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Periodic oscillations generated in nonpassivated electrolytic systems with a falling characteristic {1-4] are dis-
cussed below. Autooscillation properties predicted by theory [3, 4] have been experimentally confirmed. The de-
pendence of the autooscillation frequency on the system parameters (layer thickness 1 at the electrode, concentration
c of the discharged substance, potential v applied to the terminals of the electric circuit embracing the electrolytic
system to be studied and a series-connected resistance R was studied with reference to the above properties. Therange
of parameter values at which autooscillations occur, will be called the autooscillation range. If all parameters ex-
cept one are fixed,the autooscillation range will be designated by A I, Ay, etc.

We shall first simplify the derivation of the quantitative relationship without violating the essence of the phe-
nomenon. Let us consider the effect which the capacitance of the electric double layer has on the oscillation period.
This effect manifests itself in two ways. Firstly, jumps of the states with a low consumption to states with a high con-

sumption of the discharging substance and vice versa, as occur in
autooscillations, do not happen momentarily, but take finite times

a Tmaz c needed for overcharging the double layer, These times are ap-
““““““““““ 7] proximately equal to or even shorter than {4] the time constant

(. b , of the system. In calculating the period T, the capacitance C of

s & the double layer can be neglected only if the time constant T =RC

q . 5 —I l—'j of the system is much smaller than T. In practice, the T/T ratio
L il e L i is, usually, of the order of 100-10, Secondly, the period is de-

f | min | Ploin termined by the change (AQ) in the amount Q of substance in the
PT 7 PTna - e layer near the electrode and by the rate at which this change is
maz Tmin realized in the two stages of the oscillation. Some fraction §Q

Fig. 1. of the amount AQ participates in overcharging of the double layer,

and the capacitance of the latter can be neglected only if 5Q is
small when compared with AQ. Using the known oscillation amplitude, it can be easily verified whether the above
condition is satisfied; 6 Q usually amounts to 5-20% of AQ. Below, the two conditions are considered as satisfied.

We shall further assume that the substances to be discharged are transported to the electrode by diffusion. This
is realized when an excess of foreign electrolyte does not smooth out the falling region in the characteristic of the
system. If no foreign electrolyte is present, the relationships derived below are only approximately valid. The time
in which the concentration near the electrode ¢ = (0, t) changes from one extreme value (for instance cpax) to the
other (¢mip) will be called the duration of the oscillation stage, in accordance with the autooscillation scheme in
paper [3]. Let p be the ratio between the duration of the stage of maximum current (¢ falls) and the duration of the
entire period T. Instead of the current density i(t), we shall consider the corresponding concentration gradient q(t)
of the substance to be discharged:

g(ty=20c/ox (0, §)=1i({)/nFD (1)

(nF is the amount of electricity per mole, D the diffusion coefficient). The experimental values of cmin. Cmax.

dmin, Amax and also those of quj and q, in the periods preceding the transition from one oscillation stage to another
(Fig. 1a) do not depend on the oscillation frequency, and are determined only by the characteristic of the system and
by the parameters v, r = RS (S is the electrode area) [3]. The values of 4pins 9max> 9mi» 20d dma can be found di-
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rectly from the experimental oscillogram. Sometimes it is difficult to distinguish the point corresponding t0 qpy,
because of the extreme steepness of the current drop, whereas the points corresponding to qp.. . dmax and g, are
distinctly visible in q(t) oscillograms.

‘We shall discuss one of the methods for determining q,,,. According to [3, 4], the conditions

a) qma>(E"—len)/1,
b) q”u‘<(c‘_cmax)/l (2)

(the rate of discharge must predominate in the first stage and the rate of supply in the second) are necessary and suf-
ficient for autooscillations to occur in the system. Cpj, and q,, depend on v [3]. The value v = vy at which con-
dition (2a) is violated by becoming an equality constitutes the left limit of the oscillation range Av. Hence, q;,,

(v, ) is identical to the value (c-cmin)/l of the gradient in the stationary distribution. In consequence, the corre~
sponding value of the stationary current, which is easily measured near the left boundary of Av, also yields the value
of q ) when (1) is used, Now qp,(V) is easily determined at any v value within Av; in fact, the left boundary
of Av can always be displaced to any given v by reducing 1

[4]. Knowledge of q.,,; and qs makes it possible to distinguish
the two oscillation stages in the current versus time oscillogram
and permits a determination of p.

ma(Vp

Let the values of dpin, 9max- 9mi- 9ma» A€ = Cmax -
e ' Cmin and p be known for a given system. Then, the period T
/ lies in between the periods Ty, and Ty, which would be
4 shown by rectangular variations of the same Ac and p oscillating
L~ b~ A.__.ﬁ with amplitudes Adpy,jp = dma = 9mi 27d Admax = dmax = 9min
(Fig. 1b, c). The following relationship holds for the frequency:
Now we are faced
with the problem how to determine? (p) and, then, L(p), we get
the relation between? and ! in a parametric form.
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/,// od) and the variable concentration components u(x, t):

I —

ot u(x, t) =c(x, t) —c 4 { — X) gom: (3)
ic / Au=Ac,

Omitting details, we shall give a schematic derivation
of (p). Fist, the solution u = f(x, t, Aq, p, ) of the diffusion

0 ! 2 3 4 5 6 7 equation with boundary conditions
a:V]E—?I_—» -

5 em Jij odu/0x (0, t) = q (t) — Gom: (A)

["UJ u (l, t) =0. (B)

_— v
Fig is found. Then, uyax = max(0, t) = (0, tpyax, 24, p, V),
u,.. = min u(0, t) = £(0, tynin, Lq. P, ¥) and Ac=Au=f(0, t , 4, p.V)=£(0, tmin. &4, p, V). are determined.
min min: “q max min P

Solving for v, we thus find the desired result ¥(p) = W(p, Aq, Ac). The amplitude u(x, t) of the oscillations declines
rapidly with the distance from the electrode surface (x = 0). The distribution c(, tmm)/Ac, the stationary distribu-
max

tion (inclined straight line) and their difference u(X , typjn )/Au (the latter does not depend on qgp, and is determined
max-

by p only) are shown in Fig. 2 for p="/4, I= oo, c=o0, c/l= Gom ; already at A>2 u(A, )/Au=0,

i.e., condition (B) is practically satisfied for finite ! (the diffusion length was calculated with D = 107% cm?/sec, v

= 10 sec”!). This-case, where the effect of the right boundary (x = 1) can be neglected, is especially important for

practice. It occurs at

. 4
M= VDl >2 Y. <p<? @
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In the right-hand side of (3), I is still significant. Solving according to the above scheme for condition (4) gives
the formula;

D [%(p) AT _ v sin? (np)
()= 2 (S04 vt 000 - § 20

(Fig. 3a); 9(0)=¢(1)=0, maxe@(p) = ¢(Y/,) = 1,688254. If condition (4) is violated, then (5) still gives
the quantitative dependence of ¥V on p: v (0) =V (1) = 0; this is in agreement with the actual ¥ values. Using (5)

and the inequality valid for the frequencies, we find for the frequency of autooscillations of arbitrary shape (Fig. 1a)
that

D [o(p) Mmun |* _~ D [ (p) Amax]?
4?[? e | <viN<ty B x| (6)
Let us return now to the calculation of ! (p). We shall introduce the index m: da,, = (max+omin)/2,

where @ = ¢, u, 4. From (3) it follows that uy, = ¢, = ¢+ ! o at x = 0. For the same conditions for which (5) wa
derived, it can be found that )

_ 4 %P A, wh _ 1 < sin(2mnp)
Um = — 5 = Ac, wherey (p) = 2=1 o n

(Fig. 3b). In the case of rectangular oscillations: qom = qm +(2p =1 )Aq/z. Using
the equations for uy, and q,,,, we get

. a \ . - A "
1) = =3 5] [on 20— 0]
10
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Fig. 3. Fig. 4.

According to the definition of p. the values 1 (0) and ! (1) are the boundaries of the oscillation range Al . Their
exact values for oscillations of arbitrary shape are easily found from the conditions (2):

L(1) = (€ — €y ) / Gy <L <€ — Craan) Gz = L O). (9)

The boundaries of the Ac range are found in an analogous way: € > (4, Cmax = 9mi Smin)/(9ma = 9mi) = CA-
In Fig. 4 it is shown how the ranges Al and Ac are graphically constructed in (I , ¢) coordinates from qpp, Ama-
Cmin® Smax:C4 Is the concentration at the intersection of the straight lines starting from the points (0, cp,i,) and
(0, ¢;ay) With slopes q, . and qpy;, respectively. The relation between? and ! can be accurately constructed in
the case of oscillations. of rectangular shape. From (6) it follows that max ¥ (p) =V (1). From (8) it is found that
1(3)=(c- ¢m)/qm; the corresponding straight line in Fig. 4 passes through the points (0, cy,) and A. The functions
p(l) andV (1) are graphically determined by means of formulas (8), (5) and (9). So, near and beyond the boundaries
of the Al range, the autooscillation frequency? is zero; within this region, the frequency at first rises from zero with
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dgcreasing 1, attains a maximum and, then, drops again to zero, In the case of rectangular oscillations, the part
@l *) of the Al range where rises with decreasing ! is larger than the part (8 1 7) where it falls., In the case of osci-
lations of arbitrary shape (Fig. 1a), the frequency changes in the same way with I ; with increasing difference qmpax

= Qpip the inequality §lt >§1° becomes more pronounced.

The results obtained here are confirmed by experimental data, The function (1) at fixed v has the predicated
shape ([4], Fig. 3a, b, ¢, d). By way of example we shall estimate the order of magnitude of the autooscillation fre-
quency at a v value close to the right boundary of the Av range in Fig. 3a of paper [4] by using inequality (6). A
determination of the order of the frequency cannot be invalidated by such special features of the system considered
[4] like absence of foreign electrolyte and nonuniform potential distribution along the electrode surface. From the
oscillogram we find Aqmax = 2,96 + 10”3 mole /cm?, Agqpin = 1.33 ¢ 10”3 mole/cm® (the current density ima=38.72
* 1073 A/cm?® corresponding to q,;,, can be found by indirect methods one of which has been discussed above), p=0.25.
The Ac value for this case can be calculated from the ratio of the stationary current ig(vy) at the left boundary of Av
to the maximum stationary current iy (Vn): Ac(ug) =~c[l —ig (va)/ ip(Um)]; inFig. 3a of paper [4], c = 3.7
. 10" mole/cm®, Ac ~,3.7 - 1076(1 - 0,6) = 1.48 - 10~° mole /em®, D = 107° cm®/sec. Substituting these values in
(6), we find: 2.2 Hz < ¥ < 10.7 Hz. The actual value is ¥ = 5.5 Hz (see Fig. 3 of paper [4]). Approximating ! by
the thickness of the diffusion layer near the rotating disc €lectrode [5] at w = 5 rotations /sec, it is easily established
that condition (4 ) is fulfilled. '
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian joural. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to.
cover English translations appears at the back of this issue.
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