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THE TXPERIMENTAL INVESTIGATIONS OF THE
GIBBS'8 THEORY OF SURFACE~-CONCENTHATION.

INTRODUCTTION.

Surtace tension as exhibited in soap 1'ilms has been
Known and studled ror rany yvears. The merec word Ysoap-
bubbles® sounds chlldish and simple tut in reality is far
from it, for the subject of surface-energy or surface-
tension has employed the minds of the world's sseniuses
almost in not entirely down to the present time. Among these
may vell he mentioned Ravleigh (Proc. Royal Soc. x1lvii
p28l, 1890), Boys( Soap-bubbles and the Yorces That Mould
Them), Gitbs (8cientific Papers vol.l), and perhaps
Freundlich (Kapillar Cherie). Needless t0 say there are
scores of others that find the tield of surrace -tension
a very proritavle one.

The great pioneer in theoretical physics and chemistry
o’ modern times, J. Willard Gibuvs, in his memolir “Equilib-
rium ot lleterogenous substances" considered the very subject
of of surface films of solutions and deduced a theoretical
law (Scientific Papers, vol. 1, p 365) connecting the bulk-
concentration or a solution with the tension of the surrace
filns. It 1s the object of this paper to present vhatsoever
experimentsl work has veen done (1including some dby the

author) that will apply towards a verification or this law.

THEORRETICAL DISCUS8S IO N.

The abstract of Gibbs!S work on this point is:-



consider (Lwo homogeneous tluids that are in contact
in a non-homogeneous 1'ilm. Assumc that the energy and entropy
per unit mass extend homogenous qguite up to the surface of
discontinuity vetwwen the fluids, this surtace of disconti-
nuity veine approximately or the same nature as a geometrical
suriace. In the suriace I1lm therc 1s an excess ot entropy,
energy, and each component of the sustem. The equilibrium
a8 regards temperature and potentials is not sffected by a
surtace of discontinuity. Then the complete variation of the
energy of the surface 1s expreczsed by

de= Odf 1% gds % z;dny I Z,dnp ¥ - - - - -
vhere.:e represents energy, 6 tcmperature, ﬁ entropy, g
energy per unit surtace or film or the surface tension,
s area of tilm, n, , np , = - - Lasses ol the components
in the surface,and 23 , 23 , - - - — the chemlcal potentials
or the verious components 1in the adjacent fluid masses. A
vetter Knowledge ot this 1is shown by

ezo0g TgsiEmz EInpzI -----

Differeantiating this, allowing everything to vary, and

comparing with the former vwe have

nl n2
s = —d0 - —— dz., - — (1562 - e——e———-
e 8 1 8

Givbs modified this and applied this t0 an actual case

( Gibbs, Scientitic Papers, vol. 1, p 235) ot liquid
mercury and water in a plane surface. Assume that the density
of the mercury vapor on one side of the film is equal to

that ot the liquid mercury on the other. Then-gl- - 0,

and when the tempersture is kept constant we have



. B dg
u-= —3 - a7z
This represents Ythe amount ot wvater in the vicinity ot the

surface avove that which there vould ve 11" the water vapor
Just reached the surfuce vithout change o1 density, —-—-—-=¥,
The only limitations upon this is that the temperature bve
constant and the surface plane. It right also be wise to add
that tha frirst equation and consequently the whole cdeduction

is hased upon a reversibvle cycle. Vith these conditions in

view we have by the law of Dalton dp2 = ¢ d22 , where

¢ 1is the density of the wvater vaper. This gilves
ut—c&

dp,
Appluing the gas law p= Rec , wc nave dp- Redc, glving

- c d
u= — g S
Prof, W. B. Morton (Phil. Mug. April 1908, p 504)

deduced a4 similar expression from independent considerations.
It is quoted as follows:
consider the equilipbprium at a surface (say of a solid

or 1iquid) in contact with a solution.
Let & = surface energy per unit of surface.

S = area oI surface expaésed to the solution.
m = mass of' solute adsorbed at the surface of the
solid 1n excess Of that normally present.
U = total energy of the heterogeneous 1ilm per
unit of surface.
The temperature 1s supposed to be constant, U can ve
increased:-
(1) vy increasing the surface area, in which case the work

required = gas
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(2) vy increasing the concentration of the solute in the inter-
tacial layer. This 1s proportionsl to dm namely zdm,
vhere z 1s the chemical potential of the solute.

Then duU = gds ¥ zdm .

Theref'ore a(V - zm) = gds -ndz.

And since d(U - zm) 1s a complete ditterential, we have

- (83 = (58,
but«%%—-= mass adsc¢rbed per unit area o1 surruace, i. e. = u;
Therefore us=s - -%%—-
Now since
z =R o-3C

vhere ¢ = the concentration of the solute in the bpulk of
the solution, it rollows that

= c_. &8
v = ac.

This is the same tormnula as 1s given avove from Gibbs
except that here ¢ represents the bpulk concentration of' the
solute, vhile avove it 1s the density of the solution. This
might be expected since the density ot a solution is a func-
tion of the concentration. This equation 1is very important
because it connects the quantity adsorved, 1. e. the excess
per unit area or component (2) or the solute, vith the bulk
concentration and surface tension. To verity the law all we

have to do 1s to measure u and determine gg—-

PREVIOUS EXFERIMENTAL WORK.
THE WORK BY 8. R. MILNER.
The first plece of work on record that camn be applied
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towards the Gibbs' 1law is that or S. L. Milner ( Pnil. Mag.
Jan. 1907, p 96). lle considered the question as to whcpher or
not the surtace r1ilm 1s u pellicle “composed of matter having
a smaller capillary tension than that of water*. Thils was sug-
~ested by ilarangonl in 1871 and reilerence to it is made by
Raylelgh 1in Prec. Royal 8oc. xlvii p 281, 18Y0. Milner also
folloved up th suggestion of Rayleigh (above rererence) and
detcrmined the etfect of aging or films upon surrace-encrgy
or surface tension. Figure 1 1s due to lilner. It 1s the graph
ot relative surface tensions with time for two concentrations
of sodlwn oleate in water in contact with air. This shows that
for such concentrations or this solute as sre practical for
this work the surface tensions do not approach their tinal
values until atter an interval of two to ten minutes, depending
upon the concentrations. This 1s brought in here ror future
relerence as this factor or time must be reckoned with in
any experimental work. Scme 01 his data on variations of
tensions with concentraticns seem tO negate the existence or
a surface excess when considered 1trom one point or view, put
in another perspective *renuers it probable that an excess o1
considerable npagnitude exists even in the dilutest solutions®.
The curves of time with tensions, in themselves, suggest that
the excess 1s so large that the diftusion takes an appreciadle
time, even though the thickness 01 the Iilm 1is as snall as
a number of the best determinations (Reinold and Riécker, Phil.
Trans,clxxxiv p 505, 1893) seem to indicate.

Thus the thecretical work oOf Milner leaves the Question



of a surrace excess very much in doubt, but in his experimental
v ork hn actually proved its existence. His results were nore
gualitative than quantitative. The probabvle error surely is

rvery large. The results are abpout ten times larger than those

calculated from the tormula u = e %%—-- IIis
own statements are:.avout 8s 10110wWS:-

“The ultimate valuss o1 the surtface tensions seem 10 be
independent or the concentrations; this 1is contrary to the ther
modynamic theory or the process.* This dlscrepancy may be
accounted 1or, partially at least, by two tactors. RIvidently
the time factor is one, 1or the time allowed tor diriusion oxr
the oleate 1nto the 11lm was about tvo seconds, while it
should have been about tour hundred times this for the more
concentrated solutions. This would kKeep down the ratc o1 ror-
mation of the bubbles or foam , and would make a larger error
in the stronger solutions than in the weaker ones. Thus the
values of the surtace excess are too small. The other factor
is the excess solution carried out with the foam. Every film
vhen existing in the form of foam has two surfaces exposed to
the alr, consequently it :ay he expected that the film has tvo
surface layers, the thickness of each being the radius of :.i
moleculsr attraction for the solutionfinder consideration and
also some excess solutlon pvetween these surface lavers that
does not drain out, at least not until after some considerable
time. Thereforec rrom thls quarter we may justly say that the

volume oOf the foam as recorded 18 too small by an error per-



haps as large as i1ty per cent. vhether this would cause an
increase or a decrease 1n the variation or surface excess vwith
concentration the writer has not decided detinitely, but he
believes the error would tend to increase any variation that
might exist.

8ince the thermodynamic theory 1is vased upon a perfectly
reversible process, we must conclude from the above consider-
ations that the Tormation o1 the surface excess in sodium
Oleate solutions 18 an Irrcversible process. This ¢ont'orms
with the observed fact that the excess forms however dilute the
solution may ve. This will result in the condition that the
£11m will vecome saturated 1: 1'inite concentrations, when
irreversipility will exist necause of the precipitation o0i the
oleate into another phase. This is supported by the follvwing
facts:i-

(1) An insoluble scum,increasing with time, 1s formed
on the surface of the oleate solutions.

(2) Large numbers o1 white flakes on rilms that have
thinned considerable ana then allowed to congéract. Under
these conditions the film would be super-saturated with
oleate or the oleate would beprecipitated out in one form or
another.

(3) The tension increases when the surface 18 1increaseq;
also, when the surfacé 18 diminished, it does not decrease
bput even tends to increase.

From these considerations 1t 1o00ks very probvavlse that

reversinility is lacking. It 1t 1s, the formula must be.



ceduced again with this condibion chansed accordingly, but
heforc we demand such a thing rasnly let us consider the
remnalning work on this subject.

TIE WORK BY %W. C. M. LEVIS.

The work or Lewls 18 novel in that 1t deals with 1liquid-
liquid intertaces. In the £irst he uses a hydrocarvon oil in
contact with aquous sclutions of sodium glycocholate, congo
red, and Lethyl orange. A seriss of tests were made to show
that the 01l was chemically inert towards the solute and the
solution. The above solutes were chosen because they are
soluble 1in water and lower the 1nterfacisl tension vbetween
water and oil. The molecular veight (used 1n connection
with the value of R) was determined by the lowering ot the
freezing point of water and the raising of the boiling point
of water and alcohol. That of sodium glycochclate was found to
ve 14o. Phil.Mag..April 1908, p 505.

The object of the experiment was to forin a large surrace
of tne oil against the solution when a certain amount of the
solute would be adsorber, thereby changing the bulk concontra-
tion of the original solution. Thils would nececssitate an
accurate knowledge of the concentration tvetorc and atter the
experiment so that the change and the mass adsorbved can bve
determined vith the required degree of accuracy. The method
adopted was to determine the surface tensions for the oil
with various known concentrations. By interpolation from &

curve from this data the concentration of any solution can
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then he accurately determined aiter the surface tension oi' the
solution ha8 been detceriincd. Thils proved to be 8 very sensitive
n3tnod as the change ot surrace tension is very narked t'or a
small chang~ of concentration, especially in such weak solutions
as are necessary 1or thils work.

Tor determining the surtace tensions the drop-pipette
method was used. The apparatus is shown in fig. 2. By suction
at C the bulb is filled through F to the point E. The aperture
I' 1s carefully wiped bvetore using, and the pipette is placed
in a rixed ;osition relatively to the solution in all deter-
minations. EF 1s about & cm. 1n lcnghh and the capacity of EE,
about ¥5cc. In starting, the cock A is opened full the air
being allowed to enter slowly through the capillary above. The
bukbles or drops of o0il iform at intervals o1 12 to 15 sec. and
gradually rise through the solution which 1s a denser fluid.
This 1s really a dynamic application of a static theory, bvut
nevertheless the relative:tensions as determined by the number
of 01l drops formed while the oil falls from I to Ii; 18 quite
accurate. The tension 1s taken to be proportional to the weight
of a drop. In this case the total volume and density are constant
and the only remalning tactor is the number ol drops; hence,
the number of drops gives relative tensions, the variation veing
inversely to the number. For our work, however, we must have
absolute values. These can be obtalned quite easily aftier ve
have one sbsolute value, say or the oil with pure water. Absolute
values are possible with the drop-pipette. The theory and appli-
cations are found in Lewis, Phil. Mag. April 1908, p 508:
Xohlrausch, Aon. d. Physik, vol. xX, p7%%, and vol. xxii; p 191;
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ard Lohnsteln, Ann. d. Physik, vol. xx, p 257, 606, and vol. xx1i
p 1030 (1906). Lewis used two oils which he called A and B. The
absolute surface tensions of these 0ils against wvater are
respectively 33.6 ana 48 dvnes /cm. The absolute tensions ror
the various concenteations were then deterinined by taking pro-
portions o1 the one absolute value, these proportio:ns veing in
eacn casc¢ the ratio or the drop number 1or pure vater with that
for the concentration under consideration. Fig. 3 gives the
results or oil A 1or sodiuwm glucocholate solutions; the curve
for 0il B 1s quite similar to that given in the accompanings:
lI'igure.

MEASUREMENT OF THE ADSORPTION COEIFFICIENT.

Lewils first determined the adsorption coeiricient experi-
mentally at a every curved surtace by placing a small Known
quantity of o1l in a shaker with about a halt liter or solution
and turning it with a motor for a numbcr of hours. This formed
an emulsion. With a microscope with a scale in the eyepilece
the average diameter ot tre emulsion droplets was determined.
From this was calculated ths number or drops and the total sur-
face. A drop number for tension was taken through the emulsion,
assuming that the fine oll droplets had no etfect on the pipettea..
“Justification ot this 1s atforded by the concordance bvetween
the results obtained for the adsorptlion by thls method and by
an entirely dirferent method to be descritved later.* The volume
o1 the oil was detremined by welighings, the density veing known.,

The results:of determinations with each 01l are:
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011 A 011
vol., our solution 500 cc 250 cc
Drop nunber vefore experiment L33 531
" “ arter " 459 507
Tensions before experiment 12.80 dynes/cm. - -
" at'ter " 15.44 u " - -
Concentration netore cxperiment 318 % 317 5
0 arter " 295 % 290 4
Fall in concentration .023 027 %
Mass adscroved (500cc) .115 gn. (250cc) .067 gnm.
Vol. ot o0il enulsiried JHET cc .160 cc
Av. radius o1 droplet 0000425 cnm., - - -
Total number drops lormed 1.3x 1012 - - -
Total adsorbing surface 31 553 end 11 058 cn2.

u (odserved) 3.6 x 10‘6gm/bm2 5.9 x 1070
Another determination with o0il B witn a solution the
orisinal concentration of whlch was about .2 % gave u="4.7 x 10-6
gm./cn.?, as the observed value, and with a calculated valuo
of 5.5 x 10-8 gm./bmz. This ¢ives the observed value about 85

times the calculated valus.

A study of the proovable error does not take cure ot this
preat discrepancy, but places most o1 th doubl on errors in the
determination ot the average radius ot' the droplets in the emul-
sion. Takinz account or this it 1s round that the method is too
insensitive to show trustworthy values 1ror u corresponding to

solutions or concentrations of .2 ﬁ and .317 35, as the values

obtained diffcr by less than the experimental error.



FIG. 4
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To overcome this large experimental error, and to work with a
surtace as nearly plane s possible, and because 01 the large
¢iscrepancy between the observed and calculated results, a nevw
method was necessary. The new rorm or apparatus 1s shown in
#ieg. ¥, It is avout 150 cm. high, the vuld A holdins 168 cc,

B and C about a liteor, the diameter veing about 1 cm. B and O
are r'illed with the solution upon which the determination is to
b2 made, and A 1s filled with the oll to ve used. A pinch-cock
v~tween A and B 1ets the 01l 1low into B at the desired rate.
The 01l 1s broken up into drops which rise, carrying with them
an excess of the solute,which has adsorbed on thelr surface,.
through the constriction into C. Here they coalesce, returning
the excess o1 the surface rilm to the solution above the con~-
striction, thereby increasing the concentration. Tne constric-
tion is to prevent diffusion. When A 1s empty the rubber con-
nectibn near the top ér-B"is pinched and the solution in B is
drained-off below. The concentration or thls 1s then determined-
b& a drop nunbder with'the pipette, in connection with the'durfe‘
of t£ig. 3. Two exumples are given for oil B withva'soiuaion ot

.25 % concentration of sodium glycocholate.

I'st 2 nd
Total vol. oil.used 168 cc 504 cc
TOtai ﬁimé.of dr6pp1ng 79&9 sec 20520 sec
Té;él mirhfo_ef of-.drops :'9‘.)2.5 - -
Total ‘sdsorbing area 3192, cn2 A

Concentration before experiment 25°% 25:4
X areer v 2435 243

i
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Chanze in concentration 007 % - -

Total mass adsorved (from 250 cc).0L75 gn. .022 gm

u (observed) 5.4 x 10-6gm/cm2 3.1 x lo-6gm/cm@
u  (calculated) 3.6 x 1078 gm/cn2.

These results are oI &bout the same order of magnitude
08 Bthose derived from the emulsion method. The degree of plane-
ness is close to that deslred; the slze or the drops is ovout
the same as or those used in the pipette 1n carrying out the
measurements ot -gg-, hence any error toom this point will
enter in both the orserved and the calculated results to about.
the same extent. The results from the two methods Scem tO
indicate that the curvature ot the surface has very little or
no eri'ect, unless the error 1rom this source is masked by
sonme greater error. Lewis compares the conditions of his
experiment with those of Glbbs's deduction as follows:-
(1) a. "The adsorbing surtface 1s plane.*
b.*"It may bve readily assumed that adsorption measure-
ments made at the surfaces of oll drops of
sensivle magnitude approximate exceedingly
closely to those at a plane surface.“
(2) a. "The solvent is to show no concentration at the
interface.”

b. YThis was simply assumed to be the caes, no means
of testing its validity having as yet auggested
itself.”

(3) a. “For the particular equation used in this paper,

there 1s sufposed to be only one companent
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caparle of bvbzsing adsornhed.*

.*This follovs from the feneral experimental condi-

tions,

the solute, the sodium glycocholate , veing

the okly substance whose adsorption 18 mcasured."

(4) a. *This composent and the solvent in which it 1is

dissolved are supposed to rorm a single phase.,

b."This assumption is implied Irom the actual exam-

ple or suriace concentration given by Giuvns as

exenplifying his theory, viz.:- A mixture of

mercury- and vater-vapcrs meeting at a liquid mer-

cury surface, the water being the component which

suftrers surtface-concentration. Mixtures of vapors

are essentially mono-phase systems; and the question

is, are ve dealing with a mono-phasec system 1in the

case of aqueous solution of sodium glycocholate?

The evidence given by its osmotic rehavior in

ralaing the voiling points of water and alcohol and

lowering the freezing point of water, 1s strongly

in favor of its belng a true electrolyte, snd hence

or its solution veing a monephase system.

Lewis also did some work with dyestutis. Brie1lly, his

results are:-
Sutstance
Method

u (observed)

u (calculated)

Congo red Mcthyl orange
emulsion emulsion

3.7 x 107%n/cn2 5.5 x 10-6gm/cn2
23x10°7T " » 2.2x10 7%
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IIe expresses the situation well bvy:- * Je have here a further
repetition ol the ovserved anomaly.* He nas no suggestions to
orrer put works some out in nis second and third articles

to be taken up next.

As 1t 1s the writer's intentions to mention merely
the important principles and some or the results ne will
onit many or the minor details that have bean included 8o tar
in this paper.

In his second article (Pnil. Mag. April 1909) Lewis
considered a large nuwiber 01 electrolytes and some non-clec-
trolytes, Most electrolytes ralse the air-water tensions bvut
ot about twenty examined here all lowered the oll-water
tensions. This lowering of the tension reans an excess
concentration in the surface rilm. The method of adsorption
used was tnevlarge-drop" method. He determined the concen-

trations chemically ror the cations and the anions. The

results are:-

sSubstance Adsp. catéon gm Adsp. anign gm
per cm. per cn.
Oovserved Calculated Ovserved Calculutsd
silvor Nitrate 2.5 x 108 4.5 x 1072 ~—~ - 2.3x10
K Cl 5 » v 1.7 v ¥ 109 1.6 v
Ba Cly --- 3 w o 1078 1.6 v w
Cu Cl, 3.5 % ¥ 2 v w  2x10~8 2 wow

There is a slight selectlive adsorption, the cation more than

the anion.
Among the non-electrolytes considered was saponin. This

nes always shown an anomalous hehavior in contact with air.
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It roams easily showing & narked decrease ol surtace tension.
(s. A. shorter, Phil, Mag. vol xi, p 317, 1906). The oil-
water intertacial tensions are plotted vith concentrations in
I'ig. 5. Note the rise at tirst veiore the tall of surface ten-
sion. Reterence was made to a pellicle in connection with
surfacc tension. Alr bpunbles 1rrom sopanin solution sppear to-
gelatinize “so that when once formed they show a crinkled
appecarance on contraction.® Lewis states (l1.c. p#82), "It secms
probable that the gelatinizatlon etrects which have been
otserved ot the alr surrace are also ericctive at the oil
interrace. EXxperimnents were corried out to test whether the
substance was soluble in 011, It was found to be insoluble.®
This question ot gelatinization will be considered agaln
arter more data is presentecd.

carreine, a suvstance that appeared good trom prelim-
inary examinatlons, was also examined, thc emulsion method

peins used. The results, which arc very doubtrul, are:-

No. Drop-number_bpefore ex., arter ex. area
1 160 160, 160+ 87130 cm?
2 160, 160+ 1605, 160}. 127310 *

The corresponding surraces would have caused a change of 4-§
drops, a number easily determined, 1if done in connection with
sodium glycocholate, congoO red, or methyl orange¢. This shows
that caffelne 1is adsorbed very much less that thass other
substances. The results or the second determination when worked
out give u = 3.‘7xlo‘8 gm cr while the calculuated value is

2.4 x 108 gn/em®. In trying to get a more trustworthy result
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by increasing the adsorbing surface it was round that the limit
01 the method had been reached as 500 cc of solution vould not
emulsil’y more than about 2 cc ot o0il. The above results for
carfeine are far 1rom trustworthy, yot they are very close to
the calculated value. Hence ve can drav the rollowing conclusiions
(1) carreine in aqueous solution in all probability obeys

Givpst's law qguantitatively.

(2) ordinary inorganic salts Fotussium chloride,

81lver nitrate, Barium chloride, and Copper chloride

are adsorved in quantities which arc of the same order

as tne Ginbs's calculatcd erfect, though the experimental
values are 1n all cases greater than the calculated.
caustic soda shovs a more marked discrepancy between

calculated and observed values.,

(3) complex organic salts Sodium glycocholate ,

sodium oleate, ¢tongo red, and Mcthyl orange

sShowv

a very large discrepancy between observed and calculatea

values.

The next question 1s, %“what causes the discrepanciest®

Milner (FPhil.Mag. Jan. 1907, p98) used the van't Hotrf ractor
viv to toke account orf the dissociation. Lewis in etfect did
this by using the value or R a8 the gencral gas constant
divided by the molecular vweight or the substance in aqueous
solution. Another possible causSse 18 the rfalse assumption that
the water suffers no surface density change. Ilvidence ot thés

is founa in the phenomenon of the etolution of heat when water

1s-poured upon rineky divided powders of siliem, Quartz, glass,
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ete, vhere chemical action is excluded.

Another anomalous Iactor to ve considered is the surtace
concentration. The average surtace concentration ot sodium gly-
cocholate 1s 37 ¢ while the solubility in bulk solution is
3.9 %. Likewise tne corresponding concentrations o1 methyl
orange are 39 7% and .078 . The substances thererorc which have
shown very great discrepancies as regards Gibbs's theory are
those whose surrace concentrations greatly cxceed their solu-

Carfeine

pility in the solvent. Other substances examinad
and the inorganic salts,in no casc exceed the ordinary sol-
ubility; also, the adsorption of these subvstances is in very
much closer agreement with the Glbts's theory.

The only remaining factor for explaining the discrepancy
is ¥some irreversible phenomenon of the naturc of gelatinization
upon the 0il surface.' In agreement with this 1s the excess ot
the surface concentrations above the accepted values of solu-
pility. Saponin 18 said to be perfectly miscible with water,
Iven though this cannot be true, the permanence of the ten-
sions at comparatively dilute solutions cannot be explained
by the solubility having been reached. Potts, like Milner, has
shown a discrepancy for sodium oleate very sSimilsr to that ot
sodium g1p cocholate. Freundlich and Losev ( Zeit. Phys. Chem.
yol. 1ix, p 284, 1907) found an irreversibvle process in con-
nection with certain dyesturfs and charcoal. An amorphous

precipitate, insoluble 1n water, was formed on the surface of

the charcoal. Mllnor found an insoluble Scum on (80dlum oleate
solutions. From all this we very probadbly justified in saying
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thal. these ciscrepancles are due to izelatinization.

As stated avove therc seems to be a slight selective
adsorption ot the cation., In this connection there is some
doubt bvecause or the large experimental errors in the chemical
determinations of the concentrations. Local electrolysis Mas
been assigned as the provable cause. In this case the heter-
ogcnecous layer separating the solution and the 01l acts as
the *electrolytic medium.* Thils nmust result from a potential-
deéfference netween the oll and the water., Lewls reports that
he investigated thés questioh with apparatus similar to that
descrived by Burton in Phil. Mag. 11 p 434, 1906. For the o1l
ne had veen using in the adsorption experimentsin connection
with water he found a potential diftercnce of .15 volt, the
0ll being negative. This would naturally lead one to expect
that the cation would be adsorved selectively.

In his third article (Zeit. f. phys. Chemie, B, lxxiii,
8 129, May 1910) Lewls reported some work done with a tew
marked changes although the basie principles are the same as
those he had been using. He used a solution of 20% ethyl-
alcohol and 80% water as a new solvent, and mercury as a new
adsorbent. The changes necessary in the apparatus are prac-
tically accounted for by something very little short of
invertion.

Analin was investigated, the mean of several drop num-
vers boing used in each case. Three determinations give

(1) u= 2.1x 108 gm/cma.
(2) u= 3.2 x 1078 gn/en?
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(3) u=2.7x 108 gm/cm2,
as opposed to the calculated value of
u= 1.0 x 10-8 gn/cm?,

Evidently this 1s practically in agreement with the Givbs's law.
In his former work with catteine Lewis mentioned that
perhaps mercury could be used to a vetter advantage than oil. He
surcly had in mind the high surfsce tension between mercury and

water. He obtalned with mercury a theoretical: xalue of
u = 2.2 x 1078 vut was unable to get an experimental value,

Sodiun glycocholate was studied again, but in connection
with mercury. he obtalned an experimental value of u= 3.7 x 10~7
a8 opposed to the theoretical value of 1.5 X 108 In this case
the observed value 1s about 25 times the cselculated value. This
is not es large as 1t was with 01l but the difference is very
great even vet,

In trying to find the adsorption of a mercury salt——

with mercury he tfound trouble because ¢l electro-

HegSOoy
caplllary adsorption. The theory of this 1is:- GCiven a surtface
S, a tension g, the electrical charge q, the potential differ-
ence v, and U the total energy of the surface layer. U can bde
changed Yy (1) a change of the surface; (2) a chenge of the
electrical charge. Then

dU = gds ¥ vdaq.
or a(U-vq) = gds-qav
Since d(U -vq) is a complete differential then

(4 )= — (g )

If now the charges on the “plates* of the condeprsor orzlofispxin
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chansed, the change 1s expressed by

dv = _%21 or av = -9%2-

fthere a and b are the electrical equlivalents or the cations and
the anions, and dmy end dmp are the corresponding values or
quantities from which the charge dq i& taken. It we substitute

these in the above expression we have:

'&g-l-—:wag%- %Igz‘:—bg-%—-,

but " = Y cation) @&nd * =1VWU(anion)-
Therefore U £ uy = - (a sz b)-g% .

This electrocapillarity will be in addition to the adsorption

of the salt, so ve have as the comp <te formula, it u(salt) - Ug

. a
ug Fuc Fua = ~ /e 9% 2 ( aiz v)g- /
The theorctical velue of ug alone 10r Hg80y 1s 2.7 X 10T .
de__
dv
when expressed in electrostatic units.

From Freundlich, Kapillarchemie, Seite 185, the value of
1s found to ve 3.86 x 10
This gives Uy ¥ Ug == 3 x 10~8, This value 1s practically
the sare as that calculated by a dirferent method by Varburg
( ¥icda. Ann. 41, 11, 1890) . So tar as 1s known no complete
value ror ug ¥ Uc ¥ Uy 1s glven for IigS0y.

Tdn WTORK BY #. G. DONNAN AND J. T. BARKER.

The work of Donnan and Barker ( Proc. Royal Soc. Series A,
vol. 85, p %57) was done with air in connection with aqueous
solutions or nonylic acid and saponin. They used practically tlre
same methods as Lewls used, including the drop-pipette for the
determination of concentrations, and the budbble method tor

the formation of the adsorbping areca. Their chief difficulty was

convection of the solution through all parts ot the epparatus,
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therevy preventing the desired localization oi the decrease of
the concentration. They broke up the streaning motion of the
liquid into a series @t locellzed eddies. The form or apparatus
finally emplayed 18 shown in fig. 6. The apparatugwds filled
by the application ot pressure at G wnich force@a the solution
from the flask through II into the fractionated column. Alr at
constan! pressure was delivered from A through the capillary C
and broken up into bubbles at B. These passed through the coil
in about 15 sec. and then travelled more or 1less rapidly throurh
the scctions of the column to the surface vhere the bubbles broke
returning the excess to th2 bvulk of the solution.

Tre volume Oof ulr dellvered was determined by the dirf-
ference ot weights or water verore and after the experiment.
This was done as follows:- Before starting the experiment all
water was drained from A and the pressure regulated as desiren,
Tnen the experiment was run. The water in A at the end of the
experiment was draincd off and weighed. Then the water aws allowed
to come to vquilibrium uncer the same pressure asithe experiment.
This was dralned off and wveighed. The difference,gave the volunme
ot alir consumed at the hydrostatic pressure in A in aadition to
the atmospheric pressure. It was necessary to correct for half
of the hydrostatic pressure in the column D becauseé Of the expan-
sion or the bubbles on rising. This expansion ir neglected would
have caused an error of 4 %.

Possible errors that wcre ovviated were adsorption by the
stopper at the lower end or D and vaporization. The stopper used

was a paraffined cork. This was round t0 remove nonylic acid

f£rom a fresh solution,; but reached an equilidprium £or..any one
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concentration after about 24% hours contact. Tne cOrks vere
always saturated vetrore veilng used. Tne question of vaporization
wvas 1investigated by tubuling air through a bvlank experiment rfor

at.out 24% hours. The results are:

concentration Drop number verore Drop number atter
00243 % 349 348
. 005 410.% %}lo.1
. 00806 482 451

At first the apparatus was water-jacketed to prevent
changes of temperature. This was thought necessary to prevent
expsnsion of the glass tuve therevy returning some or the
concentrated solution into the weakened solution, and also
because the surface tension 18 & function orf the temperature.
Parallel experiments showed that this precaution was unnecessary
with the present degree of sensitiveness of the apparatus. The
¢rop-pipette, however, was water-jacketed and carefully shielded
Trom all vibrations and alr currents because an error of a
Tfraction of an drop in the drop number ®as quite large as the
total erfect ovserved was a difference of about ¥ drops in a
total ot arout 350 to 450 drops.

A tactor or such grest impopfgnce that 1f neglected would
render all results worthless 18 the spped of dropping f'rom
the pipette. For the nonylic acid they were capable to keep
the rate of dropping at 8.3 drops per minute, or s0 close to
this that the results could be duplicated to a rraction of a
drop. For the saponin,vhich had the high moleculsr weight of
1260, it was round that the drop nuzbdr variled greatly with the

speedq of dropping:; consequently, it was necessary to obi¥dn



the drop numbver of euch solution as & function of the speed of
dropping, and then interpolate ror a detinlte slow speed. This
varistion wvas supposed to be duce to the slow cdifiusion from the
weak solution into tne surrace layer of high concentration.

For the saponin tvio curves 1ror the varistion of surface tension
with concentration were made, One vas made with the tensions
given by the drop nwibers obtained when the total time of
emptying the pipette was constant, belng 50 minutes. These
results are plotted in curve I ( of a8 certain trigure not
reproduced in this paper). The other curve, No. II, (also not
reproduced here) was obtained from the drop numbhers given vy

a constant speed of dropping.

The speed 0f the formation of the sir bubbles in the
adsorption tuve D had no noticeavle etfect.

On the whole the process o1 computing the results is the
sarme as that glven ror the work or Lewis; therefore, only the
various means of the results will be givan here together with
the calculated values., Because of some doubt 88 tO what value
to use for the vun't HOrf factor "1* the results are given
ror both values of 1 and 2; also, since their curve of varia-
tion of tenslionwidth concentration does not agree perrectly
with that of TForch ( \Wied. Ann. vol. 68, p 80l, 1899), the
values are computed from each curve., It must be born in mind
that the temperature at which Forch worked 1s not the sSame
as that at which Donnan and Barker worked; therefore, the
results of the latter are provable mors.relisble for this

purpose than those of Forch. The comperison is:



concentretion

0.00243
0.00500
0.00759

0.00806

u x lol
ovserved

0.95
1.52
1.09
0.915

u x 1ol calculsatea

From curve ot

Forch (18")
i=1 1a2
0.58 0.29
1.23 0.61
1.58 0.79
1.63 0.81

From cuprve OS
D. & B, (16.5”)
1=l 1 =2

0.55 0.26
1.14 0.57
1.26 0.63

The observed values when plotted with concentration show

¢ paximwn near the concentration or 0.00500. The calculated

values incresse with the condentration and do not show & max-

imum. The observed and calculated values agree as to order of:

magnitude. The agreernent for 1 = 2 1s the vetter at high con-

centrations.

wConsiderings the dii1ficulty of measuring such
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small changes or concentration in the extremely dilute solutions

employed, the agrecment must bte regarded as arftfording a veri-

fication of Givuvs?

fundamental ecquation.*

In the case or saponin three determinations were nade ror

the one concentration or 0.0072 %. They are given together with

the calculated values derived from the two curves ,*i'veing

used as 1,

u x lo!
obseryed
gm/cm

5.2
2.6
-3.1

Nean 3.6

4% rron curve I

u x lo! caloulated

1.36

de
dc

The comment Of Donnan and Barker is

— TPom curve II

1.60

The obaerved value
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is avrout coulle the culculated value, but, considering the cif-
ficulties «na uncertvainties of the determinations, the sgreement
is not unsetisinctory. It would appear, theretore, that no
irreversitle Ygelatinisation® occurs in the surrace-layer or
an squeous saponine solution, at 8ll events in the case or
mwoaerately~-1resh solutions. Possibly theYgelatinous skins®
vhich may form on stunding are due to secondary causes, or at
all events to slow irreversivle etrrects.

THE «ORX BY TiiR AUTHOR.

The author has done some ‘towards a verirication or the
Gibbs's laow. I considered the propocition from the standpoint
of cell gction; 1.e., can the actic¢n of the 1living cell in any
vaM b2 connected with the phenomenon or surfece conceniration? He
was unable to find definitely the chemical compounds that go to
nake up the cell and the body flulds, so he attacked the proo-
lem or aqueous solutions in contact vwith thelr vapors, ar a
derinite mixture or the vapors with some air.

The osmotic efrects were 1irst nade the vasis of consider-
ntion. IT a gram equivalent of a substance be dissolved in 22.4%
liters of water the vapor pressure or tne sodution difrers from
that or tne pure vater by 1 atrnosphere. Is thlis pressure change
due to the bulk concentration or the solution or Lo the con-
centration of the surrace luyer betwecen the solution and its
vapor? Ir due tou the surrface concentration, this principle
can be used to measure the surriace concentration. It was
investigated by means of the apparatus shown in rig. 7. A 18 a
U-tube a little larger than the dimensions shown . It vas

closed by rubber stoppers pierced by small glass tubes. D 18 a
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srall iron rod upon which 1s placed E a small soft iron var, that
is free to turn, snd F a small metal disc shrunk on the end of

D. G 1s a horse-shoe magnet turned by an electric motor by means
ot the pulley H. The bearing between H and G is omitted. The var
T assumes a position longitudinally vetween the poles of the
magnet, and follovws the magnet around when it 1s turned. The
space 1in both arms of the tube was to be frilled with only the
vapor of the solution. This condition was realized by bvolling

the solution to such an extent that the air had all been carried
out with the vapor. While still nhot a flame was applied to the
small'glass tuves B and C; these were dravn out and sealed.

The quantity or'801ut10n used was such a8 vwould leave the surrace
arout 5 mm. above the var E, the turning of which was to prevent
the rormation of the surrace excess in this arm of the U-tuve.

In the other arm, which was (ulet, the surrface excess could
reach a maximum. In this case the concentration in the r£ilm veing
greater in the arm B than C, there would be different vapor
pressures in the two arms. If the surface oconcentration were

léss than the bulk concentration, as<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>