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OUTLINE.

The purpose of this work was to discover, if

possible, why the concentration 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 influence the reaction, had been

established by the work of Van Name and Edgar, and I

was in a way a serious objection to the "Diffusion

Theory of Reaction Velocity? which their work in all

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-

‘vanced.. " " . ' “ ‘ ' ‘

PART II. Determination of the Rate of Diffusion -

Apparatus used by Stefan and 5holm — Modi-

fication used by Edgar - Apparatus used in

this work - Advantages and disadvantages.

Mathematics involved - Solution 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-

L; 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 to 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.

Work of Noyes & Whitney — 1897. In 1897 Noyes

and Whitney carried out a series of experiments for

the purpose.of discovering, if possible, the laws gov-

erning the rate of solution of salts in water and oth-

er solvents. From the results of their work, and those

of others the theory has been advanced by Nernst that

reaction velocity in heterogeneous systems is control—

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

of diffusion of the reacting or dissolving substances

through a thin unstirred layer of the saturated solu-

tion adhering to the surface of the solid. (1 - 2 — 5)

That is, we conceive of a thin film of saturated solu-

tion adhering to the dissolving solid somewhat as a

film of water adheres to the inside of a pipette. This

film is always saturated on the inside, because the

0

rate OI solution is very rapid in comparison with the

rate of diffusion, which latter in liquids is very,

slew.

Thus if we assumlthe thickness of the layer to be   
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approximately constant, 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 proportion-

'al to the difference in concentration on the opposite

sides of the thin unstirred layer. This theory was

suggested by Noyes and Whitney, and further elaborated

by Nernst.

The rate of reaction for first order reactions

in homogeneous systems is expressed by the "Unimolec-

ular formula",

2' / dx :

dt kia - x?

where k is the reaction velocity constant, that is

a number depending on the so called “affinity" of the

reacting particles for each other. (a is the amount

of reacting material originally present, and x the

amount transformed)

The rate of reaction in heterogeneous systems is

expressed by the formula,

%%=k90.(a-x)

where O is the surface of the reacting solid. It

would seem natural to suppose that k had the same

significance as in the first case, but according to

the "Diffusion theory" this is not true. k is a con-

stant depending on the rate of diffusion of the react-l

ing, or dissolving,substance end is independent of the   
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"affinity" of the reacting substances. (k is also in-

dependent of the ”order” of the reaction.)

Numerous investigations have been made which seem

to support this hypothesis, and it has been accepted

as a working basis by many writers, but criticism of it

has been very vigorous by others. In testing its var

lidity we should choose such reagents as will react to

produce only soluble bodies under the conditions of the

experiment. Thus we should not expect the theory to

hold for metals reacting with acids to liberate hydro-

gen, or for metals reacting with soluble salts to yield

insoluble salts. These facts should be remembered in

evaluating the criticisms advaced by Marc, 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.

1., 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 by experiment to be veiy different from

the temperature coefficient for diffusion in many cases.

4) . 4 '

III. That if the diffusion theory were correct metals
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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,

shohld dissolve 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 iodine in potassium

iodide. The advantages were: (1) that no gaseous pro-

duct was formed which might disturb the "Unstirred"

layer; (2) the ease with which the materials might be

obtained pure and in the desired form; (5) the ease

and accuracy with which iodine can be estimated in so-

lutions of all concentrations. A little work along

this line had been done as early as 1891 by Schfikarew ,

who worked with various metals in solutions of halogens.

(10). (This-work was done about six years beforethe

diffusion theory of reaction velocity had been advanc-

ed by Noyes & Whitney.) In 1905 Brunner worked with

zinc in solutions of hydrochloric acid , and also in

_iodine solutions. (11). This work, while on the whole

confirming the theory of reacqtion velocity given above.

is very far from satisfactory. The most systematic    
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and definite work thus far done along this line was

done by Van Name and Edgar in 1910.

Work of Van Name & Edgar. In 1910 B.G.Van 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 theory of

reaction velocity. Having a very definite end in view

Van Name and Edgar took all possible precautions against

such sources of 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 accomplished by

means of an eighth horse power motor. Samples of iodine

solution were withdrawn at desired intervals 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~

od of calculation. (12).

”From 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 g; is the amount which

can diffuse through the adherent layer of liquid in that

time, that is according to Fick's law, it is proportion-

al to the concentration fall across the layer. Owing to

the rapidity of chemical reaction the concentration of

the iodine at the surface of the metal is always praCe

tically zero. At the outer surface of the layer it is

equal to g, the concentration of the main solution.

Hence the concentration fall is g, and if ,m is the

total weight of available halogen in the solutinn,

dm : 4—“CV 3 22.0.
"ER ‘dt   
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where K is the velocity constant. Integration for

constant volume gives ~

K = v ln._c_,

+ - ‘ , n

"a >t: c»

van Name and Edgar worked with Hg, Cu, Cd, Zn,

and Ag. Though most of their work was done in iodine

solution. some was also 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 all cases by increasing the rate of stir-

ring. This is in perfect accord with the diffusion

theory,5for'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 & Edgar will serve to illustrate the high

degree of accuracy of their work.

RATE OF SOLUTION OF Hg in IODINE

at 25°-

c At v K

0.0581 500 $.5r

0.0556 5 480 6.51

0.0528 6 460 6.50

0.0504 5.5 440 6.56

0.0279 5.7 420 6.25

0.0257 5 400 6.55

0.0256 5 580 6.52

Average K .. 6.45

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

Collecting all 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:

"If"

Hg 400 gms KI per litre ”lOL48

Cu .................. .._, ‘9.98 mean 10.15

Ag ........ econ-otooonen 9.93 .

Hg 200 gms KI per litre 9.55

Cd .0... ooooooooo one... 9.50 mean 2.28

Zn 00000000000000 otuood 9.64

Hg 100 gms KI per litre ‘ .8.81

Cd too-oooocoo-o-oooeco 8.6911188!!! 8.7].

Zn ...........C........ 8.64

In the above tables .3 represents concentration,

At the time interval, v the volume of solution, and

K the reaction velocity constant. There are three

points to be particularly noted:

(1) Thai the results are of a high order of accuracy

for this kind of work, and that therefore we can put

more reliance 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 all metals used,and that this

constant" increases yggy ddcidedly with increase g;

322 potassium iodide. '

(5} That the reaction velocity constant increases, as

was to be expected, with the rate of stirring.

The 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 facts

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

L‘
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When we remember how far apart the metals in

question are in the potential series it becomes im-

possible to ascribe the foregoing results to purely

local cell effects, as 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 cf merely accidental coincidence, which

has been claimed to be the explanation of some data

given by previous investigators to prove the same the—

ory. Van Name & Edgar thus summarize their work:-

(1) “The rates of solution of the metals H , Cd, Zn,

Cu, andfiig: in aqueous iodine solutions containing a

large excess of potassium iodide have been measured at

25° and shown to be practically equal, a slight differ-

efice observed with copper and silver being in all

probability due to accumulation of the solid iodide

at the contact surface."

(2) "The temperature coefficient for 100 (between 25°

and 55°) is about 1.5 .w

(5) "fig increase in the concentration 2: the notassi;

2g iodide produces a_ngrhg§ acceleration 2: the react-

2£fl;n

(4) "Mercury dissolves in bromine in the presence of

potassium bromide slightly faster than in iodine, but

in cupric bromide much more slowly. *****************"

(S) “The reaction was found to be proportional, on the

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

It 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 acceleration 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 Same & Edgar. The

fact that 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 quotation from the work of Van Name and Bos-

worth is of interest here.

"The agreement between the metals Cd, Fe, Ni, and

Co, is very striking, and clearly proves that under

lihe conditions these metals dissolve in iodine at the

same rate. In the earlier investigation a like result

was obtained with the five metals, Hg, Cu, Ag, Zn, and

Cd. Eight metals in all have, therefore, been shown to

possess the same rate of solution in iodine, a result

for which there seems to be no satisfactory explanation

other than that furnished by the diffusion theory."

Work of Van Name & Hill. Recently Van Name and   
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Hill (14) have measured the effect of added non-elec-

trolytes on the reaction velocity, using metallic cad—

mium and iodine in potassium iodide solution as the

reacting substances. The results obtained by them were u

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 the solution. 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 change is

caused by the addition of a.non-e1ectrolyte. This, as

we shall’see later, certainly does not hold for the

case where the decrease in fluidity is caused by in—

creasing the concentration of the Potassium iodide

beyond a certain limit.

Attention has been called to the fact that the

reaction velocity increases as the concentration of

the XI increases. Nernst deduces the following

theoretical expression for the rate of diffusion of

any electrolyte:

‘9

D : 2 uv ogoRTolo

u+v

where D is the diffusion constant, u the velocity of

migration for the cation, v that of the anion, and g

is a constant. According to this simple formula we

should not expect the addition of a common ion ( K )   
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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 quoted above. In

fact it seemed that if this-faigfiéguld be cleared up

in a satisfactory manner we would be in a position to

definitely look upon the diffusiogffifgreaction veloc-

ity as established in those cases” - typical of react—

ions inéheterogeneous systems - studied by Van Name,

Edgar, and Bosworth.

At the suggestion of Dr. Graham Edgar and in

every way aided and guided by him, the writer under-

took to measure directly the rate of diffusion of

iodine in solutions of K1 of various concentrations.
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PART II.

Diffusion of Iodine in Potassium Iodide.

The work previously quoted showed plainly that,

”An increase in the concentration of the potassium io—

dide produces a marked acceleration of the reaction.”

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

in KI 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

push further a side investigation, only gave a rough *-

and confirmation of the hypothesis. During the winter

of I911 - 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, also that the val-

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 Nernst has deduced an ex—

pression for the rate of diffusion 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 completely dissociated. The complete expression is:   
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D = 0.4485 uv .(1 4 0.0054 (t - l8) )

u + v

where D is the diffusion constant, u and v the trans-

port numbers, and t is the temperature on the Centi—

grade scale.

_ Making the assumption that‘the KI- is completely

dissociated, and that the ions would migrate at the

same velocities in the XI solution as in water, and

using the values given by Nernst for the K ion, and

that given by Bredig for the I ion we obtain for the

diffusion constant 1.21. (15, E7, 18) This value is

in all probability too great for the reason that the

triiodide can not be completely dissociated. In fact

the theoretical values thus obtained for a very large

number of salts are in nearly all cases very much

larger than the results of actual experiments perform-

ed by Scheffer and by choim. (16, 19, 20) In this con—

nection it is of interest to note that the theoretical

constant similarly calc ated for KI is 1.47 and

that actually found by holm using a solution of .01

normal was 1.46 . This solution was about five times

as dilute as the solution of K1 used by Van Name and

Edgar,to say nothing of the immense excess of KI al-

ways present, the effect of which would certainly be

toedrive the dissociation still further back. (21)

_ In the case of acetic acid 5holm found that the

constant was 0.95 as against 1.57 theoretical, using

0.01 N solution. (Acetic acid is, ofcourse,a very

weakly dissociated 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 same in KI as

in water, or that it is the same in a weak as in a con-

centrated solution of KI.

gglecular condition of the dissolved iodine. Le

Blanc and Noyes concluded from freezing point exper—

iments that when iodine is added to a solution of KI

it enters into combination to form a complex ion, prob-

ably 13' The fact that iodine thus added does not

*7?

lower the freezing point of the Li solution is excel-

\

lent evidence that the total number of molecules is

not increased, but does not show whether the resulting
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compound is K15, K15 or some higher iodide. (22).

In 1877 Johnson actually obtained crystals having

the definite composition K15 , by volatilization over

concentrated sulphuric acid. This, while very strong

evidence in fav0r of the KIB'in solution theory, yet

left room for question, for the existence of a solid

compound does not necessarily prove that it exists in

solution. (25).

The first really conclusive work was done by Max

Roloff, who made use of the principle of partition co-

efficients between dissimilar solvents. (24). Roloff

did not work with iodine in KI solution, but with bro-

mine in KBr solution.-The other solvent used was 082.

Roloff showed very conclusively that practically all

of the bromine was present in KBr solution as KBrz,

and not as any higher bromide. His method was to assume

that the bromine formed a given bromide, KBIE, KBI5'

or what ever seemed reasonable; and then from the known

laws of partition between non-miscible solvents to de—

duce a function of concentration in each solvent that

theoretically should remain constant with varying con-

centrations. Roloff then tested this hypothesis by

actually determining the concentration over as large a

range c£~oessesntsaté=ns,as seemed practical. He thus

showed that the bromine in a KBr solution is pres-

ent as KBr3 almost exclusively, and by analogy iodine

in -KI (should be present as K13. For a full discus-

sion of the theory involved and for the data the reader   
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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 KI solution. Iakow—

-kin goes into much more detail than does Rolcff. (25).

Two years later A.A.Noyes shewed that the amount

of free iodine (12) in solutions of K1 far more dilute

than any with which we worked is negligible. (26)

Still more recently Osaka showed that the freezing

point of a solution of KI was actually raised by the

additiOn,of iodine. In fact there was a small rise in

the ereéeiég point as found by LeBlanc & Noyes, but

they put this down as experimental error. However,Osaka

showed that though small it was easily measurable, add

further that it was greater for HI than for KI. From

this he concludes that K15 and H15 must be somewhat

less dissaciated than KI and HI. He does not make

quantitative computations because he feels that the

data is not sufficiently accurate for this, though un-

doubtedly sufficient for a qualitative statement as,

made above. (27).

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

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

Graham.Edgar, began a series of experiments having as

end in view to determine if possible the rate of dif—

fusion of iodine in solutions of KI of various con-

centrations. In all cases it was decided to have the   
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solutions of normal strength or some simple multiple

thereof. The iodine was assumed to be present as KIZ,

/

and the calculated amount of KI was added ggggg to

the solution containing the iodine. That is to say,

the concentration of the KI exclusive of that forming

triiodide was the same in both solutions (layers).

The apparatus used‘was modeled after that of

Stefan, utilizing the four layer scheme and making use

of Stefan's tables. (28, 29). As the values given in

these tables required considerable interpolation, a

set of curves was drawn on a suitable scale from which

the values/for .E 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 bottom could not be used

because the mercury would be attacked,by the iodine;

nor was any liquid known suitable to use for this pure

pose. Three portions of K1 solution of about 25 c.c.

each were first run into the cylinder by means of a

separatory funnel having a thin walled capillary tube

for a stem. This capillary was set within the cut—off

stem of the funnel by means of hard paraffine,great

care being taken to prevent any paraffine getting on

the inside of the capillary tube. This tube extended

down to within Q.2;tc 0.5mm. of the bottom of the

cylinder, thus causing the inflowing liquid to spread

out into a thin sheet as it entered the cylinder. If   
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the layer_containing the iodine was slowly and care-

fully run in there was pg mixing of the layers so far

as could be detected by the eye. When the last layer

had been run in there was a space of about 0.5 cm be-

tween the top of the liquid and the esp.:;fithe cork.

Ehe cork was slightly hollowed on the under side, and

coveredjwith a thin coat of paraffine to protect it

from the iodine. The delivery tube was so placed that

it tapped the highest West point of the under

side of the cork. (See fig. 2 .) W hen it was desired

to remove the layers for titration, a very concentrat-

ed solution—of KI (always having a higher specific

0
%ravity th n that used in the experiment} was slowly 7

run in thr ugh the funnel till the air space was exact—

ly 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. Next there was introduced into

the funnel, and slowly run into the cylinder the same

amount of displacing fluid (strong KI solution) that

was in each layer. This was meaSured in a pipette of

the desired size. Thus,layer by layer the liquid was

removed after diffusion had proceeded so far as seem—

ed desirable. Experience showed that a period of from

six to eightdays was required to give a satisfactory

quantity of iodine in the upper layers. All of these

experiments were performed in a gas heated thermostat

that kept constant temperature to within $0.1O if   
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the gas pressure was constant.

The first experiments made by the writer were

made with the apparatus just described; 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 0.020 for a week if the temperature of the room

did nOt vary more than 5° or 5° - and if the current

was not out off in the interval. As we had~no cellar

at our disposal, the temperature frequently gig vary

far more_than this, and in consequence we frequently

lost setéafter set of experiments. Also the current

was frequently interrupted 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, equal quantities of

iodine solution and of pure KI solution were used. The

cylinder was of the same general type as before, (see

fig. 1.) but somewhat smaller in diameter and very much

shorter. The length of the new cylinders actually used

was about 7.5 ems, 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 5

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

7 Jib-theoretically three independent equations, from   
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which to evaluate the diffusion constant (KO. It is

true that in general some of the values are uncertain

for mathematical reasons, i.e. the value of _h:; cor-
..+

”responding to a given titration figure changgsdvery

little for quite 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 two layer system, the only check

is to run separate experiments, either at different

times or with different cylinders. This ofcourse means

more 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 layer 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 the

two layer system there was no advantage in removing the

second layer. (Titration being very much more accurate

than the other factors involved.) Some of the original

iodine solution was always placed in the bath along

with the cylinders, and a pipette full was removed at

the same time that the samples were removed from the

cylinders. A small porcelainngg used to receive the -

iodine solution as it came drop by drop from the deliv—~

ery tube. (a, fig. 1.) As soon as a sample was removed

it was transferred to a small glass stoppered flask, a
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pipette full of the 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

sodium thiosulphate (approximately NZ7S). Starch paste

was used as an indicator. Thiosulphate as weak as this

will change strength from day to day; but this intro—

duces no error as a fresh sample of the original iodine

solution is titrated every time a determination is made.

The equation used to determine k is:~

(
I
)

 

k = Igf.2.20 .log‘_ V;

t 1? WV, — 2v,—

(The derivation of this formula will be given later)

Here 3 is the diffusion constant, p the time in

days, Vb the total amount of iodine in the cylinder,

V} the amount of iodine in the top layer after time

.2 has elapsed, and .2 is the length of the total

liquid column, i.e. both layers. It Will be noted that

the quantity V , occurs to the first power in both

denominator and numerator of our fraction (and there

onlg)5'hence, it does not matter in what unit V is

measured. This is of great practical value, for it

allows us to be indifferent to the exact strength 6f

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 250 and fairly con-
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stant. The flask was filled with water at as nearly

room temperature as possible, the empty cylinder and

thermometer inserted, and the whole left for about a

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

rium. Ghen the experiment Was carried 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. (16)

It was only rarely that conditiors permited of the

use of this method, and as it offered no special ad—

vantagesJover 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 be

slow and steady, no perceptible mixing is caused by a

riséfor fall of 0.50, while experience showed that a

temperature change of only O.1° caused by the a 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 sacrum. Consider asub-

stance diffusing in the direction indicated by the ar-

row in fig.2. Let ‘3 be the concentration at A, and

p -‘§g the concentration at B. If now we make the

thickness'of the layer vervrsmall du becomes ‘§_ .

Hence we have the expression,

(u + au) - u

for the difference in concentration at A and B.

Differentiating this expression we obtain for the change

in concentration corresponding to dx, the thickness

of the layer

’ liq du e E2
3x3x3x 2x”   
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The change in concentration with respect to time

is, Q , hence we can write,

at f ) 'a 3‘,I u : k. u

t 75:"

Any solution of the equation (I) must be a function of

5 8c 3. Put, ”ma.

u=f(x,t) =COSY1X- e ,

differentiate with respect to t and we have,

Bu - y ‘fiw‘t

at - k-mcos nx . e ,

and differentiating with respect to 35 we have,

au . “k7,?

-'-:-n.81nnx.e ,

x

differentiating again with respect to ; we have,

" -kh’t

@115.- - nqicos nx . e .

2x ’

Substituting in eoiza‘tion (I) we have an identity;

hence, u»: cosnx . e " , is a solution. Inne‘gactly

the same ’firay we can show that u -.- sin nx . e is a

solution; and hence, has

. -kh‘l'

(II) u = E(a,,cos nx + b,,81n nx). e

i=0

is a solution. If this is to satisfy our conditions

we must have for 3:0 , u = fut) known i.e uo, and

when x -.- 0 or x = r

3n; .
B—E—O,atallt1mes.

(Here I is the total length of the column , i.e. both

layers.

Differentiating equation (II), and putting it : 0,

we have:
new

1 an"!

au :2: n(a,'sin nx - bhcos nx) . e 2 O

a 1,:0

‘khgt' '.

For this case sin nx {- 0 ; but as s can not be zero

3,, must be zero for all values of n. If now we put

3: -.- r the above equation becomes,

(III) 3—: =2.- n.a.,‘sin nr : 0

Hence, g; must be some multiple of ‘H’ , i.e. the values

of pr- must be,

0, 1!, 2H, 5H, 411',

6r _r_1 must be,

0, H/r, 2mm 597m iii/r, .........
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Equation (II) now becomes,

o ”A?
-*"’kt

u .-_ a.,cos 0 . e.+ a,cos Hag/r . e”' + acos 215c/r . e f”,-

-717 ‘kr -mr‘kr

-
y
.
_
—
-
e
-
n
m
m
_
_
.

.
(
.
.
.
.
~
.
.
.
.
.
-

aacos Bflx/r . e'F‘+ aqcos 4Fx/r . e ’2‘..."
1

It now remains to evaluate the coefficients anaa

Put t-_,0 then will the above equation oecome,

u .-: f(x‘: = aocosO + a'cos 'fix/r 1- Faces Elfin/r +............

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

between the limits at = 0 and x = r .

1:1' -x=r

ff(x).cos nRx/r .dx :jaocos O . cos on/r .dx

zZ‘cos fix/r . cos nKx/rxjdx +/a:cos film/r .cos mug/rd)?

....T:....j;;gos"nfix/r .dx + I“

Make use of 2‘th relation that,

2 cos .A . cos B = cos(A + B) + cos(A — B)
,/ ,r‘

The first term may be written,

1.I'

faZ"cosEx/r.cosfinx/r.dx:;1a,cosMdea-

1:0
jg:OE ”asXV-0

Evaluating the above integral between the assigned lim—

its we obtain zero. In the same way all terms except the

n.th fall out.

Making use of the relations,

sinyA = 35(1 - cos 2A) and cos‘A _-_ l - sin A ,and hence,

1cosA==1r(cos 2A + l), and putting an : A

. r

and substituting in the n.th term we have,

x-r 1*I’

ar/nflfos AidA : ar/Zancos 2A.dA + ar.A/2niT z

. p x=a

° ar/4nlt.sin A 4} arJ/Qnfi'.

Within the assigned limits the sine of A is always

zero (being a multiple of ti}:— Hence, replacing A

by its value nIIx/r , and solving for a." we have,

a.” e 2/r./‘f(x).cos 'nEi/r .

For this special case,whén':t : O, u g u, from x = O
    

[
—
7
1

.
.
e
-
_
—
,
.
-

to x-~.—. r/2 ; u ; 0 from x = 1/2 to x = r , hence:  
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x=7L

a2" '_-'- air/cos nix/r . dx = 21‘ nli'. sin nF/Z

1-0

.
[F

Hence: a: 214, a‘: O, as: 21/5, a“; 0, er; 215/9,

(Note that we can not obtain a from the above formula

because it takes the indeterminate form 0/0.) To deter-

mine a. take our equation before integrating and put

t :43, , 23(1) or 3 now clearly becomes 45113, and all

other terms on the right except the first or "zero” term

vanish; hence, a0; 73:110.

- We can now write the Complete solution for our

case, which is;-

p:
‘i-

I
“
!

(I‘flfixhdx :fidix .-. ru/4 4. Zfo-r/fi-sin W2 ‘ 5%,.“

“:0 elk?

0 +12g/5'fr.r/51T.sin5f/2 . 73 "" + O -

Note that all the even terms fall out (because they con-

tain the as expression sin x_n , where _n_1 is an integral.

Also as the series stands we see that the Sines are al—

tennately’qu‘l and - 1, hence we can write,

h

, ‘ x:‘_ . ’- _.:E: ‘- _7,7‘,.r

\v;.Hdex : 2%r{1/8 + in: e' - L@n. e‘hzf

. 1- _-r;‘vt ‘- “127.1"

X=O 1/25”. 8 r éll/4‘9fi. e r” 0000......

--..————--—~——_-—--——_—-.-....
-—..---—-——.--—-.-------.

Numericalconsiderations. For our case,

r s 50 approximately

k = l o 2 0

t z z n

The third tirm in (V) becomes therefore:

-9171l5x3 -8

x i/89. e ‘“§F ; i/89 . 8

Put e" : N, then will lnel : 8; and hence

lognN = .4345 x 8 - 5.47 (approximately)

Finding the number corresponding to this logarithm from

tables, we have; '

N : 5000 (approximately)

1 ~ ~ ‘1 '
Hence, X : : 9-79 x 10 = .00000575

89 x 5000
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This value is obviously too small to have any signif-

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 eithe;

layer after lapse of time ,3- Let E, be the amountt

.of iodine(say) originally put in the cylinder, V, the

amount left in the lower layer after time t Dfithat found

in the upper layer after time 3, Obviously,

“7‘
-r-If

I

(Where 6' is theocross section.) .130,

Thereforef' “ ~52:

V : 4V0”;l/8+l/H' e7}

0r 9 3-111ng %} ._

~— 11

Put V -_-. Vo- V’, and solve for k,

k = .. Im]_§L€:2L E': 151% 1L . §‘

itt V 8 mt 0- 2v 1:

I" _8_ , Va

Bit ' ‘ m "1 Vo- 2V,

t

’.

E j o 8105 ___JEL...

K t v0- 2V, .

This last is the formula used in all cases for

       

          

computing ,g, by the two layer method.

—-——-—--———.--———--—u——
.———----———-_-—-——-——-—

———---

I wish here in specially to acknowledge my indebt-

edness to Dr. C.M. Sparrow for time and assistance free-

ly given in aiding me to an understanding of the math—

ematics involved in this problem.
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PRELIMINARY mABLE.

Diffusion of Iodine in Potassium Iodide.

Values obtained by Dr. Graham Edgar alone previous

to the author's first work. This work was done

with apparatus involving the four layer system, and

each value given is the mean of the most concordant

' values for two, three, or four layers.

100 gms. in per litre ..... 1K = 1.095

200 gms. KI per litre ..... K = l.l9l

400 gms. K; per litre K = 1.278

r ’7'

Translated into terms of normal solutions the

above becomes:

1.093

1-191

0.60 normal ..... K

H

2.40 normal K =.1.278

These values are made use of in future

tables, due note being made of the fact in each case.
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Determination of Viscositv 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 Has a commercial viscos-

ity meter having a very short period of delivery (about

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 about 100 Sec-

onds. Porsour purposes the results found by using ei-

ther apparatus are sufficiently accurate.

The formula used to obtain the relative viscosity

is: 2/2, - t; /tl (50, 51) . In table VII 2 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 to be 0.018086 c.c.s. units.(52,35).

For our immediate purpose the unit chosen is of no im—‘

portance, yet in view of the fact that that 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 our purposes. Getman (1906 - 1908) also de-   
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termined the viscosity of KI solutions of different

concentrations, but his work was done at 18°.

In drawing the curves for Fluidity, Density, and

Diffusion, the axes were so 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 inthe proper place.
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. . TABLE .x . . (See plate 11)...

ybéfiéitieé and Viscosities.of Solutions. . .. .-.- -H

of Lithium 8c Sodium Chloride; "

.. ...(For comparison with potassium.iodide). , . .-.--.-i

 

Normal Densito Visc. Density Vise. Density -ViSc..

112101-15 25°_ ...Ligl L101 23;.»
 

§=L===._M

0.125 1.0057 1.0126 1.0018 1.0116 1.008 51.0558

 

0.25 1.0112 1.0259~ 1.0047 1-0314 1.184 1.0824.

 

r

0.50 1.0210 1.0471 1.0109 1.0665 1.1726

 

1.00 1.0426 l.o975 1.0251 1.1425 1.184 1.5671

 

1.50 1.0545 ~ 1.0555

 

2.00 1.0862 1-0481 ' 1.421

 

2.50 ‘ 1.1082 1.0597 . -

 

5.00 1-1515 1-0715 g

 

5.50 1.1552 l~0856 ;

 

 

- ~4.5o 1.20405 ‘ 1.1100

 

5.00~ - ~ . . 1 ~ 1:12225~

..*_ . ».#‘ - -##.. f #*. . *
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Discussion of Results. General confirmation of the work of

gan Name & Edgar, and others; If we examine table II, we

see that there is no apparent discrepancy between the relay

tive increase in the rate of reactiOn velocity with increas-

ing concentration of El and that of diffusion undes the

same circumstances. This becomes clearer if we examine the

curves of these quantities. In fact we may say that within

experimental error the curves for diffusion and for reaction

velocity are parallel. (It is to be noted that the scale on

which these curves are drawn magnifies the errors.) It is

to be regregfid 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 havond;a'concentration 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 curse for reaction velocities covering all concen-

trations covered by the diffusion or viscosity data. is it

is.there is no way to know if the reaction velocity curve

continues to rise or like the diffusion curve falls or be-

comes flat at higher concentrations. ~In the absence of evi-

dence the latter seems the more probable,f0r two reasons;

(a) the velocity curve though still rising, is rising much

'more slowly near the end, (b) the reaction velocity curve

has approximately the same form as the diffusion curve so

far as it is known, and hence it seems r asonable to assume

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

General theory of Eiffusion. The phenomenon 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 consequence of the kinetic theory.

3. As a result of the second law of thermodynamics,

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

1. Diffusion may be defined as the mixing which takes'

Vplace when two dissimilar but miscible liquids are left

in contact for some time under conditions precluding

mechanical motion or convection. 0r diffusion may be deo

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 mixing or convection.

3. Diffusion 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 reciprocal process we may say that the facts of

diffusion furnish the most striking, and to many minds

the most convincing, proof of the kinetic theory. I

In general it would follow as a consequence of

the kinetic theory that the rate of diffusion should be

, ,. +'.. . .- t-u:erature. of the size and nature

  



 

 

 

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

fusion takes place. (The mathematical treatment of dif—

fusion when the temperature, kind of molecule, and me—

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

particular case on a previous page.) Nernst has devel-

oped a very complete theory of diffusion for electro-

lytes which has already been mentioned in this article.

In so far as an electrolyte is dissociated the separate

 

ions will have independent motions within a certain nar-

row range, this range is very sharply limited by the

large electrostatic forces that must come into play as

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

ible inrany part of the solution. (54)

on the above theorv as a basis Nernst deduces the
.4

expression already given for the velocity of diffusion

of an electrolyte; via.:

K ._. 2 uv .g RT. 10”

u e v

where u and v represent the ionic mobilities of

the cation and anion respectively, and g is a con—

stant depending on the unit in which X is given. It

is assumed that conditions during diffusion are the

same 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 conditions

of Varying concentrations of K1.

Theory of the ”Reststrom". If a very low potential dif-

ference be maintained between two electrodes immersed

4a conducting solution it is found that a weak cur—
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rent flows, even when this potential difference is far

below the "decomposition potential" for the solution.

Further, 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 0.1 to 0.5 volt. Nernst and Merriam

have shown that with rapid stirring at a given rate the

Beststrom is practically constant over a very large

range of potential differences, and is closely propor-

tional to the rate of diffusion of the depolarizer{

They make the assumption that this "Reststrom“ is due

tecthe diffusion of the ion or depolarizer (as the case

may be) through the thin unstirred layer which they as—

sume to cover the electrodes. (555

Wgrk of Harry Heymsnn. In 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 platinum catalysis of

hydrogen peroxide, iodine in KI, and the solution of

copper in IQ + KI . In the preface to his article he

calls attention to the fact that Van Name & Edgar had

covered much the same ground, using various metals in

:2 + KI solutions. Using a solution of N/l KI in

which was dissolved iodine Heymann determined the "Rest-

strom” using potentials varying from 0.1 to 0.45 volt.

The "Beststrom" within these limits was practically con-

stant as it was for Hernst & Mbrriam.

Heymann found that the thickness of the "unstirred

 

 

  



 

 

 

 

layer“ decreased with more rapid stirring as did Van

Name and Edgar. Heymann made a single determination

of the diffusion constant for iodine in normal KI, di-

rectly, by a method practically similar to that used

in this work. Using his value and extrapolating by

Nernst's formula.we obtain for the diffusion constant

at 25° 1.19 . This is in close agreement with our

observed data. Extrapolation is hardly fair however

over 80 la ge a range of temperatypes, as Heymann worked

at about 8° . In the second partof his article Hey—

mann discusses the work of Van Name & Edgar at length,

and quotesgmuch 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, I

"Aus an grossen Anzahl von Reststrombestimmungen

fand ich, dass der Diffusianoeffiizient des Jods mit

steigender,K’—Konzentration stark wachst, und zwar ziemp

lich analog den von Van Name und Edgar gemessenen Auf-

ldsungsgeschwindigkeiten von Metallen in gleich Konzen- '

trierten Jodkaliumjodidlosungen." - ( 56‘)

This, ofcourse, is in accord with the results of

the present writer also.

'Discussion of some of the probable factors :involved.

For our case as the temperature was held constant,

and the iodine content (free) was also constant, the

only independent variable was the concentration of the

 

  



 

 

 
 

KI. 'It is not so easy however to be sure that we have

under consideration all of the dependént variables, and

even if so it is in some cases difficult to determine

what function such variables are of the concentration.

The following factors will be discussed.

'1. Density.

'“2. Fluidity (or reciprocal viscosity):

5. Dissociation of the KI; molecule into ions.

4. Effect of the common ion (K).

These factors will be taken up and discussed sep-

arately, and so far as possible the relation existing

between them and the concentration of the KI will be

,I I.»

determined.

Density & Concentration. A glance at the density curve

for E1 solutions {plates I & II) will show how exactly

density and concentration 50 together for this salt. A

careful scrutiny of table VII will show the same. pen—

sity curves for some other solutions will be found on

plate II. while these curves are approximately straight

lines, all have some perceptible curve except that for

KI solutions, which is a straight line exactlv, at least

 

so far as our measurements show.

All curves on plate II are drawn on the same scale

as these on plate I, and therefore are fairly compara-

ble. The data was obtained from Van Nostrand's Chem-

ical Annual (1909), Biedermann's Chemiker-Kalender (1913),

Landold—Bdrnstein-Roth's Tabeln (4th Auflage), or

from original sources. In most cases laborious compu—   
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taticns had to be made to transform by interpolation

values given in per cent, into values for normal or

molar solutions. This suggests the need for a set of

tables giving the various physical properties of solu—_

tions for normal.and molar concentrations instead of

the usual per cent concentrations. Such tables should

\

cover the fullest possible range, and not merely val-

ues below and up to normal as is the case for those few

tables that use normality as the concentratiOn unit.

The previously noted fact, that the density of XI

solutions is directly and strictly proportional to the

concentration of the XI prevents density from having

,. 1

any value as a variable. That is, we can not distin-

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

concentration, as such.

I-‘luiditv ,9: Concentration. ' By fluidity is meant the

reciprocal 6f viscosity. For our 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 Specifically 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

could be 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 N,

and .0 N. at several temperatures. (37).
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,In view of the meagerness of the available data

we determined the viscosity of various KI solutions

(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-(ZnSO4 , LiCl, & NaCl are shown.)v

the fluidity ranidly falls as the concentration increases,

that both density curves and fluidity curves are almost

straight lines; and hence the one varies inversely as

the other. For KI the fluidity curve is very peculiar,

it first ri§g§ and then falls, being fairly symEtrioal

and having a maximum.at about 2.5 normal concentration.

If we examine the diffusion curve (plate I) in com-

parison>with the fluidity curve we see that it rises,

as was to be expected, with the fluidity curve; but E222

more rapidly. Further, at about the concentration at

which the fluidity curve shows a maximum, the diffusion

curve becomes almost flat.' Thus we see that diffusion

can not depend on viscosity alone for our case, as was

thought probable when the work was begun. It is inter—

esting to note that so long as the fluidity curve rises,

the diffusipnccurve?rises more rapidly than either the

fluidity curve or the 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 between the fluidity and the rate of

diffusion. {Ofcourse here density and concentration of

XI go hand in hand.)
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Degree of Dissociation of K15. Osaka has shown that

315 is probably less dissociated than KI (27). Hence,

its dissociation would be very much driven back in strong

KI solution. This would mean a far larger propdgion of-

undissociated £15 molecules in such solutions. If

now we asssume that the effects of increasing viscosity

is less on KI; than on the ions of the same salt, we

have a possible explanation of the observed facts. This

explanation is, ofcourse, very far from satisfactory,

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

ity on the KI; and its ions is as indicated. (Arsumentum

3g ignorantium} Yet in the absence of something better

it may serve as a hint of a possible explanation.

In general it is supposed that ions migrate faster

than the corresponding undissociated salt. This would

seem probable a oriori as the undissociated molecule

 

must be larger,unless the ion is hydrated to a greater

expent than the molecule. Sholm has made a special

study of the rate of diffusion of electrolytes, compar-

ing the diffusion constant calculated from Nernst's

formula with experimental values. In most cases the

observed rate of diffusion was less than that calcula?

ted, and the discrepancy was far greater for weak than

for strong electrolytes. This is easiest explained by

assuming that the undissooiated molecule migrates more

slowly than the ions, hence, the diffusion constant

calculated for complete 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 our case, and they apparently contra-

dict the possible explanation suggested on a previous

page; however, the theory of Nernst and the experiments,

of aholm have value for water solution only and need

not hold for KI solution.

Influence of an added Electrolyte having a Gammon Ion.

It has been shown by Abegg & Bose (58; that the effect

of an added electrolyte having an ion common with the

diffusing electrolyte is to make the rate of diffusion

approach that of the ion that is not common. The fol-

lowing adhéme,taken from the article by Abegg & Bose,

will make clear why this should 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 c and in the

other layer the concentration c + do. In the second

system let there be the same electrolyte having the

fame 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 represent the concentration of all

kinds, supposing the dissociation to be complete. we

see that in systen two , the commonrxA has practically

the same concentration in both layers, and hence it

diffuses very slowly. This leaves the uncommon ion as

the only factor of importance in the rate of diffusion.   
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' factors are working in the opposite direction.

Vto be simply related) having important and traceable

.
—

,
"
H
“
V

Ofcourse in practice these conditions are not realized,

but the rate d: diffusion approaches that of the uncom-

mon ion as the comcentration of the added electrolyte

increases in comparison with that of the original dif-

fusing electrolyte.

Scheme copied from Abegg & Bose. (58)

 

 

I II

A (c) A (c + dc)' - A (c.c) A (c . C+dc)

B (c) B (c + dc} B (c) B (c + do)

1 (c) x (c)       

 

For our case this would mean that the fate of dif-

fusion would approach nearer and nearer to that of the

13 ion as the concentration of the KI increased. As

the migration velocity for 15 is certainly less than

for K we should expect the rate of diffusion to fall

off with increasing concentration of KI. This it does

not do. (According to Bredig the migration number for

I; is 44.2} according to Crotogino it is 60, that for

K is well known to be about 65.5 (39,40,41) ). The

above forces us to conclude that other and more potent

Discussion of Plate I. A.careful review of the factors

just discussed leads us to the consideration of the

only two independent variables (or variables not known

effect on the diffusion. These are the fluidity and

the density of the solution. The effect of the fluidity

is as one would theoretically expect it to be. at least   
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up to about 2 H; but it is not clear why the rate of

diffusion should increase with density, though it cer-

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

The simplest assumption that can be made as to the

effects of viscosity, and density,respectively, is that

the rate of diffusion varies directly as the density

and inversely as the viscosity; or that the rate of dif-

fusion varies as the product of density and fluidity.

This assumption however can not be even approximately

'true, for it would necessitate a very much more rapid

increase in the rate of diffusion than is shown by ex-

periment.- However, the writer has deduced an empirical
I ,,

expression, by means of the three curves in question,

which gives a very satisfactory numerical relation bee

tween the diffusion constant and the fluidity and den-

sity. It is,

sou: - 1.02) = 100(F - 1) - 2'09: — 1)

. 01‘

K : 2? + O.fi9 — 1.42'

K calculated according to this equation gives the dot-

ted curve for diffusion on plate I. The difference be-

tween the diffusion constant thus calculated and that

actually found by experiment is given in the last col—

umn of table VIII. The maximum variation is 2.8 i

This is hardly greater than the probable maximum error,

and the average variation is Certainly within the prob-

able error of experimentation. While it is not to be

expected that this equation expresses the exact relation,

it is -rqbable that it isra fairly close approximation.
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It is of interest to note that the curve thus calculat—

ed shows a maximum at a concentration of about 5.5 N,

a point at which we have no experimental data, and falls

to very nearly the observed value at 4.5 N, the next

point at which we have an experimental value for the

diffusion. The writer hopes at some time in the near

future to find by experiment whether or not such a max-

imum really exists at about this concentration. Also

it would be interesting to see if the diffusion curve

falls, as does the expeziégggal 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-
//

ability gives a fair approximation to the truth.

The following empirical formula also gives a fair

. .0 . .. .

approx1matin to the experimental value for difquion
4

constants,

.K-FVF+A

where A is a constant (about 6). This formula seems

to have a somewhat more rational basis than the one

preciously given, but it does not agree quite so well

with the experimental facts. Table XI gives the val~

ues so calculated , and also those obtained by the for—

mer method, in comparison with the experimental data.

r».

cl-“ In any case it is necessary to assume that the den—

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

diffusion. (Ofcourse we can not distinguish between den—

sity and concentration.)   
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TABLE x1.

A comparison of diffusion as calculated from the formula

(I) K = 2F +_0.4 p - 1.42‘

and the formula, [I I ‘-

(II). :Ffp’4-A (Where A=§)

and the experimental values.

Normality Diffusion Diffusion Diffusion

‘ I II Experimental

0.125 ......... .. ....... .. .......

0.25 1.05 1.08 1.08 (1.065)

0.50 1.09 1.09. 1.08

0350 I .... . .... -1.09

-0.75 '/.'fi. 1.13 1.14 ....

1.00 “ii/I 1.17 ' 1.17 1.20

1:20 .... ....” 1.19&

1.50 1.22 1.21 ....

2.00 ' 1.25 1.25 ‘ 1.26

2.40 ‘ .... .... 1.28

2.50‘ ' 1.28 ‘1.28 ....

~3.00 1.29% 1.50 1.28

3.50 ' 1.50 1.52 . ....

4.00 _ 1.29% 1.54 ....‘

4.50 1.27 1.52 1.28

5.00 1.25 1.51 1...
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Summary.

1. It has been shown that the rate of diffusion of

iodine in KI solution 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. Determinations of the density and viscosity of

XI solutions were made for the following concentrations,

0.125 N, 0.25 N, 0.50 N, 1.00 N, 1.50 N, and so on up

to 5.00 N.

5. Curves have been drawn showing the relation of

ty (viscosity), density, and diffusion, to con-

//

centration of potassium iodide, and to each other.

I
-
"

fluid

4. A comfi?xison has been made with some other well.

known salts, and curves to illustrate this have been

drawn. Also an empirical expression has been found to

express approximately the relation between the fluidity,

density and diffusion, for our particular case, i.e.

iodine in KI solution.

5. The diffusion theory of reaction velocity in gen-

eral, and the work of Van Name and Edgar in particular,

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

ing effect of increased concentration of K1 is concerned.
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M‘DIFFUSION CF IODINE IN POTAS€%M IODIDE.

. ' Edgar

The wdrk of# Van Name and ¥######£ and of

Van hams and Bosworth discussed above showed plainly

that ”An increase in the concentration of the potas-

sium iodide produces a marked acceleration of the re-

acticn.”r As no data were available bearing upon the

rate of iodine in potassium-iodide solutions varying

Vin concentration to anything like the amount involved

in the emperiments of Van Name and his coworkers-é!'§:’

a few rough determinations were made by Van Name and

Edgar. Theseahowever20wing to the experimental diffi-

culties encountered and to the lack of time to push

further a side investigation, only gave a rough and

unsatisfactory donfirmation of the hypothesis.

During the winter of 1911 --12 BI. Graham Edgar as:

 

=:: made a few determinations of the same

kind at the University of Virginia. d

The results of these preliminary investiga-

tions showed that it was very probable that the orig-'

'inal hypothesis was ##### correct as to iodine diffus-

. ing more rapidly in strong than in weak potassium io-

-dide solutions, also that the value of the diffusion

'constant was somewhere about 1.1 . It also developed ‘

that experimental difficulties were much greater than

had been anticipated.   


