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The purpose of this research was to gain further nowledge of
the ionization of siliciec acid. 8ilielc acid 1s a weak polybasic
acld which changes its molecular complexity on standing. The
mechanism of this change 1s probably a condensation although it
is not definitely known, By titrating a solution of sodium
eilicate with acid, we hoped to get a better idea of the iloniza-
tion of the silicic acid.

The acids used in this research were nitrie, hydrochloric
and sulphuric, all strong acids. The sodium silicate used was
diluted from standard mmm. The titrations were run with
indicator, with the quinhydrone potentiometer, and with the Pisher
Junior litrimeter.




HISTORICAL

Quite a little work has been done on silicic acid or hydrated
silicic in the last twenty or twenty-five years. Colloidal si-
licic acid has been known for about two hundred years. Most of
the recent work has been done on the silicic acid gels. A number
of contributions have come from this laboratory.

There are several different ways to prepare the silicic acid.
The most common method consists of the addition of an acid to a
solution of sodium silicate, It is also possible according to
some observers (1) to use an ammonium salt instead of an acid.

Another possible method to prepare the acid sol is the hydrol-
ysis of the sodium silicate solution followed by electrolysis by
Treadwell and Wieland (2). This method removed most of the sodium
hycloxide and left fairly stable sols,

The hydrolysis of different silicon compounds has also been
used to prepare the colloidal silica. Ineluded among these are
the chloride (3) the flouride (4) and the sulphide (5).

All the methods have one objection viz. that other substances
besides sillcic acld are formed. These may be partially removed
by dialysis but not completely.

When the silicic acid is first formed, it appears to be in
the form of simple molecules of low molecular weight. The molecu-
lar weight increases rapidly with time. In these determinations
of molecular weight, allowance for the other electrolytes present
must be made and the values obtained are not very accurate.

Bradfield (6) found the pH of a pure silicic acid sol to be
6.5 but earlier observers found it to be lower. These measure-
ments unfortunately give the pH of the sol after it has stood for
a while during which time some condensation has taken place.

There is not much data on either acid or the basic ionization
constants of silicic acid or silicon hydroxide. Because of the
immediate condensation, it is almost impossible to measure either
of them accurately. Treadwell (7) believes that 2 X 10 ~10 15 a
reliable value for the acid lonization constant but there is no
confirmatory evidence. The acid ilonization is slightly stronger
than the basic ionization,

R. W. Harmon (8) used the hydrogen ion concentration of a
solution of sodium sllicate to get the hydroxyl ion concentration
and from the latter calculated the degree of hydrolysis. He
found that the indicators were unsatisfactory because different
results were obtained with different indicators. The method he



used was the hydrogen electrode. He made a hydrogen cell from
purified hydrogen and platinized platimm and used a saturated
calomel cell for a standard cell. He used a Cambridge and Paul
potentiometer and an accumulator to supply current.

~ Bogue (9) previcusly had used the method of the hydrogen
cell to measure the hydrogen ion concentration and Harman's re-
sults checked his quite well.



EXPERIMENTAL

The nitrie, sulfuriec, and hydrochloric acids used in this
research were made up by dilution of the concentrated acids to
approximately one normal. These acids were standardized against
oxalic acid, exactly one normal, made up as a primary standard.
The sodium hydroxide used was not free from sodium hydroxide and
the effect of this was minimized by bringing the mixture of sodium
hydroxide and acid to a boll while there is Just one or two drops
‘excess acid to drive off the carbon dioxide. The mixture is then
cooled. Next the sodium hydroxide needed to effect completely
neutralization is added. The end point with phenolphthalein is
extremely sharp after boiling off the carbon dioxide. There will
be a 1little carbonate in the last two or three drops added by
this has little or no effect. The driving off of the carbon
dioxide has to be accomplished in acid solution because it forms
carbonic acid in acid solution which dissociates with heat and
the carbon dioxide escapes. The carbon dloxide was driven off by
heating every time that sodium hydroxide was used in a titration.
The carbonate in the sodium hydroxide changed the normality of
the aclds about five parts in a thousand.

The sodium silicate solution used in this research was di-
luted from a solution made up previocusly and was made up approxi-
mately one normal with respect to sodium hydroxide., A large
volume was made up to insure a uniform concentration in each
titration. The exact concentration of the sodium silicate solu-
tion is not necessary because it has to be mixed with water to
reduce the concentrations so the mixture will not gel as the acid
is added.

The procedure used in the titration of the sodium silicate solution
with strong acid was to pipette exactly 25 cc. of the silicate
inte an Erlenmeyer flask and then add three times the volume of
the silicate or 75 cc. of distilled water. The exact amount of
dlluent is not important but should be approximately the same in
all cases, Then two drops of methyl orange indicator was added.
The acid was then introduced quite rapidly and the mixture
swirled. The number of milliliters of acid added at the end
point was observed and recorded. It wae necessary to add the
acid rather rapidly in order that the silieic acid formed would
not polymerize and gel. The water also was added to lessen the
possibility of the formation of 2 gel. If necessary the tempera-
ture of the titration could be reduced to further decrease the
posaibility of a gel formation. With the decreased temperature
and the decreasid concentration the silicic acid did not gel.
This procedure was followed exactly the same with all the acids
used,



The quinhydrone potentiometer was also used as a measuring
device for the titration of sodium silicate with strong acid.
This apparatus was not very successful, however, because it does
not work well with solutlons of pH over eight. Consequently the
acid had to be titrated with the silicate instead of the other
way around as was done with the other methods.

The procedure used in the quinhydrone potentiometer method
was to prepare a normal calomel electrode and also a platinum
wire electrode. A large porcelain evaporating dish was found to
work very well as a receptacle. It was wide enough for the elec-
trodes and the burette and the solution was easily stirred.
Twenty-five ce. of the 1N. acid were pipetted into the evapo-
rating dish and then distilled water was added to cover the elec-
trodes. The potentiometer was then wired to a dry cell and to
the calomel and platinum electrodes. The galvanometer of the
potentiometer was adjusted to zero. A pinch of quinhydrone was
added to the acid and the voltage of the acid measured and re-
corded, The silicate solution was added from a burette and the
voltage recorded again., More silicate was added and the voltage
taken again until the voltage goes from negative through zero to
positive., When there was little change in voltage a large volume
of silicate can be added but near the end point a small change of
volume produced a large change in potential. All the strong acids
were used in the titration, the procedure being the same for all
the acids.

A third device used in the titrations to measure the end
point was the Fisher Junior Titrimeter. With this instrument it
was possible to get the alkaline part of the curve which the
quinhydrone potentiometer could not measure. With the use of this
instrument it was necessary to dilute the solution and also to
keep 1t in an ice bath during the titration so that the silicie
acid formed would not set.

The procedure for the use of the titrimeter is first to
bring the instrument into adjustment. Then exactly twenty-five
ce, of sodium silicate solution was pipetted into a beaker with
about seventy-five cc. of distilled water and this beaker was
placed in a larger beaker containing ice water. This beaker was
adjusted so that the electrodes of the titrimeter were completely
under the surface of the solution. The motor to the stirrer was
started and when the solution was thoroughly mixed, the selector
on the titrimeter was turned to position three or four and when
the galvanometer needle rested on the red line the dial reading
was recorded. Sometimes the zero reading was on the three scale
and sometimes on the four. The zero end of the scales join each
other 1.e. zero on the three scale equals zero on the four scale.



Therefore, in plotting the readings on the three scale could be
regarded as minus mumbers. A little of the 1N, acid was added
from the speclal burette, a galvonometer adjusted, in the dial
read and recorded. This addition of acid, large amounts at first
gradually decreasing and then increasing again as the end point
was reached and passed, was continued until about twice the volume
of silicate or fifty cec. of acid had been added. Because of the
drifting of the galvanometer, it was considered desirable to take
two runs with each acid. In one run the dial was read immediately
after the introduction of the acid and in the other the dial was
read two minutes after the addition of the acid. Essentially this
same procedure was used with all three acids.

Besides the above methods phenolphthalein was used as an
indicator in the titration. Phenolphthalein was used to detect
a bisilicate or a2 sodium acid silicate if such a compound exists.
With sodium carbonate which is analagous to sodium silicate,
there are two end points, one when the sodium carbonate is changed
to sodium bicarbonate and the second when the sodium bicarbonate
is changed to the carbonie acid,



RESULTS

Table I
Methyl
Quinhydrone ;

Orange : Titrimeter

Tedteater Potentiometer
Hel 9058  ,9250 .95%0
HoS0y 9051 : 9210 +9210
3103 . 9054 .9130 .9280
Ave, , 9054 9197 9245

# Disregarding N with Hel

This table gives the normality of sodium ailieute in equiva~-
lents of sodium hydrexide.



DISCUSSION OF RESULTS

The results obtained by titrating sodium silicate with
strong acld were slightly different depending on the measuring
device, The results with methyl orange indicator were lower than
those with titrimeter and the quinhydrone potentiometer. The re-
sults for the three strong acids also checked better with indica-~
tor than with the instruments.

The results using methyl orange indicator checked very close
with all three strong acids. Using methyl orange as indicator
the end point was the complete conversion to silicic acid com-
parable to the complete conversion of sodium carbonate to car-
bonic acid. With phenolphthalein and bron thymol blue as indi-
cators no reliable results were obtained showing that there is no
evidence of a partlal conversion to sodium acid silicate such as
is the case with sodium carbonate.

The results using the quinhydrone potentiometer did not
check as well as those with methyl orange. The results were repro-
ducible and the curves produced practically coincided.

The results using the titrimeter were the most erratic.
Withhydrochloric acid the normality was extremely high. Aside
from this the other acids gave results close to the ones for the
quinhydrone potentiometer,



The graph of the potentiometer yeading against co's., of
sodium silicate solution added to twenty-five ce of acid consiste
of a long relatively flat horizental beginning and a sharp verti-
- eal rise which indicates the end point. The second run has been
plotted with the first run and the points from the second run fell
on top of the curve.

Because the instrument could not produce the more alkaline
portion of the curve, the end of the curve only begins to level
off's The inability of the instrument to work above a pi of nine
also made it necessary to add the sodium silicate to the acid ine
stead of vice versa as in the case of the other instruments.

The graph of the titrimeter reading against cec's, of meid
added to twenty-five ce. of sodium silicate is not nearly as
regular as that of the potentiometer. This is partly decause of
the drifting of the galvanometer needle, Two curves were plotted,
one with the titrimeter reading taken immediately after the addi-
tion of the acid and the second with the titrimeter reading taken
two minutes after the addition of the acid., The major difference
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