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135 Dr. G. 8. Walpole.

logists as affording an explanation of the “electrical taste,”* they have quite
eseaped all the later text-books and artieles on physico-chemical subjects.
Iosenthal’s experiments, which showed that the “eleetrical taste ™ was not
to be attributed diveetly to eleetrolytic phenomena, may have led to a general
but mistaken impression that Hermann’s observations were faulty. In
explaining the habits of certain free-swimming protozoa, however, Dale has
attributed the directive stimuli to these boundary effects. The cogency of
these specnlations is in striking contrast to the earlier applications of
Hermann’s experiments to physiological problems. In a paper on the
cataphoresis of ferments, too, V. Henri has allnded to the liberation of
alkali and acid at the boundaries of the ferment solution and distilled
water when an electric eurrent is passed. This, as he remarks, cannot
he avoided by the use of non-polarisable electrodes, nt may be over-
come by dialysing the enzyme solution until it has the same conduetivity
as the distilled water employed. It may be pointed out, in passing, that this
undesirable restriction to the experimental eonditions is not neecessary ; it is
only essential that the specific conductivities of the two solutions should be
the same. But, since the published work in which this precaution has not
heen taken would otherwise be not properly understood, it was decided to
investigate the significance of these houndary complications in their relation-
ship to transport experiments generally.

This enquiry, the resulis of which are diseussed elsewhere, invelved

experiments made {o confirm and amplifly Hermann’s orviginal observations,
and establish them as far as possible on a quantitative basis. A rational
explanation of them in terms of the hypothesis of eleetrolytie dissociation
resulted, and the matter of this eurious phenomenon assnmed a sufficient
interest to snggest its separate publication,

Apparvatus and Method of Kaperiment.

For all the experiments deseribed in this communication a transport
apparatus made entirvely of glass in one piece was used. The preliminary
observations which led to its permanent adoption have not been deseribed ;
where they were instructive they have been repeated under the better
conditions afforded by this improved arrangement.

A rigid wooden stand serewed to the bench held the apparatus. The
fitting was done carefully once and for all so that it could at any time be
removed for filling, cleaning, ete,, and replaced in exactly the same position,

The dimensions were chosen so that after the passage of the current
reagonably large volumes of the fluid are available for examination. The

* Biedermann, * Electro-physiology,’ vol. 2 (1908).
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hore thronghont was 10 mm., except at the taps, where it was 9 mm. Full-
bore taps could not be obtained.” The diagrams represent in elevation and
in section the apparatus ready for an observation. It has been filled and the
current is about to be turned on.

The filling of the apparatus takes only a few minates: the problem is
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Fia. 1.—Perspective view of apparatus, (Half scale.)

simply to introduce four fluids, indicated in the sectional drawing, in sueh a
manner that the boundary layers between them are sharply defined, and
oceupy certain positions which are exactly the same in consecutive experi-
ments. After taking it in the hand with all three taps open, and rinsing it
out with distilled water, the tube M and the lower parts of C and D (fig. 2),

are rinsed, and then filled, with the “middle fluid.” Any stray air bubbles
b 2
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clinging to the glass are gently removed and the large taps shut. The fluid
which is to oceupy C and D is now used o rinse the excess of * middle fluic
ont of the apparatus, which is then placed in position in the wooden stand,

Fia. 2. —Section of apparatus.  (Half scale.)
A. Silver anode in normal sodinm chlorvide, B, Copper cathode in cuprie chloride,

“Side tube fluid ™ is poured in until it reaches a mark 15 mm. from the top
of one of the four upright tubes, The small tap ¢ is open, and by a little
manipulation any air bubbles inthis small transverse tube are removed. Into
the tops of the tubes C and I rubber stoppers are introduced each carrying a
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glass tube fitted with an open stopeock. These stopeocks are marked ¢ and
. All three small taps ¢, d, and ¢, are now closed, and from the anode and
cathode limbs as much fluid withdrawn by means of a suitable pipetting
arrangement as is possible without allowing air to run back into C or D.
When this is done, a spiral silver sheet anode connected by a silver wire Lo
the positive binding screw is introduced into the anode lmb, and normal
sodium chloride run in slowly until its meniscus reaches a cerlain mark.
This mark is so arranged that when air is let in through ¢ the column in
C does not move, for it balances that in the anode limb exactly. In a
similar fashion the cathode limb is filled with 5-per-cent. copper chloride
solution round a copper electrode. The stopeocks e, d, and e, are now
opened and the rubber stoppers carefully removed. The large taps are
opened with a slow even motion and ¢ is shut. The result is thal the
four fluids are arranged as it was desired with four sharp boundaries in
the positions indicated in the sectional drawing. The position of the * middle
tube fluid ” and the “electrode Huid” are shown by stippling. The *side
tube * space is left clear. It should be mnoticed that the poesition of the
apparatus in its wooden frame has been carvefully adjusted so that the
Lops of the plugs of the large taps are in the same hovizontal plane. The
adjustment is checked by filling M and the bores of both taps with a
coloured fluid and noting the position of the two meniscuses relative Lo
the plugs of the taps. The two binding screws are now put in connection
with a direct lighting main, say, at 115 volts. It is, of course, one essential
condition of these experiments that the actual current passed be so small
that even al this voltage the rise of temperature due to the heat generated
in the apparatus is insufficient to cause any appreciable convection currents,

After disconnecting again from the main the large taps are turned off very
slowly to prevent mixing of the solutions by eddy currents, and the distribution
of acid and alkali at the boundaries is investigated by one or other of the
various simple devices which suggest themselves at once. A “ medicine
dropper * made of hard glass and drawn out to a long fine capillary is
convenient for introducing strong indicator solution at the desived point, for
removing liquid from a given region, or for mixing small quantities of fHuid
by drawing them up successively and delivering them into a common vessel
after the manner of the bacteriologist.

If, for example, in an experiment where the “middle fluid” is S-per-cent.
sodium chloride and the “side tube fluid” 005-per-cent. sodium chloride,
azolitmin dissolved in 0:03-per-cent. sodium chloride be floated upon the
meniscus of A and B, it will in a few minutes diffuse and fall down to the
four boundaries and demonstrate that, though the liquid in between has
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stayed neutral, acid has been liberated at the boundaries 2 and 4, counting
from left to right, where the current has passed from a dilute to a con-
centrated solution ; and alkali has been liberated at boundaries 1 and 3,
where the current has passed from a solution more concentrated to one
more dilute. Moreover, the coloured fluid will come to rest and spread
oul at a certain depth where it reaches a layer of fluid of a density greater
than its own. The actual position of the eclean-ent lower horizontal
boundary of the now eoloured fluid in C and D is the limit of the upward
diffusion of the more concentrated salt solution, and will depend only upon
the duration of the experiment. The position of this upper limit is the
same whether the current is turned on or not. The effect of the curreut
is seen in that the lowest fraction of a millimetre of the azolitmin-tinted
“side tube Huid” is ved in one case and blue in the other, instead of being
uniformly neutral in colour. The appearance can only be taken as signifying
that the uppermost limits of the region of acid and alkali liberation are
horizontal and sharply defined ; they coincide with the limit of salt diffusion
upwarid, and are to be found even several hours after the opening of the large
taps, only a millimetre or two above the original position of the boundary.

‘In all the experiments described later, alkali and acid liberations al
boundaries 1 and 4 respectively were observed, but as their discussion,
except so far as the considerations referring to boundaries 2 and 3 apply, is
irrelevant to this investigation they will not be referred to again.

As the result of considerable experience, it way be stated of experiments
in which the connection to the 115 volt main lasts for four hours only, that
a firsl measurement of the amounts of acid and alkali liberated may be made
in the following manner. The large taps are closed very carefully, hoth
electrode fluids are sucked out with a pipette, so that the colomm of liguid
vertically above each tap is isolated, azolitmin solution is introduced into C
and D, and the liguid stivred.  The amount of azolitmin solution used is the
same for each experiment, and the colonrs assumed after stirring indicate the
rquantities of acid and alkali developed.  Subsequently, scarch for acid and
alkali in the bores of the taps may be made, but under these conditions little
will be found. The explanation is simple when it is recognised that the
sites of development of acid and alkali are the boundaries of the con-
centrated and the dilute solution, and that these move upwards aboul
4 mm. in four hours by the orlinary process of diffusion. To deteet the
extremely minute traces of acid and alkali formed when the experiment
has only run a few minutes, it is advisable to remove all the neutral super-
natant fluid from the side tubes, except the lowest 10 mm., before adding
indicator and stirring. A more complete description of the shape and

S P
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position of the region in which a change of reaction is observed, and
the actual titration of the amounts of acid and alkali developed, will be
viven later.

lst Series of Erperiments.  The amounts of acid and allale liberated bear no
relation lo the amount of cwirrend passed.—Using as “ middle fluid” any sodium
chloride solution from 0401 per cent. to 5 per cent., the amounts of acid and
alkali obtained at the boundaries were the same, as nearly as could be judged,
as long as the “side tube fluids” were distilled water. Also, using 5-per-
cent. sodium chloride as “ middle fluid” and as “side tube fuid ” a 0°05-per-
cent. solution of the same salt the result was still the same, though of
course the current passed was many hundred times greater in this case. In
fact, the amounts of acid and alkali liberated at 100 volts in four hours
were independent of the concentrations of the * middle uid ™ and “side tube
fluid™ as long as the former conducted clectricity at least 100 times as well
as the latter. To avoid heal liberation and subsequent convection currents
the “side tube fluid " was never more concentrated than 0°05 per cent,

2nd Serics.  The actd, no matler what newdral salt be used, @s always Uberabed
where the ewrrent passes from the more dilute to the move concentraled solution ;
the allali s always lherated where the curvent passes from the concenteated
solution to that more dilufe.—In this series of experiments a number of neatral
salls were examined,  Five-per-cent. solutions were used as “ middle fluid 7 ;
the same solutions 100 times diluted were taken to 11 the “side tubes.” In
all cases acid was found at the left and alkali at the right boundary,

The neutral salts chosen were examples cited of the following groups :—

(v) Those whose anion and calion have approximately equal migration
veloeities, eq., KCI, K1,

(b) Those whose anion is the faster ion, eg, MgS0, K50, Natl,
AgNO;,

(¢) Those whose cation is the faster ion, eg., KOO,

(d) Those whose anion migration rativ increases with dilution, eg.,
M5S0, NaCl, KO, K1

(¢) Those whose anion migration ratio decreases with dilution, cg.,
AgNOs;. '

drd Series.  Oher conditions betng the same, o constend cmount o acid and
allali is lthevated, no maller whal nevtval sall be wsed. —The individual experi-
ments of the second series above were done in pairs.  Two neutral salts were
taken, and the 5-per-cent. and 0'03-per-cent. solutions of each prepaved from
the same sample of distilled water. They were filled into two similar trans-
port apparatus, and connected to the same 115 D.C. main in parallel for the
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same time, and then examined in the same manner. The salts were chosen
from groups a, b, ¢, d, ¢ above, in various combinations, but there was no
indication that the effect was greater in one case than in another.

4th Series.  Brperiments to delermine the configuration and position of the
zones of acid and allali liberation—The upper limits of the two zones in
which a change of reaction has oceurred have been discovered (p. 139, para-
graph 1); they coineide with the upper limits of the diffusion of the sall
solution. The lower limits are found by removing fluids at different levels
and testing. The taps arve of assistance in doing this. The operations are
tedious, but with a hard glass medicine dropper drawn out to a long fine
point trustworthy information can be obtained. 1t is found that the acid
and alkali spread down more and more, as the duration of the experiment is
increased, presenting an irrecular diffusion frond.

The state of alfairs after eight hours at 220 volts, when the two fuids are
water and 5-per-cent. sodium chloride, is represented in fig. 3.

Original level
of boundary.

ALKALI

Fio. 3.

Sth Sevivs.  The quantities of avid and alkali developed inevease with time
e then become eonstant.—From what has been said in the last paragraph it
will be anticipated that, as the rate of acid and alkali production is very small,
there will soon come a time when they diffuse downwards away from their
source as rapidly as they are liberated, and that their diffusion fronts will
meet. Neutralisation and consequent disappearance of the acid and alkali
will ocenr somewhere near the middle of M as rapidly as they originate near
the bottom of the side tubes.

There is every indication that this is what takes place. Au 220 volts, with
the apparatus of the dimensions given, this maximum is reached in about
56 hours.  The quantities of acid and alkali found in the two regions increase
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steadily up to this time. The time taken to reach this maximum would
naturally be longer, and the maximum quantities of acid and alkali oblainalle
would be greater, in an apparatus made with a longer middle tube,

6tk Scries,  Measwroment by {itration of the quaniities of acid and alladi
lilwvraled—The (uantitics arve extremely small—so much so that without
preliminary experience their measurement could not be undertaken.  1In the
particular experiment chosen as affording the crealest opportunity of exact
~ quantitative investigation, 0-25-per-cent. sodium chloride solution was sur-
mounted by “conductivily ” water. This small concentration of salt was
used in the middle fluid in order to minimise the effect of the neutral =all on
the indicator in the subseguent titration.

Using 115 volts, the duration of the experiment was limited to five hours,
ag it was known that in this time the lower limits of the acid and alkaline
zones would not extend down far enough to escape their subsequent removal
intact. At the end of the experiment, to avoid undue dilution of the acid and
alkali, the taps were closed and the “side tube fluid ™ was removed excepl
that occupying the lowest 20 mm. above the taps on either side. This was
done by removing first the electrode fluids, so that the columms of liguid
vertically above the taps were isolated, and then by the judicious use of a
long, fine-pointed pipette. Then, opening the taps one at a time and closing
either before opening the other, 4 c.c. of fluid were removed by pipette from
each side of the apparatus. The experimenlt was performed in duplicate
with two complete sets of apparatus, so that 8 c.c. of alkaline fluid and 5 c.c.
of acid fluid were obtained. These two portions of 8 c.e. could, as a result
of the preliminary experiments detailed, be relied upon to contain respec-
tively the whole of the acid and alkali liberated as a result of the passage of
the current.  As they contained only 0-13 per cent. (¢ive.) of sodinm chloride,
the effect of neutral salt on the indicator could be neglected.  Four beakers
were taken :—

(v) 8 e luid from left-hand limb.
(#) 8 c.e. Huid from right-hand limb.
(¢) 8 e fluid Sérensen Nf15 phosphate mixture (65 c.c. I"."‘JJHI Uli
35 c.e. KHoPO,).
il
E‘;)}}-S c.c. of same waler as used to fill the apparatus.

To each was added just enough neutral red to colour the fluid a practicable
amount. This indicator was chosen because the P} range over which it shows
colour change is small and extends on both sides of absolute nentrality, The
tubes (¢), (4), and (¢) matched exactly, The addition of one drop of 0001 N
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caustic soda to (d) or 00001 N hydrochloric acid Lo (¢) caused them to turn
permanently yellow and ved respectively. The contents of beaker (¢) was
redder than that of (¢). After the addition of 0-20 c.c. of 01001 N caustic soda
to (), they matehed in colour ; but (a) slowly developed a pink tinge again.
By adding a further 010 c.c., («) remained yellower than (¢) for some minutes.
The titration of the aecid liberated in each apparatus was, therefore, about
0-10 c.c., and certainly less than 0135 c.c. of 0:001 N solution. Many experi-
ments were made to account for this small, but in proportion to the titration
volumes very larce, time change. It was not understood. The control
experiments deseribed above arve evidence that it is due neither to atmospheric
carbon dioxide nor the reaction inertia of the indicator. A special experi-
ment was made, leaving the fluids in the apparatus for 24 hours without
turning on the current. It showed that it could not be attributed to alkali
from the glass,

The titration of (#) to the same tinb as (¢) was certainly more sharp, It
required about 0-10 ce. of 0°001 N hydrochlovic acid.  The alkali liberation
in cach apparatus was therefore aboul 0005, and certainly less than 0-08 c.c. of
0:001 N solution.

Theoretival Inferprolation of the Reswlls Observed.

From the evidence available al this stage it is legitimate to draw the
conclusion that these boundary phenvmena cannot be attributed to any
properly of neutral salt solutions not common to them all.  Since the most
obvious electrochemical property common to all neutral saits in solution is
that of enhancing enormously the specific conductivity of pure water when
dissolved therein, it is not swrprising that this, and the hypothesis of the
dissociation of water into H™ and OH’ ions, should supply the greater part of
the explanation sought. Tt may be noticed at once, therefore, that in either
limb of the apparatus as filled for any one of these experiments there is a
column of highly conducting solution (e.g4. d-per-cent. sodium chloride solution)
with a column of very feebly conducting solution (e.qg. 0°05-per-cent. sodium
chloride solution or, even better, pure water) above it. The columns of liguid
are placed in series and in eleetrical connection with two peints at a different
electrical potential. 1t follows, therefore, that the strength of the clectro-
static field, which is expressed as a change of potential per unit length, is
“great above the boundary and small below it. The field is downward on the
left-hand side of the apparatus and upward on the right.

Since the contents of the U-tube are at the commencement neutral
throughout, the hydrogen and hydroxyl ions per cubic centimetre are equal
in number and evenly distributed both in the dilute and in the concentrated

— e B i,
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solution.* When the current is turned on the migration of the hydrogen ions
commences in the direction of the field, while the hydroxyl ions move in the
opposite divection. Migration is rapid in the dilute and slow in the strong
salt solution. Henee at the left-hand boundary the number of hydrogen ions
arriving in unit time from above is many times greater than the number
leaving in the same time in a downward direction ; the number of hydroxylions
leaving in an upward dirvection is, in similar fashion, greater than the number
arriving from below. The resulting excess of hydrogen ions over hydroxyl
ions accounts for the observed “acid” at this place. The development of
alkali at the right-hand boundary is attributed to the acewmulation of
hydroxyl ions in excess of the hydrogen ions at this place by the converse
provess. There is one point which eannot be overlooked. The product of
the ™ and OH' concentrations at any point in the solutions at any Lime
must be k. If the concentrations of H and OH' resulting from the original
concentrations plus ionic migration do not satisfy this relationship, then it
can be assumed that a dissociation of water takes place till the relationship
is again established. The dissociation may be positive or negative, but, since
H" or OH' ions are liberated or disappear in equal amounts by this weans, it
cannob abolish the excess or deficiency of H™ or OH' jons per cubic centimetre
sel up as a result of ionic migration in the manner suggested.

As pointed oul by Dr. C. J. Martin while discussing this explanation, an
aceimulation of H™ or OH’ ions inany region, though a convenient expression,
cannot be regarded as the whole of the phenomenon.  Tons sueh as C1” or Na’
must be attracted electrostatically from other regions to balance them. With
this addition the picture of the condition of aflfairs is complete, and the
development of * hydroehlorie acid” and “eaustic soda,” both, of course,
highly ionised, is accounted for,

On the same lines may be explained why the upper layer of the region of
changed reaction is sharply defined while the lower layer is not.  Imagine
at the left-hand boundary, where the diffusion front of the strong salt solution
is a well marked horizontal layer, a hydrogen ion diffusing upwards aheud of
its companion Na’, Cl°, and O’ jons. It passes into a field of high intensity
and is immediately forced down again. No such hindrance is met in its
natural diffusion downwards: it has, in fact, a small fovee helping it.  This,
conpled with its high natural velocity of diffusion, accounts for the discovery
of acid, even after a few lours, a considerable distance below the original
position of the houndary. :

If these explanations of the phenomena observed are accepled, further

* The effect of the neutral salt on the dissociation constant of water need nol here be
considered.
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problems immediately present themselves as to the finer mechanism of these
changes of reaction and the energy changes at the boundaries. Their
complete solution demands mathematical treatment of an advanced order.

An attempt at caleulating the gross amounts of acid and alkali developed,
however, say in the experiment deseribed under the heading 6th Series, may
be made at once—assuming that the explanation of the phenomena observed
is correct and complete.  The region of acid development, which it will be
convenient to consider first, 1s totally included between the séclions ae and
aie of the apparatus, At both of these sections the fluid is neutral, even at
the end of the experiment. The volume included is 4 ce.  The total
gramme equivalents of ionised hydrogen which pass in across e during the
whele time of the experiment may be written at onee

103 x 10~a x Loae, (1)
where £ is the time for which the experiment has run in seconds; », the
velociky of the hydrogen ion under unit potential gradient; e, the area of
the cross-seetion ; and e, the fall of potential per unit length across that
seclion.  Similarly sinee the migration velocity of the OH" ion is 18/33 that
of the H' ion, the total gramme equivalents of OH leaving the region by
Passing upwards across aa, is

1073 x 10-MM+Pir 5 f x L8 gy, (2)
The migrations of H™ and OH’ ions past the gection wmm are sufliciently
small to be neglected, for they ave smaller than those past @ in the ratio of
the conductivities of water and a 0-25-per-cent. solution of sodium chloride.
To restore neutrality to this region at the end of the experiment, equivalents
of OH" must be added in amount equal to the sum of these two quantities.
The quantity (1) represents the OH" ions required to neutralise the H® ions
which have arrived ; the quantity (2), the deficiency of OH’ ions which must
be made up.
Sinee for the titration 00001 N caustic soda was used, the sum of (1) and
(2) must be wmultipliecd by 10% to give the number of eubic centimefres
required. The titration should be

108 (10% % 107Pit x froe 4 107 x 10~ W1V x 18 vue). (5)
Insgerting the following values
P =i
f = 18,000 secomds,
g = dax 10~%
ge = 293 *
# The determivation of the value of the product ee, which depends on the voltage
applied to the ends of the “side tubes”™ and upon their shape, was the object of a




Hermann's Phenomenon, 146

the caleulated value is 00027 c.e. 0:001 N caunstic soda.  Expression (3) is also
the expression for the volume of 0001 N hydrochloric acid required io
neutralise the alkali liberated in the region of chanze of veaction on the
right-hand side of the apparatus. So that this titration also should be
0-027 e.e. if the assumptions made arve correct. The quantities of acid and
alkali found (0-15 and 008 e.e. of 00001 N solution respectively), though of
the same order of magnitude as those ecaleulated, are in excess of those
quantities anticipated on these suppositions, if the accuracy of these titrations
can be trusted. To establish certainty that the difference between the
calenlated and observed values is significant would require special apparatus,
water of exceptional purity, and an expenditure of time which seems scarcely
Justifiable.

In wview of the inaccuracy of the titration of these small guantities
nothing can be gained by discussion of possible reasons for the lack of
agreement between the calenlated and observed values, though it may be
remarked that the purer the water used the sharper, smaller, and more
nearly equal were the titrations observed,

On the basiz of the explanation offered, therefore, the guantities of acid
and alkali liberated in a typieal Hermann experviment have been predicted,
and found in practice, to be of the order 0003 c.e. of 0001 N solution. This
guantity, thongh detectable, eould not be measured with aceuracy.

It may be stated, in conclusion, that invariably when an electric current
passes from one agueous solution to another of different specific conduetivity,
there will be either acid or alkali liberated at the boundary, depending on
the direction of the eurrent. Ii is widely recognised that in snch cireum-
stances a concentration of one of the ions of the feebly conducting solution
separate experiment. Tt is equal to B/E, where E is the potential difference between the
ends of the “side tube” space, and £ is their “rvesistance capacity.” For, if the * side
tubes ™ ave filled with fluid of specific conductivity s, the current passing may be written
aes = Es/l. By “side tubes” are meant the whole of the volume which is not stippled
in diagram. The apparatus was filled in the uswal manner with normal NaCl and
~ gaturated CuS0,, as electrade fluids, normal NaClas “middle fluid,” and with 001 N KCl
in the “side tubes.” With 115 volts hetween the electrodes the current passed was
358 milliampéres, Filling the apparatus in exactly the same way, except that
010 N KCl was placed in the side tubes, the current passed was 31 millinmperes at the
same voltage. If the resistance of the electrode fluids and the normal sodium chloride

in the “middle tnbe,” which is common to both, be written @ and the standard values of
the specific condnetivity of the KCl solutions he taken-—

i " IR : I _ T
ot Saxin- - 3o8x10F © “tilexio® 3Ix10-%’
from which equations b = 392, Hence
gem =110 _ 999
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at the houndary will oceur: but that ™ or OH’ jons will always be found
concentrated there, too, has escaped recognition.

A simple experiment can be devised to demonstrate these facts in a
striking manner. The apparatus is filled, say, for the experiment under the
heading Gth Series, except that, before filling, a little dry azolitmin is
dissolved in the middle flnid, and, in such guantities as to prodnce the same
tint, into the side tube fluid as well.  Shortly after turning on the eurrent,
the litmus will beein to colleet at boundaries 1 and 3, and to move away
from bonndaries 2 and 4. A space above the left-hand tap 1 or 2 mm. deep
will be left perfectly clearly defined and colourless in a guarter to hali-an-
honr., Moreover, though this requires eare in the amount of azolitmin used,
the ehanges of colour of the litmus at the boundaries demonstrate, in addition,
that at each boundary either H" or OH' ions concentrate there too. The red
litmus anions in the middle tube will not move at all or show any change in
their even distribution indefinitely,

The analogy between the aecid and alkali liberation at the boundaries of
golutions of wunequal econductivity (laken fogether with the supposed
bleaching aetion of litmus in the regions becoming colourless in the experi-
ment just deseribed) led Hermann to consider the phenomena at these
boundaries similar to those at metallic electrodes. e attributed them to
the discharge of ions. In many experiments with potassium iodide, where,
after the experiment, the houndary was tested with starch, and silver nitrate,
where metallie silver was looked for, no evidence of this oceurring could be
found, :

Sumnaneii,

At the bonndary between two solutions of unequal specific conduetivity a
change of reaction is developed il a difference of potential be maintained
hetween them. Alkali is liberated if the eurrent passes from the better
conducting solution to that not conduecting so well: acid, if the current
passes in the opposite direction, The amounts may be caleulated from the
potential gradients in the solutions on each side of the boundary, the time for
which the difference of potential is maintained, the resistance eonstant of the
vessel employed, the dissociation constant of water, and the known migration
velocities of hydrogen and hydroxyl ions.

Harrisox awp Sowa, Printers in Ordivary to His Majesty, 8t Martin’s Lane.
















