mL/min

Oven temperature 280 °C (0 min)-10°C/min-280°C
(10 min)

Transfer line temperature : 300 °C
lon source temperature  : 300 °C

Analytical methods

The data for the 13 Essential Oils were analyzed using Agilent
MassHunter Unknowns Analysis, which allows peak detection
by deconvolution and library searches. The library used

was NIST 20. The results in Agilent Application Note 5994-
5751JAJP1) confirmed that Rl could be used when using
hydrogen carrier gas, so the Rl for n-alkane was calculated for
the top hit compounds, and then AromaOffice2D was used to
narrow down the compounds. The workflow of the analysis of
aroma components using AromaOffice2D is shown in Figure
1, and the methods by which compounds were identified are
shown in Figure 2.
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With only mass spectrum information that is currently
available, the top few candidates from the library
search hit list will have to be included as possible
identification for each compound.

* The list is reviewed to only include the aroma
components.

* Based on the difference of the retention index
(RI) from the Average retention index, the list of
possible identification of each of the aroma
compound is reduced.
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Figure 1. Workflow of analysis of aroma components with AromaOffice2D
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Figure 3. Distribution of the match score for aroma components with

mass spectra obtained with a conventional ion source (H,). These aroma
components with mass spectra matched at a match score of 90 % or higher
with the Hydrolnert ion source (H,)

Compounds with mass spectra changed markedly when

a conventional ion source is used include monoterpene
alcohols such as linalool, geraniol, and terpinen-4-ol,
sesquiterpene alcohols such as bisabolol, aldehydes such
as neral, and epoxide structures such as limonene oxide.
Among terpene alcohols, tertiary alcohols in particular

had a substantial change in their mass spectra and the
disappearance of ions with hydroxyl groups from their mass



spectra suggested that the mass spectra changed due to
dehydration reaction.

Terpinen-4-ol in peppermint is an example of a terpene
alcohol with a substantial change in its mass spectrum. Its
structural formula and a comparison of its mass spectrum
with each ion source/carrier gas are shown in Figure 4. When
hydrogen was used as a carrier gas with a conventional ion
source, the mass spectra was library matched with a high
score to a-terpinene which is the dehydration reaction product
of terpine-4-ol.

In addition, the structural formula and comparison of mass
spectrum with each ion source/carrier gas for linalool in
lemon grass and neral and limonene oxide in lemon are
shown in Figures 5-7, respectively.

That said, almost no changes in mass spectra in comparison
with the helium-based NIST library were observed when
using hydrogen carrier gas with the Hydrolnert ion source,
suggesting that these reactions occurred inside the ion
source and were suppressed by the Hydrolnert ion source.

Compounds with mass spectra that changed with use of
hydrogen carrier gas with the conventional ion source are
summarized by group in Figure 8.

OH -

Dehydration Reaction

Terpinen-4-ol a-Terpinene

With the conventional ion source using Hydrogen as carrier gas, the mass
spectrum is not showing the presence of m/z 71 and 111. This indicated the loss
of the hydroxyl group which is suggesting that Terpinen-4-ol is converted to
a-Terpinene due to the dehydration reaction.
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Figure 4. Terpinen-4-ol in peppermint
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Linalool B-Myrcene Ocimene

With the conventional ion source using Hydrogen as carrier gas, the mass spectrum is not
showing the presence of m/z 71 and 111. This indicated the loss of the hydroxyl group
which is suggesting that dehydration reaction has taken place. Linalool has been reported
to be converted to B-Myrcene and B-Ocimene 2.
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Figure 5. Linalool in lemongrass
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Piperitenol
(Not registered with the NIST)

Neral Carveol Limonene oxide Perillic alcohol D-Limonene

With the conventional ion source using Hydrogen as the carrier gas, a library match
of the compound to Carveol suggesting that the Neral (aldehyde) was reduced to an

alcohol and then cyclized.

Neral (NIST20.L)

A library match of Perillic Acid when using the conventional ion source with Hydrogen
as carrier gas suggested the opening of the Epoxide ring. After ring opening,

dehydration reaction may also occur

and it is further converted to limonene.
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Figure 6. Neral in lemon

Figure 7. Limonene oxide in lemon
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Tertiary alcohols (Main reaction: dehydration)
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Figure 8. Compounds with substantial changes in their mass spectra when using a conventional ion source (H,)



Conclusion

Changes in mass spectra for aroma compounds when the
carrier gas was changed from helium to hydrogen in GC/MS
were examined. The results showed that the mass spectra

of some compounds were observed to change when using
hydrogen carrier gas on the conventional ion source. Terpene
alcohols are abundantly found in essential oils. Changes in
mass spectra tended to be substantial for those alcohols and
for tertiary alcohols in particular. Changes in mass spectra
were also observed with compounds containing oxygen such
as aldehydes, epoxides, and esters. Although not shown here,
the mass spectra of some compounds changed to a slightly
different extent depending on the amount and concentration
of other components in the essential oil.

Use of the Hydrolnert ion source produced mass spectra for
these compounds that were comparable to those produced
with the conventional ion source using helium carrier gas,
indicating the effectiveness of the Hydrolnert ion source in
GC/MS qualitative analysis with hydrogen carrier gas.
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Note: Handling of hydrogen gas

Hydrogen gas is a gas that can ignite and explode when
mixed with oxygen. Users are responsible for handling
hydrogen gas with the utmost care in the operating
environment, including the hydrogen gas source, the
analytical instrument into which the gas is introduced and
the intermediate piping, and during the operation of the
instrument.

For more detailed information on each GC system, please
refer to the following technical overviews.

Technical Overview: Hydrogen Safety for the Agilent 8860 GC
System

(Publication number 5994-5419EN)

Hydrogen Safety for the Agilent 8860 GC System

Technical Overview: Hydrogen Safety for the Agilent 8890 GC
System

(Publication number 5994-5413EN)

Hydrogen Safety for the Agilent 8890 GC System

Technical Overview: Hydrogen Safety for the Agilent Intuvo
9000 GC System

(Publication number 5994-5412EN)

Hydrogen Safety for the Agilent Intuvo 9000 GC System
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