By Luigi Mondello, Giovanni Dugo, and Keith D. Bartle

Coupled HPLC-HRGC-MS: A new
method for the on-line analysis of real

samples

HE COMPOSITION of the minor

components that are present

in real, complex samples
provides highly specific informa-
tion. In general, the analysis of mi-
nor components often presupposes
the fractionation of the sample prior
to GC analysis. The simpler mix-
tures thus obtained are easier to re-
solve without problems of peak
overlap. Because of the ease of col-
lecting and handling liquids, classi-
cal LC followed by injection into a
GC system is often used for the
analysis of trace components in en-
vironmental and food samples. LC
allows preseparation and concentra-
tion of the components of interest,
and high-resolution gas chromatog-
raphy (HRGC) is used to analyze
the fractions. Other off-line meth-
ods (e.g., vacuum distillation,

phases.

preparative GC, and solvent extrac-
tion) are laborious, very slow, and
prone to sample contamination
and/or sample loss at the fraction
collection stage.

Food samples, like almost all
real samples, are very complex mix-
tures, with components belonging
to different classes and showing
very different distribution. Addi-
tional difficulties arise when the
component of interest is present
only at trace levels. On-line cou-
pling permits the separation and
identification of compounds of the
same polarity in mixtures of com-
pounds of different polarity even
when the concentration of the vari-
ous classes of compounds is consid-
érably different.

The two principal techniques of
eluant evaporation that allow the

transfer of large LC fractions into
GC are concurrent eluant evapora-
tion' and the retention gap method.?

Concurrent eluant evaporation
(conventional and with cosolvent

trapping)

The total eluant evaporation dur-
ing GC transfer of the eluant? is
more satisfactory if carrier gas is
used to drive eluant into the GC. To
prevent the liquid from passing the
inlet of the GC column, the oven
temperature should be slightly
above the boiling point of the sol-
vent, corrected for the inlet pres-
sure. In this way, the liquid can be
transferred at a speed corresponding
to the evaporation speed. The loop
interface,* shown schematically in
Figure 1, allows the concurrent elu-
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Figure 2 On-column interface.

ant evaporation described above,
and the liquid is driven by the car-
rier gas instead of the LC pump.
The fraction to be analyzed is
collected in a loop placed in a
switching valve; the opening of the
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valve allows the sample contained
in the loop to be driven by the car-
rier gas into the GC. Usually, an
early vapor exit, located after a few
meters of deactivated pre-column
and a 3—4 m piece of retaining pre-

column® (cut from the separation
column), is opened during solvent
evaporation to reduce the amount of
solvent vapor that goes through the
detector and at the same time in-
creases the solvent evaporation
rate.® The drawback of the concur-
rent eluant evaporation method is
the band broadening at the begin-
ning of the chromatogram. In fact,
as the sample solvent evaporates at
the front end of the liquid, no con-
densed phase remains ahead of the
evaporation site. Solutes liberated
from the retaining solvent envelope
immediately start moving into the
separation column. The conse-
quence of solute coevaporation with
the solvent is the loss of volatile so-
lute material resulting either from
coelution with solvent or from vent-
ing through the early vapor exit. In
practice, the first perfect peaks are
eluted about 69-80 °C above the
transfer temperature. This means
that concurrent eluant evaporation
is only applicable if the elution tem-
peratures of the compounds of inter-
est are above 120-150 °C if the elu-
ant is pentane or diethyl ether.

The partial solution to the prob-
lem of producing sharp peaks at low
elution temperatures is to use the
auxiliary technique of concurrent
eluant evaporation with cosolvent
trapping. In fact, conventional con-
current eluant evaporation suffers
from the fact that there is no barrier
to prevent volatile components
from coevaporating with the eluant.
To overcome this drawback, a small
amount of a higher boiling cosol-
vent is added to the main solvent to
build up a layer of condensed liquid
ahead of the main evaporation site,
retaining volatile solutes by solvent
trapping.”*®

Retention gap (conventional and
partially concurrent evaporation)

The retention gap method repre-
sents the best approach in the case
of qualitative and quantitative anal-
ysis of sample containing highly
volatile compounds. The retention



gap technique (Figure 2) allows the
analysis of substances eluting im-
mediately after the solvent peak due
to the reconcentration of those com-
ponents by the so-called solvent ef-
fects (primarily solvent trapping).’
A layer of condensed eluant is built
up ahead of the evaporation site to
act as a thick layer of retaining sta-
tionary phase, blocking the further
movement of all but the most vola-
tile compounds into the column.
Solvent evaporation, therefore, pro-
ceeds from the rear toward the front
of the sample layer. However,
working with the conventional re-
tention gap technique, due to the
limited capacity of uncoated pre-
columns to retain liquid, the tech-
nique is only suited to the transfer
of small fractions and involves the
use of long, uncoated pre-columns.

Partially concurrent solvent evap-
oration allows the transfer of larger
fractions working under conditions
that still produce a zone flooded by
eluant (providing solvent trapping).'®
This is a typical retention gap tech-
nique, but part of the solvent is evap-
orated concurrently during its intro-
duction into the GC. The introduction
of an early solvent vapor exit® im-
proves partially concurrent solvent
evaporation. In theory, the solvent
vapor exit could be placed between
the uncoated pre-column and the ana-
lytical column, but this makes the
closure critical for partial losses of
peaks eluted very early. Additional
retention power after the solvent
evaporation is necessary. A section of
the analytical column, a “retaining
pre-column,”! is installed after the
uncoated pre-column but before the
solvent vapor exit.

Composition of the volatile fraction
of citrus essential oils

The volatile fraction of citrus es-
sential oils consists of mixtures of
monoterpene and sesquiterpene hy-
drocarbons and their oxygenated
derivatives. The analysis of these
oils often presupposes fractionation
of the sample prior to GC analysis'?
due to the substantial overlap be-
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Figure 3 Schematic of the HPLC-HRGC-MS instrument.

tween peaks. Moreover, mass spec-
tra of the components of the same
class (monoterpenes or sesquiter-
penes) are often similar, and it is
necessary to have the spectrum of
an extremely pure compound to ob-
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tain an unambiguous identification
using library matching. The further
combination of the HPLC-HRGC
system with a mass spectrometer al-
lows components to be reliably
identified.">1

Experimental

The research was carried out on
genuine petitgrain and neroli essen-
tial oils obtained from E.IIi Di Bar-
tolo Derivati Agrumi (Calatabiano,
Catania, Italy). A fully automated
instrument (Dualchrom 3000 series,
Fisons, Rodano, Milan, Italy) was
used for on-line preseparation by
LC and further separation by capil-
lary GC. The instrument was con-
figured to use an on-column inter-
face, permitting partially concurrent
solvent evaporation with an early
solvent vapor exit system for the re-
duction of the mobile-phase evapo-
ration time. A schematic diagram of
the HPLC-HRGC-MS interface is
shown in Figure 3. A 10-port valve
permits cleaning of the LC column
by backflushing from time to time.
Analyses were carried out under
computer control throughout, with
step gradient elution to separate and
transfer the fractions to GC with the
following HPLC conditions: 20 uL
of solution (0.2% vol/vol essential
oil/pentane) was injected into a 10
cm X 2 mm i.d. column packed with
Spherisorb 5 um silica (Stagroma,
Tubingen, Germany). The HPLC
analyses were performed using elu-
ant pentane (Carlo Erba, Milan,
Italy) for 5 min for hydrocarbon
elution; the column was then back-
flushed with 1 mL diethyl ether
(Carlo Erba) for elution of oxy-
genated compound; the flow rate
was 180 mL/min; and detection was
at 220 nm X 0.50 absorbance units
full scale (aufs) using a Micro UVis
(Fisons, Rodano, Milan, Italy).

The GC system was composed
of the following (Figure 4): 10 m X
0.53 mm i.d. fused-silica uncoated
pre-column, deactivated by phenyl-
dimethyl silylation (retention gap);
retaining pre-column consisting of
4 m of the separation column, con-
nected to the retention gap by a
press fit connection (MEGA, Leg-
nano, Italy); separation column,
capillary fused-silica coated with
SE 52, 0.4-0.45 pm film thickness,
0.32 mm i.d., 25 m length (MEGA);
and butt connector with purge line



___ trom n2 FID
HPLC
5 = O
— uncoated . Rl geparation to MS
pre-col m column 50 cm x
constant 0.17 mi
pressure id.
carrier
il I I
i !
i0m retaining
pre-column 26m

Figure 4 Column scheme of the HRGC. R2 = 46 cm silica tubing, 0.05 mm i.d. R1 = 35

cm of fused-silica tubing, 0.32 mm i.d.

3 8
1.00+ p F
0.80~
4 Fraction | Transfer time | Solveat vapor exit
minutes) |closed at (minntes): |
4 F{_ [om 15 to 30 38
0.60- F2 [tom 55 © 7.0 75
2
~ 4
> <4
0.40
0.20 F' 2,
1 ¥
g 2 p b
1 b T
T T p— T R B [ s e e S i 1
0.20 0 40 0.860 0.80 1.00

x 10! minutes

Figure 5 HPLC chromatogram of bitter orange petitgrain oil.

fitted with flow-control valve, which
automatically switched from high
purging flow (23 mL/min) to low
purging flow (0.2 mL/min) during
analysis. The temperature during
transfer of the LC fraction was kept at
45 °Cfor 6 min and then increased to
220 °C at a rate of 3 °C/min; detec-
tion was by flame ionization detec-
tion (FID). The carrier gas (helium)
was delivered at a constant pressure
of 120 KPa. The eluant evaporation
rate was 151 pL/min. A flame was
held close to the solvent vapor exit.
The time from ignition of the gas
emerging from the vapor exit to ex-
tinction gives an exact measurement
of the solvent evaporation time. The

vapor exit was switched to low flow
shortly after the end of GC transfer
time.

All components were identified
by retention time of standards and
also by means of coupled LC-GC-
MS. Mass spectra were obtained on
a model 800 ion trap detector (ITD)
mass spectrometer (Finnigan MAT,
San Jose, CA) directly coupled to the
LC-GC system under the following
conditions: tuning values for the ITD
were 100, 100, 100, 100 using FCy3
as a tuning standard. Tune sensitivity
was 9000. Acquisition parameters
were as follows—full scan, scan
range: 41-3000 amu; scan time: 1.0
sec; threshold: one count; automatic

gain control (AGC) mode: on; micro
scans: five; filament delay: 240 sec;
multiplier: 1500-2300 V, depending
on multiplier condition temperatures;
transfer line: 250 °C; exit nozzle:
250 °C; and manifold: 250 °C.

Results and discussion

Figure 5 shows the HPLC chro-
matogram of the bitter orange petit-
grain oil. The transferred fractions
are marked F1 and F2, and the trans-
fer times of each fraction are listed
with the time of the vapor exit clo-
sure. Figure 6 shows the total ion
chromatogram (TIC) of the LC frac-
tions. The on-column GC chromato-
gram obtained with the same col-
umn system is shown above the
chromatograms of the transferred
LC fractions. Compound identifica-
tion is reported in Table 1.

Bitter orange petitgrain oil is
characterized by its high content of
oxygenated compounds. The most
abundant compounds present in bit-
ter orange oils are esters (46.4% of
the oil) and alcohols (36.8%).
Monoterpenes (13.8%) are followed
by aldehydes (1.1%), and the sesqui-
terpene fraction represents little
more than 1% of the oil. The chro-
matogram of the whole oil sample
shows overlap between the follow-
ing pairs of peaks: 6-methyl-5-hep-
ten-2-one and myrcene; 1,8-cineole
and limonene; trans-linalool oxide
and terpinolene; 3-elemene and an
unknown oxygenated compound; o-
copaene and citronellyl acetate; and
d-elemene and geranyl acetate.
HPLC preseparation allowed the
separation of all detectable compo-
nents present in the oil.

Figure 7a shows the on-column
GC-FID chromatogram of the neroli
essential oil obtained with the same
system as that used in the on-line
HPLC-HRGC-MS. Figures 7b and ¢
show the GC-FID chromatograms
of the HPLC transferred fractions of
hydrocarbons and oxygenated com-
pounds, respectively. Compound
identifications are reported in Table
2. The most abundant compounds
present in neroli oil are monoterpene

AMERICAN LABORATORY : 45



HPLC-HRGC-MS continued
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Figure 6 TIC of a) bitter orange petitgrain oil, b) hydrocarbons, and c) oxygenated
compounds from the HPLC separation. Peak identification appears in Table 1 (TOT =

total).

hydrocarbons (59.1% of the oil), fol-
lowed by monoterpene alcohols
(19.7%), esters (14.1%), sesquiter-
pene hydrocarbons (3.1%), and
sesquiterpene alcohols (2.8%).

The on-column chromatogram of
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the whole essential oil also shows
substantial overlap between peaks of
monoterpenes and sesquiterpenes
and some oxygenated compounds.
For example, there is complete over-
lap between limonene and 1,8-cine-

ole, trans-linalool oxide and ter-
pinolene, and §-elemene and methyl
anthranilate, and partial overlap
between geranyl acetate and B-el-
emene. In addition, the HPLC pre-
separation permits clearer chromato-
grams to be obtained where all the
peaks are well resolved.

For extremely complex matrices,
such as neroli and petitgrain essen-
tial oils, which contain different
classes of components, GC-MS does
not provide such clear results in the
identification and quantitation of all
of the compounds in the mixture; it
is not possible to separate all of
these compounds with only one
analysis no matter which GC col-
umn is used; the mass spectra of the
components of the same class are
very similar, and it is necessary to
have an extremely pure spectrum to
obtain an unambiguous identifica-
tion from the library matching. A
certain identification may only be
obtained using the mass spectrum
together with the retention time ob-
tained from the injection of pure
standards. This is not easy for the
compounds considered here, be-
cause only a few of them are avail-
able commercially.

To demonstrate the power of the
HPLC-HRGC-MS system, the au-
thors selected two representative
components of the hydrocarbon
fraction (camphene and o-phellan-
drene) of the neroli essential oil
marked 4 and 10 in Figure 8, an en-
largement of the chromatogram ob-
tained by HPLC-HRGC-MS of the
first part of the hydrocarbon frac-
tion. Figures 9 and 10 show the
comparison of the mass spectra of
these compounds (camphene and o
phellandrene) by HPLC-HRGC-MS
(Figures 9a and 10a) with a library
spectrum (Figures 96 and 10b) and
the mass spectra for the same peaks
obtained by GC-MS of the whole oil
(Figures 9¢ and 10c). The figures
show that the spectra obtained after
LC preseparation have a much
greater purity than those obtained
for the same compound by GC-MS
of the whole oil; comparison with
the library spectrum is certainly
more reliable. The program allows a
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HPLC-HRGC-MS continued

Table 1
Components identified by HPLC-HRGC-MS for bitter
orange petitgrain oil
No. Compound g/100 g oil No. Compound g/100 g oil
1 Tricyclene tr 25 Nerol 1.28
2 o-Thujene 0.02 26 Neral 0.40
3 o-Pinene 0.17 27 Linalyl acetate 39.75
4 Camphene tr 28 Geranial 0.67
5 Sabinene 0.45 29 §-Elemene 0.02
6 B-Pinene 2.20 30 a-Cubebene 0.02
7 6-Methyl-5-hepten-2-one  0.08 31 o-Terpinyl acetate 0.06
8 Myrcene 2.31 32 Citronellyl acetate 0.1
9 a-Phellandrene 0.05 33 «-Copaene 0.01
10 3-3-Carene 1.15 34 Neryl acetate 2.27
11 a-Terpinene 0.03 35 Geranyl acetate 4.22
12 p-Cymene 0.12 36 pB-Elemene 0.04
13 Limonene 2.02 37 N-Methyl methyl anthranilate 0.17
14 1,8-Cineole 0.06 38 (E)-Caryophylliene 0.71
15 (2)-B-Ocimene 0.89 39 trans-o-Bergamotene 0.01
16 (E)-B-Ocimene 3.64 40 o-Humulene 0.07
17 y-Terpinene 0.18 41 (2)-B-Farnesene 0.07
18 cis-Linalool oxide 0.05 42 Bicyclogermacrene 0.28
19 Terpinolene 0.59 43 o-Farnesene 0.05
20 trans-Linalool oxide 0.03 44 3-Cadinene 0.04
21 Linalool 29.80 45 (E)-Nerolidol 0.06
22 Citronellal 0.05 46 Spathulenol 0.03
23 Terpinen-4-ol 0.12 47 Caryophyllene oxide 0.02
24 o-Terpineol 5.39
Table 2
Components identified by HPLC-HRGC-MS for neroli oil
No. Compound g/100 g oil No. Compound g/100 g oil
1 Tricyclene 0.01 31 Neral 0.41
2 o-Thujene 0.25 32 Linalyl acetate 9.76
3 o-Pinene 1.31 33 Geranial 0.65
4 Camphene 0.04 34 Indole 0.06
5 Benzaldehyde 0.01 35 Methyl anthranilate 0.11
6,7 Sabinene+B-Pinene 20.22 36 d-Elemene -
8 6-Methyl-5-hepten-2-one  0.11 37 o-Terpenyl acetate 0.05
9 Myrcene 2.33 38 Citronellyl acetate 0.03
10 o-Phellandrene 0.09 39 Neryl acetate 0.92
11 §-3-Carene 0.52 40 Geranyl acetate -
12 a-Terpinene 0.51 41 B-Elemene 1.63
13 p-Cymene 1.04 42  N-Methyl methyl anthranilate 3.18
14 Limonene 2457 43 (E)-Caryophyllene 0.72
14A 1,8-Cineole 44  trans-a-Bergamotene 0.02
15 (2)-B-Ocimene 0.34 45 o-Humulene 0.10
16 (E)-B-Ocimene 3.60 46 (2)-B-Farnesene 0.14
17 y-Terpinene 3.71 47 Germacrene D 0.05
18 trans-Sabinene hydrate 0.09 48 Germacrene B 0.13
19 cis-Linalool oxide 0.02 49 Unknown sesquiterpene 0.16
20 Terpinolene 0.53 50 o-Farnesene 0.07
20A trans-Linalool oxide - 51 &-Cadinene 0.03
21 cis-Sabinene hydrate 0.03 52 cis-Nerolidol tr
22 Linalool 15.569 53 trans-Nerolidol 1.76
23 Phenyl ethyl alcohol 0.01 54  Spathulenol 0.02
24  cis-p-Menth-2-en-1-ol 0.09 55 Caryophyllene oxide 0.04
25 trans-p-Menth-2-en-1-ol 0.19 56 Globulol 0.01
26 Citronellal 0.06 57 a-Cadinol 0.02
27 Terpinen-4-ol 1.20 58 cis,trans-Farnesol 0.98
28 o-Terpineol 1.79 59 trans,trans-Farnesol 0.01
29 trans-Piperitol 0.03
30 Nerol 0.69

Table 3

Results obtained from the library
search for peak 4 (camphene)

GC-MS Purity Fit  Rfit
1 8-3-Carene 643 878 700
2 o-Fenchene 634 873 699
3 Camphene 629 842 681
4 2-Carene 629 837 710
5 o-Pinene 626 825 684
6 B-Phellandrene 622 850 661
7 (E)-B-Ocimene 622 869 683
8 Sabinene 617 855 652
9 Santolinatriene 617 853 686
10 B-Pinene 616 806 699
HPLC-HRGC-MS

Purity Fit  Rfit
1 Camphene 849 931 876
2 Santolinatriene 780 870 808

Table 4
Results obtained from the library
search for peak 10
(a-Phellandrene)

GC-Ms Purity Fit Rfit
1 B-Phellandrene 836 944 858
2 Sabinene 803 939 824
3 o-Pinene 799 899 830
4 (Z)-p-Ocimene 774 923 803
5 Limonene 771 884 779
6 (E)-B-Ocimene 761 908 792
7 &-3-Carene 758 908 792
8 B-Pinene 753 856 790
9 Tricyclene 752 935 784
10 Myrcene 752 864 758
HPLC-HRGC-MS

Purity Fit  Rfit
1 a-Phellandrene 883 977 892
2 o-Thujene 761 853 770

trum, the algorithm provides purity,
fit, and reverse fit, each with a value
of between 0 and 1000. A purity
search measures the resemblance of
the currently selected data to the
specified library entry. A fit search
measures the degree to which the li-
brary spectrum is included in the un-
known spectrum. The reverse fit
(Rfit) search measures the degree to
which the unknown spectrum is in-
cluded in the library spectrum. A
high fit with a lower purity suggests
that the unknown spectrum is in-
cluded in the library spectrum. A
high fit with a lower purity suggests
that the unknown spectrum is a mix-
ture that includes the compounds se-
lected from the library or that the
two compounds have some major
substructure in common. Tables 3
and 4 list the first 10 compounds in
the library that best compare with the



two peaks in the GC-MS chro-
matogram of the whole oil (see
Figures 8 and 9). For camphene,
the library shows that the 10 most
similar compounds are all
monoterpenes and gives camphene
only as the third choice. Moreover,
all 10 compounds have a high fit
with lower degree purity. The li-
brary does not find o-phellandrene
in the first 10 most similar spectra,
but only an isomer. HPLC-HRGC-
MS with LC prefractionation of the
oil allows the library to find both
the components as first choices,
with a much higher degree of pu-
rity (camphene—purity: 849, fit:
931, Rfit: 876; o.-phellandrene—
purity: 883, fit: 977, Rfit: 892).
Additionally, this library reports
the retention time of compounds on
a DB-5 column. Since the column
used in this work is equivalent to a
DB-5 column, it follows that, by us-
ing data obtained from the mass
spectra and the retention time, a
more certain identification of the
components of the oil was achieved.

Conclusion

The preseparation of hydrocar-
bons and oxygenated compounds for
these two oils allowed interpretable
mass spectra to be obtained more
easily. These mass spectra permit the
positive identification of compounds
that belong to the same class, for ex-
ample, monoterpene hydrocarbons
(acyclic, mono-, bi-, or tricyclic),
which have the same molecular for-
mula (CHioHje) and the same molec-
ular weight (MW = 136).
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Take 5 minutes
to read this.
You may help
save a life.

An estimated 100,000 Ameri-
cans have Tourette Syndrome. Al
though not fatal, it can be a living
nightmare.

Tourette Syndromeis aphysical
disorder often mistaken for psy-
chological illness. To be treated,
it must be correctly diagnosed.

Here are four essential characteris-
tics of Tourette Syndrome:
B Onset between 2 and 15. Tour-
ette Syndrome always begins be-
tween theseages, withan averageage
of 7 years. It is chronic and lifelong.
B Involuntary muscular move-
ments. Fast eye blinking, head
jerking, facial grimaces, knee
jerks, other body movements.
8 Uncontrollable noises. Involun-
tary grunting, snorting, sniffing,
throat clearing, barking, other odd
noises. Also involuntary profanity
in some patients.
B Symptoms vary over time.
Symptoms change, replacing one
another, over time. They vary in
frequency and severity, and @/ways
disappear during sleep.
Undiagnosed and untreated,
Tourette Syndrome can have devas-
tating cffects on the patient and
family. That's why correct diag-
nosis of Tourette Syndrome is the
first and most important step to
treating it. If you suspect that any-
one in your family, or a friend, may
have Tourette Syndrome, please
mail the coupon below.
EEEEEEEEEEEEy

I would like more information.
Name

Address

City State Zip

Tourette Syndrome Association
42-40 Bell Boulevard
Bayside, New York 11361




