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Chemistry. —- “On some Particular Cases of Current Potentinl Lines”.
II. By Dr. A. H. W. Arex. (Communicated by Prof. A. F.
HorreMmAN).

(Communicated in the meeting of October 28, 1916.)

In the preceding paper') an equation was derived which represents
the ratio between the quantity of silver chloride which is deposited
on the anode in case of anodic polarisation of a silver electrode in
a solution of a chloride, and that which is deposited in the liguid.
This equation now enables us to indicate in what way the eleciro-
lytical -determination of halogens as silver Lalides takes place with
the smallest error possible.

In these determinations the conditions musi be satisfied that the
halogen is deposited as completely as possible on the anode as silver
halide and that as liltle silver as possible goes inlo solution from
the anode.

During the analysis the balogen content of the liquid diminishes
continually. The course of the process can therefore not be indicated
by a single current potential line, but only by a number of current
potential lines for all concentrations which the halogen ion passes
through from the beginning to the end of the analysis. 1f e.g. we elec-
trolvse a 0.01 » solution of NaCl, the course is in the beginning
represented by line 1 in Fig. 2 of the preceding paper. If in course
of time the solution has beceme 0.001 7, line 2 is applicable, later
on, when the concentration has become 0.0001, line 3 applies, elc.
As was demoustrated on p. 668 the points on the leftside of AD
give current densities which chiefly yield AgCl on the anode. If
C,=0.01 we can, therefore, work with a comparatively large
current densily, without Ag appreciably going into solution. For
C, = 0.001 this curreni density is ten times smaller, for €, = 0.0001
a hundred times smaller, ete. ’

If we now wanted to execute the electrolysis with a consiant
current density, till' (', bad become = 0.0001, we should have to
work with a very small current density from the very beginning,
for which with €, = 0.0001 no appreciable guantity of Ag goes
into solution. In consequence of this the analysis would last very
long. It is more advisable to worl with a greater current density,
as long as (), is still great, and diminish it according as C, descends.
This may be done by measuring the anode potential during the

analysis, and by regulating the intensity of the current so that the
{

1) These Proc. Vol. XIX, p. 653.
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anode potential, hence the concentration of the silver ions at the
anode, keeps a detinite value, or varies in a definite way.

When during the electrolysis the concentration of the chlorine

. . .4,
ions at the anode is kept at a constant value ¢y, the ratio j is
1

constant during the electrolysis, and equal to:

! dﬂ_ 2 L (1)
1—1)1 02 . - . . . . . .

la

2

For silver chloride L is about 10—1". If ¢, is kept at 10—, -

1
will be about 0.01, D, and D, differing little. Hence 1 °/, of the
total quantity of chlorine will precipitate in the lignid as AgCl.
This quantity is lost for the analysis. The error made in the analysis,
is, however, greater than 1 °/,, for the increase in weight of the
anode is determined. This is 1°/, too small, because AgCl precipitates
in the liguid, but this causes a quantity of Ag of the anode to go
into solution, which is equivalent to 1°/, chlorine, hence'about three
times the quantity. The total error amounts, therefore, to about4°/,.
This error would xbe smaller, if the analysis was cariied out for

. d

¢1a =10-3. In this case j would be = 10—*. But now there remains
‘ 1

in the solution a quantity of chlorine ions equal to 10-3; to reach,

therefore, an accuracy of 1°/, we should bave to start from a
solution which is 0.1 normal. The total quantity of AgCl that must
separate from this solution, is pretty large, for which a large silver
smface is mecessary, as the quantity of AgCl that can be deposited
on a given anode surface, is comparalively small. It appears, therefore,
that an accurate determination of Cl presents difficulties. More
favourable are ihe -circumstances for Br and I, as the solubility
products of AgBr and Agl are 10— and 10—'6. We can, therefore,
work for AgBr with ¢, =10-4, and for Agl with 10-6, without
an appreciable loss taking place.

The loss of silver chloride becomes slightly smaller when ¢, is
nol kept at a constant value from the beginning, but allowed to
diminish during the electrolysis, so that ¢, has a greater value at
the beginning of -the experiment than at the end.

Let us suppose the intensity of the current to be so" regulated"
that ¢, always remains equal to n(), n heing a contant smaller
than 1.

Now : .

49*
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D, L

d,

d, D, wC;

d, .
At the beginning of the analysis, where C, is great, d— is, there-
1

fore, smaller than at the end, where C, has descended to a small
value. If we ecall this initial and this final value Ci, and Ci,, the

d .
mean value of j— during the analysis is:

1 \ -
C1,
D L
=2
I 5wz
d,  Cu .
d, Ciu—Ch.
or
i, D, L 1

@)

d
For a given value of Cy; and Ci, the value of—j 15 now deter-
' ) 1

mined by n.

d.
If we assume n = 0.5, (1, = 0.01, (., = 0.00004, then&f = 10-3.

1
As a quantity of silver of the anode dissolves which is about

three times the value of the deficit of chlorine, the diminution of
weight of the anode is found 0,4 > 10-2 too small. Moreover the
concentration of the chlorine ions in the solution remains 0.00004
at the end of the determination, hence 0.4 °/, of the original quan-
tity. Hence with this mode of working the total error i1s 0.8 °/,.

If n is taken greater, e. g. — 1, and (i, = 0.00002, the shortage:
of AgCl on the anode becomes 0.2 °/,, 0.2 °/, of the chloride remain-
ing in solution, so that the total error amounts here to 0.4 °/,.

With the given value of Cy; a smaller error cannot be reached.
This would only be possible by making Ci; greater, but this requires
a very large silver surface. Nor is the above given value forn =1
practically to be rgalized, as in this case the current density would
become = 0. ;

In general the current density becomes greater, hence the time
required for the execution of: the analysis shorter, as »n is smaller.
The accuracy of the analysis, is however diminished by this.

The duration of the analysis can be calculated in the following way.

When we WOl‘k' with a current density smaller than the eritical,
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as 1n practice is always the case, the current density is given with
greal approximation by :

D ,
d—==1.117 —d—l (Ci1—e¢1a)y or as cig=nC

D
d=1.117—dl(1 —n)C,.

If the total quantity of halogen is M gramme equiialents, the
diminntion of this per time unit is equal to the current strength,
divided by 96500, hence:

am Od
By el if O 1s the surface of the anode.
It further the volume of the solution is V, then M = F(,, and

consequently : )
dC, Od 0D,

—_—— o l—a) C
& 065007 —8edo0 g7
from which follows:
86400 JV° Cup
tm —————— X 2,3 19, — . . .. . (3
0D1 (1"‘”) X g (Clc) ©

It appears from this equation that for a given value of (}; and
Cie the analysis will proceed the more rapidly as d is smaller,
consequently as the stirring 1s more vigorous, the volume is smaller,
n is smaller, and O and D, are greater. D, may be increased by
rise of temperature. A large area of the anode is particularly de-
sirable here because the depesited silver chloride covers the metal,
and the cffective area becomes, therefore, smaller during the analysis.

The electro-analy tical determination of the halogens has been fully
examined by Swmira') and his collaborators, and the recorded results
are salistactory. The method for chlorides bas appeared to give the
best results when the solution contains a sufficient quantity of
OH-ions. to form AgOH with the silver, when the chlorine ionsare
alinost consumed. In this way the loss of silver of the anode is
prevented. In consequence of the precipitated AgOH the anode
weighs too heavy, but the silver hydroxide can be easily decomposed
by heating, so that the increase of weight now actually gives the
deposited chlovine. There always remains a deficit, however, as not
all the chlorine from the solution can be deposited. TFor the
other halogens the error will be smaller than for chlorine, when
the same method of working is followed.

The difference between the three halogens appears clearly from a

vesearch by REepy*®), who found a deficit of 0.2 °/, for a diluted acid
¢

s

) 1) Smirm, Electroanalysis.
9 Amer. ‘ourn. of Science. (4) 40 (1915) 281. 400,

—,
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sulution of iodide, of 0.8/, for bromide, and of 20 °/, for chloride.

That the error for chloride is so exceedingly large, larger than
is necessary, is owing to Reepy’s method of working. He wanted,
namely, to precipitate halogen, till no more than 0.1 mgr. was left
i 200 cm® of the solution. For this purpose he calculated the potential
which a silver electrode covered with AgCl presents in a solution
of 0.1 mgr. per 200 em?®, and then carried out the electrolysis for
this constant anode potential. Hence ihe halogen concentration at the
anode was kept constant, and ¢;, 11 equation (1) had the value
0.000014 for Cl, the value 0.000007 for Br, and 0.000003 for I.

The ratio of the quantity of silver halide, which precipitates in
the liquid o that which precipilates on the anode is according to (1)
d, D, L -

) dl_.Dl C"‘]a
As now Ly, is about 1.4 X 10-10, Ly.m 5 X 10—13, and

. . . .
Lagr 10716, T’ becomes 0.7 for chlorime, 0.01 for bromine, and
[¢; - t

1
0.001 for iodine. 0
The value calculated here for silver chloride is much greater than
that of Reepy, which can be explained by this that the values of
¢ used are not very accurate. When ¢y, differs little from V'L, a

' d

small error in ¢, gives a great change in the value j For AgBr
w1 . i

and Agl, where ¢y, is much smaller than V'L, an error in ¢yq brings

d
about only a small absolute change in (7’—
1
As for 1°/, bromine that precipitates in the hquid as AgBr, about

11/, times the amount of silver of the anode dissolves, the total
error calculated for the bromine determination is about 2.5°/,. In
the lodine determination it amounts to about 0.2 °/,. It appears,
therefore, that in (hese latter determinations ihe calcu'ated error
corresponds 1 order of magnitude with the deficit in REEpY’s deter-
minations.

,As was alread) observed above the delermination of chlorine as
stlver chloride can be made more accurate than was done by Rerbpy,
For this purpose the concentration of the chlorine ions at the anode
must he kept at a higher value, e.g. 1 mgr. instead of 0.1 mgr.
per 200 cm®.

Further Reepy has determined some current potential lines, as they
have been drawn in fig. 2 of the first paper, among other things
for KT (fig. 3 p. 286 ReEpy). A quantitative comparison of the theo-
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retical and the experimental line 1s not possible. Qualitatively the
agreement is perfect. It appears from the course of the lines 1 and
2 in fig. 2 that the middle of the horizontal part of these lines lies
at a concentration equal to VL. Hence af ¢1o = 10~ & for Agl, which
corresponds with a potential of 4 0.34 Volt. It appears from Reepy’s
line that the middle of the horizontal portion really lies at this potential.
This is different with a line given by Rutpy for AgBi1O, in 0.5
molecular KBrO,. Here the middle of the horizontial portion lies al
about 0.470 V, corresponding with a siver ion concentration of
10—6. Then the product of solubility of AgBrO, would be 1012
This value is much too small for AgBrO,. For the solubility Borreer *)
found 7 % L0—3 mol. per L. As for this dilution AgBrO, is almost
totally ionized, the product of solubility will be about & X 10-2.
The product of solubility found from Rerpy’s line, is therefore cer-
tainly not that of AgBrO,. Its value agrees pretty well with that
of AgBr, which leads us to the supposition that Ruepy’s line does
noi refer to AgBrO,in KBi0,, but to AgBr in KBr, which might be
the case if the bromate used was contaminated with bromide. This
supposition is supported by what follows. For the pofential of
AgBrO, m 0.5 wmolecular KBrO, without polarisation Reepy finds
0.400_ V., wlich yields a product of solubility for AgBrO, of 10-7.
As was demonstrated above this value is too low. If we assume the
measnred potential (o refer to AgBr in KBr, the solution used would
have to contain 10— KBr, for which it would be therefore neces-
sary that the bromate used was contaminated with 0.002°/, bromide.
Besides, the length of the horizontal piece in the line of Rukpy
is slightly more than 0.1 Volt, as is required for a silver salt, for
which /L =10-% in a solution which is 10— molecular at the
anion. For AgBrO, in 0.5 molecular KBrO, the horizontal portion
would have to be about twice as long.
o 7. 2 ¢In fig. 1 the line found Ly Rempy 15
‘ drawn, the dotted line 1s the calculated
one of AgBr in 10—5 n . KBy, in which
the scale of the current densities is
chosen so that a point of the calculated
line coincides with a point of -the found
line.
It appears that there exists a satis
. factory agreement belween these two
o o5 °6% lines, when it is borne in mind that’

1) Z. {. physik. Chemie. 46 (1908) 602. ;
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the value of 10-3 of the bromine ion concentration is correct only
in approximation.

If we assume that the product of solubility of AgBrO, is 5>X10—73,
the concentration of the silver ions is 10 -+ in 0.5 molecular KBrO,.
The current tension line of AgBrO, in KBrO, would not begin
therefore before 0.57 V., and would thevefore be-a continunation of
the one drvawn in figure 1.

5. Anodic formation of metal comptunds in the,solution.

In the preparation of insoluble metal compounds by electrolytical
way according to Lioickow, we wish to attain that the precipitation
does not form on the anode, but in the Liquid. The conditions for
this follow immediately from figure 3 of the firsi paper and from
equation (43}

1t is clear that we shall have (o work with a current density
greater then the critical density hence:

(Z> 1—];’_}—?{_0101 _-chz) :

The ecurrent density need only be little greater than this value
to make all the precipitation form in the liquid. This condition
will the soouer be satisfied as C, is smaller and J greater. That is
to say that the concentration of the anion, which gives a precipitate
with the 1netalion, must be small, and the liquid should not be
sticred or only slightly. These are the very same conditions as
Luackow gives for his mode of working.

6. Electrolysis of solutions of compler salls.

In the electrolysis of solutions of complex salts, e.g. Ag,(CN),
dissolved in KCN, a precipitate can be formed on the anode under
some circumstances, in this case of Ag,(CN),. ’

This very greatly increases the resistance, and enfeebles the current,
so that it is necessary to prevent the formation of this precipitate.
It is now easy to indicate at what current density this precipitate
will be formed.

In a solution of Ag,(CN), in KCN exist the equlibria:

+ —_ —_
Ag + 2CNZ Ag (CN), ‘
and | ‘

- +
Ag(CN), + 49 2 Ag,(CN),.

— + —
If we call the concentration of Ag(CN),, Ag,CN and Ag,(CN),
¢y, € ¢, and ¢,, then
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: e, =Ke, . . . . .« . . . (4
and
oy, = K¢, S ()

When the solution is saturate with respect io Ag,(CN),, (5) passes
into:

o, =>L . . . . . . . . . (54
where L is the product of solubility of silvercyanide.

Now a precipitate will Le formed on the anode, as soon as
¢2¢1. has become L, and the electrolysis will have to be condncted
$0 thal czeciq remains < L . ¢iq, C2, ete. denotes the concentration
close to the anode, C,, C, ete. denoting the concentration at the
boundary plane of the diffusion layer with the rest of the liquid.

According to § 2 of the preceding paper, the quantity of cyanogen
ions diffusing per second towards the anode, is equal to:

D, C;-cy
86400 d

So long as no Ag,(CN), is precipitated, these will form 1ons
Ag(CN), which move away from the anode through diffusion. The
quantity of this ie given by:

'D1 Gla— C’l
86400 ¢
From which follows that:
2D (6ja — C)=D,(C, —¢39). - - - . « (6)
The current density is: ’
d=1.117 D, ““‘;C‘ 7)

This current density is therefore mainiained through the cyanogen

ions diffusing to the anode, and ions of Ag(CN), being formed
there, which diffase away from the anode. If the current density
is increased, it will attain a value at which not enough ON diffuses
to the anode for Ag(CN), (o be exclusively formed: also Ag,(CN,)
will then have to be formed at the anode. When the current density
is regulated so that the solution at the anode is just saturate with
Ag,(CN,), but no appreciable quantity of Ag,(CN,) is deposited, the
equations (6) and (7) hold, and at the same time:
Cagbtg=4L. . . . . . . . . (b
and
C2q Cia® = K ¢1, . e e . 4)

From &), (5a), and (6.) follows:
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2D, C,+D,C,
Cig ==

K’
. 20,40, 7

and from (7)
K
D,.C,—D.C —
1i17 | T 1i/ -
d= D L. N ()]

3] ! N
\ 20,40,/

K o '
7 Is very small for silver cyanide, about 10—, and when

4

(8),

C, is not very large with respeci io C, we may write:
1.117

d=="""D,C,. . . . . .% (10)

2d
This equation gives, thevefore, the current density below which
no deposition of a precipitate on the anode takes place. ‘

It appears from 1t that this current density is the grealer as the
concentration of the complex former is greater, the diffusion coeffi-
cient greater, and ¢ smaller. By means of vigorous stirring and
mcrease of temperature we can work with a greater current density.

For the resi the carrent densily, at which the anode is covered
with a precipitate, is about the same for all complex salts (for a
same value of (), the coefficient of diffusion differing little. Of

K
course this holds only when [/ 7 is small. The values of K

and L have, therefore, no influence. When now j{Jg is  not
very small, or () great with respect to C;, equation (9) must ‘be
used instead of (10). The current density 18 now smaller, the
nomerator bemg smaller and the denominalor greater than in {(10).

The potential, at which the deposition of Ag, (CN), begins, is
found by substitution of (9) in equation (16) of the preceding paper:

‘?J)C—‘U(’[/
9D+J)|/
4

K
JJ,,C,,I/ Z 20,0, Z

E=2¢+4 0.058 oy K + 0.058 loy

— 0.116 *log 'y

-10 -
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If, therefore, a current densitly prevails given by equation (9), the
liquid just at the anode is saturate with Ag, (CN),, but not in more
distant parts of the diffusion layer, as here the concentration of CN
is greater, and the silver cyanide dissolves under formation of Ag (CN,).
Hence the layer of silver cyanide will not become thicker for constant
current density. '

If the current density is increased, not enougl CN-ions will diffuse
to the anode to form again complex ions with the Ag,(CN), formed

by the A\:gj'_—:}- Ag(CN),. Part of the cyanogen ions will now yield
Ag.(CN), with the silver of the anode. This part will be the greater
as the current density is greater TFor a given value of the latler
practically all the Ag(CN), and CN will be consumed to yield
Ag,(CN), at the anode. For a still greater value of d the silver will

+

then go into solution as Ag.
So long as the Ag,(CN), is deposited only on the anode and not in
the liquid, the following equation holds with close approximation :

1.117 ‘
d:TIDI (C1—e¢10) + D, (C,;—c',.;,,)-]. ... (13

or in connection with (4) and (5a):

dz-l-#[pl((y_ﬁ +1)3(03_Vj'([‘)}. (1

C2q / G

This equation combined with:

E =g+ 0.058 **log ¢2¢ .
yields the current potential line.

When at last the current density becomes so great that the quan-
tity of Ag(CN), and CN diffusing to the anode, is not great enough
o maintain this current density, silver ions will also go into solution,
which precipitate at some distance from the anode as Ag,(CN),.
This corresponds then with the precipitation of AgCl in the liquid,
as has been treated in § 4. These two cases are, however, not
properly comparable, as at the precipitation of AgCl the liquid is
everywhere saturate with AgCl, whereas in the case of Ag,(CN),
the liquid in the diffusion layer is saturate with silver cyanide up
to a certain distance from the anode, but not the whole liquid.
Consequently an equation of the current poteniial line will hold here
which agrees with that for AgCl in its main points, but not entirely.

Fig. 2 gives the current tension line of a solution which is 0.1n
with vespect to Ag(CN), and 0.1n with vespect to CN. The. portion
B4 holds for cathodic' polarisation, AE for anodic polarisation.

-11 -
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d Anodisch £
Fz‘é 2 6 D y H
F ¢
E
A
;]
Kathodisch, i

From 4 to ( exclusively Ag(CN), 15 formed. At C the deposition
of Ag,(CN), on the anode begins, from C to G it becomes greater
and greater, al G besides the deposition of cyanogensilver on the
anode; this compound also begins to precipitate in the Jiquid; at D
the quantities of Ag,(CN), being deposited on the anode and in the
ligmid are equal, and finally from H io K the cyanogen silver
precipitates practically exclnsively in the lignid.

It is clear that in practice a currenl density will be worked with
which is smaller than #. It is, indeed, possible io make the current
density somewhat greater than / without Ag,(CN), being deposited on
the apode, but this slight increase of the current density gives a
very great increase of polarisation-tension, which can amount to
about 0.4 or 0.5 V. A too great current density at the anode, there-
fore, gives rise here to an appreciable loss of energy.

, Chemical Laboratory of the University.

Amsterdam, October 19186.

Physiology. “An eract method for the determination of the position
of the eyes at disturbances of motion.” By Dr. C. Orro Rogrors.
(Communicated by Prof G. vay RunNsegk).

(Communicated in the meeting ol October 28, 1916).

2

In a communication to the Meeting of the 264 of January 1916 1
indicated, in what way it 1s possible to calculate the position of
ihe axis vound which the eye has, as it were, turned, when we
know the abduction, deorsumduction and inward rotation, caused

-12 -



