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(67)  The subject matter of an invention is a paste
multielectrode body for averaged simultaneous meas-
urements having a high-precision surface renewal mech-
anism applicable to electrochemical measurements.

The paste multielectrode body for averaged simul-
taneous measurements consists of a disc-shaped con-
ductive electrode carrier (1) made of stainless steel, a
roller-shaped conductive electrode carrier (2) made of
stainless steel, a cylindrical conductive electrode carrier
(3) made of stainless steel, a roller-shaped conductive
electrode carrier rods (4) with one threaded end made
of stainless steel, a roller (5) made of stainless steel that
is not a conductive element, a housing (6) made of a
chemically resistant material, and a lower (7) and upper
(8) insulating sleeve, both of which are made of a chem-
ically resistant material and provide chemical inertness
and thermal insulation.

PASTE MULTIELECTRODE BODY FOR SIMULTANEOUS AVERAGING MEASUREMENTS

[FIG.2]
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Description

[0001] The subject matter of an invention is a paste
multielectrode body for averaged simultaneous meas-
urements having a high-precision surface renewal mech-
anism applicable to electrochemical measurements.

Background Art

[0002] In modern electrochemical measurements, es-
pecially polarographic, amperometric and voltammetric
measurements, a three-electrode measuring system is
used. Its most important element is the working elec-
trode, which controls the measurement process with its
small size, i.e., itlimits the amount of charge or the current
flow intensity or the number of electrons exchanged dur-
ing measurements. One of the working electrode types
used is the paste electrode. lts common feature is that,
onone side, an electrical contact is made for connections
in an electrical circuit with other elements of the meas-
uring system and its control elements. On the other side,
through the surface of the working material (in this case
the paste), contact occurs with a conductive solution, the
electrolyte, which constitutes another element of the
measuring system and guarantees the continuity of the
electrical circuit through the contact with the other elec-
trodes.

[0003] In measurements, working electrode bodies
containing a portion of conductive paste are used, organ-
ized in such a way that only a single contact surface with
the electrolyte solution is allowed. The composition of
the paste can be varied, adjusted to the requirements of
the particular analysis, but it must always be well con-
ductive and not reactwith the tested analyte andinsoluble
in the basic electrolyte solution. Typically, the conductive
paste is made of carbon, e.g. graphite, and a binder, e.g.
paraffin oil, silicone oil, etc. The paste components are
mixed together for a given time unit and then placed in
the electrode body. The electrode described serves for
electrochemical measurements of physicochemical phe-
nomena occurring in the close vicinity of its surface. After
each measurement, the paste surface requires refresh-
ing. The refreshing procedure depends on the type of
electrode body used.

[0004] The Czech patent application No.
CZ20023939A3 describes a body in which the paste is
renewed by squeezing a specified portion of it using a
micrometric screw, removing the excess and smoothing
the surface, e.g. on wet filter paper. The renewal proce-
dure involves mechanical actions, and its effectiveness
and repeatability depend primarily on the experience and
level of the manual skills of the preparer. This makes
achieving statistically consistent measurement results
relatively difficult.

[0005] An electrode that is considered to be perfectly
reproducible is the mercury electrode with its smooth sur-
face, where the measurement is performed on an almost
always perfectly repeatable and reproducible mercury
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drops, especially under conditions of electromechanical
generation. For other electrodes, such as disk electrodes
with a working material made of solids like precious met-
als or various types of carbon, including paste electrodes,
the repeatability of the measurement can be problematic.
This is due to the standard measurement error accom-
panied by the above-mentioned issue of mechanical re-
freshing and reproducing the ideally identical surface (al-
S0 in a microscopic cross-section) while considering the
real electroactive surface. Even with well-conducted
measurements in accordance with Good Laboratory
Practice (GLP), in case of paste electrodes, the meas-
urement error can be around 10-15%. The variability of
the obtained measurement results is particularly prob-
lematic when examining parabolic dependencies (e.g.
optimization of the pH value of the base electrolyte en-
vironment for testing real samples). Loading the meas-
urement points with a significant error resulting from a
different electroactive surface may lead to drawing erro-
neous conclusions regarding the actual position of the
maximum for such relationships, as well as for any other
findings obtained during the research. The mostcommon
solution is to perform several measurements under iden-
tical conditions, after each renewal of the working elec-
trode surface, e.g. 3 or 5 times, and then average the
measurement result based on them.

Summary of Invention

[0006] The essence of the paste multielectrode body
according to the invention is its composition. It includes
aconductive electrode carrierin the shape of a disc made
of stainless steel, a conductive electrode carrier in the
shape of aroller made of stainless steel and a conductive
electrode carrier in the shape of a cylinder made of stain-
less steel, and rods of the conductive electrode carrier
in the shape of a cylinder with one threaded end, also
made of stainless steel. Additionally, it contains a tube
made of stainless steel, and a housing of the entire paste
electrode body made of a chemically resistant material.
The elements ensuring chemical inertness and electrical
insulation are two upper and lower sleeves, both made
of a chemically resistant material. While the lower insu-
lating sleeve has a scale applied on its surface enabling
precise refreshing and an opening adapted to the diam-
eter of the conductive carrier in the shape of a disc, the
upper one has a marker applied on its surface enabling
precise refreshing. On one side, it has a hole adapted to
the diameter of the contact with the cylindrical electrode
carrier, on the other side, an opening adapted in diameter
to the central part of the cylindrical electrode carrier. The
disc-shaped electrode carrier has a central hole at the
outlet part and on the underside it has n-threaded holes
in which the conductive carrier rods are placed. In addi-
tion, the cylindrical electrode carrier is turned in a way
enabling the tapering the both ends of it. The upper end,
being the narrowest one, is adapted in diameter to the
upper insulating sleeve, constituting an electrical contact
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connecting the electrode with the potentiostat/electrical
circuit. The central part of the cylindrical conductive car-
rier has the largest diameter matched to the upper insu-
lating sleeve, and its lower part is additionally threaded.
The cylindrical electrode carrier has a threaded hole in
its upper part matched to the cylindrical electrode carrier,
while its lower part is threaded and matched in diameter
to the cylinder made of stainless steel. This cylinder, in
turn, has a threaded hole at the top, into which the cylin-
drical electrode carrier is screwed with its threaded end.
In addition, the cylinder itself is matched in diameter to
the central hole of the housing of the paste electrode
body into which it is screwed. The housing of the body
also includes outlet holes perfectly matched in size to the
diameter of the conductive carrier rods.

Advantageous Effects of Invention

[0007] The main advantage of the body according to
the invention is that it allows to obtain averaged results
from a single measurement. Due to the use of a multiplied
surface of the working electrode, it is possible to obtain
n measurement results during a single measurement,
provided that n paste electrodes are used. This allows
to obtain more consistent and repeatable results, bur-
dened with a smaller measurement error. This also re-
sults in reduced consumption of reagents and consum-
ables, electrical energy and time.

[0008] An additional advantage is the simultaneous
operation of renewing all working surfaces, which addi-
tionally prevents the occurrence of random errors that
determine the quality of the electrochemical measure-
ments performed. The solution presents an alternative,
environmental-friendly approach to conduct multiple
measurements, particularly crucial for optimization stud-
ies or analytical purposes. In addition, the usage of the
presented electrode body for electrochemical measure-
ments helps to achieve a high degree of accuracy by
using a precise scale with a graduation ensuring in-
creased repeatability of generating a new electrode sur-
face. Thus, it ensures the optimization of the amount of
conductive paste removed from the electrode, which is
particularly important if the physicochemical processes
being studied favour the adsorption processes of sub-
strates or products of the electrode reaction.

[0009] Moreover, the proposed invention enables si-
multaneous refreshing of the surface in a manner that is
not only repeatable, but also mechanically identical for
each of the n surfaces of the conductive paste of the
working electrode. Such a solution has not been available
so far.

Brief Description of Drawings

[0010] The invention is illustrated in embodiment ex-
ample and figures, where:

[Fig. 1] shows a side view of the complete, assem-
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bled body of the paste multielectrode;

[Fig. 2] shows a side view of a complete paste mul-
tielectrode body disassembled into parts;

[Fig. 3] shows a conductive electrode carrier in the
shape of a disc;

[Fig. 4] shows a conductive electrode carrier in the
shape of a roller;

[Fig. 5] shows a conductive electrode carrier in the
shape of a tube;

[Fig. 6] shows a roller-shaped carrier after being
screwed together with a cylinder-shaped carrier;
[Fig. 7] shows a single conductive rod of the elec-
trode carrier;

[Fig. 8] shows a disc-shaped electrode carrier with
conductive rods mounted therein;

[Fig. 9] shows a roller that is not an electrode carrier;
[Fig. 10] shows the housing of the body;

[Fig. 11] shows the body casing with the marked con-
nection point to the roller;

[Fig. 12] shows the lower insulating sleeve;

[Fig. 13] shows the upper insulating sleeve.

Description of Embodiments

[0011] The body of the paste multielectrode for aver-
aged simultaneous measurements consists of a disc-
shaped conductive electrode carrier 1 made of stainless
steel, a roller-shaped conductive electrode carrier 2
made of stainless steel, a cylindrical conductive electrode
carrier 3 made of stainless steel, roller-shaped conduc-
tive electrode carrier rods 4 with one threaded end made
of stainless steel, a roller 5 made of stainless steel, a
housing 6 made of a chemically resistantmaterial, alower
insulating sleeve 7 made of a chemically resistant mate-
rial and an upper insulating sleeve 8 made of a chemically
resistant material. The electrode carrier 1 has an outlet
hole in its central part and three holes on its bottom side
in which the electrode rods 4 are placed. In addition, the
roller-shaped electrode carrier 2 is turned in such a way
that both its ends are tapered, the upper end being the
narrowest, matched in diameter to the upper insulating
sleeve 8, which constitutes an electrical contact connect-
ing the electrode with the potentiostat/electrical circuit.
The central part has the largest diameter adapted to the
upper insulating sleeve 8. The electrode carrier 3 in the
shape of a cylinder has a threaded hole in its upper part
adapted to the carrier 2. The diameter of the roller 5 is
adapted to the central hole of the housing 6, which ad-
ditionally has a threaded hole adapted to the threaded
part of the carrier 3. The housing 6 has outlet holes cor-
responding to the diameter and distribution of the rods 4
and one central non-outlet hole, corresponding to the
length of the roller 5. The lower insulating sleeve 7, which
ensures chemical inertness and electrical insulation, has
ascale applied toits surface, enabling precise refreshing,
and an opening adapted to the diameter of the carrier 1.
The upper insulating sleeve 8, which also ensures chem-
ical inertness and electrical insulation during operation,
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has a marker applied to its surface, enabling precise re-
freshing, but on one side it has an opening adapted to
the diameter of the contact with the carrier 2, and on the
other side the hole adapted to the diameter of the central
part carrier 2.

[0012] The principle of operation of the paste multie-
lectrode body according to the invention is as follows.
Three electrode rods 4 are mounted in threaded positions
of the electrode carrier 1. Then, an electrode carrier 2 is
applied from above, so that the narrower end of the elec-
trode carrier 2 forms a contact and its central part rests
on the electrode carrier 1. An electrode carrier 3 is mount-
ed to the lower part of the electrode carrier 2, which has
passed through the electrode carrier 1. The carriers 1
and 2 are protected with a chemically resistant material,
using sleeves 7 and 8, respectively. The electrode carrier
3 is connected to the roller 5 by slight use of a threaded
connection in order to connect the individual elements of
the structure into a whole. At this time, three rods 4 are
inserted into three holes in the housing 6. At this stage
of the connection, three free spaces in the shape of a
roller remain in the housing 6, intended for the insertion
of the electrode rods 4 after further screwing in the sleeve
7. A conductive paste of a composition selected by the
user is placed in these empty spaces. The paste fills this
free space and must be in contact with the ends of the
rods 4. Before measurement, the surfaces of all pastes
are smoothed at the same time by moving the lower part
of the housing 6 over the surface of wet filter paper. At
the moment of connection, through the contact of the
electrode carrier 2, to the potentiostat and placing in a
vessel with electrolyte containing the test object, the
measurementis carried out simultaneously on allworking
surfaces of the conductive paste located on the bottom
of the housing 6 and in contact with the electrolyte solu-
tion.

[0013] Due to individual differences in the structure of
conductive materials, each of the working surfaces acts
as a separate sensor. These differences occur on a mac-
ro scale unaffected by the electrolytic processes taking
place on the other working surfaces. Therefore, the
measurement result is obtained in the form of a current
intensity that is the sum of the current intensity from in-
dependent working surfaces, or, alternatively, obtained
in subsequent measurement series. The obtained meas-
urement result is divided by the number of working sur-
faces used and an average value is obtained, which is
the final output data from the measuring system.
[0014] Aftermeasurement,inorderto reproducibly and
simultaneously renew all accessible 3 working surfaces
of the conductive paste, the carrier 3 is screwed into the
housing 6 by a distance determined using the scales on
the sleeves 8 and 7. This causes the rods 4 to move
inside the housing 6 and pushes out the excess used
conductive paste below the housing 6. The ejected paste
is removed and the surfaces of all electrodes are
smoothed again on wet filter paper. Using the marker
and the scale, respectively on the sleeve 8 and sleeve
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7, the sleeve 8 is rotated by a part of a turn clockwise,
depending on the scale used, by three marks on the
sleeve 7 in the case of electrode processes without ad-
sorption, and by six marks when analyte adsorption oc-
curs or is suspected. The renewal procedure can be re-
peated many times.

Claims

1. A paste multielectrode body for averaged simulta-
neous measurements, characterized in that it con-
sists of a conductive electrode carrier (1) in the shape
of a disc made of stainless steel, a conductive elec-
trode carrier (2) in the roller-shape with a threaded
one end made of stainless steel, a conductive elec-
trode carrier (3) in the shape of a cylinder with a
threaded one end made of stainless steel, rods of
the conductive electrode carrier (4) in the roller-
shape, with a threaded one end, made of stainless
steel, a roller (5) made of stainless steel, a housing
(6) made of a chemically resistant material, a lower
insulating sleeve (7) made of a chemically resistant
material, an upper insulating sleeve (8) made of a
chemically resistant material, wherein the conduc-
tive electrode carrier (1) in the shape of a disc has
an outlet hole in its central part and n-threaded holes
on the bottom side in which the rods of the conductive
electrode carrier (4) are placed, and in addition, the
conductive electrode carrier (2) in the roller-shape
is turned in such a way that both of its ends are ta-
pered, the upper end is the narrowest, adjusted in
diameter to the upper insulating sleeve (8) constitut-
ing an electrical contact connecting the electrode
with the potentiostat/electric circuit, and the central
part has the largest diameter adjusted to the upper
insulating sleeve (8), in turn, the conductive elec-
trode carrier (3) in the shape of a cylinder has in its
upper part a threaded hole adjusted to the electrode
carrier (2), while its lower threaded part is adjusted
in diameter to the roller (5), which in turn has from
the top a threaded hole into which the conductive
electrode carrier (3) in the shape of a cylinder is
screwed, wherein the roller (5) itself is adjusted in
diameter to the central hole of the housing (6) into
which it is screwed, and the housing (6) itself has
additionally outlet holes ideally matched in size to
the diameter of the conductive carrier rods (4), and
additionally, the lower insulating sleeve (7), which
ensures chemical inertness and electrical insulation,
has a scale applied on its surface to enable precise
refreshing and a hole adjusted to the diameter of the
conductive electrode carrier (1), while the upper in-
sulating sleeve (8), which also ensures chemical in-
ertness and electrical insulation during operation,
has a marker applied on its surface to enable precise
refreshing, buton one sideithas an opening adjusted
to the diameter of the contact with the conductive
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electrode carrier (2), and on the other side it has a
hole adjusted in diameter to the central part of the
conductive electrode carrier (2).
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[FIG.5]
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