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OUTLINE.

The purpose of this work was to discover, if
possible, why the concenteation of potassium iodide
should affect the rate of solution of metals in io=-
dine, the concentration of the latter being constant.

This fact, that the concentration of potassi-
um iodide does infiuence the reaction, had been
established by the work of Van Name and Edgar, and 1
was in a way a serious objection to the "Diffusion
Theory of Reaction Velocity} which their work in =211

other respects completely confirmed.

The following is a brief outline of the present

work:

PART I. The Diffusion Theory of Reaction
Velocity, What it is, and why it was ad-
Yanced. . B o T

PART IT.  Determination of the Rate of Diffusion -

Apparatus used by Stefan and Oholm - Modi-
fication used by Edgar -~ Apparatus used in
this work - Advantages and disadvantages.

Mathematics involved - Scluticn of the
differential equation

Complete solution for the present case.

PART III. EXPERIMENTAL DATA. - Diffusion of io-
dine in solutions of potassium iodide of

varying concentrations - Viscosity of potas-

i ium iodide solutions - Density of potassium
iodide solutions. CURVES.

PART IV. DISCUSSION OF RESULTS. What is Dif-
fusion- Nernst's "Reststrom®™ - Work of
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Harry Heymann - Relation of density and
viscosity %o the rate of diffusion.

General confirmation of the Diffusion The-
ory of Reaction Velocity - Summary.
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The Diffusion Theory of Reaction Velocity in
Heterogeneous systems.

York of Noyes & Whitney - 1897. In 1897 Noyes

and Whitney carried out a series of experiments for

the purvose. of discovering, if pcssitle, the laws gov-

— e

erning the rate cf socluticn cf salts in wzter eand oth-

er sclvents. TFrom the results of their work, and those

of others the theory has been advanced by Nernst that

regection velocity in heterogenecus systems is contirol-

led largely, and in some cases entirely, by the rate

of diffusion of the reacting or dissclving substances

through a thin unstirrec layer of the saturated solu-

tion

Tate
rate

slow.

adhering to the surface of the solid. (1 - 2 - 3)
is, we conceive of a thin film of saturated sclu-
adhering to the dissclving solid somewhat as a
of water adheres tc the inside of a pipette. This
is élways sa@urated on the inside, bvecause the

FJ

of soluticn is very rapid in ccmparison with the

of diffusion, which latter in liquids is very

Thiis if we assumtthe thickness of the layer to be
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epproximately constani, as seems reasonable with uni-
form stirring, it should follow that solfition, or re-
action velocity, varies directly as the rate of diffu-

sion. This latter is usually assumed to be proporticn-

"a1 to the difference in concentraticn on the orposite

sides of the %thin unstirred layer. This theory was
suggested by Noyes and Whitney, and further elaborated

by Nernst.

The rate of rezction for first order reactions
in homogenecus systems is expressed by the "Unimolec-
ular formula",

~ - d4x =

it kla - x¥
where k is ihe reactiocn velocity ccnstant, that is
a nurber depending on the so callied "affinity" of the
reacting particles for each other. {a 1is the amount
of reacting material origiﬁally present, and x the

amount transformed)

The rate of reaction in heterogenecus sysiems is
expressed by the formula,

%%=-k00-(a"x)

where O is the surface of the reacting socl@d. It

would seem natural to suppose that Xk had the same

significance as in the first case, but according to
the "Diffusion theory" this is not true. k 1is a con-
stant depending on the rate of diffusion of the react-

ing, or dissoclving,substance znd is independent of the
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raffinity" of the reacting substances. (kx is also in-

dependent of the "oxrder" of the reaction.)

Numerous investigations have been made which seem
tc suppecrt tkis hygpthééis, and it has been accepted
as 2 working basis by many writers, but criticism of it
has been very vigorous by others. 1In testing its va-
lidity we should choose such reagents as will react to
rroduce only soluble bodies under the conditions of the
experiment. Thus we should not expect the theory to
holdlfor metals reacting with acids to liberate hydro-
gen, or for xetals reacting with scluble szlts to yield
insclub¥e salts. These facts should be remembered in
evaluating the criticisme advaced by Narc, Wildermann,

and others. (4,5,5,7,8,9).

Let us briefly survey the chief of these object-
ions that have been advanced against the diffusion

theory of reaction velocity.

I. That it is unnecessary, as the same equation for
reaction velocity in heterogeneous systems can be, and
has been (9) deduced from other and better established

premises.

II. That the temperature coefficient of reaction ve-
locity is found bty experiment to be vefy different from

%he temperature coefficient for diffusion in many cases.
4) , : '

III. That if the diffusion theory were correct metals

ey Ty TITX PE TSRS
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having widely different solution pressures should dis-
solve in a given solution at the same rate; likewise,

that such substances as marble, dolomite, and magnesite,

shoild dissclve in acids at the same rate; which con-

clusions, it is urged, are manifestly not in accord

with the well known facts.

The above list of objections, while not by any
means exhaustive, embody the most important arguments

against the theory.

.
-

A type of reaction that seemed to lend itself
well to this investigation was the rate of solution of
certain metals in a solution of icdine in potassium
iodide. Thé advantages were: (1) that no gaseous pro-
duct was formed which might disturb the "Unstirred"®
lﬁyer; (2) the ease with which the materials might be
obtained pure and in the desired form; (3) the ease
and accuracy with which icdine can be estimzted in so-
1utioﬁs of all concentrations. A little work aioné
this line had beeﬁ done as early as 1891 by 8chlBkarew ,
who worked with various metals in soluticns of halogens.
(10). (This work was done zbout six years beforethe
diffusion theory of reaction velocity had been advane-
ed by Foves & Whitney.)} In 1905 Brunner worked with
zine in solufions of hydrochloric acid , and alsc in
iodine solutions. (11). This work, while on the whole
confirming the theory of reacdtion velocity given above,

is very far from satisfactory. The most systematic




e AN T B e LT S BRR LD

and definite work thus far done zlong this line was

done by Van Name and Edgzr in 1910.

Work of Van Name & Bdgar. In 1910 R.G.Ven Name

and Graham Edgar undertook a series of experiments for ~

the purpose of determining more exactly reaction veloc-
ities between metals and dissolved halides for the pur-
pose of testing the validity of the diffusion thecry of
reaction velocity. Having a very definite end in view
Ven Name apd Edgar took all possible precautions against
such sources c¢f error as were likely to invalidate in
any way their work for the particular end in view. All
of their work was done at the temperature of 25°; the
stirring was thoroughly and uniformily accomplishked Dby
means of an eighth horse power motor. Samples of iodine
solution were withdrawn at desired intervais and titra-
ted. The velocity constant k could be determined as
many times as desired from the same materials. The fol-
lowing from Van Name & Edgar will make clear the meth-
0d of calcuwlation. (12).

"Trom the point of view of the diffusion theory
the mechanism of the reaction is as follows: The weight
of iodine which reaches and reacts with the surface of
the metal in the time interval dt is the amount which
can diffuse through the adherent layer of ligquid in that
time, that is according to Fick's law, it is proportion-
al to the concentration fall across the layer. Cwing to
the rapidity of chemical reacticm the concentration of
the iodine at the surface of the metal is always prac-
tically zero. At the cuter surface of the layer it is
equal to ¢, the concentration of the main solution.

Hence the concentration fall is ¢, and if m is the
total weight of available halogen in the sclution,

dm: M:K,c.

~at T T at
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where X is the velocity constant. Integration for
constant volume gives ~

¥ = v in.c,
+ - b . "
> »t: Cs

Van N¥eame and EBEdgar worked with Eg, Cu, Cd4, Zn,
and 2g. Though most‘of their work was done in icdine
solution, some was zlsoc done in bromine solution. Some
attention was paid to the effect of stirring at differ-
ent rates, and to temperature effects;

As was to be expected the rate of reaction was
increased in =211 cases by increasing the rate of stir-
ring. This is in perfect accord wilh the diffusion
theory,‘for’we should expect the unstirred layer to
be thinner when the stirring was rapid than when slow.

The following sample table taken from the work
of Van Name % Edgai will serve to illustrate the hign

degree of accuracy of their work.

RATE OF SOLUTION OF Hg in IODINE

at 25°.

¢ at v X
0.0281 500 S
0.0355 5 480 5.51
0.0328 5 460 5.320
0.0304 5.3 440 5.25
0.0279 5.7 420 5.25
¢.0257 5 400 5.55
0.0236 5 380 5.99
Averzge X ... 0.43%

100 gms XI to the litre, rate of stirring 170.

Collecting 211 of the constants obtained by Van

Name & Edgar for a given rate of stirring (say 240)
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we have the following table:

Lik’g U
Hg 400 gms EI per litre 10,48
0 .- '9.98 mean 10.13%
A—g oooooooo ¢ ® 0 00 860000 0o 9.95 '
Hg 200 gms XI per litre 9.5§
Cd es c6secss0ssose sas e e 9-50 mean 2.28
zn .............. o0 0 s e 9.64
Hg 100 gms XI per litre 3.81
Cd R R R T Y 8069 mean 8n71
zn ® @ & 5 5 & 5 0 & & 0 e % S OO0 @ v 8.64

In‘the above tables ¢ represents concentration,
At the time interval, v the vclume of solution, and
K the reaction velocity constant. There are three
roints to be particularly noted:
(1) That the results are of a high order of accuracy
for this kind of wgrk, and that therefcre we can put
more rellance on the results than we can on the rather
uncertain results of previous investigators.
(2) That the reaction velocity constant is approx-
imately the same for 21l metals used,and that this
constant® increases vexry ddcidedly with increase of
the potassium iodide. |
(3) That the reaction velocity constant increases, as

was to be expected, with the rate of étirring.

vhe fact that the reaction velocity increases so
markedly with increasing concentration of potassium
iodide at once aroused interest, for it was not to be
expected, and it did not accord with the diffusion
theory of reaction velocity in so far as known factis

went. (This point gives us the starting point for our

T rmw me T
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When we remember how far apart the metals in
question are in the potential series it becomes im-
rossible to gscribe the foregoing results to purely
local cell effects, a2s has been done by Wildermann
and other critics of this theory. We should bear in
mind that the close duplication of results constant-
ly shown by the data of Van Name and Edgar remove the
possibility of merely accidental coincidence, which
has been claimed to be the explanation of scme data
given by previous investigators to prove the same the-
ory. Van Name 2 Edgar thus summarize their work:-
(1) "The rates of solution of the metals Hg, Cd, Zn,
Cu, and”ig:’in aqueous iodine solutions containing a
large excess of potassium iodide have beenbmeasured at
259 and shown to be practically ecual, a slight differ-
ence observed with copper'and silver being in all
rrobability due to accumulaﬁion of the so0lid iodice
at the contact surface."

(2) "The temperature coefficient for 100 {(between 25°
and 25°) is about 1.3 ."

(3) "An increase in the concentration of the rotassi-

um iodide produces a marked acceleration of the react-

don."

{4) "Mercury dissolves in bromine in the presence of
potassium bromide slightly faster than in iodine, but
in cupric bromide much more slowly. ****¥eXtxrxauxdxs
(5) "The reaction was found to be proportional, on the

average, to the 4/5 power of the rate of stirring."

=Trre by TETIY 3
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(6) "So far as can be decided from the data at present
available, the diffusion theory of Noyes, Whitney, and
Nernst, gives a satisfactory explanation of the results

obtained."

Tt will be noted that the fact hardest to reduce
to terms of the diffusion theory is that an increase in
in the concentration of the potassium iodide causes

marked zcceleration in the rate of reaction.

Work of Van Name & Bosworth. (13) Later Van Name

and Bosworth worked with iron, nickel, and cobalt, in
addition to those metals used by Van Xame & Edgar. The
fact th;; these metals also react with iodine at very
nearly the same rate as those previously discussed adds
greatly to the probability of the diffusion theory. The
following cquotation from the work of Van Name and Ros-
worth is of interest here.

"The agreement between the metals Cd, Fé, Ni, and
Co, is very striking, and clearly proves that uﬁder
like conditions these metals dissolve in iodine at the
same rate. In the earlier investigation a like result
was obtained with the five metels, Hg, Cu, Ag, Zn, anmd
Cd. Eight metals in all have, therefore, been shown to
possess the same rate of soltition in iodine, a result

for which there seems to be no satisfactory explenation

other than that furnished by the diffusion theory."

Vork of Van Name & Hill. Recently Van Name and
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Hill (14) have measurea the effect of added non-elec-
trolytes on the reaction velocity, using metallic cad-
mium and iodine in potassium icdide solution as the
reacting substances. The results cbtained by them were “
not in accord with the formula deduced by Arrhenius; (15)
this they attribute to the increase in the thickness

of the diffusion layer caused by the greater viscosity
of ﬁhe soclution. For our purpose the most important
point in the work of Van Name & Hill is that they have
shown that the reaction velocity varies approximately

as the fluidity varies when the fluidity chenge is
caused by‘the addition of a non-electrolyte. This, as
we.shallygeg later, certainly does not hold for the

case where the decrease in fluidity is caused by in-
creasing the concentration of the Potassium iodide

teyond & certain limit.

Attention has been called to the fact that the
reaction velocity increases as the concentration of
the XKI incresses. Nernst deduces the following
theoreticak expression for the rate of diffusion of
any electrolyte:

-4
D -— 2 uv .g.RT.lO

u+v

where D is the diffusion constant, u the velocity of
migration for the cation, v that of the anion, and g
is =z constant. According to this simple formula we

should not expect the addition of a common ion ( X )




to have any effect on the rate of diffusion. (Or on
the reaction velocity.) This apparently unexplained
deviation from the results naturally expected from
the diffusion theory of reaction velocity, becomes of
great importance when we note that it is the only
such deviation observed in the very careful and con-
vincing work of the investigators guoted above. In
fact it seemed that if this-#ézzﬁéguld be cleared up

in a satisfactory manner we would be in =z position to

%0
definitely look upon the diffusionAcfgreaction veloc~-

ity as established in those cases, - typical of react-
ions inéﬁetérogeneous systems - studied by Van Name,
Edgar, and Bosworth.

At the suggestion of Dr. Graham Edgar and in
every way aided and guidéed by him, the writer under-
tock to measure directly the rate of diffusion of

iodine in solutions of XI of various concentrations.
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PART II.

Diffusion of Iodine in Potassium Jodide.

The work previously quoted showed plainly that,
"An increase in the concentration of the potassium io-

dide produces a marked acceleration of the reacticn."

-As no data bearing upon the rate of diffusion of iodine

in ¥I solutions of varying concentrations were availa-
ble a few rough determinations vere made by Van Name
and Edgar. These, however, owing to the experimental
difficulties encountered and to the lack of time to
rush further a side investigation, only gave a rough —
and congﬁraétion of the hypothesis. During the winter
of 1911 - 12 Dr. Graham Edgar made a few determina-
tions of the same kind at the University of Virginia.
The results of these preliminary investigations show-
ed that it was very probable that the original hypothe-
sis was correct as to iodine diffusing more rapidly

in strong than in weak KI solutions, alsoc that fhe vel-
ue of the diffusion constant was somewhere about 1.1 .
It also developed that experimental difficulties were

much greater than had been anticipated.

As previously stated NVernst has deauced an ex-
pression for the rate of diffusicn of electrolytes in
terms of the velocity of migration of the ions formed.
This expression was deduced on purely theoretical

grounds, making the assumption that the electrolyte

was combletely dissociated. The complete expression is:
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D - 0.4485 uv_ .(1 % 0.0034 (t - 18) )
u ¢V
vhere D is the diffusion constant, u and v the trans-

port numbers, and t is the temperature on the Centi-
grade scale.

_ ¥aking the assumption that the KI. is completely
dissociated, and that the ions would m?grate at the
same velocities in the XI solution as in water, and
using the values given by Nernst for the KX ion, and
that given by Bredig for the 1 ion we obtezin for the
diffusion constant 1.21. (19, é?, 18) This value is
in 211 probability too great for the reason that the
triicdide can not be completely dissociated. In fact
the theoretical values thus obtained for a very large
number of salts are in nearly all cases ¥e#% much
larger than the resultg of actual experiments perform-
ed by Scheffer and by Oholm. (15, 19, 20) In this con-
nection it is of interest to note that the theoretical
constant similarly calcylated for XKI is 1.47 and
that actlally founa by €kolm using a soclution of .Cl
normal was 1.486 . This solution was about five times
as dilute as the soluticn of KI used by Van Name and
Edgar,to say nothing of the imménse excess of KI al-
ways present, the effect of which would certainly be
to~drive the dissociation still further vack. (21)

_ In the case of acetic acid Oholm found that the
constant was 0.93 as against 1.37 theoretical, using
0.01 N solution. (Acetic acidé is, ofcourse,a very
weakly disscciated acid.)} This shows the effect of in-
complete dissociation to be very considerable. Ofcourse
too, we have no a priori right to assume that the
rate of migration of the ions is the seme in XI as

in weter, or that it is the same in & weak as in a con-
centrated solution of KI.

Yolecular condition of the dissolved iodine. Le

Blanc and Noyes concluded from freezing point exrer-
iwent% that when iodine is added to 2 solution of KI

it enters into combination to form & complex ion, prob-
ably 13. The fact that iodine thus added does not

T

lower the freezing point of the X¥I sclution is excel-
~N

1en£ evidence that the total number of molecules is

not increased, but does not show whether the resulting
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compound is KIz, Klg or some higher iodide. (22).

In 1877 Jomnson azctually obtained crystals having
the definite compositioﬁ KI5 y by volatiiization ;ver
concentiated sulphuric acid. This, while very strong
evidence in favor of the KI5'in soluticn theory, yet
left room for question, for the exiétence of a solid
compound does not necessarily prove that it exists in
solution. (23}.

The first really conclusive work wae dene by Max
Roloff, who made use of the principle of partition co-
efficients between dissimilar solvents. (24). Roloff
di¢ not werk with iodine in KI solution, but with bro-
mine in XBr soluticn. The other solvent used was CSQ.
Rolor'f showed very conclusively that practiecally all
of the bromine was present in KXBr solution as KBrz,
and not as any higher bromide. His method was to as;ume
that the bromine formed & given bromide, KBIE, KBI5’
or what ever seemed rezsonable; and then from the known
laws of partition between non-miscible solivents to de-
duce a functicn of concentration in each solvent that
theoreticslly should remain constant wi%h varying con-
centrations. Roloff then tésted this hypcthesis by
actually determining the concentration over as large =z
renge cS—eennasptrebdcns, 2s seemed practical. He thus
showed that the bromine in a XBr solution is pres-
ent‘as KIBr3 almost eiclusively, and by analogy iodine
in KI should be present as KI,. For a full discus-

sion of the theork inveolved and for the data the rezder




e Fods $osm PR bt sl 0D

T s

5 b 0 RS A DT

e e e e S o S ok
-

L i ot

should consult the original article. (24)

| Later (1896) Jakowkin, using the same methods as
those used by Roloff, showed that the reaction was
strictly analogous for other bases and for other hal-

ogens; in particular for iodine in XI soluticn. Takow-

¥in goes into much more deteil than does Rolcff. (25).

Two years later A.A.Foyes shewed that the amount
of free iodime (Iz) in ;oluticns of XI far more dilute
than any with which we worked is negligible. (25}

Still more recently Osaka showed that the freezing
point of a solvtion of XI was actually xaised by the
additidq,of iodine. In fact there was a small rise in
the freezing point as found by LeBlanc & Noyes, but
they put this down as experimental error. HoweverJOsaka
showed that though small it was easily measurable, add
further that it was greate; fqr EI +than for XI. From
this he concludes that EI, end HI, must be somewhat
less dissgciated than XI =2nd HI. Ee does not make
guantétative computaticns because he feels that the
data is not sufficiently accurate for this, though un-

doubtedly sufficient for a qualitative‘statement as

made above. (27) .

Vork of the writer under the direction of Dr. Edgar.

In October 1912 the writer,under the guidance of Ir.

Graham Edgar, began a series of experiments having as
enq in view to determine if rossible the rate of dif-
fusion of iodine in solutions of KXI of varicus con-

centraticons. In 211 cases it was decided to have the
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sclutions of normal strengih or some simple multiple

thereof. The iodire was assumed to be present as ¥I,,
rd

and the calculated amount of XKI was added extra to
the solution containing the iodine. That is to say,
the concentraticn of the XKI exclusive of that forming
triicdide was the same in both solutions {layers).

The appraratus used was modeled after that of
Stefan, utilizinz the four lsyer seheme and maxing use
of Stefan's tables. (28, 29). As the valucs ziv:in in
these tables required considerable interpolation, a
set of curves was drawn on a suitable seale from whieh
the values-—for X could at once be read.

The apparatus used by Edgar consisted of a flat-
bottomed glass cylinder of about 100 c.c. capacity,
carefully selected to have uniform diameter and =an al-
most flat bottom. A mercury bottem could not be used
because tﬁe mercury would be attazked,by the iodins;
nor was any liquid known suitadle to use for this pur-
pose. Three portions of XI solution af about 25 c.c.
each were first run into the ecylinder by means of =&
separatory Tunnel having a thin walled capillary tudbe
for a stem. This capillary was set within the cut-off
stem of the funnel by means of hard paraffine,zreat
care being taken to prevent any paraffine getiing on
the inside of the capillary tuve. This tube extended
down to within 0.2:to 0.3 mm. of the bottom of the
cyiinder, thus causing the inflowing liguid to spread

out into a thin sheet as it entered the cylindg;irIf
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the layer containing the iodine wgs slowly and care-

fully run in there was no mixing of the layers so fé;
as could be detet¢ted by the eye. When the last layer
had been zTun in there was a space of about 0.5 cm be-
tween the top of the liguid and <the %ep.g?ﬁthe cork.
The cork was slightly hollowed on the under side, and
covered:with a thin coat of paraffine to protect it
from the iodine. The delivery tube was so placed that
it tapnad the highest the=hiwkest point of the under
side of the cork. {Sees fig. 2 .} ¥ hen it was desired

to remove the layers for titration, a very concentrat-

2d solutiom of XI (always having a hither specific

(Hs}

ravity than that used in the experiment) was slowly =
run in through the funnel 1ill the air space was exact-
1y filled. Then the stopcock was turned and all excess
of the displacing fluid was carefully removed from the
funnel; first with a pipette, and then with a bit of
rolled filter paper. Text there was introduced into
the funnel, and slowly run into the cylinder the same
amount of displacing fluid (strong XI solution) that

was in each layver. This was measured in a pipette of

the desired size. Thiis,layer by layer the liguid was

removedvafter diffusion had proceeded so far zs seem-
ed desirable. Experience showed that a period of from
8ix to eightdays was reguired to give a satisfactory
qugntity of iodine in the upper layers. All of these
experiments were performed in a gas heated thermostat

that kept constant temperature to within 2 0.1°2 if
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the gas pressure was constant.

the first experiments made by the wrilter were
made Witk the apparatus juse deacribed; except that
an electrically heated thermostat was substituted for
the one heated by gas. This thermostat was very sensi-
tive and would hold the temperature constant to within
about 0.02° for a week if the temperature of the room
did nOt vary more than 5° or 5° - and if the ecurrvent
was not cut off in the interval. As we had.no celilar
at our disposal, the'temperature frequently did vary
far more than this, and in consequence we frequently
lost set‘%ftér set of experiments. Also the current
was frequently interruptcd by various accidents to the
city power plant, - reparing, rewiring, and so forth.

New apparatus used. It was decided to use a cyl-

inder much shorter than before, and to have only two,
instead of four,layers. That is, egqual juantities of
iodine solution and of pure XI solution were us=4. The
eylinder was of the same general type as befome, (see
fig. 1.) but somewhat smaller in diameter and very much
shorter. The length cf the new cylinders actually used
was about 7.5 cms, and the pipette used to measure

each layer held about 15 c.c. The best results can be

- obtained with this apparatus when the time is from 3

to 4 days. The advantage of this shortening of the
time is:obvious and very great, but it is not attained

without some disadvantage. The four layer system gives

-~ ¥ theoretically three independent equations, from




PFETE PHFRPRTEE PRY-T]

A i i b L BT T

T s, S Syar e

s a7 1Y, st

- ZU =

which to evaluate the diffusion constant {X). It is
true that in general- some of the values are uncertain
for mathematical reasons, i.e. the value of _QZ; cor-
1
‘responding to a given titration figure changgsdvery
little for ouite large changes in the titration figure.
In spite of this the four layer system usually gives

more than one independent value for "k" in a single

experiment. In the itwo layer system, the onlg check

is to run separate experiments, either at different

times or with different cylinders. rhis ofcourse means
moré work, yet we found that the results were much
more satisfactory than with the four layer system.

The method.of procedure in this case was the same
as for the four laver system, the iodine solution of-
course forming the bottom layer. In general four cyl-
inders were filled at the same time. After a period of
from three to four days the_top layer was removed as
in the four layer case. As there is no check in ths
two layer system there was no advantage in remcving the
second layer. (Titration being very much more éccurate
than the other factors involved.) Some éf the criginal
iodine solution was always placed in the bath along
with the cylinders, and a pipette full was removed =at
the same time that the samp&es'were removed from thé
cylinders. A small porcelain:%gi used to receive the -
iodine solution as it came drop by drov from the deliv-:
ery.tube. (a, fig. 1.) As soon as a sample was removed

it was transferred tc a small glass stoprered flask, a
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pipette full of thé original iodine solution being also
put into a similar flask. When all four samples had
been removed, the iodine in the flasks was titrated with
aodium thiosulphate (approximately N/75). Stérch paste
was used as an indicétor. Thiosulphate as weak as this
will change strength from day to day; tut this intro-
duces no error as a fresh sample of the original iodine

solution is *titrated every time a determination is made.

The eguation used to determine Xk 1is:-

o

xe X .2.20 log8 Ve
t " RV, - 2V,

{The deg;vqgion of this formula will be given later)
Here X 1is the diffusicn constant, 1t the time in
days, Vo the total amount of ibdine in the cjylinder,
V, the amount of iodine in the top layer after time

t haé elapsed, and x 1is the length of the total
liguid column, i.e. both layers. It will be nééed that
the quantity V , occurs to the first power in both

denominator and numerator of our fraction (and there

oply); hence, it does not matter in what unit V_ is

CEUNG GNP}  FUEETED D ————— =T

measured. This is of great practical value, for it

allows us to be indifferent to the exact strength of
the thiosulphate used.

In a few cases, instead of placing the cylinder
in the thermostat it was placed in a Dewar flask, be-
ing securely held in place by a well fitted cork. This
was’possible only in summer, and at such times as the

temperature of the room was nearly 25° and fairly con-
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stant. The flask was filled with water at as nearly

room temperature a8 possible, the empty cylinder and

thermometer inserted, znd the whole left for a2bout a

day, so that the system mignt be in thermal equilib-

rium. GChen the experiment was éarried out as in the

other cases. The temperature recorded for the experi-
ment was the mean observed (4 times a day) during the
run. Constants thus obtained were reduced to 25° by

means of the formula given on a previous page. (15)

It was only rarely that conditions nermlﬁ%d of the
use of this method, and as it offered no special =zd-
vantage346ver the use of the thermostat, it was only
used a few times. The one interesting thing learned
from this method was that if the temperature change ve
slow and steady, no percéptible mixing is caused by =2
ris€ or fall of 0.5°, while experience showed that a
temperature change of only 0.1° caused by the 2 break
in the heating circuit of the thermostat was always
fatal to results. Ofcourse,in the latter case the fall
was comparatively rapid.

MATHEMATICS INVOLVED IN THE PROBLEM. Consider a Sub-

stance diffusing in the direction indicated by the ar-
row in fig.2. Let u be the concentration at A4, and

u - du the concentration at B. If now we make the

thickness of the layer very small du becomes du .
Hence we have the expression,
(w+ du) - u
for the difference in concentration at A and B.
Dl ferentiating this expression we cbtain for the change
in concentration cor*eapondlng to dx, the thickness

of the layer
’ ,du_du o
ax 3x* ax ox™
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The change in concentration with respect to time
is, Qg , hence we can write,

o (1) 2 3
\I u : k' u
t ox™
Any solution of the eguation (I) must be a function of
X % t. Put, e

usef(x,t) = cos nx. e ,
differentiate with respect to 1t and we have,

Qu - % -+t
ot - k.n.cos nx . e ,

and differentiating with respect to x we have,

du . L
= - -n.sinnx . e ,

x
differentiating again with respect to x we have,

- -Knt
8u . _ ficos nx . e .
2% '
Substituting in equation (I) we have an identity;
hence, w.= €08 nNx . € #¢ is a solution. Ink;g;actly
the same Way we can show that u = sinnx . e is a
solution; and hence, »=<0
. —xn&
(II) u = E(a,,cos nx + b,sin nx). e
nz=0

is a soiution. If this is to sa‘gisfy our conditions
we must have for t=0 , u = fix) xnown i.e u,, and
when x =0 or xX=17

du . .
a—;{-o,atalltlmes.

(Hexe r is the total length of the column , i.e. both
layers.
Differentiating equation (II)}, and putting x = O,

we have:
h

< -1t
du =Z‘_ n(a, sin nx - b,cos nx) . e =0
E h=0 "k”‘t— )
For this case sinnx = O ; dut as e can not be zerxo
bn must be zero for =all wvalues of n. If now we put
X = T the above eguation vecomes,

(II1) g_; =Z- n.a,sin nr = 0

Hence, nr must be some multiple of H , i.e. the values
of nr must be,

0, H, 20, 3H, 4, .cvveererncnanans
6r n must be,

0, Wr, 2¥r, 30W/r, 40/r, «vvvenans
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Equation (II) now becomes,

° A'r -*"'kt
u = a,cos O . e°+ a cos Mx/T . e + a_cos 2Fx/r . e T 4
-9 %l TR .1

e T £ 9700 S 2t { 07 @ i A @ T

a,co8 3Mx/r . e 7 ¢+ z,cos 4Hx/T . € Tinennn
7

It now remains to evaluate the coefficients a,, a, , Bz, 000 ee
Put t = 0, then will the above equaticn oecome,

u = f(x} = a,cos O + a,cos ix/T + » cos p2a 15, /6 1 SO

Multiply both sides by cos nlix/r. dx , and integrate

between the limits x =0 and x =71 .
x=r x=r

ff(x).cos nliix/r .dx :/a,cos 0 . cos nix/T .dx
Fﬁofcos f#x/Tr . cos nﬁx/rx.:gx +/azcc>n 28x/r .cos nmg/r.d:g
....}.‘.‘....j;;gos"nﬁ'x/r dx 4 e
Nake use cf xtjl;e relation that,
2 cos A . cos B = cos{A+ B) + cos(a - B)

— -

The first term may be written,

z=r
/acoslﬁg/r.cosﬁmg/r.dle csM)ax‘r

=0 / nM }x o

Evaluating the above integral between the assigned lim-
its we obtain zero. In the same way all terms except the
n.th -fall out.

¥aking use of the reliations,

sin A = ${1 - cos 24) and cos*A - 1 - sin A ,and hence,

)

cos A = *{cos 24 + 1), and putting niix = A
_ T
and substituting in the n.ta term we have,

x=r r
ar/nl?ﬁos A.dA = ar/2nﬁ'fcos 2A.dA 4 ar.A/2nfl =
S

x=0
° ar/4nf.sin A 4+ ar.4/2nT .

Within the assigned limits the sine of A is always
zero (being a multiple of 7¥¥):- Hence, replacing A
by its value nBx/r , and solving for a,, we have,

a2, # 2/1‘./?(;:).003 nix/r .

Tor this special case,when :t = O, u e u, from x = 9

et e

to x=1/2 ; u=0 fromx=1x/2 tc x=r , hence:
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x=71_ H

gy, = 2\#/1“/;08 niix/T . dx = 2ufnk. sin nK/2

X0

. /=
Hence: a,=2y, a,=z0, a.,. 2y/3, a.= 0, gz 245, «.....

f] z ¢

B BT mm

{Note that we can not obtain a from the zbove formula
because it takes the indeterminate form 0/0.) To deter-
mine a, take our eguation before integrating and put
t =a@ , f(x) or u now clearly becomes +u,, and all
other terms on the right except the first or "zero" term
venish; hence, 3a,z= TU,.

- Ve can now write the complete solution for our
case, which is;-

1:{ x=£
_zhe
(I’ﬁf)"/;‘(x).dx :ﬁ.dx = tyfsa + 2yft.r/fi.sin B2 . & Ty
»=0 REO

[ Ia3n

0 + v2g/5‘,7.r/5ﬂ'.sin /2 .8 7" 4+ 0 - eiieieenn

Note that alli the even terms fall out {(because they con-
tain the e expression sin m , where m 1is an integral.
Also as the series stands we see that the sines are al-
tegnately  #"1 and - 1, hence we can write,

\Y

. x=Z ) . _.:53 - - nt
(V) frix}.ax = 2y r{ 1/8 + L/iEe T - 1/3F . e T4
. . __..,r;‘vt - _w‘_
x=o l/ZSHO e r "’.l‘/q‘gno e r" * " o ® o O 9 0 e

- - - " T ™ Se S G G = - A e = GRS B AP S e G D e P P G D R TR e GG AR WS A S WD n G S . e e

Numerical Considerations. For our case,

r & 5C approximately
k - 1 - 2 "
t = 32 "

The third tirm in (V) bvecomes therefore:
— PITRIS X3 -

X 1/89. e %o - 1/89 . e

Put &° - N, then will 1n,N - 8; and hence

log N = .4343 x 8 = 3.47 (approximately)

Finding the number corresponding to this logarithm from
tables, we have; '

X -

= 3000 (approximately)
1 .75 x 10° |
Hence, X = = 3.75 x 10 = .co0000375

89 x 3000




SAEPRTICHETR TI WRUE LR SR 7S PR 7}

¥a

LY TP N

ey

- 25 -

This value is obviously too small to have any signil-
icance; and as all succeeding terms are very much
smaller and alternating in sign, we can with perfect
safety discard all after the first two.

Computing the amount of diffusing substance in either

layer after lapse of time Z%. Let V, be the amount:

_of iodine(say) originally put in the cylinder, V, the

amount left in the lower layer after time i ,Vthat found

in the upper layer after time 3%, Obviously,

x= .
v, =o‘/u.dx = 26’.1}5.1-{1/8 + V/E™ e‘i’-r/";_t}

(Where @  is the cross section.} Also,

Y" - P eur

Therefore;

. —inl
Vo= av§1/8+1/17 e—F}

Cr
» ’i'zr { } -
- )

Put V = Vo- V,, and solve for &k,
k - - z . lne%Vo ': ZVI E {: _3;:- 1% VO - §a-
r* _8_ . Vo
th * * 70 Hz Vo- 2V'
<. K
= 3 20. 8105 —Vo ___
Rt Vo= 2V, .

Thig last is the formulz used in 21l cases for

computing k by the two layer method.

D D B S . T - O v = W S G An e G Ve B R L SR D S G W P EP S R WR A A R SR L EL e S SR G e G e

I wish here xx@ specizally to acknowledge my indebi-
edness to Dr. C.M.Sparrow for time and assistance free-
1y given in aiding me to an understanding of the math-
ematics involved in this problem.
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PRELIMINARY TABLE.

Diffusion of Iodine in Potassium Iodide.

Values obtained by Dr. Graham Edgar alone previous
to the author's Cfirst work. This werk was done
with apparatus involving the four layer systiem, and

each value given is the mean of the most concordant

" values for two, three, or four layers.

100 gms. XI per litre ..... X = 1.09%
200 gms. KI per litre ceees K= 1.1G1

400 gms. KI per litre ..... X =1.278

. -

Translated into terms of normal solutions the

above becomes:

1.093
1.181

6.50 normal cesss K

Ul

2.40 normal vee.. K =1.278

These values zre made use of ir future

tables, due note being made of the fact in each case.
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Determination of Viscosity and Density of XI Solutions.

The apparatus used in determining the density con-
sisted of a very accurate set of hydrometers, graduated
to three decimal places and readily estimated to the
fourth place. The viscosity determinations were made
with the usual Ostwald-Poiseulle apparatus. The one
used for the first nine values was a commercial viscos-
ity meter having a very short period of delivery (abouti
45 seconds at 25°). The last four determinations were
made with an apparatus made by Dr, Edgar for the pur-
pose, and having a period of delivery of =zbout 100 sec-
onds. For-our purposes the results found by using ei-
ther apparstus are sufficiently accurate.

The formula used to obtain the relative viscosity
is: %'z, - t;,/t, (30, 31) . In table VII z at 25°
for water is taken to be unity, the viscosity at 25° is
taken to be 0.50 of that at zero, and the viscosity of "
water at zero is taken té be 0.018085 C.G.S. units.(32,33).
For our immediate purpose the unit chosen is of no im-
portance, yet in view of the fact that tket no satis-
factory table of viscosities for potassium iodide solu-
tions is known, it seemed worth while to give these -
values in terms of all commonly used units. The best
data that could be found on this subject was that of
Taylor & Rankin (1903). Their results, so far as com-
parable, agree fairly well with ours; but as he worked
with only three concentrations his data was not suffi-

cient for out purposes. Getman (1905 - 1908) also de-~
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termined the viscosity of XI solutions of different

concentrations, but his work was done at 18°.

In drawing the curves for Fluidity, Density, and
Diffusion, the axes were 80 shifted‘as to give a set
of curves that could all be drawn on the same sheet for
the sake of comparison. A full discussion of these

curves will be found in+he proper place.
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. TABLE X . . (See plate II) . .
’ﬁéﬁéitieé and Viscosities of Solutions . . ... .. ... ..

of Lithium & Sodium Chloride.

_ (For comparison with potassium iodide). . . .. _ .|

Normzl | Densit! Visc. |Density Visc. Demsity| . Visc.|
NaCl-157 259 |[LiCl LiCl Bk

gt
0.125 [1.0057 11.0125 {1.0018 | 1.0115| 1.008 |1.0358

0.25 (1.0112 {1.0239 |1.0047 | 1-0314; 1.184 [1.0824

,

0.5¢ [1.0210 [1.0471 |1.0109 | 1.0555 1.1725

1.00 [1-0426 [1.0973 |1.0231 | 1.1423%| 1.184 |1.3571

1.50 [1.0043 1.0355

2.00 |[1.0852 1.0481 ' 1.421

2.50 [1.1082 1.0597 : ;

3,00 {1.1313 1.0715 2

3.50 |1.1552 1.0835 |

}4.50 1.2040 | 1.1100

5.00 | - - - {11222
LU U A - B R T

LT

L :

' *» Van Nostrand's Chemical Annual (1913) ..
_# Tondolt & Bdrnstein (4 Auflage) . . . . .
AR " . Page273.. o -4

_ *#* Wagner, Zeit. fir Phys. Chemie V, 31.

" (Transformed- from per cent to normal data by the writer)d
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Discussion of Results. General confirmation of the Work of

¥an Name % Edgzar, and others. If we examine table IX, we

see that there is no apparent discrepancy between the reia-

tive increase in the rate of reactiOn velocity with increas-

ing concentration of XI and that of diffusion unde# the
same circumstances. This becomes clearer if we examine the sk
curves of these quantities. In fact we may say that within
experimental error the curves for diffusion and for reaction i
velocity are parallel. (It is to be noted that the scale on
which these curves are drawn magnifies the errors.) It is
to be regréﬂ?d that the work so done by Van Name and Edgar, %
and by Van Name and Bosworth do not give us any points on our
curve %ev:nd;a'éoncentration of 2.5 N, and hence we can only :
guess as to the probable form of the curve at higher concen-
trations. It would be very interesting and instructive to
obtain a curwe for reaction velocities covering all concen-
trations cover2d by the diffusién or viscosity data. 1is it
is,there is no way to know if the reaction velocity curve
corntinues to rise or lixe the diffusicn curve falls or be-
comes flat at higher concentrations. - In the absence of evi-
dence the latter seems the more probable,for two reasons;
(a) the velocity Eurve though still rising, is rising much
more slowly near the end, (%) the reaction velocity curve
has approximately the same form as the diffusion curve so
far as it is known, and hence it seems reasonable Lo assume

that it will,probably continue to have the same form.

General.fheory of Biffusion. The vhenomenon of diffusion

may be defined in three ways according to the point of view,
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1. As an empirical fact.
2. As a censeqguence of the kinetic theory.
3, As 2 result of the second law of thermodynamics,

i.e. from the view point of energy relations.

1. Diffusion may be d2fined gs the mixing which takes'

place when itwo dissimilar but miscible licuids are left

in contact for some time under conditions precluding
mecteniczal motion or convectiorn. Or diffusion may be de-
fined as the mixing taking place in a system that is i-

solated, thermally and mechanically.

2. Diffusion may be defined as mixing due to the ran-
dom motion of molecular particles, in distinction from
mixing due to directed motion of masses of the substance,

e.g. mechanical wmixing or convection.

. Piffusior may be defined as mixing due to the de-
(="

crease of the free energy-of the system (increase of

the entropy) in accordance with the second law of ther-

modynamics.

It should be noted that just as diffusion may be
defined from the view point of the kinetic theory, so
by a reciprecal process we may say that the facts of
diffusion furnish the most striking, and to many minds
the most convincing, proof éf the kinetic theory. |

In general it would follow as a consecguence of
the kinetic theory that the rate of diffusion should be

5 retion o he ‘emrerzture. of the size and nature




of the molecule, and of the medium through which dif-

fusior tekes place. (The mathematical treatment of Gif-

fusion when the temperature, kind of moclecule, and me-

dium are constant, has teen taken up in detail for our

rarticuiar case on a previous page.) Nernst has devel-
cped a very complete theory of diffusicn for electro-

lytes which has already been mentioned in this article.

In so far as an electrolyte is dissociatedéd the separate

ions will have incependent motions within a cerizin nar-

row_rance, this range is very sherply trimited by the

large electrostatic forces that must come into play as

soon as an accumulation of one kind of charge is percept-

ible in-any part of the solution. (34)

on the above theory as a basis Nernst deduces the
o

expression already given for the velocity of diffusion

of an electrolyte; viz.:

K = 2uv .g RT. 10’
u =+ v

where u anéd v regresent the ionic mobilities of

the cation and anion resrectively, and g 1is a2 con-

stant depending on the unit in which X is given. It
is assumed that conditions during diffusion are the

gsame as when u and v are measured. This is not the

case for us, and there is no way in which we can do

more than guess the ionic mobilities under ccnditions

of varying ccncentrations of Ki.

Thecry of the "Reststrom®". If a very low potential dif-

ference be maintained between two elecirodes immersed

a conduectinge solution it is found that a weak cur-

I
i
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rent flows, even vhen this potential difference is far
below the "decomposition poténtizl" for the solution.
Futther, this current {Reststrom) does not obey Ohm's

law, even approximately, for it remains almost constant

“through changes in the e.m.f. of several hundred per

cent, say from C.1 to 0.3 volt. Nernst znd Merriem
have shown thét with rapid stirring at a given rate the
Reststrom is practically constant over a very large
range of potential differences, and is closely propor-
tional to the rate of diffusion of the depclarizer.
They make the assumption that this "Reststrém" is aue
tocthne diffusion of the ion or depoiarizer {as the case
may be) through the thin unstirred layer which they as-
sume to cover the electrodes. (355

York of Harry Heymena. Iin 1912 Heymann made use

of the "Reststrom® as a means of further establishing
the"diffusion theory of reaction velocity in heteroge-
neous media". He worked with rlatinum catalysis of
hydrogen peroxide, iodine in XI, =nd the sciution of
coprer in I% 4 KI . In the preface to his article he
calls attention to the fact that Van N;me & Edgar Lad
covered much the same ground, using various metals in
I, + KI solutions. Using a sclution of X/1 XI in
which was dissolved iodine Heymann determined the "Rest-

strom® using potentials varying from C.1 to 0.45 volt.

mhe "Feststrom®™ within these limits was practically con-

stant as it was for Fernst & Kerriam.

Heymann found that the thickness of the "unstirred




layef“ decressed with more rapid stirring as did Van
FTame znd Edgar. Heymann made a single determination
of the diffusion censtant for iodine in normal ¥I, di-
rectly, by a method practically similar to that used
in this work. Using his value and extrapolating by
Nernst's formﬁla.we cbtain for the diffusion constant
at 259 1.19 . This is in close agreement with our
observed data. Extrayvolation is hardly fair however
over 8o large a range o; +emyerat?¢es a8 Heymann worked
at zbout 8° . In the second parfof his article Hey-
mann discusses the work of Van Name & Edgar at length,
and qué;e§,much of their data to show that it is in
line with the deductions made by Nernst, Merriam, and
himself from experiments with the "Reststrom". He clos-
es by saying, |

"Aus an grossen Anzahl von Reststircmbestimmungen
fand ich, dass der DiffusiCnkoeffiizient des Jods mit
steigendervK’—Konzentration stark wlchst, und zwar ziem-
lich analbg den von Van Name und Edgar gemessenen Auf-
18sungsgeschwindigkeiten von Metallen in gleich Konzen- °
trierten Jodksliumjodidl8sungen.® - ( 35)

This, ofcourse, is in accord with the results of

the presenf writer also.

Discussion of scme of the probable factors :involved.

For our case a8 the temperature was held constant,
and the iocdine content {free) was also constant, the

only independent variable was the concentration of the




Ki. It is nct so easy however to be sure that we have

under consideration all of the dependént variatles, and
even if so it is in some cases difficult to determine
what functior such variastles are ¢ the concentration.
The following factors will be discussed.

1. DPensity.

2. Fluidity (or reciprocal viscosity):

E 3. Dissociation of the KIz molecule into ions.
4, gffect of the common ion (K).

These factors will be taken upr and discussed sep-
arately, and so far as possible the relation existing
between .them and the concentration of the KI will be

—— ar”

determined.

Density & Concentration. A glance at the density curve
for KI solutions {plates I & II) will show how exactly
density and concentration go together for this salt. A

| careful scrdtiny of table VII will show the same. pen-
sity curves for scme other solutions will be found on
plate II. vhile these curves are approximately siraight
lines, all have some perceptible curve except that for

KT solutions, which is a straight line exactly, at least

so far as our measurements show.

A1l curves on plate II are drawn on the same seale
as those on plate I, and therefore are fairly compara-
ble. The data was obtained from Van Nostrand's Chem-

ical Annual (1909), Riedermann's Chemiker-Falender (1913%),

TLandolé-B8rnstein-Roth's Tabeln (4th Auflage), or

from oricinal souryees. In rmost cases laboricus compu-




e

P

P TUY PO TSR S UL L g

tations had to be made to transform by interrolation
values given in prer cent, into values for normel or
molar soluticns. This suggests the need for = sét of
tables giving the various physical prorerties of solu-
tions for normal .and molar concentraticns instead of
the usual per cent concentraticns. Such tables should
\
cover the fullest possible range, and not merely val-
ues below and up to normzl as is the case for those few
tables that uée normality as the concentrztiOn unit.
The prewiously noted fact, that the density of XI
soclutions ié directly and strictly proportionzal to the
concentraticn of the ¥I rrevents density from having
JEPR
any value as a variable. That is, we can not distin-

guish between the offects of density, as such, and of

concentration, as such.

Fluidity o Concentration. By fluidity is meant the
reciprocal of viscosity. For cur purposes it matters
little what units be used, but for convenience I have
always taken the viscosity of pure water at 25° as u-
nity, except when srecifically stated otherwise. As

in the case of density, viscosity is usually given in
terms of per cent concentrations,and has to be changed
to normal or molar terms before it is of real use for
comparison. The only data.of_interest for us that
couldAbe found when this work was being done wastthat
of Taylor & Rankin, who measured the viscosity of KI
solutions at the following concentrations, 1.0 N, 2.0 W,

and 3.0 ¥. at seweral temmeratures. (3273.

e h A e BT R ) BT ST
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In view of the meagerness of the available data
we determined the viscosity of various EI sclutions
(see table VII), and from this data the curves on plates
I and II are drawn. If we examine plate II, we see
that for most salts (ZnSO; , 1iCl, & NaCl are shown.)
fhe fluidity racidly falls &s the concentration increases,
thét both density curves and fluidity curves are slmost
straight lines; and hence the one varies inversely as
the other. TFor XI the fluidity curve is very peculiar,
it first rises and then falls, being fairly sy@?trical
and having a maximum at about 2.5 normal comcentration.
If we examine thé diffusion curve (plate I) in com-
parisoﬁ;wi%h the fluidity curve we see that it rises,
as was to be expected, with the fluidity curve; but much

more rapicdlv. Further, at about the concentration at

which the fiuidity curve shows z maximum, the diffusion
curve becomes almost flat.. ihus we see that diffusion
can not éepend on viscosity alone for our case, as weas
thought probable when the work was begun. It is inter-
esting to néte that so long as the fluidity curve rises,
the diffusionccurve ‘'rises more rapicly than either the
fluicity curve or thé density curve; and that as these
two curves begin to go apart the diffusion curve ceases
to rise and becomes flat. This seems to indicate some
relation between the density and the rate of diffusion
similar to that beiween the fluidity and the rate of
diffusion. {Ofcourse here density and concentration of

XI go hand in hand.)}
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Decree of Dissociation of 315' Osaka has shown that

213 is probably less dissociated than XI (27). Hence,
its dissociation would be very much driven back in strong
KI solution. This would mean a far larger propégién of.
undissociated KI5 molecules in such solutions. If

now we asssume that the effects of increasing viscosity
is less on Xlgz than on the ions of the same sait, we
have a possible explanation of the cbserved facts. This
exrlznation is, ofcourse, very far from satisfactory,

for we do not know that the effect of increzsing viscos-

ity on the KI§ and its ions is as indicated. (frgumentum

ad igrorsntium) Yet in the sbsence of something better

it may serve as a hint of 2 possible explanation.
In general it is supposed that ions migrate faster
than the corresponding undissociated salt. This would

seem probzble a priori as the undissociated molecule

rust be larger,unless the ion is hydrated to a greater
exfent than the molecule. Oholm has made a specizl
study of the rate of diffusion of electrolytes, compar-
ing the diffusion constant calculated from Nernst's
formmla with experimental values. In ﬂost cases the
observed rate of diffusion was less than that caléulaé
ted, and the discrepancy was far greater for weak thén
for strong electroiytes. qhis is easiest explained by
assuming that the undisscciated molecule migrates more
slowly than the ions, hence, the diffusion constant
calculated for comrlete dissociation will always be too

great unless the dissociation be complete.
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These observations are not in accord with the exper-

imental facts for cur case, and they apparently contra-
édict the possible explanation suggested on a previous
page; however, the thec~y ¢f Nernst and the experiments
of Oholm have value for water soclution only and need

not hold for XI solution.

Influence of an added Electrolyte having a €ommon Ion.
1t has been shown by Abegg & Bose (58; that the effect
of an added electrolyte having an ion common with the
diffusing electrciyte is tc make the rate of diffusion
aprroach that of the ion that is not cormon. The fol-
lowing §éhéﬁe,taken from the article by Abegg & Bese,
will make clear why this shoulé be so, and as a matter
of experimental fact it is so.

Let us consider two diffusion systems. In the first
let there be two.layers of the same electrolyte A.B
having in one layer the concentration ¢ and in the
other iayer the concentreation c¢ + dc. In the second

system let there be the same electrolyte having the

;ame concentration, and also the added electrolyte A.X

having the same concentration C in both layers - C
being very great in comparison with c¢. Then will the
scheme given below rerr=sent thé concentration of all
kinds, supposing the dissociation to be complete. we
see that in systen two , the common ( A has practically

the same concentraticn in beth layvers, and hence it

diffuses very siowly. this leaves the uncommon ion as

the onlv factor of importance in the rate of diffusincn.
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Ofcourse in practice these conditicns are not realized,
but the rate éé diffusion approaches that of the uncom-
mon icn &s the comcentraticn of the added electrolyte

increases in comparison with that of the original dif-

fusing electrolyte.

Scheme copied from Abegg & Bose. (38)

I II

A {¢) A (c + de)i 1 A {c+C) A {c + Cedc)

B (e} B (¢ ¢+ de) B (¢} B {c & de)
X {(¢) X {C)

For our case this wculd mean that the Ffate of dif-
fusion would approach nearer and nearer to that of the
13 ion as the concentration of the ¥I increased. As
the migratiog velocity for 15 is certainly less than
for K we should expect the rate of diffusion to fall
off with increasing concentraticn of XI. This it dces
not do. (According to Bredig the migraticn number for
I; is 44.2, according to Crotogino it is 50, that for
K is well known to ve about 55.3 (39,40,41) ). The

above forces us to conclude that cther and more potent

" factors are working in the opposite direction.

Discussion of Plate I. A careful review of the factors

Just discussed leads us to the consideration of the

ohly two independent varizbles (or varisbles not known

to be simply related) having important and tracesble

effect on the diffusion. These are the fluidity and

the density of the solution. The effect of the fluidity
is as cne would theoreticallv expect it to be. at least

P
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up to about 2 N; Tut it is not clear why the rate of
diffusion should incregsse with density, though it cer-

tainly does as is shown by the curves on plate I.

The simplest assumption that can be made a8 toc the
effects of viscosity, and density,respectively, is that
the rate of diffusion varies directly as the cdensiiy
and inversely as the viscosity; or that the rate of dif-
fusion varies as the product of density and fluicdity.
This assumption however can not be even approximately
true, for it would necessitate a very mucﬁ more répid
increase in the rats of diffusion than is shown by ex-
periment. However, the writer has deduced an empirical

A
expression, by means of the three curves in guestion,
which gives a very satisfactory numerical relaticn be=-
tween the diffusiocn constant and the fluidity and den-
sity. It is,

50(K - 1.02) = 100(F - 1) - 2’0(,: - 1)

. or
K =2F + O.ﬁp - 1l.42

X calculated according to this equaticn gives the dot-
ted curve for diffusion on plate I. The difference be-
tween the diffusion constant thus celculated and that
actually fpﬁnd by experiment is given in the last col-
umn of table VIII. Phe meximum varisticn is 2.8 7.
This is hardly gresater than the probable maximum error,
and the average variaticn is certainly within the prob-
able error of experimentation. ¥nile it is not to be

expected that this equation expresse8 the exacl relaticn,

it is probable that it is 2 fairly clcse approximaticn.
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It is of interest fo note that the curve thus calculat-
ed shows a maximum at a concentraticn of about 3.5 N,

a point at which we have no experimental data, and falls
to very nearly the observed value 2t 4.5 N, the next
roint at which we have an experimental value for the
diffusicn. The writer hopes at some time in the near
future to find by experiment whether or not such a max-
imum really cxists at about this concentration. also

it woulé be interesting tc see if the diffusion curve

falls, as does the,ax;exiéggggl curve, at concentrations

higher than 4,5 normal. All that we can say at present

is that the empirical equation given above in all prob-

e

ability gives a fair approximation to the truth.

The following empirical formula also gives a fair
. .8 . ‘s N
approximztin to the experimental value for diffusion
a

constants,

_K.F‘VF+A

where A 1is a constant {(about 8). tThis formulz seems
to have a somewhat more raticnal basis than the one
preqiousl} given, but it does not agree:guite so well
with the experimental facts. Table XI gives the val-
ues so calculated , and also theose cbtained by the for-
mer method, in comparison with the exrerimental data.

-

¢i., Ir any case it is necessary to assume that the den-

.sity is an important and direct factor in the rate of

diffusicn. {Ofcourse we can not Gistinguish between den-

sity and concentration.)
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TABLE XI.
A comparison of diffusion as calculated from the formula
(1) K=2F 4+ 0.4 p - 1.42k
and the formula, e
(I1) =F[p +4 (Where A = 3§)
and the experimental values.
Normality Diffusion Diffusion Diffusion
‘ I II Experimental

0.125 ceecenece ceecscens cereecaan
0.25 1.05 1.08 1.08 (1.055)
0.50 1.09 1.09 1.08

0.50 ceee e 1.09
. 0.75 .. la3 1.14 ceee

1.00 T 1.17 - 1.17 1.20

1220 ceee cens 1.194

1.50 1.22 1.21 cees

2.00 1.25 1.25 1.25

2.40 cees cens 1.28

2.50 ©1.28 1.28 e

©3.00 1.29% 1.30 1.28

3.50 ©1.30 1.32 ...

4.00 1.29% 1.34 eene’

4.50 1.27 1.32 1.28

5.00 1.25 1.31 rO
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Summary.

1. It has been shown that the rate of diffusion of
iodine in XI soluticn increases with the concentration
of the potassium iodide, as was anticipated from the
results of reaction velocity experiments performed by
Van Name and Edgar. |

2. Determinaticns of the density and viscosity of

XKI soluticns were made for the following concentraticns,
0.125 N, 0.25 X, 0.50 ¥, 1.0C N, 1.50 K, and so on up

fo 5.00 N.

3. Curves have been drawn showing the relaticn of

[

fluigdity {viscosity), density, and diffusion, to con-

centraticn of rotassium iodide, and tc each other.

4. A comﬁ?aison has been made with some other well‘
¥nown salts, and curves to illusirate this have been
drawn. Also an empirical expression has been found to
express approximately the relaticn between the fluidity,
density and diffusion, for our particular case, i.e.
iodine in ¥I soluticn.

5. The diffusion theory of reacticn velocity in gen-
eral, and the work of ¥-n Name and Bdgar in particular,

has been completely confirmed, in so far as the disturb-

ing effect of increased concentration of XI is concerned.

e
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“‘DIFFUSION CF IODINE IN POTAS§%M IODIDE.
_ : Edgar

The work offf Van Neme and FE#d#fH and of
Vén ﬁame and Bosworth discussed above shewed plainly
ﬁhatv"An increase in the concentration of the potas-
sium iodide produces a2 marked acceleration of‘thg re-
acticn."’ As no data were availabvle bearing upon the
rate of iodine in pctaessium-iodide solutions varying

- in concentraticn to anything like the amount involved

in the experiments of Van Name and his coworkers-é!’S:’

a few rough determinations were made by Van Name and
Edga:. Theseahowevérjowing to the experimentel diffi-
culties encountered and to the lack of time to push
further 2 side investigaticn, only gave a rough and

unsatisfactory donfirmation of the hypothesis.

Durirg the winter of 1911 - 12 Dr. Graham Edgar =

=Pn made a2 few determinations of the same
xind at the University of Virginia. |

The résulté'of these preliminary investiga-
iions shewed thatvit waé véry procbable that the orig-
'inal hypothesis was #### correct as to iodine diffus-
. ing moTre rapidly in strong than in weak potassium io-

.dide solutions, alsc thet the value of the diffusion

constant was scmewhere zbout 1.1 . It also developed -

that experimental difficulties were much greater thanm

nhad been anticipated.




