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INTRODUCTION

There is speculation emong chemists as to0 the
struotﬁre of gels. In an effort to get information
on this subject, chemists have studied the properties
of and reactions in gels. The results have led to
conflicting theories. This work measuring the veloeity
of ions in silica gel has been done in the hope that
it mey add to the knowledge of the behaviour of gels
énd furnish a further clue towards the correct structure

of silica gels.
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HISTORICAL

Since the type of procedure in measuring the
velocity of migration of ions in & gel must be much the
game &g that used in measuring diffusion in gels, & search
of the 1iterature was made with the purpose of reviewing
the verious methods of measurement in order that the method
best suited to the apparetus available should be used.
Voigtlgnder (1) and aholm (2) measured the progress of
diffusion of XCl in gelatin gels by subjecting the different
layers to chemicel snalysis. It is needless to say that this
me thod is very cumbersome and time consuming. Herzog and
Polotsky (3) in 1914 attempted to measure diffusion in gels
by following the diffusion of colloidal dyes thru a gel, bdut
they did not get very consistent results.

Todge (4) in 1886 uaéd phenolpthalein as an in-
dicator with which to measure the rate of diffusion of OH
ions into a gel, but since he was not very much interested
in the hydroxyl ion, he made very little mention of the method
and consequently his work has been overlooked. W. Stiles (5)
and V. Morivek (7) did very thorough work on diffusion into
ager and gelatin jellies. Their method was %o set a gel with
some such substance as silver nitrate in it, and then allowing
@ chloride to diffuse into the gel, the rate of diffusion being
meagured by the advance of precipitation. In this manner Stiles

showed that tempereture greatly affected the progress of the ions.



e

Friedmen (6), however, discredited his results because he
claimed thet the precipitate blocks diffusion by clogging
the pores of the gel, and so he proceeded to measure
diffusion by means of the Zeiss Immersion Refractrome ter.

A few other methods of measurement have been used,
namely, by spe#ific grevity determinetions, optical me thod s
such as refractive index or optical rotation, and determination
of electrical conductivity. These methods for the most part
require special apperestus and are rather cumbersome. |

| Isgarischew and Pomeranzewa (8) are the only ones

found so fer who heve done any work on the migration of ions
in a gel under the influence of 8 potential. They used
lodge's indicator method for the meésurement of ion migration.
They used gelatin gels set in tubes with the electrodes at
each end. They added NaCl to the gel to mske it conducting.

In the following experiment, @ modified form of
Isgarischews apparatus was used, but no salt was added to the
gel to meke it conducting because I think the presence of

appreciable amounts of salt effects the manner in which the

gel will set.
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EXPERIMENTAL

Silica gels were set in tubes, each tube containing
a different indicetor, such as cochineal, methyl red, congo
red, phenolpthalein, and methyl orange. Hylrogen and
hydroxyl ions were allowed to diffuse into the gels, Of
these congo red and methyl orange were the only ones whose
indicative properties were unaffected by the gel. Since
methyl orange showed the line of demarcation the most clearly
end sharply, it was the indicator decided upon as the most
suitasble.
The progress of the hydroxyl ions could not be
messured because the OH dissolved the silica gel.
~ After experimenting with various concentrations of
1nd1eat6r. I finally decided to use 14 drops %o each 30 ce.
of gel, since this concentration showed the best line of
demarcetion under the conditions of this experiment.
An attempt was maede to determine the possibility
‘ot allowing Ky Cr 040 Xy Fe(cn)s. and other colored compounds
to diffuse into the gel, and measuring their progress by the
advangce of color, but the color wes either too faint, too

uneven, or for some other reason unsa tisfactory, so this

possibility was discarded.
The next problem was to find suitable electrodes,

since platinum discs were unaveilable. A% first mercury
contacts on one side of the gel were tried, but the gel soon
dried end crscked. Then contact solutions of HCl were tried,

using silver, copper, and other metals for electrodes, but these
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either dissolved or polarized. Pinally & carbon rod was tried
and found very satisfactory.

There wes some question as %o whe ther the indicetor
would affect the conductivity of the gel, so several tubes
containing various amounts of methyl orange were set in ge}s
elong side 8 gel containing no indicator. Upon applying the
same potential across either tube, the seme current resulted,
thus proving that the me thyl orange did not take pert in the
migra tion. |

As pointed out vy Stiles (5) the migration of
ions thru & gel is affected by the temperature. In order %o
assure a8 constant tempersture, 2n gir bath was built, which
consisted of 8 cardbosrd covered packing box with a hinged
door in front. It was heated by 2 100 watt electric light
buld which was shielded from the gel so that no heating by
radiation should teke place. The tempera ture control waes 8
bi-metallic strip control obtained from ¥r. J. H. Payne,
of the General Nlectric Company. This regulator when tested
with & 100° thermome ter wes found cepeble of keepijg the
temperature within 13°C. It was set to operate at 24°C.

Previous workers in diffusion hed taken great
care to prevent evaporation. In order to find how much
evaporation was liable to effect my results, I set gels in
two sets of tubes. In one seb eveporation waes guerded sgainst
by covering the HCl with 8 £41m of oil. The other was left
exposed. I applied 6 volts scross each for 24 hours. A% the
end of thet time, no measurable difference could be detected
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be tween the dilfancea of migration. So I concluded no
elaborate precautions should be taken esgainst evaporation.

In the same manner I tested to see if differences
in the level of the HC1l would meke any difference in the
velocity of the ions, The result showed thet with e difference
of levels of HC1l of 2% inches, no measurable difference took
place in 24 hours, ahowing thet small sccidental variations
in the levels of the HCl solution would not effect the

results.
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APPARATUS AND MATERIALS

Fig. 1 shows the air bath used.

Fig. 2 and & shows the apparatus and circuit.

The tubes containing the gel were 25 om. long
and .0656 em. in diemeter. These tubes were inserted thru
corks into beakers containing the electrodes and HCl solution
8s shown. The beakers were 200 cc. beakers. The holes for
the corks were drilled thru the gless by means of a die made
of brass tubing the diameter of the hole; this scts as & very
efficient drill when used with a paste of carbdborundum and
wa ter,

Leaks betﬁeen the cork and besker were rather
common. Several methods for preventing this were tried, but
the most satisfactory was by cementing the joints wish rubber
cement. This cement sticks very readily to rubber or glass,
is easy to apply, dries quickly, and is transperant.

Evaporation was guarded ageinst by plaecing a piece
of cardboard scross the top of the beakers.

At first round carbon rods were used as electrodes,
but they had to be perfectly centered to give reproducible
results, so they were discerded in favor of the flat type
shown in Fig. 3. These were turned down on @& lathe from
carbon rods obtained tiom the Research Laboratory of the
General Flectric Company. The wire threaded into the carbon
disc was of nickel, shielded from the secid by being encased in
8lass tubing fastened to the carbon by de ¥ho tinsky cement.
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It might be noted that the ﬁirenit is s0
arranged that the milliammeter and voltmeter can be connected
at will end independently of each other. The reason for
connecting the milliammeter in such h manner that it could be
thrown out of the circuit was so that in case a B battery
wag used as & source of potentiasl, the milliammeter could be
thrown out of the eircuit so as not to sap the current from
the battery and ruin it.

The gels were all ﬁade up of equal volumes of .56 ¥
acetic soid end 1.06 © brand water gless. The advantage of
this concentration of gel is thet it sets immediately &and is
besic to methyl orenge. The gels were set by holding the
finger on the tube, f£illing it with gel, and holding it @

minute $111 it set.
The HC1l used was 1.000 X .002 HCl1l standardized

against NeOH whieh in turn was standardized agaeinst oxalic
acid. Tnough HOl was made up et one time so that HC1l from
the seme ssmple was used throughout the experiment, thus
eliminating small crfors due to slight differences of
conecentration. In the seme manner a2ll dete was taken using

solutions from the same seamples throughout. Xven the seme

pipettes were used continually.

A1l Joints with a possibility of a bad contact
were soldered. The same electrodes and tubes were used
_repeatedly in taking the data included herein., Special care
wag exercised in plecing the electrodes for enough from the

gels to prevent gas from the electrodes to form bubbles in



the ends of the tubes. For 6 and 12 volts storage
batteries were used. Above thias voltage the Union College

D.C. generator wes used.
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EFFECT OF POTENTIAL
ON THE VELOGITY OF H IONS

The apparatus wes set up es shown in Fig. 2.

A potentiel was spplied, readings being teaken at convenient
intervals with & pair of celipers. Results are given in
Tables 1 and 2., The agreement between different sets of
readings cen easily be seen for separate runs at 6 volis.
Results at 12 volts show approximately es close agreenent, bu?
ad the voltage was increased beyond 12 volts the agreement

was not so good. Results are shown for 0, 6, 12, 18, 24 end
30 volts in Fig. 4.

The graph suggested the fact that the relative
speed of migration increases directly with the voltage, i.e.,
.that with twice a&s much vo;tage, the distance traveled in a
given time is twice as nn@ﬁy Using the curve for 6 volts as
the stenderd, I drew (in black) the curves that I would expect
{f this were so. As can be seen, the agreement is almost
perfect for 12 volts, but gets poorer as the voltage increeses
above thet value.

1 can suggest three reasons for this diserepancy at
nigher velues. First, for 18, 24 and 30 volts the voltage was
not constant for the generator was used as the source. A
vibration or fluctuation of * 1 volt %ook place contiruslly
a8 the generator was running. Second, I believe the gels heat
rather rapidly for the higher volteges, and the air bath is not
capable of correcting this. A water Jacket should have been

used, but since constant temperature water was unavailable,
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~ the air bath had to suffice. Third, I suspect that the time

allowed to elapse between the setting of the gel and the
8pplication of the potential has a very decided effect upon

the rate of migration of the ions.
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CHANGE OF CURRECT DURING MIGRATION

puring the progress of the experiment, 1%t was noticed
thet the current kept decreasing as the hydrogen ions
migre ted thru th; gel, so during the measurements on 24 and
30 volts, & careful record of the fluctuations of the current
was taken. The results are shown tabulated in table 3 and
Fig. b.

The graph shows that the current increases for
awhile, then decreases repidly, and seems to approach & limit-
‘ing value as it flattens out. '

As lower voltages are used the maximum current shifts
to the right i.e., the maximum current occurs later.

An attempt to explain this decrease in current was
mede on the grounds of polarization or back potential. The
electrodes were dipped in HCl and 56 volts applied., It was
found thet hydrogen and chlorine formed on the cathode and
anode respectively, but the resulting back potentisl of about
1% volts wes in such & direction tha% it would have favored an
ineresse and not a decrease in current.

Agein the current was measured when the potentisl
wes first applied and found to be ebout 1056 milliamps, After
.about 4 hours the current wes 105 milliemps. This showed that
the fell in the current was not due to increased resistance
caused by the sccumulation of ges on the élootrodel.

personelly, I believe the phenomena of the fall of

current is due to the exhaustion of ions in the gel, but
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I ean offer no explanation for the increase in current

at the beginning unless there is some force similer to

inertias ameting in the gel.
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SUMMARY

1. A simple and econvenient apparatus for

measuring the rate of migretion of hydrogen ions
ig described.
2. The results seenm to indicate that the

relative rates of migration are proportional to

the applied voltages.

3, An unaccountable increase and subsequent

decrease in current was noticéd as the migration

took place.




TABLE 1

§ VOLTS
DISTANCE TRAVELLED
TIME IN HOURS IN MILLIMETERS AVERAGE
1 2 3 #4
5% 19 19 18.5 18.5 ~ 18.8
6 21 20 18.8 19 19.7
6% 22 21 20 20 20.8
7 24 23 21 21 22.3
7% 23 23 22 22 22.5
8 24 24 28 23 28.3
8% 256 25 23.5 23 24.1
93 ' 26 27 25 24 26,5
10 27 27 2 26 26.0
11 28 28 27 28 27.8
12 30 29 29  28.5 29.1
13 31 30 30 30 30,3
14 8 31 32 31 . 8243
16 34 34 34 33 55.8
18 37 36 35 34 35.5
19 38 37 37 @7 37.3
20 38 37 38  37.5 37.6

22 40 38 41 89 89.5




TABLE 11

For 0
For 12 end 24
For 6, 18 and 30

it

"

TIME
IN
HOURS

1
12

B w2
o mp s

$£°3233°"ss33s8°

four

volts figures are average of two runs.

" three

DISTANCE TRAVELLED IN MILLIMETERS

FOR FOLLOWIRG VOLTAGES

0 6 12 18 3% B
= A . : - 32.25
= 5 - - - 29.75
> % . i - 45.5

" “ - - 37,7 49

- o - - 39,7 bB2.3

5 - 27.3 39 48 56.3

. & “ o 45.E BB

K - 29,3 41 48.3 62

= £ - - B 64.5

- « 81,3 46 53.3 67.8

- - - - B8 70.3

i - 83,56 - B8.5 72.8

2 o & i - 75.8

2 ERNT - - 78.8

e . . 52 67 &

2 . - o Al .

- 18.8 38.8 85 70.3 -

v - * » el e

e 19.7 40.6 56 T4 90,5

. X a - 8.3 -



For

Tor 12 2nd 24
Tor 6, 18 and 30

TIME
IN
HOURS

6%

-3

0

TABLE 11 (cont'd.)

volts figures are average of two runs.

"

"

"

L

"

L

L

" three

"

" four "

DISTANCE TRAVELLED IN MILLIMETERS
FOR FOLLOWING VOLTAGES

0 6 12 18 24 30

w R AL e 77 95,3
- 22,3 43 62 - é

o BBl - -  101.5
-  B3.3 46 65,6 - o
R T O - 98.7 -
19  49.4—2 - - -
e BB - - - "
21.8 26.0 52 74 - .
“- B7.8 B4 é .
- 291 B7 82.3 - -
23.6 30,3 - - % o
- 32.3 62 - - -
26.2 - - 91 & 5
- 3%.8 66 “ B "
26,8 - - - - .
s Y0 300 - -
27.2 37.3 172 - “ -
- 37.6 - 106 - -
- 89,6 75.5 117 - -



TABLE 111

VARIATION OF CURRENT WITH TIME

13
1

00
spa

' ENE RS TR N E

Column A for 30 volts.

Column B for 24 volts.

A

O — S

2649

30.6
29.5
2646

19.5
17.0
16.0
16.6
16.3
14.5
14.1

10,5
9.0

20.8
28,0

19.56
17.2
15.8
16.9
14.3
13.5
13.0

11.3
[0

3
10.0

10.0
9.8
9.3
9.0

T4
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