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THE THEORY OF EMULSIFICATION. VIII

e i

BY WILDER D. BANCROFT

Since the adsorption of gases by liquids and solids plays
part in ore flotation, it is desirable to consider the gengftal

question, and I shall begin with the adsorption of gase f) |
solids in so far as it affects our problem. ‘The fact has £
been known that solids, such as charcoal, silica, metals, wp ,5;5“
" glass, etc., adsorb gases selectively; but people have not beég ..
so much. interested in the effect that the adsorbed gas may* 4- Ty
have on the properties of the solid. If the film of condensed
air on a small particle remains of approximately the same
thickness, irrespective of the diameter of the particle, the
ratio of air film to mass of particle will increase as the patticle
is made smaller, and may increase even if the thickness of the
air film decreases with decreasing size of particle. If the
ratio of air film to mass of particle increases continuously,
there will come some point where the ensuing change in prop-
erties will become distinctly noticeable. Cushman and
Coggeshall! found that a powder which would pass through a
z00-mesh sicve surged like a liquid. When poured into a
vessel it only filled 46 percent of the space, whileé a coarser
powder filled more. It is not surprising that the air cushion
round each particle should make the particles move over one
another like a liquid. Stoney?” points out that this freedom of
motion hecormies more marked when there is a4 temperature
gradient. He cites ‘‘the mobility ‘imparted to a very fine
powder (as, for example, magneésium carbonate or precipitated
silica) by heating it in a4 metal dish. When the dish is dis-
turbed, the powder glides about as if floating: and it is in
fact floating on the compressed Crookes' layer, which will
spring into existence whemnever the powder is able by radia-
tion to mamtam a lower temperature than the dlbh "

Aty AN bl 5t iy gl — R i, i - o i w i et -

! Jour. Franklin Inst., 174, 672 (1912).
* Phil. Mag., (5) 4, 443 (1877).



2 Wilder D. Bancroft

The existence of an air film can be shown in other ways.
In a paper on the disruptive discharge of electricity through
gases, Schuster! says: ““The most remarkable fact con-
nected with disruptive discharge seems to me to be the ap-
parent diminution of dielectric strength with a diminution
of pressure. Imagine the state of a molecule in the gas just
before the spurk passes at an atmospheric pressure; next
imagine half the number to be suddenly removed. Why
should the discharge now pass? What difference can the
removal of some molecules make in the state of those which
are still left? None, so far as I can see, unless a great change
‘in the inductive capacity has taken place.” But no sufficient
diminution of inductive capacity is ubserved within the bulk
of the gas; and, unless our present ideas are altogether wrong,
I can see no way out of the difficulty except by using a surface
layer of gas in contact with the solid having a large inductive
capacity. If the layer is thin, the electric displacements will
not be materially changed by its presence; and if the discharge
begins within the layer we have to substitute in B/A |[B =
electric induction}, for A the inductive capacity not of the gas
itself, but that of the condensed layer. If k& [specific in-
ductive capacity] is large.. .., M will be nearly proportional
to the density of the layer, and will therefore diminish with
the pressure. There seems to me no difficulty in imagining
the value of %k in a gas to be large close to the surface of the
solid; and if we once admit the possibility of such a contact-
layer which diminishes in density by a reduction of pressure,
some of the most puzzling facts of the disruptive discharge
admit of explanation. One objection, which occurs to e,
must be answered. It may be said that if A is large near the
surface of the solid, the spark will start wherever B/\ is
largest, and therefore not within the condensed layer, but
between it and the remainder of the gas. This objection
would be justified if we take the discharge to be a passage of
electricity between the molecules; but, according to the

ek rmal - . . - LE"NE -

! Phil. Mag., (5) 20, 197 (18¢0).



The Theory of Emulsification 3

theory I advocate, the dissociation of the molecules may, as
already explained, take place more easily in the condensed
layer, and probably soonest in direct contact with the metal.”’

Breuer! points out that the adsorbed air film plays an
epormous part in every-day life by preventing the coalescence
of solids. “Just as the attraction of the smallest particles of
a solid for each other cause the solid to offer a greater or lesser
resistance to being pulled apart, so the two substances adhere
more ot less firmly when the two surfaces are in intimate
contact at as many points as possible. This direct contact
is not so easily brought ahout, however. If we take a thick
porcelain plate, for instance, and break it in two, the two
parts should of course go together with mathematical exact-
ness. The one is the absolute complement of the other. It
would therefore seem that if the two pieces were brought to-
gether carefully, intimate contact would be set up over the
whole surface and the two pieces would stick together without
trouble. Anybody, who has with sorrowful countenance in-
stinctively pressed together the fragments of a broken work of
art, knows that this is not the case and that the pieces fall
apart as soon as one lets go of them.

“The reason for this is as follows: All solids condense on
their surfaces certain amounts of gases from the air and hold
them with great force. The new surfaces which are formed
when a porcelain plate is broken, are covered instantaneously
with particles from the surrounding atmosphere, and these are
held in place powerfully as a thin, adherent, elastic cushion.
The portion of this layer which is next to the porcelain is be-
hieved nowadays to be as solid and dense as the porcelain it-
self, while the outer surface has the density of the air. A
simple mechanical pressure, no matter how strong, is therefore
not sufhicient to bring the porcelain surfaces into intimate
contact.”’

If one were to break a plate in an absolute vacuum and
were to bring the pieces together in the same vacuum, the

! Kitte and Klebstoffe, 23 (1907).



4 - Wilder D. Bancroft

plate should. theoretically be ‘as. good as new. This is not
likely to happen practically, because we canmnot get an absolute
vacuum. If we heat the fragments of any broken object, we
accomplish several results. At the higher temperature less
gas 1s adsorbed and it is held less firmly. The solids become
more malleable and it is therefore easier to get contact at a
number of points.  As everybody knows, it is possible to fasten
two glass rods together at temperatures at which the glass
is still very viscous. It may be urged that glass at these
temperatures is obviously a liquid and not a solid: but this
~ criticism does not apply to platinum. To weld platinum it is

- only necessary to put two clear pieces of ‘platinum i contact,
to heat them to a moderate temperature far below the melting
point of platinum, and to give them a light tap with a hammer.
Since the object in these cases is to bring two like surfaces into
contact, it is easy to see why clean surfaces are essential when

soldering or brazing metals, and why it is important to use a
flux.

While it is not possible as a usual thing to mend a broken
object by pressing the two pieces together at ordinary tem-
peratures, Spring' has shown that powders may be welded into
massive blocks by the use of sufficiently high pressures. That
means that the pressure has been sufficient to squeeze out the
air films coating the powders. ,

Since glass may be considered either as a solid or as a
super-cooled liquid, and since glass adsorbs gases, it seems
reasonable to suppose that gases might also be adsorbed by
mobile liquids and this proves to be the case. Campbell? has
made a study of the so-called bubbling method of determining
vapor pressures of liquids, and he draws some distinctly in-
teresting conclusions. *“It has generally been assumed that
failure to get satisfactory results of Vapor pressure measure-

o] o kg

' Bull. Acad. roy. belg., (2) 49, 323 (1880); Ann. Chim. Phys., (5) 22, 170
(1883y); Ber. deutsch. chem. Ges., 18, 193 (1882); Bull. Soc. chim. Paris, (2) 40,
520 (1883); Friedel: Ibid., (2) 39, 626; 40, 526 (1883); Jannetz, Neel and Cler-

mont: Ibid, (2) 40, st (1883): Tammann: Zeit. Elektrochemie, 15, 447 (1009).
* Trans. Faraday Soc., 10, t97 (191 5).



The Theory of Emulsification 5

ments in presence of a gas, almost always air, has been due to
experimental error, and, in cases in which a stream of gas was
used, to incomplete saturation. - Regnault convinced himself
that the differences he found were due to actual differences of
pressure. Fle suggested that the molecular attraction between
the substance of the walls and the vapor particles causes
condensation and that equilibrium is never reached, because
the rate of evaporation of liquids in presence of gases is slow
and because a film of liquid of the thickness requisite to
saturate the walls cannot form on account of the force of
gravitation. .

-“It is suggested that an explanationi more in consonance
with the facts recorded in this paper is that gases form filins
on the surface of the liquids, as on those of solids; in other
words, that liquids, like solids, adsorb gases. It is known
that, of the three gases, carbon dioxide, oxygen and hydrogen,
that nearest to its critical temperature under ordinary condi-
tions—carbon dioxide—is the most freely soluble and is
adsorbed to the greatest extent by solids, notably by char-
coal, and that hydrogen, the farthest removed from its critical
temperature, is least soluble and least adsorbed by charcoal.
The order is the same when we arrange the gases according
to the magnitude of the vapor pressure lowering which they
cause, . This parallelism lends weight to the hypothesis of the
existence of a highly concentrated film of gas at the surface of a
liquid, and further, certain of Regnault's observations receive
satisfactory explanation upon this assumption.

“In his first series of statical experiments Regnault found
that the greatest pressure at any particular temperature was
developed immediately after the mixture of gas and vapor
had been raised to that temperature, and that the maximum
pressure was greater when the alteration in temperature took
place quickly; in all .cases, however, a gradual fall followed.
In the second series the highest vapor pressure at any particu-
lar partial pressure of gas was developed immediately after a
reduction in volume; as before, a gradual fall followed. It is
evident that, in either case, a fresh film of liquid must be
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formed, which exerts g pressure equal to or approaching that

developed in vacuo, and that, on standing, gas i1s adsorbed
and the pressure falls in consequence.

“In reference to the results obtained by Krauskopf and
othets, it ig noteworthy that they resorted to violent agita-

tion of the liquid, while Regnault and Tammann passed the

gas over the surface of the unstirred liquid. It would seem

that the success of the former was due to the prevention of the

formation of a gas film on the liquid surface, not, as they seem

to imply, solely to having saturated the gas.

“The hypothesis does not account equally well for the
fact that Regnault found that ether in ait and hydrogen gave

the lowest partial pressures at the lowest total pressutes and
that it increased with the latter until, when the gas pressure
was approximately r—g atmospheres, that of ether was very
nearly the same as in vacuo. It ig almost certain that at the
low pressures the amount of liquid ether was so small that
there was no true free surface. Were this the case the diffi-

culty largely disappears, for it has been proved that, even

i vacwo, thin liquid films exert 1 lower pressure than the
normal."

It Camphell is right in believing that a condensed air film
on the surface of a liquid introduces a possible error into
determinations of molecular weights by the bubbling method,
this may throw some light on some curious resylts obtained
by Omdorff and Carrell! g good many years ago. They
found that “‘the rate at which the air current passes through
the apparatus influences the results markedly. In some cases,
however, results agreeing with the theoretical are obtained
whatever be the rate as is seen in the case of urethane, while
with phenol the results do not agree very well with the
theoretical whatever the rate. It is quite likely that some
other factor comes in here, possibly that the surface tension

of the solution plays some part.” It is now possible, though

not proved, that the varying amount of adsorbed air is an
important factor.

i) Wiy d——

' Jour. Phys, Chem., X, 753 (18¢7).



The Theory of Emulsification i

Campbell deduced the existence of an adsorbed gas film
from his quantitative measurements on evaporation. ‘The
existence of such a film is shown directly by Rayleigh’s ex-
periments on liquid jets'. “It has heen known for many
years that electricity has an extraordinary influence upon the
behavior of fine jets ascending in a nearly vertical direction.
In its normal state a jet resolves itself into drops, which even
before passing the summit, and still more after passing it, are
scattered through a considerable width. When a feebly
clectrified body is brought into its neighborhood, the jet
undergoes a remarkable transformation, and appears to be-
come coherent; but under more powerful electrical action, the
scattering becomes even greater than at first. The second
effect is readily attributed to the mutual repulsion of the
electrified drops, but the action of electricity in produmng
apparent coherence has been a mystery hitherto.

“It has been shown by Beetz that the coherence is ap-
parent only, and that the place where the jet breaks into
drops is not perceptibly shifted by the electricity. By screen-
ing various parts with metallic plates, Beetz further proved
that, contrary to the opinion of earlier observers, the seat of
sensitiveness is not at the root of the jet where it leaves the
orifice, but at the place of resolution into drops. As in Sir
W. Thomson’s water-dropping apparatus for atmospheric
electricity, the drops carry away with them an electrical
charge, which may be collected by receiving the water in an
insulated vessel.

“I have lately succeeded in proving that the normal
scattering of a nearly vertical jet is due to the rebound of the
drops when they come into collision with one another. Such
collisions are inevitable in consequence of the different
velocities acquired by the drops under the action of the
capillary force, as they break away irregularly from the con-
tinuous portion of the jet. Even when the resolution is
regularized by the action of external vibrations of suitable

e

e ———— el

! Rayleigh: Proc. Roy. Soc., 28, 406; 20, 71 (1879); 34, 130 (1882).



8 Wilder D. Bancroft

frequency, as in the beautiful experiments of Savart and
Plateau, the drops must still come into contact before they
reach the summit of their parabolic path. In the case of a
continuous jet the ‘equation of continuity’' shows that as the
jet loses velocity in ascending, it must increase in section.
When the stream consists of drops following the same path
in single file, no such increase of section is possible, and then
the constancy of the whole stream requires a gradual ap-
proximation of the drops, which in the case of a nearly vertical
direction of motion cannot stop short of actual contact.
" Regular vibration has, however, the effect of postponing the
~ collisions and consequent scattering of the drops, and in the
~ case of a direction of miotion less nearly vertical thay prevernt
them altogether.

‘“‘Under moderate electrical influence there is no material
change in the resolution into drops, nor in the subsequent
motion of the drops up to the moment of collision. The
difference begins here,. Instead of rebounding after collision,
as the unelectrified drops of clean water generally or always
do, the electrical drops coalesce, and thus the jet is no longer
scattered about. When the electrical influence is more power-
ful, the repulsion between the drops is sufficient to prevent *
actual contact, and then of course there is no opportunity for
amalgamation. . o

‘“These experiments may be repeated with extreme ease
and with hardly any apparatus. The diameter of the jet
may be about 1/20 inch, and may be obtained either from a
hole in a thin plate or from a drawn-out glass tube. I have
generally employed a piece of glass tube fitted at the end with
a perforated tin plate, and connected .with a.tap by India-
rubber tubing. The pressure may be such as to cause the
jet to rise 18 or 24 inches, or even more. A single passage of
a rod of gutta-percha, or of sealing-wax, along the sleeve of
the coat is sufficient to.produce the effect. . The seat of
sensitiveness may be investigated by exciting the extreme tip
only of a glass rod, which is then held in succession to the root
of the jet and to the place of resolution into drops. An effect
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is observed in the latter, but not in the former position. Care
must be taken to use an electrification so feeble as to require
close proximity for its operation, otherwise the discrimination
of the positions will not be distinct.

““The behavior of the colliding drops becomes apparent
under instantaneous illumination. I have employed sparks
from an inductorium, whose secondary terminals were con-
nected with the coatings of a Leyden jar, The jet should be
situated between the sparks and the eye, and the observation
is facilitated by a piece of ground glass held a little beyond
the jet, so as to diffuse the light; or the shadow of the jet may
be received on the ground glass, which is then held as close as
possible on the sidé fowards the observer.

“If the jet be supplied from an insulated vessel, the
coalescence of colliding drops continues for a time after the
removal of the influencing body. This is a consequence of the
electrification of the vessel. If the electrified body be held
for a time pretty close to the jet, and be then gradually with-
drawn, a point may be found where the rebound of colliding
drops is re-established. A small motion to or from ths jet,
or a discharge of the vessel by contact of the finger, again
induces coalescence.

“Although in these experiments the charges on the
colliding drops are undoubtedly of the same name, it appeared
to me very improbable that the result of contact of two equal
drops, situated in the open, could be affected by any strictly
equal electrifications. At the same time an opposite opinion
makes the phenomena turn upon the very small differences
of electrification due either to irregularities in the drops or to
differences of situation, and is at first difficult of acceptance
in view of the efficiency of such very feeble electric forces.
Fortunately, T am able to bring forward additional evidence
bearing upon this point.

“When two horizontal jets issue from neighboring holes
in a thin plate, they come into collision for a reason that I
need not now stop to explain, and after contact they fire-
quently rebound from one another without amalgamation.
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This observation, which I suppose must have been made be-
fore, allowed me to investigate the effect of a passage of
electricity across two contiguous water surfaces. The jets
that I employed were about '/y; inch in diameter, and issued
under a moderate pressure (5 or 6 inches) from a large stone-
ware vessel. Below the place of rebound, but above that of
resolution into drops was placed a piece of insulated tin plate
in connection with a length of gutta-percha-covered wire.
The source of electricity was a very feebly excited electroph-
orus, whose cover was brought into contact with the free
end of the insulated wire. When both jets played upon the
tin plate, the contact of the electrified cover had no effect in

~'determining  the union;- but-whent only one- jet washed the -

plate, union instantly followed the communication of elec-
tricity, and this notwithstanding that the jets were already
in communication through the vessel. The quantity of
electricity required is so small that the cover would act three
or even four times without being recharged, although no
precautions were taken to msulate the reservoir.

“In subsequent experiments the colliding jets were about
8/100 inch in diameter, issued horizontally from similar glass
nozzles, formed by drawing out a piece of glass tubing and
dividing it with a file at the narrowest part. One jet was
supplied from the tap, and the other from the stoneware
bottle placed upon an insulating stool. The sensitiveness to
electricity was extraordinary. A piece of rubbed gutta-
percha brought near the insulated bottle at once determined
the coalescence of the jets. The influencing body being held
still, it was possible to cause the jets again to rebound from
one another, and then a small motion of the influencing body
to or from the bottle again induced coalescence, but a lateral
motion was without efiect. If an insulated wire be in con-
nexion with the contents of the bottle, similar cffects are
produced when the electrified body is moved in the neighbor-
hood of the free end of the wire. With care it is possible
to bring the electrified body into the neighbourhood of the
free end of the wire so slowly that no effect is produced; a

[y i, | pl | et | b}
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- sudden movement of withdrawal will then usually determine
the coalescence.

“Hitherto statical electricity has been spoken of; but the
electromotive force of even a single Grove cell is sufficient to
produce these phenomena, though not with the same certainty.
For this purpose one pole is connected through a contact key
with the interior of the stoneware bottle, the other pole being
to earth. If the fingers be slightly moistened, the body may
be thrown into the circuit, apparently without diminution of
effect. This perhaps ought not to surprise us, as in any case
the electricity has to traverse several inches of a fine column
of water. On the other hand, it appeared that most of the
-electromotive force-of the Grove cell was necessary. -

“Further experiment showed that even the discharge of a
condenser charged by a single Grove cell was sufficient to
determine coalescence. Two condensers were used succes-
sively; one belonging to an inductorium by Ladd, the other
made by Elliott Brothers, and marked ‘Capacity '/, Farad.’
Sometimes even the ‘residual charge' sufficed.

“1t must be understood that coalescence of the jets would
sometimes occur in a capricious manner, without the action of
clectricity or other apparent cause. I have reason to believe
that some, at any rate, of these irregularities depended upon a
want of cleanness in the water. The addition to the water
of a very small quantity of soap makes the rehound of the jets
impossible. ‘The last observation led me to examine the be-
havior of a fine vertical jet of slightly soapy water; and I
found, as I had expected, that no scatlering took place. Under
these circumstances the approach of a moderately electrified
body is without effect, but a more powerful influence scatters
the drop as usual. The apparent coherence of a jet of water
when the orifice is oiled was observed by Fuchs, and appears
to have heen always attributed to a duninution of adhesion
between the jet and the walls of the orifice.

~ “‘Some further details on this subject, and other in-
vestigations respecting the phenomena of jets, are reserved
for another communication, which I hope soon to he able to
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present to the Royal Society but I cannot close without indicat-
ing the probable application to meteorology of the facts al-
ready mentioned. It is obvious that the formation of rain
must depend very -materially upon the consequences of en-
counters between cloud particles: If encounters do not lead
to contacts, or if contacts result in rebounds, the particles
remain of the same size as before; but if the issue be coales-
cence, the higger drops must rapidly increase in size and be
precipitated as rain. Now, from what has appeared above,
we have every reason to suppose that the results of an en-
counter will be different according to the electrical condition
of the particles, and we may thus anticipate an explanation

... of the remarkable but hitherto mysterious. connexion between
rain and electrical manifestations.”

In the third paper Rayleigh! points out that soap at
Cambridge did not prevent the scattering of the drops.® This
turned out to be due to the fact that the soap at Camb ridge
was a clarified specimen prepared for toilet use whereas the
soap previously used was common, yellow soap containing
unchanged grease. On the assumption that grease was the
active agent, a small amount of milk was added to the water
and worked admirably. Caustic potash, sulphuric acid,
alcohol, glycerine, sugar and gum arabic had no apptreciable
effect.

“When the diameter of the nozzle from which a water
jet issues is reduced to below !/, inch, the scattering cannot
be completely prevented by the presentation of an electrified
body.? One possible reason for this is evident. The mutual
repulsion of the similarly electrified drops increases rapidly
relatively to the masses as the size is reduced, and thus it may
happen that before the differential electrification sufficient
to rupture the separating envelope at contact is arrived at,
the repulsion may be powerful enough to prevent most of the
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! Proc. Roy. Soc., 34, 130 (1882).

? [This is confirmed independently by the fact that soap-bubbles do not
coalesce. |

¥ [CI. also Agauin: Drude’s Ann., 48, 1026 (1914).]
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drops from coming into'contact at all. In connexion with this
it may be remarked that two perfectly equal and ' equally
electrified spheres would repel one another at all distances;
but that if there be the slightest difference in the size or
electrification, the repulsion will be exchanged for attraction
before actual contact is attained. This attraction will be
local, and thus the opposed parts of the surfaces may come
into contact with considerable violence, even when the relative
motion of the centres of the masses is small. It is easily
shown experimentally that violence of contact tends to pro-
mote coalescence, so that we have here a possible explanation
of the action of electricity.

“With respect to the persistent scattering of very fine

-+ jets, however; it would appear that the principal cause is

simply that many of the fine drops fail to come into contact
in any case. The capillary forces act with exaggerated power,
and doubtless impress upon the minute drops irregular lateral
velocities, which may easily reach a magnitude sufficient to
cause them to clear one another as they pass. At any ratelittle
difference is observable in this respect between a fine jet of
clean water under feeble electrical influence, and one to which
a little milk has been added, but without electrification... ..
“The jets hitherto under discussion are such as resolve
themselves naturally into drops soon after leaving the nozzle,
or at any rate before reaching the summit of their path. If
the diameter be increased, we may arrive at a condition of
things in which the undisturbed jet passes the summit un-
broken. In such a case the addition of milk, or the pre-
sentation of an electrified body, produces no special effect.”
Experiments were also made with two jets impinging at a
small angle. ‘“The colliding jets coalesced in a manner en-
tirely capricious, the only principle observable being that they
coalesced even more readily with high pressures {12 inches)
than with low, and with lower pressures would stand collisions
at greater angles.” Removing traces of grease, bubbling air
through the water, heating the water, ete., did not eliminate
the capriciousness of the results. It was finally suggested
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that the anomalies were due to dust. “We tried dropping
dust on the colliding jets and found that union was always
produced. The following powders were: tried. .. .powdered
cork, sand, lycopodium, plaster of Paris, flowers of sulphur,
sugar, dust that had accumulated upon a shelf, and later emery
and putty powder. The lycopodium was a little more un-
certain in its action than the others, but apparently only
because, owing to its lightness, it was difficult to ensure its
falling upon the jets. Whenever we were quite sure it did 80,
union followed. When mixed with the water, powders acted
differently. Emery and putty powder were not effective, but
sulphur caused immediate union. Much probably depends
‘upon the extent to which the extraneous matter is wetted.

A precipitaté of chloride of silver, formed in the liquid itself, =

seemed to be without influence. . . .

“Although there is no reason to suppose that any other
cause than dust was operative in the above experiments, it
remains true that very little impurity of a greasy character
will cause immediate union of colliding jets. For this purpose
the addition of milk at the rate of one drop of milk to a pint
of water is sufficient. It may be noticed too that the effect
of milk is not readily neutralized by caustic potash.

“"With respect to the action of electricity, further experi-
ments have been made to determine the minimum electro-
motive force competent to cause union. The current from a
Daniell cell was led through a straight length of fine wire.
One end of the wire was connected by platinum foil with the
liquid in an insulated glass bottle, from which one of the jets
was fed. The glass bottle supplying the second nozzle was
similarly connected with a movable point on the stretched
wire. The electromotive force necessary to cause union, as
measured by the distance between the two fine wire contacts,
though definite at any one moment, was found to vary on
different occasions, possibly in consequence of forces having
their seat at the surfaces of the platinum foil. From one-half

to three-quarters of the whole force of the Daniell was usually
required. | |
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“With a view to further speculation upon this subject, an
important question suggests itself as to whether or not there
is electrical contact between colliding and rebounding jets.
To solve this question it was only necessary to introduce a
fine wire reflecting galvanometer into the arrangement just de-
scribed, taking care that the electromotive forces employed fell
short of what would be required to cause the union of the jets.
Suitable keys were introduced for more convenient manipula-
tion, and sulphuric acid was added to the water, in order to
make sure that absence of strong galvanometer deflection
could not be due merely to the high resistance of the thin
columns of water composing the jets. Repeated trials under
. these conditions - proved that so long as the jets rebounded,
their electrical insulation from one another was practically
perfect.

“As to the explanation of the action of electricity in pro-
moting union, it would be possible to ascribe it to the additional
pressure called into play by electrical attraction of the opposed
water-surfaces, acting as plates of a condenser. But it ap-
pears much more natural to regard it as duye rather to actual
disruptive discharge, by which the separating skin is per-
forated, and the equilibrium of the capillary forces is upset.
A small electromotive force, incapable of overcoming the in-
sulation of the thin separating layer, i1s without effect.”

Newall! has also made some experiments on liquid jets.
“Two horizontal jets of water, issuing from similar glass
nozzles, and fed from two glass bottles, are made to collide
at a small angle. When certain precautions are taken, such
as using clean and tolerably dust-free water, the jets rebound
from one another; but they are made to unite if each bottle
is connected with the pole of a cell (such as Grove's or Le-
clanché’s). It is convenient to introduce a key.

“I have lately in repeating this experiment, observed
that the colours of thin plates (Newton's rings) are formed with
remarkable brilliancy between the colliding jets. The jets

it 0 kel g Sl k1 L ) —a e
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are of circular section but on impact they become flattened
against one another, so that the surfaces of separation are
more or less plane and vertical. Between these surfaces,
which Lord Rayleigh has shown to be electrically insulated
from one another, there is a very thin film (of air, I presume)
in which the colours are visible. These afford 2 mode of
observation by which one may possibly gain information as

to the nature of the action of electricity in determining the
coalescence of the jets.. ...

“Lord Rayleigh regards the union as most probably due
to perforation of the separating skin, brought about by dis-
ruptive discharge. Let us consider the case when the colour
- of lowest order produced in the film between the jets is green
of the third order at normal incidence: the thickness of the film
is, roughly speaking, 2.5/2 X 6000 X 1078 centimeters, that is,
0.000075 centimeter. It appears that the highest minimum
electromotive force to produce union is about 0.75 volt. This
gives a difference of potential in volts per centimeter of
10.000. Now Sir W. Thomson’s experiments show that,
to produce a spark between brass plates nearly 100 times
further apart that the jets in the case we are considering, an
electromotive force of about 80.000 volts per centimeter is
required. De la Rue and Miiller have lately shown that the
substitution of saturated aqueous vapour for dry air between
the plates does not make any difference. It is however con-
~ceivable that there is diminished pressure between the jets.”

Burton and Wiegand' surrounded the glass nozzle by a
short vertical cylinder of brass which could be charged to an y
voltage whereby “a charge is induced on the drops as they
break from the main earth-connected stream of water issuing
from the nozzle. Other things being equal, the charge in-
duced on the drops depends merely on the potential of the
inductor, so that, even with a piece of ebonite or glass rubbed
very shghtly, the potential of these inductors, and conse-
quently the charge induced on the drops, may be very large.”
They found the following facts:

! Phil. Mag., (6) 23, 148 (19012).
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- "1. The presence or ahsence of a charge on the inductor
does not seem to affect perceptibly the size of the drops break-
ing away from the stream.

‘2. There is by no means uniformity in the size of the
drops, large and small ones occurring at random, whether the
drops are charged or not.

"'3. The uncharged stream almost immediately begins to
scatter in all directions.

"4. No matter how large the charge on the inductor ring,
7. ¢., no matter how large the charges on the drops, there is in
every case of the charged drops an absolute alignment of the
drops for at least part of their journey. For lower voltages

.. (dependent probably on the size and velocity of the- stream)

there is complete alignment to the top of their course.

“s. For lower voltages on the inductor tube there is
coalescence of the drops in the region of slow velocities.

6. For higher voltages the stream begins to scatter after
a region of absolute alignment, and the indications are given
of the splitting up of larger drops into smaller in this region
of scattering.”

Burton and Wiegand consider that no dificulty should
be found in the explanation of coalescence if one keeps in mind
the electrostatic forces. ‘“When two drops bearing unequal
charges, or two unequal drops bearing equal charges, are
brought closely enough together there are immensely strong,
increasing forces of attraction between them, and coalescence
will surely take place if the resulting drop is not too large to be
unstable. One would expect that at the moment of collision
there would he an electric discharge between the two adjacent
spheres. Many influences conspire to bring the drops in the -
stream closer and closer together. If in a stream the velocity
of the drops is sufficient to carry them a vertical distance of
10 cm, two drops hreaking away 1/1000 of a second part
will be distant from one another approximately o. 14 cm at the
beginning of their journey. When the first one has reached
the top of its course, taking into consideration only gravity,
the distance between the drops will be approximately 5 X
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107" em.  Again, the friction of the air for a given velocity
will cause a greater retardation in the case of small drops than
in the case of large ones, which will tend to bring a large drop
nearer to the smaller one ahead of it.”

This explanation, which was suggested by Rayleigh him-
self, seems good enough as far as it goes; but it includes no
definite statement in regard to the film of adsorbed air which
evidently surrounds each drop, and it is no help in accounting
for the effect of milk, dust, etc. Consequently there must be
another factor which has not yet been taken into account.
If Schuster! is right in his hypothesis that a thin film of ad-
sorbed air interferes with the passage of a current, it follows

- irom the theorem of Le Chatelier that a.differennce of potential -

will tend to remove the film of adsorbed air. Under slight
electrification the drops will coalesce more readily because
they come more nearly in contact, the thinner the film of
adsorbed air. With higher electrification, a marked charging
of the drops takes place and the repulsion of the like charges
causes the drops to scatter. ‘The amount of electrification
necessary to make the drops scatter depends on the size of
the drop. Nipher?® states that drops of 1 mm radius do not
attract each other when charged to 0.0031 volt. Milk and
dust may act in two different ways. They cut down the film
of adsorbed air or they may act more or less as projecting
points which rupture the air films on the colliding drops.
The first explanation seems improbable for milk because
Worthington's work on splashing drops* shows that the
substitution of milk for water introduces no special change.
The hypothesis of projecting points seems a plausible one
for dust; but it is not one which is strikingly satisfactory when
there is one drop of milk in a pint of water. Special experi-
ments will have to be made by somebody before the matter
can be considered as settled ; but there seems to be no question
but that the coalescence under moderate clectrification is due
chiefly to the cutting down of the film of adsorbed air.
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' Phil. Mag., (5) 29, 197 (1890).
1 Scienice, 34, 442 (1o11).
* Worthington: Proc. Roy. Soc., 34, 217 (1882).



The Theory of Emulsification 19

Further evidence of the presence of adsorbed air on liquid
surfaces is furnished by Worthington’s experiments on
splashes.! When a drop of water, 5 mm in diameter, falls on
a sheet of water from a height of less than 1 meter, it makes
a hollow into which ‘‘the drop descends, passing below the
surface and becoming completely submerged, to emerge again
at the head of a column of adherent liquid, but with its upper
portion apparently unwetted by the liquid with which it has
been covered.” With a solid sphere dropping into a liquid
from any height less than 150 cm, the character of the splash
depends entirely on the state of the surface of the sphete.
With a polished sphere of marble, 1.28 cm or 1.§5 em in
diameter, “‘rubbed’ very dry with a cloth just beforehand, the
water spreads over the sphere so rapidly that it is sheathed
with the liquid even before it is below the general level of the
surface. The splash is insignificantly small and of very short
duration. If the sphere be roughened with sand-paper or
left wet, it is followed by a cone of apparently adherent air,
while the water seems to find great difficulty in wetting the
surface completely. Part of this column of air was carried
down to a depth of at least 40 c¢cm, and then detached only
when the sphere struck the bottorn of the vessel.”

It is interesting to note that water will apparently re-
move a film of adsorbed air much more rapidly from a polished
surface of ivory or marble than it will from a water surface.
We do not know whether this is true for all solids or not.
oakulka® obtained somewhat different results with lead shot;
but this may have been because they were not polished. “‘If
a lead shot is allowed to drop into water from a height of a few
centimeters or more, the sphere falls so rapidly that the water
which is forced aside by it, cannot close in.at once behind the
falling shot because a definite time is necessary. Conse-
quently an air huhble continues to cling to the ¢phere and
tears loose only when the shot strikes the bottom of the
vessel. If the sphere is dropped from a slight distance above
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the water level, the rate of fallis so small that no air is carried
down. If it is dropped from a height of several decimeters,
there is formed at first a very long air bubble. . Since the sphere
falls more slowly after it strikes the water, the long air bubble
becomes instable and several smaller bubbles break loose
during the fall, though one bubble is carried down with the
sphere to the bottom of the vessel. Ii the sphere is dropped
from a height of several centimeters and close to the wall
of the vessel, the air bubble does not have the symmetrical
form that it had when the sphere was dropped in the center
of the tube, because it is more difficult for the liquid near the
wall to flow round the sphere. It often happens, therefore,
that the air bubble comes in contact with the wall of the vessel.
* The unsymmetrical form of the air bubble when the sphere is
dropped close to the wall of the vessel, is probably the reason
why the sphere sometimes moves to the wall and strikes it.
At any rate no striking of the sphere against the wall of the
vessel was noticed when the sphere was dropped from so small
a height that no air bubble was carried down."”

‘The phenomenon of rolling drops depends on the presence
of an adsorbed air film.! ‘It is possible to have drops of
many liquids rolling on a surface of the same liquid. ‘This
phenomenon may occur with all liquids and is very often to be
observed out of doors. These drops, which we will call
rolling drops, are to be seen on water alongside a moving
row-boat where the oar is raised out of water and where the
water drips from the oar on the recover. We get them also
if we strike a water surface with a stick or a branch. At
every water-fall drops of water are thrown off into the air and
these may rest quite a while on the surface of the stream if the
current is not too swift. A similar result is sometimes to be
obtained when filtering a liquid provided the drops do not fall
from too great a height. Wiillner cites an experiment which
comes under the same head.? If a hell is filled half full of
water and is then rubbed with a violin bow, vibrations are set
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! Kaiser: Wied. Ann., 83, 681 (1894).
? Wiillner: Lehrbuch der Experimentalphysik, 4 I, 652.
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up which show themselves in movements of .the water. Often
drops are formed at the places of most marked vibration and
these - drops remain for quite a while on the surface of the
ligquid, forming regular figures. -

““The rolling of these drops on curved hquzd surfaces has
been observed previously by Gossart;! but one may observe
the same thing on any plane surface if one allows a jet of
liquid to flow out of a capillary tube at such a rate that the
jet breaks into drops 5-10 mm above the surface. The single
drops then roll round rapidly over the surface. If one lets a
single drop fall upon the surface from a height of a few milli-
meters, it will remain there quite a while.

. ..*“The rolling drops remind one in some ways of the so-
called Leidenfrost phenomenon in spite of the fact that the
causes are quite different in the two cases. The rolling drops
can be observed under a bell-jar connected with an air-pump
when the air in the bell-jar is saturated completely with the
vapor of the liquid. Under these conditions there is no
evaporation and consequently no Leidenfrost phenomenor.
If the pump is now started, the drops can be obtained more
satisfactorily the more rapid the evaporation from the liquid
surface and from the drops. During the evacuating of the
bell-jar the drops remain for an exceptionally long time, some-
times reaching a considerable size when several small drops
coalesce to form a single one. In the same way the drops
become larger and persist longer at higher temperatures where
one has a combination of the rolling drops with the Leiden-
frost phenomenon.

‘*“These drops are separated from the liquid surface by an
air film because total reflection of light occurs at all points
where the drops seem to rest on the liquid surface. The
drops can therefore unite with the mass of the liquid when the
air hetween the surface is squeezed out by the pressure due
to the weight of the drop.

““The rolling drops are just as sensitive to the approach
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of electrified substances as are jets of water or soap-bubbles.
The difference is that the drops coalesce with the mass of the
liquid only when the liquid is a conductor of electricity or a
good setni-conductor. A similar phenomenon would probably
be observed with jets if one used cther liquids than water.”

Since soap-bubbles are hollow drops we should expeet
them to behave in some ways like liquid drops, though uot
necessarily like the drops of a pure liquid. Boys! has brought
out this fact very clearly. “Everyone is familiar with the
fact that a soap-bubble may be supported or even struck by a
piece of baize or wool without coming into real contact with the
 material; it is also well known that two bubbles supported on
- the pipes from which they. are blown, or-on rings, may be
pressed or knocked together with such violence as materially
to alter their shape, and yet they do not come into real con-
tact; there is a film of air between them which they are unable
to squeeze out. This film, though thin to ordinary tests, is so
thick that the colours of Newton’s rings are only seen when one
of the bubbles is very small, so that the air is squeezed out
the more readily. If the pressure is increased so as to make a
real contact, the bubbles bhoth' instantly burst. That this
pressure may be made great before the true contact takes
place will be shown in a variety of ways hereafter; but the
following simple experiment makes it very evident that the
air-film will prevent the contact of two soap-films that are
pressed together,

“Exp. 1.~Blow a bubble about 9 em in diameter, and
place it on a ring with a diameter of about 7 em. ‘This bubble
may be pulled or pushed through the ring by means of a smaller
wire ring which serves as a handle. It may be so adjusted
that the weight of the ring will not pull it through. Then a
ring larger than the bubble, carrying a plane film, can be used
to push it up and down through the ring, and vet the two
tilms do not touch.

‘*Bearing this fact in mind, that two bubbles may press
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one another without true contact, I hoped to be able to biow
and detach one bubble within another, and let it roll about
within the larger bubble, This, however, is made difficult by
the accumulation of a small quantity of solution at the bottom
of each, the weight of which is able immediately to press
through the air-film between them and so cause both bubbles
to burst. However, the experiment can be petformed in
the following manner:

“Exp. 2—Blow a bubble or the lower side of the same
ring that was used in Exp. 1, and if a large drop does not re-
main hanging to the bubble slowly apply solution to any part

until as great a drop as can safely be carried has accumulated.
~ Then pass the énd of the pipe through the upper sidé of the
hubble and blow another inside, but take care in this case to
have no excess of hiquid. When the inner bubble is about
twice as large as the outer one was at first, remove the pipe
with a rapid movement. The inner one will now fall gently
and rest within the outer one, the heavy drop pulling the thick
part of the outer bubble out of reach of the inner one. ‘The
air of the outer bubble may then be withdrawn until the space
between the highest point of the two bubbles is no more than
two or three millimeters.

“The great pressure which the air-film will carry is well
shown by the next experiment, which, moreover, is more
easily carried out than the last.

“bhxp. 3.—Proceed as in the last experiment, but instead
of making a large drop on the first bubble, hang on a moistened
ring of wire rather smaller than the fixed ring. This ring should
be wreighted until it pulls the bubble so much out of shape
that a tangent to the curve at the points where the film meets
the hanging ring makes an angle of 20° or 30° with the plane
of the ring. A bubble may then be blown inside and allowed
to drop, when it will be found to rest on the conical seat pro-
vided b;r the outer bubble, while the heavy drops of liquid are
kept apart, and thus there is no fear of contact. These drops
may now be both removed with the end of the blowpipe;
then, if the lower ring is pulled down slowly, it will be found
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that the inner bubble is being squeezed out of shape until it
becomes a beautiful oval, while the outer bubhle shows the
cffect of the pressure by a corresponding enlargement. If
the lower ring is pulled down still further, the outer bubble is
stimply pulled in half, and the inner one, often unbroken,
gently floats away. This shows that contact was not made,
as in that case hoth would he immediately broken. If, how-
ever, instead of pulling the ring too far, it is held in the original
position, il will be found that it is possible to swing the pair
of bubbles round and round, and yet in spite of this violent
treatment the bubbles refuse to touch one another. Or if
the lower ring is cautiously inclined and pulled away, the outer

-bubble will peel-off it and remain attached to the upper one

only. The two bubbles will now be spherical again, but there

will be no heavy drop as in the first experiment. The air of
the outer bubble may be withdrawn as before, until the two
hubbles are barely separate.

““This experiment, and many of those that follow, may be
made more beautiful by using for the inner bubble a =olution
strongly colored by fluoresceine, or still better by uranine
(for the knowledge of which I am indebted to Mr. Madan) :
then, if sunlight, electric or magnesium light is thrown on to
the bubbles, the inner one appears a brilliant green, while
the outer one remains clear as before. . . ..

“There is one other property of a pair of soap-films
resting against one another, but not in contact, to which I
have referred. In a lecture at the Royal Institution a few
years ago Lord Rayleigh showed that two water-jets if per-
fectly clean will, if directed so as to meet cne another at a
small angle, be reflected again and fall as two separate jets,
never really coming into contact at all. If the water is not
perfectly clean, the experiment will not succeed. He showed
that such a pair of mutually reflected jets form a very delicate
electroscope, so that if a piece of excited sealing-wax is held
even at a considerable distance they instantly coalesce. As
the two jets in his experiments and the two bubbles in those
which I am about to describe are in each case kept apart by a
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thin film of air, I expected to find a pair of bubbles attached
to two rings in the same way act as a delicate electroscope.

“Exp. 16.—If a pair of bubbles are blown in such a way
that the two bubbles are pressing one against the other on
rings which must be insulated from one another, and if the
cover of a small electrophorus is raised even at some yards
distance, the two bubbles coalesce instantly, but do not burst
as they have hitherto been found to do. Or, if the two rings
are connected with a key and a single bichromate cell so that
when the key is not pressed the rings are connected together,
but when depressed they form the terminals of the cell, then
-at the moment of making the contact the bubbles unite be-
cause the electrostatic attraction between surfaces so very
close together is able to squeeze out the air, which mere
pressure has hitherto failed to do.

“Exp. 17.—Bearing in mind how exceedingly delicate
this is as a test of difference of potentiai, the following experi-
ment: seems the more decisive. The cover of the electroph-
orus may be brought so close to the side of the concentric
bubble in Exp. 3 as to pull them completely out of shape,
and yet the outer film so completely screens the inner from the
electrical action. even though the inner one is to all appearance
in contact with the outer one, that there is no difference of
potential between them, and so the film of air is no. destroyed.
I.do not know any experiment which shows so clearly as this
that electrical force is confined to the ahsolute surface of a
conductor, and is not felt at any depth within it however
small. - S

"Plateau has mentioned that a hemispherical film blown
on a plate will screen .a smaller hemisphere biown within it,
and also resting on the plate, from electrical disturbance:
but in this case the two films are widely separate, and there
i$ not the same delicate test as in the case of two bubbles
apparently coincident, which join instantly when the smallest
electrical stress exists between them.” -

Kaiser! discusses the reason for electrification causin g
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soap-bubbles or jets of water to coalesce. He considers two
possibilities. The two liquid surfaces may act like two con-
denser plates and may be drawn together, squeezing out the
air film just as mechanical pressure would or there may be a
disruptive discharge through the air film at a definite difference
of potential. The second hypothesis is the one favored by
Rayleigh,! while the first is the one which Kaiser considers
right. He showed that Boys was wrong in saying that two
soap-bubbles cannot be made to coalesce by pressure alone.
This will happen if sufficient time be allowed. Kaiser makes
what seems to me the erroneous assumption that there is no

- condensed air film on the surface of a soap-bubble He then
 ‘says that if “‘one’is to assume that the passage of a spark

causes the complete coalescence, it is not evident why this
should ‘take place only when the air film separating the sur-
faces is so extraordinarily thin. The experiments of Smith
and Ferguson, quoted by W. Thomson, show that electro-
static forces of 527.7 absolute units are necessary to cause a
spark discharge between condenser balls 0.00254 cm apart,
while smaller forces are necessary. 'The force necessary for
this spark length is about 160,000 volts per centimeter. In
my experiments the electrostatic force of one Daniell cell was
used which works out to 11600 volts per centimeter since the
distance between the films was g5 X 107% ‘The distance in
my experiments was twenty-six times as small as in the other
case. In my experiments it is out of the question that a spark
should have passed. That could not have happened even
if T had used three Daniell cells.

“The assumption of a spark discharge is contradicted by
an experiment made by Joly? who allowed the spark from a
Ruhmkorfl coil to pass between two slightly curved glass
plates which were brought very close together and were
hacked with platinumn foil. The sparks did not pass at the
narrowest point but at points farther apart, which corre-
sponded to colours of the fourth or higher order. This could be

' Proc. Roy. Soc., 34, 145 (1882).
?* Ibid., 47, 78 (18¢0).
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proved because the sparks left traces of mechanical dis-
turbances at these points. According to these observations
~ the spark should have jumped at a greater distance provided
the electromotive force were high enough.

“From these considerations it follows that the coalescence
caused by electrostatic differences of potential is due to the
drawing together of the films which squeezes out the air that
prevents the coalescence, thus causing the films to unite.

“Newall’ attempted to prove theoretically the accuracy
of Lord Rayleigh’'s assumption that the passage of a spark
is what causes two jets of water to unite.? He came to the
canclusion that there would be no spark under normal condi-
tions and he consequently assumned that the air between the
jets might be under diminished pressure, and that this made it
possible for the spark to pass. He has apparently overlooked
the experiments of Peace® which cannot be reconciled with
such a hypothesis. Peace found that under diminished air
pressure a higher electromotive force 1s necessary to make a
spark pass between two condenser balls when these latter
are as close together as in the cases under consideration.
The assumption made by Newall will therefore not account
for the passage oi the spark. Further, the outward current
of air between soap-hubble and soap-film shows that there is
no diminished pressure there, but rather a pressure whicli is a
little higher than atmospheric pressure. It is quite impossible
to make the assumption that the air between two jets of water
is under diminished pressure. The jets must carry with them
as much air as is driven out of the space between them by the
pressure. If not, it would be impossible to explain why
Newall! always found the colours at a perfectly definite place.”

Kaiser's reasoning seems to prove that the union of two
jets under an electrical difference of potential 1s not duce to a
disruptive discharge. On the other hand, I do not believe

' Phil. Mag., (5) 20, 35 (1885).
* Rayleigh: Proc. Roy. Soc., 34, 145 {1882).
3 7. J. Thomson: ‘‘Recent Researches,'” 89.
' Phil. Mag., (5) 34, 32 (1882).
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that the mechanical pressure resulting from the electrostatic
attraction is the sole factor, ds Kaiser believes. Such an
assumption ignores Schuster’s work explicitly, which is the
more unfortunate because Kaiser is laying special stress in his
argument against Rayleigh on the fact that the potential
gradient for a disruptive discharge is greater the less the
distance between the surfaces, which is what Schuster pointed
out.! While not denying that the mechanical pressure re-
sulting from the electrostatic attraction plays some part, I
am inclined to lay much more stress on the decrease of the
adsorbed air film as a result of electrification. I intend before
long to show the great importance of this factor for the theory
“of the coherer. '

Freundlich® cites the difference between the static and the
dynamic determinations of the surface tension of mercury as a
proof that gases are adsorbed by mercury but it seems to me
that the results cannot be accounted for on this assumption
alone and it seems a pity that Freundlich should not have
stated this clearly. Stockle? measured the surface tension
of mercury in a vacuum of 0.004~0.0010 mm and obtained a
value of 436 dynes/cm at 15° regardless of whether the
measurement was made at once or after standing. The time
factor was tmportant when hydrogen was present, a value of
470 dynes/cm being obtained when the measurement was
made quickly but dropping to 434 dynes/cm on standing.
Similar results were obtained for oxygen, nitrogen, carbon
dioxide, and air. These general results were confirmed by
G. Meyer! who made use of Rayleigh's jet method for the
rapid measurements and consequently obtained higher values
than Stockle. The data of Stockle are given in Table I and
those of Meyer in Table II.

FThe expennients cited by Kaiser go beyond the conclusions of Schuster,
because they show that not only the potential gradient but also the absolute
potential difference may inecrease with decreasing distance between the plates.

2 “Kapillarchemie,” 85 (1909).

P Wied, Ann., 66, 40 (1808).

‘¢ Ibid., 66, 523 (1898).
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‘FABLE 1
-~ Surface Tension of Mcrcury
Medium | (Rapid) (After 60')
Vacuum (15°) | 436 dynes/cm 434 dynes/em
Hydrogen (21°) 470 dynes/cm 436 dynes/cm
Oxygen (25°) 478 dynes/cm 432 dynes/cm
Nitrogen (16°) - 489 dynes/cm 438 dynes/cm
Carbon dioxide (19°) 480 dynes/cm 436 dynes/cm
Dry air (17°) 476 dynes/em 429 dynes/cm
Moist air (17°) 481 dynes/cm 429 dynes/cm

Tasre 11 .

Surface Tension of Mercury

L W -

e ] il F f it g E B

I
Medium ‘

(Vibrating jet)

et

(Curvature of

fresh surface)
Hydrogen 554 dynes/cm 470 dynes/cm
Oxygen 504 dynes/cm 478 dynes/cem
Carbon dioxide 487 dynes,/cm 480 dynes/cm
Nitrogen 496 dynes/cm 489 dynes/cm

Freundlich'! comments on these data as follows: '“The
following facts point to a condensation of the gases on the
surface of the mercury:

“1. An ageing takes place which does not occur in &
vacutm.

“2. The change of the surface tension with the time is
similar to that when a dissolved substance is adsorbed on a
surface and the rate of condensatiou depends in a characteristic
way on the properties of the gases.

'"“There are no data as to the way in which a frésh water
surface behaves toward air. From the analogy with the
experiments of Stockle and of Mever on mereury. it scems
probable that the dynamic determination of the surface
tension would give values distinetly larger than those ob-
tained by static measurements. In all cases where fresh

b A ke Y b 4 o P ki aainliebi nl

' “Kapillarchemie,” 87 (1909).
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’

surtaces come in contact with the air there is always the
possibility to be consideted that too large surface tensions
may be obtained, values larger than the largest which can be
obtained statically under ideal conditions. Stéckle, Meyer,
and Kalidhne! are therefore right in insisting that the highest
value obtained is not necessarily the right one. For a pure
substance the real surface tension is the one measured in a
vacuum, preferably by a dynamic method, with all impurities
excluded. In all other cases one must distinguish, as has
heen pointed out, between dynamic and static surface ten-
stons.”’

- This sounds well but will scarcely bear examination.
It is easy to see that the adsorption of a-gas on a mercury
should lower the surface tension; but it is not easy to see why
different gases should bring down the surface tension practically
to the same value which the mercury maintains where there is
supposed to be no gas. The dynamic methods should start
at the value for mercury in a vacuum, if no factor has been
overlooked, and should give values which drop off from that.
It is not clear why the presence of an unadsorbed gas should
raise the surface tension of mercury so very much. It seems
to me that we have no satisfactory explanation of the
phepomenon as yet and that a good deal of careful study is
needed.

Lenard? has brought up a point which may have a bearing
on this, If we have a partially polymerized liquid such as
water, the modification having the lower surface tension will
concentrate in the surface. If we form a new surface sud-
denly, we shall then get a higher concentration, temporarily,
of the modification having the higher surface tension. If
equilibrium is reached relatively slowly, the dynamic methods
will give a higher value for the surface tension than the static
methods. [f equilibrium is reached mstantancously there
will be no difference. We can account for the facts observed
mth mercury 1f we make the assumptions that mercury is a

I Drude’s Ann 7, 467 (1902).
2 Cf. Aganin: Drude’s Ann., 48, 1020 (1914).
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partially polymerized liquid, that equilibrium between the
modifications is reached practically instantaneously in a
vacuum, and that equilibritm is reached relatively slowly in
presence of gases. The difficulty with this is that we have no
independent proof of these assumptions.

The general results of this paper are:

1. All solids show selective adsorption of gases and vapours.

2. The film of condensed gas shows itself in the abnormal
mobility of very fine powders, in a resistance to the passage
of an electric spark between solid terminals, and in the fact
that two pieces of a broken object will not reunite when pressed

together. - |
- 73 All 'liquids show selective adsorption of gases and
vapours. -

4. The film of condensed gas shows itself in the behavior
of fountains, impinging jets, rolling drops, and soap-bubbles; it
causes errors in the determination of molecular weights by the
air-bubbling method. =

5. The adsorption of gas on the surface of mercury is nout
sufficient to account for the change of the surface tension of
mercury with time.

Cornell University



THE ADSORPTION OF CAUSTIC SODA BY CELLULOSE

lgulial

BY ALAN LEIGHTON

In 1844-1850, Mercer! showed that cold concentrated
caustic soda solution has a remarkable effect on cotton. Though
the alkali can all be removed by washing with water, the mer-
cerized cotton has changed markedly in properties. There
has been a shortening and swelling of the fiber, and the cotton
takes dyes better than before. At that time the natural
assumption was that this change was due to the formation
of a compound which decomposed when washed with water.
Gladstone?. undertook to determine the composition of this -
hypothetical compound. Since the product could not be
washed with water, it was necessary to find some solvent
which would remove the uncombined alkali, and Gladstone
helieved that he had found this in alcohol. He treated one
lot of cotton with dilute caustic soda solution and another
with a concentrated solution; washed both repeatedly with
absolute alcohol, and dried in a vacuum over sulphuric acid.
‘The sample which had been treated with dilute caustic soda
solution weighed the same as before the treatment and con-
tained no soda. The other sample had increased in weight
by over twenty percent and contained soda which was de-
termined by leaching with water, neutralization with sulphuric
acid, and evaporation in a platinum dish. The soda was
weighed as sodium sulphate, the excess of sulphuric acid having
been removed during ignition by means of solid ammonium
carbonate. It was afterwards shown that hot alcohol of specific
gravity 0.825 behaved practically like cold absolute alcohol.
-Starting with a caustic soda solution of specific gravity, 1.342,
or higher, Gladstone found that one hundred grams of cotton
retained 11.97, 13.24, 13.29, 11.62, 12.10 grams NaOH after
treatment.® These figures do not vary rauch and the average

! Thorpe: Dictionary of Applied Chemistry, 3, 437 (1012).

? Jour. Chem. Soc. 8, 17 (1853).

3 These have been recalculated because Gladstone apparently took 23.3
for the atomic weight of sodium instead of 23.
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12.44 differs but slightly from the value r2.34 corresponding
to the formula CipHz001.NaOH. Gladstone, therefore, as-
sumed that a definite compound of this composition was formed.
While this was a legitimate conclusion at that time, these
results do not meet the modern requirements for the ex-
istence of a compound. Gladstone worked with one solution
only, hot alcokol of specific gravity 0.825, or with its equiva-
lent, cold absolute alcohol. There is nothing to show that
he would have got the same results with a different aqueous
alcohol at the same temperature or with absolute alcohol
at a different temperature. Since the phase rule was not
known gt that time, there are no experiments to show whether
“the concentration of the caustic soda solution remains constant
while the soda content of the cotton varies from approximately
nothing up to 12.3¢9. While these omissions were neccssary
ones in 1853, there are some curious inconsistencies in Glad-
stone's results. Before determining the amounts of caustic
soda retained by the cotton, Gladstone determined the inccease
in weight per hundred grams of cotton after washing with
alcohol and drying in a vacuum over suiphuric acid. These
increases were 13.2, 16.03, 17.1,! 14.8, 17.05 grams. These
values are far from being constant though theoretically they
should be. The discrepancies show up even more if we
subtract the values for sodium hydtoxide, the differences
heing 1.23, 2.81, 3.81, 495 grams, presumably water. If
we are dealing with a definite compound it should come to
the same constant weight each time and should contain the
sanie amount of water each time, which is not the case. While
Gladstone's experiments. make the existence of a compound,
C.Ho6010.NaOH, seem probable, they do not furnish proof
which is satisfactory today. Later experiments by Hiibuer

and Teltscher? have cast doubt on the accuracy of Gladstone s

work.
Margosches® says that Crum? studied the reaction be-

: Gladstone gives r1.2, but this is cvidently a misprint.
2 Your. Soc. Chem. Ind., 28, 641 (1009).

3 “Die Viscose,” 14 (1906).

4 Jour. Chem. Soc., 16, 406 (1863 ).
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tween cellulose and alkali, reaching the conclusion that the
~composition . of the compound was CizHl50040.NaOH.  'This
statement i1s quoted by Schwalbe.! There is nothing of the
sort i the paper referred to. In an carlier paper, published
the same year, Crum® accepts Gladstone’s formula. It
seems probable that Margosches has become confused by the
changes in atomic weights and has assumed that NaO as written
then is the same as Na;O as written now, whereas it is really
the same as Na.1,/20 according to our present nomenclature.

In 1907, Vieweg® made some more experiments to deter-
mine the composition of the alleged compound. He placed

.3 g cotton, which had been dried at 90 in 200 cc caustic

soda solution, shook for an hour in a shaking machine, allowed

to stand for two hours, pipetted off 50 ce solution and ti-
trated with smlphuric acid, using phenolphthalein as .an in-
dicator. From the change in titer he calculated the absolute
amount of caustic soda adsorbed, calculated this to grams
caustic soda per hundred grams cellulose, and then tabulated
these data in connection with the original concentrations of
the ‘caustic soda solutions. The data thus obtained do not
coirespond to equilibrium conditions' because the concen-
trations of the caustic soda solutions change somewhat when
the cotton adsorbs caustic soda. Fortunately sufficient datu
are at hand to enable 4 correction to be made if desired. The
total change in concentration of the caustic soda solution is
less than one percent except for the most dilute solution.
This shows, however, that the determination of the amount
of caustic soda adsorbed is subject to large error. A mistake
of 0.1 percent in the titer means an error of over ten percent
in the adsorption. Vieweg's data, as calculated by him, are
given in Table I and are plotted in Fig. 1. From the constant
compositions at about 13.0 and 22.5 percent Vieweg deduces
the existence of the compounds CH,yOy. NaOH and CraHu0,y. -

1 “Die Chermie der Cellylose,” 31 (1911).
? Jour. Chem. Soc., 16, 3 (1253).

* Ber. deutsch. chem. Ges., 49, 3876 (1907).
* Cf: Bancroft: Jour. Phys. Chem., 18, 119 (1914).
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TasLe 1
V 1eweg 5 Data
. :i‘ """" |
go I\I;;tg)ﬁ Cellulose i 2"&‘:&;’3 Cellulose
I SRR, S
0-4 0.4 E 20.0 | 13.0
2.0 9.9 24.0 ; 13.0
4.0 2.7 - 28.0 ! 15 .4
8.0 4-4 33.0 : 20.4
£2.0 8.4 35.0 22.6
16.0 12.06 40.0 2.5

.I _.r r
NaOH adserbed per 100 ] j
2 E‘? 8 10 12 14 g laq:?onsﬂ?;:

Fig. 1

2NaOH which call for 12.34 and 24.69 grams NaOH, respec-
tively, per hundred grams coticn. One difficulty with this
hypothesis is that it does not agree with Vieweg’s own data.
If we have compounds along the verticals, we must have two
phases along the other curves; the concentrations of these
solutions should remain constant and these curves should
be parallel to the axis of ordinates. While it is possible that
the %‘:.'mt of these curves miay he due to experimental
¢rror, + difficulty is that Vieweg did not know that his
dlagram was theoretically impossible.

Vieweg's whole method of experimenting is unsound.
Jt is customary to determine the amount of adsorption from

the change in concentration; but this method rests on the
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assumption that no water is taken up by the solid phase;
it becomes inaccurate the moment this assumption fails to
hold. This is easy to see if we consider an extreme case.
Suppose that cotton adsorbs water and caustic soda from a
given solution in the same ratio that they occur in the solu-
tion. By hypothesis there will be no change of titer and conse-
quently apparently no adsorption of the caustic soda even
though all the caustic soda may actually have been ad-
sorbed. While this extreme case may not occur often,
we do know that cotton will take up a large amount of water
and that this fact was overlooked by Vieweg. Consequently
~all of Vieweg’s data, as calculated, are wrong even though

we make the improbable assumption of absolute accuracy

in his titrations. The same criticisms apply to the data in
a later paper.! ‘The columns are labelled wrongly, evidently
through a misprint. | ‘

Working in the same general way as .Vieweg, Miller®
obtains a smooth curve with no breaks. Miller heated his
cotton in a one percent caustic soda solution to 150° for
eight hours in the absence of air, treated with hydrochloric
acid, and gave a slight chlorination. After this treatment
the cotton had an ash content of 0.08Y%,. In the actual ex-
periments the cotton was shaken in the caustic soda solution
at 25° for an hour, Miller having satisfied himself that equi-
librium was reached in this time. Miller used soo cc NaOH and
21.35 g cotton on each run. His data are given in Table II.

Tasr 11
Miller’s Data

Solution Cellulose
g NaOH per 100¢c g NaOH pertoo g
0.98 0.356
2.g7 (.92
15.0 Q.72
24.2 12.90
31.2 17.27

A — -

! Vieweg: Ber. deutsch. chem. Ges., 41, 3272 (1908).
? Ber. deutsch. chem. Ges., 40, 4903 (1907).

1
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Miller concludes that there is no evidence of any com-
pound being formed; but Vieweg claims that one experiment
between 15 g and 31 g NaOH per 100 ce is not enough on
which to base any conclusions. Miller's method, being the
same as Vieweg's, is subject to the same criticism on the
ground of inaccuracy.

Hilbner and Teltscher! have checked Gladstone's experi-
ments, getting results entirely different from his and from
Vieweg's. They say: ‘Unfortunately Gladstone gives com-
paratively few data as to the manner in which the experi-
mients were carried out, and in one experiment only are we
informed as to the kind of cotton which he. has employed.
'No description is given as to the treatments which the cotton
had undergone previous to immersion in the soda solutions,
and no statement is made as to whether the experiments were
carried out with one and the same quality of cotton. ‘These
are points which may exercise a considerable influence upon
the results. In his experiments Vieweg used cotton wool as
employed for medical purposes; this, however, usually contains
oxycellulose and is thus of doubtful uniformity.? In the in-
vestigation set forth in this paper special care was there-
fore taken to obtain a pure and uniform material for all the
experiments carried out. For this purpose a large quantity
of a loosely twisted cotton yarn, made from a very fine
Egyptian cotton, was boiled twice with sodium carbonate
solution in a high pressure kier, thoroughly washed, and
bleached with sodium hypochlorite solution obtained by elec-
trolyzing a solution of common salt. The bleaching operation
was carefully regulated so as to avoid the formation of oxy-
cellulose, and both boiling and bleaching were performed under
the customary technical conditions. The varn was well
washed and transferred to a dryving stove in which it remained
for seven days at a temperature of about 60” C. After this
treatment the cotton contained 6.77 percent of moisture and

b ook gy kb - [T

‘]our Sec Chem Ind., 28, 641 (1909).

* [Since Vieweg purified his cotton with caustic soda, this statement seems
inaccurate.—A. I..]
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0.086 percent of ash. The yarn was now cut into pieces
of about two inches in length and 150 samples, each corre-
sponding to 10 grams of absolutely dry cotton, were weighed
out in the stove. These were then carefully wrapped up and
used as required in the experiments,”

A ten gram sample of the purified cotton was immersed
for twenty hours in 200 cc caustic sode solution containing
about 3.3 g NaOH per.100 cc. “After pressing out lightly
the cotton was transferred to a Soxhlet and extracted with
absolute alcohol. The extraction was carried on until the
alcohol syphoned from the cotton did not react with phenol-
phthalein, It was now treated as described by Gladstone

and was found to yield 0.043 gram of sodium sulphate, corre-

sponding to 0.024 gram of sodium hydroxide. Eight other
experiments in which the cotton was immersed in solutions
of various strengths gave similarly low results. Practically
all the soda is extracted by hot alcohol from the cotton; it
is, therefore, evident that the ‘soda cellulose’ is decomposed
by hot alcohol and that no reliable results could be expected
by this method.

“Two parallel experiments were now carried out by im-
mersing 20 grams of cotton as in the first experiment but wash-
ing it afterwards with absolute alcohol at ordinary tempera-
ture. The cotton containing the soda was placed in glass-
stoppered bottles and repeatedly shaken with absolute alcohol
(about 280 cc of alcohol for each 10 grams of cotton); the al-
cohol was frequently changed until phenolphthalein produced
a very faint pink coloration when added to the alcohol. The
washing of the samples occupied about 18 days. One of the
washed samples was decomposed with water in the Soxhlet
and the water evaporated, the residue treated with sulphuric
acid in a platinum basin and the amount of sodium sulphate
remaining was found to be 0.7852 gram. The second sample
was incinerated in a platinum basin, the residue repeatedly
treated with sulphuric acid, and finally heated until the weight
remained constant. The sample gave 0.7897 gram of sodium

sulphate. This result agreeing so well with the one found by

Bmeed 3 F. &7
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decomposition with water, it was decided to employ this
method as the more convenient one in all experiments. In
carrying out the tests with phenolphthalein the following
interesting observation was made. Cotton which still con-
tains free caustic soda gives a very strong reaction with phenol-
phthalein, while cotton which had been freed from all the
soda removable by washing with absolute alcohol does not
react with phenolphthalein while immersed in alcohol. On
removing the cotton from the alcohol and exposing it to the
air for a short time moisture is attracted in sufficient quanti-
ties to produce decomposition of the soda cellulose: the free
alkali then reacts readily with the phenolphthalein. .. = .

- “Gladstone, in his experiment No. V, used rectified
spirit for the washing in place of absolute alcohol, and it
seeined, therefare, of interest to ascertain whether the results
obtained by washing with 9o percent alcohol would differ
appreciably from those obtained when absolute alcohol was
employed. For this purpose two lots of cotton (20 grams)
were treated as in the last two experiments and washed with
go percent alcohol. After washing for about 18 days, the
alcohol from both samples still showed a distinct alkaline re-
action with phenolphthalein. One of the samples was then
intinerated and found to yield 0.783 gram of sodium sulphate;
from this it is seen that the weaker alcohol gives a slightly
lower result-—no doubt due to slow decomposition of the
'soda cellulose.” After washing the other sample for ‘five
months the alcohol still showed a distinct alkaline reaction.
On incinerating this sample it was found to contain much less
sodium sulphate (0.3435 gram) than the sample which had
been washed for 18 days. Washing with 9o percent alcohol
can, therefore, not be expected to give satisfactory results.
One very important conclusion can, however, he drawn
Irom the two experiments, namely, that there is no danger
of any interference with the results by minute quantities
of water which the absolute alcohol may attract from the air
during the operation of washing and during the changing
of the alcohol. ...
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“All the results obtained during the preliminary ex-
periments indicate very much lower absorptions than those
recorded by Gladstone and by Vieweg. It became of interest
to ascertain Gladstone’s method of working. For this purpose
it was considered advisable to use litmus as indicator in place
of phenolphthalein, on the presumption that this indicator
was used by Gladstone. In the first experitnent 20 grams
of cotton were immersed for 20 hours in caustic soda solution
of 45° Tw. (20 g. NaOH per 100 cc) and washed with ab-
solute alcohol for about two days or until no alkaline reaction
could be detected with litmus. This sample again gave a
much lower result than that obtained by Gladstone, namely,

1.02 grams of soditim ‘sulphate from 20 grams of cotton; but

a much higher value than those obtained in the other ex-
periments. In a further experiment the conditions observed
in one of Gladstone's experiments were exactly adhered to:
20 grams of cotton were immersed in 600 cc of caustic soda
lye of 1.24 sp. gr. (24.5° Tw.) for one hour, slightly pressed
out and very quickly washed in about eight changes of ab-
solute alcohol, using for every washing operation about one
liter of alcohol; after the last washi ng the alcohol showed
practically no alkaline reaction with litmus. The sample
was then allowed to remain over night in a tightly stoppered
bottle out of contact with the air. On examination of the
alcohol which had run out of the cotton it was f ound to give
a strongly alkaline reaction. The sample of cotton was then
inciterated and yielded 2.39 grams of sodium sulphate. The
average amount of sodium sulphate obtained in Gladstone’s
experiments was 2.35 grams. A further experiment was
carried out by immersing the cotton for one hour in 600
cc of caustic soda solution of sp. gr. 1.342 (68° Tw.). The
washing of the same with absolute alcohol was conducted
similarly to the last experiment and, on mcinerating, 4.59
grams of sodium sulphate were obtained. Gladstone obtained
on the average 4.475 grams of sodium sulphate. It has thus
been clearly demonstrated in what manner Gladstone ob-
tained his values and further, that his values cannot be ac-
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cepted as representing the actual amount of caustic soda
which is retained by cotton in such a manner that it cannot
be removed by washing with absolute alcohol.” Final quanti-
tative experiments on adsorption were then made by Hiibner
and Teltscher. For solutions up to and including 114.7 ¢
NaOH per liter (26° Tw.) the amount of sodium hydroxide
retained by the cotton after numerous washings with alcohol
increased with increasing concentration of the caustic soda
solution. For concentrations varying from 133.9 to 365.4 g
NaOH per liter (30°-80° Tw.) the amount of caustic soda
retained is approximately constant at about 3.2 g NaOH
per 100-g NaOH. ‘This is only about one-fourth the value
found by Gladstone and by Vieweg. ‘‘The authors consider
themselves justified, therefore, in stating that the results
obtained ini the experiments brought forward are to be re-
garded as a correct explanation of the manner in which caustic
soda is absorbed by cotton fibers from solutions of different
strengths, but that the results of their experiments do not
support the suggestion of the existence of distinct chemical
compounds or ‘soda celluloses,” which has been advanced
by Gladstone and by Vieweg.”’

As a matter of fact these experiments by Hiibner and
Teltscher are absolutely without value except in bringing out
clearly the errors in Gladstone’s work. Hiibner and Teltscher
have shown how much caustic soda is retained by cotton when
the cotton is washed with absolute alcohol at ordinary tempera-
tures. They have also shown that practically all the caustic
soda is removed when the cotton is washed with hot absolute
alcohol. Consequently any intermediate value can be ob-
tained by washing with absolute alcohol at the suitable inter-
mediate temperature, and consequently the data show ab-
soltaitely nothing in regard to the adsorption of caustic soda

from aqueous solution by cotton,
In my own experiments it was necessary to start with a

normal cotton, one that could be reproduced by anybody at
any time. A modification of Parker’s method was found satis-
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factory. Parker! heated absorbent cotton with dilute caustic
potash in a bath at 130°~140° for three hours or more. The
final product, insoluble in alkali, weighed 7-8 percent less
than the original sample, 4—5 percent of the loss being due to
products soluble in alkali, and about 3.3 percent of the loss
being due to water. The objection to the method is that
bumping is so bad that it is very difficult to purify any con-
siderable quantity of cotton in this way. Experiments were,
therefore, made to see what would be the effect of prolonged
heating at 100°. Samples of the best grade of absorbent cotton
were placed in balloon flasks fitted with reflux condensers.

A solution of 20 g. NaOH per liter was added and heated for

varying times on & water bath. The cotton was washed with
water, then with dilute hydrochloric acid, and again with water
until the wash was neutral to litmus. It was next washed
with alcohol and ether and dried in an oven at 115° for five
hours. The data are given in Table III.

Taniy IIX

20 g NaOH per liter
Volume of solution = go cc
~ Temperature, 100°
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Time Cellulose

grams hours grams f cellulose
0.9836 3.5 0.9366 0§ .23
0.8118 I 3.5 0.7768 , 95 . 50
0.8632 5.0 0.8074 | 93-53
1.09I1¢9 5.0 | 1.0220 | 93 .67
1.2850 I8 . 1.1890 | 92.53
¥.3975 P18 ; 1.2890 | 92 .27

- From these data it is clear that results agreeing with those
of Parker are obtained when approximately one gram of cotton
is heated for eighteen hours at 100° with s0 cc M,/2 NaOH.

The good feature about Gladstone’s work on adsorption
was that he determined the caustic soda in the cotton directly
and not by difference. The weak point was that he washed

! Jour. Phys. Chem., 17, 219 (19i3).
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with alcohol, thereby introducing a new variable. While
Vieweg did not introduce any new substance, he determined
the caustic soda by difference, At the suggestion of Professor
Bancroft I have tried to combine the good points of the two
methods. Cotton was treated with caustic soda solutions
and then centrifuged to remove the excess of solution. The
caustic soda in the cotton was then determined directly
This method is accurate only in case the centrifuged cotton
is to be considered “dry.” 1Inso faras this is not the case, the
amount of caustic soda in the cotton will come out high be-
cause one is including the adhering solution. There is no

| way__ at Preseﬂt Of teﬂingwhat the error.is under these eir-

cumstances, All we know is that the error has the opposite
sign from the error in Vieweg's method and that the error
with the centrifugal method is smaller in the case of cotton
than the error with the Vieweg method. As I also analyzed
the solution after removing the cotton, I have both sets of
data. Also, the results by the centrifugal method can be
duplicated at any time, so that it will be an easy matter to
apply a correction whenever anybody finds out what correc-
tion to apply.

The centrifuge consisted essentially of a brass basket,
4.5 inches in diameter, designed to rotate at about 4000 revo-
lutions per minute. After the cotton had been centrifuged,
it was treated with sulphuric acid in a platinum crucible,
ignited, and the caustic soda weighed as sodium sulphate.
This is Gladstone's method as modified by Hitbner and Telt-
scher. Ammonium carbonate was added to prevent the forma-
tion of anything but the normal sulphate. Since the amount
of adsorption does not vary enormously with the tempera-
ture, it was thought that a sufficient accuracy for the pur-
poses of this investigation would be reached by working at
ordinary temperature without using a constant temperature
bath. ‘This simplified the centrifuging tremendously.
. oince preceding workers had apparently reached equi-
hbrium in much less than an hour, the cotton in the first runs
was left for one hour in contact with the caustic soda solutions,
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One hundred cubic centimeter portions of lyes of different
concentrations were prepared and from 1.0 to 1.2 grams of
cotton shaken with each concentration for one hour after
which the cotton was centrifuged and analyzed. The data
for these runs are given in Table IV and are plotted in Fig.
2. The change in concentration of the solution is so small
that it makes no real difference whether initial or final concen-
trations are plotted.

TasLg IV

Volume of solution = 100 cc

Weight of cotton = 1.0-1.2 ¢
Tim_e of run = 1 hour
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The curve is similar to Vieweg's. There is one point
at which the apparent composition of the solid phase remains

practically constant at about 63 g NaOH per 100 g cotton
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which would coincide approximately with the 61.7 g required
for CiaH20010.§NaOH, were it not for the fact that the rest
of the curve cannot be so interpreted. If a compound really
exists there must be two flats in the curve, one above and one
below the vertical portion. These might be negligible in
length, in which case we should have two series of solid solu-
tions with a definite compound occurring hetween them.
While this might be the case, the assumption of experimental
error seemed more plausible especially in view of the errors
into which previous experimenters have fallen. To check
the results a sample of cotton was shaken for one hour with a
lye contgining 375 g¢ NaOH per liter.and then for three hours
with a lye containing 125 g NaOH per liter. This gave point
A in the diagram (last experiment in Table IV). From this
it was evident that equilibriumm was not reached in one hour.
Observation also showed that the centrifuge was not running
up to speed and was not removing all the solution from the
cotton. This accounts for the apparent adso.ption being
greater for the high concentrations than was found later. The
two errors of incomplete centrifuging and of failure to reach
equilibrium work against each other and must neutralize each
other at some point. This would necessarily give a curve
with a point of inflection which is what we get in a distorted
form in Fig. 2.

Special experiments showed that equilibrium was reached
and that the cotton was apparently freed practically completely
from adhering solution if the cotton were shaken for three
hours with the caustic soda and centrifuged for one hour.
Runs were, therefore, made under these conditions; the data
are given in Table V and are plotted as gravimetric curve
in Fig. 3.

The results form a smooth curve indicative of adsorption
and there is no evidence of the formation of any chemical com-
pound. It seemed desirable to check the Vieweg titration
curve because the preliminary treatment which I had given
to the cotton might have had some effect. 1t was found very
difficult to get satisfactory duplicates when titrating as Vieweg
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TapLg V

Volume of solution = 100 ¢¢
Weight of cotton = 1.0~1.2 ¢
Time of run = 3 hours

Adsorbed Adsorhed

Solution Solution
| g NaOH g NaOH
B o Jiter per gram ® o liter per gram
P cotton P cotton
474 . 0.916 230 - 0.664 f(:
427 | 0. 387 212 0.642 2
415 0.3875 1go 0.594
379 ' 0.846 189 0.579 ]
323 | 0.782 184 0.572 :
276 0.733 | 138 | 0.461 X
1500
L. 1400
&
=
g
0300
XL
O
2 200 .
ﬂ \
& .
5

per qram cotlon

Fig. 3

did. Consequently fifty cubic centimeters of the alkali were *
run from a burette into a measuring flask and diluted to one
liter. Fifty cubic centimeters of this solution were then ti-



Adsorption of Caustic Soda by Cellulose 47

trated with dilute and accurately standardized acid. ‘The

resulting dataare given in Table VI and are plotted, along
with Vieweg’s data, as titration curves in Fig. 3.

TaBLe VI

Volume of solutiont = 100 cc
Weight of cotton = 1.0-1.2 ¢
lme of run = 3 lmurs
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450 . — o028 7 18 - 0.12 -
g0 |, o0.22  o0.27 . 160 ° o0.12 —
350 | 0.22 ' 0.27 140 — 0.08
330 0.20 — 120 0.08 —
300 | — , 0.27 90 — 0.0]
280 @ O.15 ~— i 80 0.04 —
275 | —— L 0.25 40 | 0.03 0.0
244 | 0.13 | - 2§ —— t 0.0
210 | — i 0.19 20 ¢ 0.01 —
200 0.3 ~ — — —

My data in Table VI give a smooth adsorption curve.
The only peculiarity is that below go g NaOH per liter there
is no apparent adsorption. This seems to be due to the fact
that up to this concentration the caustic soda and the water
are taken up by the cotton in the same relative proportions
—within the experimental error—in which they occur in the
solution. The difference between the titration curve and the
gravimetric curve is very marked. For a concentration of
200 g NaOH per liter we get an adsorption of 0.27 g NaOH
per gram of cotton by analyzing the solution and an adsorption
of 0.75 g NaOH per gram of cotton by analyzing the centri-
fuged cotton. While it is not ciaimed that the second set of
data really gives the true adsorption, these data are much
more accurate than those of the first set.

From these two sets of data it is possible to calculate
the amount of water adsorbed by the cotton in each case.
We know the total weight of cotton and the amount of caustic



48 Alan Leighlon

soda adsorbed by it. We know the total weight of the solu-
tion, the change of titer, and the amount of caustic soda re-
moved. It is an easy matter to calculate how much water
must have been removed in order to give the observed change
of titer. This calculation has heen made; the data are given
in Table VII and are plotted in Fig. 4.

‘TaBLE VII

B e oW a wx w Him L] " oy = bpoguhr o Rt o i = B 1 - . ow N et

Adsorbed per ; Adsorbed per
Solution . Solution |
gNaOH _Fomeotton 4 Naom | Srem oottom
per liter per liter ' =
- gH 0O ° g NaOH g Hs0 g NaOH
350 1.16 0.83 | 7% | 4.00 0.30
250 1.66 0.70 E 50 4.00 0.20
250 - 2,68 - o.50 ! 25 4.00 0.10

e litler

_Grams NaOH

10 SR | " —
i l 4
Grams waler bed
per gram collon

Fig. 4

It will be noticed that the water content of the cotton re-
mains practically constant at first, the caustic soda being taken
up without any displacement of water. When the amount of
adsorbed caustic soda rises above about 0.34 g per NaOH gram
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cotton, the caustic soda displaces the water to some extent.
Of course, it must be remembered that these figures are only
first approximations. The gravimetric curve is accurate
~ only in case all adhering solution is removed by centrifuging.
The titration curve is obtained by calculation from small
differences in titer and is, therefore, affected seriously by slight
errors in titration. The data in Table VII are based on the
differences between the titration and gravimetric curves thus
introducing a new set of errors.

In Fig. 5 the data are tabulated for the simultaneous change
of adsorbed water and adsorbed caustic soda. This is really

Grams NaOH adsorbed
pcr C‘fam tn"OH
i 1 .

0 020 040 080 080 109

Fig. 5

an adsorption isotherm. It could have been plotted on tri-
angular cobrdinates; but that seemed hardly worth while.

The general results of this paper are:

1. Gladstone’s experiments on the composition of the
soda-cellulose compound are inaccurate because, as shown
by Hiibner and Teltscher, he did not reach equilibrium when
washing with alcohol.

2. Hiibner and Teltscher’s expeniments are unsatisfactory
because the amount of caustic soda not washed out of cellu-
lose by alcohol is a function of the temperature. ‘Their data
show nothing in regard to the way in which cotton adsorbs
caustic soda from aqueous solution,

3. It seems probable that equilibrium was not reached

s
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in Vieweg’s experiments. The curve that he gets is theoretic-
ally impossible, :

When his experiments are repeated an adsorption curve
is obtained.

4. Vieweg’s titration method, though the one generally
employed, is hopelessly inaccurate if the solid phase adsorbs
water as well as the solute. The error is a very serious one
in the case of cotton |

s. By centrifuging the cotton for one hour at about
4000 t. p. m. it is possible to remove most, and pethaps all,
of the adhering liquid. An analysis of the cotton gives the
amount of caustic soda adsorbed, subject to a correction for
- any-failure to-get-the eotton dry. SRR -

6. The data, obtained by analys:s of the cotton after cen-
trifuging, give a smooth adsorption curve.

. ‘There is no experimental evidence for the formation
of any chetical compound when cotton is treated with caustic
soda solutions running up to concentrations of 500 g NaOH
per liter. ‘The caustic seda is adsorbed by the cotton.

8. Mercerization of cotton is not due to the formation
and decomposition of any compound of cellulose and sodium
hydroxide.

9. Until the amount of adsorbed caustic soda equals
about 0.34 g NaOH per gram cotton, there is apparently no
displacement of water from the cotton. With higher amounts
of adsorbed caustic soda there is a decrease in the amount of
water adsorbed. | -

10. A standard and reproducible cellulose can be obtained
by heating absorbent cotton with one percent caustic soda
solution for eighteen hours on the water bath. This is an
improvement over Parker's method because it obviates the
difficulties due to bumping. |

Cornell Universils

Fehruary, 1914
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BY A. G. MCCALL, F. M. HILDEBRANDT AND E. §. JOHNSTON
Resume of Previous Work

As early as 1866, Frank' studied the retention of potas-
sium chloride by the soil. In his experiments he used metal
cylinders three inches in diameter and varying in length from
three feet to six feet. His solution contained 1 gram of
potassium chloride per liter of water. As a result of his ex-
periments Frank found that the first foot of soil retained 9r
percent of the potassium chloride, while the first 18 inches
 removed 93.5 percent of the salt. The solution appearing
at the bottom of his 6-foot columns had lost all but 2 percent
of their original salt content. The addition of sodium chloride
to the solution diminished the amount of potassium chloride
retained.

As the result of his experiments with potassium salts,
Treutler® concluded that deeper penetration of the potas-
sium into the soil was to be secured by the use of potassium
chloride than by the application of potassium stiphate as a
fertilizer.

Peat and preparations of the “humic’’ acids were found
by Heiden® to have the power of removing a part of the salt
when brought into contact with solutions of potassium chlor-
ide. The greater part of the salt was readily recovered by
the vse of a small quantity of water. Liebermann? reported
that aqueous solutions of potassium chloride showed no change
as to acidity or alkalinity after passing through animal char-
coal, but that the concentration was decreased.

More recent work has not only confirmed these earlier
observations but has brought out the fact that finely divided
sibstances exereise a selective action with respect to the solu-

ke i e e

' Landw. Vers.-Stut., 8, 45 {18656].

* Ihid., 13, 184 (1869); 185, 371 (1872).

' Hoffman's Jahresh., 1866, p. 2v.

t Sitzungsher. Akad. Wiss. Wien, 74, 331 (1877).
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tions with which they are brought into contact. In some
cases the effect of this selective action is to remove one ion of
the salt more rapidly than the other, leaving the solution acid
or alkaline depending upon which ion is removed to the greater
extent. Cameron and Bell! found that absorbent cotton has
the power of removing the potassium ion from a solution of
potassiutn chloride more rapidly than the chlorine, leaving
the solution decidedly acid to ordinary indicators. Previous
to this work, van Bemmelen? had shown that the treatment
of a soil with a solution of potassium chloride resulted in an
almost complete exchange of potassium for sodium, calcium
and magnesium. In one experiment he determined the

 chlorine and found that the amount had not changed.

Schreiner and Failyer® percolated a solution of potas-
sium chloride through a short column of clay soil at the rate
of 50 cubic centimeters in 24 hours. The first few hundred
cubic centimeters of the 200 parts per million solution, in pass-
ing through the soil, was reduced in concentration to approxi-
mately 60 parts per million of potassium. In the succeeding
fractional percolates the concentration gradually increased
until it reached 173 parts per million when 1100 cubic centi-
meters had passed. Up to this point the soil had retained
approximately goo parts per million of potassium. The
effect obtained with clay loam was less than that observed
in the clay, while loam soil gave results intermediate between

the clay and the clay loam. For the sandy loam soil used
the result was much less marked than in the finer textured
soils, but was, nevertheless, quite marked in the first fractional -
filtrates. At the close of the contact periods the clay and the
clay loam soils were washed with distilled water, the per-
colation of water being at the same rate as that used in passing
the potassium solution. After about 450 cubic centimeters
of water had passed through the clay soil the successive frac-
tional percolates showed a practically constant composition

! Bull. 30, Bureau of Soils, Dept. Agr. (1903).
? Landw. Vers.-Stat., 21, 135-191 (1877).
? Bull. 32, Buseau of Soils, Dept. Agr. (1900).
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of 20 parts per million of potassium. The washing was con-
tinued until over two liters of water had passed, at which time
the quantity of potassium retained in the soil had been re-
duced to 350 parts per million from an initial concentration
of goo parts. With the clay loam the removal of the retained
salt was more rapid. The quantity of potassium in this soil
was reduced from 570 to 250 parts per million with the passing
of approximately 8ou cubic centimeters of water.

Patten and Waggaman' have recalculated the results
of Peters’ work on the removal of potassium chloride from
aqueous solutions by the soil. They bring out the fact that
the effect is nearly twice as great with dilute solutions as with
the strong concentrations. With his most dilute solution,
(1.o11 grams of potassium per kilo of soil), 94 percent of the
total potassium present was removed, while from a solution
20 times as strong only about 55 percent was removed. In
the same publication, Patten and Waggaman call attention
to the fact that the maximum retentive capacity of an ad-
sorbent, while a perfectly definite quantity, is of little prac-
tical interest in soil studies, because of the fact that maximum
effect can be secured only in the presence of a solution which
is saturated with respect to the solute and at the same time
is in equilibrium with the material with which it is in contact.
From a solution which is less than saturated there can be
removed a quantity of the solute which is less than the maxi-
mum capacity of the medium but which is, nevertheless,
a definite amount for any particular concentration. They
use this quantity as a measure of the specific capacity of the
medium with respect to that particular solution. A solution
of potassium chloride brought into contact with the soil will
lose some of its potassium at a rate which gradually decreases
until the salt reaches an equilibrium between the soil and the
solution. The weight of potassium chloride removed by one
gram of soil represents the specific capacity of the soil for that

! Bull. 52, Bureau of Soils, Dept. Agr. (1908); Landw. Vers.-Stat., 2,
129 (1860).
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concentration of the salt at that particular temperature. If
conditions in the soil are altered more salt may be taken up
or a part of the salt already removed may go back into solu-
tion. Thus it is seen that the process is a reversible phenom-
enon. In summarizing his recent work at the Bureau of Soils,
Parker! states that "the rate of adsorption of the chlorine
tons from solution by soils is much less than of potassium
lons. The selective adsorption of potassium from a potassium
ckloride solution by a soil increases in amount with the con-
centration up to a certain point and then remains practically
constant. In general, the smaller the soil particles the greater
the selective adsorption of the potassmm t'rom a potassmm

- ¢hloride solutiont by the soil.” -~ o

Williams® has recently called attention to some special
cases of selective adsorption to which he has given the name
“negative adsorption.” He cites the work of Gore® as the
first cases of negative adsorption. He also calls attention
to the work of Lagergren,* who observed that upon shaking
solutions of electrolytes with charcoal or silica the concen-
. tration of the salt solution increased instead of decreasing.
Using blood charcoal Williams found negative adsorption
with potassium chloride at certain concentrations. Up to
a concentration of ©.0563 gram of salt per gram of solution
the adsorption was positive, becoming negative with further
increase in concentration. In Gore's work, which was cited
above, there are instances of negative adsorption at low comn-
centrations becoming positive in less dilute solutions of the
same salt. In all of the work cited the investigators have
had their interest centered upon the condition of the solution
after equilibrium had been reached; consequently, the solu-
tions were left in contact with the adsorbing medium for from
24 hours to several days. In the extensive studies made in

L - m omrn o dmw vk owm v
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' Journal of Agricultural Research, Dept. Agr., 1, No, 3 (1913).
? Trans. Faraday Soc., 10, Part 1, Aug. (1914).

% Chem. News, 69, 23, 33-44 (1894).
¢ Bihangtill K. Svenska Vet-Akad. Handlinger, 24, II 4 (1898).
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the Bureau of Soils, United States Department of Agricul-
ture,’ the contact time was usually 2 24-hour period. ‘Through-
out the work in which soils have been the adsorbing medium
there exists a very great deal of nncertainty concerning the
fundamental character of the phenomenon. The evidence
fromi the use of chemically inert substances, such as cliar-
coal and silica would indicate that the process is a physical
osie, the magnitude of the adsorption depending upon the
extent of the surface presented by the adsorbing medium.
On the other haad, some of the very earliest work with soils
gave strong evidence of the chemical replacement of the bases
~ of the soil by the base contained in the solution. With these
facts in mind a series of experiments were planned for the put-
pose of studying: (1) the effect of a short-time contact between
the soil and the salt solution; and (2) the effect of the extent
of surface upon the amount and the rate of adsorption.

Present Investigations

In the following experiments a sample of Durham Sandy*
Loam soil from Cabarrus County, N. C., was used as the ad-
sorbing medium and potassium chloride as the material ad-
sorbed. For the first series of experiments a sample of the
soil was dried and passed through a 2 mm sieve. For the
second series a sample of the same soil type was reduced to
very fine condition by grinding for four days in a porcelain
lined ball mill. The mechanical analyses of the two samples
as made by the Bureau of Soils, United States Department
of Agriculture, are given in the following table. It will be
seeri from the table that practically all of the sand has been
reduced by the grinding to the silt and clay groups, thereby
making an enormous increase in the amount of surface ex-

posed by the two samples of what is otherwise identical
material.

el r - - = A e w W L slegiat B g e— e . - 1

! Bull. 32 (1906} and Bull. 52 (1908).
? Bureau of Soils Classification, Bull. g6, p. 32.
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TasLy [-—-MECHANICAL, ANALVSES OF SoIL SAMPLES

 Iine gravel | o . |
L Conrse sand | Lane sand Silt 0.05 Clay o.00s
Soil Medivm sand Vt?ry fine sand - to to

. z.0t00.25 mm 0.2§5 t00.05 mm 0.005 MM’ 0.0 MM

Durham sandy loam | |
natural soil 47.1 . 31.4 17.9 3.8
Durham sandy loam
pulverized four
days in ball mill 0.5 - 9.7 78. 1 12.0

The solution used was potassium chloride of approximately

five-hundredth normal concentration.

Description of the Apparatus

In order to secure a short-time contact between the soil
and the solution a special apparatus was used whereby the
solution could be percolated through the soil at any desired
rate. - The apparatus consisted of a porcelain lined filter cham-
ber into which was fitted a short filter tube, made by cutting
off the upper end of a Pasteur-Chamberland filter tube and
forcing it down over the projection on the rubber gasket at
the bottom of the chamber. Surrounding the filter tube is
a brass jacket which serves as a container for the soil. After
the introduction of the soil the solution is poured into the outer
jacket, the air-tight cap is screwed down over the top of the
filter chamber and the system counected to an automobile
tire pump. The filter tube serves to hold back the fine soil
particles and give a clear filtrate for analysis. The apparatus
is charged by putting 20 grams of the air-dry soil in the brass

Jacket surrounding the filter tube and pouring the salt solu-

tion into the porcelain lined chamber which surrounds the
system.

Series 1

Preliminary to the use of the soils for the adsorption work,
samples of both the natural and the finely pulverized soil
were tested for soluble potassiumm by percolating pure dis-
tilled water through themw at the approximate rate of 200 cubic
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centimeters per hour. FEach successive 50 cubic centimeter
portion of the filtrate was saved and separate determina-
tions made for potassium by the colorimetric method used by
the Bureau of Soils.!

Table I1 contains the results of this preliminary work.
‘The numbers in the first column indicate the successive fil-
trates, while the second column gives the concentrations of
the successive portions of the filtrate in parts per million of
the solution. The figures given in Table II will be used in the
subsequent work in order to correct the results for the soluble
potassium originally contained in the soil. Although it has

no direct bearing upon the questions under consideration,
it is of interest to note that the grinding of the soil in the ball

mill has increased the solubility of its potassium in distilled
water ‘approximately tenfold.

TasLg II-Water SoLUBLE POTASSIUM IN SAMPLE% OF DURHAM
banmr LOAM SOIL

~ Parts per million of potassmm in fi ltrates

Fractional filtrates
Natural ;01[ 5 Pulverized 4 days in ball mill
I 3.6 37.5
2 2.2 22.0
3 1.8 20.0
4 1.6 20.0
Serfes 2

In this series a 20 gram sample of the same natural soil
as was used in Series 1 was percolated with 250 cubic centi-
meters of a solution of potassium chloride, containing 62 parts
per million of potassium. The flow was maintained at the
approximate rate of 50 cubic centimeters in 10 minutes. ‘The
percolate was collected in fractions of 50 cubic centimeters
each and the potassium determined colorimetrically. Im-
mediately following the percolation with the solution of potas-
sium chlonde pure distilled water was forced through the

' Bull. 31, Bureau of Soils, p. 31.
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sample at the same rate in order to study the removal of the
adsorbed potassium. As a check upon the colorimetric de-
terminations the specific conductivity of the fractional filtrates

was determined by measuring the conductivity of the solutions

in a standardized Arrhenius cell, according to the method
described by Jones.!

TABLE LII—ADPSORPTION OF POTASSIUM BY A SANDY Loam Soit
FROM A SOLUTION oOF PorassiuM CHLORIDE CONTAINING 62

PARTS PER MILLION OF POTASSIUM

. | Parts per million | Potassium retained in P . ,

F ’E{"f’éﬁ{‘éﬂ' " of potassium in |  parts per million !Speuﬁc conductivity

the fractions | of dry soil . at o®
] 40 | 58 | 92
2 30 124 82
3 40 181 | 79
4 44 226 79
5 59 233 78

I'ABLE IV—1'HE REMOVAL OF THE ADSORBED POTASSIUM BY
LEACHING WITH DISTILLED WATER

ERER NN E ] L L IR R L R e T ) — o, ok v, B vy el ek el I i "o dm o o | ok Hemm e .

Feactional . Parts per million of : Potassium retained in

: tasstum in the rts per million
filtrates : be I'ractioils th ’ - of gew ls:?:)i!
! | 7 214
2 11 188
3 9 165
4 9 142
5 9 118
{ 8 99

[t will be seen from Table III that the first ten-minute
contact of the solution with the soil reduced its concentra-
tion from 62 parts per million to 40 parts per million. At
the end of the second ten-minute period the strength of the
solution 1s further reduced to 36 parts per million, but from
this point the concentration of the solution rises until the fifth
and last fraction is reached when the concentration is within

A mmr TR Y W d

t“RBlements of Physical Chemistry,” 4th Hd., pp. 377-383.
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three parts per million of the concentration of the original
solution. The third column shows that the amount of potas-
stum retained by the soil rises gradually to 233 parts per million
of the dry soil when 250 cubic centimeters of solution have
passed through. -

Figures 1 and 2 represent graphically the results given
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Rig. 1
Series 2—Durham Sandy Loam (natural soil), Adsorption of potassium from a
KCli solution containing 62 p. p. m. of potassium. Abscissas, the volume

of solution or of water passed through the soil. Ordinates,
p. p. m, of potassium in the successive percolates
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Fig. 2

Series 2—~Durham Sandy Loam (natural soil} soil curves. Adsorption of potas-
stum {rom a KCl solution containing 62 p. p. m. of potassium. Abscissas,
the volime of solution or water passed through the soil. Ordinates,
the amount of potassium rctained, expressed as p. p. m. of dry soil

in Tables IIT and IV. In Fig. 1 are shown the results based
upon the concentration of the successive fractional filtrates:
the large curve representing the concentration in parts per
milion of potassium and the small curve the specific con-
ductivities. The curve for the potassium shows that the first
three fractions of the filtrate are reduced approximately to
two-thirds of the strength of the original solution. With the
increase in the volume of the filtrate the curve rises and almost
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reaches the upper boundary of the figure which line repre-
sents the original strength of the solution. At this poiunt the
removal of the adsorbed potassium is begun by leaching with
pure distilled water. It should be noted that at this point
the curve falls rapidly to practically a straight line.

Figure 2 gives the results expressed in terms of the soil,
the abscissas being the volume of the solution of water per-
colated through the soil and the ordinates the amount of
potassium adsorbed expressed in parts per million of the
air-dry soil. While it is possible, and,indeed quite probable,
that complete equilibrium was not reached, it is apparent that
the soil is rapidly approaching a saturated condition after

having retaitied 330 parts per million of potassium as a result =

of the percolation of 250 cubic centimeters of the salt solution.
The part of the curve representing the removal of the retained
salt by leaching with distilled water is a straight line, showing
the uniformity with which the material is removed by the
leaching. This removal of the adsorbed potassium was ac-
complished by filling the filter chamber with distilled water

and continuing the percolation at the same rapid rate as was
used with the solution of potassium salt.

Serles 3

For this series Durham sandy loam, pulverized four days
in a ball mill, was used. The manipulation was the same as
for Series 2. An inspection of Table V brings out the sur-

TABLE V-—ADSORPTION OF PoTassiUM SOLUTION BY A FINELY
PULVERIZED SANDY LOAM PFROM A SOLUTION OF POTASSIUM
CHLORIDE CONTAINING 98 Parts Prr MILLION OF

PoTASSIUM

Parts per million of potassium in
the fractions

Fraction:! Specific conduc-
raction: _ tivity of solu-
filtrates Original After currection tions ut 0

S {or water-soluble

determinations potassium :
1 144 107 112
2 112 g1 - 82
3 100 82 . 82
4 I12 02 84
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prising fact that the amount of potassium in the solution
has been increased instead of decreased by its contact with
the soil.

TABLE VI—THE REMOVAL OF THE ADSORBED POTASSIUM BY
LEACHING WITH DISTILLED WATER

Parts per million of potassium in

Fractional filtrates the {ractions

I 39
2 24
3 21
4 18
"5 5
6 18

A part of this increase in concentration is undoubtedly due
to the fact that the pulverized soil has given up some of its
potassium to the percolating solution. However, this is not
sufficient to account for all of the increase in potassium con-
tent. In Column 3 of the table is given the potassium in the
fractional percolates after they have been corrected for the
water-soluble potassium of the soil. This correction is based
upon the assumption that pure water in contact with the soil
will dissolve potassium at the same rate and in the same
amounts as the very dilute solution of potassium chloride
used in these experiments. Proceeding upon this assumption
pure water was percolated through the sample of pulverized
soil and the amount removed by the water applied as a cor-
rection to the corresponding fractional percolates of the salt
solution.

The results given in the table are shown graphically
by the curves in Fig. 3. The dotted line forming the upper
arm of the curve represents the original concentration of the
successive fractions while the solid line represents the strength
of the solutions after the correction has been applied.
It will be seen that even after the correction has been made
the solution still maintains a concentration higher than the
original salt solution. This appears to be a case of selective
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adsorption in which the solvent (water) is adsorbed more
rapidly than the dissolved potassium salt with the result
that the percolate is more concentrated than the original
solution. It should be borne in mind, however, that we are
probably not dealing with equilibrium conditions. ‘The mech-
anism by which this negative adsorption is effected may be
explained by assuming that the solvent and the dissolved
substance are capable of being adsorbed more or less inde-

,
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Fig. 3
Series 3—Selution curve showing concentration of successive 5o cc portions of a

- KC1 filtrate from pulverized Durham Sandy Loam Soil. Concentration
of original solution 75 p. p. m. of potassium

pendently and at different rates. The rapid advance of the
liquid through the fine pores of the soil results, for a time,
in the more rapid adsorption of the water than of the salt,
leaving the liquid in the larger non-capillary spaces more
concentrated.  This more concentrated solution then moves
through the large spaces and appears as the percolate. It
1s quite probable that after a few hundred cubic centimeters
have passed through, equilibrium will have been established
and the negative adsorption will become positive. This so-
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called negative adéorption, therefore, may be considered as a
special case of selective adsorption and serves to point out the
fact that there is no fundamental difference between the ‘‘wet-
ting” of the soil particles and adsorption.

From the work of Williams, to which reference was made
earlier in this paper, it appears that the adsorption of the
solute and the solvent is dependent upon the relative masses
present. With some electrolytes in water it has been found
experimentally that the adsorption is at first positive, increases
to a maximum, decreases through zero, and finally becomes
negative, but there seems to be no case on record in which the
_Imitial adsorption effect is negative. =~~~
- The writer wishes to acknowledge his indebtedness to
Dr. H. C. Jones for apparatus and laboratory facilities and
to the Bureau of Soils, United States Department of Agri-
culture, for special apparatus and for the mechanical analyses
of the soil samples.

Laboratory of Physical Chemistry
Johns Hopkins University



ELECTROMOTIVE FORCES

BY WILDER D. BANCROFRT

The present theory of the electromotive force of the
voltaic cell is due primarily to Nernst! and consequently the
subject is usually presented in text-books in the form adopted
by Nernst, with subsequent modifications to meet special
cases. It so happens that the historical development is not
a logical or a consistent one; and consequently the different
types of cells are not co-ordinated as they should be.

I we have a reversible electrode. such as zinc in zine

gillphate, we make use of Nernst's deduction and write for
the single potential
(0 o - RT. Py

Y = ;;‘F log “;“

where Py, is the hypothetical solution pressure of zine, p the

osmotic pressure of zinc in the solution, n the valence of the
zine ions and F the Faraday constant.

If we make up a cell of two different concentrations of
zinc sulphate we write for it the equation

s - RT [\ P Pz'z:} - RT, P
2) B = - {log Iy log b, + x -

where x is the potential difference between the two solutions,
pe 1s the more concentrated solution and p4 the more dilute.
If we make up a cell of the Daniell type, the equation becomes

E = Rfl‘.,. { lﬂg PZp — lOg I;(;u 1 X =

(3) nF R ?’3]_;* caf T
tZn  PCu ,
et log Pow o -+ x.

If the metallic clectrode is a phase of varyving composi-
tion such as a dilute amalgam, it is usual to consider the cell
as a whole and to calculate the work done in transferring the
dissolved metal from one electrode to the other as pointed out

oluiseh 1 g gy

P Zeit. phys. Chem., 4, 129 (1889).
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by von Turin' and by Meyer.?  The equation for the cell is

(4) E = -~ log %

where 2’ and p'; are the osmotic pressures of the metal in the
two mercury solutions and m is the ratio of the molecular
weight of the metal in the mercury solutions to the weight of
the ion in solution. LeBlanc? writes for the single potential

i\ 7
(s) | E =N 2

L

‘"F lﬂg P

where P’ is the electrolytic solution pressure of the zinc in the

amalgam and m is unity because zinc is monatomic in mercury.,
- This solution pressure is not the one introduced by Nernst be-
cause that was a constant. As a matter of fact, LeBlanc gets
- out of the difficulty only by saying that, since the osmotic pres-

sures of zinc in mercury are proportional to the concentrations,
the electrolytic solution pressures of the amalgams may be
assumed to be proportional to the osmotic pressures of the dis-
solved zinc. In a cell with two amalgam electrodes the
proportionality factor cancels and everything comes out as it
should; but it would be a very clever student who could find
out from LeBlanc’s book the equation for a cell consisting of
zinc and dilute zinc amalgam in zinc sulphate solution. If we
assume that the apparent solution pressure is proportional to
the osmotic pressure of the monatomic metal in the mercury,
the equation for the single potential becomes

RT . Pz ¢,

(6) £o= . log b f?p
where Py, is the solution pressure of zinc against an aqueous
solution as in Equation 1, p’; is the osmotic pressure of zinc in
the amalgam, p, is the osmotic pressure of a solution of zinc
in mercury which is in equilibrium with pure zinc, and » is the
osmotic pressure of zine ions in the solution.
When it comes to gas cells the orthodox thing is to treat

]

' Zeit. phys. Chem,, §, 340 (1890): 7, 223 (1801 ).

* Wied. Aun., 40, 244 (1800): Zcit. phys. Chem,, ¥, 477 (1801).
* “A Text-Book of Electrochemistry,” 184 (1907).
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them exactly like amalgam cells only considering the solution
pressures as proportional to the gas pressures. The equation
for the single potential therefore becomes

(7} £ o= —— log

where p”) is the gas pressure. For hydrogen m = 2 and n = 1.
We are not only ignoring the electrode, but also the unknown
concentration in the electrode. While this is justifiable
thermodynamically, it is of doubtful wisdom pedagogically.
We can get back to the strict Nernst formulation if we postulate
Henry's law for the relation between the gas pressure and the
“unknown osmotic presstre in the electrode and substitate this
in an equation analogous to Equation 6. If the ratio of the
molecular weight of the gas to the molecular weight in the °
metal electrode is g, we have

RT P
= qunt " Kp,  p

(8)

where K is the constant in the equation p", = K(p'))? and
p’1 is the osmotic pressure of hydrogen in the electrode. For
hydrogen we know that gm = 2., Since there is no concentra-
tion at ordinary temperatures for which solid hydrogen is in
equilibrium with a platinum electrode, for instance, it is simpler
to substitute P, for P/Kp, in which case we may write

| . = RT P’y

(9) E = ST log 5
remembering however that P, is not the solution pressure of
solid hydrogen.

When it comes to oxidation and reduction cells, the Nernst
formulation is practically ignored. For reversible electrodes
sich as platinum in a mixture of ferrous and ferric salts we
follow the lead of Peters! and write one modilication of the
van't Hoff formulation

(10) Fo= A - R1 log P

il

b Zeit. phys. Chem,, 26, 193 (1898).
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where p, 1s the osmotic pressure of the ferrous ions in the
solution, p» the osmotic pressure of the ferric ions, »# the
difference in valence of the ferric and ferrous ions (# = 1),
and A the value of the electromotive force when p, and  are
equal.! While this same formula could probably have heen
deduced from the Nernst theory, I am not aware that it has
ever been done. Nernst has suggested treating reduction
electrodes as hydrogen electrodes; but it is not very satis-
factory to call a ferric-ferrous electrode a hydrogen electrode,
and the overvoltage complicates the theory of the hydrogen
electrode a good deal.

... When avowedly measuring chemical affinity, as involved
in the reaction TISCN + KCl = TICI + KSCN, for in-
stance, we make use of another modification of the wvan’t
Hoff formulation? and write for the cell

(n.) E = l;—-;—l;:- log i:{’
where p, is the osmotic pressure of the sulphocyanate ion, p.
the osmotic pressure of the chloride ion, K is the equilibrium
constant in the equation Kp, = p,, and x. is the potential
difference between the solutions. The Nernst formulation
could have been used in this case. Ostwald® has shown that
the equation for such single potential differences as

T1 ! TISCN KSCN may be written
(12) E = R1 Fo

!
S
e ¥
R
4
"

where P is the solution pressure of thailium, p, the osmotic
pressure of the sulphocyanate ions, and S; the solubility of
thallous chloride expressed in osmotic pressure units. For

the cell T1 | TISCN KSCN : KCl TICl | Tl we have the equa-
tion
o JRT L Pp o Pp  RTSE
1y ko= I log o loog R fogs St pa

I Peters uses the plus <ign 1 his equation; hut this is not m kecping with
the Nernst formulation that the current flows from the metat to the solution
when E is positive.  Sec Haber: Zeit. Elektraochemie, 7, 1047 (1901},

* Kniipfler: Zeit. phys. Chem., 26, 255 (1898),

3 Lehrbuch allgem. Chemie, 2, 1, 877 (1893).



68 Wailder 1. Bancroft

provided we consider the potential difference between the
solutions as zero.

I have distinguished five types of cells: cells with re-
versible metallic electrodes; amalgam cells; gas cells: oxida-
tion and reduction cells; chemical affinity cells. ‘These are
usually treated in five more or less different ways, which may
be advantageous but which is certainly unsound theoretically.
Suppose we take the Daniell cell, Zn | ZnSO, | CuSO, | Cu.
This is usually considered—and very properly—as a cell with
reversible metallic electrodes. It may, however, be considered
as an oxidation and reduction cell because the zine is oxidized

- and .the copper salt is reduced.! . It can.also be considered as

a case of chemical affinity because we are really studying the
reaction

Zn 4 CuSO, = Cu + ZnSO0,.

If we start with a zinc amalgam and a copper amalgam in-
stead of with the pure metals, we have the same reaction
taking place as before; but it is now an amalgam cell with
electrodes of varying composition. If we were to take into
account the unknown vapor pressures of zinc and copper, we
could consider the cell as a gas cell. Our types are not
mutually exclusive and one given combination may be con-
sidered from any one of the five differing points of view.
Obviously it would be better for the student to have a uni-
form treatment of the subject and yet I do not know of any
text-book on electrochemistry which attempts this. I am
not in a position to do much criticizing because I have never
attempted it myself in my lectures in the past, though I have
pointed out the inter-relation of the different types.

The proper starting point, as Haber? has pointed out, is
van't Hoff’s formula for the reaction isotherm. In the case of

a reversible reaction, A, the chemical affinity per unit chemical
weight is given by the equation

(14) A = RT log KZp, / Zp.

PR T r— il il Al b st

t Haber: Zeit. Elektrochemie, 7, 1046 {1901).
*Ibid., 7, 1045 {1901).
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where Zp, refers to the substances which are consumedfduring
the reaction and Zp, to the substances which are formed. If it
is possible to arrange the reaction so that electricity is gener-
ated, we have the relation

(¥5) A = nFE

By combining Equations 14 and 15, we get the working
equation

. . R.r\
(16) - E = 2n lg K2p / 2pe.

If we apply Equation 16 to the Daniell cell,
Zn | ZnSO4 | CuSO04 | Cy,
which involves the reaction
Zn 4 CuSO¢ = Cu 4 ZnSO,,

we have

(17) E = %%., log K.Zn.pcu/ Cu. pza + =
where x fepresents the potential difference between the solu-
tions and Zn and Cu are written to denote the unknown con-
stant terms for zinc and copper respectively. By combining
these latter with K we get

(18) E = %é_ log Kipcu / P2a + %
which is identical with Equation 3, provided we put K, =
Pz, | Pcy. The single potential difference at the zinc elec-
trode can be written

RT RT

(19) E=-;t—ﬁ~]ogK.Zn/pz..=”FlogKg/p

which is the same as Equation 1 with K, written for P;,. The

equation for a concentration cell with zinc electrodes and two

zinc sulphate solutions becomes

_RT R
nF K, P

which is the same as Equation 2, p; being the more concen-

trated solution. The direction of the current is to be pre-
dicted from the Theorem of Le Chatelier.

(20) 5 2, P
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If the molecular weight of zinc in a zinc amalgam is m

times the atomic weight of zinc the potential difference be-
tween it and the solution will be given by the equation

(21) RT ,

which is the same as Equation 6 with K written for P,, / Po.

The equation for an amalgam cell with electrodes of different
concentrations becomes

(22} E = RT ] Kp'y ¢ _ RT p’)

mnE & Kp's »  mnF OB p's
which is the same as Equation 4.
" In'the-case of 2 gas electrode we can write at once = - -

RT y
(23) E = pow” log K" / p

where gmn is the ratio of the molecular weight of the gas to the
ionic weight, p”, is the gas pressure and  is the osmetic pres-
sure of the ion for which the electrode is reversible. In the
case of hydrogen or chlorine gm» = 2. Equation 23 is the
same as Equation 9 if K = P,.

The equation for a reversible reduction electrode con-

sisting of platinum in a mixture of ferrous and ferric salts be-
comes ,
Rl"
(24) E = "wmlogKp/p

where p, refers to the ferrous salt and 4» to the ferric salt.

This is the same as Equation 10 when one writes A =
(RT/nF) log K.

I have already shown that the equation for the Danielt
cell simplifies to

(25) E = S log Kipcu / pza + %

whether we consider the cell as a case of chemical afiinity

or as made up of two reversible electrodes. For the cell
T1 ! TISCN KSCN | KC1 TICI | ‘T1 the reaction is

TISCN + KCI %5 TCl + KSCN.
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Considering this as a case of chemical affinity and combining
the constant terms for thallous chloride and thallous sulpho-
cyanate with the equilibrium constant we get

RT

(25) | E = oF log Kipsen / par +

which is identical with Equation 11.

It is possible to apply the general equation of van’t Hoff
to the contact electromotive force between {wo solutions, in
case the process is a reversible one.? For the same electrolyte
in different concentrations, Nernst has derived the expression

(26) { = - — log =

‘where the valence # of the ions is the same, p, and p» are the
osmotic pressures of the ions in the concentrated and dilute
solutions, respectively, and u and v ‘refer to the ionic
mobilities.

One may imagine the potential difference between two
solutions of hydrochloric acid to he produced by two opposing
tendencies, one of these being the diffusion of hydrogen ions
into the dilute solution and the other being the diffusion of
chlorine ions in the same direction. If the rates of tonic
diffusion are equal no boundary electromotive force is pro-
duced.

Consider separately the part played by the hydrogen
ions. Since the ion concentrations in the two solutions are
equal when equilibrium is reached, K in the van’t Hoff formula
becomes unity and disappears. The substance consumed is
the iomic hydrogen in the concentrated solution and 2Zp
refers to its osmotic pressure; similarly Zp, refers to the dilute
solution where hydrogen ions are increasing in number. i
the total electromotive force were produced by the migration
of hydrogen ions only, the following expression would hold
for this hypothetical single potential:

RT
(27) E, = &k — —F lc}g}-’

} This was pointed out to me by Professor Briggs, who has written this
seetion for mie.

i i k-t b o i—— g gl W ity kbl st
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where k, is a constant proportmnal to the relative rate of
ionic diffusion.

On the other hand, negatively charged chlorine ions are
passing from the concentrated into the dilute solution. Con-

sidering the chlorine ions separately, the hypothetical single
. potential would be:
RT . s

(28) Eo = — [ i log Y
where p; is the osmotic pressure of the chlorine ions in the
concentrated solution, p, refers to the dilute solution and k;

is a constant proportional to the relative ionic mobility of the
- chlorine ions.

Actually, therefore, the contact potential is equal to the

sum of the effects due to the cation and anion and, since

P = p3 and P2 = P, we may combine Equations 27 and
28 into the following:

(29) E = E, + E; = (b — ky) BI lﬁgz

If we substitute 1 o for ky and + . for ks, Equation

26, the Nernst equation, is obtained.

I have tried to make clear that all the different types of
reversible cells which have been discussed can be treated from
one point of view if one makes use of the van't Hoff formula
given in Equation 16. This is, in my opinion, a much better
way of treating the sub.ect than the ordinary, haphazard and
illogical method. On the other hand this treatment ignores
the historical development and fails absolutely to bring out
the important part played by Nernst. It seems fo me that
the following compromise ought to be fairly satisfactory both to
the historical and the logical enthusiasts. First give Nernst’s
deduction of the potential difference between solutions. This
would also include Planck’s modification of Nernst's formula,?
and later work along this line.

Then take up Nernst's formula for the potential differ-
ence between a meta] and a solution, applying it to con-

1Planck Wted Ann., 39, 161; 40, 561 {1890).
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centration cells, to the Clark cell, and to the Daniell cell,
much as Nernst has done; but introducing at once Ostwald’s
explanation of electrodes of the second class. Next, deduce
the van't Hoff formula, Equation 16, and apply it to the case
already studied, after which one should take up in order the
so-called chemical affinity cells, the oxidation and reduction
cells, the amalgam cells, and the gas cells. It is usual, I
know, to discuss gas cells before oxidation and reduction cells,
but I think that this is another case of a too slavish following
of the historical development. It is certainly more logical
to study first the effect of varying concentration in the solu-
tion, then the effect of varying concentration in the electrode,
and lastly the effect of varying concentration in the vapor
phase. Certainly nobody can question the advantage of
having studied the relation between chemical affinity and
electromotive force before taking up the case of the hydrogen-
oxygen gas cell.

The general results of this paper are:

1. Five types of reversible cells have been recognized,
which are usually treated in five more or less different ways,
even though a particular cell could be classed under any one
of the five types.

2. The five so-called types of cells are: cells with re-
versible metallic electrodes; amalgam cells; gas cells: oxidation
and reduction cells; chemical affinity cells.

3. All these cells can be treated from the same point of
view provided one starts with the van't Hoff formula
where Zp, refers to the substances which are consumed during
the reaction and Zp, to the substances which are formed.

4. It has been shown how the van’'t Hoff formula is to he
applied in the special cases.

5. Since a consistent logical development of the theory of
the electromotive force of voltaic cells does not do justice to

the pioneer work of Nernst, a compromise treatment is sug-
gested.
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6. It is suggested that Nernst's work be presented as an
historical introduction, after which the van't Hoff equation
should be deduced and applied to all cases.

7. It is desirable to study, in order, the effect of varying
concentration in the solution, in the electrode, and in the
vapor. Consequently the amalgam cells should be considered
~ after the oxidation and reduction cells, and before the gas

cells.
Cornell University



A STUDY OF DOUBLE SALTS IN STANDARD
CELILS

BY G. F. LIPSCOMB AND G. A. HULETT

There are only two combinations which have been found
to possess the qualifications necessary for a standard of elec-
tromotive force. The Clark cell and the Weston cell.

Zn Amg | ZnSO7H:O | Hg:S0, | Hg and
Cd Amg | CdSO.8/3H.0 | Hg:SO4 | Hg.

This situation is due to several factors. A metal in
the solid state does mot exhibit a constant or reproducible
" potential against a solution of its salts; but mercury, a liquid,
does, and also liquid amalgams. Consequently we are re-
stricted to mercury and amalgams. Further, if the metals
form more than one series of salts, difficulties are encountered.
It also seems to be necessary that the metals used should
have a relatively large solubility in mercury, and be as far
removed from mercury in the voltaic series as possible, but
should not liberate hydrogen from solution. Now zinc and
cadmium are the only two metals which fulfil these condi-
tions, and cadmium more nearly so than zinc, which slowly
liberates hydrogen. The electrolyte about the mercury
electrode must contain a mercury salt, and this must have the
same acid radical as the base metal. The sulphate of mercury
has heen practically exclusively used, but the chloride is
also suitable, as we have shown in a previous paper. If mer-
cury sulphate is used on mercury electrode, the sulphate of
the metal of the anode must be used for the solution. So it
will be seen that in fact, the possibilities for standard cells
are quite limited and especially, as it is also necessary that
the base metal salts used be well defined, stable and form good
crystals. It is, however, possible to use double salts of the
base metal, that iS, ZHSO4KQSO4.6H20 which is a stable salt
and ctystallizes in large well-formed crystals. Also there
are the following possibilities: Cadmium sulphate forms a
double salt with potassium sulphate, which has the composi-

L T I R
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tion Ko50,CdS0:.6H;0. So it is obvious that this double
salt can be used in the place of CdS0,.8/3H:0. Further the
two chlorides of cadmium and zinc form well-defined double
salt crystals with potassium chloride of the composition
ZnChL2KCl and CdCL.6H,O. ‘These double chloride salts
also offer some possibilities for their use in standard cells.

Furthermore, with one double salt we may have three
different saturated cells, »z.:

(1) Zn Amg{K;S0ZnS0,.6H;0}{Hg,SO, | He

KoSO 6
(2) Zn Amg%zzgo‘:z_!nl% H’OngaSOJ; | He

@) 2n Amg KROENSOGHOl e g0, | g

where the double salt or double salt and simple salt, with their
saturated solutions, reptesent reproducible equilibrium points
in the phase rule diagram. In view of the reproducibility
and constancy of cells.of this character, liquid metallic elec-
trodes and well-defined soluble salts, this field offers the
possibility of an interesting study of double salts, as well as
the thermodynamics of such cells.

It was necessary before employing double salts, in such
combinations to investigate the phase relationships of the
respective salts in order to determine the limits of concentra-
tion over which they were stable at a given temperature,
their temperature range of stability, aud also their behavior
toward aqueous solutions; in other words, whether the double
salt existed in stable equilibrium with its own saturated solu-
tion.

To this end the three-component system of the salt,
the corresponding potassium salt, and water, was studied.
In order to elucidate the phase rule study of double salts,
a typical diagram is given. The ordinates represent reacting
weights of one salt, and the abscissae the reacting weights
of the other salt, both in a constant amount of H,0.

In most cases addition of a salt to a saturated solution
of second salt, either the acid or the basic radical being com-
mon, producesa decreaseinthesolubility of the second salt, The
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three branches in Fig. 1, (AC), (CD), (DB), represent the change
in concentration, when one of the salt components is added
continuously to a solution, kept at a constant temperature.
The points (A) and (B) in the diagram represent the number
of grams respectively of the anhydrous salts in 100 grams of
their saturated solutions. Along the curve (AC) the salt
(A) is present in the solid phase with increasing amounts of
(B) in solution; and the salt (B) along (DB). The curve
(CD) represents the saturated solution of the double salt with
varying amounts, one or the other of (A) or (B) in solution, ex-
cept at the point (E) where the line (OE) blsectmg the angle
(AOB), cuts the curve. Here only L
does the solution contain equlmolec-
ular quantitiesof (A) and (B) which
is the saturated solution of the pure
double salt. (CD) then represents
the composition of all the saturated
solutions which are in equilibrium
with the double salt at that temperature. If the tem-
perature is continuously changed this part of the curve
disappears and finally a temperature is reached where the
double salt does not exist in stable equilibrium with any solution,
and under such conditions the double salt always decomposes.
The curve then takes the form given in Fig. 2. The solution
is in equilibrium with the solid phase (A) along (AQ), and the salt
(B) along (OB). At (Q) the solution is in equilibrium with the
two salts (A) and (B).

Proceeding from (A) the double salt appears as solid phase
at (C) and further addition of (B) causes no change in the con-
centration of the solution, until all of (A) in the solid phase
has been converted into double salt. When this has happened
the system will pass along the line (CD)) untilat (D), (B) appears
as solid phase, and further addition of this component produces
no change in the concentration of the solution.

Experimental

For the phase rule study the following general procedure
was adopted: Solutions of wvarying concentration of the

¥ig. 3 Fig. 2
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potassium salt were taken, and rotated with excess of the corre-
sponding zinc or cadmium salts in sealed tubes 15 X 2 cm.
Analyses of the liquid phase were made from time to time to
determine when equilibrium had been attained, and in all
cases the rotation was continued several days beyond this
point. In certain cases the reverse procedure was adopted,
the potassium salt was added to a solution of the zinc or cad-
mium salt and rotated till equilibrium was established. The .
change from single to double salt was in all cases found to be
a fairly rapid one. The solutions thus obtained were analyzed
by the following method:

A weighed amount of the solution was electrolyzed in

- - a platinum- erueible using -mercury.-as..cathode . according to. ..

the procedure described by Hulett and Perdue.! The residual
solution was evaporated in a platinum dish and the potassium
weighed as sulphate. Careful tests were made in all cases
to insure that electrolytic deposition of the cadmium and zinc
was complete. In the case of the chloride the above pro-
cedure was employed after conversion of the chloride to sul-
phate or an alternative method was in some cases adopted,
and gave concordant results.?

As a control the chloride content was estimated volu-
metrically in a portion of the solution by the Volhard method
in the presence of acid, and the zinc was estimated in a further
portion by precipitation and weighing as zinc ammonium
phosphate.

The details of the cell construction were in all cases similar
to the one described previously for the CdCh.2!/;H,0 cell,
and call for no further description here.

The phase relationship ascertained, it only remained to
prepare quantities of the respective salts, to construct a
series of such cells, and to determine their respective electro-
motive forces, and their temperature coefficient. The three
following combinations were studied particularly:

(1) ZnHg(K,SOZnS0,.6H:0), Hg,SO; | He

! Jour. Phys. Chem,, 18, 155 (19¥1).
* Ihid., 1%, 755 (1913).
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(2) ZnHg K?SO*I%:'SS&"'GHQ%, Hg:S04 | Hg

(3) ZuHg [K’S%‘fé’g?;ﬁ%% ngS_O.s | Hg

Results of the Work

The three-component system K,SO,, ZnS0O, H,O at
25°.  The curve obtained in Fig. 3 has three branches
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§$2° ~ - ]
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=, Grams of 1,30, in 100 grams of solulion af 25
Fig. 3

cotresponding to the substance K,S0, double salt, and Zn50,.-
+H,0 as solid phase in equilibrium. The double salt is capable
of stable existence between the range of concentration 38 grams
in 100 grams solution, and 128 grams in roe- grams solution.
The solubility data from which the curve is plotted are collected

in Table 1.

TaBLE I
Solubility of Amount of
1nSOq¢ it 100 grs. 4int 100 gms, Solid phases
solution at 25° | solution at 25°
I 37 o
2 35.6 i I Zn8047HO
3 35.30 ! I. 48 ZﬂSO&-?HﬂO. ZnSCy-
| K:S0..6H:0
4 25.90 | 2.48 ZnS0K2504.6H, 0
5 - 17.90 3. 40 - ZnS04K.S04.6H:0
6 " g.10 4. 80 ZnS04K004.6H0
7 * 6.00 6.33 o ZnS0OKeS04.6H0
8 i 3.90 | 2.53 | ZnSO&K:S04.6H:0
g | 3.00 | 8.33 | ZnS04K50;.6H0
0 2.00 10.9 - KeS0,
11 ; O 10.8 |
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It is evident that the double salt can exist in stable equi-
librium with its own saturated agueous solutions as the line

drawn from the origin representing the composition of the salt
cuts the curve of the double salt at X.

The three-component system ZnCl,, KCl, H;O was also
investigated. The curves obtained with the solubility data
from which the curve in Fig. 4 was constructed are given below.
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Grams of ZnCly in 100 qrams of soltion of 25
Fig. 4

TABLE 1I

' L] P T .

!1 Solubility of Amounts of '

ZnCly in 100 grs.. KCl in 100 grs. Solid phase
" solution at 25° * solution at 25° | |

e e o . R

82

1 o
2 74 0.75 ZnCl
3 67.5 1.50 ZnCl; and double salt
4 66.5 | 2.00 Double salt
5 04.0 3.33 Double salt
6 57.5 8.25 Double salt
7 16.8 18.75 Double salt
S 41.0 25.73 Double salt
9 33 31.00 Double salt
10 36.5 | 33 .50 Double salt
IX 35.5 35 .00 KCl and double salt
12 35 36.50 KCl
13 31.75 33-75 |
14 21.5 29.00 |
15 O 26.5%
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The electromotive force of the cells containing either the
double salt alone or potassium sulphate, and the double salt in
the solid phase, varied considerably. Their electromotive
forces at 25° were 1.46965 and 1.48680 respectively.

Zn Amg | (K:S0,2ZnS0.6H,0), Hg:S0, | He

Zn Amg | {Hﬁ%ﬁ%ﬁ&ﬁl—lﬁ}} Hg:S0, | Hg

The saturated solutions of the double salt alone or
potassium sulphate, and the double salt, seem to hydrolyze the
depolarizer, and this fact may account for the inconstancy
of these two combinations. On the other hand, if the com-
‘bination _ e

Zn Amg | EscO@nI0S 0L Hes0, | Hg

is used, this difficulty of hydrolysis of the HgS0, is over-
come. The electromotive force of this cell was found to be
1.41976 at 25° with a negative temperature coefficient of
0.00133.

Since the investigation on the cadmium chloride cell,
employing calomel as depolatizer with cadmium chloride
as salt, gave results which for constancy and reproducibility
left nothing to be desired, it was decided to investigate cells
containing the chloride double salt. The constancy and re-
producibility of the combination Cd Amg | (2KCICdCl.-
6H20), Hg2C13 l Hg is g_iven in Table I11:

TaBLE 111
Date of Construction, March 4, 1915

No. March 9,

!

; . March 12, May 1, June 1, Aug. 8,
0 1015 1915 1915 191 191
cell | 25° é 28 ° * 25° :a:;65 25§

I 0. 470505 0. 470506 0. 70500 0.70504 0.70504
2 0. 70503 0.503504 0. 0503 (). TO5035 ().5050.)

Narch 13 March 15
1s° 15°

l 0.703535 0.70355 — -— —

2 0.70350 0.70350 - — —
April 2 April 3 Apri 26
30“ 30“ 300

I 0.70575 0.970577 0.70577 — -

2 0.70§70 0.%70570 0.70572 — ——
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The temperature coefficient of this combination was
+0.00015 at 18° C. -

The electromotive force of the combination Zn Amg |
(2KCIZnCl.6H,0), HgoCly | Hg was 1.01857 at 25°. The
double salt although crystallized in a beautiful form when

brought into solution, did not seem to be stable and hydrolyzed.

Laboratory of Physical Chemistry
. Princeton, N. I., Aug., 1015
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Elements of General Science. By 0. W. Caldwell and W. L. Eikenberry.
20 X 14 em; pp. 14 + 308. Boston: Ginn & Company, 1914. Price: $1.00,
In the preface the authors say, ** Science instruction in the first year of the high
school hias presented onc of the most serious prohlems in secondary school work.
First-year pupils do not possess a large fund of information ahout the common
phenomena of nature, or they may not attempt a scientific interpretation of
these phenomena. ‘This lack in abundaant, concrete, and rationalized experience
has made it extremely difficult to secure the desired results from the first science
course through presentation of any one of the differential sciences., KExperi-
ments have heen under way in different parts of the United States for several
years with the purpose of securing an organization of science materials and a
method of presentation which shall prove more educative. It has been the ob-
ject of these experiments to develop a more usable fund of knowledge about
common things and a more scientific attitude in interpreting common problems,
and to discover and utilize interest and ability in such ways that miore effective
and more profitable wotrk may thercafter be done in the differentiated sciences.
These experiments have shown uniformity in their attempt to use the point of
view of the relatively uninformed pupil, and while they have followed several
lines of effort in the main they have come to use a similar body of knowledge.

‘““’The course presented in this book is the result of six years of experiment
with a number of pupils, averaging about one hundred per year. During this
time several persons have assisted in teaching the course and have made con-
tributions to it. ‘Teachers of subjects other than scicnce, and particularly the
administrative officers who are studying the efficiency of the whole high-school
curriculum, have been constant observers and critics of the experiment. The
stecess of the course has heen such as to justify its presentation, with the hope
that it may prove helpful in increasing the-cficiency of science teaching.”

The subject is divided into five parts: the air; water and its uses; work and
coergy: the carth’s crust; life upon the carth. Under the general heading of
the air the special chapters are: some characteristics of the air; temperature
changes and the scasons; the water of the air; the weather; structure of air;
composition of air; relation of air to food manufacture; dusts, molds, and hac-
teria of the air; distribution of bacteria and other discase germs.  Under water
and its uses the special chapters are: ice, water, and stearmn; water pressure;
climatic influences of bodies of water; commercial relatiols; water supply
and sewage disposal. Under work and energy the chapters are: work by run.-
ning water: work: mechanical energy. Tn the fourth scetion, deahng  with
the carth's crust, the chapters are vntitfed: natural foree< upon the «urface of
the carth; physical structure of tie suil; soil water, drainage, aned irrigation:;
crosion and sedimentation: life in the soil. Under the general heading ol life
upon the earth, the special topics are: the plant covering of the carth; absorp-
tion from the soil by plants; the world’s [ood supply ; utilization of food m the
- plant; nutrition of animals: hygienie aspects of nutrition; reproduction in plants
and animals.

For pupils who are not going to college a course in general science is much
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more inwortent than a course in o stogle subject Hke physics or chemistry. The
reviewer is inclined to believe that a course of this sort is also desirable for the
mistority who expect to go to college, A general survey is an admirable prepara-
tion for a more detailed study. It gives the student a point of view and also
shows him something about the interdependence of the sciences.

The authors appear to have done their work very well. Somie of the chap-
ters seem a triflc scrappy; but the proof of the pudding is in the eating, and it is
quite possible that the test of experience will justily the authors in their allot.
ment of space. A few errors have crept in. On p. 20 the authors say that
“The rays of the sun pass through the glass with little loss, but the heat which
13 given off by the objects in the greenhouse, after they have heen warmed by
the sun, does not easily pass through the glass.  The heat is therefore retained
in the greenhouse.” ‘This view has heen overthrown by Wood’s experiments.
The uccount of freezing mixtures on p. 116 is not very happy. It is no longer
true to say, p. 134, that ' neither the submarine nor thc dxﬂgible ballmn has
- pasged beyond the experimental stage®™ - -

The worst thing in the biook is an introduction by Charles H. Judd which
is in very bad taste and which might profitably be omitted in future editions.

Wilder D. Bancroft

A Laboratory Manual for Work in General Science. By 0. W. Caldwell,
W. L. Eikenberry and C. J. Pieper. 230 X 27 cm; pp. xi + 134. New York:
Ginn & Company, 1915. Price: 50 cenls. ‘The publishers announce that this
volume provides laboratory work to accompany Caldwell and REikenberry's
“Elements of General Science.” *‘The exercises are the result of the co-opera-
tive work of several high-school teachers throughout several years and have
been tried with more than a thousand pupils. Only those exercises have been
included which have proved their value for use in the first year of high school.”
There are 108 experiments in all. The first two show whether air can occupy
space and whether air can be made to exclude water. ‘The last two deal with
the relation between the weights of the grains and of the cob in ears of corn
and with the questions whether variations in parents are trapnsmitted to off-
spring. The last experiment involves a study of data obtained by Galton,
In fact, a good many of the experiments consist in a study of data obtained from
the Weather Bureau or other sources. The experiments seem to be well selected.

Welder D. Bancroft

Metallurgy of Copper. By H. 0. Hofman, 17 X 24 cm; pp. xiv 4+ 556.
New York: McGraw-Hill Book Company, 1014. Price: §5.00. This very com-
plete treatise is of the same high standard as the author’s General Metallurgy.
[t is packed full of information ot only of a general nature but also of details
that are as valuable as thev are scarce in hooks of this mature.  The book covers:
properties of copper and its alloys, impurities and their effects, chemistry of cop-
per compounds, roasting sulphide ores, smielting in blast furnaces, reverbera-
tory furnaces and converters, smelting oxidce ores and native copper, fire refin-
ing, leaching of copper ores, matte and metallic copper, electrolysis by series
and multiple systems.  The footnotes are not only very numerous, but up to
datc as well, many 1914 referenices being given. H. W. Gdlett
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THE THEORY OF PEPTIZATION

-

BY WILDER D. BANCROFT
Peptization consists in the disintegration of particles so

that they fortn a colloidal solution. We get a permanent
colloidal solution! whenever the particles are small enough =
to be kept in suspension by the Brownian movements and in’'
some way are prevented from coalescing. Freundlich? has. ) |
postulated that all adsorption is accompanied by a Iowenng‘ R
of the surface tension of the adsorbing phase. The theoretical -.. "

deduction is unsound because the Gibbs theorem applies
explicitly to true solutions and not to suspensions. On the
“othet hand, Freundlich’s assumption scems to be true ex-
perimentally in all the cases which have been studied from this
point of view. If we accept Freundlich’'s generalization as
true empirically, a theory of peptization follows at once.
Any substance which is adsorbed by a second will lower the
surface tension of the second substance and will therefore
tend to disintegrate it, in other words, to peptize it.? If
every adsorbed substance tends to peptize the adsorbing
substance, we may expect to get peptization by a solvent;
peptization by a dissolved non-electrolyte; peptization by an
ion; peptization by a salt; peptization by a colloid. I shall
take up these cases in detail.

Since glass adsorbs water, water should tend to peptize
glass. At ordinary temperatures, the adsorbed surface film
of water is not able to disintegrate the glass; but we get a
very different state of things at higher temperatures where
the cohesion of the glass is less.* Barus® found that when a

! Bancroft: Jour. Phys. Chem., 18, 552 (1914).

* Kapillarchemie, §2, 154 (1909); Patrick: Zeit. phys. Chem., 86, 545
(1914).

"1 have used the word “peptonize” previously, but Graham coined the
word “peptize,” Jour. Chem. Soc., 17, 325 (1864}, and it seems better to use
that word since peptonize is used in a different sense by the biological chemists,

¢ At higher temperatures the adsorption is less; but this is often more than
counterbalanced by the decreased cohesion of the substance to be peptized.

® Am. Jour, Sci., (3) 41, 110 (18901); (4) 6, 270 (1898): 7, 1 (1899): Phil,
Mag., (5) 47, 104, 461 (1899).
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thread of water in a capillary tube is heated to 185° the
thread of water hecomes white and milky though translucent,
and changes finally into semi-solid siliceous water. He was
able to impregnate glass with water to such an extent that it
was fusible below 200°. He concludes that glass as a colloid
is tniscible in all proportions with water. “On cooling,
bubbles appear in the clear water-glass in great number,
showing it to contract on solidifying from’ the center outward
(centrifugally) like a Prince Rupert drop. The solid water-
glass is in appearance as hard and brittle as ordinary glass,
from which it differs in refraction and density  * * %
Made in quantities in a large digester, water-glass' is obtained
- -gs a ‘nearly homogeneous compact body; adhering forcibly to
the walls of the retort, from which it must be removed with
wedge and hammer. A small lump held above a candle flame
soon fuses with loss of water to a milk-white pumice. Left
without interference in the cold for several weeks or months,
it spontaneously cracks and crumbles, eventually becoming
a loose mass hreakable in the fingers, while the original lump
could be broken only with a hammer. Water is set free,
probably under great pressure, and hence the gradual crumb-
ling of the mass. When compared with the disintegration of
minerals, we have here an example of an enormously raptd
chemical reaction in solids.”’

In another paper Barus? applied the same principle to
the peptization of vulcanized rubber. “In my work on the
solubility of glass in water, I showed that in proportion as the
state of dissociation or the molecular instability of glass is in-
creased with rise of temperature, the solvent action of water
increases at an enormously rapid rate; that inasmuch as the
solution takes place between a solid and a liquid, sufhcient
pressure must be applied to keep the fluid in the liquid state,
whenever the vapor tension at the temperature in question
exceeds the atmospheric pressure. ‘Thus, at 100°, the action

Nl

t [Barus uses this term to mean glass impregnated with water and not to
mean a solution of sodium silicate. |
? Am. Jour. Sci., (3) 43, 359 (1891).
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of liquid water on glass is nearly negligible; but even at 185°
solution occurs at so rapid a rate that capillary tubes may be-
come filled with solid hydrated silicate in place of water, in
an hour. Here, however, about 10 atm. must be applied to
keep the solvent in the liquid state essential to speedy re-
action.

“Having attempted to apply the same principle to the
actual solution of vulcanized India rubber, I obtained con-
firmatory results at once. To my knowledge this material has
not heretofore been advantageously dissolved in a volatile
reagent, or in any reagent by which it is speedily and copiously
taken into solution, and from which it may be conveniently
‘obtained.”

Barus worked with five samples of rubber of the following
character:

a. Very elastic sheet rubber, usually not pigmented,
translucent in thin films, brownish in color, used for rubber
bands and sheeting, chemical rubber, tubing, etc.

b. Less elastic and harder rubber, pigmented gray,
opaque, largely used for rubber tubing, etc.

¢. Non-elastic, pigmented rubber, flexible, opaque gray,
used for low class rubber tubing and low class merchandise
in general.

d. Ebonite.

¢. Same as a, rotted by age and exposure.

“From experiments made at 100° and 160°, it appears
that elastic sheet rubber (a) is not fully soluble in CS; in a
reasonable time, if at all. It is quite soluble at 185° and
soluble to a remarkable degree and at a remarkable rate at
210°. Hence the pressure under which solution is to take
place, should here be greater than 15 atm., but need not
exceed 30 or 40 atm. Inasmuch as CS» thus unites with
rubber in any proportions, clear brown solutions of any
viscosity may be obtained. Diluting such (thick) solutions
with cold CS,, the solvent is first greedily absorbed; but the
final solution of the unagitated syrupy rubber takes place
very slowly. Finally, by exposing any of the solutions to
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air, the CS; evaporates, and the dissolved vulcanized rubber
is regained without sacrifice of its original non-viscid guality.
Similarly, fissured brittle sheet rubber or tubing (¢) which
has become useless for practical purposes by age, is quite
soluble in CS, at 200°% so far at least as its undecomposed
portion is conicerned. Elastic gray rubber (b) dissolves com-
pletely to a gray liquid, in which the pigment is suspended.
‘The concentrated solution hardens at once on exposure to air,
reproducing a rubber of nearly the qualities (b). The same is
true of the non-elastic sample (¢). ‘Treatment at 310° re-
sulted in a decomposition of the rubber.

“Commercial ebonite (d) is first partially devulcanized

" at 200° (excess of rubber) and eventually dissolved in excess

of solvent. The partially devulcanized product is elastic on
drying, but finally hardens to a tough solid having a leathery
quality. The solution leaves a black stain, with free sulphur
apparent after evaporation. Gases are frequently evolved
during solution of highly vulcanized rubber in CS,. As a
whole my experiments show that excess of sulphur is first
removed by the solvent, after which the vulcanized rubber
itself passed into solution.

‘“The elastic rubbers (g and ¢) dissolve easily in liquid
mineral oils at 200°. The pressure necessarily will, of course,
vary with the boiling point of the oil used, and may be as
high as 50 atm. in the very volatile gasolenes. Commercial
gasolene, though a good solvent of the rubbers a and ¢, is less
powerful in case of b and ¢, unless excess of solvent be used.
On exposure to air, the gasolene evaporated, leaving a residue
which soon hardens. Mineral oils of a higher carbon order
than gasolene, petroleum for instance, dissolves the rubbers
a and e even more easily. The solution, however, dries only
after much time and probably only in thin films. Solubility
seems to increase as the oil lies higher in the carbon series. . ..

‘“Elastic sheet rubber (a) dissolves at once in liquid
CHCl; at 210°.  Pressure should exceed 15 atm. and need not
be larger than 25 or 30 atm. Solutions of any degree of
viscosity seem to be obtainable. They dry at once on ex-

¥
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posure to air, leaving a hard residue relatively dark in color.
Possibly this was due to the presence of sulphur in the chloro-
form. Gray rubber (b) is attacked with decomposition of the
solvent and evolution of gas. The elastic sheet rubber (a)
dissolves at once in liquid CsHy at 200°. Pressure should
exceed 7 atmospheres, but need never be higher than 3o atm.
‘The solution exposed to air hardens rapidly. Solution of gray
rubber (b) is less easy. Solution of elastic rubber (a) in liquid
toluol at 200° also takes place with great ease. The liquid
dries slowly. Pressures of less than 1o atm. suffice . . . . .
At 200° India rubber (a) is not dissolved in liquid methyl or in
- liquid-ethyl alcohol, and only slightly so in liquid amyl alco-
hol . . . . . In no case was there a trace of true solution
at 210° [in water or mineral acids]. Water probably enters
the physical pores of the elastic rubber (a), as this substance
becomes superficially rough and warty on drying in steam at
200°, after being treated with liquid water at the same tem-
perature, . ..

“Very interesting is the direct vulcanization of a rubber
solution to liquid ebonite, by aid of a solution of sulphur. In
case of elastic sheet rubber (a), this even begins at 160°;
but it is more complete at 185° and 210°. In case of pure
(non-vulcanized) rubber dissolved in CS; with excess of sulphur,
scarcely any change of the flesh color is observed at 160°,
and the sulphur crystallizes out of the solvent in needles, on
exposure, At 185° and 210° however, the charge turns
black, showing complete vulcanization. If equal masses of
vulcanized rubber (a) and sulphur be treated, the product,
after heating to 210° is not dissolved nor soluble, until the
excess of sulphur is removed. Gas is often evolved. In
proportion as less sulphur is used relatively to the rubber,
the product becomes more immediately soluble and less gas is
evolved. Adding about zo percent of dissolved sulphur to
the elastic rubber (a), I obtained serviceable solutions of
ebonite, on treating at 200° either in CS; alone, or in mixtures
of this liquid with gasolene, benzol, etc. In most cases these
harden very quickly to a jet-black enamel. With less sulphur

the color is brown in thin films. ...
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“If vulcanized India rubber be impregnated or saturated

by digesting it with the cold reagent (any solvent of pure
rubber) for a suitable time (a few minutes to many hours),
the swelled mass not only shows a relatively low melting
point, but it remains liquid after cooling, provided the solvent
is not allowed to escape. This is an observation of practical
importance, since the retorts! can thus be charged with solid
or dry rubber, a minimum of solvent be used in treating or
lost by evaporation, and concentrated solutions be obtained
often fit to be used at once. Finally the pressure necessary
in this case is the smallest possible,’ and may be below the
data given for the divers solvents above.
"7 *“The quantity of solverit retained by ‘solid rubber is very
large: Thus elastic sheet rubber will hold 7 or 8 times its
weight of CS;, or 1 to 2 times its weight of naphtha. Gray
rubber (elastic) absorbs more than its weight of naphtha;
etc. Experiments may be cited as follows: non-impregnated
vitlcanized rubbers (a to ¢) do not melt if expesed in a closed
tube at 210°. Only in the case of very slightly vulcanized .
pure rubber gum is there a trace of fusion perceptible at the
edges, and here it may even be due to a stain of dirt (oil)
accidentally left there. Gray rubbers (b, ¢) with a super-
ficial coating of exuded sulphur, turn black from the formation
of a film of ebonite.

“All the India rubbers (a to ¢) fuse at 210° when pre-
viously saturated, or nearly so, with cold carbon disulphide,
and exposed in a close-fitting glass tube. If the pressure be
reduced by a capillary aperture at one end of the otherwise
closed glass tube, or if the tube be only partially filled and the
empty end kept cool, the impregnating solvent is merely
distilled off, and no fusion takes place. Whereas at 160°
fusion scarcely occurs, melting seems to be complete in the

well-ampregnated elastic rubber (¢) at 175°. There is there-

pa— P ———— . - A gt s iy,

! The present expenments were made in closed glass tubes nearly filled
with the impregnated rubber. After fusion the mass frequently appeared to

have shrunk.
 [This is true only in case a real solution is formed. W. D, B.]
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fore an approximate coincidence of the thermal data in the
present and in the ahove paragraphs.

“Similar results were obtained with bhenzol, with gasolene
and higher petroleum oils, etc. Fusion is absent or only
incipient at 160° and more than complete at 210°, provided
the gasolene be not too volatile. In general the gray rubbers
(b, ¢) fuse to a more viscous mass than the gum rubbers (a);
the consistency of cold solutions in the latter case is about that
of treacle.

““The occurrences of this paragraph therefore would re-
semble the fusion of a salt in its water of crystallization, but
for the exceptional. behavior that impregnated vulcanized
ribber after fusion retains a consistency which is liquid rel-
atively to the original non-impregnated charge. The analogy
with the solution of starch, or of gluten, is thus more close and
immediate. In all these cases the solid swells up when im-
pregnated with the solvent, and fuses to a relatively less
viscous consistency, or to a thin solution, when a certain
temperature (below 100° in the case of starch and gluten and
above 160° in case of vulcanized rubber) has been reached.
Hence it is not unreasonable to suspect that even ordinary
dry wood, or woody tissue, which swells to a marked degree
when impregnated with water, may pass into actual solution
if the temperature at which the water acts is sufficiently high,
and the pressure above the vapor tension of water at that
temperature.!

I mention finally that the reduction of melting point
produced in vulcanized India rubber by the impregnating
reagents may perhaps advantageously be discussed in accor-

—y
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1 T have since tested this surmise at some length, but found in every case
that cellulose is decomposed hefare solution in water takes place.  Tn spite of the
presence of water wieder pressure, the phenonienon seems 10 be a dry distillation,
I may here refer to the remarkably close analogies in the thermal behavior of
rubber and gelatine which have recently been discovered by Bjerken: Wied.
Ann., 43, 817 (1891). The author has reason to believe that moist gelatines are
heterogencous mixtures of solid and liguid. The behavior of rubber, as dis-
cussed above, is characterized at low temperatures by a fixed maximum of
absorbed solvent. The term mixture is scarcely applicable at once.
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dance with Raoult’s law; but owing to the difficulty of de-
fining the melting point of the unimpregnated rubber, and the
close proximity of the melting points after impregnation with
different reagents (CS,.CsH;, gasolene) my views on this sub-
ject have not taken shape. It is known that in general the
melting point produced by a dissolved colloid is relatively
very small, from which an exceedingly large molecular weight
of the colloid has been inferred.. The above results show
that, in the converse experiment, where the melting point
of the colloid is lowered by a solvent, the effects will probably
be normal and pronounced.t

“Nevertheless I doubt whéther the thin rubber fluids

- obtained are true solutions, 7. ¢.; represent a case in which the

division of the solid has actually reached a definite molecule:
for on long standing in sealed vessels a gradual thickening
of the liquid with final coagulation seems to be the invariable
result. Thus there must be a gradual growing together of the
individual particles, until finally the whole solution forms
one coherent gelatinous mass.

“To summarize: Suppose the coherence of rubber to be
due to (cohesive) affinities, capable of being saturated like
ordinary affinities. Then in case of impregnation with a
solvent, a part of these combine with the similar affinities
of the solvent. ‘The result is the decided decrease of tenacity
(observed). To liquefy the impregnated sample, the residual
cohesive forces of the rubber must be withdrawn, and this
can be done by heat. The liquid so obtained I do not con-
ceive to be a true solution, but rather a suspension of particles,
the exceeding fineness of which is determined by conditions
discussed elsewhere.? Diffusion is thus an excessively slow
process, and hence the liquid on cooling need not become
solid again. In proportion as the individual particles unite
however, coagulation gradually sets in, and its structure is
probably that of a fine sponge holding solvent in its inter-

ekl — ping-mien———,

! [The error is in assuming that the rubber has Iused; it has only been
peptized. W. D. B.]

? Barus: Am. Jour. Sci., (3) 37, 126 (188g).
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stices. If the coagulated solution be reheated (under pres-
sure), a thin viscid solution is again obtained, which in its
turn coagulates.”

With glass and water a temperature of at least 185° was
necessary to cause peptization; with rubber and many organic
liquids peptization becomes marked at 160°. Denaeyer!
claims to have peptized coagulated albumin by heating it in
water under pressure of one atmosphere. When silica is
ground very fine, it is peptized by boiling water.? Water
peptizes gelatine at about 30° and tannin instantaneously at
ordinary temperatures. Pyroxylin is peptized by amyl acetate
at. ordinary temperatures. - When a substance is peptized hy
water at moderate temperatures we call it a water-soluble
colloid; but the phenomenon is general. Any substance
which adsorbs a liquid will be peptized by that liquid at some
temperature, provided decomposition does not take place
before that temperature is reached. In the case of water and
cellulose, it is not certain to what extent peptization takes
place? before decomposition takes place. The metallic fogs?
are apparently cases of peptization of liquid metals by melts at
comparatively high temperatures.

Relatively little work has been done on direct peptiza-
tion by means of a non-electrolyte; but a good deal of stress
has been laid on the cases where a non-electrolyte prevents
the formation of a visible precipitate.. In all these cases the
non-electrolyte would cause peptization under favorable
conditions, so I am going to take up a few of the cases here.

Graham® studied what he called the sucrate of copper.
“The deep blue liquid obtained by adding potash to a mixed
solution of chloride of copper and sugar appears to contain a
colloidal substance. Placed on a dialyser for four days, the
blue liquid became green, and no longer contained ecither

1 Jour. Chem. Soc., 60, 1269 (1891).

1 Desch: The Chemistry and Testing of Cement, 38 (1911),
§ Schwalbe: Die Chemie der Cellulose, 23 (191 1).

t Lorenz: Gedenkboek aan van Bemmelen, 305.

% Jour, Chem. Soc., 15, 253 (1862).
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potassium or chlorine; it, in fact, consisted of oxide of copper
united with twice its weight of sugar. The external hiquid
remained colorless and gave no indication of copper when
tested with sulphuretted hydrogen. ‘The colloidal solution of
sucrate of copper was sensitive in the extreme to pectizing
agents. Salts and acids generally gave a bluish green pre-
cipitate; even acetic acid had that effect. The precipitate,
or pectous sucrate after being well washed, consisted of copper
oxide with about half its weight of supar, and is therefore g
subsucrate, When the green liquid is heated strongly, it
gives a bluish green precipitate, and does not allow the copper
to be readily reduced to the state of suboxide. ‘The sub-
- Sucrate.of copper possesses considerable vivacity .of color, and -
might be used as a pigment. A solution of sucrate of copper
absorbs carbonic acid from the air with great avidity. ‘The
sucrate of copper dries up into transparent films of an emerald-
green color. These films are not altered in appearance or
dissolved in cold or beiling alcohol. In- water they are re-
solved into sugar and the pectous subsucrate of copper.

““The perchloride of iron with an addition of sugatr is not
precipitated by potash, provided the temperature is not
allowed to rise. The peroxide of iron combined with the
sugar is colloidal, and remains on the dialyser without loss.
At a certain stage, however, the sugar appears to leave the
peroxide of iron, and a gelatinous subsucrate of iron pectizes.
The subsucrate of iron thrown down from the soluble sucrate
by the addition of sulphate of potash, consisted of about 22
parts of sugar to 78 parts of peroxide of iron.

“A similar solution may be obtained by adding potash to
a mixture of the nitrate or chloride of uranium with sugar,
avoiding heat. The solution is of a deep orange-yellow color,
and on the dialyser soon loses the whole of its acid and alkali.
This fluid sucrate has considerable stability, but, like the
sucrate of copper, is readily pectized by salts. The syb-
sucrate pectized has considerable solubility in pure water.

“The well-known solution of lime in sugar forms a solid
coagulum when heated. It is probably, at a high tempera-
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ture, entirely colloidal. The solution obtained on cooling
passes through the septum, but requites a much longer time
than a true crystalloid like the chloride of calcium.”

Riffard! has hased a method of analysis of sugar on the
fact that sugar prevents the precipitation of hydrous ferric
oxide from ferric chloride solution by ammonia. A weak
point: in the method is that invert sugar is about seven times
as effective as cane sugar in holding up the hydrous ferric
oxide. Grimaux® showed that glycerine prevents the pre-
cipitation of hydrous ferric oxide by caustic potash. Weis-
berg? found that calcium silicate appears to dissolve in a sugar
solution. What really happens is that it is peptized by a

" sugar solution. “Lobry de Bruyn* has prepared colloidal =

solutions of silver chromate and silver chloride in presence of
sugar. "
Peptization by a non-electrolyte is a familiar phenomenon
in the pyroxylin industry, though even here the data are not
in any way complete. Benzene, toluene, xylene, the petro-
lenm naphthas, and the alcohols do not peptize cellulose
nitrates,. One may get peptization, however, by adding a
liquid which does peptize pyroxylin. More interesting, how-
ever, is the case of alcohol and ether, neither of which peptizes
collodion, while a mixture of the two does. Worden® says
that ‘“‘the literature contains many statements of the solu-
bility of cellulose nitrates in ether, but the author has never
been able to dissolve a pyroxylin in ether free from alcohol.
The lower nitrated celluloses gelatinize, but attempts to filter
such a gelatinized mass does not give a filtrate with a nitrogen-
containing residue. As is well known, ether containing as
small amount as 2 9, of alcohol dissolves pyroxylin appreciably,
and as alcohol is the usual impurity in commercial ecther,
from which it is removed only with difficulty, all statements
of the solvent action of cther on the cellulose nitrates, in the

I Comptes rendus, 77, 1103 (1873).

% Ibid., 98, 1485, 1540 (1884).

$ Bull. Soc, chim. Paris, (3) 18, 1097 (1896).
4 Ber. deutsch. chem. Ges., 3§, 3079 (1902).
& Nitrocellulose Industry, 1, 167 (1911).
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writer’s judgment, should at least be accepted with some
mental reservation. ‘The phenomenon of two non-solvents,
alcohol and ether, combining to a pyroxylin solvent is not an
isolated instance, aqueous calcium chloride and alcohol,
aniline and ether, phenol and ethyl alcohol, § urnishing addi-
tional instances of two non-solvents uniting to a fluid of solvent
action. The hygroscopicity and low bhoiling point (35°)
would prevent the use of ether as a simple solvent, even if
energetic.” C '

Since ether is adsorbed by pyroxylin, it is probable that
it would peptize the latter if the two were heated together ina -
sealed tube. If this is so, the problem then is to account

. for the fact that addition of alcohol lowers the temperature - -

at which peptization takes place. There seems fno reason to
suppose that the alcohol exerts any appreciable effect on the
cohesive power of the cotton; but, if not, we must then assume
that it increases the disinteégrating action of the ether. It
seems to me quite probable that there is a greater difference
of surface tension between ether adsorbed by pyroxylin and
alcoholic ether than between ether adsorbed by pyroxylin
and ether. If this be conceded, the increased peptization
follows at once. While this is a plausible hypothesis, it
should be tested quantitatively. Other cases are mot un-
known and many could probably be found if the matter were
taken up systematically, Oudemanns! reports that cin-
chonine is more soluble in alcoholic chjoroform than in alcohol
or chloroform alone. It is at least a question whether he was
not studying peptization? rather than one of solution.
Galeotti and Giampalmo® found that zein is soluble in a
mixture of alcohol and water, but not in either liquid alone.
This is undoubtedly a case of peptization.

If one ion of an electrolyte is adsorbed more than the
other ion, it will tend to peptize the adsorbing material and to
give rise to a collvidal solution containng positively or

! Zeit. anal. Chem., 11, 287 (1892). |

* Bancroft: Jour. Phys. Chem., 18, 553 (1914).

3 Zeit. Kolloidchemie, 3, 118 (1908).
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negatively charged patticles according to the nature of the ion
adsorbed preferentially. According to Schulze’s law! the
adsorption of an ion depends primarily on its valence and is
greater the higher the valence. In a previous paper,? I have
shown that Schulze’s law is merely a first approximation.
Univalent ions are not all adsorbed alike; nor are bivalent
ions or trivalent ions. The order of adsorption is specific
with each colloid. Certain univalent ions are adsorbed by
certain colloids more than certain bivalent or trivalent ions.
In many cases there is, however, a matked tendency to in-
creased adsorption with increasing valence. It seems to be a
general rule that insoluble electrolytes show marked ad-

.+ gorption -for - their -own- ions. ' ‘Consequently a soluble salt

having an ion in common with a sparingly soluble electrolyte
should tend to peptize the latter.

ILottermoser? titrated twentiéth-molecular silver nitrate
with twentieth-molecular potassiumi chloride, bromide, and
iodide. With a slight excess of the alkali halide the silver
halide remained in suspension. ‘This was due to the ad-
sorbed halogen ion as was shown by the fact that the colloidal
silver halide moved to the anode under electrical stress.
When a slight excess of silver nitrate was added to the alkali
halide, the resulting silver halide remained suspended as in
the previous case; but it then moved to the cathode under
electrical stress, showing that it was the adsorbed silver ion
which stabilized the colloidal solution. The potassium and
nitrate jons are apparently adsorbed to a much less extent and
Lottermoser considers that they may be neglected. This
cannot be strictly true because a larger excess of silver nitrate
or of alkali halide causes coagulation, which means the
neutralization of the ion adsorbed preferentially.

A. Miiller® peptized thorium hydroxide in thorium nitrate

ninlieinle i

P Schulze: Jour, prakt. Chem, (2) 28, 435 (1882); 29, 320 {1884).

¢ Bancroft: Jour. Phys. Chem.,, 19, 363 (rors).

? Jour, prakt. Chem., (2) 68, 341 (1903); 73, 39 (1905); 73, 374 (1906);
Zeit, phys. Chem., 62, 371 (1908).
¢ Ber, deutsch. chem. Ges., 39, 2857 (1906); Zeit., anorg, Chem., §2, 316
(1907). '
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solution and zirconium hydroxide in zirconium nitrate solu-
tion; and Szilard! peptized a number of the rare earth hy-
droxides by means of the chlorides or nitrates of the same
elements. A chromic chloride solution appears to dissolve
a certain amount of hydrous chromic oxide; but Nagel® has
shown that the oxide is peptized and not dissolved. It seems
probable therefore that we are dealing with colloidal solu-
tions in many cases of what have hitherto been considered
solutions of bhasic salts. Hydrous chromic oxide gives an
apparently clear green solution when treated with an excess
of caustic potash; but the green oxide can be filtered out
completely by means of a collodion filter, a colorless solution

. passing through.® The oxide .is. therefore. peptized.and.no -- -

chromite is formed. This is in accord with the earlier ex-
periments of Fischer and Herz.! Hantzsch® considers that
beryllium hydroxide is peptized by caustic potash. - Hydrous
copper oxide is apparently peptized to some extent by caustic
alkali® and so is cobalt oxide.” In ammoniacal copper oxide
solutions part of the copper oxide is apparently colloidal and
part dissolved.® The case of zinc oxide is more complex.
Hantzsch® claimed that alkaline solutions of zinc hydroxide
were chiefly colloidal. Fischer and Herz!® decided that they
were partly colloidal, while Klein” maintained that a definite
sodium zincate was formed. Hantzsch!? was so impressed by
Klein’s arguments that he changed his views. From expeti-

1 Jour. chim. phys., 8, 488, 636 (1907).

2 Jour, Phys. Chem., 19, 569 (1915); cf. Graham: Jour. Chem. Soc., 15,
254 (1862); Fischer: Zeit. anorg. Chem., 40, 39 (1904).

¥ Nagel: Jour, Phys. Chem., 19, 331, 569 (1915).

¢ Zeit. anorg. Chem., 31, 352 (1902).

¢ Ibid., 30, 280 (1902).

® Loew: Zeit. anal. Chem., 8, 463 (1870); Fischer: Zeit. anorg. Chem.,
40, 39 (1904).

“ Tubandt: Zeit. anorg. Chem,, 45, 368 (1903).

> Grimaux: Comptes rendus, ¢8, 1434 (1889),

¢ Zett. anorg. Chem., 30, 289 (1902).

10 I'bid., 31, 352 (1902).

i1 Thid., 94, 157 (1912).

12 Ibid., 78, 371 (1912).
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ments in the Cornell laboratory, which will be published
later, it seems probable that everybody was right. Freshly

precipitated zinc hydroxide is peptized by alkali; but the

solution is very instable, the zinc hydroxide often coagulating
inside of half an hour. The relatively small amount of Zinc
remaining in solution is present chiefly or entirely as sodium
zincate. Depending on the moment selected for examination,
the zinc oxide is chiefly colloidal, partly colloidal, or not
colloidal at all. This was realized distinctly by Hantzsch?
in his first paper; but he seems to have forgotten it tlater.
The bulk of the evidence seems to be that alumina is not

peptized appreciably by alkali and that it goes into solution

--as-sodium  aluminate;® though the other view has been sup:

ported.®

I have discussed the peptization of the hydrous oxides
of chromium, beryllium, copper, cohalt, and zinc by alkali
as a case of peptization by a common ion because we generally
look upon these oxides as hasic. .‘This is not essential to the
argument in any way. We can consider that these oxides
are peptized by the preferentially adsorbed hydroxyl ion. We
have to do this in the case of the peptization of silica or caseine
by sodium hydroxide. Graham* points out that gelatinous
silicic acid may be liquefied by contact with a very moderate
amount of alkali. The change ‘‘is gradual, one part of caustic
soda, dissolved in 10,000 water, liquefying 200 parts of silicic
acid (estimated dry) in 60 minutes at 100° C. Gelatinous
stannic acid is also easily liquefied by a small proportion of
alkali, even at the ordinary temperature. ‘The alkali, too,
after liquefying the gelatinous colloid, may be separated
again from it by diffusion into water upon a dialyser.”” ‘This

! Zeit. anorg. Chem., 30, 300 (1902).

*Herz: Zeit. anorg. Chem., 25, 155 (rgoo); Hantzsch: Ibid., 30, 280
(1902); Rubenbauer: Ibid., 30, 331 (1yo2); Fischer and Herz: Ibid., 31, 355
(1902); Slade: Jour. Chem. Soc., 93, 421 (xg08); Zeit. anorg. Chem., 7, 457
(1912); Trans. Far. Soc., 10, 150 (1914); Blum: Jour, Am. Chem. Soc., 35, 1499
(1913).

* Mahin, Ingraham and Stewart: Jour. Am. Chem, Soc., 38, 30 (1913).

¢ Jour. Chem, Soc., 17, 324 (1864).
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last statement is inaccurate because the silicic acid forms a
jelly before all the caustic soda is removed since the caustic
soda is what stabilizes the hydrosol. What happened was that
it was necessary to have more than enough soda if peptiza-
tion is not to take place very slowly. ‘The excess of caustic
soda can then be removed by dialysis.

-A. Miller! has prepared colloidal solutions of aluminum,
iron, cobalt, thorium, and yttrium oxides by peptization with
dilute hydrochloric acld (M/20). Bentley and Rose? ob-
tained a colloidal solution of alumina by treating freshly
precipitated alumina with 8 percent acetic acid, Since these
colloids are positively charged, they have been peptized by a

.. -cation; presumably by hydrogen ion. It is possible of ‘course - -

that a slight formation of an aluminum salt has occurred
in the last case and that the aluminum salt is the peptizing
ageut; but this does not seem very probable.

The peptization of sulphides by hydrogen sulphide? is a
case where we are dealing with peptization by a common
ion, the sulphide or hydrosulphide ion being the one ad-
sorbed. Spring* found that if copper sulphide, prepared by
passing hydrogen sulphide through a dilute solution of copper
sulphate in ammuonia, is washed by decantation with water
containing hydrogen sulphide, until the precipitate is per-
fectly free from ammoniacal salts, the copper sulphide dis-
solves, forming a dark brown solution. ‘The solution may be
boiled without decomposition, but the addition of small
quantities of metallic salts causes the sulphide to precipitate.
On evaporating the solution on a water bath, the copper
sulphide remains as a dark resinous mass. If the copper
sulphide is dried in a vacuum, it loses its property of dis-
solving in water, Pure dry copper sulphide has a dark green

color. Under a pressure of 6500 atmospheres, it forms a
dark blue compact mass, possessing metallic luster.

' Svedberg: Die Methoden zur Herstellung kolloider Lésungen anorgani-
scher Stofle, 400 (1909).

2 Jour. Am. Chem, Soc., 38, 1490 (1913).

* Linder and Picton: Jour. Chem. Soc., 61, 114; Picton, 137 (1892).
1 Ber. deutsch, chem. Ges., 16, 1342 (1883).
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Prost' says that “colloidal cadmium can be prepared by
completely precipitating an ammoniacal solution of cadmium
sulphate with hydrogen sulphide, washing the sulphide with
water by decantation, suspending the milky precipitate in
water, and submitting it to a slow stream of hydrogen sul-
phide. The precipitate first becomes flocculent, then milky,
and finally disappears entirely. ‘The solution is then boiled
until lead paper shows the absence of hydrogen sulphide.
The solution is a beautiful golden yellow by transmitted light
and fluorescent by reflected light. The composition of the
dissolved substance is CdS. Dilute solutions remain un-
changed for a long time. A solution containing four grams of =
'sulphide to the liter remained clear many days; but another

solution containing eleven grams to the liter coagulated in
twenty-four hours.”

Winssinger® states that colloidal zinc sulphide is easily
obtained by washing freshly precipitated zinc sulphide with a
dilute solution of hydrogen sulphide or by passing hydrogen
sulphide through water containing pure zinc hydroxide in
suspension. The solution is slightly opalescent, and can be
boiled until the whole of the hydrogen sulphide is expelled
without undergoing change; when boiled for a longer time the -
sulphide is precipitated, but, after cooling, it is readily dis-
solved when a stream of hydrogen sulphide is passed through
the solution.

When authors state, as they so often do, that all the
hydrogen sulphide can be removed without affecting the
stability, they are speaking inaccurately. There must be an
excess of hydrogen sulphide to cause peptization.? What
they mean is that the unadsorbed hydrogen sulphide can be
removed. Linder and Picton' showed that it was very
difficult to remove all of the hydrogen sulphide even from the

coagulated sulphides. ““The first result of our experiments

* Jour, Chem. Soc., 54, 653 (1888).

* Bull. Soc, chim. Paris, (3) 49, 452 (1888).

* Cf. Meunier: Comptes rendus, 124, 1151 (1897).
¢ Jour. Chem. Soc., 61, 116 (1892).
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was to prove that excess of sulphur was present in these pre-
cipitates; it was also found that the amount is not always
constant. As in many cases the excess was small, the question
naturally arose as to whether this could be free sulphur
liberated during precipitation. To lessen the chances of such
precipitation, boiled water was used in many cases, The
only certain proof, however, was to make a searching ex-
amination in one of the cases where sulphur might most readily
be expected to be formed; and for this purpose mercury sul-
phide was chosen; it gives a very small excess of sulphur and
the liability to deposit sulphur unless due precautions .are
taken is well known. The precipitate, after washing with

. alcohol, was. cavefully extracted with..carbon bisulphide,.but - -

still yielded the same excess as before; and in order to obviate
the objection that this extraction might be imperfect, another
method more easily applied was used. This consisted in
heating the precipitated compound in a current of hydrogen;
in this way the sulphuretted hydrogen was driven off and
absorbed by soda, and there was no longer any possibility of
the excess being due to free sulphur. But though washed to
all appearance perfectly free from sulphuretted hydrogen,
it might yet perhaps be thought that some small quantity of
the gas was mechanically retained in the interstices of the
precipitate. As a final test, therefore, the precipitate, after
complete washing, was extracted carefully with carbon bi-
sulphide, washed free from every trace of carbon bisulphide,
and then completely dried in a vacuum. The substance so
dried still retained sulphuretted hydrogen, however, which was
slowly given off on heating and collected in soda. The same
result was obtained in this case as in the others, The sulphur
is, therefore, without any doubt combined with the freshly
precipitated sulphide in the form of sulphuretted hydrogen.”

The possibility of peptization by an adsorbed salt seems
to have been pretty generally overlooked in the books on
colloid chemistry, presumably because an increase in the
concentration of a peptizing salt is apt to cause coagulation.
Theoretically the matter is quite simple. We start with an
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jon peptization because one ion is adsorbed more than the
other. With increasing salt concentration we reach the point
where the adsorption of the first ion varies but slightly with
the concentration. The adsorption of the second ion con-
tinues to increase relatively to the first ion until we get what
has been called neutralization of the adsorbed ion,! and
consequently coagulation. At the same time the adsorbed
salt is tending to peptize the substance; but if its peptizing
action is relatively small, there may be quite a large range of
concentrations over which the ion peptization has ceased to be
effective and the salt peptization has not begun to be effective.
With still greater salt concentration, we should expect to get

- galt’ peptization; ‘but a number of disturbing factors may "

come in. ‘The salt may not be sufficiently soluble at the
temperature of the experiment or it may react with the sub-
stance to be peptized. If we increase the hydrochloric acid
concentration with the oxides of aluminum, iron, cobalt, etc,,
we finally get the chlorides of these metals in true solution.
If we increase the caustic soda concentration with silicic acid,
we consider that we get sodium silicate in true solution. If
we increase the potassium bromide concentration with silver
bromide we say that we get a complex salt in true solution.
It may be that we are wrong in this and that we are getting
peptization in some of these cases. For years we thought
that the so-called basic chlorides were definite compounds
forming true solutions, whereas now we know that many
of them are not.? With silver iodide and a concentrated silver
nitrate solution® we apparently get a definite compound,
2AgNO;. Agl; with silver bromide also a definite compound,
AgNO;.AgCl; but it is not probable that there is any such
compound as 18AgNO;AgCl, so it may be that here we
have a case of peptization by an undissociated electrolyte.

It is possible that von Weimarn’s peptization of cellulose?

Tl St

! Bancroft: Jour. Phys. Chem., 19, 363 (1915).

2 For optical turbidity see Picton and Linder: Jour. Chem. Soc., 61,
154 (1892).

3 Risse: Liebig’s Ann., 111, 39 (1859).

¢ Von Weimarn: Zeit. Kolloidchemie, 11, 41 (1912).
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by salt solutions may come under this head. ‘I'hree grams of
cellulose were heated with about 100 cc concentrated salt
solution and were thereby peptized, the mixture usually
cooling to a jelly. With Nal, Cal,, Srl,, CaBrs, Ca(SCN),
and Ba(SCN); peptization took place at atmospheric pressure.
With NaCl a temperature of 170° and a pressure of 8 atm.
were necessary, and incipient decomposition seemed to take
place. Deming! peptized cellulose with salts dissolved in
acid solutions. In all these cases of possible peptization by
undissociated salts, there may be an ion peptization and a
water peptization superposed which, of course, complicates
matters considerably. Oxides of mercury or less noble metals

~ are_adsorbed by mercury. . I do not. know. any -conditions. .-

under which they will peptize mercury unassisted, though
it is very possible that this might take place at higher tem-
peratures. If we disintegrate the mercury mechanically,
it is possible to obtain a colloidal solution and here we un-
questionably have an undissociated salt.

Under the general heading of peptization by a colloid,
we can distinguish’ several types. The most important is
peptization by a water-soluble colloid, such as gelatine,
agar-agar, dextrine, etc, Gelatine peptizes freshly pre-
cipitated silver bromide. The effect seems to be more strik-
ing in presence of a slight excess of potassium bromide or
silver nitrate, in which case one gets the ion peptization in
addition. Eder? says: “If we precipitate silver bromide
from a cold aqueous solution containing no gelatine or other
similar substance, we get a coarse, compact precipitate which
can easily be washed on a filter. 1f we pour this precipitate
into a warm solution of gelatine and shake, the silver bromide
disintegrates and forms a fine emulsion. Under these circum-
stances the silver bromide behaves™ differently, depending
on whether it has heen precipitated in presence of an excess
of bromide or of silver salt. “This difference is noticeable no
matter how carefully the silver bromide is washed.”

e il sl s, el M it —ipaiioy mnn bk B ook

ljour. Am. Chem. Soc., 33, ¥515 (1911).
* Eder's Handbuch der Photographie, sth Ed., 31, 28 (1902).
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Luppo-Cramer! points out that ‘‘the peptization of the
silver iodide and silver bromide gels by the corresponding
halogen ions takes place in quite a striking way in presence of
gelatine. Starting from the coarsely flocculent silver bromide,
obtained by precipitation in absence of a binder, we can
obtain very fine-grained, homogeneous, though by no means
colloidal, emulsions. Further experiments have shown that
the same results can be obtained more rapidly with ammonia
than with bromine ions. The reaction was catried on in
precisely the same way as the preceding one, merely sub-
stituting 2 cc of ammonia (sp. gr. 0.91) for the bromide. The
disintegration of the flocculent silver bromide in the gelatine

- took -place-immediately and the resulting completely homo- =

geneous, creamy emulsion showed under the microscope
(oil immersion) only very small particles which looked like
fine splinters. Ammonia does not disintegrate the silver
brotuide in collodion, while an emulsion is very easily obtained

under the influence of a bromide. ...
‘“T'he state of the silver bromide was of fundamental

importance for the emulsification in gelatine by means of
bromine ions and the same thing is true for the emulsification
by means of ammonia. The silver bromide gel loses com-
pletely its peptizable properties just by standing. Samples
which had stood for one, three, six, ten, and twelve hours
in the dark at ordinary temperature showed a gradual de-
crease in the tendency to form an emulsion. After twelve
hours’ standing, no emulsion could be formed at all.

“If the silver bromide is formed from ammoniacal silver
oxide instead of from silver nitrate, it differs in shape and
color from that precipitated from a neutral solution and it
cannot be peptized in presence of gelatine.? Even when
not precipitated in presence of ammonia, it only requires a
few minutes’ shaking of the silver bromide with a very dilute
solution of ammonia to bring the silver into such a state that

| S—— - e ik

! Phot. Correspondenz, 44, 578 (1907).
t [This should be repeated. It seems improbable that we have a full

statement of the facts, W. D. B.]
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ammonia does not cause an emulsification in presence of
gelatine. Bromides cannot peptize a silver bromide pre-
cipitated from an ammoniacal silver oxide solution.

“Freshly precipitated silver iodide is quickly converted
into an emulsion by the action of ammonia in presence of
gelatine; but this does not take place after the silver iodide
precipitate has stood for a day or two. An excess of silver
nitrate at the time of precipitation has no appreciable effect
on the peptizing action of ammonia on either silver bromide
or silver iodide. The same thing is true in case the silver
iodide is added after the precipitation and is then niearly all
washed out of the precipitate.”

... Jefort. and ‘Thibault! found: that mercuric sulphide pre. -

cipitates rapidly when merecuric chloride is added to the
sulphur springs at Bagnéres de Luchon; but if solutions of
gum arabic, sarsaparilla, wild cherry, beef tea, albumin, or
apple jelly be added to the waters, no precipitation will take
place on addition of mercuric chloride. It was thought at
first that the non-precipitation of mercuric sulphide was due
to the increased viscosity of the solution; but this was dis-
proved by the fact that a precipitate is obtained if gum arabic
1s replaced by glycerine. Experiments with other sulphides
showed that gum arabic prevents the precipitation of the
sulphides of lead, silver, iron, manganese, mercury, copper,
zine, antimony, and arsenie, provided the solutions of the salts
are dilute and that enough gum arabic is added. In presence
of gum arabic, metallic hydroxides behave like sttlphides.

““The formation of other precipitates is also prevented, as
that of calcium phosphate in neutral solutions, uranium
ferrocyanide, and ferric hydroxide when a dilute solution of
ferric chloride is treated with ammonia. The alkaloids,
quinine, cinchonine, morphine, strychnine, brucine, veratrine,
are not precipitated by phospho-molybdic acid, potassium
mercuric iodide, or tannin, in presence of gum arabic. -
The intense colorations produced on adding the reagent to the

! Jour, Chem. Soc., 42, 1322 (1882).
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metallic solutions containing gum, show that a reaction has
taken place; it therefore remains to be proved whether the
precipitation is soluble in gum arabic or held in suspension
in an exceedingly fine state of subdivision. The authors are
inclined to think that the latter is the more probable, since
concentrated solutions of gum arabic fail to dissolve the pre-
cipitated substances even when recently formed.” It is
probable that the failure to obtain peptization was due to
ignorance of the idiosyncrasies of the precipitates; but this
matter certainly calls for more study. Wegelin' has over-
come the cohesion of metals by grinding them with gelatine,
So far as one can see this is a general method and can be

~applied in all cases where agglomeration has been' too intérise.

Lachaud? found that ‘‘dextrine is partially precipitated
from its aqueous solutions by the addition of magnesia or
any of the alkaline earth carbonates; but at the same time a
part of the precipitating agent goes into solution. Similar
results are obtained when solutions of such salts as aluminum
sulphate, chrome alum, ferric sulphate, or lead nitrate are
added to a solution of dextrine and then rendered alkaline
with ammonia. Extended experiments with dextrine, ferric
sulphate, and ammonia showed that the whole of the dextrine
can be precipitated if the ferric hydroxide is in large excess;
if, however, the dextrine is in large excess, no precipitate is
formed, and all the iron remains in solution. Many other
organic compounds behave in much the same way as dex-
trine.”” ‘This seems to be exactly like the action of an alkaline
chromic oxide solution on hydrous ferrxc oxide, which will be
discussed a little later.

Saponin peptizes lead sulphate, barium carbonate, and
other salts.®* Soap peptizes rouge, charcoal, etc.® If a sus-
pension of soot in water be filtered several times through
filter paper, the water will finally run through clear and soot

L - Syl i e —

1 Zeit. Kolloidchemie, x4, 65 (1914).

$ Bull. Soc. chim, Paris, (3) 15, 1105 (1896).

$ Schiaparelli: Jour. Chem, Soc., 46, 333 (1884).

¢ Spring: Zeit. Kolloidchemie, 4, 161 (1909); 6, 11, 109, 164 (1910).
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will be held back by the filter paper. If a soap solution be
poured on the filter, a black filtraté is obtained and the filter
paper is no longer black. All the soot has passed through the
filter paper. The same thing can be done with rouge except
that a red filtrate is obtained instead of a black one. At
first sight it seems as though the soap must have broken up
the carbon or the rouge into finer particles, which then passed
through the filter; but I think that this is erroneous. The
filter paper is quite porous enough at first to let the particles
of soot or rouge through, as is shown by the fact that some
usually does pass through the filter at first. The cellulose

adsorbs either carbon or rouge and this clogs the filter tosuch

- an’extenit that the pores are not large enough to let the re-
maining particles through. The soap removes the rouge or
carbon from the paper because of its greater adsorbing power
for these substances and everything goes through the paper.
That this is the true explanation can be shown in two ways.
In the first place the experiment does not succeed if the rouge
or the carbon is too coarse, In the second place Spring
showed that we are dealing with an adsorption of soot by
filter paper. If the black filter paper be reversed and washed
with water, only the carbon which is not in immediate con-
tact with the paper is removed. | |

Aniline dyes which are insoluble in benzene can be
peptized by a benzene-soluble colloid such as zine or mag-
nesium resinate so-called.?

It is a little uncertain whether albumin is to be called
a water-soluble colloid or one peptized by an ion; but the
latter is probably the better way of considering it. In the
case of caseine there is no question. It is not soluble in water
and is peptized by acids or alkalies. Both have been used as
protecting colloids and would undoubtedlvy act as peptizing
agents under favorable conditions. A more interesting case
than either of these is that of hydrous chromic oxide, an
alkali-soluble colloid.? Hydrous chromic oxide adsorbs the

I Soxhlet: Art of Dyeing and Staining Marble, ete,, 76 (1902).

¢ Northeote and Church: Jour. Chem. Soc., 6, 54 (1854); Nagel: Jour,
Phys. Chem., 19, 33t (1915).
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hydrous oxides of iron, nickel, cobalt, manganese, and copper;
and consequently peptizes them to a certain extent, making
them apparently soluble in caustic potash solution. The
converse is also true, of course, that these hydrous oxides
adsorb hydrous chromic oxide and consequently tend to make
the latter apparently insoluble in caustic potash. When
chromium salt is present in large excess relatively to the iron
salt, no iron oxide is precipitated; when the iron salt is present
in excess, no chromium oxide remains in the water phase,
the latter becoming colorless. Colloidal copper oxide
peptized by ammonia causes the peptization of hydrous
chromic oxide by ammonia.! These cases are precisely

* - analogous to that of dextrine and ferric hydfoxide previously

referred to.
Miss Hitchcock?® points out that molybdic acid is not

precipitated from its salts by uranyl salts while tungstic acid
is. In presence of tungstic acid, however, practically all the
molybdic acid is precipitated. This is obviously a case of
adsorption and the converse is undoubtedly true that no
tungstic acid would be precipitated in presence of a sufficient

excess of a molybdate.?

Hydrous chromic oxide peptized by alkali forms a rel-
atively stable colloidal solution. The ordinary ion-peptized
solutions of arsenic sulphide and ferric oxide, for instance, are
relatively instable. If a positively charged hydrosol of this
type be mixed with a negatively charged one in suitable
proportions, the two will be precipitated practically com-
pletely but this precipitate is peptized by an excess of either
hydrosol.*

While I have made no effort to consider all possible cases,
I think that I have taken up enough to show that we have a
good working theory of peptization which is generally ap-
plicable. It is based ecxplicitly on Freundlich’s assumption

!l Prud’homme: Jour. Chem. Soc., 38, 672 (1872).
? Jour. Am. Chem. Soc., 17, 483, 520 (1895).

3 Cf. Wohler: Zeit. Elektrochemie, 16, 693 (1910).
¢ Freundlich: Kapillarchemie, 446 (1900).
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that adsorption is accompanied by a lowering of the surface
tension of the adsorbing phase. This is purely an empirical
generalization and may not be true, If it should prove later
not to be true, it will be a simple matter to restate this theory
of peptization in terms of our wider knowledge; but there is
nothing to be gained now by discussing that.

It will be well, however, to consider some points which
have been brought out by others. Lottermoser! studied
peptization by adsorbed ions and formulated the following gen-
eral rule: “If one adds to an amorphous substance an ion—or a
closely allied ion—at a higher concentration than the sub-
stance itself can generate in the solution, the substance will be

.. converted -back -into a hydrosol.~ - The essential condition” for

the success of this reaction is that the substance shall be in
such a state that it is capable of swelling or of a decrease in the
molecular complex by peptization or addition of the ion; in
other words it must be in a definite physical state.” The
underlying idea is sound but the wording of it could hardly be
worse. If the solid phase sends out ions into the solution up
to equilibrium, any addition of a salt with a common ion will
mean a higher concentration than the substance can generate
and why not say so. If he means something else, why not
say that? Of course the substance cannot generate a closely
allied ion at all. It is also unfortunate, because inaccurate,
to insist that the substance shall be amorphous. What
Lottermoser really meant was that addition of a readily
adsorbed ion will tend to cause peptization, though this is an
empirical statement so far as he is concerned. If we bring
in the lowering of the surface tension, we at least make the
disintegration seem plausible. What Lottermoser says in
regard to the physical state is the same thing as my state-
ment that the agglomeration must not have proceeded too
far. Both are non-committal phrases hecause we have no
means as yet of measuring the property in question.

In his work on the stannic acids, Mecklenburg? has

.

b Cf. Jour. Phys. Chem., 14, 17 (xtqro).
2 Zeit. anorg. Chem., %74, 260 (1912).
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brought out some very important facts in regard to agglomera-
tion. “Adsorption is a surface phenomenon and bhecomes
noticeable only when the adsorbing phase is very finely
divided and consequently has a very large surface. The
starting-point for a colloid chemical theory of the stannic
acids i3 that under otherwise equal conditions the adsorbing
power of a substance increases within certain limits' with
increasing surface, in other words with increasing degree of
dispersion. Since the five stannic acids [prepared at five
temperatures| behave qualitatively alike but quantitatively
different in regard to the adsorption of phosphoric acid, the
five must differ in surface, and the size of grain must increase
- the higher the' temperature of preparation.” The 0° acid
should have the finest grain and the 100° acid the coarsest ;
the 25° acid should approximate to the o0° acid and the 75°
acid to the 1r00° acid, while the 50° acid should assume an
intermediate position. This view is supported by the way in
which the samples react with hydrochloric acid and by the
fact that, when dried in air, the five stannic acids hold water
more firmly and therefore contain more water, the lower the
temperature of preparation.

“The conception of size of grain as here used calls for
more discussion. In his classical contributions to our knowl-
edge of colloids,® Zsigmondy has pointed out that the pre-
cipitation of colloids from solutions may occur either because
the single particles agglomerate to complexes in which each
particle keeps its identity or because the single particles
theruselves become larger just as crystals grow in a super-
saturated solution.

"“The colloid chemist is not unfamiliar with cases of the
first sort, instances of which probably occur with stannic
acids, as was pointed out in the first paper on the isomerism
of the stannic acids.  Zsigmondy® himself has recently studied

PIf this assumption were true without limit, the adsorbing power would
be greatest when the substance was disintegrated to the molecules or ions,
"This seems not 1o be the case.

* Zsigmondy: Zur Erkentniss der Kolloide, 13, 175 (1903).
# Zeit. anorg. Chem., 71, 356 (1911).
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the silicic acid gel with the ultra-microscope and has come
to the conclusion that the particles forming the clear trans-
parent gel are amicrons, in other words, so small that they
cannot even be detected by means of the ultra-microscope.
This result is not to be reconciled with the conclusion that
gelatinization results from the increase in size of the single
particles. . An additional argument is that red colloidal gold
solutions become blue before coagulating, for according to
Maxwell Carnett a gold sol which contains very small and
widely scattered gold spheres should be red, while it should
turn blue if the particles agglomerate to larger complexes.

As a matter of fact Steubing' has made the observation that, = .

“ while the particles of a red-gold sol appear round when ex-
amined in the ultra-microscope, the particles of the blue-
gold sols show peculiar distortions—an observation which

fits in well with the theory under discussion.

“If the individuality of the single or ‘primary’ particles
of the stannic acid do not remain when the primary particles
agglomerate to secondary particles, it is not easy to see why
the relative surfaces of the five stannic acids should depend
even after coagulation on the temperatures at which the
stannic sulphate hydrolyzed. One would rather assume that
the adsorption would depend on the greater or less care with
which the solid masses afterwards were pulverized. As a
matter of fact direct proof can he given that the microscopic
size of the grains of the secondary particles has nothing to do
with the surface of the primary particles as measured by ad-
sorption. ‘This proof is given by determining the volume
occupied by one gram. Into weighed measuring glasses of 10
cc capacity and graduated to o.1 cc, there were placed 2 cc por-
tions of the stannic acids in the form in which they were used
for the other experiments. By tapping carefully on the tops
of the glasses the stannic acids were made to settle to the
minimum volume. Then another 2 cc of the powder was
added and made to settle; this was repeated until the measur-

! Drude's Ann., 26, 339 (1908).
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ing glasses were practically full, after which the volumes were
read off and the weights determined. Especial stress was laid

on making the experiments as uniform as possible. The
[mean of the] data are given in Table I.

TABLE I
et e it e mp . ....._g...._.. — J :.'__._.i.._..__... P ey ke e _.......i....h.é ' T
Sample } Weight in grams ; Volume in cc ; pemiii:: :éﬂ“m&
! i !
— ki E— ki .-:-.--u-:..-_n-u—--..ui T YT " iu-. — e s .-....-i e ey b i—s ataie
o acid | 12,27 g Q.12 : 0.74
25° acid 22.58 | 9.2Y | 0.41
502 acid 16.55 i 9.52 0.58
N 75:: M?d faede o 01508 5 9.86 - .- o 0.65-
100° acid | 8.56 : G.26 j X.08

“The figures show that the 1co® acid is by far the most
bulky, which is the more surprising because it has the largest
content of the denser SnO; {less water]. ‘The 25° acid, which
contains relatively little SnQ,, is the densest. The '50° acid
is more bulky and then come the 75° acid and the o° acid.
The bulkiness of the powder as thus measured is a haphazard
value depending primarily on the resistance to grinding.
Though it may be used as an approximate measure of the
microscopic fineness of the powder, it of course has nothing
to do with the temperature at which the sample was prepared
and has no connection with the size of grain as determined

by the behavior towards hydrochloric acid or by the ad-
sorption of phosphoric acid.

~ “This lack of connection between the microscopic size of
grain of fine powders and their activity is confirmed by very
interesting experiments in an entirely different field. In
Lothar Wohler’s laboratory Pluddeman! showed that the
catalytic action of the oxides Cr,0;, Fe.Os, etc., on the re-
action 250, + 0, —» 250 does not stand in any relation
to the size of the particles even with the same catalytic agent.
The surface on which this surface action depends must there-

ppleninil

' Dissertation Techn. Hochschule Karlsrishe (190%).
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fore lie deeper, a point which is of great importance for the
sutface action theory of catalytic agents.!

‘“ According to the theory of primary and secondary
particles the peptization of the stannic acids consists in the
splitting up of the secondary particles into the primary parti-
cles. It does not seemn necessary, however, that the break-
down of the secondary particles shall be complete; a colloidal
solution will be formed whenever the disintegration has
gone so far that the products, whether they be primary par-
ticles or aggregates thereof, can be kept floating in the liquid
under the existing conditions. This conception of the pro-
cess of peptization makes intelligible a number of phenomena

.- . which were -difficult-to account for on‘the usual theory which =~

makes no distinction between primary and secondary parti-
cles. According to the old conception a stannic acid must
be peptized more readily the greater its power of adsorption,
a conclusion which is not confirmed by experiment, for the
100° acid is not perceptibly more difficult to peptize than the
o° acid, and the 50° acid is not characterized by a lesser
power of adsorption even though it is much less readily pep-
tized than any of the other four standard samples. Ac-
cording to the theory of primary and secondary particles,
the readiness with which a substance is peptized varies in-
versely with the force with which the primary particles are
held together in the secondary complex. It has nothing to

' In connection with this the fact may be recalled that the natural in-.
organic products such as cassiterite, chromite, corundum, etc., even when very
finely powdered are much less readily attacked by chemical reagents than the
corresponding synthetic compounds. Here also the size of the grain, on which
the behavior of these substances depends primarily, seems to be beyond the
limit to be reached by mechanical disintegration., ‘The crystal fragments pro-
duced by the very best grinding, are still very much larger than the primary
particles of the synthetic products. The fact that the lahoratory products are
ot crystalline does not prevent a comparison between the natural and the
synthetic products because it has been proved for silver iodide by Tammann
[Zeit. phys, Chem., 78, 740 (1r911)} and has been made probable for silicon by
Wilke [Wallach-Festschrift, 682 (i1gog)] that these substances which are
usually considered amorphous are really “cryptocrystalline.’’
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do with the absolute size of the secondary particles,! a value
which is not defined in any way."”

This statement of Mecklenburg brings out pretty clearly
how much we have yet to learn in regard to agglomeration
and to cohesion in agglomerated particles. The sutface for
adsorption depends on the porosity. With a metal, which
1s not porous, the surface is increased enormously by grind-
ing. With a porous material like charcoal, grinding has an
almost negligible effect on the degree of adsorption. A col-
loidal mass, which has only just agglomerated, can often be
peptized without difficulty. If the coalescing surfaces are
allowed to set or if the substance is heated so that sintering
takes place, peptization bécoines extremely difficult.

A theory of peptization has been put forward by von
Weimarn.®* He considers that the solid always dissolves in
the peptizing agent, forming instable compounds which then
break down, the precipitate forming a hydrosol. According
to this view all methods of making sols are really condensa-
tion methods, the so-called dispersion methods really in-
volving solution and then condensation. According to von
Weimarn the necessary and sufficient conditions for peptiza-
tion are:

1. The solid crystalline substance must consist of such
small crystals that the physical and chemical properties
vary with the size of the crystals.

2. The peptizing substance must have the power at
sufficiently high concentrations to form a stable, soluble,
chemical compound with the substance which is peptized.
When the concentration of the peptizing agent is sufficiently
low, no such compound must be formed.

R L I e ] -

11t is self-evident that when secondary particles are hard to peptize
they disintegrate slowly and a longer action of the solvent is necessary to pro-
duce a coltoidal solution.  This is not a factor in the present discussion, however.,
The resistance to peptization of the 50° acid stands in no relation to the specific
volume as measured. The 25° acid which is easily peptized is considerably
denser (1/0.41 than the 50° acid (1/0.58)). When the 50° acid was ground
further in an agate mortar, the specific volume was brought to the relatively
high value of 0.87; but the resistance to peptization was not changed perceptibly.

tZur Lehre von den Zustinden der Materie, 1, 60 (1914).
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3. The medium in which peptization takes place must
have practically no solvent action on the substance to be
peptized when no peptizing agent is present.

It is true that soluble compounds may be formed in many
cases when the peptizing agent is present in high concentra-
tion. Instances of this are alumina and hydrochloric acid,
silica and caustic soda, silver bromide and potassium bromide;
but there seems to be no reason to assume that soap forms a
definite chemical compound with carbon, gold with gelatine,
or chromic oxide with the oxides of iron, cobalt, copper, etec.
In the cases of mechanical disintegration there is not neces-
sarily any solution and subsequent ptecipitation. So far as

.. I can see the hypothesis of an-intermediate soluble eompound - - -

does not account for the fact that in alkaline solutions hy-
drous chromic oxide will peptize a relatively small amount
of hydrous ferric oxide; but will be carried down completely
by a relatively large amount of ferric oxide. In fact von
Weimarn has overlooked the conditions for the stability of a
colloidal solution completely and he seems also not to have
taken into account the peptizing action of the solvent. For
these and other reasons I consider that von Weimarn'’s theory
of peptization is inadequate.

The general results of this paper are as follows:

1. If we adopt Freundlich’s generalization that adsorp-
tion involves a lowering of the surface tension of the ad-
sorbing phase, a theory of peptization follows at once.

2. If Freundlich’s generalization proves not to be uni-
versally true, it will be casy to modify the theory of peptiza-
tion so as to account for the new facts.

3. Any substance which is adsorbed by a second will
tend to disintegrate or peptize the latter.

4. We may have peptization by a solvent; by a dissolved
non-clectrolyte; by an jon; by an undissociated salt; by a
collod.

5. Adsorption decreases in general with rising tempera-
ture; but so does the cohesion of the adsarbing substance.
We may therefore have peptization by a solvent at high tem-
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peratures when we do not get it at lower ones. Instances of
this are glass and water, vulcanized rubber and many organic
solvents, gelatine and water. |

6. Instances of peptization by a dissolved non-electro-
lyte are sugar or glycerine and hydroxides in water, ether
and pyroxylin in alcohol.

7. Typical cases under ion peptization in water are silver
bromide and potassium bromide, silica or chromic oxide and
caustic potash, alumina and acids, chromic oxide and chromic
chloride.

8. No cases of peptization by a soluble undissociated

-salt have. been studied as such. If-impure ' mercury is shaken =~

with water we get peptization by an oxide film.

9. Typical instances of peptization by a colloid in water
are silver bromide and gelatine, alkaline chromic oxide and
hydrous ferric oxide, gold and stannic oxide.

10. Since the adsorption depends on the surface and since
peptization involves breaking down the cohesion of parti-
cles, there is no necessary connection between amount of
adsorption and ease of peptization.

1. A coarse-grained porous precipitate may be peptized
more readily than the same mass in a more dense form.

12. Von Weimarn's theory of peptization is inadequate.

Cornell University |



I'HE EQUILIBRIUM BETWEEN MUCIC ACID AND
I'TS LACTONE81 -

BY W. A TAYLOR AND 8. F ACREF,

In taking up. the study of the mechanism of the reac-
tions involved in the oxidation and reduction of sugars and
their derivatives, it became necessary to study the equilib-
rium between the sugar acids and their dehydration products,
including the lactones.

In attempting to determine the solubxhty of mucic

... acid in water we found that some lactone was formed in the =
solution at once and that the amount of lactone was greatly

increased if the solution were boiled. We also saw that
after some time equilibrium was established between the acid
and lactone.

A quantitative study of this equilibrium was then taken
up. In this wotk we made up three different solutions of
mucic acid at different temperatures. In all three instances
we had an excess of acid present. The first was made up at
room temperature, the second was kept at 30° for one hour,
and the third at 100° for 30 minutes. All three were placed
in a constant temperature bath at 25° and shaken from time
to time. Measured quantities were withdrawn from each
for titration after definite time periods. A piece of filter
paper was tied over the end of the pipette to keep the solid
particles of acid from being drawn up. It was found that
if the solution were poured into ice water the mucic acid could
be titrated with standard alkali without affecting the lactone.
To determine the amount of lactone present in the solution
an excess of standard alkali was added, the solution boiled
for a few minutes, and the excess alkali tritated with N /10
hydrochloric acid. Phenolphthalein was used as the indica-
tor.

In the following table we give the time ¢ in hours, the

! Contribution from the Chemical Laboratory of Johns Hopking Uni-
versity.



Equilibrium between Mucic Acid and Its Lactones 119

amount of N/10 alkali necessary to neutralize the free acid
and the amount necessary to neutralize the lactone. The
amount of the solutions withdrawn for titration was, in each

case, 2§ CC.
Solution Made Up at Room Temperature

kgt S Mokt bl A g Pt LR R e P s iy o e i il

gl i iy ey ) e liptinhs sl g el iyl Sy s
. . Y e " R

e i

i v Lk —
el Bt

; Ce alkali necessary to ‘ Cc alkali necessary to
~ neutralize acid § neutralize lactone
2 | 1.63 | 0.25
4.5 1.90 0.68
28.5§ ¥.65 0.81
52 1.60 - 1.00
SRRRTNRE L. S | FUNIFE 91~ DUNIEIVEE ST 8 (i
172 1.64 ¥.40
258 I.55 1.8%
720 | 1.55. | 2.13
1440 ( 1.68 | 339
Solution Kept at 30° for 1 Hour
y E Cc alkali necessary to Ce alkali necessary to .
| neutralize acid neutralize lactone
3 1.60 0.80
26 % 1.82 0.78
50 i 1.70 0.90
74 1.68 1.20
146 i 1.67 1.42
242 ; I, 65 1. 69
1440 1.65 . 3.21
Solution Kept at 100° for 30 Minutes
; Ce alkali necessary to | Ce alkali necessary to
neytralize acid . meutralize lactone
- . .. — — . ot —— . — .
3 1 20.93 ! 19.07
5 | 19.63 18.95
27 ; 11.12 | 19. 50
51 | 8.46 17.02
99 | 7.12 - 17.62
171 6.00 16.45
267 5:40 14.55
1440 3.76 9.99

3-42

2880 | 1.66
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From these data it is seen that practically the same equi-
librium is reached in all three experiments, the first two
solutions taking 1,440 houts, while for the third it required
2,880 hours, because of supersaturation phenomena. At
equilibrium it required 1.65 cc of alkali to neutralize the free
acid and an average of 3.34 cc to neutralize the lactone, so
that there are almost exactly twice as many lactone groups
as of the carboxyl groups in the solution. It will also be seen
from the table that the amount of acid in the first two solu-
tions remains nearly constant throughout, while the amount
of lactone steadily increases, In the third solution both

this lactone is the mono- or di-lactone, or both, we caunot
tell from the data but we shall investigate the reaction veloci-
ties of the mucic acid, its mono-lactone, and its di-lactone, -
and shall study some of the monobasic acids to follow the rate
of formation of the lactone in those cases in which we can
have only the mono compound resulting.

Mr. B. A. Beatty is continuing this investigation under
our joint direction, by the use of both conductivity methods
and those outlined above, in order to learn whether acids
catalyze these changes through the action of the hydrogen
ions, or the nonionized molecules, or both.

Department of Chemitiry of Forest Products
University of Wisconsin
Madsson
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