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The technique and advantages of using stationary platinus elccfrodes
for making automatically recorded measursmsnis with the polarograph have been
discussed in a previous erort (2). In that paper it was pointed out that
because the diffusion current is proporticmal to the slectrode area, larger
electrodes are more suiteble for the analysis of very dilute solutions than
the usuel miercelectrede. Similerly, Eolthoff and Lingene (1) and Skobsts
and Kachsrova {2) have pointed out that the larger diffusion current result-
ing from the uses of a rotated electrode as compared to a stationary one, gave
the former an advantege of greater sensitivity in the analysia of very
dilute solutions. It 18 the purpose of the present paper to compare the
data obtained from a dilute solutiom for a large statlonary electirode with
those for a rotating microelsctrode.

The rotating electrode used in this study wes similar to the one
Kolthoff and Lingense described with the exception that a set screv was
added to the bottom of the shaft so that the platinum wire could easily be
replaced. The electrode was coated with ceresin wax several times and the
platimm wire scraped to expose about 2.5 mm. of clean wire. The stationary
electrode was a 2.1 cma platinua foil sealed in e soft glass tube which was
£ille” with mercury to facilitate electrical contaet.

About 30 ml. of solution, vhich had boen deesrated. 15 minutes with
axygen-fres nitrogen,was polarographed. The potsntials in sach case were
measured ageinst an outside sat.rated calomel electrods (S.C.E.).

Using 0.1 M HCl, a comparison ves made of the residual currents
(i.e. blank runs) for the two elsctrodes by staxting at zero potential and
nroceeding towards negative potentials until hydvogen was svolved. An analogous
wave w.u obtained by stariing at zero potential end going toward positive potentials

until oxygen was evolved. Composite curves were constructed for esch electrods



and these are shown in Figure 1 as curves Y and II.

If, instead of starting at sero potential and going negative, one
started at a potentiel vhere the oxygen was being evolved, the curve for the
stationary electrode did not coincide vith the one described above. Through-
out most of the region of positive potential the residual eurrent in the
latter case was opposite in sign but of the same order of megnitude as that
current found when the potential was applied in the opposite directicn.

Curve IIY in Figure 1 is a representative exampls. .A comparison of curves I

and IIT in Figure 1 illustrates how errors cen be introduced into a series of
@nalyses if & new blank is not run vhen the direction of polarization is changsd.
The irregularities shown in the curves for the stationary electrodes are

coammon to this type of slectrods. The larger size of the elecirode and the
residual current merely tended to make the frregularities more conspicious.

The sign of residual current for the rotating electrode also deperds
upon the direction of polarization. However, the differsnces are less conspicious
because the residual current is much smaller, being in the order of ome-tenth
microampesre or less.

Another comparison of the two types of slectrodes were mede by
recording the curves for two ioms with eech electrode under conditions of an
actual analysis. One set of curves for the reductieh of silver ion is 1llustyat-
ed by Figure 2. A similar set of curves for a solution of ferric icm is shown
in Figurs 3. (The curves have not been corrected for IR drop). The figures
indicate that although the particular stationary electrode used in this study gave
a larger diffusion current than the rotating electrode, the results from the
rotating electrode wvere easier to interpret because of the smaller residual eurrant,

the sharper initidbroakinthndapuitimcurvoandthounmwlmoora
nazimum.

The better overall definitionm of s curve for the rotating slsctrode
facilitated the determinstion of the half-veve potemtial in very dilute solutioms.



Figure 1

A comparison of residual currents obtained with a statiomary
platinum electrode and a rotated platinum microelectrode in 0.1 M HCl.

I. Rctated microslectrode with the potentials started at
zeroy 0.050 cm® area, 600 r.p.m.

II. Stationary electrode, 2.1 ew® in area, with the potentials

started at zexo.

III. Stationary electrode with the potential started at
spproximately 1.3 V.
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Figure 2

Comparative curves obtained with a stationary tinum slectrode
and a rotated microslectrode for a solution of 5.0 x 102 M AgNO3 in O.1 M xno3
and 0.01% gelatine at pH k.0.

I. Stationary platinum slsctrode, 2.1 cw? in area.
II. Blank (residual current) with stationary electrods.
III. Rotated platinum microslectrods, 0.050 cu® ares, 600 r.p.m.
IV. Blank (residual current) with rotated microelectrods.
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Figure 3

Couparative curves cbtained with a stationary platinum electrode
and a rotated platinum microeslectrode for a solution of 5.0 x 10~%* M ferric
chloride in 0.1 M hydrochloric acid.

I. Stationary platinum oloctrddo, 2.1 cna in area.

II. Blank (residual current) with statiomary electrode.
III. Rotated platimm microelectrode, 0.050 cu® area, 600 r.p.m.

IV. Blank (residual current) with rotated microelectrode.
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Pigure 4

Polarographic maximum obtained with a rotated platinum micro-
electrode in a solution centaining 5.0 x 10-5 M mo.luno3ma
0.01% gelatine at pH 4.0. Rate of polarization was 4.65 av/sec.
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The veluves listed in Teble I for different concentrations of silver were in

fair sgreement with those predicted from earliier data.

Table I

Half-Wave Potentials for the Reductiom of

Silver Ion in 0.1 M KNO3 at pH 4

Obtained with a Roteted Electrode.

Conc. of E 1/2 Ve (vs. S.C.E.)
AsW03 Cale, Exp.
=4

5.0 x 10 M. 030 0.31
0.31

5,0 x 10™7M, 0.24 0.2k
0.25

5.0 x 10"6Ma 0.18 0,17
0.16

In conclusion; it is interesting to note that durirg the course of :

the sbove study maxima unexpectedly appeered in some of the curves of the rotet-

ing eolectrode. Many of the maxima were relatively

and they were f,gtton immediately

preceded by an inflection in the polarographic wave. Figure &, Although

the maximm meay be dus i-directly to the discharge of silver it is more probably

the result of a brief discharge of hydrogen.

Support for that type of process

is Curve II in Figure 1 which shows a similar but 1»3 striking meximm that

vas Tound in the oxygen wave.
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