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INTRODUCTION
The problem wes entered into to find out whether a grad-
ual change of concentration over a distance of some centi-
meters would make any change in the electromotive force if
substituted for a relatively sharp Jjunction,
EXFPERIMENTAL 2

The first step vas 2 study of two calomel half-celis
gonnected by a salt bridge of 1¥ potassium nitrate vwhich were
a’loved to stadd for a period of days. During this time the
only natural process taking place was diffusion. Haif-cells
and salt bridge were kept in s thermostat which was operated
for only an hour before esch potentlal reading was taken,

4 Leeds and Northup Student Fotentlomeler was used to
makke the electromotive force observations.

The following data were obtalned:

bays EMP
« 003 0.1150
1 0,1158
2 0,1178
T 0.1173
8 0.1167
19 0,.1165
1l 00,1168
14 0.1172

The thermostat was at 24,f degrees centlgrade.

Bvidently diffusion did not tske plece rapldly enough,
for there is an absence of any definite trend. Copper sulfate
erystals in the bottom of a eylinder will take a year to reach
the top. A caleculation by the Hernst equation glves 00,1169
volts as the potential of this cell.



A next attack was the setting up of an artificlal concen-
tration gradient across the bridge. This was done with the
use of seven test tubes, each succosscive test tube belng con-
nected by & 3mm glass tube bent into a U shape. &Sach U tube
was aprroximately six centimeters long. At first capillaries
were drawn for this purpose but they were found to have a
reslstance of about 100,700 ohms aplece, and to avold any
resistance effects the Jmm tubes were used which had & resis-
‘tance of only 12,000 ohms.

The calomel half-cells contained solutions of .8E KC1
and 008 ¥ KC1, Them the seven test tubes brought the bridge
concentration from .6 ¥ KC1 in the first tube down to .80C:
ECY in the last tube in equel steps. The side srme of the
half-cells dipped Into the end test tubes sach time an elec-
tromotive force measurement vas taken. In steps, the half-
cell was moved from the test tube contalning .88 KCl1 to the
following tube contalngng .668¥ KC1l and s0 on until both half-
cells dipped into the .00BH KU1 solution in the last test
tube. An electromotive force observation was taken at each
step, Thus, after the Plirst reading g snd ¢ are removed and
4 18 moved over to test tube b and another observetion made.

Teble I
Bridge Conc. EHF Temp.
.am».?“EQﬁ D 11%}-2 3"&-95
668-,008 C.112532 24,90
«536~.008 0.112512 o4, 02
« 140~ 008 0,112%12 24,95
08 0,112812 25.0
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4 new cell was made up and allowed to stand for three
days before an observation of the electromotive force was

made,

, Table IT 2
Bridge - EWP EUF

?nd day 4th day

.8~.568 0.113934 C.113737 0,113931

8~ . 404 0.11%934 0.113737 0.1;3931

.8»,2?? 6.113934 0.113737 0.113931

8-.140 0.113934 0.113737 0.113931

«B= 008 0.1139%4 0.113737 0.1139731

The temperature range was from 25.0 to 24,0 degrees C,

The data in Table T and Table TT were taken on the
”%uagn” potentiometer which glves accurately five places snd
an,eétinaxtmn for the sixth plsce,

Some diffieulty was encountered in making up cells whieh
remained constant over a period of days. Fales and iudgel met
with the same difficulty and found thet by sllowing & newly
made calomel cell to stand for two days before observations
vere made a constant electromotive farua woulid be obtained.
This was done and reasonsbly ¢onstant valuas wers observed.

® experienced this same trouble.

chsr observers
CURCLUST ®

~2$ is apparent that no ehange in tie electromotive force
hes beem found. Perhaps an explanation may be found in the
transport mumbers of the potassiur chloride. They do not
change appreciably even over s wide concentration range,

ﬁehaxuhasés #says that in considering the Debye~Huckel
interionic theory one shouid expect that both the activitles
.aad mobllities should depend slightly upon the concentration



gradlignt and would scarcely expect to bbtaln s suffieient gra-
dient in practice to show & measurable offect, He found fur-
ther that the electromotive force of hydrochloric aseid con-
centration cells incrossed a few hundredths of s millivelt
when the liquid Junction was made very thin, This fits in
¥ith the opinoin of Dr. Irving iangmuir® vho belleves thst a
change in electromotive force ¢euid be found only over the
distance of & hundredth of a millimeter belween a very high
difference in concentration. In order to obtain this he sug-~
gested uesing a speecial glass manufsctured by the Corning Gadss
Company which contains boron oxlde and silicon dloxide. V¥hen
the glass ls blown very thin, heat trested, snd boron oxide
dissolved out, a meémbrane-ilke glses is left which can be
used for the Jjunction, 7Then he continued, a situatuin not
unlike that found in electrokinetic phencmena is mel from
which it would probably be lmpossible to separate out any ef-
fects due to the concentration grsdient.

A seeéna phase of the problem wse a study of the diffusion -
of lead acetate in & siliicic aclid gel. This problem has been
studled before by Rnﬁhemiah? ﬂavies? and Frazierz These men
have nmade an abstract of the literature concerning llesegang
vhenomena in thelr theses.

EXFERTHENTAL

The probing electrode method described in the references
sbove was used to examine the diffusion of lead scetate thru
the sillicle acld gel.

Lead wire electrodes, cut from sheet leasd, were inserted
into holes driiled in the wells of tubes 4 and E in cell I
and factened with de ¥hotineky cement. £ solution of two
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parts nitrie ecid snd five parts distilled vater made a good
rinsing solution for the lesd electrodes.

Fart C of cell I was filled with a gel containing 40 ec's
of silicate solution, 10 cc's of meetie scid (1.8398K), and
10 ce's of .O04285H lead acetate solution. Fart A contalned
& solution of 20 ce's of siliceste solution, 25 cc's of scetic
seid, and 10 cc's of .4285: lemd scetate. Inbo part B was
poured & solution of 40 cc'sg of siliea:é solution, 10 ec's of
acetic acid, and 20 cec's of .0 42854 lead mcetate. The gel in
tube C was allowed to set before the other two gel mixtures
were added. At the moment of the addition of the gels to the
tro tubes 4 and I, potential readinges were taken from connec-
tions lesding to the lead wire electrodes such as Ay snd By
and #0 on up to AyBl. This meant that three readings were
taken for a&ah wire at 4 namely, A;B1, A;B;, and A;38%,

Cell II. Another cell similer to cell I 8 made up and
fllled completely with a ge} &auﬁiating’et €0 ec's of sllicate
solution, 20 ec's of acetic seld, and 20 ce's of .00LEZSH lead
acetate. It ls to be observed that tiis is the same mixture
that was used in pert C of cell 7. Then upon ihe gel surface
in tube A 10 ce's of & solution of .k&ESK lead acetate diluted
to the volume of the gel mixture in tube & of cell I, and upon
the surfsce of the gel in tube B, 10 cc's of & solution of
+C04825¢ lead acetate diluted to the volume of the gel placed
In tube B of cell I vere slliowed to diffuse into the ruspaati#a
tubes, 4As soon as these solutions vere piaced in position,
potentiometer readings were taken.




Both cells were kept at 25 degress é in an alir therao-~
stat. All electromotive force readings vere taken on s leeds
and Koprthrup type K potentiometer. "

CORCLUSI. R

| liesegang was the first to see the phenomens of rythmie
precipitation when he added silver nitrate solutlion to the
top of & gelatine gel containling potassium chromate. Ustwald
explained that the silver lons migrated into tie gel, met the
chromate ilons and formed & precizitate of sl ver chromate.
Because the precipitastion saused a deflcliency of chromate
jons, more of them migrated tovard the precipitete and met
the silver lons which continued to penetrate into the gelatine
thereby causing the appear:nce of bende of sliver chromate
spaced in an aritimetic progression.

In the set up with the silicle acid gel, the lead acetate
should migrsote becsuse of the difference in concentration
which g in the ratlo of 100 to 1, Thils migrstion was to e
measured by the electromotive force method, for in reality, s
eoncentration cell conslsting of two different concentrations
of lead scetate with lead electrodes ls set up.

In order to show this diffusion Dr. lLengmulr® believes
that there should be & maximum change of .03 volis in the
potentiometer readings because of the concentration ratic of
1CC te 1. The dete show no such change from beginning to end
of the run. The largest change shown is .013 volts.

Tt is significant to note from the curves that a distinct
maximum occurs within the first twenty-four hours of the run.
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