
Abstract Results of on-line process control with an
SAW-sensor based gas-sensor microsystem (SAGAS PC)
are presented for industrial applications. The control of
the solvent mixer of an HPLC-system was chosen as a
typical example. All applications dealt with the detection
and subsequent qualification as well as quantification of
volatile organic compounds (VOC’s), e.g. organic solvents
or even water by investigating their vapor. Mass-sensitive
transducers, especially surface acoustic wave (SAW)-de-
vices, have become a feasible tool for VOC-analytics. The
measurement principle is based on frequency changes
which are directly correlated with mass changes on the
sensor surface and thus provide a particularly suitable sig-
nal transduction. The data analysis of all applications is
based on pattern recognition methods, and focused on ar-
tificial neural networks for quantitative determination of
these solvents and solvent-mixtures. The results obtained
clearly showed the suitability of such a sensor system for
on-line process-control purposes.

Introduction

SAW/SAGAS

Fast and reliable detection of volatile organic compounds
(VOC’s) and even raw materials of pharmaceutical indus-
tries can be achieved by the use of polymer-coated surface
acoustic wave (SAW)-devices as chemosensors. Up to
now, a lot of applications for use in laboratories are de-

scribed [1–5] but only a few industrial applications for the
quantitative determination of solvents or mixtures thereof
are known.

For the investigations presented SAW-resonators are
coated with polymers which are responsible for the sensi-
tivity and selectivity of the devices. The resulting chemo-
sensors are built in an oscillator circuit and the resonance
frequencies which are mainly correlated to mass changes
in the polymer matrix are recorded [6].

A high selectivity can be achieved by combining sev-
eral mass-sensitive devices to a sensor array. This ap-
proach commonly called ‘electronic nose’ is one of the
most intensively investigated fields in sensor develop-
ment.

Here results are presented obtained with a microsystem
– the SAGAS PC instrument (realized Surface acoustic
wave based Aroma and Gas Analyzing Systems)1 – which
consists of three major hardware components:

• radial sensor head, containing 9 commercially available
SAW-resonators with a resonance frequency of 433 MHz

• miniaturized high-frequency electronic setup
• fluidic module for gas-handling

The resulting data patterns can be easily analyzed by
chemometric methods like multi-component analysis and/or
artificial neural networks [7]. We apply neural networks
based on Feed-Forward Nets [8].

Process-HPLC (PHPLC)

In preparative HPLC the composition of the mobile phase
is optimized manually in laboratory. Afterwards some
hundred injections of a crude material with the same
preparative HPLC-method are separated using this manu-
ally optimized mobile phase composition in PHPLC. In
most applications this optimized separation method uses
binary solvent mixtures. Different compositions of these
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binary mixtures are subsequently applied (quasi gradient
procedure) during the separation.

The main fraction of the sample is collected automati-
cally. A problem of this approach is the controlling of the
sample collector by a UV-detector. The collector, there-
fore, can not observe possible changes in mobile phase
composition which could be the result of an error by the
solvent mixer and, consequently, the separation is no
longer optimal. A tool that would be able to stop the col-
lection of pure material when the mobile phase composi-
tion runs out of the optimum would save a huge amount of
work.

Consequently, an on-line control of the solvent mixer
in PHPLC-systems is an important feature to meet the re-
quirements of good manufacturing practice (GMP). Table 1
summarizes the most commonly used solvent mixtures for
Normal-Phase (NP)- and Reversed-Phase (RP)-HPLC ap-
plications.

The concentration range of one component in the mix-
ture varies from 5% to 95%. In consequence this applica-
tion demands for a method whith a high degree of accu-
racy and, furthermore, a large dynamic linear range. The
users requirements are as follows: For NP-HPLC studies
the overall measurement error should be less than 1% and
for RP-HPLC this value should not exceed 2%.

The results for the quantitative determination of the
following mixtures are presented:

• hexane/ethyl acetate
• dichloromethane/acetone
• methanol/water
• acetonitrile/water

For the application of the SAGAS PC-instrument in 
PHPLC the vapor of the solvent mixtures is investigated.

Experimental

The SAW-resonators were 433 MHz – Resonators type R2632
purchased from Siemens AG. All devices were coated with typical
polymers (standard polymeric materials known from gas chro-
matography) using spin coating or air-brush techniques.

To verify the correct composition of the calibration- and test-
solutions reference analytics were performed using headspace gas-
chromatography (sampler: Perkin Elmer HS40, gas-chromato-
graph: Hewlett Packard HP5890 Series II, DB624 column) and
Karl-Fischer-titration (Metrohm 702 SM Titrino).

Sample handling

For VOC measurements during running HPLC system a liquid
handling module was designed. This module consists of three dif-
ferent valves and an SPS unit for computer control. All parts of the
module are connected either with stainless steel or Teflon tubes. 
A split is built in the PHPLC-system between the solvent mixer
and the column. The liquid handling unit is connected with the
HPLC-system and enables the continuous automated sample col-
lection during running HPLC-system. The sample mixtures are di-
rected to the measuring-chamber, a typical permeation cell con-
nected with the SAGAS PC-microsystem. The top of this perme-
ation cell is made of Teflon containing a Teflon disc. The latter is
modified with a hole of 100 µm and is used as a permeation bar-
rier. Furthermore, a purging step with nitrogen of the measuring
chamber is integrated in the measurement routine during the des-
orption period of the SAWs.

Figure 1 shows a photography of the experimental setup in-
cluding HPLC column, SPS-unit and SAGAS PC-instrument. One
measurement cycle is completed within 150 s (60 s measuring, 
90 s purging). A complete separation of crude material can be re-
alized in 10 h. Therefore, the very short measurement times of the
SAGAS PC system enables to monitor the solvent composion dur-
ing the complete separation process.

Artificial neural network

For net-training purposes the different analyte-mixtures were in-
vestigated by the SAGAS PC-instrument and the resulting fre-
quency data were split in two parts (training and testing data-sets)
and finally normalized according to their concentrations.
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Table 1 The most commonly used binary solvent mixtures in in-
dustrial HPLC. These combinations can be used for more than
90% of all HPLC separations

NP-HPLC RP-HPLC

Hexane/ethyl acetate Methanol/water
Hexane/acetone Acetonitrile/water
Dichloromethane/acetone
Dichloromethane/ethyl acetate
Less: hexane/tert.-butylmethyl ether

Fig.1 Experimental set-up for PHPLC-applications: On the right
part of the photography the PHPLC-column is shown. On the left
side the SPS controlled liquid sampling module with the perme-
ation cell is recognizable. In the middle part of the picture the
SAGAS PC instrument is placed


