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ELECTROANALlTICAI... VOLT.AMMiTRIC CRLI. 

Fjeld of the Invention 

This invention relates to au improved voltammetric cell suitable for 

industrial use, and particularly for the analysis of sample solutions 

having extremely low concentration. 

Background of thl Invention· 

Electrochemical detectors and voJtammetric cells are known in the a:rt 

and have been \188d with success for the analysis of tlowing solution in the 

laboraLory. Two-electrode and three·electrode cells are known. The 

tbree·electrode cell comprises a wmkiDg electrode, a eounter-electmcle and 

a reference eleetrod.e which has the function of establishing and 

maintaining a constant potential relative to the working electrode or the 

sample solution. The sample solution is flown continuously tmough the 

cell. In principle, the electrodes may be d'ect.ed by poisoning due to 

absorption with nsulting passivation and loss of signal In omer to avoid 

sv.cb poisoDing, the dropping mercury electrode has been adopted iD many 

such cells. 

USP S,922,205 describes the basic structure of a voltamnietric cell. USP 

4,188,822 cliscl.oses a structure of allielded dropping mercury cathode. 

USP 4,260,487 descrlhes a «hopping mefe\lry electmd.e which comprises a 

reservoir for liquid mercury, a mercury·capillary at the outlet· end of 

which mmcury drops are formed. and a valve for selective air-purging 
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pa66age of mercury from the resem>ir to the inlet encl of the capillary. An 

aut.omated polarographie cell is described by C.N. Yamitzky in.Analytieal 

Chemistry, Vol. 57, No. 9, August 1985, p. 2011-2015. 

The efficiency of polarographic cells of the a:fol'esaid type depends on the 

combination of a number ·of structmal and functional features. A fully 

satisfactory combination, providing an inclustriall.y efficient such cell, has 

not been achieved so far in the art. The cells which are automatic and 

also on-line are expensive and not adequately efficient. In many casest 

· the prior art ce1la use a solid electrod.e which becomes polluted with time, 

so that the cell ceases to be reliable. In on·line, in-flow cells. the signal 

obtained is often proportional to the Reynolds number. Becauee of this, 

attempts have been made to desip small cells. ~ving high Reynold& 

number, comprising meaDS fi>r producinr and controlling the dropping of 

the mercury electrode. Such means. however, being complicated and 

unreliable. Other cel1a are objectionable in that they :reqme a very large 

. volume of the sample solution. with resulting waste of time and 

chemicals. 

A problem. that is often encountered in the operation of voltammetri.c 

cells, both having chop m.ercuzy electrocle and other electrodes, such as 

gold, platinum, glassy cu:bon etc.. relates to their use :tbr the analysis of 

sampl8 solutions having an extremely low concentration. If the 

concentration fallB to below 10 parts per billion. e.g., reaches the order of 

magnitude of tenths of puts per billion, a method known as stripping 
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analysis must be used. This method involves passing an. electric current 

through the static mercmy mop electrode (SMDE) d.ming one to three 

minutes. so that the cationic material that is being analyzed accumulates 

in the static mercury drop. as would happen in D01'Jll8l electrolysis. 

Thereafter, the anio~t of material that has accumulated in the mercury 

drop is measured by measuring the current which passes between the 

mercury drop and the counter-electrode. Using this method requires 

extremely efficient mmng of the sample solution in the 20ne between the 

electrodes, which is difficult to achieve in small cells. 

It is a purpose of this invention to provide an electroanalyti.cal. 

voltammetrlc cell, which is free from the drawbacks of the prior art cells. 

It is another object of the m.venticm to pxovide such a cell which is sllita.ble 

for the analysis of sample solutions havini an extremely low 

concentration. 

It is a further object of the invention to provide such a cell in which a 

perfect mixing of the sample solution is obtamed in the zone between the 

counter-electrode and the working electrode, p8l'tic'ulazly for tba purpose 

of cerying out stripping analysis. 

It is a still further purpose of the invention to provide all of the aforesaid 

features and adva:a.tages with a strUCtUre that is sb:D.ple, reliable. 

inas.pensive to make and durable in opemtion. 



----------- ------···--·-------·------·----------- -·- - --- -· 

W0961l5118 PCTIEP.Hi/01795 

iiilifif 
Other purposes and advantages of the invention will appear as the 

description proceeds. 

SuJlllllaryofthelnyention 

The voltammetric cell, according to the invention, ia characterized in that 

vi'brator, particularly a magnetic vibrat.or, is provided in the space 

between the counter-el.ect.mde and the working electrode to vibrate as 

desired in order fully to mix the sample solution in the space between the 

aforesaid two electrodes. When the vibrat.or is a magnetic one, it is 

actuated by an external magnet. 

In a farm of the invention, the working electrode is a static mercmy drop 

electrode (SMDE). 

The cell aeco:rdlng to the invention may, but need not, embody. besides 

the improvement provided by the invention. other im.p:rovements over the 

prior art as described in O\U' copending application, :&led together with 

this application (Attorney's Docket No. 8428194), the contents of which are 

entirely incorporated herem by reference. 

Correspondingly. the invention provides a method of voltammetri.c 

analysis, comp:rising the steps of 

providing a valtammetric cell havinc a working electrode, a counter. 

electrode locat.ed below said working electrode, and a reference electrode; 
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feecliJlg the solution stream to a space between said working electrode and 

said counter.electrode; and 

exerting on the solution, in said space, a vibratory stirring action. 

Brief Descrlntion of the Drawipga 

In the drawings: 

- Fig. 1 is a schematic representation of a voltamm.etric cell comprising 

an embodiment of the invention, seen in vertical cross-se~ 

• Fig. 2 is a detail, at an enlarged seals, of the part of the apparatus which 

comprises the elements that constitute an em.bodim.ent of the specific 

improvement of the invention;and 

- Fig. a is a diagram. showing the increase in the peak of the eunent 

meassmed between the working electrode and the counter-electrode due 

to an application cf the invention. 

Detailed Des~iption of Prererred Embodiments 

The electroanalytical apparatus illustrated. in Fig. l comprises a SMDE, 

but, ns has been said, the working elect.rode could be of any other type, 

such as gold, platinum., glassy carbon, etc. 
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Said apparatus comprises a cell pqer that is generally indicated at 10 

and which comprises, starting at the top, a mercury reservoir 11. From 

reservoir 11, mercury flows to capillary 15 which passes through a 

stopper 16 of a suitable elastic matter, which closes the top of the cell 

body, generally indicated at 17, said cell body being preferably made of 

glaes. A mercury drop 18 is fmmed at th& end of capillary 15. Below the 

zone at which that drop is formed, the cell body 17 mrms a pipe portion 

19, which is full of sample solution. The sample solution is retained at 

the end of eaid pipe portion, because this latter sinks into a st.anding 

mercmy mass 20. Said mel'CUZ7 mus, together with. platinum wixe 21, 

one end. of which is immersed the%8m, constitutes the comiter-electrode, 

and iii contained in a reservoir 22, which is provided at its top with a 

stopper 28 through which pipe 19 passes. The reservoir 22 is connected 

with an outlet pipe 24. The mercury contained in the drops, which fall 

through pipe section 19 to Hservoir 22, are added t.o mass 20. 

Concurrently, mercury over:tlows from reservoir 22 aud is discharged 

through outlet 24 to sump 25. 

A vacuum pump, not illustrated but schematically indicated at 26, applies 

suction t.o the cell through an exit pipe 27, which is connected to ez:i.t 28 

ibrmed in the body 17 of the cell. The cell body 17 is provided with 

another ~t, 29t which is closed by a cer.mrlc body SO and leads to the 

reference electrode 31. such as a. calom.el electrode. 
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In this apparatus the sample solution is deoxygenated by means that will 

now be described. Said means embody improvements which are described 

and claimed in the aforementiODed copending application (Docket No. 

3428194), but are not part of this invention, though it is desirablde to 

apply them together with those of this invention. This invention could be 

applied to any other voltammetric cell. in which oxygen is not ..removed. 

from the sample solution, or is removed by any suitable deoxygenation 

means, such as are known in the art or could be devised by &killed 

P.ersons, without in any way departing from the present invention. 

In the apparatus illuatratecl, therefore, a source of nitroge~ such as a 

pressure tank, not shoq, is providefL as schematica.ll3( indicated at 84. 

The sample solution, containing the electrolyte to be anal.yr.ad, is fed to 

the apparatus tbrough inlets 40 and 41 It ia dawn in.to the inlets by the 

vac'QUJD. applied to the cell, or by a peristaltic pump which feeds it to said 

inlets1 or both. Through the said inlets, the solution is led into the 

stripping conduit, indicated in this embodiment as pipe 42, while. nitmgen 

is fed to the same conduit through pipe 43. The pressure of the nitrogen 

prevents the solution from :rising into pipe 43. Thus, the sample solution 

flows in a thin layel' on the inner surface of pipe 42, while nitrogen flows 

centrally of said pipe; 8l1d axygen is removed from the solution and 

becomes mixed with the nitrogen. Pipe 42 reaches its highest po~~ 44, 

and then continues downwardly to an outlet 45 where it branches out into 

an upper ot' gas brcch 46 aud a lower ot' liquid branch 47. At the outlst 

45, the sample solution becomes sep81'8.ted from the nitTogen stream. 
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This latter flows upwardly through branch 4.6, while the sample solution. 

flows downwmlly thmugh branch 47. The nitrogen flows into the body 

17 of the cell, around memmy capillary 15, and out of it through U':it 28 

and pipe 27, to vacuum pump 26. The sample solution enters the cell 

body 17 at the inlet 48, situated between the mercury drop 18 and the 

pipe section 19. It is trapped in said pipe section by the mercury mass 20 

and fills it completely, covering platinum elemmde 21 and completely 

filling the space between the mercury mass 20 and the mercury drop 18. 

It then flows upwards over the mercury capillary 16 and fi.nally out of the 

cell body 17 through outlet 28 and pipe 27, falling tbexefrom into sump 

25. Means. not shown and conventional. are piovjded for applying a 

potential between. the mercury CODtained in reservoir 11, and therefore 

the mercury drop 18, and the refemnce electrode 81·32. 

According to the invention, between the working electrode, in ~ 

particula? case the SMDE, and the eounteHtlectrode, and approximately 

at the level of the inlet 48 into the cell body, a small magnet 60 is 

provided. This can be 'fibrated by means of an outer magnet 51 and will 

therefore mix the sample solution in the space between the working 

electrode and the counter electrode, whenever this is desired. These 

elements a:re better illustrated, at an enlarged scale, m Fig. 2. Numeral 

52 indicat.es an oscillating lever on which magnet 51 is mounted. Lever 52 

is pivoted at 53. A mt8l'y element1 schematically indicated as a disc 55, 

actuates lever 52, through a cmmecting rod 54, t.o oscillate about pivot 58, 
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thereby causing magnet 51 to oscillate and draw magnet 50 into vibration 

within the solution contained in the cell body. 

Fig. S illustrates the improvement produced by the application of the 

invention in the oPeration of voltammetric eell. It shows a diagram 

wherein the abscissa is the applied potential refe:n:ed to Ag/.AgCJ., in volt.a, 

and the ordinate is the cuneut measw:ed between the working and the 

counter-electrodes. in nA. It is seen that when the solution is stirred by 

vibration. according to the invention. a current peak of 700 nA i& 

measured, whereas if the vibration is atoppedt the peak drops down to 

only22nA.. 

While an embodiment of the invention has been described. by way of 

illustration, it will be appuent that the mventioJl may be carried out by 

persons skilled in the art with many variations, modifications and 

adaptations. without departing from its spirit or exceeding the scope of 

the claims. 
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CLAIMS 

1. El.ectroanalytical. volt.ammetric cell, chamctemed in that it comprises 

a) a cell body housing a count.er-electrode and a working electrode ; 

b) means ibr causing a sample solution to flow through the eell llllCl to ml 

the space between said counter-electrode and said working electrode; and 

c) a vibrator provided in said. space between the aforesaid two electrodes, 

to vibrate in order fully t.o mix the sample solution in said space. 

2. Cell according to claim 11 wherein the vi'brar.or is a magnetic VI.Drat.or. 

·a. Cell according t.o claim 2, comprising an external magnet tor actuating 

said mapetic v.ihrator. 

4. Cell according to any of claims 1 to 3, wherein the working electrode is a static 
mercury drop electrode. 

6. Cell according to any of claims 1 to 4, wherein the counter electrode is located 

below the working electrode. 

6. Method of voJtammatric analysis, comprising the steps of 

providing a volt.JU1UDetric cell having a counter-electrode, a working 

electrode located below said coun~lectrode, and a ?eference electrode; 

11111111111111 lllll lllll II llll 
* C L M S * 

• 

• 



- - --------- --·------------------ - --

W096135118 PCTIEP96/0179S 

-11-

feeding the solution stream to a space between said working electrode and 

said counter-electrode; and 

exerting un the solution, in said space, a vibratory stirring action. 

7. !\4'.ethod a.cconling to claim 6, comprising exerting the vibratory atiniug 

action by means of a magnetic rod actuated from. outside the cell. 

8. Electroanalytical, voltammetric cell, substantially as described and 

illustrated. 

9. Method. of voltammetric analysis, substantially as descn"bed and 

illustrated. 
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