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IMPROVED METHOD AND APPARATUS FOR ANALYSIS OF VOLATILE COMPOUNDS

The invention relates to an improved system for capturing an aerosol from a smoking
article, a method for separating aerosol compounds, a gas chromatography-mass spectrometry
(GC-MS) system, and a method of capturing an aerosol from a smoking article. Methods and
systems according to the present invention are particularly useful for cigarette smoke
characterization using a novel cold trap, dual gas chromatography columns and cryofocusing
systems.

Cigarette smoke is a highly complex matrix which presents analytical difficulties for the
analyst when having to perform compound identification by GC-MS (gas chromatography
analysis coupled with mass spectrometric detection). Cigarette smoke is a complex matrix
containing between 4000 and 5300 different identified compounds and is known to consist of
two distinct parts: the particulate phase, which can be trapped using a glass fiber pad filter (as
described in ISO 4387:2000 and I1SO 22634:2008), and the volatile phase, which can be
collected in sampling bags or by impingers containing a trapping solvent either at room
temperature or cooled. Another trapping methodology has been described using a cryogenic
instrument, with a liquid extraction after the smoking run. However, all these trapping methods
have drawbacks: the glass fiber trap does not allow the collection of volatile compounds, and
the trapping in sampling bags leads to rapid decomposition of unstable species, which requires
time dependent handling in order to avoid significant analytical variations. And finally, all the
described trapping methodologies using solvents result in sample dilution as well as a potential
for chemical interactions between the trapped compounds and the solvent.

On the chromatographic side, the choice of column is an important factor because the
samples can contain compounds that cover a wide range of volatility and polarity. Screening a
diverse array of compounds can be challenging because the selected column is usually not
optimal for the whole array, but rather is a compromise which can lead to unresolved
chromatographic peaks.

It would therefore be desirable to provide novel systems and methods for trapping and
analysing aerosols that overcome the above disadvantages with known systems and methods.

According to a first aspect of the present invention, there is provided a system for
capturing an aerosol from a smoking article, the system comprising a smoking article holder for
receiving a smoking article, a cooling mantel, and a vial received within the cooling mantel. The
system further comprises a nitrogen evacuation pipe in fluid communication with the cooling
mantel for controlling a supply of liquid nitrogen to the cooling mantel, and a head connection
for providing fluid communication between the smoking article and the vial. The system also
comprises a puff generator and a pipe connection connecting the puff generator to the head

connection.
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The system for capturing an aerosol from a smoking article according to the present
invention uses a cryogenically cooled vial, which can advantageously eliminate the need to
utilise a trapping solvent to capture the aerosol. Therefore, in preferred embodiments the
interior of the vial is solvent-free. Eliminating a trapping solvent eliminates the risk of chemical
reactions between trapped aerosol compounds and a trapping solvent. Eliminating a trapping
solvent can also improve the potential of subsequent analytical techniques, such as GC-MS, to
identify compounds that may otherwise be masked by a solvent peak.

At least one of the cooling mantel and the head connection may be formed from a
material that can withstand the cryogenic temperature to which the vial is cooled. Preferably,
both the cooling mantel and the head connection are formed from a material that can withstand
the cryogenic temperature to which the vial is cooled.

Preferably, one or both of the cooling mantel and the head connection are formed from a
material that can withstand temperatures of about -150 degrees Celsius. Preferably, the
material is glass.

To facilitate condensation of the aerosol inside the cryogenically cooled vial, the vial is
preferably formed from glass, wherein the internal geometry of the vial forms a Vigreux column.
The Vigreux column structure advantageously increase flow turbulence and maximises contact
between the internal surface of the vial and the aerosol.

In any of the embodiments described above, the system may further comprise an
adsorption tube arranged for selective fluid communication with the glass head connection. In a
preferred embodiment, the system further comprises a three-way valve arranged for fluid
communication with a smoking article and in fluid communication with the adsorption tube and
the head connection, wherein the three-way valve is switchable between a first position in which
the head connection is in fluid communication with the smoking article and a second position in
which the head connection is in fluid communication with the adsorption tube. This
arrangement can advantageously prevent contamination of the aerosol captured in the vial by
allowing the head connection to be selectively connected to the adsorption tube between puffs.

To allow the pressure within the system to equilibrate and to prevent backflush through
the smoking article between puffs, the adsorption tube preferably comprises a first end in fluid
communication with the three-way valve and a second end that is open and unconnected, the
adsorption tube comprising an adsorbent positioned within the tube between the first and
second ends. Between puffs the head connection can therefore be selectively connected to the
adsorption tube via the three-way valve to allow the pressure within the vial and the head
connection to equilibrate with the ambient air pressure. The adsorbent within the adsorption
tube prevents contamination of the interior of the vial with gases or aerosols from ambient
environment.

In any of the embodiments described above, the system may further comprise a filter
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arranged for fluid communication with the smoking article, between the smoking article and the
head connection. The filter can advantageously capture the particulate phase of the aerosol
before the aerosol reaches the vial, such that the aerosol components captured within the vial
are substantially only the volatile components of the aerosol. Preferably, the filter is formed
from a material that does not comprise volatile compounds and does not generate volatile
compounds during any subsequent heating process that may be used to release captured
aerosol components from the filter for analysis. In preferred embodiments, the filter is a glass
fiber filter.

The present invention also extends to a method for capturing an aerosol from a smoking
article using a system according to the first aspect of the present invention, in accordance with
any of the embodiments described above. Therefore, according to a second aspect of the
present invention there is provided a method for capturing an aerosol from a smoking article,
the method comprising providing a vial within a cooling mantel, providing a head connection in
fluid communication with the vial, and providing a smoking article holder. The method also
comprises providing a puff generator and a pipe connection connecting the puff generator to the
head connection, optionally providing an adsorption tube arranged for selective fluid
communication with the head connection, and providing a supply of liquid nitrogen to the cooling
mantel to cool the vial. The method further comprises inserting a smoking article into the
smoking article holder so that the smoking article is in fluid communication with the vial via the
head connection and activating the smoking article to enable aerosol to be generated by the
smoking article, and using the puff generator to generate a plurality of puffs on the activated
smoking article, wherein each puff draws an aerosol from the smoking article into the vial via the
head connection. In those embodiments in which the method comprises a step of providing an
adsorption tube arranged for selective fluid communication with the head connection, the
method may further comprise a step of selectively connecting the head connection to the
adsorption tube between consecutive puffs to equilibrate the pressure inside the vial with the
ambient air pressure.

As used herein, the term “activating the smoking article” is used to describe the process
of effecting the release of an aerosol from the smoking article. The step of activating the
smoking article may comprise at least one of a mechanical actuation of the smoking article and
heating of the smoking article. In embodiments in which the smoking article is activated by
heating, the heating may heat an aerosol-generating substrate. The heating may be effected by
at least one of combustion of an aerosol-generating substrate, combustion of a combustible
heat source, activation of a chemical heat source, activation of a heat-sink, activation of an
electrically resistive heater, actuation of an inductive heater, and combinations thereof.

The method may further comprise a step of providing a filter in fluid communication with

the smoking article, between the smoking article and the head connection, wherein each puff
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generated by the puff generator draws the aerosol from the smoking article through the filter
and into the vial. As described above with respect to the first aspect of the present invention,
the filter is preferably formed from a material that does not comprise volatile compounds and
does not generate volatile compounds during any subsequent heating process that may be
used to release captured aerosol components from the filter for analysis. In preferred
embodiments, the filter is a glass fiber filter.

The present invention also provides a novel system suitable for analysing aerosols, and
in particular aerosols captured from smoking articles using the system according to the first
aspect of the present invention. Therefore, according to a third aspect of the present invention
there is provided a gas chromatography-mass spectrometry (GC-MS) system comprising first
and second cryogenic traps, and first and second chromatographic columns. The first
cryogenic trap is operable at a higher temperature than the second cryogenic trap, the first
chromatographic column is preceded by the first cryogenic trap, and the second
chromatographic column is preceded by the second cryogenic trap. The system further
comprises at least two multiport valves arranged to control the flow through the GC-MS system.

By using two chromatographic columns, each preceded by a cryogenic trap operable at
different temperatures, the system according to the third aspect of the present invention
advantageously improves the chromatographic separation of aerosol component with different
volatilities.

In particularly preferred embodiments, the system further comprises a mass
spectrometer, wherein at least one of the multiport valves is configured to selectively provide
fluid communication between each of the first and second chromatographic columns and the
mass spectrometer.

Preferably, the polarity of the first chromatographic column is different from the polarity
of the second chromatographic column. Using two chromatographic columns of different
polarities also improves the chromatographic separation by allowing each chromatographic
column to be adapted to different types of chemical compounds, which can significantly
increase the total peak capacity of the analysis by selecting the chromatographic columns for
their analytical specificity.

In any of the embodiments described above, at least one of the multiport valves is
preferably switchable between a first configuration in which a flow outlet of the first
chromatographic column is in fluid communication with a flow inlet of the second cryogenic trap,
and a second configuration in which the second cryogenic trap is isolated and the flow outlet of
the first chromatographic column is in fluid communication with a flow inlet of a mass
spectrometer. This arrangement advantageously permits those aerosol components with a
relatively high volatility to pass straight through the first chromatographic column from the first

cryogenic trap and into the second cryogenic trap for subsequent release into the second
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chromatographic column. Once the relatively high volatility components have passed into the
second cryogenic trap, the second cryogenic trap can be isolated and the less volatile
components of the aerosol can be sequentially released from the first chromatographic column
and into the mass spectrometer for analysis by gradually increasing the temperature of the first
chromatographic column.

The present invention also extends to a method for separating aerosol compounds using
the system according to the third aspect of the present invention, in accordance with any of the
embodiments described above. Therefore, according to a fourth aspect of the present invention
there is provided a method for separating aerosol compounds comprising the steps of capturing
semi-volatile aerosol compounds on a filter, capturing volatile aerosol compounds, and
conveying the semi-volatile and volatile aerosol compounds via a head-space cold trap to a gas
chromatography-mass spectrometry (GC-MS) system comprising first and second cryogenic
traps and first and second chromatographic columns. The first cryogenic trap is at a higher
temperature than the second cryogenic trap, the first chromatographic column is preceded by
the first cryogenic trap and the second chromatographic column is preceded by the second
cryogenic trap. The flow through the GC-MS system is controlled by at least two multiport
valves.

Preferably, the filter is formed from a material that does not comprise volatile compounds
other than those captured for analysis, and does not generate volatile compounds in addition to
those captured for analysis during any heating process that may be used to convey the
captured aerosol components from the filter to the GC-MS via the head-space cold trap. In
preferred embodiments, the filter is a glass fiber filter.

Preferably, the polarity of the first chromatographic column is different from the polarity
of the second chromatographic column.

In each aspect of the present invention, in accordance with any of the embodiments
described above, the smoking article may be a filter cigarette or other smoking article in which a
tobacco material that is combusted to form smoke. Therefore, in any of the embodiments
described above, the smoking article may comprise a tobacco rod.

Alternatively, the smoking article may be an article in which a tobacco material or a
nicotine-containing substrate is heated to form an aerosol, rather than combusted. In one type
of heated smoking article, a tobacco material or a nicotine-containing substrate is heated by one
or more electrical heating elements to produce an aerosol. In another type of heated smoking
article, a tobacco material or a nicotine-containing substrate is heated by one or more inductive
heating elements in combination with one or more susceptor materials. In another type of
heated smoking article, an aerosol is produced by the transfer of heat from a combustible or
chemical heat source or a heat-sink to a physically separate tobacco material or nicotine-

containing substrate, which may be located within, around or downstream of the heat source.
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The present invention further encompasses smoking articles in which a nicotine-containing
aerosol is generated from a tobacco material, tobacco extract, or other nicotine source, without
combustion, and in some cases without heating, for example through a chemical reaction.

The invention will now be further described, by way of example only, with reference to
the accompanying figures in which:

Figure 1 shows a system for capturing an aerosol from a smoking article, in accordance
with an embodiment of the first aspect of the present invention;

Figure 2 shows a cross-sectional view of the vial of the system of Figure 1;

Figure 3 shows a gas chromatography-mass spectrometry (GC-MS) system in
accordance with an embodiment of the third aspect of the present invention;

Figure 4 shows a detailed cross-sectional view of one of the cryogenic traps of the
system of the GC-MS system of Figure 3;

Figure 5 shows a chromatogram of mainstream smoke from a reference cigarette, the
mainstream smoke captured using a trapping solvent and analysed using a single
chromatographic column;

Figure 6 shows a chromatogram of mainstream smoke from a reference cigarette, the
mainstream smoke captured using the system of Figure 1 and analysed after separation using
the first chromatographic column of the system of Figure 3;

Figure 7 shows a chromatogram of mainstream smoke from a reference cigarette, the
mainstream smoke captured using the system of Figure 1 and analysed after separation using
the second chromatographic column of the system of Figure 3; and

Figure 8 shows an overlay of three chromatograms of the mainstream smoke of three
identical reference cigarettes, each analysed separately using the systems of Figure 1 and 3
(second chromatographic column).

Figure 1 shows a system for capturing an aerosol from a smoking article, in accordance
with an embodiment of the first aspect of the present invention. For the example described
herein, the system was used to capture the aerosol from reference cigarettes 3R4F supplied by
the University of Kentucky and conditioned according to the ISO 3402:1999 standard (at least
48 hours at 60 percent relative humidity and 22 degrees Celsius).

The system comprises a smoking article holder 9 into which each reference cigarette
was inserted and lit with an electric lighter. Eight puffs were taken following the 1ISO 3308:2000
standard (one puff per minute, puff volume: 35 millilitres, puff duration: 2 seconds, puff shape:
bell curve) using a puff generator. The system comprises two traps mounted sequentially and
into which the cigarette smoke was collected. The first trap is a standard glass fiber filter 8
according to the ISO 3308:2000 standard and collects the particulate phase of the aerosol. The
second trap is a custom made glass vial 2 cooled to a temperature of -150 degrees Celsius

using a flow of liquid nitrogen regulated by an electronic controller and delivered through a



10

15

20

25

30

35

WO 2015/140336 7 PCT/EP2015/056023

nitrogen evacuation pipe 4 connected to a glass cooling mantel 1 surrounding the glass vial 2.
The glass vial 2 collects the volatile compounds of the cigarette smoke, representing the vapor
phase.

As shown more clearly in Figure 2, the custom made glass vial 2 comprises a Vigreux
column-like internal geometry in order to increase flow turbulence and to maximize contact
between the vial surface and the aerosol. In this example, the external dimensions of the vial
corresponded to the commercial model used for headspace analyses with the Turbomatrix 40
Trap (Perkin Elmer) headspace sampling device.

To prevent contamination from the laboratory, the system also comprises an adsorption
tube 7 comprising a glass tube filled with activated charcoal, and a three-way switch valve 6,
wherein the smoking article holder 9 and the glass fiber filter 8 are connected to a first valve
port, the adsorption tube 7 is connected to a second valve port, and a glass head connection 3
is connected to a third valve port. The glass vial 2 and a pipe 5 connected to the puff generator
are both connected to the glass head connection 3. During operation of the system, the three-
way switch valve 6 was switched between puffs to let the pressure equilibrate and avoid any
back flush through the glass fiber filter 8 and the cigarette.

At the end of the each smoking run with the reference cigarettes, the vial 2 was capped
with a Teflon® cap. The glass fiber filter 8 contained in the filter holder was transferred into a
separate standard headspace vial and capped with a Teflon® cap.

This trapping mode enabled the analysis of compounds with a large range of volatility
without liquid extraction or dilution. The use of a headspace sampler gave the opportunity to
sample the volatile and highly volatile compounds, without extracting the compounds with low
volatility.

After trapping of the aerosol, a Turbomatrix 40 Trap headspace sampler was used to
capture a fraction of the headspace volume onto a headspace trap prior to thermal desorption
and injection into a chromatographic system via a heated transfer line. The headspace trap
was loaded with three different sorbents: Tenax®GR, Carbotrap® and Carboxen® This
combination of sorbents was selected as no universal sorbent was adequate to trap and desorb
the entire range of compounds of interest.

After each smoking run with a reference cigarette, the trapped semi-volatile (glass fiber
filter 8 in standard headspace vial) and volatile (custom-made headspace vial 2) fractions were
submitted for headspace extraction; the instrument conditions were optimized for each fraction
to ensure the effective transfer of trapped smoke constituents. During the release phase, vapor
pressure was controlled to influence both the diversity and quantity of compounds extracted,
which required fine-tuning in order to avoid any segregation of compounds due to differing
volatilities. The headspace volumes generated from each fraction were trapped concomitantly

onto the same headspace trap, and the retained compounds were then released for injection
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into a chromatographic system by thermal desorption at 210°C.

The chromatographic system used is shown in Figure 3, which shows a gas
chromatography-mass spectrometry (GC-MS) system in accordance with an embodiment of the
third aspect of the present invention. The particular GC-MS used in this example was a Perkin
Elmer Clarus 500, modified by the addition of two cryogenic traps 20, 24 and two electronically
actuated valves 30, 32 (4 ports gas valve, 300 psi, 1/16 “, N9302813, PerkinElmer, 8 ports gas
valve, 300 psi, 1/16”, N9302815, PerkinElmer), which were installed in the gas chromatography
oven 18 to connect the two different chromatographic columns 22, 26 (1% column: Agilent DB-
WAXetr, 30 m, 0.32 mm i.d., 1 ym; 2" column: Agilent HP-PLOT/Q 30 m, 0.32 mm i.d., 20 ym).
The two cryogenic traps 20, 24 enable the cryo-focusing of compounds at different
temperatures to enable separate analysis of compounds having different volatilities. In this
example, the first cryogenic trap 20 located before the first chromatographic column 22 (DB-
WAXetr column) was cooled to a temperature of -80°C and the second cryogenic trap 24
located before the second chromatographic column 26 (HP-PLOT/Q column) was cooled to
-120°C. The two switching valves 30, 32 were controlled by the GC-MS. These modifications
in accordance with the third aspect of the present invention enabled a two-dimensional analysis
of cigarette smoke fractions by gas chromatography coupled with mass spectrometry.

Figure 4 shows in more detail the construction of one of the cryogenic traps 20, 24.
Each cryogenic trap 20, 24 comprises two metal cylinders 40, 42 separated by a layer of
isolation material 44. The cryogenic traps 20, 24 can be cooled by liquid nitrogen that enters
through a liquid nitrogen inlet 46 and exits the trap through a liquid nitrogen outlet 48.

Positioned within the centre of the cryogenic trap is a capillary tube comprising an inlet
50 through which the aerosol is admitted and an outlet 52 through which the aerosol leaves the
cryogenic trap and enters the respective chromatographic column.

Each cryogenic trap also comprises a heating device 54 for heating the trapped aerosol
to release the aerosol into the respective chromatographic column. Electrical connections 56
on the outside of the cryogenic trap connect to a type K thermocouple located inside the trap for
measurement of the internal temperature.

Each cryogenic trap 20, 24 is located on the GC oven 18 in place of the classical
injectors.

The analytical process was initiated by the operator by starting the sequence using the
headspace autosampler 19. LabVIEW™ software then conveyed this start signal to the GC and
to the cryogenic traps 20, 24 and was therefore used as a master controller for the analytical
system. The two valves 30, 32 were controlled indirectly via the GC program sequence.

The first phase of the analytical process comprised introducing the sample and cryo-
focusing of the sample using the cryogenic traps 20, 24. Following desorption of the headspace

trap 19, which contained headspace constituents from both semi-volatile and volatile fraction
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collections, eluted compounds were focused at -80°C in the first cryogenic trap 20 positioned in
front of the first chromatographic column 22. Highly volatile compounds, which were not
retained at this temperature, passed directly through the first chromatographic column 22.
These were trapped by the second cryogenic trap 24 cooled at -120°C, located in front of the
second chromatographic column 26, which was maintained at -120°C. These two different
trapping temperatures led to a split of very volatile compounds from volatiles, so that each
group of compounds could be selectively eluted on the two dedicated chromatographic columns
22, 26.

In the second phase of the analytical process, the volatile compounds in the first
cryogenic trap 20 were released and eluted into the first chromatographic column 22. The first
cryogenic trap 20 was rapidly heated to 200°C and a start signal was sent by the LabVIEW™
software to the GC-MS to start the chromatographic run. All compounds trapped in the first
cryogenic trap 20 were released and introduced onto the first chromatographic column 22 (WAX
column). Analytes with limited affinity for the first chromatographic column 22 eluted rapidly and
were trapped in the second cryogenic trap 24. The remaining analytes continued to be
separated on the first chromatographic column 22 (WAX column) by their different retention
behaviours.

In the third phase of the analytical process, the semi volatile compounds retained in the
first chromatographic column 22 were analysed. The first valve 30 was switched (by the GC-
MS) to isolate the second cryogenic trap 24 (maintained at -120°C) and the second
chromatographic column 26 (PLOT Q column). This switching of the first valve 30 connected
the exit of the first chromatographic column 30 (WAXetr column) to the mass spectrometer,
connected to the outlet 21 of the GC oven 18, and enabled the analysis of the semi-volatile
compounds remaining in the first chromatographic column 22. A first heat cycle of a dedicated
double heat cycle GC oven temperature program was used with the following parameters: initial
temperature: 41°C during 5 minutes, followed by a temperature increase at a rate of 5
°C/minute, up to 250 °C.

In the fourth phase of the analytical process, the volatile compounds captured in the
second cryogenic trap 24 were released and analysed. After chromatographic analysis of the
semi-volatile compounds using the first chromatographic column 22 (WAX column, 30 minutes
run time), the GC oven 18 was cooled to 60°C using CO, to speed the process. For the release
of the volatiles captured in the second cryogenic trap 24, the first valve 30 was switched to
isolate the first chromatographic column 22 (WAX column) and the second valve 32 was
switched back to direct the carrier gas through the second cryogenic trap 24, the second
chromatographic column 26 (PLOT Q column) and into the mass spectrometer. The volatile
compounds were introduced onto the second chromatographic column 26 (PLOT Q column) by

rapidly heating the second cryogenic trap 24 to 150°C and chromatographically separated using
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the second heat cycle of the GC oven temperature program with the following parameters: 60°C
during 7.2 minutes, followed by a temperature increase at a rate of 7 °C/minute, up to 250°C,
final temperature maintained during 9 minutes.

At the end of the analysis, the first valve 30 was switched again to allow the carrier gas
to pass through both chromatographic columns 22, 26 and therefore flush the system. This
step was done with the GC oven 18 heated to its maximal temperature, and to ready the first
valve 30 for the next analytical run.

Data acquisition in scan mode was initiated 15 minutes after the start of each run, since
no meaningful data was generated during the trapping phase for the second cryogenic trap 24.
A second pause in acquisition was also made between 46.8 minutes and 54 minutes, during the
cooling phase of the GC oven 18 before the second temperature gradient started.

To compare the described analytical process using the systems and methods according
to the present invention with a classical analysis, the reference cigarette 3R4F (supplied by
University of Kentucky) was conditioned according to ISO 3402:1999 standard and smoked
using the 1ISO smoking regime (as described in ISO 3308:2000 standard, 1 puff per minute, puff
duration: 2s, puff volume 35ml, puff profile: bell shape). The particulate phase of the smoke of
ten cigarettes was trapped using a glass fiber filter and the gas phase was bubbled through
cooled (-78°C) ethyl acetate in three small impingers (10ml per impinger) mounted in series.
The glass fiber filter was extracted together with the solvent contained in the impingers and was
analyzed by conventional gas chromatography analysis (one micro-liter of sample was injected
on-column in a DB-FFAP column, 30 m, 0.25 mm id., 0.25 um) coupled with mass
spectrometric detection in scan mode.

Figure 5 shows a typical total ion chromatogram for the classical analysis of the reference
cigarettes. As shown in Figure 5, one disadvantage of the classical analysis technique
concerns the solvent, which prevents the detection of co-eluting compounds (volatile
compounds) that elute at the same time as the solvent. Another issue with the classical
analysis technique is compound co-elution, that is, concurrent elution of compounds from the
sample, which leads to uncertainty during the process of peak identification.

However, using the systems and methods according to the present invention it is
possible to overcome these disadvantages of the classical analytical technique. Specifically,
the system according to the present invention comprises two dedicated chromatographic
columns each selected specifically for each group of compounds’ volatility. Using this set-up,
the chromatogram shown in Figure 6 shows the semi-volatile compounds eluted first on the first
chromatographic column 22 (DB-WAXetr column) and Figure 7 shows the chromatogram for the
volatile compounds eluted second on the second chromatographic column 26 (HP-PLOT/Q
column). As described above, the split between semi-volatile and volatile compounds was

handled using the two specific chromatographic columns with dedicated oven programs, which
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provided an improvement in the chromatography results.

When comparing the classical analysis technique with the systems and methods
according to the present invention a clear improvement in selectivity is apparent when using the
analytical process according to the present invention. In the chromatograms obtained using the
systems and methods according to the present invention the peaks are properly resolved and
they can therefore be identified with improved certainty. In addition, the second chromatogram
shown in Figure 7 (starting at approx 53 minutes) allows the identification of numerous volatile
compounds which are masked by the solvent peak when using conventional trapping and GC-
MS analysis. Figure 7 demonstrates, for example, that compounds such as chloromethane,
HCN, acetaldehyde, ethanol, acetonitrile, propionaldehyde and acetone were clearly separated
when using the systems and methods according to the present invention.

Furthermore, the sensitivity of the technique according to the present invention allows
the accurate analysis of cigarette mainstream smoke from a single cigarette, therefore reducing
the number of cigarettes required, while increasing the level of information gained. The
automation of the analytical process according to the present invention ensured reproducible
retention times across several different runs, as shown in Figure 8, which displays overlaid
chromatograms for very volatile compounds eluted through the second chromatographic column
26 (PLOT Q column). The same behavior was observed on the first chromatographic column
22 (WAXetr column). This reproducibility allows the creation of custom libraries to improve
identification certainty.

The systems and methods according to the present invention can therefore facilitate the
characterization of cigarette smoke in an efficient and simple way. The novel trapping system
according to the first aspect of the present invention provides an improvement compared to
classical liquid trapping, due to the absence of solvent, which reduces the sample preparation,
prevents any chemical interaction between solvent and compounds of interest, and allows
determination of chemical species which are usually masked by the solvent peak. In addition,
sample preparation according to the present invention can be performed without dilution of the
analytes from the aerosol, therefore the analysis can be performed on a single cigarette. The
improved sensitivity and resolution provided by systems and methods according to the present
invention enable a better and more comprehensive characterization of cigarette mainstream

smoke.
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Claims

1. A system for capturing an aerosol from a smoking article, the system comprising:

a smoking article holder for receiving a smoking article;

a cooling mantel;

a vial received within the cooling mantel,

a nitrogen evacuation pipe in fluid communication with the glass cooling mantel for
controlling a supply of liquid nitrogen to the glass cooling mantel;

a head connection for providing fluid communication between the smoking article and the
vial; and

a puff generator and a pipe connection connecting the puff generator to the head

connection.

2. A system according to claim 1, wherein at least one of the cooling mantel and the head

connection is formed from glass.

3. A system according to claim 1 or 2, wherein the vial is formed from glass and wherein the

internal geometry of the vial forms a Vigreux column.

4. A system according to claim 1, 2 or 3, wherein the interior of the vial is solvent-free.

5. A system according to any preceding claim, further comprising an adsorption tube

arranged for selective fluid communication with the head connection.

6. A system according to claim 5, further comprising a three-way valve arranged for fluid
communication with a smoking article and in fluid communication with the adsorption tube and
the head connection, wherein the three-way valve is switchable between a first position in which
the head connection is in fluid communication with the smoking article and a second position in

which the head connection is in fluid communication with the adsorption tube.

7. A system according to claim 6, wherein the adsorption tube comprises a first end in fluid
communication with the three-way valve and a second end that is open and unconnected, the
adsorption tube comprising an adsorbent positioned within the tube between the first and

second ends.
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8. A system according to any preceding claim, further comprising a glass fiber filter
arranged for fluid communication with a smoking article, between the smoking article and the

head connection.

9. A method for separating aerosol compounds comprising the steps of:

capturing semi-volatile aerosol compounds on a glass fiber filter;

capturing volatile aerosol compounds; and

conveying the semi-volatile and volatile aerosol compounds via a head-space cold trap to
a gas chromatography-mass spectrometry (GC-MS) system comprising first and second
cryogenic traps and first and second chromatographic columns, wherein the first cryogenic trap
is at a higher temperature than the second cryogenic trap, wherein the first chromatographic
column is preceded by the first cryogenic trap and the second chromatographic column is
preceded by the second cryogenic trap, and wherein the flow through the GC-MS system is

controlled by at least two multiport valves.

10. A method according to claim 9, wherein the polarity of the first chromatographic column is

different from the polarity of the second chromatographic column.

11. A method according to claim 9 or 10, wherein the steps of capturing the semi-volatile and
volatile aerosol compounds comprise capturing the semi-volatile and volatile aerosol

compounds from a smoking article comprising a tobacco or nicotine-containing substrate.

12. A gas chromatography-mass spectrometry (GC-MS) system comprising:

first and second cryogenic traps;

first and second chromatographic columns, wherein the first cryogenic trap is operable at
a higher temperature than the second cryogenic trap, wherein the first chromatographic column
is preceded by the first cryogenic trap and the second chromatographic column is preceded by
the second cryogenic trap; and

at least two multiport valves arranged to control the flow through the GC-MS system.

13. A GC-MS system according to claim 12, wherein the polarity of the first chromatographic

column is different from the polarity of the second chromatographic column.

14. A GC-MS system according to claim 12 or 13, wherein at least one of the multiport valves
is switchable between a first configuration in which a flow outlet of the first chromatographic

column is in fluid communication with a flow inlet of the second cryogenic trap, and a second
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configuration in which the second cryogenic trap is isolated and the flow outlet of the first

chromatographic column is in fluid communication with a flow inlet of a mass spectrometer.

15. A method for capturing an aerosol from a smoking article, the method comprising:

providing a vial within a cooling mantel,

providing a head connection in fluid communication with the vial;

providing a smoking article holder;

providing a puff generator and a pipe connection connecting the puff generator to the
head connection;

optionally, providing an adsorption tube arranged for selective fluid communication with
the head connection;

providing a supply of liquid nitrogen to the cooling mantel to cool the vial;

inserting a smoking article into the smoking article holder so that the smoking article is in
fluid communication with the vial via the head connection and activating the smoking article;

using the puff generator to generate a plurality of puffs on the activated smoking article,
wherein each puff draws an aerosol from the smoking article into the vial via the head
connection; and

optionally, selectively connecting the head connection to the adsorption tube between

consecutive puffs to equilibrate the pressure inside the vial with the ambient air pressure.

16. A method according to claim 15, further comprising a step of providing a glass fiber filter
in fluid communication with the smoking article, between the smoking article holder and the
head connection, wherein each puff generated by the puff generator draws the aerosol from the

smoking article through the glass fiber filter and into the vial.
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