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Chemistry. — «The Application of the Theory of Allotropy to
Electromotive Equilibria”. V) By Prof. A. Smits and Dr. A. H.
W. Aren. (Communicated by Prof. J. D vax pEr Waars).

(Communicaled at the meeting of May 27, 1916).

1. Introduction.

In our preceding communication we introduced a new view of
electromotive equilibria, which is based on the assumption that the
electrons in a metal phase and in the coexisting electrolyte behave
as ions.

Starting from these suppositions we have discussed among other
things also the potential difference metal-electrolyte, in which new
relations were obtained.

In the derivation of these relations the case was supposed (first
case) that the metal was built up exclusively of metal atoms, univalent
metal ions and electrons. Now we will in the tirst place consider

‘the case that the metal consists of atoms,- v-valent metal ions and
electrons, after which we shall proceed to the second case that in
the metal there are . present by the side of atoms and electrons,
metal ions of -different valency. .

2. The metal consists of metal atoms, v-valent -

metal ions, and electrons.
The equilibrium between mefal and electrolyte can now be '
represented by :

4

Ms2 Mg + vl s

M'LZ M';J + 81,
We then get the two following relations for the potential difference :

“Mg- R

o A= R @O
and
e
A “og 'p % Tl @)
— vl — F
If we again split up the mol. thermodynamic potential as follows:
u=u 4 RTLC . . . . . . . (8)
and if we put:
yMé --y‘ui = RT1 In KM' N €]

1) In the 'preceding communication III had been erroneously put for IV.
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) 'we get in pelfect agwement W1th our fmeoomg commumcanon o )
. RT K (M S Lo T
A=—"T in—sl B RN () T
- .. vF : (ML) . T A
and A N
| , ‘RT, K%(8g). . 0 . o
A =-—1 [ e
) Fn_ 6y ~ 0 @ L
The last electxon equahon 15 of course the samie as fo1 aummlent | _ )
metal ’ : S o R S
If we now combme these two equatlons, We get e
T R K8y , K (M,
o A_2 F[vln f;( ) _p M__f S) L 8 T
| ‘-”R'z"fzf”a"‘- 01)
A— n 0 (9s) (L © '
T 21)F Kl (MS) : (ML) . -

If ‘We now. aga.m ‘write K 0 (63) = Kg = solubIhty elechons i ' L :
.. and [('M\MS) = K W= . nqetal ions, .- tfl L

" we get mstead of (8) and (9).: R B R

__fg__[ vin = Ko an” } S ey

. LT ar
or - SR o , 7
a= Rf[g - WOy
2k KM ,‘. (ML) o S
. The solublhty ptoduct is in this case: A o I

| L = (M) (eL) .‘ (12)
‘ from Wthh thelefme follows that when (]ll,;) 1s douhled the concen- S
tration of the ele\,hons becomes: smaller by 2/’ '
1 we take this into ‘account . in “the_ discussion “of equduon (11),
we ‘see that this- change - of concentration” causes an inérease of the
~.powtwe o a demease of" the negaz‘we potential- d1ﬁ"exence . SRR

3 Potentzal clzjerence of t/w meml with wspecz,‘ to t/ze pme solvent

" From - equa,tlon (11) the 1ela,t10n tor the potentlal dlﬁ'exence for



‘hom whlch follows that

"'the case the metal 18 1mmelsed in a pelfectly pme solvent may

I

be easﬂy derived.
From the- equahon:
’ MM + 18

: follows that the concentration of the electrons will be » mmes as

gleat as that of the metal lons, so that

6r)=v (M3). )
If we now subsfltute '[h]S value t01 (OL) in equatlon (11), we get ‘

\ . 7 L
A :—— / — l e el e 3
L Bt~ [nKM' viny | - - . (13)
~This equatmn expresses that.the potential difference between a v-valent.
metal and a pure solvent is entnely determined bv the valency and -

. by. the- bOlubllltV of the metal ions and electnons 1)

‘4. Polarisation and passzmty of @ metal t/zat conmms
‘ “only y- ome /cmd of metal ions.

Now - the questlon can be a,nsweled whethe1 it i's'possible that a .

' _metal in Wh]ch in case of unary behaviour the internal equlhbuum

MZM 4

pxevalls can be polauzed resp. made passive.

To answer this question -we stmt hom our equatlons (6\ and (7)

o - &5y
| K, (Mv) (,9 L)
L or e
| (Ms)(es) L

_—_-.KA,. ey
(ML) 6r) . : |

As was already stated in the tonegomg communication equations

) (6) and (1) hold genelally, heuce also when' the metal is not in -
internal - equ111b11un1 : -

3t

- When it is asked how in equauons (6) and (7) Lhe fact ot the .

" internal equ1llb11um expresses itself, the answer is, in the constancy
.-of the concentrations (Ms) and (85) If there is no _internal equili- .

brium," then these are not the ethbrmm concentmhonq but the

ﬂequatlons (6) and (7) hold nevel theless and also (14) derlved from them ‘

* "1y OF course thls potent1al dllfexence can only be determmed after the metal and N
the solvent have been made perfectly free from gas . R

\
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Now we imagine the case that the metal is so rapidly dissolved
anodically or in another way, that the reaction

MM 46
does not proceed rapidly enough to supply the abducted electrons
and metal ions, so that the metal gets poorer in these two electrical
componenis. If we now consider that the electrons and the metal
ions always neutralize each other electrically, with the exception of
only an exceedingly small fraction, then a closer examination of
equation (14) gives the following conclusion.

Suppose that the metal ion concentration in the metal (M ) becomes
n-times swmaller by anodic solution ete., then the electron concen-
tration (g also becomes n-times smaller, so that the numerator of
(14) will become n’+1 times smaller in consequence of this.

If we further assume, what is allowed for a sufficient quantity
of solation, that the ion concentration (M 7) 15 constantin the coexis-
ting electrolyte, (4z) will have to become »’+! times as small,
from which 1t appears that the electron concentration in the coewisting
electrolyte (A1) will decrease to a greater extent than that in the metal (65).

From equation . \

po BT, K ),

vF (M)
follows that when (M53) becomes smaller, and (M) remains constant,
the potential difference will become less negative or greater positive.

When (Ms) decreases, the vesult is — as we have seen just now —
that % becomes greater, from which appears in connection with
the formula :

(6)

1
p=BL,, Kby )
A (47
that the potential difference will become less negative or greater positive.

As was already set forth at length in the preceding communica-
tion in the discussion of a umvalent metal, this points to the possi-
bility of anodic polarisation and passivity, while perfecily analogous
considerations lead to the cathodic polarisation.

These phenomena must then be explained by a too slow esia-
blishment of the internal equilibriumm between metal atoms, metal
ions, and electrons.

‘ 5. The metal contains ions of different valency. -

We shall now suppose that ions of different valency occur in the

melal, viz. the ions M* and M™

\

-
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In the metal we then have the equilibria .

- MZMY 4+v,6 . . . . . . (1%)
MZM* +v,8 . . . . . . . (6)

and N i
MY Z M 4 (@,—v)0. . . . . (17

Between the metal and the electrolyte we can then give the
equilibria as follows .
11[32][/[‘; 4+ 6
- Y S L)

‘ M, Z M, +v,6

- jl_’[,gZﬂ/[g + », 6
W W, . . . . .. (189
My M} +,6 ;
e which it is noteworthy that these equilibria are probably estoblished
in the electrolyte with wvery great wvelocity, but that they are not
established i the dry metal al the ordinary temperature; or exceedingly
slowly.
In the case that the metal possesses two different kinds of 1ons,
we have to do with two solubility products viz.

Ly=Mi* Y6)"-— - - - . . . (19
and ,

L= )Y@r)*.— . . . > . . (20

Supposing that M" is a base'and M ™ is a noble ion, then as
we have set forth at length in our former communication, Ly, is
comparatively great and Ly, small. 1f we immerse a homogeneous
mixed crystal phase of two salts with homonymous anion, oue of
which possesses a great, and the other a small solubility product, in
water, we have a state.which in many respects corresponds with
the case supposed here. .

Thus thie electrolyte, in which the supposed metlal is placed, will
possess a comparatively great concéntration of M -ions and electrons,
6, but a very small concentration of M “.ons, and that smaller
than when the metal contained only M “.jons, because in conse-
quence of the relatively great solubility produet L, the electron
concentration is much greater.

+ It 18 clear that the explanations of different electromotive processes
given 1 our preceding communication throngh application of the
idea “solubihty produect” of a metal are now just as well applicable
to this more complicated case as to the simple one. Now, however,

N
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to account for all the important circumstances, we shall have to
occupy ourselves with the #hree equilibria (15) (16) and (17).

If we eg. suppose that the metal is immersed in pure water,
and chlorine 1s added, the metal will be dissolved in consequence
of the removal of elecirons on account of the small electron con-
centration of the equhibrium:

26 + Cl, < 2 Ol

Now equation (17) expresses that a second consequence of this
removal of the electrons 1s an 1ncrease of the concentration

M7
M

ratio

6  The equations for the potential difference metal-electrobyte
For the case supposed here we get for the potential difference
metal-electrolyte the equations

- RT Ky (M3)
n —— .

H—=— — (21)
vlF (AIE)
A= — RT In MS) . (22)
1J2F (IV )
and the electron-equation
1 T /
R7 1 8 (¢ Ky (/,g) 23)
) —F . (0n)
From (21) and (22) now follows-
[K'M" (]l/[g ):I 1 _ I: "y (]U )] Yog . (24)
M) (M)
or
'12 1y%2
Ko @ug)* _ iy e5)

K’{m My py

We shall now assume that K'jt 18 very great compared with
K'y- or m other words that the ions M™ are very much baser
than M™.

17y’ /
In this case the fraction —i’—- 1s very greaf, and much greater
(Mz)*
ME)* K,
than ( S)v , A being so exceptionally great.
(Mg)* K,
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jl/.[ll sy . jl/lll. sy
When @) is not very small, (L) will always be very
(M) (ML)

great positive. Now (M7) can however, not be arbitrarily great,
though (M7) can, indeed, be arbitrarily small.

It follows from this that the very great value of the fraction
(7 )" -

—— 15 caused by the small value of (M) in the case supposed
(Mz)" ‘
here. .

If we now call the total concentration of the ions C, practi-
cally M7 will be=C. -

In this case we can therefore write for (21)- -

RTZ K'y» RT
TWF T O wF

It then follows from this equation that when the total 1on con
centration ' is constant, the potential difference 1n the metal will
become more stiongly negative on increase of the concentration of
the base 1on M™, in the metal and more strongly positive on
decrease of Lhis concentration. .

A= I (Mg) . . . . (26)

-~

7. The metal assumes internal equilibrium.’)

Now we shall suppose (hat in the electr(;lyte the equlibrium sets
in betwcen atoms, ions, and electrons, which 1s accompanied with
a setting 1 of the internal equilibrium i the metal. If the metal
is in mternal equlibrium, its state is perfectly determined for
defimte temperature and pressure, i.e. the concentranons of the
atoms, 1ons, and electrous 1n the metal are then under these cir-
cumstances constant quantities. (Mg) and (Mg) are constants; hence

in connection with (25)
(ML )*

=K. .. (2]
\ (M)

will hold for the coexisting electrolyte.

We can also arrive at this conclusion by another way. When
internal equilibrium prevails in the metal, the same equihibria will
occur in the coexisting electrolyte as in the metal, viz.:

1) The mternal equilbbrium may be defined as the equhbrium in a phase of
a unary system.
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Mz M 4, 6, . . . . . . (15g)
M2 ME +v,60 . . . . . . . (l6a)
MOZME 4+ w—v)6L . . . . . (l7a)
If we now apply the law of mass action 10 this equation, we get:
(ML) (6r)"
— 28
x, (17,) (28)
(ML) (6L)" ,
K—=——————— oL 29
-+ 2 (*M]/) ( )
]V[? 6 24 -~
S 2 ) N )
(ML) -

If by combination of two of these three equations we eliminate
the electron concentration, we ‘get the relation:

ML) (My* ™

(M1 )"

from which appears, as also follows directly by elimination of the
electron concentration from the equations (15a) and (16a), that as
far as the final result is concerned, the equilibrium in the electrolyte,
and of course also in the metal, can be considered as follows:

v, M2y, M2 + (w,—v)M . . . . . (32)

If we now bear in mind that (M) 18 a saturation concentration

in the electrolyte. which is in contact with the metal, we get for
this case: :

B, K, = (31)

(jl/ 12.)11
=k .. (33)
(3 )
Now that we know that with constant temperature and pressure

M)
EQT;)T 1lnust be a constant quantty, it is easy to examine the in-
fluence of a change of concentration on the potential difference in
case of internal equilibrium. -
If e.g. we double the concentration, the ratio (27) would become
24=% times as great, when no internal transformations 1ook piace.
As, however, this fraction has to remain constant in case of internal
equilibrium (M) will decrease and (M}) will increase. When we
only want to determine in this increase of concentration the direction
of the shifting of the equilibrium, of course equation (32) will be
sufficient, because, when it is borne in mind that the concentration
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of the metal atoms is a saturation concentration, it immediately
follows from this equation -on application of the principle of the
shifting of equilibrium that the equilibrinm shifts to the right, »,
being > », on increase of concentration. L

It is here the place to point out how easy the application of the
electron ér]uation is, at least when our purpose is to indicate the
direction of the potential changes.

On examination of equation .
A = IE[: in L9 (gi)

. F @)
and the equilibrium: )
MEZME +@~v)6, . . . . . . (179

we can immediately answer the questions under consideration.

When e.g. with constant total concentration we increase the con-
centration of the 1 j-lons, the equilibrivm (17a) will shaft to the
left; and the concentration of the electrons (§) will decrease.

Equation (23) then expresses that the potential difference will
Increase. :

If we raise the total concentration, the equilibrium (174) wall
also shift to the left; also in this case the potential difference rises.

If there were an easy way to find out the electron concentration,
it appears from this that the electron equation would be preferable.

(23)

8. Polarisntion and passivity of metals with tons of different valency.

We have seen that for the metals which contain only one kind
of ions, polarisation and passivity can occur in consequence of a
decrease of the number of ions and electrons in the surface of the
metal caused by an insufficiently vapid setting in of the internal
equilibrium. )

Let us now consider 'a metal built up of two different kinds of
ions, then for the reason mentioned polarisation and passivity will
lake place also here, but when the internal equilibriom does not
sel in quickly enough, a second circumstance will take place here
causing polarisation and passivity, viz. this that as was already
shown 1n earlier communications, the concentration of the noble
ion in the metal surface will increase, and that of the base ion
wul decrease. It 1s, therefore, clear that such a metal will be the
most suitable material to exhibit the phenomena of polarisation and
passivity in all their particulars.

We will once more elucidaie this phenomenon somewhat further

-10 -
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here. The most rational proceeding is to start from the case that
heterogeneous equilibrinm always prevails between the mefal and
the adjomming liquid layer, that th refore the electrochemical equi-
librium always continues to exist, .
We can represent this by the following symbols:

r, O5 Mé MS, Me », g
) woon ) Ww. .. 6
v, 0, M}, M, Mi », Og
These equilibria, th'eref'ore, always exist.
The equilibrinm | . _

v,0s + M§ 2 Ms ZMS +p, 65
‘ ) L R O P 1)
v, 0 + My M 2M2 4+, 05
on the other hand only exists, when the unary metal and the elec-
trolyte are in electromotive equilibrium.

During the anodic polarisation, however, only the cqnililv’a repre-
sented by (34) exist, the homogeneous equilibria having vcen easpriind,
but transformations take place which, when the current has been
interrupted, will again reduce the metal to the unary state, and
canse the original electromotive equilibrium to reappear.

Only metals with different kinds of ions being considered, the
slow establishing of the internal equilibrium

MY +2 082 M +96 . . . . . . (36
has been given as the cause of the polarisation and the passivity in
the preceding communications. L :

This is perfectly correct, but we may add to this, that even if
this equilibrium set in with(great velocity, polarisation and passiviiy
would occur all the same when the following equilibria:

, MZM" +v8. . . . . .. (87)
and

MZM* +v6 . . . . . . . (38
set in slowly.

Reversely it is immediately <can that when the internal equilibrium
(36) does not set i v a /e way, but (87) and (38) sel in rapidly,
the equilibrium (36) wonld yet set in with great velocity, but now
n an indirect way. -

Hence it 1s clear that the real ground for the possibility ofxihe
oceurrence of polarisation and passivity is the slow establishment of

the internal equilibrium of the equations (37) resp. (38).

-11 -

&
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Now all kinds of phenomena point to the fact thal hydrogen ions
very considerably accelerate the setting-in of the internal equilibrium
in the metal surface moistened with an electrolyte, and this makes
it clear on one side why the polarisation assumes large amounts
when we succeed in removing the hydrogen from the metal surface,
and why on the other hand the potential of the unary metal (for-
merly called potentials of equilibrium) sets in most easily when the
wetal contains many hydrogen ions.

If after anodic polarisation the current is broken off, the disturb-
ance is comparatively quickly cancelled, when the polarisation has
not lasted long, and no or little generation of O, has taken place,
so that the metal was still comparatively rich in hydrogen. If,
however, the polarisation has taken place a long time during gene-
ration of oxygen, the metal surface has become very pogr in
hydrogen, and the disturbance continnes to exist a relatively long
time also after interruption of the current.

This shows the stiongly positive catalytic influence of the hydrogen
or the negative influence of the oxygen. i

The fact that metal poor in hydrogen or rich in oxygen slowly
assumes internal equilibrium after interruption of the polarizing
current even when n contact with the electrolyte, is astonishing
on superficial consideration, when we consider that a rapid setting
in of the equilibrium in the liquid, which is, indeed, to be expected,
can bring about an internal equilibrium in the metal, even if lhe
velocity of the internal transformations in the metal is practically zero.

For this it is only necessary that the reaction:

Mr— M} + N
takes place in the electrolyte, and further that uncharged metal

atoms go into solution, the meial 1ons M* and electrons from the
electrolyte passing into the metal. This astonishment, however, imme-
diately vanishes, when we consider that the saturation concentration
of the uncharged metal atoms is so exceedingly small that even if
the reaction constant of the reaction (37) were very great, the quantity
of metal ions, and electrons formed per unity of time, would be
exceedingly small. In a separate chapter we shall treat the influence
of the small value of the concentration of one of the components
of a chemical system on the course of a process. 1t is, therefore,
clear that the tzanstmmanons in the hiquid can practically have any
parl in the establishment of the internal equilibrium in the ‘metal
only when a process is concerned that requires a very long time.

Generally. however, the internal equilibrium has been established

-12 -
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in a short time, and then it is, indeed, clear that we must exclusively
look for the cause of (his setting in of the equilibrium in the metal
surface.

In this it is supposed that the metal remains in contact with the
liquid in which it is polarized, or is {ransferred to a liquid in

which the concentration of the 2™ -ions and electrons is smaller than
in the liquid which is in electromotive equilibrium with the unary
metal. In this case the reaction

L M- ME 4 »,87,
would have to canse a sufficient”increase of the concentration of the

M’-ions and electrons in a shori time, so that these by deposition '
on the metal could reduce the latter to the state of internal equilibrium.
In-some cases, however, it will be possible to bring the metal in

an electrolyte in which the concentration of the M *-ions and electrons

is~ greater than in the liquid in electromotive equilibrium with the

nnary metal, and then, of course, the case is different, for then the
i

M" -ions and electrons will deposit on the metal without there being any
necessity of the above-mentioned reaction taking place, and in this
case the electrolyte will certainly be able to reduce the metal to
the state of internal equilibrium in a comparatively short time. 1f
in this way a sufficient quantity of baser ions is deposited, also the
occurrence of local currents will greatly accelerate the establishment
of the internal equilibrium. ' . .

If, however, we do not make use of such a liquid, the electrolyte,
as has been said, will have fo be left out of account for a rapidly
proceeding activation, and the setting in of the internal equilibrium
takes place exclusively by transformations in the mefal surface, in

which the reaction: \

Ms—>Mg +v8s. . . . . . . (38)
will take place, till the equilibrium corresponding to the unary metal :
(ME + 1,05 2 (Mg + v,8)

! , . - . . (36g)
or Mg + @, — )02 M

has again set in.

After anodic polarisation it is, therefore, the reaction (38a) (hat
governs the setting in of the internal equlibrium, and speaking
generally we may say that a metal can be thrown out of its state
of internal equilibrium throngh the comparatively slow progress of
the reversible reactions

-13 -
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Ms2 M + v, bs
., . MsZ M + v, 85
in the metal surface in the absence of catalysis.

This explains not only the anodic polarisation, but also the cathodic
and chemical disturbince of the metal.

9. The influence of the smallness of the concentration
of a component on the course of @ process.

In connection with the remark in the preceding chapter that the
quant.ty of metal, which comes to equilibrium via the coexisting
liquid, is exceedingly shgh!, even when the constant of the
.reaction is very greal, we-will point out that the same thing
holds for all reactions in which one of the reacting components is
present in very slight concentration. This should also be taken into
consideration ith the explanation of different electromotive proces-
ses by the application of the idea “Solubility product of the metal”
given 1 the foregoing paper.

That e.g. the action of chlorine water on a metal can be repre-
sented by the egunations:

Mz M 4+ 20‘
and (39
20 + Cl, 22 CZ"
does nol imply that a metal brought into chlorine water reacts
exclusively or chiefly in this way that the metal dissolves as atom,
and splits up into metal 10ns and electrons, of which the latter are
bound to ~hlorine ions by the chlorine. These equations only mean
that the reaction can and partly also will take place in this way.
That the part of the total transformation which takes place according
to (39) can be very slight, easily appears in the following way. If
the solution is permanently saturated with respect to 3/, and if M- =1
then (§) =Vv'Ly. .
The velocity of the reaction
20 + Cirzecl
is given by _
t

Ci(-g;i)- =k (Clﬂ). L.

The solubility product of a metal that does not decompose water
beirg smaller than 10—, the quantity C/' formed in this way will
be only insignificant, even for a very great value of £.

As the same thing holds for all other reactions in which a metal

A \ 10

Proceedings Royal Acad. Amsterdam. Vol, X1X

-14 -
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reacts, as has been set forth here for the action of chlorine, we
shall have to assume that the transformations to which a metal is
subjected, practically -take exclusively place at the surface of the
solid metal. Thus' e.g: the generation of hydrogen, the deposition of
a nobler metal by a- less noble one'ete: ‘Considerations like those
that have been applied in § 3 of the preceding’ papers, have also
been frequently applied for other transformations, not however for the
purpose ‘of showing how the rveaction in reality proceeds for the
greater part, but to indicate in what direction the transformation niust
take place, and what final state is reached.

We remind e.g. of the transformation of one modification of a sub-
stance info another. The most stable form having the smallest vapour
tension and the smallest solubility, it is clear “that the metastable
form must be transformed into the more stable form in contact with
vapour or solition. This, however, does not mean that this trans-
formation always takes place chiefly over the vapour or the soln-
tion.” on the contrary it may be predicted with certainty in virtue
of what was ‘derived above, that these transformations, when they
take place quickly, do not take place via-the vapour or the solu-
tion; this ecan only take place when the transformation takes place
exceedingly slowly.

Also for the dissolving of -a deposit by the addition of reagents
generally the conception is used that the deposition goes into solu--
tion, and is then converted in the aqueous solution by the added
sabstance.The solution of CaCO, inlo HC! e.g. is represented as follows:

Ca €0, 2 [Ca €O, 2 Ca+ €O,"]y,
(CO," +.2H 22 H,00; 2 H,0.+ CO,);
and the solution of AgClin NH, by the equations:
v Ag Clgi 2 [dgClZ 49" + Cl;
© [4g + 2NH, 249 (M)l

‘The+equations, however, only serve to show that CaCO, dissolves
in HCl and AgCl in NH,, and what conception *canc be used then
in connection with the equilibria that«can oceur-in -the said system.

But it does not follow at all from this that CaC0), really chiefly
goes into solution in this way. In connection with' the slight solu-
bility of the substance in water this is certainly by no means the

case, and the solution wust therefore take place by the action of
HCE or:Hion the solid CaCO,, and.of NH, on the solid AgCl.

~The same objection; that' a-reaction would: proceed quickly with a

very small - concentration-of: one rof the :reacting components has

sare s aalveady been-discussed with!-the electralytic sdeposition of metal from

-15-
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solutions of complex cyanides. Haser .!) showed, namely, that when
we wanted to atiributesthe metal. deposition in these cases to direct
discharge of the elementary metal ions, the velocity with which
these are formed from the complex ions, would have to be exceed-
ingly great, much greater than any known velocity. HaBgr, tbere-
fore, assumes that the deposition of metal takes place, not by the
discharge of the elementary metal ions, which are:present ina very
small quantity, but becanse the complex ions  M{CN), present in
large quantities, combine with an electron, and -split up into

oo M and 20V

10 Polarisation during the electrolytic yeneration of halogens,
1 oxyYen ele.

It has therefore appeared fromm whatiprecedes that -the ionisation
or the splitting: off of .electrons:isra process that proceeds compa-
ratively slowly: in some cases.

vAlso in. the electrolytic generation' of the halogens, of. oxygen etc.,
polarisation phenomena have been observed, which points to the
fact that bere too relative retardations come into play. The electro-

.-lytic. generation consists-in a ,splitting off of electrons, as the following

equation indicates:
Cl—=Cl+6 . . . . . . . . (40
And as for melals we are compelled io assume that the splitting
off of an electron from a neuairal atom proceeds comparatively
slowly, it is natural to assume that the spliting off of an electron
from, a negatively charged atom does not proceed with an infinite
velocity either, so. that this process too can be relatively. retarded
for a.definite current density.
The concentration of the electrons in the liquid being exceedingly

. small, .the generation of Cl- will .take place practically exclusively

at the metal surface. We can now imagine that al the surface of
the metal whiclh is in equilibrium with chlorine and chlorine ions,

the following equilibria exist:

=20l 2 i?l + 26
cl,

When the splitting of rchlorine ions in atoms and electrons at
the boundary rsurface- metal-solution.:is relativelyrretarded above a
certain currenti»density, the-concentration of the chlorine ions will
be- too great:in the boundary layer;rand «hat of the electrons too
small.

1) 7. Blekr. 10 (1904) 433, 773.
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Consequently the metal will exhibit a potential thal is more
posilive than the equilibrium potential.

OBSERVATION.

Analogous considerations as those on page 135, given there of a
metal in a solution of its ions and electrons, hold for every equili-
brinm between coexisting phases which contain charged particles of
different solubility. In this case a potential difference will always
occur, giveh by the equation A:—yl;lfz, where p, and u, indicate
the molecular thermodynamic potentials of the charged particles in
the two phases. As these in general will not be the same, there
must exist a potential difference. -

This applies then also e.g. for a salt in equilibrium with its
" saturate solution, for a solid salt in equilibrium with its melt ete.

Amsterdam, May 25, 1916. .~ Anorg. Chem. Lab. of the Univ.

-

Physics. — “On Diffusion in Solutions.” I. By Dr. J. D. R. ScHEFFRR
and Dr. F. E. C. Scervrer. (Communicated by Prof. A. F.

HoLLEMAN).
(

{Communicated in the meeting of May 27, 1916). .

1. Iniroduction. EinsTrIN has derived expressions which indicate
how the mean square of the deviation of a Brownian particle and the
diffusion constant depend on the nature of the substances and the tem-
perature®). The relation between the Brownian movement, indicated by :

-— RT 1
A2 == = = t, - . . . . . . . 1
N 3aal (1)
and the diffusion constant is expressed by :
o
) = . P . e . e 2
D=— )
so that for the latter
RT 1
= N 6mag’ = ®)

is found, an expression, which can also be found by a direct way
by making use of the osmotic pressure, which as apparent force
causes the diffusion, and the law of Srokes, which gives the resisi-

1) EimvstEIN. Ann. d. Phys (4) 19. 289. 371 (1906). Zeitschr. f. Elektrochem.
14, 235 (1908)
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