
The invention relates to a method of electrochemical stripping analysis
comprising an electrolysis step and 5   a stripping step and using an
electrode device compris- ing an electrode body carrying a working
electrode, a reference electrode, and a counter electrode, said electrode
device further comprising a measuring area into which the working electrode
opens and wherein at 10   least one contact point for the reference
electrode and the counter electrode is located, the method comprising
contacting the electrode device with a sample solution and performing the
electrolysis step with the measuring area contacting at least part of the
sample solution. 15 In this context electrochemical stripping analysis
comprises analyses of the type stripping potentiometry (Potentiometric
Stripping Analysis - PSA and Constant Current Stripping Analysis - CCSA)
and stripping vol- 20   tammetry. Said measuring methods are mostly used in
the determination of heavy metals as for example Pb, Cu, Cd, Hg, Zn, Ni,
and Co in various solutions such as water, wine, blood, etc. 25   The said
electrochemical measuring methods have in common that the particular ions
in the sample are at first deposited on a working electrode by means of
electrolysis. The method used for stripping off the 



ions and the parameters monitored concurrently depend 30  on the particular
measuring method. In Potentiometric Stripping Analysis stripping is per-
formed by removing the electrolysis potential and stripping off the ions by
spontaneous chemical reaction 35   in the solution contacting the working
electrode. While    2 stripping off a particular type of ions, the
electrode potential measured relatively to a reference electrode will lie
constantly on a potential characteristic for said ion. Consequently, during
stripping the electrode 5   potential is measured as a function of time and
the time the electrode remains at a particular potential is thus a measure
of the sample content of a particular type of ions. 10   In Constant
Current Stripping Analysis, stripping off the ions is controlled by sending
an appropriately directed constant current through the electrode. As with
PSA the measured electrode potential while strip- ping off one type of ions
will lie constantly on a 15   potential characteristic for said ion type
and the electrode potential as a function of time is used in 



determining the ion content in this method as well. In Voltammetric
Stripping Analysis the ions are 20   stripped off by applying an
alternating potential across the electrode directed oppositely to the elec-
trolysis potential. During stripping the current through the electrode will
change at the respective characteristic potentials for the particular ions,
and 25   consequently the current through the electrode versus the applied
potential is measured in this method. The -magnitude of the current change
at a particular poten- tial is a measure of the sample content of the ion
type for which said potential is characteristic. 30 An example of an
analysis system for performing strip- ping potentiometry (Potentiometric
Stripping Analysis - PSA and Constant Current Stripping Analysis - CCSA) is
the TraceLabTM System, manufactured and marketed by 35   Radiometer A/S,
Copenhagen, Denmark. Said system com-    3 prises a potentiometric
stripping unit (PSU20), a sam- ple station (SAM20), electrode kits and
analysis solu- tion kits. System control is performed by means of a 



personal computer and several particular data process- 5   ing programs,
including programs for specific analyses (TAP21, TAP22 etc.) and a program
for setting particu- lar user-defined analyses (TAP2 TraceTalk, Method
Builder and Commander). Sample beakers allowing for analysis of samples
having a volume of 5 - 100 ml are 10   provided as accessories to the
sample station (SAM20). The electrode kit for the TraceLab[err] system
comprises three separate electrodes consisting of a working elec- trode in
the form of a glassy carbon electrode (type 15   F3600) to be plated with
an electro-active film, a reference electrode in the form of a calomel
electrode (type K436), and a counter electrode in the form of a Pt
electrode (type P136). The electro-active film of the glassy carbon
electrode may comprise an Hg, an Au 20   or an Ag/Hg film. During use of
the TraceLab[err] system, the electrodes are located in an electrode head
in the sample station. A stirrer is located in the middle of the electrode
head, 25   the electrodes being located at predetermined positions around
said stirrer, thus preventing direct contact between the electrodes.
Dipping/removing the electrodes into/from a sample is performed by
lowering/lifting the entire electrode head. When lowering the electrode 30
head, thus dipping the electrodes into a sample/other 



solution, electric contact is established between the electrodes through
the liquid. When lifting the elec- trode head, thus removing the electrodes
from the liq- uid, said contact is broken. 35    4 In the lifted position
the working electrode is exposed both to drying out and to formation of
contaminations on the measuring surface of the electrode due to reac- tion
with substances in the air. Further, due to the 5  missing contact between
the electrodes, the working electrode potential is uncontrolled. This may
cause uncontrolled chemical reactions on the measuring sur- face, thus
forming contaminations on or damaging the electro-active film of the
electrode. Among the above 10   mentioned electro-active films, the Hg film
is the most important, but also the weakest. When the measuring surface of
the working electrode dries out or is other- wise damaged, it is necessary
to remove the damaged electro-active film and apply a new film. Thus, it is
15   absolutely necessary to minimize the time the elec- trodes are
suspended in open air. 



International Patent Application WO 86/04679, Mann, A.W. and Threlfall,
H.J. discloses a cell unit for 20   voltammetric stripping analysis
eliminating some of the disadvantages mentioned above. The cell unit
comprises a measuring chamber with a stirrer and including a working
electrode, a reference electrode, and a counter electrode. The measuring
chamber is further provided 25   with an inlet and an outlet and is so
configured that after removal of a sample from the chamber a small sample
residue remains in a well in the chamber. The electrodes are located in the
chamber in direct contact with said small sample residue and are in mutual
elec- 30   tric contact through said residue. Thus, during sample exchange
the working electrode is protected from drying out and from contaminations
forming on the measuring surface due to an uncontrolled electrode
potential. However, said cell unit has a drawback compared to 35   separate
sample beakers. As it is necessary to transfer    5 the sample into the
measuring chamber of the unit, sample handling is increased and relatively
large sam- ple volumes are demanded. 



5   Several types of voltammetric stripping, e.g. constant current
reductive stripping voltammetry and cathodic stripping voltammetry, have a
further drawback in that the presence of reductive metals in the sample
will substantially interfere with the analyte. For example, 10   Zn(II) is
a serious interferant in the determination of Ni(II) in tap water and in
industrial plating baths, as the characteristic stripping potential for
Zn(II) is close to the characteristic stripping potential for Ni(II). 15
Apart from the above-mentioned drawbacks, stripping potentiometry has a
major drawback in that the strip- ping rate is very high, in particular
when the sample comprises high concentrations of redox-active substanc- 20
es other than the analyte. Further, when the analyte concentration is low,
typically below 10 nM, the strip- ping time for the analyte is only a few
microseconds. This makes heavy demands on the analysis system and lowering
the stripping rate is therefore preferable. 25   One way of reducing said
rate is to reduce the trans- port rate of oxidant/reductant to the
electrode sur- face, which may be done e.g. by stopping the stirring of the
sample and performing stripping in a quiet sam- ple. However, said method
is rather time-consuming, as 



30   it takes several minutes from stopping of the stirring till the sample
is completely quiet and stripping may be initiated. Another way of lowering
the stripping rate is to mini- 35   mize the concentration of the
redox-active substances    6 in the sample. In voltammetric analysis of
samples containing a large amount of oxygen, an inactive gas, e.g. N, or
Ar, is usually led through the sample before stripping, thus removing the
oxygen from the sample. 5   However, it takes a long time - approx. 5 min.
- before the oxygen concentration is as low as not to seriously influence
the stripping rate. A third way of lowering the stripping rate is to per-
10 form the stripping in a solution other than the sample, e.g. in a
solution containing a lower concentration of redox-active substances. This
may be performed by flushing the sample beaker with the particular strip-
ping solution after the electrolysis. In order to en- 15   sure complete
exchange of solution it is necessary to flush the beaker with a volume
several times the sample volume. Said method is solution-consuming and
difficult 



to handle where separate sample beakers are applied. 20   The object of the
invention is to provide a method of electrochemical stripping analysis
overcoming the above drawbacks in a simple manner. This is obtained by the
method according to the inven- 25   tion which is characteristic in placing
the sample solution in a sample container, and contacting the electrode
device with the sample solution by dipping the electrode device into the
solution, the measuring area of the electrode device being located at an
outer 30   surface and having a surface character appropriate for retaining
an aqueous sample residue at said surface in an amount sufficient to
maintain electric contact be- tween the working electrode and the contact
point for the reference electrode and the counter electrode after 35
removal of electrode device from the sample solution.    7 A preferred
embodiment of the method according to the invention is characteristic in
that the sample residue retained at the measuring area surface of the
electrode device completely covers the part of the working elec- 5   trode
opening into the measuring area. 



The method according to the invention is advantageous in that the working
electrode is protected by the sam- ple residue retained at the surface of
the measuring 10   area on removal of the electrode device from the sample
solution. The working electrode is protected from dam- age of the measuring
area caused by uncontrolled elec- trode potential  as said potential is
controlled through the presence of the sample residue. The working 15
electrode is also protected from contamination and drying out due to
contact with the ambient air. By means of the method according to the
invention it is possible at first to perform electrolysis in a sample 20
and subsequently move the electrode device to a partic- ular solution
wherein the stripping is performed. A solution having a low content of
redox-active substanc- es may be selected as stripping solution, thus
essen- tially lowering the otherwise high stripping rate. 25 Further, in
the method according to the invention elec- trolysis and/or stripping may
be performed in a sample residue retained at the electrode device rather
than in the entire sample/other solution. In stripping it is a 30   further
advantage that absolute quiescence in the resi- due retained at the
measuring area surface is obtained quickly after removal of the electrode
device from the 



solution. Thus, the transport rate of oxidant/reductant to the electrode
surface is lowered and the stripping 35   rate is further lowered.    8 The
invention further relates to an electrode device for use in the method
according to the invention and comprising an electrode body carrying a
working elec- trode, a reference electrode, and a counter electrode, 5
and further comprising a measuring area into which the working electrode
opens and wherein at least one con- tact point for the reference electrode
and the counter electrode is located, said electrode device being char-
acteristic in that the electrode device is a dipping 10   electrode device,
and that the measuring area is locat- ed at an outer surface and has a
surface character appropriate for retaining an aqueous sample residue at
said surface in an amount sufficient to maintain elec- tric contact between
the working electrode and the 15   contact point for the reference
electrode and the coun- ter electrode after removal of the electrode device
from the sample solution. In non-critical usage of the electrode device
according 



20 to the invention, e.g. in analyses not requiring an exactly determined
working electrode potential, the reference electrode and the counter
electrode may com- prise one and the same electrode. 25   The electrode
body must carry the electrodes without establishing direct electric contact
between the elec- trodes through said body. The electrode body may e.g.
comprise a hollow body adapted to contain one or sever- al of the
electrodes and possibly a relating electro- 30 lyte fluid or the body may
comprise a massive body upon which the electrodes are secured. The contact
points located in the measuring area of the electrode device may comprise
parts of the electrodes 35   proper, but may also comprise particular
areas, an    9 electrically conducting fluid bridge being formed from said
areas to the two electrodes via a liquid junction means. 5   In this
context a dipping electrode device is to be interpreted as an electrode
device adapted for dipping into a sample solution contained in a beaker.
Dipping of the electrode device into the solution is performed 



by relatively displacing the electrode device and the 10   beaker. The
measuring area of the electrode device into which the working electrode
opens may be configured in sever- al embodiments. As mentioned above the
reference elec- 15   trode and the counter electrode may open into said
area, or particular liquid junction means may be locat- ed in the area
establishing electric contact between the two electrodes and the measuring
area. The surface of the area must retain a sample solution residue when 20
removing the electrode device after dipping into the solution. Said
retaining ability may be established in several ways. In the simplest case,
the measuring area surface comprises a protrusion provided at the lower end
of the electrode device. Said protrusion has the 25   shape of an upright
bowl carrying the sample residue. Alternatively, the measuring area surface
of the elec- trode device may comprise a downward facing by and large plane
surface. Thus, the retainment of the sample 30   residue at the surface is
determined by the adhesion between the sample residue and the measuring
area sur- face, said surface preferably having a hydrophilic character.   



10 In another embodiment the measuring area may be config- ured to retain
the sample residue at the surface mainly by means of capillary forces. In
this case, the working electrode and the other electrodes are located in
the 5   measuring area as close as to retain a sample residue between said
electrodes. In a further embodiment the measuring area has a porous
surface, thus absorbing and retaining a sample residue. 10   Usually,
retainment of the sample residue to the mea- suring area surface is
determined by a combination of the above-mentioned forces. In case the
sample residue is retained at a downward 15   surface by means of adhesion
and/or capillary forces, said forces must neutralize the gravity forces on
the sample residue. The size of the retained sample residue depends on e.g.
20   the density and surface tension of the fluid and also on the adhesion
forces between the sample residue and the measuring area surface. In case
the measuring area comprises a bowl-shaped protrusion as mentioned above,
the size of said bowl influences the size of the sample 25   residue as
well. Any electrode device is adapted for use in a prescribed 



manner, e.g. to be held in one or several positions usual for said device.
Some electrode devices may e.g. 30   have a measuring area turning
downwards during use, while others may have a measuring area arranged
verti- cally or inclined during use. When mentioning above that a sample
residue is retained at the measuring area surface, it is assumed that the
electrode device is 35   used in the prescribed manner.    The electrode
device according to the invention is advantageous in that it may be
manufactured in a size considerably smaller than the known electrode kits
comprising several separate electrodes. Due to the 5   smaller size of the
electrode device, the sample volume required for measuring is smaller as
well, and this is particularly valuable when only small amounts of sample
are available. E.g. this situation exists when measur- ing on blood, where
only a very limited amount of blood 10   may be available from a patient.
Preferably, the working electrode of the electrode device is so separated
from the counter and reference electrode that the working electrode does
not open into 15   the same space as the other two electrodes. In this 



context, the statement that the electrodes do not open into the same space
means that the working electrode is not in direct contact with the fluid
contacting the reference electrode and the counter electrode, not even 20
when the electrode device is dipped into a sample or other solution.
Thereby, a further advantage is ob- tained for the stripping procedure as
the substances formed at the counter electrode cannot reach the work- ing
electrode and thus cannot interfere with and dis- 25   turb the
measurements. -In a particular embodiment the electrode device com- prises
a hollow electrode body filled with an electro- lyte fluid, in which body
the reference electrode and 30   the counter electrode are located in
direct contact with the electrolyte fluid and wherein the working electrode
is located insulated from the electrolyte fluid and the other electrodes.
Further, an electrical- ly conducting liquid junction means is located in
the 35   electrode device insulated from the working electrode,    12 said
liquid junction means extending from the measuring area of the electrode
device to the electrolyte fluid 



contained in the electrode body, thus forming an elec- tric connection from
the measuring area to the electro- 5   lyte fluid. When a sample residue is
retained at the measuring area, said residue is in direct contact with the
working electrode and at least a part of the liquid junction means, thus
establishing electric contact between the working electrode and the other
two elec- 10   trodes through the sample residue, the electrically
conducting liquid junction means, and the electrolyte fluid. In a preferred
embodiment the part of the working elec- 15   trode opening into the
measuring area of the electrode device comprises a glassy carbon component.
If pre- ferred, other chemical resistant conducting materials may be used
such as a precious metal, e.g. Au, Pt, or a carbon polymeric composite. 20
Preferably, the counter electrode of the electrode device comprises an Ag
wire or another chemical resis- tant conducting material such as a precious
metal, e.g. Pt or Au, or carbon or glassy carbon. 25 In a further preferred
embodiment the reference elec- trode comprises an Ag/AgCl electrode, a
calomel elec- trode, or a corresponding reference system as disclosed 



in Bailey PL. Analysis with Ion-Selective Electrodes. 30   London: Heyden &
Son Ltd., 1976: 11-34. In particular measurement types it is advantageous
to use a single-use electrode device, e.g. when cleaning the electrode
device between measurements is difficult 35   or when heavy demands on the
cleaning of the electrode    13 device make said cleaning a very costly
step. A pre- ferred embodiment of a single-use electrode device comprises a
substrate upon which the working electrode, the reference electrode, and
the counter electrode are 5   printed by means of film technique. The
substrate has a slot forming the measuring area of the electrode device and
into which said electrodes open electrically insu- lated from each other.
The slot is configured to retain a sample residue in direct contact with
each of said 10   electrodes. When a sample residue is retained in the
slot, electric contact is established between said three electrodes through
said sample residue. In this context, film technique comprises all manufac-
15   turing methods connecting layers by joining, pressing, gluing, or
possibly by depositing one or several lay- 



ers, and thus comprises both thick film technique and thin film technique.
20   Preferably, the electrode carrying substrate is made of polycarbonate
or a corresponding insulating material, such as ceramic or plastic, e.g.
polyethylene or poly- vinyl chloride. 25   The invention will be further
described below with reference to the drawings and the subsequent examples.
In the drawings: Fig. 1 is a block diagram of a system for performing 30
electrochemical stripping analysis, explaining the relation between the
system and an electrode device according to the invention; Fig. 2 is a
schematic section of a first embodiment of 35   an electrode device
according to the invention;    14 Fig. 3 is a schematic section of a second
embodiment of an electrode device according to the invention; Fig. 4 is a
schematic view of a  third embodiment of an 5   electrode device according
to the invention; Fig. 5 shows results obtained from measurements of Ni(II)
in double-distilled water, using the electrode 



device according to the invention. The curves depict 10   the time that the
working electrode remains at a par- ticular potential during stripping as a
function of the potential; Fig. 6 shows results obtained from measurements
of 15   Co(II) in double-distilled water, using the electrode device
according to the invention. The curves depict the time that the working
electrode remains at a par- ticular potential during stripping as a
function of the potential; 20 Fig. 7 shows results obtained from
measurements of Ni(II) in double-distilled water containing Zn, using the
electrode device according to the invention. The curves depict the time
that the working electrode re- 25   mains at a particular potential during
stripping as a function of the potential; and Fig. 8 shows results obtained
from measurements of Ni(II) in double-distilled water, using a set of elec-
30   trodes comprising three separate electrodes. The curves depict the
time that the working electrode remains at a particular potential during
stripping as a function of the potential.   



In the various figures like reference numerals are used to denote like
parts. Fig. 1 shows a block diagram of an analysis system 100 5   for
performing stripping analysis. The relation between the analysis system 100
and the electrodes of an elec- trode device 1 according to the invention is
shown as well. The analysis system 100 largely corresponds to the system
TraceLab[err] for Potentiometric and Constant 10   Current Stripping
Analysis described above. The system 100 is controlled by a microprocessor
101. The micro- processor 101 is connected to a D/A converter 102 which
further is connected to a summation point 103. The summation point 103 is
connected to an integral circuit 15   104 which is further connected to the
working electrode 2 of the electrode device 1. The working electrode 2 and
the reference electrode 3 of the electrode device 1 are both connected to
an amplifier 105 amplifying the electrode signals. The amplifier 105 is
connected to a 20   point 106 which also is connected to the summation
point 103 in order that the voltage difference between the working
electrode 2 and the reference electrode 3 be compared with and adjusted to
the correct electroly- sis potential. The point 106 is further connected to
an 25   A/D converter 107 which is further connected to the 



microprocessor 101. The microprocessor 101 is further connected to not
shown means for setting the various analysis parame- 30   ters, e.g. the
electrolysis potential, the electrolysis time and the like, and to not
shown means for display- ing the measuring results, e.g. a printer, a
plotter or the like.    16 Fig. 2 shows a first embodiment of an electrode
device according to the invention. The electrode device 1 comprises a
hollow electrode body 10 of unleaded glass (average thickness 1.2 mm). In
one end the electrode 5   device 1 has an outer diameter of 12 mm over a
distance of approx. 120 mm and in the opposite end has an outer diameter of
8.4 mm over a distance of 40 mm. The elec- trode body 10 comprises three
electrodes, viz. a work- ing electrode 2, a reference electrode 3, and a
counter 10   electrode 4. The interior of the electrode device 1 is
designed to be filled with an electrolyte fluid, e.g. a solution of 0.5 M
HC1, and for this purpose the elec- trode body 10 is provided with a
filling hole 11 which upon filling is covered by a rubber cover 12, e.g. a 



15   rubber ring surrounding the entire electrode body 10. At the shown
upper end 13 of the electrode device 1, an epoxy plug 14 free of heavy
metal is embedded in the electrode body 10. The plug 14 secures
electrically conducting cables 16, 17, and 18 connected to each of 20   the
electrodes 2, 3, and 4, respectively, and adapted to connect said
electrodes with a related analysis system, e.g. the system 100 shown in
Fig. 1. An elec- trode cap 15 made of an insulating plastic material, e.g.
PVC, covers the epoxy plug 14 and the end 13, the 25   electrode cables 16,
17, and 18 being led through said cap 15. The working electrode 2 is
located centrally inside the electrode device 1 and comprises a glassy
carbon rod 5 30   (diameter 1.6 mm, length 72.0 mm). One end of the glassy
carbon rod 5 opens into the measuring area 19 of the electrode device 1.
The opposite end of the glassy carbon rod 5 is affixed to an electric
conductor in the form of an Ag wire 6 (diameter 0.3 mm) by means of 35
unleaded epoxy glue, the wire 6 further being connected    17 to the cable
16 in the epoxy plug 14. The working elec- 



trode 2 is throughout its length surrounded by a glass tube 7 (thickness
0.9 mm) to the inside of which the glassy carbon rod 5 is affixed. The
glass tube 7 en- 5   sures total insulation between the working electrode 2
and the remaining electrolyte-containing interior of the electrode device
1. The end of the working elec- trode 2 opening into the measuring area 19
is secured in the electrode body 10 by means of a liquid junction 10
means in the form of a porous circular ring 8, said ring 8 extending from
the measuring area 19 and along approx. half the length of the glassy
carbon rod 5 filling up the space between the outer side of the glass tube
7 and the inside of the electrode body 10. 15 The reference electrode 3
constituted by an Ag wire (diameter 0.5 mm) coated with AgCl and the
counter electrode 4 constituted by an Ag wire (diameter 1.0 mm) are both
located inside the electrolyte-containing 20   section of the electrode
body 10. Thus, they are in direct contact with the electrolyte, but not
with the working electrode 2. In the epoxy plug 14, the refer- ence
electrode 3 and the counter electrode 4 are con- nected with the cables 17
and 18, respectively. 25 When the measuring area 19 is lowered into an
electro- 



lyte-containing fluid, electric contact is established via the porous ring
8 and the electrolyte fluid in the electrode body 10 between the working
electrode 2 and 30   the two other electrodes, the reference electrode 3,
and the counter electrode 4, as in this embodiment the section of the
porous ring 8 located in the measuring area 19 constitutes a contact point
for the reference electrode and the counter electrode. The measuring area
35   19 is proportioned and designed in such a manner that    18 when
lifting up the electrode device 1 from a sample solution, a drop is left
hanging in the measuring area 19 covering the entire working electrode 2
and at least part of the porous ring 8. Thus, the electrode device 1 5
will be in contact with the sample even upon removal from the sample
solution, and the electrodes 2, 3 and, 4 will be in mutual electric
contact. Fig. 3 shows another embodiment of an electrode device 10
according to the invention used in performing the mea- surements described
below. The electrode device 21 comprises an electrode body 22 provided by
cutting out a 20 ml glass pipette. The electrode body 22 comprises 



three electrodes, viz. a working electrode 23, a refer- 15   ence electrode
24, and a counter electrode 25 as the electrode device 1 described above in
connection with Fig. 2. The electrode body 22 is filled with an elec-
trolyte fluid in the form of 0.1 M solution of [err] The working electrode
23 comprises a glassy carbon rod 20   26 (diameter 1 mm, length 8 mm), one
end of which opens into the measuring area 27 of the electrode device 21.
The opposite end of the glassy carbon rod 26 is affixed to an Ag wire
(diameter 0.25 mm) by means of unleaded Ag-containing epoxy glue. The
glassy carbon rod 26 is 25   press fit into a predrilled hole in a teflon
body 28 (diameter 5 mm, length 6 mm). The teflon body 28 is further
provided with another predrilled hole into which a porous ceramic plug 29
(diameter 1 mm, length 6.5 mm) is press fit, the distance between the
center 30   of the glassy carbon rod 26 and the center of the po- rous plug
29 being approx. 2.5 mm. The teflon body 28 is glued into the electrode
body 22 by means of epoxy. The working electrode 23 is located in a
polyether ether ketone tube 30 (outside diameter 1.5 mm, approx. 35
thickness 0.3 mm), thus insulating the working elec-    



19 trode 23 from the electrolyte fluid in the electrode body 22. The
reference electrode 24 constituted by a calomel 5   electrode (type K436,
Radiometer A/S, Copenhagen, Den- mark) and the counter electrode 25
constituted by a Pt electrode (type P1312, Radiometer A/S, Copenhagen,
Denmark) are both located in the electrolyte-containing section of the
electrode body 22. Thus, they are in 10   direct contact with the
electrolyte, but not with the working electrode 23. Similarly to the
procedure described in connection with Fig. 2 above, electric contact is
established between 15   the three electrodes of the electrode device 21
via the porous plug 29 and the electrolyte fluid of the elec- trode body 22
when the measuring area 27 is covered with fluid. The measuring area 27-of
the electrode device 21, as the measuring area 19 of the electrode 20
device 1 is proportioned and designed in such a manner that when lifting up
the electrode device 21 from a sample solution, a drop is left hanging in
the measur- ing area 27 covering the entire working electrode 23 and at
least part of the porous plug 29. 25 When performing stripping analysis
without changing 



solution, i.e. when electrolysis as well as stripping are performed in the
sample, it is also advantageous to use an electrode device designed
similarly to one of 30   the electrode devices 1, 21 of Figs. 2 and 3. The
sub- stances produced at the counter electrode 4, 25 during stripping
cannot reach the working electrode 2, 23 and thus not disturb the
measurements, as the working elec- trode 2, 23 and the counter electrode 4,
25 are not 35   located in the same fluid.    20 In Fig. 4 is shown yet
another embodiment of an elec- trode device according to the invention. The
electrode device 31 which in respect of design differs somewhat from the
electrode devices of Figs. 2 and 3 is provided 5   by means of thick film
technique. The electrode device 31 comprises a substrate 32 of
polycarbonate onto which are located a working electrode 33 of carbon film,
a reference electrode 34 of Ag/AgCl film, or another material having a
stable potential, and a counter elec- 10   trode 35 made of carbon film as
well. One end 36 of the substrate 32, constituting the upper end of the
elec- trode device during normal application, is provided 



with edge connectors 37, 38, and 39 in connection with the electrodes 33,
34, and 35, respectively, thus fa- 15   cilitating the connection of the
electrode device 31 to a related analysis system. Across a major part of
the substrate, the electrodes are covered by an electrical- ly insulating
layer 40 ensuring that any fluid spilt on the electrode device 31 does not
cause a short circuit 20   between the electrodes. The lower part 41 of the
elec- trode device 31 constitutes the measuring end. At this end 41 the
substrate 32 comprises an oblong slot 42 located in such a manner that all
the measuring ends of the electrodes 33, 34, and 35 open at the edge of the
25   slot 42. The size of the slot 42 is adapted in such a manner that when
lifting up the electrode device 31 from a fluid, the slot 42 is able to
hold a drop of fluid, said drop being in contact with all the elec- trodes
33, 34, 35. Thus, when a drop of fluid is "cap- 30   tured" in the slot 42,
electric contact is established via the drop between the three electrodes
33, 34, and 35. The proper dimensions for a thick film electrode device 35
as the one described above are 50 mm in length and 10    



21 mm in breadth, and the size recommended for the slot 42 is approx. 2 mm
x 3 mm. The design of this electrode device 31 makes it most suitable for
automated mass- production, and thus the electrode device 31 is useful 5
as a single-use electrode device for analysis, e.g. in situations where
cleaning the electrode device in be- tween measuring on different samples
may pose a prob- lem. For the sake of clarification, the embodiment of Fig.
4 is somewhat distortedly drawn. 10 Experimental Measurements Four
experiments were conducted, three of which were performed by means of an
electrode device according to 15   the invention and one by means of the
set of electrodes relating to the TraceLab[err] system described above. All
experiments were conducted by means of the potentiomet- ric stripping unit,
PSU20, mentioned in the opening part in connection with The TraceLab[err]
System, Radiome- 20   ter A/S, Copenhagen, Denmark. The potentiometric
strip- ping unit was connected to an IBM[err] compatible personal computer
controlled by the special data processing program mentioned above for
potentiometric stripping analysis, TAP2 TraceTalk, Method Builder and
Commander. 25 



An electrode device corresponding to the electrode device 21 described in
connection with Fig. 3 was used for the three first experiments. The
following solu- tions (all of analytical grade) were applied: 30 1) 0.1 M
stock solution of dimethylglyoxime in 96 vol% ethanol; 2) a buffer solution
(pH = 9.3) prepared from 90 ml 10 M NH3 and 130 ml 9.5 M HCl diluted to 500
ml;    22 3)  a solution for plating the working electrode with an Au film
consisting of 5 mM Au(III) in 0.1 M HCl; 4)  a solution for plating the
working electrode with 5       an Hg film consisting of 5 mM Hg(II) in 0.1
M HCl; 5)  a stripping solution prepared by adding 0.1 ml of the stock
solution 1) and 0.2 ml of the buffer solution 2) to 10 ml 5 M CaCl,. 10
All the experiments were conducted according to the following method: The
measuring surface of the elec- trode device was polished, first with an
emery cloth, then with three different diamond pastes having parti- 



cle diameters of 9, 3, and 1 [err] respectively. Subse- 15   quently, the
electrode device was cleaned by wiping it with tissue soaked in ethanol.
Preplating the electrode with an Au film was performed by dipping the
electrode device into the plating solution 3) and applying the following
potentials: +0.2 V for 20 s, 0 V for 20 s, 20   and -0.2 V for 20 s. The
electrode was further cleaned with ethanol and dipped into the plating
solution 4) in order to apply an Hg film to the electrode device. The
following potentials were applied: -0.3 V for 10 s, +0.2 V for 2 s, this
sequence was repeated six times, 25   then -0.5 V for 60 s, -0.7 for 60 s,
and finally -0.9 V for 120 s, whereupon the potential was reduced to -1.0
V. The electrode device was further cleaned with ethanol, 30   dipped into
the sample and lifted up immediately. The subsequent electrolysis step was
performed in the drop left hanging on the measuring surface. The potentials
and electrolysis times applied are stated below. In order to minimize
precipitation of nickel in the strip- 35   ping solution, the potential
applied to the electrode    23 



device was set to -0.8 V, just before transferring the electrode device
into the stripping solution. The elec- trode device was removed from the
solution and after 5 s the drop left hanging on the measuring surface had 5
become quiet. The stripping analysis was now performed in the solution drop
by applying a constantly reducing current of 1.5 [err] The stripping step
terminated as the potential across the electrode device reached -1.3 V
where it was held for 5 s in order to allow the reac- 10   tion products
diffuse away from the measuring surface. The interfering background signals
were determined experimentally by applying yet another electrolysis
potential of -0.8 V for 3 s upon stripping and then 15   recording a
background stripping curve. Determination of Ni(II) In the analysis
procedure described above, analysis was 20   performed on six samples of
double-distilled water having a Ni(II) content of 0, 10, 20, 30, 40 and 50
[err] respectively. A potential of -0.6 V was applied for 20 s in
performing the electrolysis. Fig. 5 shows the recorded stripping curves
which depict the time 25   that the working electrode remains at a
particular potential during stripping as a function of the poten- tial.
Fig. 5a shows the uncorrected stripping curves, Fig. 5b shows the curves
corrected with the experimen- 



tally determined background signals, and Fig. 5c shows 30   the stripping
curves corrected with arithmetically determined background signals. As seen
from Fig. 5, the background signals have a relatively rectilinear course
and cause the stripping 35   curves to slope, thus making background
correction    24 advisable. As also seen from Figs. 5b and c, background
signals determined experimentally and arithmetically are both applicable
for correction. 5   Determination of Co(II) As to Co(II), analysis was
performed on six samples of double-distilled water having a Co(II) content
of 0, 1, 2, 4, 7 and 10 [err] respectively. A potential of -0.85 10   V was
applied for 120 s in performing the electrolysis. Fig. 6 shows the recorded
stripping curves which depict the time that the working electrode remains
at a par- ticular potential during stripping as a function of the
potential. Fig. 6a shows the uncorrected stripping 15   curves, Fig. 6b
shows the curves corrected with the experimentally determined background
signals, and Fig. 6c shows the stripping curves corrected with arithmeti- 



cally determined background signals. 20   Determination of Ni(II) in a
Sample comprising Zn(II) as Interference Fig. 7 shows stripping curves of
two analyses, analysis I and analysis II on samples containing 20 [err] of
25   Ni(II). In analysis II, the sample further contained 100 mg/l Zn(II).
Analysis I and analysis II were per- formed as described above in
connection with Fig. 5. As mentioned above, a denotes the uncorrected
stripping curves, b the curves corrected with background signals 30
determined experimentally, and c the stripping curves corrected with
arithmetically determined background signals. When comparing the curves of
analysis I and analysis II 35   it appears that contamination of the sample
with Zn(II)    25 has no significant influence on the stripping peaks
derived from Ni(II). By exchanging solution prior to the performance of
stripping in the analysis procedure, it is, as seen from Fig. 7, thus
possible to determine 5   Ni(II) in samples having a Zn(II) content five
thousand times greater than that of Ni(II) - yet without back- 



ground correction of the stripping curves. Determination of Ni(II) by Means
of a Set of Separate 10   Electrodes Analysis was performed by means of a
set of electrodes relating to the TraceLab[err] system and comprising a
glassy carbon working electrode (type F3600), a calomel 15   reference
electrode (type K436), and a Pt counter elec- trode (type P136) on three
samples of double-distilled water having a Ni(II) content of 10, 30 and 50
[err] respectively. The analysis procedure involved both electrolysis and
stripping in the samples as is the 20   normal procedure for this set of
electrodes. Prior to measuring, an Hg film was applied to the working elec-
trode in accordance with the procedure relating to this electrode. A
potential of -0.6 V was applied to the working electrode for 20 s while
stirring the sample. 25   Then the stirring was stopped, but the potential
was maintained for additionally 30 s until the sample had become relatively
quiet. Accordingly, the total elec- trolysis time spent in this experiment
amounted to 50 s, and this is 2.5 times the electrolysis time in the 30
experiment mentioned above in connection with Fig. 5. Subsequently, the
stripping step was performed in the sample by applying a constantly
reducing current of 50 [err] and measuring was terminated as the working
elec- 



trode potential reached -1.4 V. 35    26 Fig. 8 shows the stripping curves
relating to this experiment, but without background correction. Compar- ing
these curves with the curves of Fig. 5a, it appears that the rate of
stripping is considerably greater when 5   stripping is performed in the
sample than when perform- ing stripping in the special stripping solution
5) de- scribed, when considering the electrolysis time spent in the two
experiments. As mentioned previously, the considerably greater rate of
stripping put heavy de- 10   mands on the analysis system in order to
provide suffi- ciently accurate analysis results. Moreover, when stripping
is performed in the sample the measuring signals are disturbed much more by
the back- 15   ground signals, cf. the "bulges" of the potential around
-1.3 V of Fig. 8, than when stripping is per- formed in the special
stripping solution, cf. Fig. 5a. This is due to the content of dissolved
atmospheric oxygen being higher in the sample than in the special 20
stripping solution. In order to perform measurements of 



sufficient accuracy, correction of these background signals is necessary;
this is difficult, however, as the disturbances of the curves are not
rectilinear, but relatively "bulgy". 25 In the measurements described above
performed by means of the electrode device of Fig. 2, the drop left hang-
ing on the measuring surface of the electrode device had an average size of
50 [err] This drop was transferred 30   to 10 ml of stripping solution
corresponding to a dilu- tion of 200 times. However, as the stripping
solution was very viscid and as the rate of diffusion of the ions thus
became approx. 25 times lower than in the sample, the perceptible dilution
was in the order of 35   5000 times. The influence of the analyte content
of the    27 sample drop on the stripping solution is therefore negligible.
By means of a specially designed sample station is has 5   shown possible
to measure on sample volumes as low as 500 Ml, when using an embodiment of
the electrode de- vice as shown in Fig. 1. In said sample station, the 



stirring of the sample is performed by rotating the sample beaker and the
displacement of the electrode 10   device relatively to the beaker is
strictly guided in order to avoid the sample drop left hanging on the
measuring surface hitting the sample beaker when lift- ing up the electrode
device. It is considered likely that after further modification of the
electrode device 15   and the mating sample station, it will be possible to
measure on even smaller sample volumes, presumably on samples as low as 200
[err]    1. Method of electrochemical stripping analysis com- prising an
electrolysis step and a stripping step 5       and using an electrode
device comprising an elec- trode body carrying a working electrode, a
refer- ence electrode, and a counter electrode, said electrode device
further comprising a measuring area into which the working electrode opens
and 10       wherein at least one contact point for the refer- ence
electrode and the counter electrode is locat- ed, the method comprising
contacting the electrode device with a sample solution and performing the 



15       electrolysis step with the measuring area contact- ing at least
part of the sample solution, c h a r a c t e r i z e d in placing the
sample solution in a sample container, and contacting the electrode device
with the sam- 20       ple solution by dipping the electrode device into
the solution, the measuring area of the electrode device being located at
an outer surface and hav- ing a surface character appropriate for retaining
an aqueous sample residue at said surface in an 25       amount sufficient
to maintain electric contact between the working electrode and the contact
point for the reference electrode and the counter electrode after removal
of the electrode device from the sample solution. 30 2.  Method according
to claim 1, c h a r a c t e r i z e d in, that the sample residue retained
at the measuring area surface of the electrode device completely 111111
111111 1111111111111111    29 



covers the part of the working electrode opening into the measuring area.
3. Electrode device for use in the method according 5       to claim 1 or 2
comprising an electrode body car- rying a working electrode, a reference
electrode, and a counter electrode, and further comprising a measuring area
into which the working electrode opens and wherein at least one contact
point for 10       the reference electrode and the counter electrode is
located, c h a r a c t e r i z e d in, that the electrode device is a
dipping electrode device, and 15       that the measuring area is located
at an outer surface and has a surface character appropriate for retaining
an aqueous sample residue at said surface in an amount sufficient to
maintain elec- tric contact between the working electrode and the 20
contact point for the reference electrode and the counter electrode after
removal of the electrode device from the sample solution. 4. Electrode
device according to claim 3, 25       c h a r a c t e r i z e d  in, that
the working electrode is so separated from the counter and reference
electrode that the work- 



ing electrode does not open into the same space as the other two
electrodes. 30 5.  Electrode device according to claim 4, c h a r a c t e r
i z e d in, that it comprises a hollow electrode body filled with an
electrolyte fluid, in which body the ref- 35       erence electrode and the
counter electrode are    30 located in direct contact with the electrolyte
fluid and wherein the working electrode is located insulated from the
electrolyte fluid and the other electrodes, 5       that an electrically
conducting liquid junction means is located in the electrode device
insulated from the working electrode, said liquid junction means extending
from the measuring area of the electrode device to the electrolyte fluid
con- 10       tained in the electrode body, thus forming an electric
connection from the measuring area to the electrolyte fluid, and that a
sample residue retained at the measuring 



area is in direct contact with the working elec- 15       trode and at
least a part of the liquid junction means. 6.  Electrode device according
to any of claims 3 - 5, c h a r a c t e r i z e d in, 20       that the
part of the working electrode opening into the measuring area of the
electrode device comprises a glassy carbon component. 7.  Electrode device
according to any of claims 3 - 6, 25       c h a r a c t e r i z e d  in,
that the counter electrode comprises an Ag wire. 8.  Electrode device
according to any of the preceding claims, 30       c h a r a c t e r i z e
d  in, that the reference electrode comprises an AgCl coated Ag wire or a
calomel electrode. 9.  Electrode device according to claim 3, 35       c h
a r a c t e r i z e d  in,    31 that the electrode body comprises a
substrate upon which the working electrode, the reference elec- trode, and
the counter electrode are printed by 



means of film technique, 5       that said substrate has a slot forming the
measur- ing area of the electrode device and into which said electrodes
open electrically insulated from each other, and that said slot is
configured to retain a sample 10       residue in direct contact with each
of said elec- trodes. 10. Electrode device according to claim 9, c h a r a
c t e r i z e d in, 15       that said substrate is made of polycarbonate,
that the working electrode and the counter electrode each comprises a
carbon film and that the refer- ence electrode comprises a silver film. IL


