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el ectYode, a reference el ectrode, and a counter
device further conprising a neasuring area into
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contacting the electrode device with a sanple solution and perform ng the

electrolysis step with the measuring area contacting at |east part of the
sanpl e solution. 15 In this context el ectrochem cal stripping analysis
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el ectrolysis. The used .for _str i ng of f, t.he
y 1ec ge aev1ce furt%p% é%mpr151ng a measuring area

into which the working electrode opens and wherein at

10 least one contact point for the reference electrode énd
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, 2n, 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 e1ectrode by means of
electrolysis. The method used for stripping off the
ions and the parameters monitored concurrently depend

30 on the particular measurlng method.

In Potentiometric_Stripping Analysis stripping is per-

formed by removing the electrolysis potential ang

stripping off the ions by spontaneous cﬁemical reaction
35 in the solution contacting the working electrode. Whiie
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I ons ahd;theraraneters nonitored concurrently depend 30 on the particul ar
measuring nmethod. In Potentionmetric Stripping Analysis stripping is per-
formed; by renoving the electrolysis potential and stripping off the ions by

spont aneous chenical reaction 35 in the solution contacting the working
el ectrode. Wiile 2 stripping off a particular type of ions, the
el ectrode potential neasured relatively to a reference electrode will lie

constantly on a potential characteristic for said ion. Consequently, during
stripping the electrode 5 potential is neasured as a function of tine and
the time the el estrigeimgnmmit atparpruiaul typporentdns, itshEt heikectnedsur e

of the sanple co fa a | %ng
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will lie constantl ential characterjstic for said ion type
and the el ecBrode® Gf’éﬁﬁlallsaén%f"s’r‘{ﬁﬂﬁ ia5h DIEURHELGR Qfsdeling) 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 TraceLab™ System, manufactured and marketed by

35 Radiometer A/S, Copenhagen, Denmark. Said system com-



determining the ion content in this nethod as well. In Voltamretric
Stripping Analysis the ions are 20 stripped off by applying an
alternatlng potential across the electrode directed oppositely to the el ec-
trolysis potential. During stripping the gurrent through the el ectrode will
change at the respective characteristic potentials for the particular ions,
and 25 consequently the current through the el ectrode versus the applied
potential is measured in this nmethod. The -magnitude of the current change
at a particular poten- tial is a nmeasure of the sanple content of the ion
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(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 sampies having a volume of 5 - 100 ml are
10 provided as accessories to the sample station (SaM20).

The electrode kit for the TraceLab™ 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™ 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 liguid. When lifting the elec-
trode head, thus removing the electrodes from the lig-
uid, said contact is broken.

35



personal conputer and several particular data process- 5 I ng prograns,

I ncl udi ng prograns for specific anal yses (TAP21, TAP22 etc.) and a program
for setting particu- lar user-defined anal yses (TAP2 TraceTal k, Met hod

Bui | der and Conmander). Sanpl e beakers al lsgowi ng for anal ysis of sanpl es
having a volunme of 5 - 100 ml are 10 provi ded as accessories to the
sanple station (SAM20). The electrode kit for the TracelLab[err] system
conprises three separate el ectrodes consisting of a morking el ec- trode in
the formof a glassy carbon el ectrode (type 15 F3600) to be plated with
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head, thus di ppi nfache thust fodad nontconkagdmaitd/omshen 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



solution, electric contact is established between the el ectrodes through
the liquid. Wien Iifting the elec- trode head, thus renoving the el ectrodes
fromthe lig- uid, said contact is broken. 35 4 In the lifted position

t he working el ectrode is exposed both to drying out and to formati on of
contam nations on the measuring surface of the el ectrode due to reac- tion
with substances in the air. Further, due to the 5 m ssing contact between
the el ectrodes, the working electrode potential is uncontrolled. This may
cause uncontrol |l ed chem cal reactions on the neasuring sur- face, thus

fqQrm ng contam nagign r. [ ; I Q- .V [ t.he
e%éct rgde. Armnga‘H‘]g %ngéglég%@ngﬁ%?gtﬁg%uglgﬁ rcga_agﬁélrvé%f]‘: ﬁﬂn%sqrflh%’ Hg film
i s the nost inporsamplebhandlingt s oskessed\aad mied atamiyi dgrge fsae- of

t he working el ect e | o] OhemSinablier - wise danmged, it is-necessary
to renmove the daﬂ%ggdnggggﬁogggtﬁse Piln1and apply a newfilm Thus, it is
15 absolutely necessary to mnimze the tine the elec- trodes are

suspended in @peng@,&ral 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



I nternational Patent Application WO 86/04679, Mann, A W and Threlfall

H J. discloses d'¢ell unit for 20 vol tammetric stripping anal ysi s
elimnating sone of the disadvantages nenti oned above. The cell unit
conprises a neasuring chanber with a stirrer and including a working

el ectrode, a reference electrode, and a cBunter electrode. The measuri ng
chanber is further provided 25 with an inlet and an outlet and is so
configured that after renoval of a sanple fromthe chanber a small sanple
residue remains in a well in the chanber. The el ectrodes are |ocated in the
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large sam ple VOLHQESX9%SndEgEEQEQration 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-actlve subs;ances. This may be performed by -
flushing the sanple 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.

LY



5 Several types of voltametric stripping, e.g. constant current
reductive stripping voltamretry and cathodic stripping voltametry, have a
further drawback in that the presence of reductive nmetals in the sanple
will substantially interfere with the anal yte. For exanple, 10 Zn(ll) is
a serious interferant in the determnation of Ni(ll) in tap water and in

I ndustrial plating baths, as the characteristic stripping potential-for
Zn(ll) is close to the characteristic stripping potential for Ni(Il). 15
Apart from the above-nenti oned drawbacks, stripping potentionetry has a

mgj or drawback |4 Hidledied dbaitdHt ' SHe nétind! boddi RGrLy Char
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el ectrode sur- face, which nay be done e.g. by stopping the stirring of the
sanple and performng stripping in a quiet sam ple. However, said nethod
i's rather tine-cWheumetppdasccording 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
1s 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
Furthér, in the wethod 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 resji-
due retained at the measuring area surface is obtained
guickly 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. .



30 It takes several mnutes fromstopping of the stirring till the sanple
is conpl etel y- guiret and stripping nay be initiated. Another way of |owering
the stripping rate is to mni- 35 m ze the concentration of the
redox-active substances 6 in the sanpl% In voltammetric anal ysis of
sanpl es containing a large amount of oxygen, an inactive gas, e.g. N, or
Ar, is usually led through the sanple before stripping, thus renoving the
oxygen fromthe sanple. 5 However, it takes a long tinme - approx. 5 mn.

- before the oxygen concentration is as low as not to seriously influence

the stripping rateneA ifjdft Wy Alrimeidkdde & rarppémc{fwel gel9cBer-

10 formthe stripping in a solution other than the sanple .g..In a
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difficult 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 invegfion, 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.q.
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



to handl e where separate sanpl e beakers are applied. 20 The obj ect of the
I nvention is to provide a nethod of electrochem cal stripping_analysis
overeoni ng the above drawbacks in a sinple nmanner. This is obtained by the "
met hod according to the inven- 25 tion which is.characteristic in placing
the sanple solution in a sanple container? and contacting the el ectrode
device with the sanple solution by dipping the electrode device into the
solution, the neasuring area of the el ectrode device being |ocated at an

outer 30 surface and having a surface character appropriate for retaining
unt . sufficient to '

ans aqueous sanpl e resi due said.surface_.in.an an
mai ntain electﬂt?%ﬁﬁﬁgi?agiy FREQHC%ﬁBgWB#R?ﬁngEEEFrBﬁéngngoFﬂgdcgﬁFﬁbt
poi nt for the refsrighareasctootkeahdot bkectnotles eliactr adqualit §andtion

renoval of electrggﬁF%evice fromthe sanple solution. . 7 A preferred
enbodi ment of t h&SRtod according to the invention is characteristic in
that the sanple residue retained at the neasuring area surface of the

el ectrode dew ce .o ely r t ' elec: 5 trode
openi ng into%thelﬁéggﬁﬁ%ﬁ% %?%%E & &P§p99§ eféc£Pgd¥D&§bEge 1S 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 surfacé
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.



The met hod according to the invention is advantageous in that the working

electrode is protected by the sam ple residue retained at the surface of

t he neasuring 10 area on renoval of the el ectrode device fromthe sanple

solution. The working el ectrode is protected fromdam age of the neasuring

area caused by uncontrolled elec- trodelfotential as said potential is

controll ed through the presence of the sanple residue. The working 15

el ectrode is also protected fromcontam nation and drying out due to

contact with the anbient air. By neans of the nethod according to the

invention it is_possible at I to rforn1e|ectrohysis in.a sanple 20
i
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device fromthe o )
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 are=a 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.



solution. Thus, the transport rate of oxidant/reductant to the el ectrode
surface is lowered and the stripping 35 rate is further | owered. 8 The
invention further relates to an el ectrode device for use in the nethod
according to the invention and conprising an el ectrode body carrying a
wor ki ng el ec- trode, a reference electro &, and a counter electrode, 5

and further conprising a neasuring area into which the working el ectrode
opens and wherein at | east one con- tact point for the reference el ectrode
and the counter electrode is |ocated, said el ectrode device being-char-

acteristic in that theel.eehiode dRK Gedotdirl R Nhd Onvahards ofle devi ce,
ahd that the neaslring area I's Tocat- ed at an outer_surface and has a
surface charact endupptegeosse ihothpst dthMay 3¢ RATBHACHHRS et i SRR at

said surface In aBnaTRURLEIyf Chalasl thafitiAlhdheeldddodoniag between
the working el ectrode and the 15 contact point for the reference
el ectrode and t heompuasingr seveselogeParede SFRFATOFS 1 Rt tHhiRle devi ce

fromthe sanple galyhiPns;hB BENthE bledtrémyadfiddle wleddmie dayibke
according required for measuring is smaller as well, and this is
particulérly 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 turdb 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,



20 to the invention, e.g. in analyses not requiring an exactly deternined
wor ki ng el ectrode potential, the reference el ectrode and the counter

el ectrode may com prise one and the sanme el ectrode. 25 The el ectrode
body nust carry the el ectrodes wi thout est:ablishing direct electric contact
between the el ec- trodes through said body. The el ectrode body may e.g.
conprise a hollow body adapted to contain one or sever- al of the

el ectrodes and possibly a relating electro- 30 |yte fluid or the body may
conprise a massive body upon which the electrodes are secured. The contact
poi nts | ocat ed i satide iepsigr i jnhcdriem afedrte etttandoue Oean ccherageasuminge
parts of the elegtrqd r 2 | | C y
areas, an 9 e%gergtgr ?%al?tl%ﬁa ggﬁ%&éto{dr%%el% g%?}grg&%éng @n&é% #Jir‘glrﬁ:l sai d
areas to the twocehsetinedesrvithea dliaplirddeuradion Hithsfoming an ekec-

context a di pbi Ngreleebiole dey §o.die i hitddihonty shash as ahelarldade

devi ce adapted fo ipping into a sanple solution contained In a bea er.
Di ppi ng of tfhe el¥&er daidevHBen it Saiwd SsFaRIVIe il FAEFmAt 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 liguid 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.q.
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 méasurements is difficult

35 or when heavy demands on the cleaning of the electrode



by relatively displacing the el ectrode device and the 10 beaker. The
measuring area of the electrode device into which the working el ectrode
opens ,may be configured in sever- al enbodi nents. As nmentioned above the
reference el ec- 15 trode and the countegfsel ectrode may open into said
area, or particular liquid junction neans may be locat- ed in the area
establishing electric contact between the two el ectrodes and the neasuring
area. The surface of the area nust retain a sanple solution residue when 20
removi ng the el ectrode device after dipping into the solution. Said

retaini ng abiIityd@ﬁyc@emsﬁéabhﬁahedebnisgvar&bryaysstuy shepsi Aplpesi~ case,

the nmeasuring are ace c a_pr pr d at .t | oner end
of the el ectrode % nﬁ r8§|8n g 825 eagshaogeopegﬁ prlght
bgwl carrying tkmcampwﬂ$2$ea|dubstﬁbteruabnvwhyphthéenvasknnggeaeearsdeface

o ihe elec rodnJdINEe IR COTREL 3G danaNend LaGRA-Y1BRE-LALOS B ane

surface. Thus NEN sanpl e r esi
det er mi ned bys t hepraiditesd opy beearenof héismnpeehnéghdueThrdstuhetressuhasga

area sur- face, saj (b sHLACe,PERLEERARLY - PAY RPe8 BY¥dEABNELLELEBAEAAEG e

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 f£ilm 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 1is a schematic section of a first embodiment of.

35 an electrode device according to the invention;



10 I'n another enbodi ment the nmeasuring area may be config- ured to retain
the sanple residue at the surface mainly by neans of capillary forces. In
this case, the working electrode and the other electrodes are |ocated in
the 5 measuring area as close as to retlsin a sanpl e resi due between said
el ectrodes. In a further enbodi ment the measuring area has a porous
surface, thus absorbing and retaining a sanple residue. 10 Usual |y,

retai nment of the sanple residue to the nea- suring area surface is
determ ned by a conbinatjon of the above-nentioned forces. In case the
sanmpl e resi due | Fi%t & ne? AtSLAAMRITLAGLON sef f aceepyndeamzodinenheaf on

and/ or capillary fpreesotisoid dOFLes d8tdrdind redi €get Nevaneyvédy forces on
t he sanpl e residue. The size of the retained sanpl e resi due depends on e.g.

20 the density and surface tension of the fluid and al so on the adhesion
forces between thE ganplis resschemanit thisewrsss ud i tigiod eenised fpaes o L@se

tho Sige of  Sai d SSHCATHS CERGKEE 14 BB L] P S ahpY & oM 1 o0i due a6
well. Any el ectrode device is adapted for use in a prescribed
Fig. S 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.



manner, e.g. to be held in one or several positions usual for said device:
Sonme el ectrode devices may e.g. 30 have a neasuring area turning °
downwar ds during use, while others may have a neasuring area arranged
verti- cally or inclined during use. Wen nentioni ng above that a sanple
residue is retained at the nmeasuring areajgurface, it is assuned that the
el ectrode device is 35 used in the prescribed manner. The el ectrode
devi ce according to the invention is advantageous in that it my be

manuf actured in a size considerably smaller than the known el ectrode kits
conprising several separate electrodes. Due to the 5 smal l er size of the
el ectrode devi ce, Inh&hzanmard oud iryurecsuilidee fef ereaste imouara IS terusesd

well, and this is_particuylarl.y val | e when only small anounts of sanple
are avail abl e. E.&g Fﬁ?@“?ﬁﬁﬁéfﬁ%%‘exfsts when neasur- ing on bl ood, where

onty a very linmted amount of blood 10 may be available froma patient.
From the counter Std-r o SPEeL SPaBeK R aBralt (ol E ATy 433, S 18
not open into515 forrhpesdverndpac & tas prliadoiterl nsis | Tt msdadiam hetiveen
) 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™ 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 ié further connected to not
shown means for setting the various analysis parame-

30 ters, e.g. the electrolysis potential, the eléctrclysis
time and the like, and to not shown means for display-
ing the measuring results, e.g. a printer, a plotter or
the like.



context,, the statenment that the el ectrodes do not open into the same space
nmeans that the working electrode is not in direct contact with the fluid
contacting the reference el ectrode and the counter el ectrode, not even 20
when the el ectrode device is dipped intojg sanple or other solution.
Thereby, a further advantage is ob- tained for the stripping procedure as
t he substances fornmed at the counter el ectrode cannot reach the work- ing
el ectrode and thus cannot interfere with and dis- 25 turb the
measurenents. -1n a particul ar enbodi nent the el ectrode device com prises
‘a hol | ow el ect r oBéghoy shiowised \fiiftstaenglosiiment |oft @rf ladiet;tigdeviehi dody
the reference el ng 3 t; er ol eclr e I n

di rect contact m??%gﬁﬁgnglggt%gfyfgﬁfﬁﬁﬁg dnaﬁﬁ%g?égﬁﬁFﬁ%!ﬁ%gﬁg%gqglectrode
i s |ocated insul apeprises ehdodllest edieptrodeyibgdand & 19 svrHeaded o kases.

Further, an el ec{yl el (o3 M | iayi d U ' ' 5¥g% din
the 35 el ect rogé{rég\%?geipﬁggﬁéﬁasg_&?rzo%‘g\?He ﬂ\/?or%ﬁén?&ngcg‘%?oé&%é ) % said
liquid junctPon AB¥hSeelt BAGI AF PUGHTt Hdameiedr oty 1&r 8 SVamhe diskansre

device to the elget appybg.f htiobdmm 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 HCl, 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 12.0 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



contained in the el ectrode body, thus form ng an elec- tric connection from
the nmeasuring area to the electro- 5 lyte fluid. When a sanple residue is
retained at the neasuring area, said residue is in direct contact with the
wor ki ng el ectrode and at |east a part of gtzhe liquid junction neans, thus
establishing electric contact between the working el ectrode and the ot her
two el ec- 10 trodes through the sanple residue, the electrically ™
conducting liquid junction neans, and the electrolyte fluid. In a preferred
enbodi mrent the part of the working elec- 15 trode opening into the _
measuring area otot kbeelcadikeodes duvithe rumry g Il asBhe cveioing oepenent .
If pre- ferred, I, gher | rgh&g' ' ;pqy ed
such as a preci ogggﬁgt gl ?@Qﬁriﬁiﬁtl?'%ﬁscgl car go%ﬁ@r@r%snonpoglf?gg 20
Preef erabl y, the EBbet &r (éTIhé&qmﬁf%S d-2 H@“)elféttﬁ*tﬁjéftfé\g%éa%dﬁpi@sethan Ag

W re or another e GAln B3 rS - NERYGt L reci ous
netal, e.g. Pt oﬁﬂ,%\%g?gfaggﬁggrf%?r%l%;sy cz;érét‘%n. 25 dTl?]Asasgf%uir]?%Z apf)}r?ef erred

embodi ment tHe rEREEENEOtEledNTYIGiE FohRHesn heAyoAKENG | edagirede a2
calonel elec- trgda, tBe #eHRITBIRPNAIRETAIILROALTING Ahth50d056H

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



in Balley PL. Analysis wth lon-Selective Electrodes. 30 London: Heyden &
Son Ltd., 1976: 11-34. In particular neasurenent types it is advantageous
to use a si ngl e-use el ectrode device, e.g. when cleaning the el ectrode

devi ce between neasurenents is difficult 38 or when heavy demands on the
cl eaning of the el ectrode 13 device nmake said cleaning a very costly
step. A pre- ferred enbodi nent of a single-use electrode device conprises a
substrate upon which the working el ectrode, the reference el ectrode, and
the counter electrode are 5 printed by neans of filmtechnique. The
substrate has a sthenfbifithnggt he theselesgradeadevicke leffrom edsamgliece and

into which said elenif p9rs aPaPop! g&t rnes‘e%l hxnt;@ﬁa lhaﬁ;ﬁ@ heagLeaq V&ﬁ%{]

The slot is configured to'retain a sanpie resirdué_in direct confact
each of said 10 1IeRYebieq. thReRN&15anpPEkiBgi BLECFEORR: di ABE PE disast

slot, eleéctric Cgfﬁla@tof Stﬁétpekbﬁaeélhgt weerhaai dthhr egeekestieodes ildar gugh
sai d sanpl e reS| In this context b ghtechnl ue conprises all manufac-

15 turing thdﬁ%tkdﬁﬁeﬁ?lﬁﬂn ager ¥ig PnFARPLBr B¥EPNYPORI GERGYVadr
possi bly by depOﬁﬁdﬂﬂQtl@@%@hp&évaahtllan, 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 HNO,.
The working electrode 23 comprises a glassy carbon rod
20 26 (diameterfi-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-



ers, and thus conprises both thick filmtechnique and thin filmtechnique.
20 Préeferably, the electrode carrying substrate is made of pol ycarbonate
or ‘a corresponding insulating material, such as ceramic or plastic, e.g.
pol yet hyl ene or poly- vinyl chloride. 2519'The invention will be further
descri bed below with reference to the drawi ngs and t he subsequent exanples.
In the drawings: Fig. 1 is a block diagramof a systemfor performng 30"
el ectrochem cal stripping analysis, explaining the relation between the
system and an el ectrode device according to the invention; Fig. 2 is a
schematic secti ofrofiea 2f fatonetivai ekentuglBte £hnid| tutthelce teotrede
according to they bp&e ghi on; 14 Fig. 3 is a schematic section of a second
ermbodi ment of an el écfrode device according to the invention; Fig. 4 is a
schematic view of a third enmbodiment of an 5 electrode device accordi ng

to the invention; E Fefersiuus éﬁ%ﬂf&d@@@lméimwwrfr@ﬂm@i NE(IT)
“inm double-distilled water, using the el ectrode
5 electrode (type K436, Radiometer A/S, Copenhagen, Den-
mark) and the counter electrode 25 constituted by a Pt
electrode (type F1312, 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 electrede 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.



devi ce according to the invention. The curves depict 10

wor ki ng* el ectrode remains at a par- ticular potential during stripping as a

the tine that the

function of the potential; Fig. 6 shows results obtained from nmeasurenents
of 15 Co(ll) in double-distilled water20using the el ectrode device
according to the invention. The curves depict the tine that the working

el ectrode remains at a par- ticular potential during stripping as a
function of the potential; 20 Fig. 7 shows results obtained from

nmeasurenents of N (I1) in double-distilled water containin
el ectrode devi celncEbddi hglfoshAEN| ¥eentNBRNeFHEMRARYREN e

echn Rl

that the working.pbesta8deceeacdsraigi 86 @heaipgehtiohar Thet edecatoderi ng

stripping as a function_of the potential; and EFig. 8 sh
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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-
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-
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
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
slot 42. The size of the slot 42 is adapted in such a
manner that when lifting up the electréde 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-
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
as the one described above are 50 mm in length and 10



I'n the various figures like reference nunerals are used to denote |ike
parts. Fig. 1 shows a bl ock diagram of an anal ysis system 100 5 for '
performng stripping analysis. The relati on between the analysis system 100
and the electrodes of an elec- trode devire 1 according to the invention is
shown as well. The analysis system 100 | argely corresponds to the system
TracelLab[err] for Potentionetric and Constant 10 Current Stripping

Anal ysi s descri bed above. The system 100 is controlled by a m croprocessor
101. The m cro- processor 101 is connected to a DA converter 102 which
farther is connenﬁeﬁthreadtMmeam®ntm©iﬂizQOBECGMBeBdﬁﬂafDDntpeiﬁﬁotoszis
connected to an jntegral ci t r to the
wor ki ng el ect r ode®® FHH* The %ﬁ@%tréﬁe dev I ce %&Q*%ﬁ o8 tﬂgé g gg??égg 2 and
the reference elciaxmnieBB mkﬂéﬁel'elI@%ﬁﬁ%l'@%l?l%ef?raFEtBEFﬁeéoﬁﬁééred to
an amplifier 109, AmIdyng 48 ehee!tndcepbopRbde dBoi8EPhAT LT udBPulS

connected to a por nt mhlc also 1s connected to the sunnatlon
poi nt 103 i rf or ey & IBinglr-uee t AbRC R 99 rEREECH et REANRAESKBY KPNY -

el ectrode 2 and d F&?g@{&ﬁ@%ﬁé esiéiEng Pk COTBEtLEaRI GBvand af Béted to
45

the correct elect sis potential, The £0|nt 106 is further connected to
an 25 A/D comﬁﬁ%%ﬂ meFSYhiRg 93 $1FEERNt oFmRLeS PBY(Rase 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™ 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™ System, Radiome-
20 ter A/S, Copenhagen, Denmark. The potentiometric strip-
ping unit was connected to an IBM™ 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 NH, and 130 ml 9.5 M HCl diluted to 500 ml;



m croprocessor 101. The microprocessor 101 is further connected to not
shown neans for setting the various anal ysis parane- 30 ters, e.g. the
el ectrolysis potential, the electrolysis tine and the |like, and to not
shown’ neans for display- ing the neasuria?g results, e.g. a printer, a
plotter or the like. 16 Fig. 2 shows a first enbodi nent of an el ectrode
devi ce according to the invention. The el ectrode device 1 conprises a

hol | ow el ectrode body 10 of unl eaded gl ass (average thickness 1.2 nm. In

one end the electrode 5 device 1 has an outer dianeter of 12 nmover a
di stance of appBdx. a2eckwtiem forthtabbpdstbe ¥ATKARY sheshreredMaiBt er of

8.4 mmover a distange of ADrifmoddeseing-otr9dambady1if)cenpoi.ges three
el ectrodes, viz. a work- ing electrode 2, a reference electrode 3, and a

counter 10 el ectrd¥fetd. The interior of the electrode device 1 is
designed to be filled sbidtbonefectpbdyingfthedvoekdngaedebttrpde wfith. 5 M

HC1, and for this pur e the elec-.1ro0 d | vi.de RV )
filling hol @ 11 whi cﬁf%ﬁ%nﬂf’l‘ﬁ% S%%’Elc’gge?’gdgb‘gx“qak%g%grigogé\riﬂ gfz,He%.'g.
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 CacCl,.

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 um, 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 apély an Hg tilm 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, whersupon 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



15 rubber ring surrounding the entire electrode body 10. At the shown
upper end 13 of the el ectrode device 1, an epoxy plug 14 free of heavy
netal is enbedded in the el ectrode body 10. The plug 14 secures

el ectrically conducting cables 16, 17, 18 connected to each of 20 t he
el ectrodes 2, 3, and 4, respectively, and adapted to connect said

el ectrodes mﬁth a related anal ysis 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 el ectrode cabl es 16,

17, and 18 bei ngdadd irpuahtsaidl cam kb, e vx@éfcbm @J’&%fé’ﬂﬁlﬁ?iﬁhe

Ibcated centraII% i nsi de the el ectrode device, 1 and Qéﬁgrjses a g ass
carbon rod 5 30€leGhrads deviige n‘rﬁtc?éﬂlﬁl"ﬁ DiRPIRG S hel %’Fassy
carbon rod 5 ODQ&%dentdb_\hf& RRAS Wdnitgreal efrdif) tHe tdel et oo raske adeéﬁesl

The opposite end’ of t he S arbon rod 5.is affixed to an electr|
conductor in th& f&em %h§%§§ 3909 AT RS MR SHIARY RAERTR B 35

unl eaded epgxy pledend kg iwt.e Thd wWirigpire) nhalysic tves nowl pérfdhmwedabl e
16 in-the epoxyi%'%%ebioiﬂ%lon £JEJS§(§§plying a constantly reducing
current of 1.5 pA. 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
1g/l, 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. S5b shows the curves corrected with the experimen-
tally determined background signals, and Fig. Sc 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



trode 2°is throughout its |length surrounded by a gl ass tube 7 (thickness
0.9 nm ' to the inside of which the glassy carbon rod 5 is affixed. The

gl ass tube 7 en- 5 sures total insulation between the working el ectrode 2
and t’he remmining el ectrol yte-containing2é4nterior of the electrode device
1. The end of the working elec- trode 2 opening into the neasuring area 19
Is secured in the el ectrode body 10 by neans of a liquid junction 10

means in the formof a porous circular ring 8, said ring 8 extending from
the neasuring area 19 and al ong _approx. half the Iegg%h of th |.ass

carbon rod 5 fil PANgSaplene Aspade b&SideF i Iof%r 20 &% %]T‘Hé%u’?%be
7 and the insidesefnbhe Qetermigededpetinstialliy rafereridhnmeteictaioe 3

constituted by an Ag wi ea&diane r %.i, coated wth AgC and the
counter el ectrod8F% 88??2‘“ E?llé'(ﬁ:a‘g’?ea ° grgvzv?r eec?:td'%g‘rfet er 1.0 mm are both
| ocated i nside the el ectrol yte-containing 20 section of the el ectrode
body 10. Thug, tBe are inid%r o et with the electrolyte, but not
with the wor ing—%ﬁ%é@%@é%—Qf—én—§ﬁﬁLé§oxy plug 14, the refer- ence
el ectrode 3 and the counter electrode 4 are con- nected with the cables 17
alnd t18,- respectiygly, 23 h§N LG 197RASURIAY RGdrhed Srl QWS edrigiids Ak
el ectro-
double~distilled water having a Co(II) content of 0, 1,
2, 4, 7 and 10 pg/l, 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 pug/l of

25 Ni(II). In analysis II, the sample further contained
100 mg/l 2Zn(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)



| yte-containing fluid, electric contact is established via the porous ring
8 and the electrolyte fluid in the electrode body 10 between the working
el ectrode 2 and 30 the two other el ectrodes, the reference el ectrode 3,
and the counter electrode 4, as in this eggodinent t he section of the
porous ring 8 located in the neasuring ar 19 constitutes a contact point
for the reference el ectrode and the counter electrode. The neasuring area
35 19 is proportioned and designed in such a manner that 18 when
lifting up the electrode device 1 froma sanple solution, a drop is Ieft

hapgi ng in the nﬁﬁégrhﬂgsiéEQfl%aﬁQVQHdﬂﬁéHE%‘HH'HHE‘QEFQ §L|cek%g

and at | east part 0 rous rlng hus, the electro
will bein contac@em}Yﬁdtﬁ§°§aHéKéI veBYuSFeheawing Solahione prdes &o

soLution, and thergéegtspdenarcedoznetrdppinly Be merruwaqg/sqlsegzrdaedure,
cont act . Fig. 3 shows anot her enbhodi nent of an_el ectrode _device
according to the thvehti 3R G888 FROPeFf8rnng tPRE ROZS1SILeiOndetesmdineped

bel ow. The elmct rwﬂ(em)evmesaﬂapgeaphases\gaa ghqthrwéanlt@ﬁ): 23v|ér Q&ﬁlodx%énlay
CUttlng out a 20 t1m éaggengthEanngagle%t QEI?O Y%% without" back-

ground correction of the stripping curves.

Determination of Ni(IT) bv Means of a Set of Separate

10 .Electrodes

Analysis was performed by means of a set of electrodes
relating to the TraceLab™ system and comprising a
glaésy 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 ug/1,
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. S.
Subseguently, the stripping step was performed in the
sample by applying a constantly reducing current of 50
LA, and measuring was terminated as £he'working elec-
trode potential reached -1.4 V.

35



three electrodes, viz. a working electrode 23, a refer- 15 ence el ectrode
24, and a counter electrode 25 as the electrode device 1 described above in
connection with Fig. 2. The el ectrode body 22 is filled with an el ec-
trolyte fluid in the formof 0.1 M solut5 n of [err] The working el ectrode
23 conprises a glassy carbon rod 20 26 "(dianeter 1 mm length 8 m, one
end of which opens into the neasuring area 27 of the el ectrode device 21.
The opposite end of the glassy carbon rod 26 is affixed to an Ag wire
(dianeter 0.25 mm) by neans of unl eaded Ag-containing epoxy glue. The

gl assy carbon r0@1§6 i8S sBdws &rr@ssﬁﬂ ]plrﬁgo Auifediid 180 ol ivhia teflon

body 28 (di aneter mn | ength he teflon body 28 is further
provi ded with anSFH@Flﬁ*%ﬁﬁqIqqﬁjWﬁﬂn?WQHH?é%ﬁqﬂqu[ﬁ%ﬁﬁﬁ? QﬂnQ9WH§RI 29

(diameter 1 nm hﬁqgtheeeS civdss Wirgs THd tourtes djfstmrg;e et Waerhdge
o 50 ST U8R B o R ALt B e
body 22 by nBansstfippdixyg. iSheemfrdrimegl dinedthreod@ni2l d shagc athech iper€orm-
P et 6T ARLCRE MRS o M A L AT AVISh 5P
scribed, when considering the electroly51s 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 pl. 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



19 trode 23 fromthe electrolyte fluid in the el ectrode body 22. The

ref erence el'ectrode 24 constituted by a calonel 5 el ectrode (type K436,
Radi oneter A/'S, Copenhagen, Den- mark) and the counter el ectrode 25
constituted by a Pt electrode (type P13lz; Radioneter A/'S, Copenhagen,
Denmark) are both located in the electrol yte-containing section of the

el ectrode body 22. Thus, they are in 10 direct contact wth the

el ectrolyte, but not with the working electrode 23. Simlarly to the
procedure described in connection with Fig. 2 above, electric contact is
establ i shed bet wegip1ld drépeoh htee etetpporgssoiutheneiscthedefdee ce 21
vifa the porous plu 29.g9% the electrolyte fluid of the elec- trode body 22
when the neasuri is covered with fluid. The neasuring area 27-of
the el ectrode device 21, as the measuring area 19 of the el ectrode 20

d 1 ti d t

e SFettt odo' oB5! WEBTE' G JEBAENEIY (o8LEnga TBAREL ! BELLIBRD st ik P
t he neasur- 5i ng smroem aiossmb-;te r@otmamerenmmphg EOb'é’_IIES_déSZQOHndSat

| east part of the porous,olyg, 28, 28, iRHoRERERE TbPOLRLT LRRLEGoABALYS! S

wi t hout changi ng ' )
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 pul.



solution, .i.e. when electrolysis as well as stripping are perfornmed in the
sanple, it is also advantageous to use an el ectrode devi ce desi gned
simlarly to one of 30 the el ectrode devices 1, 21 of Figs. 2 and 3. The
sub- stances produced at the counter el eeBrode 4, 25 during stripping
cannot reach the working electrode 2, 23 and thus not disturb the
measurenents, as the working elec- trode 2, 23 and the counter el ectrode 4,
25 are not 35 | ocated in the same fl uid. 20 In Fig. 4 is shown yet
anot her -enbodi ment of an el ec- trode device according to the invention. The
el ectrode device 31 &hic® In¥ &&pect of design differs somewhat fromthe

el ectrode devices of Figs. 2 and 3 is provided 5 by nmeans of thick film
techni que. The el ectrode device 31 conprises a substrate 32 of |

pol ycarbonat e onto wHRERCGr €1 Sl orhAIGaly s EedRidde a3 1yt isargmwr fi | m

a reference el ectrodpr3diely A% A0EctidiVsiy Ay eia MRl iYp Ry I KR

stabl e poteﬁ%lal, and g count er aé;? 1 tyode 35 made aqf carbon film as

wel | . One e 36 of BRE UFHIE: &b SILCHEORS GRSy METISIET &Y et he

el ec- trode devi ce durbdg bedyalcaaplimata oriingpredectedde, 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,
characterized 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 agueous 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,
character ized in,
that the sampie residue retained at the measuring
area surface of the electrode device completely

A



wi th edge connectors 37, 38, and 39 in connection with the el ectrodes 33,
34, and 35, -fespectively, thus fa- 15 cilitating the connection of the

el ectrode device 31 to a related anal ysis system Across a major part of
the substrate, the electrodes are coveregﬁpy an electrical- ly insulating

| ayer 40 ensuring that any fluid spilt onm“the el ectrode device 31 does not
cause a short circuit 20 between the el ectrodes. The | ower part 41 of the
el ec- trode device 31 constitutes the neasuring end. At this end 41 the
substrate 32 conprises an oblong slot 42 |located in such a manner that al

the measuring ends ofcdyier £l eedrodes 38, tiid. waPkiAG opEBAbas hepeAghaof the

25 slot 42. The size the sl'ot 42 is adapted in such a manner that when
lifting up the el ect rigde ddvg Cee3IuUFiRF AX®Ruid, the slot 42 is able to
hold a drop of fluid, said drop belng i n contact mﬁth all the elec- trodes

33, 34, 35. Thus mhen a drop of fluid is "cap: tured” in the, slot 42,
el ectric contact3is @slteélﬂq%‘féod%fhc? h%c”ar’b%eb’e?v@é% ReEh e RECRrdiRg odes

33, 34, and 85. The RicPRErah NENSE onscodmpr bs itd ckn féleettend rosky dexice 35

as the one described r%rbl?'}/ge aarw?or Olrrlrc]yﬂ éfec‘grr']géh aand Perence 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,
characterized in,
that the elesctrode 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 characterized 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.

i 30
5. Electrode device according to claim 4,
¢ characterized 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

* [ L L] S *



21 mmin _breadth, and the size recomended for the slot 42 is approx. 2 mm
x 3 mm The design of this electrode device 31 nakes it nost suitable for
aut omat ed mass- production, and thus the el ectrode device 31 is useful 5
as a single-use el ectrode device for analysis, e.g. in situations where

cl eaning the el ectrode device in be- tween neasuring on different sanples
may pose a prob- Ilem For the sake of clarification, the enbodi nent of Fig.
4 is somewhat distortedly drawn. 10 Experinental Measurenents Four
experinments were conducted, three of which were perfornmed by neans of an

el ect ][od:e devi ge acclcw&é\@ea Oizi%iz;rédae &afg[eabtoniandtﬁagepé{cm_ 3 ?t%f theAI |
set of electrodes relatinhg to,tnhe racelablerr) .system descri ped, above.
experi nents were condﬁ%fﬂg R AT B %%% $8thP¥oﬁ§?gtF? e t%i bpFREedni t,
PSU20, nentioned in tiheswpetedigfpst tthe ebsoecdlpte W Ihid end rigtee Lot err]

System Radi ome- 20 ten_AQi Copenhagen, Denmark. The potentionetric
strip- ping unit was%ﬂﬁﬁ1 1 %Fto an |BMerr] conpatibl e personal conputer

controll ed bg the spetiat alateleriocksslhy ponduabimgnt iqust abovel dor

pot ent i omet 11 ¢ stri pRidg, AN Yl e b FPn TERE I P ker I8 MRS 2L 14500 Ak
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,

characterilized 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 characterized in,
that the counter electrode comprises an Ag wire.

8. Electrode device according to any of the preceding
claims,
30 characterized in,

that the reference electrode comprises an AgCl

coated Ag wire or a calomel electrode.

9. Electrode device according to claim 3,

35 characterized in,

QT




An eI ectrode ‘devi ce corresponding to the el ectrode device 21 described in
connection W th Fig. 3 was used for the three first experinents. The
followi ng solu- tions (all of analytical grade) were applied: 30 1) 0.1 M
stock solution of dinethylglyoxinme in 963yol % ethanol; 2) a buffer solution
(pH = 9.3) prepared from90 nm 10 MNH3 and 130 mM 9.5 MHC diluted to 500

m ; 22 3) a solution for plating the working electrode with an Au film
consisting of 5 MM Au(lll) in 0.1 MHO; 4) a solution for plating the
wor ki ng el ectrode with 5 an Hg filmconsisting of 5 MM Hg(ll) in 0.1

M HC ; 5) a strippi mgasoktii eneptepdectoldy addiprdsesl anisubk tirdad es tupoin
| uti 1 d 0.2 . buf 1 10
0100 0 0. gt i BUER G hEencE) L8el OurbrblCaec

Al'l the experinents to’‘the f W n od: The
megasuring surface of trbdegl and thedgouateCeeW&Qtpoﬂﬁsh@é prun§pdmth an

erery cloth, then vi (h.Lrge diifergnhngl@aond pastes having parti-

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,
characterized 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.

(2
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cle diameters of 9, 3, and 1 [err] respectively. Subse- 15 quently, the
el ectrode device was cleaned by wiping it with tissue soaked in ethanol.
Preplating the electrode with an Au fil mwas perforned by dipping the

el ectrode device into the plating solution 3) and applying the follow ng
potentials: +0.2 V for 20 s, 0 Vfor 20 s, 20 and -0.2 V for 20 s. The
el ectrode was further cleaned with ethanol and dipped into the plating
solution 4) in order to apply an Hg filmto the el ectrode device. The
followi ng potentials were applied -0 3Vifor 10 s, +0.2 Vfor 2 s, this
sequence was repeated six tines, theE -0.5 Vfor 60 s, -0.7 for 60 s,
and finally -0.9 V for 120 s, mhereupon the potential was reduced to -1.0
V. The el ectrode device was further cleaned W th ethanol 30 di pped into
the sanple and |} Sis step was
perfornmed in thereroy 3 Re-heaso iiﬁﬁﬁé%kentlals
and el ectrolysis tines applled arSIfipp ; order to mnimze
precipitation of nickel in the strip- prng solution, the potenti al
applied to the el ectrode 23

ABSTRACT

The present method is a method of electrochemical stripping analysis comprising an
electrolysis step and a stripping step. In the method is used an electrode device
comprising an electrode body carrying a working electrode, a reference electrode, and a
counter electrode. The electrode device comprises a measuring area located at an outer
surface of the device, into which area the working electrode opens and wherein at least
one contact point for the reference electrode and the counter electrode is located. The
electrode device is adapted for dipping into a sample solution contained in a sample
container. The measuring area of the electrode device has a surface character appropriate
for retaining an aqueous sample residue at said surface after removal of the electrode
device from the sample solution. Said residue is of sufficient size to maintain electric
contact between the working electrode and the contact point for the reference electrode
and the counter electrode and is preferably of sufficient size to completely cover the
working electrode. Thus, during displacement from one solution to another, the working
electrode is protected from damage caused by an uncontrolled electrode potential, from
drying out, and from formation of contaminations. By means of the present method it
is possible to perform the electrolysis step of the analysis in the sample and perform the

stripping step in another more appropriate solution.
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device was set to -0.8 V, just before transferring the el ectrode device
into the--stripping solution. The el ec- trode device was renoved from.the
solution and after 5 s the drop left hanging on the neasuring surface had 5
becone quiet. The stripping analysis was now perforned in the solution drop
by applying a constantly reducing current of 1.5 [err] The stripping step
termnated as the potential across the eﬂzg}rode devi ce reached -1.3 V'
where it was held for 5 s in order to al the reac- 10 tion products

di ffuse away fromthe nmeasuring surface. The interfering background signals
were determ ned experinentally by applying yet another electrolysis
potential of -0.8 V for 3 s upon stripping and then 15 recordi ng a
background stripping curve. Determination of Ni(Il) In the analysis
procedure descri bed above, analysis was 20 performed on six sanples of
doubl e-distilled wates- having a Ni(l11) content of 0O, 10, 20, 30, 40 and 50
[err] respectively. A2potential of -0.6 V was applie or 20 s in
perform ng the el ectr® ysi pr—Frg—5—shows—tHhe record stripping curves

whi ch depict the tine t hat the worKking electrodigrenains at a

particular potential durinp~stripping as a flunction of the poten- tial.
Fig. 5a shows the uncorrecfed stripping curves, Fig. pob shows the curves
corrected with the experingn-

1
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taIIy det ermi ned background signals,
curves ‘corrected with arithnetically determ ned background signals.

fromFig. 5,

and cause the stripping 35

correction
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Det erm nati on of Cof
performed on six sanples of double-distilled
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cally det erm ned background signals. 20 Deternmination of Ni(Il) in a
Sanpl e conpryising Zn(l1) as Interference Fig. 7 shows stripping curves of

two anal yses, analysis | and analysis Il on sanples containing 20 [err] of
25 Ni (11).. In analysis Il, the sanple further contai ned 100 ng/l Zn(l1).
Analysis | and analysis Il were per- fo;gzgsas descri bed above in
connection with Fig. 5. As nentioned ab ~ a denotes the uncorrected

stripping curves, b the\curves corrected with background signals 30
determ ned experinmenyal | and c¢c the stripping curves corrected with
arithmetically determ backgr g q si gnal.s.” When conparing the curves of
ahal ysis | and ayal ysi
with zn(11) 25\ has np s gnigficant infl ehce—eg t he sp88ppi ng3deaks
derived fromNi (11 hangi ng solution prior to tle perfprmance/o

—

stripping in the a élysi rocedure, it is, as seen F=F5
possible to determine 5 i (11) in sanples having ja 1) te 'y
thousand tinmes greater thanlthat of N (11) - 3get—wijth ba
: 7 ’e /] //
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ground correction of the stripping curves. Determ nation of N (I1) by Means
of a Set of ‘Separate 10 El ectrodes Anal ysis was perforned by neans_of a
set of electrodes relating to the TraceLab[err] systen1and—eonp%r5|ng-a

gl assy carbon working el ectrode (type F3600), a calonel 15 __r fer n

el ectrode (type K436), and a Pt counter elec- trode (type P °I““'
sanpl es of double-distilled water having Z'r. 1) content of

[err] respectively. The anal ysis procedur ol ved both ele

stripping in the sanples as is the 20 normal procedure for thls set of

el ectrodes. Prior to neasuring, an Hg filmwas applied to the working el ec-
t ode in accordance with the procedure relating to this electrode. A
potential of -0.6 V was applied to the working el ectrode for 20 s while

stirring the sanple::25 Then the/stlgjlng/me; stopped, but the potential
wds mai nt ai ned for ?pdltlonally 30 % @%un%% -becone relatively
qui et. Accordingly,(3he total elec- tqpl 618 tﬁnﬁbspeﬁt th5§ experi nment
anobunted to 50 s, and this is 2.5 tineg th¢ el ectrplydis {i ah the 30
experi ment nentloned above in ig.) 5. /Subsgeq tly, the
stripping step was perfornmed . in the by~apdhyi n§ a ¢ongt antly
reduci ng current of 50 [ethJand measuli ng{was! terjm ngtedjas the wor g

el ec- ik
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trode potential reached -1.4 V. 35 26 Fig. 8 shows the stripping curves
relating to'this experinent, but w thout background correeti+on: —CBnpar~—Lng

these curves with the curves of Fig. 5a, it appears that t r te o

stripping is considerably greater when 5 stripping is per '“xd
sanple than when perform ing stripping_in the special strip

5) de- scribed, when considering the eIEb}Eblysis ti'me spent

experinments. As nentioned previously, the considerably greater rate of
stripping put heavy de- 10 mands on the analysis systemin order to
provide suffi- ciently accurate analysis results. Mreover, when stripping
ie performed in the sanple the neasuring signals are dlsturbed much nore by
t he back- 15 ground signals, cf. the "pulges th potential around
-1.3 V.of ‘Fig. 8, than when strippiEg is - fd%@ﬁ the speci al
stripping solution, cf. Fig. 5a. ThEs is d to the conqpnt of dissol ved

at nospheri ¢ oxygen bei ng hi gher he sanp than i,n the, spesi al 20
stripping solution. In order to perforn1neaSLrenenté of
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sufficient accuracy, correction of these backgrou
this is difficult, however, as the disturbances ‘é r veRRgsd e--riot paged ..
rectlllngar but relatively "bul gy". 25 Hp t he #)s: pRgsd v te pagbd e
per f or med by means of the el ectrode device of F Abstrapte  drpaged 14t ohysaged ...

ing on the neasuring surface of the electrode d=V|ce had an average size of

50 This d ot
cor - espondi ng {0 HE4RPE SRECEERER 8 ]{’,ﬁ_ﬁ
era

solution was very viscid and as ‘ _
becane approx. 25 tines |ower than in the sanple the perceptible dilution
was in the order of 35 5000 tinmes. The influence of the anal yte content

of the 27 sanphe ﬂh%n@iqu-éiarﬂéaolﬁw SHdtlicd) df EleEFSERenfshl Ui bl €.
By neans of a specially desi ned sa | e station is has 5 shown possi bl e

to neasure on safipr ePPARGNED BEINY ath&SLRRTrRlYFiensber nerd of
the el ectrods. deg ytﬁ@p@iir@wli fhrEi Gisihg ldh SAtaERS Caev B CompPEs~

ing an electrode body carrylng 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 énd
- the counter electrode is located, the method comprising
contacting the electrode device with a sample solution
and performing the électrolysis 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 elebtrochemical 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 pérameters monitored concurrently depend
30 on the particular measuring method.

In Potentiometric Stripping Analysis stripping is per-

formed by removiné the electrolysis potential and

stripping off the ions by spontaneous cﬁemical reaction
35 in the solution contacting the working electrode. While
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stirring of the sanple is performed by rotating the sanple beaker and the
di spl. acenent of the el ectrode 10 device relatively to the beaker is
strictly.guided in order to avoid the sanple drop I eft hanging on the
measuring surface hitting the sanple beaker when lift- ing up the el ectrode
device. It is considered likely that after further nodification of the

el ectrode device 15 and the mating sanple station, it will be possible to
measure on even snaller sanple vol unes, presunmably on sanpl es as low as 200
[err] 1. Method of electrochem cal stripping analysis com prising an

el ectrolysis step and a stripping step 5 and using an el ectrode
device conprising an el ec- trode body carrying a working electrode, a

_ | aFe 1:?"1[11@ I Q & € -
refer- ence e eqrkg mnaﬁﬂlﬁlﬁ%@m A% %L E\{ﬁﬁé‘ﬁ opens

further conprising a neasurtiig ar 0 Prg—ete
and 10 ~ wherein at |east onesgggggnﬂgggﬂng@gs the refer- ence

el ectrode and the counter electrode is [ocat- ed, the method conprising
contacting the electrode device with a sanple solution and performng the

ABSTRACT

v

The present method is a method of electrochemical stripping analysis comprising an
electrolysis step and a stripping step. In the method is used an electrode device
comprising an electrode body carrying a working electrode, a reference electrode, and a
counter electrode. The electrode device comprises a measuring area located at an outer
- surface of the device, into which area the working electrode opens and wherein at least
one contact point for the reference electrode and the counter electrode is located. The
electrode device is adapted for dipping into a sample solution contained in a sample
container. The measuring area of the electrode device has a surface character appropriate
for retaining an aqueous sample residue at said surface after removal of the electrode
device from the sample solution. Said residue is of sufficient size to maintain electric
contact between the working electrode and the contact point for the reference electrode
and the counter electrode and is preferably of sufficient size to completely cover the
working electrode. Thus, during displacement from one solution to another, the working
electrode is protected from damage caused by an uncontrolled electrode potential, from
drying out, and from formation of contaminations. By means of the present method it
is possible to perform the electrolysis step of the analysis in the sample and perform the

stripping step in another more appropriate solution.

Fig. 2
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15 el ectrolysis step with the nmeasuring area contact- ing at |east
part of the sanple solution, char acter i zedin placing the
sanpl e splution in a sanple container, and contacting the el ectrode device
with the sam 20 pl e solution by dipping the el ectrode device into

t he solution, the measuring area of the tzgftrode devi ce being | ocated at
an outer surface and hav- ing a surface acter appropriate for retaining
an aqueous sanple residue at said surface in an 25 anount sufficient
to maintain electric contact between the working el ectrode and the contact
point for the reference el ectrode and the counter electrode after renoval

of the el ectrode device fromthe sanple solution. 30 2. Method according
toclaiml, char acteri zedin, that the sanple residue retained
at the measuring area-surface of the electrode device_conpletely 111111
111111 1111111111111831 29 o
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covers the part of the working el ectrode opening into the neasuring area.

3. Electrode device for use in the nethod according 5 toclaiml1l or 2
conprisihg an el ectrode body car- rying a working el ectrode, a reference

el ectrode, and a counter electrode, and further conprising a neasuring area
i nto which the working el ectrode opens gggsgherein at | east one contact
point for 10 the reference electr nd the counter electrode is
located, c har act er i zedin, that the eletdode device is a

di ppi ng el ectrode device, and 15 { & neasyw\ng area i s | ocated
at an outer surface and has a suy ate for gget ai ni ng

an aqueous sanpl e residue at sai/d/surfact [_zn anou Icient to
mai ntain el'ec- tric contact be ii g el ect O and the 20
contact point for the referenge/el ectr : ;d% he count\el\ ¥l ectrode after
removal of the electrode dew/gg fromtp gj"t’ sol uti oN.\A. El ectrode
device according to claim 3, 5 = -:5%(:t er z ed in, that
t he working el ectrode is so ggparat ed {8 >ﬁ¥$o 8 apld\r ef erence
el ectrode that the work- 18 Al 17
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I ng el ectrode does not open into the same space as the other two .
electrodes 30 5. Electrode device according toclaim4, char acter
i zedln, that it conprises a hollow el ectrode body filled with an
electrolyte fluid, in which body the reéi €§3 erence el ectrode and the
counter electrode are 30 located in 4 ct contact wth the electrolyte
fluid and wherein the rking electrode is located insulated fromthe

el ectrolyte fluid a ot her el ectrodes, 5 that an electrically

conducting ligwd ju means Iocated in the electrode devi ce
[ iny ele sai iquid juncti nean ext endi
of thﬂP(T;ctrode ggt"EﬂLo t he 57 59
el ectrode body, thus form g an e ectrly/*ﬁ
e T =

fromthe neasuri
con- 10 i Ned in\thE
connection fromthe nmeajuriing area to the el ectrol e
sanpl e residue rethi at {t he nmeasuring
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area is in direct contact with the working elec- 15 trode and at
| east a part of the liquid junction nmeans. 6. El ectrode device according

toanyQ'fcIalnBS-S,characterizedin,20 that the
part of the working electrode opening into the neasuri ng area of the

el ectrode device conprises a glassy car b(Zp/grrponent . Electrode device
according to any of clainms 3 - 6, 25. haracteri zed in,

that the counter electrode conprises an Ag wire. 8. El ectrode devi ce

according to any of the preceding clains, 30 . characteri ze
d in; that the reference el ectrode conprises an AgCl coated Ag wire or a
cal onel electrode. 9. Electrode devi ce according to claim3, 35 c h

aracteriz&gd in, 31t ,? 2legitloge b conprises a
5 the worklnge /&deo g;ze gjf%e el ec- trode, and

substrate upon whi G
~the counter el ectro_ole are printed by@, }
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means of filmtechnique, 5 that said substrate has a slot formng the
measut: .ing area of the electrode device and into which said electrodes
open electrically insulated fromeach other, and that said slot is

configured to retain a sanple 10 Be: gue in direct contact with each
of said elec- trodes. 10. El ectrode dev Z ccording toclaim9, c har.a
cteri zedin, 15 "that said substrate is nmade of pol ycarbonate,

that the working el ectrode and the counter el ectrode each conprises a
carbon filmand that the refer- ence electrode conprises a silver film IL

% 4 %
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