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Abstract
This study presents the methodological foundations for designing a system intended for 

monitoring the concentration of components within complex mixtures. A mixture is defined 
as a multicomponent system in which one predominant component functions as a conditional 
solvent, while the remaining components are treated as conditionally dissolved elements that 
may exist in dissolved, suspended, gaseous, aerosol, or composite forms.

The methodology includes experimental validation of resonant sensor prototypes across an 
extended concentration range, emphasizing the determination of optimal operating frequencies 
for single- and multi-frequency sensing systems. Particular attention is devoted to equipment 
preparation, structural material selection, protective and functional coatings, sensor design 
configurations, and testing procedures, including the evaluation of acidity levels under varying 
temperature, temporal, and compositional conditions.

The proposed approach demonstrates that integrating multiple sensor elements operating 
at different electromagnetic resonant frequencies within a single sensing module significantly 
enhances analytical capability, enabling rapid and comprehensive material characterization. 
Further technical specifications and implementation details will be addressed in subsequent 
publications and related patent documentation.
Keywords: Non-contact monitoring system; Sensor operating frequency; Optimal sensor 
operating frequency; Methodology for operating frequency selection; Dissolved components; 
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Conditionally dissolved components; Conditional solvent; Liquid single-component substance; 
Design of a monitoring system; Frequency scanning process; Amplitude variation; Probing 
voltage; Stabilized constant amplitude; Single-component monitoring system; Optimal oper-
ating frequency of a single-component monitoring system; Frequency scanning of a sample; 
Results analysis; Frequency sample analysis; The selected frequencies constitute the initial 
data for the design and fabrication of prototype resonant sensors

Principle of measurement 
(electromagnetic coupling with 

object under test)

Figure 1. Equivalent circuitry of RIST-
sensor illustrates an electromagnetic 

coupling with analyte

Schematic of RIST-sensor (depict-
ed with solid line)

1 – source of an alternating electric field 
with frequency sweep (sweep generator)

2 – excitation coil
3 – sensing coil
4 – data acquisition system
Electromagnetic response of object 

under test (depicted with dash line)
5 – vertical displacement currents (di-

electric polarization)
6 – vertical ionic currents and eddy cur-

rents
7 – linear conductance, displacement and 

ionic currents caused by difference in electri-
cal potential spread along the sensing coil.

Search for the Optimal Operating 
Frequency of a Sensor for 

Designing a Single-Component 
Mixture Monitoring System

Such a monitoring system may be applied 
in technological processes in which the con-

centration of one component may vary, while 
the concentrations of the remaining compo-
nents remain constant.

Preparation of Samples 
for Measurement

Two samples shall be prepared with con-
centrations of the target component corre-
sponding to the lower and upper limits of 
the expected concentration variation range.

Frequency Scanning Procedure
Using a  potentiostat, the prepared sam-

ples shall be subjected to frequency scanning 
across the entire operating bandwidth of the 
potentiostat (in our case, from 0.100 MHz to 
170 MHz).

During the scanning process, the poten-
tiostat readings are recorded in the form of:

•	 amplitude variations, and
•	 phase shift of the current flowing 

through the sample relative to a  har-
monically varying probing voltage 
with a stabilized constant amplitude.

Analysis of Results
Based on the scanning results, several 

frequencies shall be selected:
•	 frequencies at which the difference in 

amplitude between the investigated 
samples reaches its maximum values;

•	 frequencies at which the difference in 
phase shift reaches its maximum val-
ues.

The selected frequencies will serve as ini-
tial design data for the development and fab-
rication of prototype resonant sensors.

Selection of the Optimal Sensor
The selection of a set of frequencies based 

on potentiostat scanning results is prelimi-
nary in nature.

To determine the optimal operating fre-
quency of a single-component concentration 
monitoring system, it is necessary to test each 



The Austrian Journal of Technical 
and Natural Sciences, 2026 No 3 – 4

METHODOLOGY FOR SELECTING THE OPERATING FREQUENCIES OF SENSORS176

Section 7. Technical sciences in general

prototype resonant sensor using not two, but 
at least ten samples with different concentra-
tions of the target component within the an-
ticipated range of its variation.

After testing all prototype sensor samples, 
the best-performing sensor can be selected. 
Preference should be given to sensors that, 
in addition to high sensitivity, demonstrate 
a  monotonic change in readings as the 
concentration of the monitored component 
changes (to facilitate subsequent calibration).

Lower operating frequencies are general-
ly preferable from the standpoint of electro-
magnetic interference immunity. In selecting 
a sensor, design and construction constraints 
must also be taken into account.

Search for Optimal Operating 
Frequencies of Sensors for 

Designing a Two-Component 
Mixture Monitoring System

Such a  monitoring system may be ap-
plied in technological processes in which the 
concentrations of two components may vary, 
while the concentrations of the remaining 
components remain constant.

Preparation of Samples 
for Measurement

Two samples shall be prepared for each 
target component with concentrations corre-
sponding to the lower and upper limits of the 
expected range of variation of these concen-
trations, as well as a sample in which these 
components are completely absent.

Frequency Scanning Procedure
Using a  potentiostat, the prepared sam-

ples shall be subjected to frequency scanning 
across the entire operating bandwidth of the 
potentiostat (in  our case, from 0.100 MHz 
to 170 MHz). During the scanning process, 
the potentiostat readings are recorded in the 
form of amplitude variations and the phase 
shift of the current flowing through the sam-
ple relative to a harmonically varying probing 
voltage with a stabilized constant amplitude.

Analysis of Results
For each target component, based on the 

scanning results, several frequencies shall be 
selected:

•	 frequencies at which the difference in 

amplitude between the investigated 
samples reaches its maximum values;

•	 frequencies at which the difference in 
phase shift reaches its maximum val-
ues; and

•	 frequencies (or  frequency bands) at 
which sensitivity to one component 
is absent while sensitivity to the other 
component is present.

The resulting sets of selected frequencies 
shall then be analyzed.

Case 1: Frequencies exist at 
which sensitivity is present 

only to one component
This case is the most preferable for de-

signing a monitoring system for the concen-
trations of the target components.

If such frequencies exist for both compo-
nents, the choice of operating frequencies is 
straightforward:

For the fabrication of prototype reso-
nant sensors, operating frequencies should 
be selected at which, while sensitivity to one 
component is absent, sensitivity to the oth-
er component is maximal. At least one such 
frequency should be selected for each com-
ponent. If such frequencies exist only for one 
of the components, then for the fabrication 
of prototype resonant sensors for this com-
ponent, operating frequencies should be se-
lected at which, in the absence of sensitivi-
ty to the other component, sensitivity to the 
target component is maximal. For the other 
component, operating frequencies should be 
selected from its frequency set at which the 
difference in sensitivity to the investigated 
components is the greatest.

Case 2: No frequencies exist 
with sensitivity only to one 

component, but the obtained 
frequency sets do not coincide

In this case, for the fabrication of proto-
type resonant sensors, operating frequencies 
should be selected from each frequency set at 
which the difference in sensitivity to the in-
vestigated components is the greatest.

Case 3: The obtained 
frequency sets coincide

This case is the most challenging for de-
signing a monitoring system for the concen-
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trations of the target components.
If the frequency set for one component 

fully coincides with the set for the other com-
ponent, it is necessary to verify whether the 
proportional relationship between the ampli-
tude changes and phase shift changes for one 
component and the amplitude and/or phase 
shift changes for the other component is pre-
served at all frequencies.

If the proportionality is preserved through-
out, a repeated scan should be attempted us-
ing different probing voltage levels.

If it is not possible to achieve any differ-
ences, the investigated components are most 
likely indistinguishable from the perspective 
of electrochemical impedance spectroscopy.

Nevertheless, even in this case it is pos-
sible to fabricate several prototype sensors 
with different operating frequencies corre-
sponding to the highest sensitivity to chang-
es in the concentrations of the target com-
ponents, since a  resonant sensor produces 
a more complex воздействие on the test sam-
ple (an additional effect of a magnetic field is 
introduced) than that produced by a  pulse 
generator. If testing of these sensors demon-
strates – at least at one frequency – a change 
in the proportional relationship of sensitivity 
to concentration variations, then there is, in 
principle, a possibility to build a monitoring 
system for the concentrations of the inves-
tigated components. The selectivity of such 
a system will be higher when the difference in 
the proportional relationship is greater.

Selection of Optimal Sensors
The selection of a set of frequencies based 

on the results of sample scanning using 
a pulse generator is preliminary in nature.

To determine the optimal operating fre-
quencies of a  two-component concentration 
monitoring system, it is necessary to test each 
prototype resonant sensor using not two, but 
at least ten samples with different concentra-
tions of the investigated components, within 
the anticipated range of their variation.

After testing all prototype sensor sam-
ples, the best sensor pair can be selected. 
Preference should be given to sensors that, 
in addition to high sensitivity, demonstrate 
a monotonic change in readings as the con-
centrations of the monitored components 
change (to facilitate subsequent calibration).

Lower operating frequencies are the most 
preferable from the standpoint of electro-
magnetic interference immunity.

In selecting sensors, design and construc-
tion constraints must also be taken into ac-
count.

Figure 1.

Figure 2.

Figure 3. Figure 4. Figure 5.
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