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Summary:

The article describes an instrument and a method for the characterization and validation of devices for
instrumental odor measurement, especially miniaturized devices based inexpensive sensors. For this
purpose, a test environment has been developed based on a combination of gas chromatography -
mass spectrometry, odor measurement using olfactometry and sensor characterization. The system
enables the connection of various gas sensors in a heated test chamber, which can be operated with
an additional make-up gas flow. This allows testing conditions close to typical operating conditions,
which is important for many sensor types e.g. metal oxide gas sensors. Our systems can measure
rate constants for the kinetic processes on the sensor surface very efficiently allowing the modelling of
virtual multi-sensors array using temperature-cycled operated (TCO). In this way, an optimized system

approach can be quickly determined, set up and tested.
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Introduction

Devices for instrumental odor measurement,
so-called electronic noses, have been known
for over 50 years [1] and they perform a variety
of tasks in quality monitoring of raw materials
and finished goods as well as in the measure-
ment of odor emissions and environmental
odors. Despite this success, the euphoria about
these systems, especially in the 1990s, has not
been fulfilled; small, inexpensive and fast sys-
tems still fall short in comparison to the human
nose in terms of performance, especially when
a large number of different odors are to be dis-
tinguished simultaneously. In addition, the train-
ing and calibration effort is very high. An effi-
cient method of calibration could be a coupling
of GC-MS/O and sensor array, which can inte-
grate odor characterization and sensor charac-
terization. Even though Hofmann et al. [2] de-
scribed such a system as GC-SOMSA almost
25 years ago, it has not been used frequently.
One reason is, that for many sensors the re-
sponse to short gas pulses differs significantly
from the response to static test gases. Another
reason is that sensors are frequently operated
in dynamic conditions, such as TCO to improve
sensitivity and selectivity [3]. Therefore a sole
measurement with a GC-SOMSA is not suffi-
cient for a device characterization.

Recently we have demonstrated that a rate
constant model is capable to predict the per-
formance of sensors with TCO [4] and that
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short gas pulses can be used to determine the
rate constants [5]. With this model it is possible
to get a full characterization using a GC-
SOMSA device and a small set of characteriza-
tion measurements.

System concept

The test instrument (Figure 1) is based on a
commercial GC (Thermo Scientific Trace 1610,
Thermofisher) with mass spectrometer (Thermo
Scientific 1SQ 7610 Single Quadrupol Mass
Spectrometer) equipped with an odor detector
port (ODP). In parallel to the ODP a sensor port
(SP) is connected in a split ratio of 1:1 between
these ports.

l Sensor Array

Odor Sample
_ Mass Spcdmometz

—

Olfactometry

Figure 1: Schematic of the GC-SOMSA system
modified after [1]

The transfer line to ODP and SP can be heated
up to 200 °C to avoid condensation of semivola-
tiles. The sensor port is equipped with a heating
cartridge, which allows a respective heating of
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the sensor port. However, the temperature will
be restricted by the thermal stability of the sen-
sor electronic, which is separated only by a thin
insulating layer of Teflon. The maximum tem-
perature needs, therefore, to be tested for each
type of sensor device. For integrated devices it
is typically restricted to 100 °C. The chamber
can be flushed with a make-up gas flow e.g. of
synthetic air in the range between 0-20 sccm.

Figure 2: picture of the sensor port equipped with two
sensor electronics

Sensor model

Metal oxide gas sensors can be described by a
set of rate equations for the desorption and
adsorption of gases at the surface. In typical
operating conditions (low concentrations reduc-
ing gases in air) adsorbed oxygen is the most
important species and the rate equation for the
adsorption and desorption of oxygen can be
used to model the sensor system. However, the
rate for the desorption of oxygen is modulated
by all reducing compounds, which is the case
for most odorants. The desorption of oxygen is
then modulated by the reaction with the reduc-
ing gas, which can typically exceed the sponta-
neous desorption by orders of magnitude as
demonstrated in [4]. On the other hand the re-
adsorption of oxygen is a relatively slow pro-
cess which can be decoupled form the gas
reaction. We have be demonstrated that at low
operating temperature e.g. 50 °C no significant
re-oxidation of the surface occurs over a period
of several minutes. At higher temperature the
processes still can be separated e.g. by forming
the derivative of the sensor signal as long as
the oxygen adsorption/desorption has a higher
time constant as the reaction of oxygen with
reducing gas.

EUROSENSORSXXXVI

Discussion

The development of electronic nose could profit
from the recent advances in sensor integration
as highly integrated gas sensor devices [6]
enabling temperature-cycled operation at very
low costs per item are available. However, sys-
tem characterization and validation is often very
costly and inhibit the use of those devices. To
address this shortcoming, we have described of
system and process for the characterization
and validation of instrumental odor measure-
ment devices and combined it with a recent
model for gas sensors in temperature-cycled
operation. This regenerates a very powerful tool
for the development of new application specific
solutions for odor measurement. The system is
not only limited to this application, but can also
be utilized for the development of small sensor-
GC systems.
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