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HISTORICAL

Loven (12}, using the ionization constant for ammonium
hydroxide and his determination éf the conecentrations of mag-
neaium and of ammonium hydroxide in a solution mads by mixing
- magnesium chloride and ammonium hydroxide, determined the
solubility of magnesium hydroxide and found it to be of the
game order of magnitude as that reported by Kohlrausch and
Rose {10). Loven's {12) value varied from 3.01 to 4.38 x
10-4 asauning one hundred per cent ionization of the ammon~
fum salt; while Kohlrausch and Rose (10) found 3.08 x 1074
using conductivity methods. |

Treadwell (21), by using an excess of ammonium hydrox-
ide, showed that up to eighity-seven per ocent of the magnesiwm
present could be precipitated by ammonium hydroxide. He also
determined the moleocular weight of a mixture, of one meole of
magnesiun éhlari&a to two moles of ammonium chloride in solu~
tion, by the oryoscopic method, and found the results %o
agree with the presence of simple salts in the solution rather
than of complex salts.

Herz and Huhe (5) repeated the work of Loven (13) with
the exception that they approached the equilibrium from the
other direotion, that is through the solubility of magnesiuam
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hydroxide in solutions of smmonium salts. They caloulated the
ratio (ug)*5 / (¥H,) and found it to be nearly constant amd
approximately equal %o 0.15. This ratio was independent of
the conoentration of the ammonium chloride solution. This
value agrees falrly closely with the value calculated from

the lonization constant of ammonium hydroxide and the solu~

bllity product of magnesium hydroxide. The caloulsted value
18 0.162 at 25%C but at the temperature at which they worked,
200, 1t should be slightly higher as the ionmization con~
stant of smwonium hydroxide should deorease slightly with
the temperature, and the solubility produot of magnesium
hydroxide would remain practieally the same,

Jones and Knight {8) determined the conductivity of var—
ious solutions containing two salis and compared this con~
dpotivity with the sum of the conductivities of salt solu~-
%ions of the same concenirations determined separately. 1In
order to eliminate the change in conduotivity due to re-
pression of ionization, because of the common ion effect,
they also ran similar experiments on mixtures of salie for
which no complex salts were known, even in the solid state.
They found that the difference beiween the observed and
ealculated values dropped off much more rapidly and disap-
peared complelely at much higher concentrations in the solu~
tione for which no complex salts were known. They concluded
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that magnesium chloride and potassium ¢hloride, and magnesium
chloride and ammonium chloride formed complexes even in the
more dilute solutions.

The work of Jomes and Xnight (9) ocast some doubt g the
conclusions drawn from the previous works eoited, and hence
this problem was underiaken in an atiempt to prove or dis-
prove the formation of complexes by magnesium chloride and
asmonium chloride in the dilute solutions.
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five milliliters, from five to sixty milliliters were intro-
duced into the flaskes and the solutions diluted almost té the
mark with water. The flssks were well shaken and then placed
in a large constant tempersture bath, with the thermostat set
at 30°C. The solutions were aliauzd $o remain in the bath for
about twenty-four hours. with ocoasional shaking and were then
diluted to the mark with water that had been in the bath. An
attempt was made to wvary the amount of ammonium ohloride by
one milliliter rather than five, but the difference in time of
f£low was 8o small that the error in {aking the time proved to
be larger than the difference caused by the slight change in
concentration. The time of flow was Tun in $riplicate and ae
a Tule these checked within one or two-tenths of a second.

When the varience was more, reruns were made until three wval-
ues checked within this 1imit. Even with these precautions

the resulis will be noted to be somewhat erratio. Some dif-
fioulty was encountered in the temperature control and about
0.3°C variance was the best that could be maintained, as the
work was done below room temperature and it was necessary to
run cooling water through the bath at all times. The viscosi-
meters were placed in the bath and the samples were introduced,
using a pipette so as to give a constant head, and were then
allowed to come %o the temperature of the bath. The determina-
tions were run viewing them through the glass of the bath and
$his undoubitedly added to the inaccuracy of the resdings.
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The densities of the solutions were determined and the
. products of time multiplied by density caleulated. The curve,
obtained by plotting these products against concentrations of
ammonium chloride, approached sc olosely to a straight line st
the lower concenirations that it was thought more could Dbe
learned from the time againet concentration curve. For this
reason in all of the curves this procedure was followed. Thie
is the same scheme used by Dunstan and Langston (3).

The data in Table I were obtained in the manner outlined
above. The time in each of the twe columns represents the
mean of three determinsations agreeing within 0.2 second and
the two columns present the time thus obtained using two sepa~

rate viscosimeters.

Table 1
Time of Flow of WH4O1~Hglls Mixtures

Volume of : Voliume of :  Total P Time
MgOly ¢ NHQL :  Volume A B
B ml "B m 100 m1 V34,077 1V80.5¢
25 ml 10 100 m} 1+ 33,308 139,41
35 ml 15 ml 100 ml 1t33.1¢ St3B.8Y
25 mi 20 nml 100 mi 133,18 1228, 1%
25 ml 25 ml 100 ml 1¥ 33,314 1+37.5%8
25 ml & mi 100 »l 133,11 127,988
25 ml 35 ml 100 ml 133,40 1228.0%¢
35 nml 40 ml 100 ml 1+31.8%¢ 1%38.9%¢
35 ml 45 ml 100 m1  1'31.8%"  11237.0%*
25 ml 50 ml 100 ml 1Y 32,0 1t36,8¢
25 ml B85 nl 100 ml 132,38 137,71
25 ml 60 ml _ 100 ml___ 1932.4'%  1vo7.ave
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From the erratic variations in time the error in reading
the time is evidently comparatively large but when the time is
plotted against concentration very simllar curves mw& obtained.

These date are presented graphically in Pigure I.

Potasaiws Chloride and Magnesium Chloride Mixtures

Using the same procedure as outlined for the ammonium
ehloride and magnesium chloride mixtures, determinations were
made for mixtures of potassium chloride and magnesium chloride.
wwwm@ two salts are kmown to form the mineral earnallite, the
formula of which is mmmpwwimm&ag The strengths of the solu~
tions used in this experiment were 3.923 molar for the magnes-
tum chloride and 4,235 molsr for the potassium chloride. These
concentrations were determined in the same manner as described

befors for the other solutions.
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Table II
Time of Flow of KC1~MgCls Mixtures

Volume of : Voiume of :  Total t Time T Time
MgCl, : XC1 : Volume : & H B
25 m% Tt O mi 100 mi 1VE4.8v¢  1v28.7%%
35 ml : 5ml 100 ml 11 33,542 1428, 744
25 ml 10 ml 100 m} 133,04 128,11
35 ml 15 ml 100 ml 1v38.84¢ 1v37.7%
25 ml 20 ml 100 m1 1v33,.23% 1¥27.1%
25 ml 25 ml 100 ml 1v31,740 1v28,7%?
25 ml 30 ml 100 ml 1131.4%% 1¢26,3%¢*
235 ml 36 ml 100 m1 1331.0¢ 136,00
35 nml 40 ml 100 ml 1r31.00 1t265.61¢
35 ml 45 ml 100 m1 1t31.0%¢ 136,84t
35 ml &0 ml 106 m} 1+30.94¢ 1¥35.04¢
25 ml 55 ml 100 ml 1+30.9¢ 138,08
35 ml 60 ml 100 w1 131,04t 128,01
35 ml B85 ml 100 ml  1*31.6%* 1'236,5'¢

These data are presented graphieally in Figure II.

Potassium Ohloride and Zinc Chloride Mixtures

Again using the same procedure as outlined for the other
salt miztures, determinations were made for mixtures of potas-
sium chloride and zinc cehloride. The potassium chloride was
the same as that used in the previous experiment and the zine
chloride was made up by weighing a definite weight of the so-
called chemically purs salt but the solution was not standard-
1zed. The zinc chloride solution was spproximately four

molar.
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Time of Flow of KC1-ZnCl; Mixtures

“Volume of : Volume of :  Total :  Time ¢  Time
ZnCl, : XO1 : Volume : A t B
235 ml 0 ml 100 ml 1423, 371 118,38
25 ml 5 ml 100 ml 1120,.84¢ 1*18.4%?
35 ml 10 ml 100 ml 1118, 44 1v14,9%
35 ml 15 ml 100 m1 117,90 113,700
25 ml 20 ml 100 m1 1v16.6% 1v12,.3%¢
35 ml 25 ml 100 m1 115,56 1r11.308
26 ml 30 ml 100 m1 1%14.148 1030.1%
25 ml 35 ml 100 ml1 1v13. 3¢ 1t .0
25 ml 40 ml 100 ml 1%12.0%¢ 1 8, 2%
25 ml 45 ml 100 ml 1311,.3 1t 7.0%
35 ml 50 ml 100 ml 1%10,23¢ 1Y B.4%
286 ml 55 ml 100 ml 1% g, 40 1% B5.54¢
—c5 60 mi 200 w3 1! 8.8 1Y 4.8%}

These data are presented graphlcally in Pigure

Potasaime Chloride Selutions

ITI.

In order to have some means of judging the effect of the-
potassium chloride, determinations were made using varying
concentrations of poitasgium chloride with no other salt pres-
ent. The potassium ohloride solution used in this experiment

was 3,8315 molar.
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Table IV
Time of Plow of XC1 Solutions
'“'?aigga of 3 ’3&%&1 ‘ T Time  :  Time
, H plume & A 3
g

=

10 ml 100 ml 1t gLy 105,114

20 ml 100 ml 1v 7.8% 1v4,1%
30 ml 100 nl 1t .84 13, 2%
40 ml 100 mi i+ 6,3 1v3.84
50 ml1 100 ml 1* 5.5* 181,94
60 ml 100 ml1 1% 5.0 111,64
75 =1 100 ml 1t 4.7 1], 3t
80 ml 100 ml 1t 4.6 111,198
85 nl 100 ml 1t 4,84 1¢], 3¢
80 ml 100 ml 1 4.8%? 1v],1%8
1{3(} m& ‘ ] E 8 5 t ’ | ‘ ry

These data are presented graphically in Pigure IV.

‘Diseussion of Results and Conolusions

An inspection of the results in Tables I, IY and III and
the graphlc presentation of these results in Pigures I, II and
III shows that the only sign of a break is on the a&m@niuﬁ
chloride and magnesium chloride mixture at the ratio corres-—
ponding to the compound (WHg)p¥gOls. This break is so very
slight that one ie almost forced to oonclude that it is due to
an error in manipulation rather than to the formation of a
complex, although it is of about tha same magnitude in the
two ourves in Figure I. With the precision attained in these

experinents it might have been possible for a break, if it
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ware not very sharp, to have escaped detection. From the work
of Dunstan and Langston (3) one would expeoct the break to be
definite enough to have been detected. The vimmitﬁ deter~-
minations offer fair evidence that at the concentrations used
in these experiments complex salts do not exist in the solu~-
tions studied.
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Iable ¥
Refractometer Reading for RH,01-¥Mgllg Mixtures
Volume of ¢  Volume of t  Total i Hefraciomster
. Nglls : NH 01 $ Yolume : Reading
— T R BT T R E—
10 ml 8.5 nl 100 ml 40,8
10 m) 5.0 ml 100 ml 43.9
10 m1 - ) 7.5 ml 100 m} 47.1
10 ml 10.0 m1 100 ml 50.3
10 m} 12.5 ml 100 wl £3.4
10 ml 15.0 ml 100 ml bag.8
10 ml 17.5 ml 100 ml 56,9
10 ml 20.0 ml 100 ml 63.1
10 »l 22.7 ml 100 ml 66.9
0=l 35,0 m 100 ml 700

 These data are presented graphically in Figure V. The
refractometer readings are plotted against the milliliters of
the ammonium chloride solution per one hundred m1liliters of
the final solution.

Biseuasian ¢f Resulte and Oonclusiona

In order to determine whether the refractive index curve
could be ussd as a criterion for complex formation, determina-
tions were made in the same manner using mercuric ¢hloride and
ammonium chloride. Theag salte had been revorited by Shibata
(17} and his co~workers, to form a complex of the type
HH, HgClz. Epéa plotting the concentration of the ammonium

chloride against refractometer readings, as was done for the
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Plete I Absorption Spectra 5

1 =~ Top =~ HgCl, C.1 M
ﬂsﬁ%ar - ﬁaﬁl, 0.06 M and HH,C1 0.00 M
Bottom - NH,Cl 0.1 W

2 -~ Top - MgCl, 1.0 M and HC1 1.0 M
" Gemter fgg%m 0.5 M, NH,C1l 0.5 b and HO1 1.0 M
Bottom - WH,C1 1.0 M and HC1 1.0 M
3 - Duplicate of 1

4 =~ Duplicate of 2



GENERAL DISCUSSION OF RESULTS AND CONCLUSIONS

It must be admitted that the interpretation of the time
of flow - concentration curves is open to the serious objeo~
$ion that there is not sufficient agreement in the literature
on viscosity at present for one to draw a very firmly estab-
iished concluslion. Since the experimental work was completed,
Ishikawa (8) and his co-workers have done some work in an at-
tempt to caloulate the viscosities of solutions of eleotro-
lytes by means of a formula which has already been used suo-
ceasfully on solutions of nonelectrolytes. The observsations
of refractive indices should be given no weight in conclusions
drawn as to complex formation, in view of the fact that s
mixture reported, using absorption spectra data, to contain a
complex gave negative results using this method. The absorp-
tion spectra siudy, which probably offers the surest method
of attack, was very limited due to the inavailability of the
proper apparatus.

Although no evidence of complex formation in the mixtures
of ammonium chloride and magnesium chloride solutions was
found, this lsck of evidence is not necesssrily proof that no
complex is formed. This lack of evidence might well be at~
tributed to the unsuitableness of these methods for detecting

the pregsence of a complex in these mix tures.



Part II
THE ELECTROHETRIC DETERMINATION OF THE
SOLUBILITY OF S0KE HYDROXIDES



ELECTRONETRIC DETERMINATION OF THE
SOLUBILITY OF SOME HYDROXIDES

INTRODUCTION

This part of the problem was underitsken in an waaaa%w to
ascertain the pH at which magnesium hydroxide vu@a»vmewwna
and slso to determine, if possible, whether this oritical pH
varied due to the presence of ammonium salts. If it were
found that the presence of ammonium salts caused no varia-
tion in the pH at which magnesium hydroxide preoipitated,
then the Question as to whether magnesium forms a2 complex

with amnonium salts in dilute solution would be answered.
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EXPERIMENTAL

The determination of the solubility of some hydroxides
elsctrometrically was tried by three distinct methods.

1. The determination of the pH at which precipitation
began using ammonium hydroxide rather than sodium hydroxide
as used by Brittom (1).

3. The determination of the pH at which the hydroxide
diesclved in a solution of ammonium chloride.

3. The determination of the pH of a saturated solution
of the hydroxide.

No originality can be claimed for the first method as
it embodles only a change in the precipitating agent used in
the method suggested and used by Brittom (1).

Precipitation of Hagnesium Hydroxide by

¥eans of Sodium Hydroxide

Using the student type potentiometer sei—~up, an attempt
was made to duplicate Britton's (1) work. Difficulty was
encountered in noting the sppearance of the precipltiate but
thie was immaterial in the method used since the iniersection

of the two projeciions was taken as the point where
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precipitation began. The potential of the original seolution
of magnesiuvm chloride varied considsrably and as this affeoted
the slope of one of the lines, 1t caused the point of inter—
section #& shift conaslderably, thus rendering it difficuit %o
obtain consisient results. However as long as one used ap-
proximately the same strength base and the same strength
magnesium chloride as Britton (1) used, the results were of
the same order as &ﬁak generally accepted for the solubility

product of magnesium hydroxide. Using 0.5 pormal instead of

0.1 normal sodium hydroxide and 0.1 molar magnesium chloride
instead of 0.025 molar the potential, at which precipitation
started, dropped considerably and hence the solubility pro~
éant also dropped. This drop in poiential is as one would
expect from the law of mass action, that the higher the con-
cdentration of the metal the lawgr the pH that would be
necessary to start precipitation, but is directly im oprosi-
tion to Britton*s (1) work in which he found that the pH at
which precipitation took plage waes practiocally independent
of the original concentration of the thorium salt.

Three determinations using the stronger sclutione
showed precipitates between a potential of 0.785 and 0.800
and between 0.25 and 0.30 of a milliliter of sodium hydrox-
ide. Data for one titration are recorded in Table VI and
the same data are presented graphically in Figure VI. Polints



beyond twenty milliliters were not plotted as they do not

enter into the saleunlations.

Blsotrometric Titration at 20°C of 135 ml of 0.1M
S onoatun Ghloriae orth o on a0t e rots 38

“ml of
HaOH
T 0.0
0.2
0.4
0.8
0.8
1.0
1.2
1.4
6.0

e e
e w8

0.8490 50. 0.9585

This determination was run at 20°0 using a saturated
~calomel half cell. The caleulation of the solubility.pro-
duct of magnesium hydroxide is shown below. The potential of
the soluiion snd the volume of sodium hydroxide at which
precipitation started beinz read from the interseotion of the
two projections in Figure VI.

Py = (0.8000 ~ 0.2483)/ 0.0581 = 9,48

Pog = 14.07 = 8.48 =4.59

4.59 =1/ log Coy hence Cup = 2.57 x 10~%

ammi?@ / 50) x0.1= 5 x 10~4
Kgp ©of ¥g (OR), = (5 x 1074 (3.57 x 1075)2 = 3.38 x 10~12
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In the titration of one humdred milliliters of 0.025 mo-
lar magnesium ohloride with 0.1 normal sodium hydroxide, the
potential at which preciplitation began was 0.8565 and the wvol~
use of the sodium hydroxide neceseary to start precipitation
was 0.8 of a milliliter. The data for this tiiration are re~
corded in Table \ﬁa I and are presented graphieally in Figure
V1l. The temperature during the titration reported was 27.5°C.

Electrometric Titration at mﬁwam of 100 ml of 0.025 ¥
Magnesium Chloride with 0.1 § ~ Sodium Hydroxide

0.2 0. ﬁ.m

0.4 0.835 0.848 0.0 0.878
0.5 C.829 0.8565 36.0 0.873
0.6 0.831 0,865 40.0 0.884
0.7 0.838 0,854 45.0 0.€12
0.8 0.838 0.8556 50.0 0.943

. of results:

={0.855 - 0,245) / 0.0586 = 10,24

Pon
3.57 = log (1 / QGgg) hence Cogy = 2.7 x 1074

Oyg = (0.6 / 80) x 0.025 =3 x 1074

Kgp of Ng(OH), = (3 x 1079(2.7 x 10797 = 2.19 x 1071
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This result comparss favorably with Brittont's (1) value
of 3.3 x 10711 and RKohlrausoh snd Rose's {10} value of 3.4 x
10~11, @ialdbaek {3) atiributes the variance in solubility
reported, by different workers, to the existence of two forms
of magnesium hydroxide, a stable and an vmstable wariety. The
values for the potentisl of the sclution and the volume of
sodium hydroxide nescesgary to start precipitation were taken
from the intersection of the two projections on Pigure VII.

Precipltation of ¥agnesium Hydroxide by
Means of Ammonium Hydroxide

It was thought that a more constant potential would be
obtained if amwonium hydroxide were used instead of sodium
hydroxide, as one would them be reading the potential of a
buffered solution. The poteniial was found to be even more
constant than had bsen expected as the hydrogen swept the ex~
cess of amponia out of the solution. In seven experiments
the poiential never rose above 0.86 although in some of these
0.5 normal ammonium hydroxide was used and twice the amomt
necessary to precipitate the mapnesium was sdded. In an
experiment designed to check on this phenowmenon however, the
potential roge steadily upon the addition of 0.5 normal
amnonivwn hydroxide to a saturated solution of magnesium
hydroxide.
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One hundred milliliters of a 0,05 molar solution of mag-
nesium chloride was titrated with @L 26 normal ammonium hydrox-
ide. The experiment was rum at 27.59C. The data are recorded
in Table VIXII and are presented graphically in Pigure VIII.

Iable VIIZ

Eleotrometric Titration at 27.5°%C of 100 ml of 0.05 M
Hagnesiws Chloride with 0.2356 ¥ - Anmonium Hydroxide

ml of @ t mL of 3 : ml of 1

NHgOH 1 E.MLF. 3 mmmom t BLMLP. wmlﬁ T BLULF.
0.0 0.580 .0 0.840 26.0  0.858
0.2 0.807 5.0 0,887 30.0 0.885
0,4 0.825 10.0 0.881 35.0 0. 855
0.8 0.836 20.0 0.888 - 50,0 0.859

From Pigure VIII the potential of the solution and the
volume of ammonium hydroxide at which precipitation began are
taken as 0.852 and 0.3 of a milliliter respectlively.

gy = (0.835 ~ 0.245) / 0,0686 = 10.19

Pgg = 1%.81 - 10.19 = 3.62 |

Oom = 2.4 x 107%

Ogg =(0.3 / 40) x 0.05 = 3.76 x 1074

Kyp OF ¥g(0H), =(3.75 2 1074)(2.5 x 1074 %= 3,34 x 10711
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Attention ehould be ealled to the fact that all the re-
sults with ammonium hydroxide do not oheck this wvalue. The
value found for the solubility product in the seven experi-
ments varied from 1.7 x 10711 to 4 x 10711, oOme ocan, however,
determine the order wm §ﬁw$Mwamm of the solubility produet for
magnesium hydroxide by thie method.

Precipitation of Other Hydroxides by
¥eans of Ammoniuvm Hydroxids

Zinc and nickle, as was to be eXpected, gave no results
with this method due to complex formation with the ammonia.
Ferrous iron, although run in & closed cell, mwau@a,mwmwm of
oxidation and gave results thal varied widely. Oadmium, duve
probably to its reduetion to the wnivalent state, could not
even be read. Using one hundred milliliters of tenth normal
cadmium chloride, the potential rose on the addition of three
normal ammonium hydroxide, from 0.380 to 0.450 upon the grad-
unal addition of five milliliters of the hydroxide. At this
point the potential dropped rapidly and the polarity reversed.
The addition of sufficient ammonium hydroxide to almost clear
up the solution had no effect. The electrode had the appsarance
of one poisoned by mercury and acted similarly in that 1t was
restored by itreatment with concentrated nitric acid. The
potential obtained using the. reconditioned eleotrode was 0.731
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was not attained since the values found in six determinations
varied from 1.1 x 10~11 to0 9.2 x 10-11, 1In one experiment two
hundred milliliters of 0,035 malar-maguasium\ahlerida, to
which had been added twenty-five milliliters of 0.5 normal
ammoniun hydroxide, we%e titrated with one molar ammonium
chloride solution. It required fifiy milliliters of the ammon-
ium ohloride to clear up the solution. This experiment was run
at 30°C. The potential noted when the solution cleared up was
0.8016.

Galoulation of results:

Oyg = (200 x 0.025) / (200 + 25 +50) = 1.8 x 1072 1f

complete ionization of the MgCl, is assumed.
Py = {0.8018 - 0.2437) / 0.0601 = .30
= { o T L - = & 4 , = <7 o=B

Pon (13.72 - 9.30 = 4.43 hence csﬁ 3.7 x 10

Kgp= (1.8 x 1073)(3.7 x 1075)° = 2.5 x 10”11

The same objeotion c¢an be offered to this method as to the
previous one, that one is able o obtain the solubility product

only acourate as to the order of magnitude.

Saturated Jolution of Magnesium Hydroxide

The next experiment was an sttempt to determine the pH of
a saturated solution of magresium hydroxide and from this, cal-
eulating the solubility product of the hydroxide. The solu-

tions were made in four differsent ways:
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in some the hydrogen electrods was in the bath and the cal-
omel half cell outside, These varistions seemed to have no
consistent effeot on the results obtained. Sample ealoula~

tions on two of these determinstions are given below.

Galeulation of results:

A. This solution was prepared from caloined magnesium
carbonate. The solution containing the hydrogen electrode
was in the conmstant temperature bath at 18°C and the tempera-
ture of the saturated oalomel half cell above the bath was
289C. The observed potential was 0.866, which was consiant
within 0.5 of s miliivols.

Py = (0.866 - 0.3503 + ¢ x 0.00023) / 0.05678 =10.81

Py = 14-10 = 10.61 = 3.49
Opy “3.3 x 1074

Oy =1.6 x 104

Kgp =(1.6 x 1074)(3.2 x 1074)2 =1.8 x 10711

B. This solution was preparsd from magnesium hydroxide

monivm hydrox-

which had been precipitated with an excess of anm
ide from a wmagnesium chloride solution and then washed Ifree
of ehloride. Both the hydrogen electrode and the oalomel
balf cell were in the air at 29°C. The potential was 0.843,
constant within two millivolis.
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B, = (0.843 - 0,244)/ 0.0599 =10.00

i}gﬁ = 13&?@ - lﬁ‘@() “5,?$

Pog =108 (1 / Cogy) henoe €
ng .85 x 10
Egp = (0.85 x 1074)(1.7 x 10743 = 2.45 x 10713

1 o . o

Saturated Soclublion of Caloiuvm Hydroxide

A solution made by suspending ¢alcium oxide, which had
been prepared by caleining caleium carbonate, in water re-
cently boiled, gave potentials of 1,0185 and 1.0183 at
R6%C using a one normal oalomel half ¢ell and 0.9810 at the
same tempersiure using a saturated calomel half cell. In
these three determinations the calomel half eell was not in
the bath and was at 30°C. These values when calculated to
grams of caleium oxide per humdred milliliters of solution,
allowance being made for the ionization of this concentration
of caloium hydroxide, gave v&%m&s of 0.1118, 0.1147 and 0.1141
respectively. ?haﬁekvaluas conpare very favorably with the
daloulated value of 0.1148 g. per hundred milliliters of
water from Moody and Lesyson's (13) work on the solubility of
caleium oxide. The calculation of the last value is given
below,
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3. By precipitating thorium hydroxide from ﬁhariﬁm sul-
phate by mesns of sodium hydroxide. Tﬁs thorium sulphate was
made by heating thorium oxalate with conecentrated sulphuriec
acid,

3. By precipitating thorium hydroxide by means of ammonium
hyéraziéa; from a solution of thorium oxalate in ammonium
oxalate. |

4. By precipitating thorium nitrate by means of ammonium
hydroxide,

The solution prepared from the thorlum dioxide gave the
‘most nearly reproducible potential but even this varied by as
much ag ten millivolts from 0.728 to 0.738 at 24°C. In an un~
buffered solution of this concentration some variation should
be expected. Taking the mean of these two values the solu-

bility of thorium hydroxide was caleulated.

Caleulation of resulis:

p; =(0.733 - 0.285) / (0.0589) =7.43
Dgy = 13.83 = 7.43 = 6,50 hence Co =3.2 x 1077
olubility of Th{OH), =(3.2 x 1077) / (4) = 8 x 1078

of a mole per liter
8 2 1078 x 300.5 =2.4 x 107° g. per liter
This value agréea'in order of magaiﬁu&é with the solubil-
1ty of Th(OH), reported by Spitzin (20) of 2 x 1075 g. per

liter.
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The other solutions gave values for the potential whieh
varied widely from a low of 0.486 to 0.8885. The higher values
aré probably due to the difficulty encountered in washing the
‘precipitate free of the base used in the preoipitation, and the
lower values due to basic salts being present rather than the
hydroxide. Britton (1) reporis that basie salte are preeipi-
tatgabin all cases for thorium and {that their composition
varies with the anion present and with the bsse used as the
precipitating agent.

Saturated Solution of Strontium Hydroxide

The strontium hydroxide solutions used in this experiment
were prepared in two ways, The first method was to saturate a
solution with strontium oxide, formed by c¢alecining strontium
carbonate in a high temperature gas furnace, using a fire clay
erucible to hold the matérial. The size of the furnace neces-
sitated the preparing of small batohes of the oxide and slthough
checks were obtained on the potential determinations, solubility
data by other methods wvaried so that it was thought the product
might not be uniform, although recrystallization was resorted
to in order to assurs the purity of the product. Some strontium
hydroxide octahydrate was secured and this was run both with
and without recrystallization.

Four solutions prepared from the caleined strontium

oarbonate and two prepared from the octahydrate when run at



- BY -
25°C gave potentials which checked within three millivolts.
One of these solutions was Tun using both a saturated and a
normal calomel half oell and thé results, when the pH éf the
solution was caloulated, checked within 0.005 pH. Thig check
was8 probably by chance as tha‘aaau;aay of the method iz not
thought to be this high, as 1t would necessitate a checking in
potential of 0.3 millivolts and this cannot be done aeﬁsistw
ently. The observed potentials on the six solutions were
1.0070, 1.0072, 1.0087, 1.00894, 1.,0061, and 1.0084 with a satu~
rated ocalomel half cell. The solution, giving the last reading,
when ohecked with s normal calomel half cell gave 1.0483. The
pH'e oalculated from the above results, ueing barometrie cor-
rections, were 13.89, 123.80, 12.81, 12.92, 12.88, 12.803, and
12.887. The last results were reported to three decimals as
they are the same solution run against the two half cells,
Using the conductivity data of Ostwald (14) and the solubility
data reported later in this problem, the fraction ionized was
caloulated and used in the caloulstion of the solubility of
strontium oxide from the electrometric data. Sample caloula-
tions using the highest and lowest pH found are given below,.
A saturated solution of strontium oxide contains approximately
8.55 grams per liter at 25°C and this is approximately one
twelfth molar. The molar conductivity of strontium hydroxide
at infinite dilution is 452 and the extrapoclated value for one
twelfth molar is 381.
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Caloulation of results:

(A) pog = 13.90 - 13.92 = 0.98
Gog = 0.105

Solubility = (0.105 / 20) x (452 / 381) x 103.83 =
0.844 g. per 100 ml

Gﬁﬁ = (0.0913

 Solubility = (0.0912 x 3) x (452 / 381) x (103.83 x 10) =
0.581 g. per 100 ml

Solubility of fSirontium Oxide

The wvaluss found for the solubility of strontium oxide
rﬂré at such variance from those found in the literature it
was doemed advisable to determine the solubility by ordinary
.analviiesl methods. Sidersky (16,18), by'plettiag values
aotually found and reading the other values from the curve,
reported O .88 g. per hundred grams or 0.83 g. per hundred
milliliters of solution a8 the solubllity at 35°C, Riedel
(18) reported one isolated determination at 359C of 0.163¢
of an eguivalent weight per liter which e¢alcoculated to grams
‘per hundred milliliters gives 0.849 as the solubility.

The solubility was determined by three different methods,
namely volumetric, ﬁraaﬁpiﬁakiaa and evaporation. In the

voluretric method both éiwaa%{tizratiaa, using methyl orange
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as the indieator, and back titration after an excess of stand-
ard acid had been added and the solution heated to boiling
were tried. The back titration method gave results more near-
ly in agresment with the other methods. The precipitation
method used was the ordinary precipitation of strontium sul-
phate in an alcoholic solution. In the evaporation method
five milliliters of approximately six normal sulphuric aecid
were aﬁﬁeﬁ'to twenty-five millilitere of the strontium hydrox-
ide in a3 tared platinum dish and ithe solution evaporated to
dryness and fumed in an air bath. The residue was then ig-
nited for thirty minutes over a Bunsen flame,

Difficulty was encountered in getting solutions made
from different batches of strontium oxide to give consistent
resulis. This was at first attributed to impurities in the
material but later was found to be due to the fact that
strontium hydroxide has a tendenoy to form supersaturated so~
lutions which take considerable time to come %o sgquilibrium.
For this reason in the later determinations the solutions
were placaed in the constant temperature bath and allowed to
remain there several days, with frequent shaking, before the
gamples were taken out. Another éiftiaulty encountered was
the formation of some strontium carbonate in the solution,
in spite of the fact that the water used in preparing the so-
lutions was boiled and added hot to the reorystallized
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hydroxide. This difficulty was overcome by filtering while
hot into s flask from which boiling water had just been poured.
Solutions made in this way were very clear and if allowed to
eool slowly, mm as to insure large orystals, were easy to
sample by means of a pipetts.

Soms difficulsy was encountered in getting resulis by the
three methods to check closer than two or three parts per
thousand on the same solution. Twenty-five milliliter sam-
ples of the mwwaganﬁu hydroxide prepared by aﬁwawuwam.wwueawmﬁa
carbonate yielded the following weights of strontinm mawwwwww
0, 3787, mwmﬁmmw.ﬁrmwmw* 0. 3788, 0.3788, 0, 3793, 0.3788,
0.3805, O.3785, 0.3779, 0.3780, 0.3808, 0.3780, and 0.3788 or
a mean qmwﬁ@ of O, 3788 for the fourteen determinations. The
- pame size samples when run by the evaporation method yielded
0.3787, 0,3788, 0.3799, 0.3790, 0.3784, and 0.3785 g. of
strontivm sulphate, or a mean value of 0.3789. For some un-
known reason the volumeiric determinationms did not cheok
with these values and 1t was sttributed to impurities in the
strontiug oxide. Part of the troudble was probably due to
attempting to run the volumetric determinations by direot
$itration. The strontium hydroxide abaorbed carbon dioxide
from the air and the precipitated strontium carbonate dis-
golved very 2lowly, hence s false end point was obtained and

the results ran low. Three gets of checks by «w@;dﬁwﬁaawuwa
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method gave 0.8482, 0.8483, and 0.8486 g. of strontium oxide
per hundred milliliters. The walues given above for the pre-
cipitation and evaporation method when caloulated to grams of
strontium oxide per hundred milliliters give 0.8548 and 0.8550
respectively.

Due to the fact that seversl values, whioh later were
thrown out as being supersaturated, were considerably higher
1t was thought that the product formed by caloining strontium
carbonate was not uniform. To remedy this some strontium
hydroxide octahydrate, of the chemiecally pure grade, was se-
cured and the solutions made from the orystals formed fronm
this by recrystallization. It was found that the concentra-
tion of these solutions gradually dropped for a8 long as
twenty-four hours sfter coming to the temperaturs of the
bath. The time required for reaching equilibrium was pro-
longed, no doubt, by the fact that it was necessary to allow
the solutione to stand unshaken for about four hours before
gsampling in order to obtain samples free from the precipitate.
The solutions, afier that, were allowed to stay in the bath
for two or three days with freguent shaking before sampling,
The results obtained on four sclutions prepared in this
manner are given in Table IX, The columne headed A and B
under evaporation and precipitation are grams of strontium

sulphate obtained from twenty-five milliliters of solution
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1.0085. The solubility of strontium oxide, expressed in grams
per hundred grams of solution is found to be 0.855 / 1.0065
or 0.850. The value thus determined and checked by three
methods exceeds the solubility of (.82, reported by Sidersky
{18, 18) much more than could be attributed to experimental

a8rTor.
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DISCUSSION OF RESULTS AND CONCLUSICRS

With our present lack of knowledge of even the correct
potentials of our standard calomel half cell, ones would be
very bold to ¢laim an accuracy greater than just the order
of magnitude of any mass action constant determined electro-
metrically. ﬁagults obtained using lewis, Brighton, and
Sebastiants (11) value for their standard normal calomel
elsotrode, and results obtained using Sorensen's {18) value
for his standard tenth normal eleetrode vary by aboubl two
millivolts. This difference in ordinary eleotrometric
titrations is immaterial, bui in determining mass action

constants it beoomes very significant. A drop of two milli~
volts in potential will osuse the solubility product of the
hydroxide of a divalent metal to be reduced approximately
twenty per cent, and will cause the solubility in moles or
grams to be reduced about eight per cent.

Aetivity coefficients should have been brought into the
caloculations for the more soluble hydroxides, but sufficient
data were not available in the literature to make use of
activity.

From s comparison of the results obtained in the titra-

tion of magnesium chloride with 0.1 molar sodium hydroxide
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and those obtained using 0.1 molar &mmaaium hydroxide, one is
Justified in the conclusion that inm dilute solutions magnesium
chloride and ammonium chloride do not form a complex salt, and
the failure of magnesium to precipitate as a hydroxide in the
presence of ammonium salts is due entirely to the repression

of the ionigation of the ammonium hydroxide by the common ion.

The use of ammonium hydroxide in precipitating hydroxides
is not considered preferable to sodium hydroxide although it
gives 2 more constant potential, during the precipitation,
a8 1% has the disadvantage of forming Gomplexes with a number
of metallic ions and thus limite the use of the method in
determining the solublility of hydroxides,

The determination of pH's at which hydroxides dissolve
in ammonium chloride did 33% §rava very satisfactory. The
diffioculty in observing the sxact point at which the hydrox~
ide dissolves rendsrs this method somewhat inacourate. The
use of a photoeleoctric ocell might eliminate or reduce this
diffioulty.

The determination of the pH's of saturated solutions of
hydroxides of magnesium, thorium, calcium, and strontium gave
results, when caloulated to selubility or to solubility pro-
duct, at least of the same order of magnitude as those
generally accepited. ¥o doubt the use of this method could bde
'axtenﬂaé‘by the substitution of a ponreducing eleotrode for
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the hydrogen electrode. The results obtained by this method
for amphoteriec elements are queaﬁiaﬁéb&ag

The solubility of etrontium oxide as reporied by Riedel
{15) at 25°C is much eloser %o the correct wvalue than that re~
ported by Sidersky (18,18) for this temperature from his curve.
The error in Sidersky's (16,18) determinations might be ex-
pected $o be large, due to the faoct that ome normal hydro-

ehloric acid was used in his titrations.
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