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:Interrﬁption of'thé.current is frequéﬁtly’uséd;tO‘assess ﬁhe
'magnitudé Q£ the éhmic potential drop which is.inqluded in thé measure-
mentvdf eieétrodé:potentiéls‘dufing the paséage vacurrent.. The valué
so measuréd‘cprreépOst ﬁo ﬁhe pri@aryicgrfent distéibution in thev |
electrodé‘éystem being ‘studied. | | |

Whén thé current is interrupted, the doubleFlayef capacit&'
is'lef£.¢ﬁaféed at the value preyailing lbcally. This'double-layef
capacity'méy thén be discharged by means of é faradaic réaction. The .

time conéfant for this decay of charge may be approximatéd'by

T, = RTC/FiQ- . . _ - (1)

-y

For an ekchgnge current density ié_of‘l mA/cmzzand a douﬁle;layer capécity

C of EO'uF/cﬁQ,'this equation yields T, = Q.Sl mseé at 25°C. The electrode

potential'méy subsequently shift»by.decay.df the coﬁcéntration overpotential.
Immediately after the current is interrupted, the.currénﬁ |

density is not necessarily zero everywhere. If the double layer was

nonunifoymly charged, current will flow through the'solution from one

partvof fﬁevdouble layer.t§ another in an attempt to make the state of

‘charge uniform. A characteristic time for this process is



-

Ty = rOC/K. | A» . -;.» ] B “ (2)

' where:ro:isiaelehgth characteristic of the'eiectrcdel‘_’The vaiue Ty = O.g_; v

:msec'is chtained_for r, = 0.25 cm;nCv= 20 Hf/cmg;fand7avsolution'con-'c o $

ductivity of 0.01 mhb/cm._ For an ideally i;olarizable electrode, this

3 trocess Wiil take precedence oﬁer decay by.a faradaic reactron and in

‘at least one- case obscured observatlon of double layer relaxatlon at

such an electrode.l’ | |
Let us ignore .for the moment the concentraticn ov_erpotential.

A ncnuntfcrmly charged double layer is associated with a'nonuniform

ohmic potential_drop-during'the passage of~current;‘ In suchvavcase;

what‘ohmicvpctential drop is neasured by an interrupter technique?

It mustﬂbe'SOMe average value which dces'not prevail everywhere on the

»electrode.t‘Since;,upon interruptiong'the doublteayer capacity renains

charged the potentlal Just out51de the double layer (relative to the

reference electrode) changes by a unlform amount over the entire surface

of thecelectrode,"Hence,.indepenQent of the current-density distribu-

tion pre&aiiing before interruption, the current density changes hy afiounts

which correstond tc a primary distribution, and the obserted,ohmic drop |

measured by the 1nterrupt1on corresponds to this dlstrlbutlon vv(Here

~the thlckness of the double layer is taken to be small compared to the ’ s

. size of the electrode, a condition which is unllkely'to be v1olated. ‘ - &

This allowsithe double layer to be treated as part of the boundary, being

charaCterized locally by its surface‘charée density and faradaic‘current

density. )
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A rotating disk electrode can be used to illustrate this

a general c¢h¢lusion; The cﬁrrent and potential distributions have been

worked' out under steady cohditions,3 and theﬂfrequency dispersion in

capacity_measurements has recently been trea,ted'LL for a disk electrode:

embedded in a large insulating plané. The pqtentiélv¢o Just Qutside'

the dqublé-layér can be represented by avseriésnih“Legéndre poiyhomials
[eo]

%%@é ) :E:Bn}één) :  ,  v_.1.,:‘ - _‘ | (3}

n=0"

where q:JJJ_- (r/ro) . (To be consistent with reference 3, the ' coef-

' ficient ZF/RT has been introduced; it will“cancel.but shortly.) By.

means of ﬁhe orthogonal property of the Legendre polynomials, the

coefficiénts‘Bn can be expressed as

B = (sm1) 2 [0 (n)p, (a)an - ()

In particular, the first coéfficientrBd can be related to the total

" current flowing to the disk

(5)

Eluj

1
ZF
RTf n)dn
O .
Tet quantities after interruption be'denoted'by primes. Then,

since the double-layer charge does not change instantaneously on

interruption,
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?here oD iébéonstant-over the disk and represénts the ohmic drop.measurea :

q;:\

'by'the interrupter technique. The value of'Bé must be zero sinée»the-

Jtotal cufrent‘is how zero. [Hence,
»'Bo'.—'_ 0= RTf .(q)o 48)an = RT (b,ro:c B M’)r T ()

" “Thus A@’= i/urox{ ‘The chaﬁge'in potenti§l and the reéistance A@/I
measuredvby the interrupter téchnique correspond to the ?rimary éurreht
distfibution.5 Suiféble allowance can be made for‘the‘positioﬁ_of the -
reférencé:éléctrode'ﬁrobe,5 and'%he COnclusion also remains valid for
othe£ eléctrodg'geometries.j (Except for BO,.the otheran'svwillrnot. 
~change at the ihstant of intérruptiona that.is, Bé =3B forn ='i;;2,...)
."'If may be noted that the cﬁrrent distribution will approximate
fhe'primafy distribution when‘tﬁe‘coﬁcentration and $qrfaqe ov¢¥po£entials"
are small“go@pared to the ohmié drop. In thié caée,'thé'intefruptef may
yiéld thé dééired valﬁe of thelbhmic'drop. On‘fﬁeIOther hand; when the'
éurrent”disﬁribution is more”néariy unifdrm,’fhe oh@ic ar0p will not be

large compared to the overpotential, and the interrupter may still yield

y(l

results .of satisfacﬁbry accuracy.
| df céurse, the value'meaéured by current interrﬁption will _ 'L

correqund to the ohmic potential‘drop to some point on thé electrode

surface;; On the basié of figure 1 of reference 3, one can estimaie_

that this point will be about 80 percent of the way from the center to
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edge of the disk. At this point the cufrent density will_be-apprbximately
equal to the average current density, and errors assoéiated with the non-

uniform current density and potential distributions at the disk will -

'largely_éancél if one associates the average current density with the

ohmicbdrdp_measufea by the intgfrupter teéhhiqué."

| The concenfrationfbvérpotenﬁiél will compliéate the picture
slightly...With an excesé.éf supporting eiecfrolyte; qondﬁctivity varia-
tions pr;)bab.l_';.y.make a negligible contribution to the ohmic drop. For
discharéé}of.ah iop from'a binary eleéﬁfolyﬁé; this contriﬁution is

larger but can be'estimatéd separately. The observed ohmic drop would

" not correspond‘exactly to .the primary resistance ih_thisvcase.

‘  MéIntyre'and‘Peck6 recently perfected a ‘short-time interrupter

- for uSe“uhder'pdﬁentiostatic conditions. For a rotating disk electrodé,

the ohmic resistance was observed to be independent of current. This

should be expected in view of the analysis presented hefe. It would be

desirable to compare: their value with one estimated from the disk radius

and the solution conductivity, with due allowance for the placement of

" the reference electrode and the size of the insulating disk in which the

electrode was embedded.
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