






304 B. Levich 

dence of the limiting current on the rate of flow is in a good agree­
ment with the theoretical conclusions. 

The df'pendence of the limiting current on the coefficients of 
diffusion is in general rather complex. In the case of a binary electro­
lytethe limiting current, according to formula (42) section 3, varies 
inversely to the 1/3power of the effective diffusion coefficient D and 
is proporLional to the diffusion coefficien t of the ions which calTY 

the current D I • 

If differen t kinds of the ions are represen ted in the solu lion, 

lhis dependence if> still more complicated. 
Since, however. the diffusion coefficients of different ions, with 

the exception of ions H
3
0+ and OH-, differ from each other to a reI a ­

tively small degree, we may approximately consider that the 

limiting current jlim is proportional to 
ilim "-' DO.GO. ( l) 

Such a dependence is in a good agree~ent with Eucken's mea­
"llrements reported in the work refel'l'ed to above more than onr.e, 
and also with Kin 2;':'0 data 0n dissolution of metals 16, in which 
there was observed a proportionality bet\\eell the l'attr of the difiso­
lution and the diffusion coefficients of different ions to, the power 
of from 0.7 to 0.83. Although the power 0.83 is Loa large, we ought. 
to beari n mind that the diffusion coefficients depend on the COll­

(\cntration of solution, and in certain cases, as, for instance. in the 
case of HCl, change considerably in the pl'esence of salts, so tha t 
the accuracy of the~e experiments is not high. 

The dependence of the limiting current on the Yiscosity in the case 
of a laminar flow may be represented by the semi-empirical formula 

• '1 
!lim"-'./Io' (2) 

Indeed, according to formulae (46) sect,ion 3 the limiting curr­
D"13 

en 1. varies as fUm"""" -1-/ . On the other hand, however', with the 
'/ 6 

change of viscosity the coefficient of diffusion also changes, arroJ'­
ding to the empirical law D·fL=const. 

Inasmuch as the density of the fluid changes with the temperature 
only to a very small extent, one may approximately consider that 

D ",-,~, whence the formula (1) given above is obtained. 

The Theory of Concentration Polarization :10:' 

Formula (1) is in a good accordance with Lhe data obtained by 
King 17 when dissolving zinc in an acid, The viscosity of the solu· 
tion changed by adding sugar. It was found then that the rate of the 
dissolution varies approximately inversely to the viscosity. Taking 
into consideration the relative roughness of the experiment, it seem,; 
scarcely possible to distinguish between the powers 5/6 and unity. 

The measurements of the dependence of jlim on the temperature 
may be used only for qualitative conclusions as to the nature of the 
factor determining the rate of a definite heterogeneous reaction bu I 
not for quantitative judgments as to the dependence of jUm on the 
eoefficients of diffusion or on the viscosity of the solution. 

The rather slight dependence of the rate of heterogeneous reactioll 
on the temperature shows that the rate of reaction is limited by the 
supply of the substance to the region where the reaction takes place, 
but not by its kinetics. 

Because of the sLrong- dependence of both quantities, entering 
moreover into the expression for jUm in a complex comhination, i [. 
does not seem possible basing on the temperature dependence to draw 
any conclusions as La the proportionality of i Um Lo some power of 
the diffusion coefficient or viscosi ty. 

From all the above said we may conclude that the theory of the 
diffusion boundary layer developed above is in a good qualitative 
[lg'reemenL with the experiment. However, as far as the quantita­
tive compa1rison is concerned, we have succeeded ill doing it only for 
Eucken's experiments~. In these experiments the current passed 
between two platinum electrodes in a solution of Kl and KCI in the 
presence of 1-, Br-and HsO+ playing a role of depolarizing agents. 

One of the eleetrodes was represented hy a resting plate of larg~ 

dimensions, so that the current passing through the solution was 
always small as compared with the limiting current to this plate, 
therefore it was possible to neglect the polarization phenomena on 
this electrode. 

The second electrode was a plate 0.28 cm. in height and 0.089 em. 
in width. The stirring was realized in Ihe following manner: past the 
focond electrode there moved the extel'ior wall of the cylindrical 
vessel containing the solution and Lhe electrodes, The distaJll:e bet­
ween the electrode al1d the moving wall varied from 0.05 up to 0.4 cm 

17 Kin g, J. :\mcl'. Chem. Soc., 57, 828 (19%).
16 Kin ~ and H 0 \v a I,d, . Ind. and Eng. Chem., 29, 75 (1937). 
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and was t.hus always gl'eater than the corresponding thickness of the 
boundary layer. The Reynolds numbers of the flow did not exeeed 
Re",104 

• Here, as is emphasized by Eucken, the flow past the plate 
remained strietly laminar, so that for the limiting current for­
mula (12') section 4 may be made use of. Table 1 sho\\~s that between 
the theoretical and the experimental values for the limiting current 
there is a wholly satisfactol'y agreement. 

Tuble 1 

The dependence 01' the limiting curTe.lt on thil 
anA""lal' velocity 

[ilL = H8. 3, J c,,]c= I. 33 X 10-4 A, J l,J1S= 1. 1;) x 1O-4A; 

''',= 10.:1. .1,."",=0.671 x 10- t A, J ulls=O.685x 10-4;\ 

_. _. _.=­

(.Teale)l (J ObS);WI 

lU~ (.lcalC) ~ «~),I 
1. 1ft 1.091.27 

1. !'if) I, 1. 22 1.1:l 
1. ::I;)2.::19 1. ::if! 

It ought to be observed that because of probably accidenl<ll 
causes, just as lood an agreement exists between the undoubtedly 
incorrect theol'etieal formula of Eucken himself and his experi­
mental data. 

As far as the quantitative eomparison of the above results with 
other experiments is concerned, this eomparison is restricted, as has 
been pointed out more than once, due to the differences in geometl'ical 
conditions. 

Howevel'. in spite of this, the agreemenL between the theory and 
the expe['imental data turns out even more satisfactory than might 
have been expected. Thereis, in particular, a quite good quantitative 
agreement with Nernst and Merl'iam's experiments 2 • These aLlthol'~ 

give for the thickness of the diffusion layer the empirical formula 

0" = 0.05 
ZO.U 

The TlJCory or Concentl'ulion Polul'b:utioll :~07 

In the range of the number of ['evolutions Z pointed out this 1'01'­

mula is in a good quantitative agrecment with formula (<'15') section :·L 
Sllmlnarizing all that has been said, we a['e able to conclude that 

the exposed theory is in a very good agrecment with the experiment 
However, .<1 precise experimental study of the phenomena of con­
centration 1Jolarization in a wide range of Reynolds numbers and sim­
pIc geometrical conditions, allowing to establish decisively the 
quantitative asreement between the theory and the experiment, 
is highly desirable. 

I n conclusion I wish to express my deep gratitude to Prof. L. Lan­
dau and Prof. A. Frumkin for interest in this wOl'k and valuable 
discussions of the results, 

Appendix to sertion 3 

The integral I~ is equal 
1 

1 - S rli - __ 
; - . - I'.. ( (I) 

o n2! [Je-(I3+~t4+''')dt+\'e-(IJ-t1l141'''')dtJ+c" 
(n2 - nl)Dlc ~ 0 

II';' 1I 

In the last integral the denomina Lor never exceeds LI ni [.y. TLtere­
fore, the exponential funct,ion may be developed into series and 
we have approximately: 

(0) 
c(n, - Ill) cDl 19 - n j'o'

2 
21 ~ n,i c(O) + (n~ _ Ill) Die 

where dO) is the value of c at z = 0 [in the plane of the disc, 
see (29') section 3]. 

Evidently, in the same approximation we have 

n2t8' ~ c(l) ,C(") --1- ) D C 
(II, - n l 1 

so that 
c(O)

(no - n l! cD L 19 dO.I" :::::. 
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where Z is the number of revolutions, which amounted to severa I 
h Ul1dreds per minute in these experiments. 


