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CHANGE OF CONDUCTIVITY OF SILICIC ACIL GELE UPON SETTING

Introduction

The problem of how the electrical conductivity of col-
loidal sols changes during setting has béen & source of much
speculation for a long time. ¥ork bhas been done upon & variety
of sols and gels with various and oftentimes conflieting results.

The purpose of this investigation was to find out
whether the conductivity of a silicic acid sol changes during
setting or not; and, if so, how it varies. It was also hoped that
the resﬁlts might lead definitely to some theory of gelation and
gel structurse,

Historical

The interference offered by the colloidul formation to
the passage of ions is in every case of much lower order than
would be expected from consideration of viscosity. Granaml, 1880,
found that gelation had no appreciable effect upon clectrical con-
ductivity. Arrhﬁniuss, in 18&?, obtained a similar result with a
System composed of gelatin, water, and sait.

duch’'later, in 1820, Laing uand ch&ina worged on a

 System composed of soap snd water. They also found that, when

Properly thermostated, the conductivities in the sol and gel were
the same.for equal soap concentrations. In 1924, Lartin Fischerd
found the conductivity of soap solutions to decreasse at and below
the temporature of gelation.

Also in 1984, Hatschek and Humphreyd carried out an ex-

tensive pilece of research dealing with a water-gel-salt system




 S$lmilar to that of Arrhenius. They noted that in this case the
conductinpg ioﬁ came from the salt, not the gel forming material.

The electrical conductivity of copper sulfate wus measured in the
presence of agar at such a temperature, 509 C., that both gel and
sol were present. Thelr results, however, contradicted Arrhenius?
for this type of system, and showed the conductivity of copper
sulfate to be different in the agar gel and the agar sol at the

same temperature. In fact, conductivity in the gel wses as much &s
£% higher than in the sol at the same coancentration and temperature,
for both direct and alternating current.

Hatgchex and Humphrey imterpreted thelr results as showing
that the migrating iloms traveled only in the liguid phase of the
gel. In the gel the viscosity of the liyuid phase was less than in
the sol due to presence of the solid phase. This would explain the
higher conductivity in the gel. |

Henry Swanker8, in 1932, investigated conductivity of
sllicic acid gels produced by various concentrations of sodium sili-
cate and scetic aeid. His wmethod was to use a capacity-balanced
¥heatstone bridge, excited by 1000 cycle current, cuploying ear
phones us & detector. In no case, no metter how firm & gel vas
used, did he find any change upon setting.

Thus we see that, with two exceptions, no change in con-
duet&vity u@ou‘gelation was found above experimental error. Une
exception was Fischer's case, in vhich he found s decrease in con-
ductivity during gelation. The other was the result of idatschek
and Humphrey, showing higher conductivity in the gel than in the

Sol.
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In view of the fact that all previous investigators found
little or no change in conductivity, and since it seemed incredible
that such transformation could taxe place in a substance without
souwe change, however slight, the {irst problem was to discover, if
possible, some method for measuring very wminute variations in re-
sistance.

It was anown that G. Carey Foster found a very accurate
method of deternining the difference between two resistances by use
of what is known as the Carey Foster bridge, but this applied only
to direect current, and balance conditions always involved capacity
and frequency for alternating current. Such labor was spent in
attempting to find, by application of complex impedances, some
bridge which vould balance independent of frequenpy and capacity,

and still give results of high accuracy.

Finally acting upon & suggestion of Dr. Vold, the following

.

development was worked out applying Foster's original idea to an

alternating current bridge involving capacity.
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is constant for the slide wire.
Using complex guantity notation, we divide the network
up into four parts as indicated by Zs.
Potential drops through Zl and Zg are equal, since D and
E are at the same potential, as indicated by the zero reading of

the detector. Similarly for Zg and Z4. €ince the potential drop

equals the product of complex current and impedance:

1129 = 1.2,

and 1122 = 1824
Dividing: 2] = Z=z
ip Zg

This is the general balance condition for the bridge.
Wow the complex impedance of a resistance is simply R;

where

that of an inductance jJwl; and that of & capacitance ju}C "
e« lis equal to the frequency multiplied by 27, and J is the Jtii
Also, impedances in combination are treated similarly to resistances
in_direct current theory. Thét is, the impedance of two guantities
in series is the sum of the individual impedances; and the reciprocal
Of the impedance of two im parallel is the sum of the reciprocals.

Thus: Z; = Ry énd Zo = Rg

Let X = impedance of A and C in parallel

il L
Then. —4—:—-3%— -" A

or X= 3:1%_;__‘{

Z3 = X+@ % = gitw e 1

Similarly Z4 = Y+@ 12
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From balance condition &
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liow exchanging systems X and Y, and rebalancing:
R =Y+@1'
Rg e lef

X+€ll - Y‘f‘e ll|

Y{-() le )T+(o' dlet

Adding 1 to both sides:

X+ Y+plitply X+ Y +Q114 ¢ 1t
T+ el Teele!

Egquating:

But 13 + 1g = 13'+ 1g' = L
Since numerators are equﬁl, denominators must be egusal:
Y +elg =X +(012'
Y-X = e(lg’-lg) * C (13-241)
Substituting for X and ¥Y:
B 3f A
JBC'¢ 1 jadC+1

= e U111
This is the partiéuiar balance condition. The ratio arms
’ Ry and Rg are not involved; asnd had we introduced them, we would
have found that all contaet resistances would have dropped out. We
no%ice that if JwBC' and juiC were negligible with respect to one,
we would have the desired conditiom: "

B-4 = (0(11-11')
indicating that the difference between the resistsnces 4 and B is

equal to the wire coustant multiplied by the difference in slide

setting.



R R A W L S T <) la et R

N
It should also be stated here that for greatest sensi-
tivity of bridge, resistances A, B, Ry» and Rg should be approximately
egual.

4

Apparatus

Vhether the above mentioned terms actually are negligible
'r not depends mainly upon frequency and capscity. FFor tinis reason,
it was decided to try a frequehcy of 60 cycles, in conjunction with
& cell whose electrodes were guite far apart.

4 preliminary bridge of the Vheatstone type was set up,
with facilities for switching immediztely from 1000 cycles with
phone detector to 60 cycles with alt@rnating current galvanometer.
Capucities at the two frequencies were verf‘easily studied and
compared, although data could not be used directiy in subseguent
work, because at this point a simple dip cell in acid solution was
used. 4t 1000 cycles & lerge condenser was needed in the opposite
arm of the bridge to balance the capacity ol the cell; also a
relatively swmall change in this cdndenser'gave g noticeably diferent
belance point on the slide wire. 4t 60 cyeles, hovever, using the
more sensitive detector, the capacity could be varied over a very
wide range with no éetectable change in balance point. The capacity
of this celil, which from dimensions should have been much greater
thsn that of the cell used later, seemed to be about .00l microfarad.
This wcizld make the wal term for 60 cycles and 100 ohms = £TM(60)
(100)(.001 x 10-6) = 3.5 x 10~5, which %s quite negligible as
compared to one. These considerations were taken as evidence that
the capacity effects at the lower fréquency were of such a low _
order, that there was & possibility of using the above discussed

bridge to good effect.
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In view of this fact, it was decided to proceed in the
direction indicated - namely, to set up th: new bridge. A very
important member which had to be comstructed was a set of mercury
contact switches for exchanging the two systems as already described.
The stipulations on these were that they must give constant resis-
tance, preferably low, and that they must operate easily and gquickly.
Fight holes were drilled for mercury cups in the form of an octagon
in the center of a thick block of bakelite, F¥ach of these was
connceted to a binding post and by & stirrup tc some other cup.

These stirrups, which were first made of nickel and later of copper
for better contact, were mounted on a small piece of bakelite so
that by 1ifting up, turning through ome guarter revelution, and
inserting again, the systems were sxchanged. ¥ith the copper con-
tacts, druw readings could be duplicated to at least one tenth of

a division, which corresponds to .003%Z ohms.

Power was supplied to the bridge at 15 volts from the
galvanometer box which, in turan, was excited by 110 volts. A one
to one transformer was introduced between the galvanometer and the
linc,obviating the grounding of certain points of the apparatus.

The glide wire wasvef the drum type, and capuble of veny.accurate

readings. The bridge hook-up was as follows:

PSR R e S e = e R L s e A

7.

Dian



(Z)

k. o /wi 7 ameber

%
aﬁ
'r

e

X

l

Vhere: X represents the conductivity coll.

A and B are resistances being compared.

1t will be noticed that & variable condenser is introduced,
apparently to balance the capacity of the cell. &8s a check upon
the validity of the bridge method, this condenser was varied through
. aldd by o E A >

vide values to see if readings were influenced. Absolutely no

fe
&

change could be detected, and this condenser msy be omitted from

the apparatus.
since the expected change in resistance was very small,

and since the conductivity of solutions chunges relatively fast with
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temperature, the need of & very accurately thermostated bath was
anticlpated in order that changes obser¥ed might be great as compared
with the experimental error.

The tank was.mad@ deep with small exposed surface, so that
the heat losses to the atmcsphére might be minimired. It also was
constructed in s rounded-square form, =0 that & maximun of working
Space could be had without impairing the stirring qualities of a
round tank, |

The thérmoregulator was of the toluene-mercury type, and
was blown with an especially large toluene chamber so that the contact
would oprrate upon the 3lightest variation of temperature. A4 plati-
um wire, waking contact with the mercury in the capillary, caused
the 6-volt battery to operate the relay and open the heat ecircuit.
Reslstances in the form of lamps were used in the wiring.
In order to decrease the speed of the stirring motor, one lamp ':'
was put in parallei with the srmature, and another in series Qith
the fi1eld. 4 lamp was iﬁtroduced across the relay contaets to
The l&b-watt heater was found to heat the bath

Prevent sparikiug.

80 gulekly that a lamp was put in series with 1t so that it would

remain on for a reasonable psriod of the cyecle, thus holding a

more even temperature. |
The following is th e«lectrical dilagram of the thermostat:
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A8 measured Uy a DBeckmann thermomster the thermostat held
the tempemature to a warimus varistion of 0089 C. over the working
region, andg té & verisztion of about .008° C. for any specific point.
The fact that én -accuracy of approximately this order was needed
is indicated by the following experiment. In the middle of & run
the heater was turned off for & short time, vhereupon the readings
shifted. However, after turning on the hester the readings returned
to Normal, although no varistion in temperature could be detected
O & 1100 thermopeter guring this whole time.

The conductivity eell was of special design in order that
the eleetrodes might be removed for cleaning and still rewain in
coustant relation to each other. The body of the cell was simply
& large tube closed at ome end, and fitted at the other with a
Eround stopper. ©Sealed into this stopper were two tubes carrying
the conducting wires and terminating in the platinum slectrodes.

The clectrodes were made in trisngular shape so that they might be
¢asily withdrawn from the gel. |

Experimental
The silicic aeid gelsAwere made by mixing sodiun silicate

and acetic acid of various concentrations. The silicate used was
the nEn b;and of p&tiovuaEO:Z.ESIiGQ. The amounts of acid and
Silicate to be mixed were put in separate beakers, and an amount
of water added - appromimately half to each beaker - so that the
total amount of solution after mizing vwould be 225 ec. low the
silicate was poured into the aecid. and the solution mived well by
Pouring back and forth several times. The cell was filled to a
Certain line, well aboie the electrodes, with this mixture, and
set in fhg thermostated bath. Contact was made by inserting the

et et S
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amalganated copper wires from the electrodes into the mercury cups

-

quch ¥ere connected to the bridge.

After closing the switches, the comparison resistance was
adjusted so as to equal, a» nearly as possible, that of the cell.
Thisvas doune by working for the smallest galvenometer deflection
when contact was at the middle of the slide wire. OUnce adjuéted,
this resistance was not changed during the run.

A drum reading was takeh for one adjustuent of the mercury
contacts, and agein after switching thes. The difference in these
drum readings wultiplied by the wire constant gives the difference
in resistance between the cell und the calibrated comparison re-

8istance box. Thus we see il the box resistance remalns constant,

the difference in resistance at sach reading subtrabted from the
original difference equals the change in resistance of the cell.
The switeh exeiting the bridge was left closed throughout

a run for the following reason. If the switch were opened after a

reading, the next reading, taken immediately upon closure of the
switch, would be in error to the value @bftained if a few minutes
were allowed to elapse between closing the switch snd the adjustument

of the slide. It was found, however, that during a short interval

of time after the switeh was closed the readiags approasched a con-
Stant value which was the sawe as that obtalned if the switch had |
remained closed all the tiwe. Therefore the switeh was closed
throughout the run, sad adjustuwents made in this wanner were assumed
to give the correct reading. The effect just related was possibly

due to the time required for & steady state of equilibrium to

establish itself in the cell.
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Although the plate holding the contact rods of the mercury
switeh could Pe lowered into the cups in four positions, two positions
?Oo apart were éhosen and used throughout the investigation. 4 mark
Was made on the plate which would be either toward the left or
toward the ripght, but always on the side of the plate fucing the
observer. Yhen this mark was on the left the contact was denoted
&s being ®toward the left." Thus by turning the bakelite plate 80°©
Counterclockwise, we shift the contacts from "the left® to "the
right.m (Only these positions were used, in order to obtain the saume
situations of contacts for each reading.

For the manner in which the apparatus was connected in
this work, if successive drum readings with contacts "on the left"

decreased, the resistance of the cell was decreasing, or the con-

ductivity increasing.
Also, it will be seen from the theory that if readings with

0f course the opposite of this statement is

true,
contacts "on the left" decrease, then readings with contacts "on

the right" will inerease.
It was found that the cell should not be disturbed during

& run., If the electrodes were moved through the solution, even if

it had not set, & definite change in resistance would be noticed,

due to the accuracy of the system.
In future work the cell should be calibrated with W/50 KCl
to determine the cell constant snd to express the conductivity as

specific conductivity. Also, the cell should be checked before eaech

run to insure constancy of the positions of the clectrodes.
The constant of the slide vire was determiuned by finding
its resistance at certain points throughout 1ts length, snd then



l4.

taking an average over the section used in the experiments.
.

| brum Reading Registance Resistance per turn
" ,0 0.00 ohums -
100 (1 turm) 2,808 2,206 ohms
EOO 6.4105 Z. 208
<J0 9.651 Ce £10
400 1£.855 224
500 16.088 E.280
600 . 18.235 2250
700 £2.575 2,840
800 £5.808 B 220
200 “9.045 2.£40
1000 2£.288 ?.240

Since the drum readings in the experiments varied from
about 4756 to 525, the value chosen was 8.500 ohms per turn of drum.
Anﬂ\since there are 100 divisions per turn, the assumed wire con-
stant is .02830 ohms per division.

The concentrations of the solutions from which mixtures
were made are: |

liormality of Silicate - 1.251% I

Normality of Acetic Acid - £.0841 N

Temperature of thermogtat bath - £5.00 C.

The case given below is an exawmple to show how data
was assembled end arranged:

dun a
Nickel Contacts
Mixture: 100 cc. Silicate; 100 ece. Acetic Acld; 385 cc. Total
Bolution; .6£4 N with acetic acid; .385 N with silicate.

Resistance in comparison box - 118 ohms. :

Bince the eell is higher th&a this by 1.5 divisiuns
(the extrapolated value at mixing), the actual resistance of the
cell at miving = 116 1.5 (.0%22) = 116.0485 ohms. Any change
indiested is with respect to this value. This, of course, 1is not

correct to the last place, since the 118 ohms could not be cali-
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brated this accurately, but it shows the method.
: Table a
Drum Readings
' Contact Contact Change from
Iime on Left on Right Difference initisl difference Change in R

0 min. - - 1.5 (extrapolated) O divisions o ohms
4 504.8 501.8 2.6 o Y -.035
6 505.4 501.2 4.8 ~E.7 - 087
14 505~7 503.1 5.6 '4.1 "0‘372
17 5056. 500.6 S.1 ~Z2.8 ~.118
<l 506.4 500.7 SaT -4,z Y
&7 500.6 500.8 4.8 ~Jel -.107
“9 504.9 500.5 4.4 ~2.9 ~-.004
el 504.8 £00.6 4.2 -£.7 -.087
<4 504.5 500.5 4.0 -£ed -+081
& 504.5 £00.6 B ~f.4 -.077
4-3: 5\34-8 b0104 : 2-9 “1-14 '0045
4.9 50809 50]..a 4 2.5 ~l.0 "-032
54 504.0 50E.5 1.5 .0 « 30
60 50¢&.8 8502.3 1.5 -0 .00
64 50?.6 501.6 ) :3.0 "n5 :016
69 503.8 5&)1-7 201 "‘-6 0019
74 502-7 505:6 “'9 2.4 .'..)77
78 501.9 504.5 ~f a0 4.1 +138
84 501.4 506.8 ~Ce9 5.4 174
a7 5081 505.1 340 4.5 145
8848et 501.6 504.8 ~3.8 4.7 L1581
£} 4 502.8 508.2 ~Ced 4.5 <145
99 501-8‘ 50500 -l . 7 Bl -lSj
107  501.0 505.0 -4.0 5.5 17w
114  500.5 504.3 3.8 BuB im
139  500.3 505.7 5.4 6.9 -

The values in the last column seem to vary a great deal
from reading to reading, and the question might be asked how any-
thing but & general trend co.uld be indicated by them. Our instru-
mente seem to read to an accuracy which is not warranted by the
physical faets in the case; However, although this was & problem

for some time, the difficulty was found to be in the unreliable
resistance of the nickel contacts. Later, copper was substituted

which amalgamated to give perfect contuets, and much steadier

readings were obtained.
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It Fill be noted that the resistance of the cell increased

during the first six readings before starting its genc=ral downward
.curve. This is because the c¢ell had not yet reached the temperature

of the bath. Thus we see it takes about twenty minutes for the
cell to assume exactly the temperature of the water surrounding it.

The negative values above indicate that the resistance of
the cell was greater at those poings than at mixing. Positive values
indicate a resistance less than at mixing. Thus, omitting the
first temperature effect already considered, we see that the cell
registance decreases from a value 116.0485 126 at £1 minutes to
116.0485 ~ .£22 at 129 minutes, a change of .358 ohms between these
times.

Run B
Nickel Contacts

Mixture: 100 cc. of 8ilicate; 75 cc. Acetic Acid; 325 cc. Total
Solution; .468 N with acetic acid; .385 N with silicute.

Registance in comparison box - 115 ohus

Resistance of cell at wixing = 115-1% (.0223)=z 114.612 ohms

Total change in resistance .865 ohms, which probably in-
cludes the change due to temperature adjustment at the beginning,
since we see resistance decreased comparatively gquicxly there.

Some points obtained in the experiment after time of

set are omitted from the table for the sake of brevity.
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Tabie B
: dime Difference in drum readings Change from Change in R
: initisl reading
0 min. 12.0 divisions (axprapolateéi 0 9

18 27.8 15.8 .510

<0 207 18.7 804

. 8.0 - 18.0 517

=6 £8.0 16.0 517

27 8et :

e £9.1 £ 7ad 55%

bt Zl.5 i8.5 8720

4z B2.2 RO.E 654

49 24,3 - 22.3 L7EO

57 B4.3 £e.7 Tmen

68 26.86 . £4.6 « 785

73 Z8.8 6.k 845

84 36.7 i 24'7 .799 -
104 38.8 26.5 L2365

Run C
Copper Contacts
100 ce. Silicate; 110 ce. hcetic Aecid; 3E£5 cc. Total

- Hixtupre:
Solution; .686 N with acetic acid; .385 N with silicate.

Resistance in comparison box - 117 ohas
qesistance of cell at mixing = 117-89.5 (.02228) = 116.697 ohms
The temperature effect is again very noticeable at the

beginning of this run, the resistance incressing for about 11 minutes

before decreasging.
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Table ©
Iime pifference in Drug Headings Change from Change in R
, Initiai Reading

0 wmin. 9.5 (Extrapolated) 0 divisious O ohms
1 -y e -.010
18 10.7 | 1.8 | ,3%8
ﬁ4 11.9 ' 2.4 077
£a 1.1 %8 «UB4
o0 18.% i 2] .10z
a8 18.0 Se sd1Z
43 18.5 ! 4.0 0129
58 | 317 g.8 a7
6% 15.0 5.5 397
43, 18.7 Tol Ok
& 5 8 78 LEBE
88 18.1 B.6 £78
7 18.7 8.8 - £87
98 19.0 ¢.5 507
108 19.3 9.8 218
108 19.7 10.2 529
112 Set 19.6 10.1 “nog
118 19.8 10,8 D
1£4 £0.8 107 L2445
125 T0.4 10.9 ~SHE
158 21.5 1£.0 . 288
168 £1.4 11.9 . F54

Run D
Copper Contacts
g : " TE L 3 1 e
175 cc. Silicate; 185 cC. Acetic aeid; 285 cc. Solution;

524 N with Bilicate; Pp = 4.87

Mixture:

.841 N with aAcetic Acid;

Box Resistance 94 ohms

sctusl resistance at mizing 94.000 ohms



Wirxture: B85 cc. of Silicate; 85 cc. of acetic icid; 325 ce.

0 (Extrapolated)

L
12.8
1306
14.8
15.0
137
12.3

11.€

Gaul

8.6
8.6
8.6

fug ©

Copper Contacts

19.

Solution; .3£7 N with Silicate; .530 N with Acetic acid

Resistance in comparison box - 134 ohns

rxtrapolated cell resistance at mixing

Change from Change in R
Initial Heading
0 divisions 0 ohas
“P.£ - - 207
o - 204
~12.6 - 428
“14--8 ".478
~-15.0 - 490
"‘lﬁ-? "-442'
"12‘5 "'0?1797
“}102 ".382
-2,k - 297
"80 4 2 “u278
-3.6 -2 278
“‘8.6 X ‘.1%78
-
of Total
= 124-8(.0582)

—
—

12%.74% ohms.




s y Table E
ime Difference in Drum Headings Change from Change in R
) Initial Reading
0 min. 8.0 (Extrapolated) O divisions o ohms
5 18.1 10.1 « 306
ag £4.1 1641 «5EQ
9 27.9 19.9 . 643
13 20.4 £2.4 . 783
18 25.8 £4,.8 «800
gz 35,8 £5.8 834
27 4.9 £6.9 .568
b § 25,4 £27.4 + 588
2bg 35.8 - £7.6 .898
40 36,0 28.0 . 508
gg ag.g gg.g L9815
. K 29, <976
08 37.3 28,3 «946
80 7.8 £8.8 +«963
ggg 38,8 gq.g : 875
75 26.6 5046 *980
89 29.0 21.0 : 1.000
86 39.3 31.8 1.010
95 40 00 ‘-“E" « 033
ioa 40.8 ig.g 1.060
05 41.5 B8.5 1.081
110 3.1 B4.l 1.100
ila 48,4 Eﬁ’é 1.110
29 4: .9 Dl 1.128
130 Set |, 4£.9 Z4.9 1.128
13s 47,1 35.1 1,138

In all of the above cases, the extrapolstion porformed does
B0t include & correction for temperature change, and does not attempt
to give the initial value which would be obtained if the mixture and
the bath were at the samwe temperzture at the start.

. Although the resistance of the cell sometimes increased and
Sometimes decreased immediately upon immersion in the bath, this ef'fect
1s explained entirely ian ter&s of temperature variation. HNo other
®Xplanation need be introduced, especially since the resistacce

daered#ed regularly over the rest of the curve.
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g Discussion of Results

. From the curves we éee that the general effect l1s one of
gradual decrease in resistance, that'is, the éanductivity increases
with the time after mixing. Let us overlook the first irregulsrities
in the curves, which are due to ad;ustment.of the teuperature of the
.cell to that of the bath, snd extrapolate basck to zero time. Then
thw general shape of the curve will be as foliows:

A« The rwﬁistance decreases sharply at first, as repre-
sented by the steep slope, and later seems to level off asymptotically
toward a certain resistance for esch gel. y

E. The average change in the resistance is about « T OF
the total.

: C. Just before setting occurs there is, in wmost cases, a
guicker decrease than in the surrounding portions of the curva.-

D. The gels of higher silicate content set more guickly and
undergo a correspondingly mwore rapid change in conductivity, thus
approsching their final state of hlghest conductivity earlier.

®. The total conductiVity ch&ng& seens to be more in the
cases of gels with lower acid content.

Th& incréase in the conductivity of gels upon setting is
aQCPpted as evidence in support of the fabrillar gel structure, and
the following mechanisa of setting is proposed in erplanation.

g 48 the gel sets, thp solid matter goes out of solution to
form the silicic scid fibers. These form a structure which has a
sufficiently opén'mesh so that lons are not impeded appreciably.
However, th: conducting medium is made less viscous by the extraction
of this solid material, and therefore is capeble of more rapid ion

migration. If the incresase in conductivity due to the decreased



Viscosity }3 greater than the decrease 1n conductivity due to the gel
forming ions extracted from the solution, the net result will be ons
of increase im conductivity, sas observed.

Since a comparatively small amount of solid matter leuves the
solution, the viscosity change will be very small, and a small percentage
Change in conductivity will be the result. This is verified by the‘
Suall change in resistance obtained in the experiment.

48 the gel begins to set, we would expect the fibers to form
with increasing rapidity, and to slow up as the structure nears cou-
Pletion. This might explain the more rapid change in conductivity just
before setting, and the approaching of an asymptote after setting.

Other theories suggested as possible explanations of the
inereased conductivity:

Metallic type of conduction on the part of the fibers. Ais
the fibers forum, their conductivity adds to the conductivity of the
iiguid, agd the general effect is one of increase in conductivity.

Releasing in solution of certain ions which are not preseat

before setting begins. For instaﬁce, a sodlum ion might be adsorbed

or bound in some manner previous to setting, and be freed in the

process of gelation. Thus zn lon which previously was not effective,

would be allowed to function as a current carrier.

The first theory stated above is probably nmuch closer to

the truth than eoither of the others.
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Sumeary
There is a slight ineresse in the conduetivity of silieic acid
gels upon setting.
The amount of change in conductivity depends upon the concentrations

of th@'componentﬁ in the gel.

The increase in conductivity is explained on the basis of a change

in the viscosity of the solution between the gel fibers.
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