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Ultra-fast essential oil characterization by capillary
GC on a 50 lm ID column

A 5 m 6 50 lm capillary column with 0.05 lm stationary phase film thickness, with a
calculated efficiency of almost 20,000 plates per metre (under optimum conditions),
was used for very fast high resolution GC analysis of lime essential oil. The total anal-
ysis time of this volatile essential oil was less than 90 s. Fast GC is shown to be
appropriate for essential oil quality assurance analysis, and quantitative results of key
components are comparable with those obtained by using conventional GC analysis.
The fast GC analysis is approximately 33 times faster than the conventional GC
method.
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1 Introduction

During the past decade there have been extensive efforts
to minimise analysis times in gas chromatography. A
recent discussion reviewed theoretical aspects behind the
most popular contemporary approaches towards speed-
ing up GC analysis [1], and several practical aspects,
including instrumental requirements and suggestions for
method development are given in reference [2].

It is generally accepted that there are three general routes
to achieve the goal of faster GC. One approach (I) would
be to employ a column operated under non-optimal condi-
tions giving lower efficiency such that it just satisfies the
required number of theoretical plates to provide resolution
of a critical pair of components. An alternative to this (II)
would be to maximise the selectivity of either the chroma-
tographic system or to use selective detection. A more
favourable approach (III) is to implement a method that
reduces the analysis time, but maintains (approximately)
constant resolution.

For multi-component mixtures such as essential oils it is
impractical to employ a method that drastically reduces
the resolution. Statistical overlap theory shows that there
is already insufficient peak capacity to resolve all of the
components in essential oils, even when themost efficient
presently available capillary columns are used [3].

Options for selective detection can realistically only
include mass spectrometric detection for essential oils.
The fast GC-TOFMS (time-of-flight MS) analysis of a
grapefruit essential oil, using a 14 m6180 lm capillary
column ensemble, which was temperature programmed

at 50 K/min, was reported recently [4]. The analysis of the
volatile essential oil fraction was completed within 200 s;
however, the chromatogram contained severely overlap-
ping peaks, and the authors relied on pressure tuning and
mass-spectral deconvolution to identify and quantify indi-
vidual components.

Significant speed gains can be achieved by using a short
column, and by using a higher than usual carrier gas velo-
city. Faster essential oil analyses have been achieved by
reducing the length of 250 lm ID columns [5], but there is a
penalty in that the shortened column has a reduced resolv-
ing power. The appropriate choice of column is critical
where the goal is to maintain the highest resolution in a
very short time. An excellent discussion of considerations
for column selection for essential oils analysis is given in
reference [6], where it is shown both experimentally and
theoretically that a 25 m6250 lm column with df =
0.25 lm will have the same number of theoretical plates
(n = 100,000) asa10 m6100 lmcolumnwithdf = 0.1 lm.

Theoretical and practical aspects of method translation,
where the aim is to produce a scaled version of the original
chromatogram, have been developed by Blumberg and
co-workers [7, 8]. The usefulness of method translation
for fast GC analysis of nutmeg and lemon essential oils
has been reported [9]. The fast GC results were acquired
using a 20 m6100 lm column, and the separation quality
was shown to be identical to the chromatograms acquired
using the original method, which used a 60 m6250 lm
column. The approach taken in the present investigation
falls somewhere between approaches (I) and (III). The
choice of column was the same as if the desired result
were to maintain constant resolution, but fast temperature
programming was applied (the highest linear temperature
program rates possible using the standard instrumenta-
tion), and the carrier gas velocity (120 cm/s) was roughly
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twice the optimum value. By using such conditions it is
expected that there will be some loss of efficiency (in
terms of number of theoretical plates); however, we aim to
show that it is possible to obtain the necessary information
for quality assurance purposes for essential oils within
very fast analysis times.

2 Experimental

2.1 Materials

The lime essential oil sample was diluted 1:100 (v/v) in n-
hexane prior to injection for analysis by fast GC and 1:10
(v/v) for analysis by conventional GC.

2.2 Instrumental

Fast GC analysis was performed on a Shimadzu GC-2010
gas chromatograph (Shimadzu Italia, Milan, Italy),
equipped with a FID detector operated at 2908C. The data
acquisition rate used for all analyses was 50 Hz. Analysis
was performed using an SE-52 (5% diphenyl-95%
dimethyl polysiloxane) stationary phase column (Mega,
Legnano, Italy). The column dimensions were 5 m 6
50 lm (0.05 lm film thickness). A 3-stage temperature
program was used to achieve very fast analysis: the oven
was temperature programmed from an initial temperature
of 508C to 1508C at 80 K/min; 1508C to 2008C at 70 K/min;
and finally 2008C to 2508C at 55 K/min. The carrier gas
was hydrogen, which was supplied at a head pressure of
880 kPa. An injection volume of 1.0 lL was used for all
analyses and the split ratio was 750:1. The high split ratio
is required to ensure major components are not over-
loaded; injector-based band dispersion is also reduced by
high split ratios.

Conventional GC analysis was performed on a Shimadzu
GC-17A gas chromatograph (Shimadzu, Milan, Italy)
equipped with FID detector operated at 2908C. The data
acquisition rate used for all analyses was 5 Hz. The col-
umn used was an Rtx5-MS (5% diphenyl-95% dimethyl
polysiloxane) low-polarity stationary phase column. The
column dimensions were 30 m6 250 lm (0.25 lm film
thickness). The oven was temperature programmed from
an initial oven temperature of 508C to 2508C at 3 K/min.
The carrier gas was helium, which was supplied at a head
pressure of 102 kPa. An injection volume of 1.0 lL was
used for all analyses and the split ratio was 100:1.

3 Results and discussion
The h vs. u curve for n-tridecane using the 5 m 6 50 lm
column under isothermal analysis at 1308C is given in Fig-
ure 1. The experimentally determined value for the opti-
mum (average) carrier gas linear velocity is in agreement
with the theoretical value of 66 cm/s. The minimum plate
height (hmin = 0.052 mm) is noteworthy because this also

agrees very well with the predicted value (0.05 mm). In
fact, for thin film capillary columns with a high phase ratio
b (which is calculated using b = dc/4df, where dc is the col-
umn internal diameter, and df is the thickness of the sta-
tionary phase coating), the resistance to mass transfer in
the stationary phase is negligible compared to the other
peak broadening processes, and for high k values, hmin

approaches dc [6].

In the present study, fast analyses were performed using
an average linear carrier gas velocity of 120 cm/s, which is
almost 2 times the optimum value as determined above,
and will have L55–60% of the optimum efficiency of the
column. To characterise the separation efficiency of the
column under the analysis conditions described in the
experimental section, the efficiency was calculated in
terms of Trennzahl number, for successive n-paraffin
hydrocarbons over the elution range of C8–C30. These
data are presented in Table 1. The retention time of C30

was only 192 s. For the majority of essential oils it is
uncommon that components will be present that elute
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Figure 1. H vs. u curve for n-tridecane using the 5 m6
50 lm column under isothermal conditions at 1308C.

Table 1. Trennzahl number for successive n-paraffin hydro-
carbons over the elution range of C8–C30.

Cn TZ Cn TZ

8–9 28 19–20 20

9–10 33 20–21 18

10–11 33 21–22 17

11–12 32 22–23 16

12–13 30 23–24 16

13–14 29 24–25 15

14–15 27 25–26 14

15–16 25 26–27 13

16–17 24 27–28 13

17–18 22 28–29 12

18–19 20 29–30 11
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above retention indices of about 2000–2100 [10], thus
the maximum anticipated analysis time using the present
conditions would be 117–125 s respectively. Analysis of
lime essential oil was achieved in approximately 90 s (see
Figure 2), which equates to a speed gain of ca. 33 times,
where the elution time of the final peak using conventional
analysis was 50 min. The peak widths of 3 components
from different parts of the chromatogram are marked in
Figure 2, which are included to provide another illustration
of the high efficiency of this column, even under the

,extreme’ operating conditions employed.

Although narrow-bore capillaries have a lower sample
capacity than their wide-bore counterparts [11], complica-
tions arising from this limitation were avoided in the pre-
sent investigation by the use of a high split ratio. This
results in less sample being presented to the detector;
however, the signal response remained high because in
fast GC there is typically commensurately less peak-
broadening and the mass per time unit into the detector is
not much less than that for the conventional analysis.
Minimal peak broadening in fast GC makes consideration
of the detection capabilities very important, as the rapid
elution of narrow chromatographic peaks places demands
on the data acquisition rate. For modern instrumentation,
this is generally not a problem; for example, FID detectors
are typically able to achieve a data acquisition rate of 50–
250 Hz using the standard instrument configuration.

Quality assurance of essential oils is often based upon
quantitation of several important components in the sam-
ple to determine if the relative abundance of these compo-
nents fallswithin an acceptable range (thismay bedictated
by quality parameters specified in international standards).
The 36 components listed inTable 2 are all within accepta-
ble ranges typical of quality assurance tests for this type of
sample. Quantitative results for these components,
obtained from fast analysis are compared with results
obtained from analysis using the optimised conventional
GC conditions. The quantitative comparisons (% relative
abundance) between the fast method and conventional
GC for the critical components are in very goodagreement,
although some loss of resolution of closely eluting compo-
nents was apparent. It is worthwhile pointing out once
more that the aim of this investigation was to operate the
column as fast as the instrumentation would allow. Both
methods (fast and conventional) confirm that the essential
oil complieswith the suggestedquality standard.

4 Conclusion
Until recently, capillary columns with dc a 100 lm have
not been widely used, despite the fact that the theory sup-
porting their use has been available for many years. This
can be largely attributed to the lack of equipment compati-
ble with such columns, and the lack of readily available
commercial capillary columns of these narrow diameters.
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Figure 2. Fast GC analysis of lime essential oil using a 5 m650 lm (0.05 lm film thickness) capillary column and fast tempera-
ture programming. The identities of the numbered components are given in Table 2.
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However the requirements for fast GC analysis described
here were easily met in the present investigation with the
use of modern instrumentation, with rapid temperature
programming capabilities, which is able to accurately
maintain high column-head pressure settings, reliably pro-
vides a high injection split ratio, and which has suitably
fast detection capabilities. The use of a 50 lm capillary
column with rapid temperature programming has allowed
essential oil analysis in under 90 s. High resolution was
maintained, and quantitation of key components for qual-
ity assurance purposes could be performed using FID,
without the requirement of peak de-convolution as
described in previous literature.

More ready access to 50 lmcapillary columns, of a variety
of stationary phases arising fromcommercial development
will be important in the next few years, and one may antici-
pate more wide-spread use of high resolution fast GC.
Thesecolumns,and theexperiencegathered fromapplica-
tions as described herein, should also support the require-
ments of fastGCanalysis for seconddimension columns in
comprehensive two-dimensionalgaschromatography.
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Table 2. Comparison of quantitative results from conven-
tional GC and fast GC analysis of the components typically
used as routine quality indicators of lime oil. Identity is based
on conventional analysis using GC-MS and linear retention
indices using the conditions described in reference [12].

N8 Identity Area%
Fast GC

Area%
Conventional

GC

1 a-Thujene 0.52 0.55

2 a-Pinene 1.74 1.78

3 Camphene 0.05 0.05

4 Sabinene 1.38 1.45

5 b-Pinene 10.35 10.44

6 Myrcene 1.24 1.26

7 Octanal+a-Phellandrene 0.04 0.05

8 a-Terpinene 0.22 0.24

9 p-Cymene+Limonene 59.92 59.37

10 E-b-Ocimene 0.08 0.07

11 c-Terpinene 14.17 14.29

12 cis-Sabinene hydrate 0.04 0.04

13 Terpinolene 0.52 0.55

14 Linalool 0.18 0.19

15 Terpinen-4-ol 0.13 0.14

16 a-Terpineol 0.26 0.23

17 Decanal 0.05 0.06

18 Nerol 0.11 0.13

19 Neral 1.01 0.99

20 Geraniol+Piperitone 0.06 0.08

21 Geranial 1.71 1.70

22 Neryl acetate 0.85 0.82

23 Geranyl acetate 0.18 0.19

24 a-Elemene 0.04 0.05

25 cis-b-Bergamotene 0.06 0.07

26 a-Caryophyllene 0.47 0.46

27 trans-a-Bergamotene 1.04 1.01

28 a-Humulene+E-b-Farne-
sene

0.13 0.16

29 Santelene 0.03 0.04

30 a-Selinene 0.07 0.08

31 Z-a-Bisabolene 0.11 0.12

32 (E-E)-a-Farnesene+b-Bi-
sabolene

1.76 1.73

33 Germacrene B 0.17 0.15

34 2,3-Dimethyl-3-(4-methyl-
3-pentenyl)-2-norborna-
nol

0.06 0.06

35 Campherenol 0.06 0.05

36 a-Bisabolol 0.08 0.09


