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Abstract: Over the past decade, the technical requirements of analytical instrumentation have continuously risen
driven by the demand for increasingly complex and demanding applications. TOFWERK, a Swiss company with
their headquarters in Thun, has been at the forefront of this development by producing modular and ruggedized
Time-Of-Flight Mass Spectrometers (TOFMS). They are often used to replace quadrupole mass analysers with
more powerful TOF mass analysers. Starting with first customers in atmospheric sciences, TOFWERK TOFMS
are now used across a wide range of research areas and lately also in industry. Here we present an overview of
mobile applications in which TOFWERK TOFMS are in operation while being moved around in space.
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1. Introduction: TOFWERK AG and TOFMS

TOFWERK is a small- and medium-sized enterprise (SME)
in Thun founded in 2002 with the initial goal to offer time-
of-flight (TOF) mass analyzers as an alternative to the widely
used quadrupole mass analyzers used in mass spectrometers.
Mass spectrometers measure the abundance of ions of various
molecular mass. In addition to the mass analyzer, they typi-
cally consist of an ion source producing electrically charged
analyte ions from either gaseous, liquid, or solid samples.
With the ion optics of the mass analyzer the analyte ions are
transferred from the ion source via electrical and/or magnet-
ic fields through various pressure stages to the detector with
which the mass and abundance of the analyte ions are deter-
mined.

A TOF mass analyzer has several advantages over a quadru-
pole, especially when analyzing complex samples containing a
few to several thousands of compounds of interest: Rather than
filtering out one mass at a time and sequentially scanning through
a list of masses like it is done with a quadrupole, an orthogonal
TOF analyzer simultaneously extracts and then measures all ions
of a large mass range from a continuous analyte ion beam at a
very high duty cycle and at very high frequency (typically 10 to
100 kHz). The ions in the TOF analyzer are sorted according to
their mass/charge on a flight path and a complete mass spectrum
is recorded for each extraction. In addition to the fast speed, a
TOFMS can also be extremely sensitive (LOD’s of 10 pptv for
a 1 second measurement integration) and can have a very large
dynamic linear range of several orders of magnitude (>1E4 at 1 s
measurement time). Because the mass resolving power m/dm of
a TOFMS is directly related to the length of the flight path of the
ions, TOFMS of different sizes and thus mass resolving power
can be designed, covering different requirements for separating
isobars in complex samples. TOFWERK, for example, offers
TOF analyzers with mass resolving powers ranging from 500 to
15’000 Th/Th.t1
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In the first years, TOFWERK was mostly selling TOF mass
analyzers to OEM customers that built them into their end-user
instruments and to research groups that wanted to upgrade their
research instrumentation with a high-performance TOF mass
analyzer. After a few years, TOFWERK started to also sell end-
user TOFMS with a variety of ion sources and comprehensive
data acquisition and processing software for a very diverse range
of research applications. In 2017 TOFWERK USA and in 2019
TOFWERK China were incorporated to better serve these mar-
kets. In 2020 the first single-purpose industrial TOFMS solution
was sold to the cork stopper industry.?!

2. TOFMS Requirements for Mobile Applications

The first TOFWERK OEM customer was a leader in atmo-
spheric research where speed, sensitivity, dynamic range, and
mass resolving power are critical for continuous real-time mea-
surements of air and aerosol composition. Such measurements
are often done at remote stations or from mobile platforms, im-
posing challenging requirements on the design of the TOFMS in
terms of robustness, flexibility, ease of use, power consumption
and transportability.

The most stringent requirements must be met in mobile ap-
plications, where the instruments have to reliably acquire data
when in movement and being exposed to vibration, shock, and
fast changes in orientation, temperature and pressure. Often the
availability of electrical power is also limited and unstable.

From the beginning TOFWERK TOFMS have thus been spe-
cifically designed to fulfil the requirements for mobile applica-
tions. In addition to a very ruggedized design of the TOF analyzer
chamber, ion optics and electronics, they, e.g., also contain a cus-
tom-built turbo molecular vacuum pump that can handle the vi-
bration and shock that typically occur during mobile applications.
The product line that is most often used for mobile applications is
the “Vocus CI-TOF’ which was designed for real-time chemical
analysis of air based on chemical ionization (CI).[!l These instru-
ments are built into a frame based on standard industrial profiles
allowing flexibility not only for mounting the instrument to any
mobile platform but also to attach custom accessories to the instru-
ment. Also, they can be run in any orientation. Due to the modular
design and for reason of economy of scale the same ruggedized
components are also built into TOFWERK product lines that are
typically used in more conventional stationary applications such
as research laboratories or industry (icpTOF, fibTOF, pgaTOF3]).

Due to the complexity and typically higher costs of mobile
applications, they are only chosen when stationary methods can-
not provide the necessary information. This is, e.g., the case when
samples cannot be brought to the laboratory because they are in-
stable, or because the required time resolution is most efficiently
achieved with continuous real-time measurements. For instance,
ions produced naturally in the atmosphere by cosmic rays can-
not be stored in containers and transported.l*l During airplane
campaigns real-time measurements with a time resolution of 1 s
result in a spatial resolution of a couple of hundred meters. A
similar spatial resolution would not be possible with discrete
air sampling, which would require 3600 sample vials per flight
hour.

It is worth noting that the time resolution of real-time TOFMS
measurements are not normally limited by the extraction frequency
of the TOF (typically 10-100 kHz). It is generally limited by the
sensitivity towards the analyte, which is largely determined by the
ion source used, or by the time response of the sample inlet and
ion source for this analyte.

With the industry-leading LOD of 10 pptv in one second, e.g.
for xylene with the Vocus CI-TOF,[!l one would have to average
the measurements over a minute to resolve single digit pptv varia-
tions in the air. On the other hand, concentrations in the ppbv
range or higher are resolved at 10 Hz or faster.

The latter, however, can only be achieved if the compounds of
interest are efficiently transferred through the inlet without sig-
nificantly sticking or reacting on the inlet walls which smears
out fast changes in concentration. A simple, unheated inlet can
lead to response times of several minutes or more for compounds
with lower volatility. To optimize response times, inlets must be
designed as short as possible, with a surface that minimizes stick-
ing (e.g. PFA Teflon tubing). Most importantly, a high sample
flow through the inlet to the ion source is the most efficient way
to improve the response time, minimize surface interactions and
wall contact memory effects.

Thus, there are conditions where the samples cannot be tak-
en to the instrument, but the instrument must be brought to the
sample. In the sections below we will present some examples
of mobile TOFMS applications in which the TOFMS are opera-
tional when moved over several hundred kilometers to less than
a meter.

3. Examples of Mobile Applications
3.1 Range 10-10°000 km: Regional and Continental
Scales

Atmospheric oxidation processes have important impacts on
health and climate. The atmosphere is an incredibly complex, dy-
namic chemical reactor in which atmospheric oxidants mix with
a diverse set of natural and anthropogenic emissions generating
thousands of compounds.! To understand the formation and per-
sistence of air pollution, the generation of photochemical smog
and the formation of aerosol, atmospheric chemistry research and
monitoring examines the chemical evolution of VOC from indi-
vidual point sources up to regional and continental spatial scales.

Tracing the evolution of anthropogenic emissions emitted
from urban centers and pinpointing the sources provides a unique
analytical challenge, especially when combined with the diverse
and inhomogeneous natural emission profiles (cities, forests,
oceans). Reaction rates, emission profiles and removal processes
change hourly, daily, and seasonally and have direct impacts on
the oxidation products, the oxidation capacity and thus lifetime of
emissions in the atmosphere.

Adding to the analytical challenges, the emissions and reac-
tion products are also rapidly dispersed and diluted across large
spatial scales by ventilation, removed by chemical conversion,
scavenged by wet or dry deposition, and partition between the
gas and particulate phase with rates and direction depending on
temperature, humidity, and dilution.

Given the spatial scale over which emissions and oxidation
take place in the atmosphere, ground-based measurements often
require many measurement locations to be arranged in a network
to provide adequate spatial resolution. Such networks are general-
ly unable to capture the total effects of simultaneous dilution and
chemical reaction, especially across all three spatial dimensions.

Airborne measurements involve the deployment of CI-TOF
instruments aboard aircraft which allow excellent spatial sample
coverage from altitudes just above earth’s surface through the
troposphere and into the lower stratosphere. Instruments are
usually installed in specialized flight racks and sample air from
outside the aircraft through specialized window plates or other
aerodynamic inlets (Fig. 1). Aircraft platforms provide a unique
approach to address emissions and oxidation across large spatial
scales, for example following outflow from major urban centers,
natural terrestrial and oceanic emissions. Recent examples of re-
search aircraft campaigns have targeted a number of important
atmospheric chemistry topics over the last decade relating to air
quality and climate.

The first aircraft deployment of a CI-TOF was as part of
the NOAA SENEX campaign in 2013.161 Researchers from the
University of Washington in collaboration with a team from
NOAA ESRL deployed a CI-TOF on a WP-3D aircraft and sur-
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Fig. 1. Top: A Vocus CI-TOF mounted in a special flight rack in a C-130
Hercules research aircraft (bottom) sampling outside air.

veyed the interaction of biogenic and anthropogenic compounds
over the Southeastern United States during summertime.[”!

Following this successful deployment, CI-TOF instruments
have flown on every major atmospheric chemistry aircraft cam-
paign to provide unparalleled chemical characterization of air
around the world.

CI-TOF deployments aboard research aircraft in the last decade
have become routine but critical parts of the scientific payload.
Campaigns during the summer months, where photochemistry is
most active have utilized CI-TOF instruments to survey diverse
sources and chemical systems including the impact of wildfires on
the local and regional air quality and climate, ¥l and emissions over
forests and grasslands.l19 During winter, the reduction in sun-
light and cold temperatures has important impacts on the oxidation
pathways and lifetime of pollutants in the atmosphere. Research
topics addressed by airborne instruments include lifetime of the
urban outflow off the east coast of the United States, the evolu-
tion of powerplant plumes extending over urban and rural areas,
the generation of halogen radicals through multiphase chemistry;
all of which benefit from the comprehensive chemical coverage
afforded by CI-TOF instruments. Even global chemical snapshots

have been produced by flying aircraft around the world multiple
times with regular vertical profiling.[!1]

3.2 Range 0.1-10 km: Fenceline Monitoring

In the regulatory world, a mobile laboratory equipped with
real-time trace gas detectors can create maps that show chemical
abundances, emission sources, and transport in a city or a larger re-
gion. This information can be used to identify areas with environ-
mental problems, assess whether businesses are complying with
legal regulations, and provide useful information to the public.

The Vocus Elf (nominal mass resolving power 500 Th/Thi") is
able to measure many species important to regulators, such as BTX
(benzene, toluene, xylene), solvents, and ozone precursors. The
size, price-point, and power requirements allow regulatory agen-
cies to deploy Vocus Elfs in vehicles.

In the example shown here, a Vocus Elf using H,O* ion chem-
istry was installed in the rear seat of an electric passenger car.
The instrument was run entirely off the car battery, and no special
modifications were made to the car. The instrument in the car is
shown in the inset in Fig. 2.

Fig. 2. Aerial picture of Thun, Switzerland with the measured toluene
concentrations along the drive route. The insert on the lower right shows
the Vocus EIf CI-TOF on the backseat of the car.

The instrument was connected to a sampling probe that ex-
tended over the car windshield. A 90-minute drive was conduct-
ed through the city of Thun, entirely on electric power, so that
no emissions from the mobile lab would be observed. During
the drive, important locations were targeted, including major
streets, an official air quality monitoring station, and some point
sources such as gas stations, the train station, and a water treat-
ment plant.

Because the instrument reports measurement in real time,
VOC hotspots can be seen by the operator during the drive. Fig. 2
reveals some of these hotspots. It shows the concentration of tol-
uene along the drive path, and high concentrations of this VOC
can be seen near intersections, the train station, major roads, and
gas stations. Some of the hotspots had very high concentrations
(more than 100 ppbv). Especially high concentrations of aromat-
ics (BTX) were measured along a large construction zone where
fresh asphalt was being prepared. Stationary monitoring stations
often miss large sources such as these, which can be temporary and
located far away from the official measurement station.

While just one species (toluene) is shown in Fig. 2, more than
100 different species were actually measured during each second
of the drive. By investigating the correlations between these dif-
ferent species, different point sources can be distinguished and
identified based on their chemical profile. Fig. 3 shows some of
the different groups of compounds that were identified by correla-
tion analysis. These groups include two different sources related
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Fig. 3. Distinct VOC sources detected in Thun along the drive route of
the mobile laboratory, with colour and intensity indicating the identity

and relative abundance of each source. The smaller panels show the

mass spectral VOC fingerprint of each source.

to vehicle traffic, intense sources of toluene and acetone, and a
source containing some aldehydes, which might have been sol-
vents from a medical clinic.

3.3 Range 5-100 m: Indoor Air Quality Monitoring and
Breath Analyses
3.3.1 Real-time Measurement of Indoor VOCs

Real-time monitoring of VOCs in the working environment has
become more prominent in recent decades. With the majority of
people spending most of their time indoors poor indoor air quality
can affect people’s health, comfort, as well as work performance.
Industrial processes, construction materials or even personal care
products can be a source of a diverse set of VOCs.[12131 These can
accumulate within buildings, especially in areas with insufficient
ventilation. This can lead to adverse health effects and to con-
tamination of sensitive working environments. Indoor air pollution
is acknowledged as one of the top risks to public health by the
world health organization.l'*! Therefore, it is crucial to properly
understand and identify the pollutant sources in order to control
the human exposure to potentially dangerous levels of indoor air
pollutants.

Mobile Indoor Air quality monitoring

TOFWERK Vocus CI-TOF provide a simple, sensitive, and fast
way to evaluate indoor air quality quantitatively. They enable online
measurements of most emerging contaminants without the need for
extensive libraries and without pre-separation. They are mobile and
can be deployed rapidly throughout buildings to provide a survey
of air quality and identify and pinpoint sources of chemicals. Long-
term stationary monitoring measurements can reveal daily patterns
in indoor air that are related to ventilation and activities which re-
lease VOC:s into the air such as cooking, industrial processes, clean-
ing or accidental release of chemicals via spills or leaks.

Fig. 4 shows the results of screening an industrial area for VOC
pollutants with a mobile Vocus CI-TOF in less than 30 minutes by
moving the instrument into the different areas.

The concentrations are shown on a log scale and can vary by
a factor of 5-10 depending on the location. The rooms with active
ventilation (e.g. chemical lab) showed lowest VOC levels, com-
parable to ambient air. The cleaning room showed high levels of
propanol coming presumably from the cleaning and disinfectant
chemicals stored inside. The highest concentration of VOCs in gen-
eral was measured in the clean room which was under construction
at the time of measurement.

The possibility of switching between the H,O* ionization mode
(traditional proton transfer reaction, ‘PTR’ mode) and the NH,*
ionization model!l allows increasing the number of detected com-
pounds. Fig. 5 shows an example of indoor air mass spectra mea-
sured by the Vocus in NH,* mode.
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Fig. 5. Mass spectrum of indoor air measured by the Vocus CI-TOF in

NH,* mode. Series of siloxanes are highlighted in blue. In the inset pic-
ture the specific isotope pattern of D6 (cyclohexasilioxane) is highlighted.

In thisionization scheme the typical series of siloxanes rang-
ing from D5 (dodecamethylcylcopentasiloxane) to up to D12
(dodecamethylcyclohexasiloxane) was detected. Siloxanes are
stable chemicals persistent in the environment that are widely
used in plastics, lubricants, oils and cosmetics. The most in-
tense siloxane observed was D5 which is a common compound
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found in urban air and associated with the use of personal care
products.

3.8.2 Breath Analyses: COVID-19 Detection

Exhaled breath contains hundreds of volatile metabolites re-
flecting the biochemical processes occurring in the human body.
These molecules are often transported from the blood into the air-
ways via alveolar gas exchange in the lungs and as such offer a
unique way to investigate human metabolism, study pharmacoki-
netic pathways, individual response of pharmacological treatment or
can serve as disease specific biomarkers. The chase for specific me-
tabolites that are altered with certain disease conditions has been the
target of many breath studies in the past.[!>-19] Indeed, establishing
molecular fingerprints of human health would offer unprecedented
diagnostic tools with numerous advantages and holds a big poten-
tial in the field of clinical diagnosis. In comparison to traditional
clinical sampling techniques, breath analysis is a simple, fast, and
noninvasive sampling approach with virtually unlimited availability
of sample. When performed in real time the results can be directly
available for the clinical personnel. However, despite the numerous
studies and promising results towards identifying molecular patterns
in exhaled breath, no widespread application of breath tests is seen
in the daily clinical environment. The reasons for this are likely due
to the lack of standardized sampling approaches, the variety of ana-
lytical platforms used, limited data for statistical analysis, lack of
understanding of the biological origin of the identified VOCs and
missing follow-up validation studies of preliminary results.[1!

Breath presents a challenging analytical sample due to its high
humidity and trace levels of the target molecules. Fast quantitative
analysis is preferred as it allows the detection of rapid changes in
the concentration of the volatile organics. Further, real-time mea-
surements also avoid sample collection or its preparation which
can introduce errors in the process of the analysis. TOFWERK
has recently introduced the Vocus Breath Analyzer (VBA), which
is an instrument offering intuitive, reproducible and humidity
independent analysis of breath exhalations with unprecedented
sensitivity.

VBA consists of a Vocus CI TOFMS, high-end breath inlet and
software with automatic breath detection. The breath is sampled di-
rectly into the instrument and ionized by the reaction with reagent
ions (H,O* or NH,"). Due to the characteristics of the Vocus ion
source, the response is not affected by water vapor which makes the
measurement quantitative under high humid conditions. All VOCs
in the exhalation are detected simultaneously and in real time. The
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Fig. 6. Example of sets of five exhalations by three patients measured
with the Vocus Breath Analyzer. Time traces of acetone, isoprene, acetic
acid and the sum of a group of monoterpenes are selected and dis-
played as mixing ratios in ppb (parts-per-billion) units.

breath inlet provides a heated, optimized interface for reproducible
sampling of human breath with a valve avoiding re-inhalation to en-
sure no risk of cross-contamination and condensation of low-volatile
organics. In Fig. 6 an example of sets of five exhalations by three pa-
tients measured with the VBA is shown. The mixing ratios depicted
in the figure are of acetone, isoprene, acetic acid and the sum of a
group of monoterpenes.

The COVID-19 pandemic has had devastating effects world-
wide in terms of life loss, public health, and economy. To prevent
further spreading of the virus in the coming years, vaccination and
massive testing remain essential. Currently the diagnosis is based
on reverse transcription-polymerase chain reaction (RT-PCR)
where a sample from a nasal swab is tested for the presence of
ribonucleic acid (RNA) of the SARS-CoV-2. This technique re-
quires lengthy procedures and is hardly applicable for fast screen-
ing. Tests allowing rapid diagnosis such as antigenic tests suffer
from fairly poor performance with sensitivity close to 60% in
asymptomatic individuals.l'7 To address this gap the researchers
from Ircelyon conducted two clinical trials between 2020 and
2021, deploying the mobile VBA in the Croix Rousse Hospital
and in the Gerland center in Lyon which temporarily served as a
COVID screening point (Fig.7).

Fig. 7. Deployment of two Vocus Breath Analysers to the Gerland cen-
ter in Lyon. The VBA on the left was deployed by the Laboratory of
Atmospheric chemistry from the Paul Scherrer Institute in Switzerland
to obtain data for repeatability of the method. One thousand individuals
performed exhalations into both instruments. The VBA on the right was
equipped with an uninterruptible power supply unit (UPS) and wheels
which allowed its displacement among various hospital rooms and de-
partments.

During the clinical trial at the Croix Rousse Hospital the VBA
could be deployed to any site of the hospital within a short pe-
riod of time, including clinical examination rooms or intensive
care units. The mobile VBA was wheeled to the patients to do the
breath analyses directly at their beds, so that they did not have
to be displaced (see e.g. news coverage in ref. [18]). The VBA
was also used to passively sample exhaled air from respirators of
COVID-19 patients in the intensive care units (Fig. 8).

The goal of the study was to develop a diagnostic method based
on breath analysis for population screening allowing instant identi-
fication of specific breath biomarkers of this highly infectious virus.
Such a method would avoid the need for uncomfortable sampling
procedures while providing basically real-time results. The individu-
als taking part in the study underwent nasopharyngeal sampling and
afterwards were asked to participate in the study. The breath of the
volunteers was analyzed directly via VBA while the RT-PCR results
of the nasopharyngeal swab served as a reference. The real-time na-
ture of the VBA allowed the measurement of one person per minute.
The measurement data will be used to develop a model based on
machine learning techniques for a COVID-19 breath screening test.



Mass SPECTROMETRY AT Swiss ACADEMIC AND INDUSTRIAL INSTITUTIONS

65

CHIMIA 2022, 76, No. 1/2

Fig. 8. The mobile VBA in an intensive care unit is passively sampling
exhaled air from a respirator of a COVID-19 patient. Photo: CNRS and
HCL.

3.4 Range 0.5-5 m: Autosamplers
3.4.1 Plant Autosampler

Autosamplers typically consist of an automated mechanism that
either moves a sample vial to a sampling position where the sample
is extracted for subsequent analyses or a sample extractor (normally
a syringe) is automatically moving to a sample vial in a sample tray
to sequentially extract the analyte and transfer it through a tubing to
the analyzer. However, this is not always possible, if e.g. the samples
are too large and/or cannot be moved and the required time resolu-
tion and/or limited sample volume prevents the use of long sample
transfer lines.

This was, for example, the case in an application of the Institute
of Plant Sciences (IPS), University of Bern, Switzerland (Prof. M.
Erb) where the time evolution of VOCs in glass containers containing
plants was to be recorded at high temporal resolution. The interac-
tions of plants with their environment determines their survival in
nature and yields in agriculture. Plants can release specific VOCs to
attract beneficial organisms and can detect VOCs as environmental
cues.!') Time-resolved monitoring of VOC exposure and emissions
for large numbers of individual plants is critical for understanding
the dynamic roles and mechanisms of VOC-dependent plant-envi-
ronment interactions.

In collaboration with IPS and industrial partners (Abon Life
Sciences and Bibus AG) we developed an autosampler specifi-
cally for this purpose. The plant autosampler had to include 102
quartz glass containers of a few liters volume that are purged
with clean or doped air to investigate e.g. the reaction of plants
to VOCs or to simulated herbivore attack in dynamic headspace
measurements. Due to the continuous purging and the size of
the glass containers it was not practical to automatically trans-
port the containers to a sampling position. Further, the sam-
ple air consumption had to be minimal (~100 sccm) and time
response fast (<100 ms). This prevented the use of a several
meter-long sample transfer line moving between the contain-
ers, which would be done in a conventional autosampler setup.

Fig. 9. Plant autosampler. The Vocus S CI-TOF is moving under the table
among the docking ports of the plant containers on the table, sampling
their purge gas flow for real-time VOC analyses.

Thus the autosampler (Fig. 9) was designed such that a Vocus
S (nominal mass resolving power 5000 Th/Th) is moved by up to
about 3 m under the table with the plant containers. It is facing with
the inlet upwards and is sequentially collecting air samples from the
containers purge flow docking ports through a short (~10 cm) heated
inlet (a movie of the autosampler in action is available online!20]).

A typical sample protocol consists of a 10-second measurement
of sample air from a plant followed by a 5-second zero air measure-
ment while the TOFMS is transferred to the next position. The zero
air measurement purges the inlet between samples and provides a
clear separation of the data of different plants (Fig. 10).
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Fig. 10. Top: An example of an autosampler cycle measuring a series of
17 plants. Concentrations of select VOCs are plotted at 5 Hz (5 unique
mass spectra per second). In this case, 17 individual plants were samp-
led with a measurement time of only 10 seconds per plant. Between in-
dividual plants, a fast zero air measurement is performed for 5 seconds.
Bottom: An example mass spectrum (log scale) from a single plant aver-
aged for the 10-second sample measurement time.
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The autosampler is capable of resolving individual plant kinet-
ics for up to 102 plants with a time resolution below 30 minutes or
accordingly faster for a smaller set of plant containers. The 5 Hz
time-series in Fig. 10 reveals the excellent signal-to-noise of the
Vocus-S even at concentrations approaching single digit pptv con-
centrations and a response time of the instrument in the order of
100 ms or better even for sticky compounds such as terpenes. Fig.
10, bottom, shows an example of a mass spectrum averaged over
10 seconds showing that hundreds of compounds are detected and
monitored in seconds.

In an experiment on 17 individual maize plants the attack
from Spodoptera littoralis larvae, which eat maize leaves, was
simulated and the plants’ kinetic response was monitored over
10 hours. The emission kinetics of selected VOCs over time after
the simulated insect attack on one of the plants is depicted in
Fig. 11.
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Fig. 11. The emission kinetics of selected VOCs over time after a simu-
lated insect attack of one of the plants in Fig. 10.

Initially, green leaf volatiles such as hexenal are rapidly emit-
ted after the leaves are scratched and exposed to insect regurgitate.
After 30 minutes, indole starts to be released as a priming cue that
can induce defenses in neighboring plants. Terpenes, which can
attract predators of herbivores, are released at later points in time.

The quasi-simultaneous sampling of over 100 plants using
one mass spectrometer provides a unique solution for system-
atic studies of a large number of samples, thus allowing for ge-
netic mapping and large-scale comparative approaches in plant
science and other fields. Such an autosampler fitted e.g. with
small climate chambers instead of the plant containers could
be used to determine the temporal evolution of VOC emissions
from building-, car manufacture, or other materials at various
environmental conditions, often required by Health and Safety
regulations.

3.4.2 Vocus Cork Analyzer (VCA)

40 years ago, a research team at the Swiss Federal Research
Station Widenswil identified 2,4,6-trichloroanisole (TCA) as
the main culprit for the unpleasant, musty cork taint sometimes
found in bottled wine,[2!] which causes huge economic losses to
the wine industry. The human sensory threshold for TCA is ex-
tremely low, already 1-2 ng/L can be perceived as tainted. TCA
cannot be completely removed from natural cork stoppers with-
out damaging the structural and mechanical properties of the
cork. The origin of the TCA in cork oak bark is debated!?2! and

it is very inhomogeneously distributed within the bark. Therefore,
only a non-destructive and fast TCA screening of single cork stop-
pers can reliably guarantee corks with TCA levels below the sen-
sory threshold without discarding large amounts of good bark. The
VCA (Fig. 12,3.31 x 2.45 x 2.00 m) developed by TOFWERK and
an industrial partner (LRP, Thun, Switzerland) is the first industrial
solution of an on-line quantification of TCA in single cork stoppers
below the sensory threshold in only 3 seconds.[22]

The VCA consists of a pre-heating oven in which about 350
corks are sequentially preheated to 120 °C to increase the release
of potential TCA (Fig. 12). The corks are then transferred into
individual sample cavities of an autosampler ring where the ther-
mally desorbed TCA is accumulated for a couple of minutes in
adynamic headspace setup. The headspace air is then transferred
to a Vocus 2R with a mass resolving power of up to 15’000 Th/
Th and analysed for TCA and other off-flavours using soft and
selective NO* chemical ionization.[?31 The sampling, TCA quan-
tification, and sorting of the corks is completely automated and
a VCA can screen and sort more than 20’000 corks/day or
6°000°000 corks/year. In this application the Vocus 2R is mount-
ed on its side on a cart so it can be easily turned away from the
cork autosampler for a short daily maintenance of the transfer
line and the sample air filter exchange without having to turn the
instrument off. This industrial solution is our mobile application
in which an operating TOFMS is moved the least, by less than a
meter (a movie of the VCA in action is available onlinel23]).

et g -

Fig. 12. Top: The Vocus Cork Analyzer (VCA) with the cork oven on the
right (white cover), the cork sorting tower in the centre and the Vocus-2R
(with yellow lines) on the left in horizontal position on a movable cart.
Not visible is the autosampler ring behind the TOFMS. Bottom: picture
of preheated corks in the oven chain (right) before they are transferred
into the cavities of the autosampler ring in which the thermal desorption
dynamic headspace measurements are done after an equilibration time
of about 2 minutes. On the left: corks in the autosampler ring cavities
after analyses and before being removed by the sorter arm (white block).
Every 3 seconds a cork is loaded into the VCA and about 20 minutes
later sorted into one of 5 bins according to its TCA content.
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4. Conclusions

The majority of the TOFWERK TOFMS are used in station-
ary applications. However, the unique possibility to also operate
them in the harsh and demanding environments encountered dur-
ing mobile applications has proven their feasibility for a wide
range of new applications. This was not only demonstrated for
different geographical scales, but also for vastly different research
applications, regulatory analyses and recently also industrial ap-
plications with the Vocus Cork Analyzer. The demand for such
challenging TOFMS applications has led to many diverse and ex-
citing R&D projects carried out in close collaboration with our
partners. This is to our mutual benefit; while continuously adapt-
ing and improving the TOFMS technology to the emerging needs,
we can provide unique analytical instrumentation and solutions
for a growing number of users in research, industry and regula-
tory authorities.
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