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A capillary column coated with a high-temperature stable wax stationary phase for gas chromatography,
with a recommended maximum oven temperature of 300 ºC, was installed as part of a comprehensive
two-dimensional gas chromatography (GC×GC) column ensemble and the suitability of this column setup for essential oil analysis was investigated. The separation of kunzea essential oil (Kunzea ambigua),
which is known for its antibacterial activity, is used to demonstrate the suitability of the new stationary
phase as the second dimension column for GC×GC analysis of essential oils.

Introduction
Multidimensional separations are
performed by combining single
analytical separation columns in
such a way to greatly enhance
peak capacity for the separation of
complex multi-component samples.
Comprehensive multidimensional gas
chromatography (GC×GC) employs
largely independent first- and seconddimension separation mechanisms
and typically generates peak capacity
of the order of several thousand,
making it a highly appropriate
technology for the separation and
analysis of complex multicomponent
samples such as essential oils. A
substantial majority of GC×GC
publications for essential oil analysis
in the periodical literature have used
a “non-polar” column in the first
dimension and employed a “polar”
column in the second dimension.1 In
practice this almost always translates
to use of a 100% polydimethylsiloxane
or 5% diphenyl 95% dimethyl
polysiloxane stationary phase in the
first-dimension combined with a 50%
diphenyl 50% dimethyl polysiloxane or
a polyethylene glycol (wax) seconddimension column, although there
are notable departures from this
convention, including applications


reversing the order of “polarity”,2
providing class-type separation of
citrus oil components and those
using cyclodextrin derivative
stationary phases for enantioselective
analysis.3–6 Even in the case where a
conventional non-polar/polar column
ensemble is used, the mechanism
of retention for solutes in the second
dimension depends on volatility and
polarity, but using an appropriate
temperature programme cancels out
the influence of volatility on retention in
the second dimension column.7 Thus,
GC×GC separations are temperatureprogrammed to maximize differences
in separation mechanisms in the two
dimensions. However, because both
columns are commonly installed in the
same oven, the temperature stability of
one of the separation columns typically
imparts an upper temperature limit on
the separation system. Applications
that use 50% diphenyl 50% dimethyl
polysiloxane second dimension
columns are benefited in terms of
high-temperature stability compared
to those applications employing wax
columns, but more suitable selectivity
of wax columns for polar essential oil
components was shown many years
ago and wax stationary phases are
almost universally preferred.8

Recently, we received a 5 m ×
100 μm i.d. MEGA-WAX HT hightemperature wax column with a
stationary phase film thickness of
0.10 μm (Mega, Legnano, Italy) and
have been quick to embrace this
column for our GC×GC work involving
essential oils analysis. The wax second
dimension column used in the current
investigation has more than 9000 N/m
tested in isothermal mode and an
upper column oven limit of 300 ºC.
Results from the GC×GC analysis of
kunzea essential oil obtained by steam
distillation of aerial parts of Kunzea
ambigua are reported here.

Results
Kunzea ambigua is a shrub native
to the Eastern parts of Australia. As
an effective killer of bacteria, kunzea
essential oil has numerous traditional
folk medicine uses and researchers
have recently developed a kunzea
oil formulation for veterinary use.9
Kunzea oil is rich in sesquiterpene
alcohols and as a consequence onedimensional GC lacks the resolving
power to provide adequate separation
of the complex oil. In the present
investigation a GC×GC column set
comprising a 30 m × 250 μm i.d.
Rxi-5Sil MS column with a stationary
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column, a fast GC–MS chromatogram
of kunzea essential oil using a 20 m ×
100 μm i.d. Rtx-WAX column is shown
in Figure 3. Temperature effects as
well as differences in the stationary
phase chemistry each influence the

absolute retention order so an attempt
to overlay these chromatograms
would be pointless. The MEGAWAX HT column is also 75% shorter
than the Rtx-WAX column, so the
resolution using the latter column is

Figure 1: Overlay of 10 replicate blank analyses [GC–MS total ion current
chromatograms (full-scan 35–350 u; 20 spectra/s)] with a 5 m × 0.1 mm i.d.
MEGA‑WAX HT column.
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phase film thickness of 0.25 μm
(Restek, Bellefonte, Pennsylvania,
USA) was installed as the first
dimension separation column and
the second dimension column was
a 1 m × 100 μm i.d. MEGA-WAX HT
column with a stationary phase film
thickness of 0.10 μm. The primary goal
of this investigation was to determine
the suitability of the MEGA-WAX
HT column as a second-dimension
column for essential oil analysis, in
particular for providing adequate
separation of the sesquiterpene
alcohols in kunzea oil. To date, we
have not attempted comprehensive
peak identification of the essential oil
components using GC×GC–MS but
we anticipate that these results will be
reported in time.
Prior to removing a 1.0 m length
from the MEGA-WAX HT column, a
series of fast GC–MS analyses were
performed using the 5 m column as
received. All analyses were performed
using a Shimadzu GC–MS-QP2010Plus (Shimadzu Oceania, Melbourne,
Australia). A fast temperature
programmed gradient from 40 ºC to
300 ºC in 6.5 min (40 ºC/min) was
employed for these analyses and
the oven was held at the maximum
temperature for 1 min at the end of
the temperature programme. The
carrier gas (He) was delivered at a
constant pressure of 36 psi. Figure 1
shows a zoomed-in overlay of 10
replicate blank analyses [GC–MS
total ion current chromatograms
(full-scan 35–350 u; 20 spectra/s)]
that were performed to assess the
level of stationary phase bleed.
Even using a reasonably aggressive
rapid temperature programme rate
up to 300 ºC these results are highly
satisfactory. The average baseline
response (n = 10) at the maximum
oven temperature (6.5–7.5 min) was
less than 7.5× the average baseline
response recorded between 2 and
5 min.
Fast GC–MS analysis of the kunzea
essential oil was also performed
using this configuration and a typical
chromatogram is shown in Figure 2.
Note the maximum intensity of the
small peak marked # in Figure 2,
which has a low relative peak intensity
of 1.09%, is more than 19× the
average baseline response between
2 and 5 min. To compare the general
selectivity of the MEGA-WAX HT
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Figure 2: Fast GC–MS analysis [GC–MS total ion current chromatograms (full-scan
35–350 u; 20 spectra/s)] of kunzea essential oil (2.5% v/v) using a 5 m × 0.1 mm i.d.
MEGA-WAX HT column. Helium carrier gas was supplied at a constant pressure of
36 psi. The injection volume was 1 μL using a split ratio of 1:50.
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understandably better. Nonetheless,
elution of the monoterpene and
sesquiterpene hydrocarbons,
followed by the monoterpene and
sesquiterpene alcohols is in general
congruence between the two columns.

GC×GC analyses were performed
using an Agilent 6890 GC (Agilent
technologies, Australia) equipped
with a custom dual-jet cryogenic
(CO2) modulation system based on
the design of Beens et al.10 and flame

Figure 3: Fast GC–MS analysis [GC–MS total ion current chromatograms (full-scan
35–350 u; 20 spectra/s)] of kunzea essential oil (5% v/v) using a 20 m × 0.1 mm i.d.
Rtx-WAX column. Hydrogen carrier gas was supplied at a constant pressure of 100 psi
and a temperature programme of 40–240 ºC in 6.67 min (30 ºC/min) was used. The
injection volume was 1 μL using a split ratio of 1:50.

0

1

2

3

4
Time (min)

5

6

7

Figure 4: GC×GC chromatogram of kunzea essential oil. Hydrogen carrier gas was
supplied at a constant pressure of 27 psi. The injection volume was 1 μL using a split
ratio of 1:50.

ionization detector. A temperature
programme of 60 ºC to 300 ºC in
48 min (5 ºC/min) was employed
for all analyses. A typical GC×GC
chromatogram of kunzea essential
oil is shown in Figure 4. Following
application of a three second
modulation period there is excellent
utilization of the two-dimensional
separation space albeit with a
substantial amount of wrap-around of
the more polar solutes. Such degree
of wrap-around is not uncommon for
essential oils analysis by GC×GC and
this is generally acceptable provided
that the wrapped-around components
don’t interfere with those belonging
to the next modulation. It would be
possible to re-optimize the separation
using a four or five second modulation
period to reduce the observed wraparound, but this option was avoided
in the current study primarily because
the wrap-around was not too extreme
and we chose to obey the three to four
slice per peak modulation criterion for
maintaining first dimension separation
integrity.11
The separation performance of the
MEGA-WAX HT second-dimension
column is further highlighted in
Figure 5, where an extracted peak
slice is presented. The peak capacity
of the second dimension column
is estimated to be approximately
10 using the conditions described
above and we conclude that this new
stationary phase makes an excellent
choice for fast GC–MS or GC×GC
analysis of essential oils.
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Figure 5: Individual second dimension slice from the GC×GC chromatogram of
kunzea essential oil shown in Figure 4.
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