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The distribution of a d1ssolved substance between two Uqutd phases was first
studied in detail by Berthelot and Jungfie1sch (1) who investigated the par
tition of iodine between carbon disulphide and water. Since that time, hun
dreds of distribution systems have been more or less thoroughly studied and
reported. In a continuing study ot the magnesium bromide-diethyl ether
system (8-12) it became necessary to know the soJub111ty relationships ot mag
nealum bromide in the conjugate diethyl ether-water .ystem at 25°C. Since
these data could not be found in the Uterature, they were determined 1n
th1s laboratory.

ExPaDaIrrn

In the study of a three component system, four variables must be consid
ered: pressure. temperature, and the concentrat1ons of at Jeut two com
ponents. For a condensed system consisting ot 80Uds and Uqulda. the prMIUJ'e
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var1ll&le hal little effect so the system can be studied at atmospheric pressure
withoUt aertous error. 'Ibe temperature variable effects the solubllity re
latlonahipe so it 18 neceaaary to maintain a constant temperature.

The choice of analytical methods for the magnesium bromide-dlethyl ether
water system was difficult. 'Ibe quantitative determination of magnesium
bromide is relatively simple using the standard Volhard sUver nitrate
Wocyanate titration. However, the choice of an analytical method for the
other components required considerable investigation. A search of the liter
ature revealed no ample, rellable method for the quantitative determination
of diethyl ether. Many methods for the quantitative determination of
water were found but few of them were appl1cable to the system being
studied. 'Ibe Karl P1scher (3) method for the determination of water (7) was
adopted for this investigation.

The Karl Fl8cher reagent was prepared in the usual manner by adding 64
gm. of sulfur dioxide to 269 mI. of cooled pyridine. dUuting to one liter with
anhydrous methanol and adding resubllmed iodine in small amounts untU
84.7 gm. of iodine were present. The methanol-wa~r standard solution. for
use with the Karl Fischer reagent, was prepared from absolute reagent
methanol and distilled water. 'Ibe water was added with a graduated cyllnder
to obtain the approximate concentration of 2 to 4 mg. of water per mil111iter
of. solution. After preparation, each solution was allowed to stand for twenty
four hours before being standardized.

To standardize the m~thanol-water solution. a measured amount of Karl
Fl8cher reagent was titrated With a measured amount of methanol-water
solution and the solution ratio. R, obtained for the methanol-water solution/

. Karl Jl'lscher reagent. For precise work. the electrolytic dead stop end point
method (14) was found to be most satisfactory, using a magnetic stirrer with
glass enclosed iron bar placed in the bottom of the titration flask tor agita
tion. A measured amount of Karl Fischer reagent was added to the titration
flask and a weighed amount of water. W. was added using a medicine dropper
as the weighing pipet. Excess Karl F1scher reagent was then added to make
the total volume of the reagent, A. The excess was back titrated with a
Volume, B. of the methanol-water solution. The calculation formula for the
titer. T, of the methanol-water solution is as follows:

W
= T

.ftA-B

When analyzing a sample for water, it was found that more precise results
were obtained if the sample was added to a measured excess volume of the
Karl Flscher reagent. The excess Karl Fischer reagent was titrated with the
methanol-water standard solution. The calculation formula for the weight
of water. W, in the sample is as follows:

(RA - B) T = W
the symbols having the same meanlng as defined above.

".

Even ua1nI normal precautions to protect the solutions, tor precise work it
was found necessary to obtain a new solution ratio• .ft. between the methanol
water solution and the Karl Flscher reagent every hour and a half. The
8taDdarcl methanol-water soluUon was also restandard1zed against pure
water every few days.

The diethyl ether-water systems were prepared from Merck's absolute re
apnt diethYI ether. which had been purified by dlst1111ng from freshly cut
socUum onto tresbl1 cut sodlum. and water dlstllled from a dllute potassium
permaDlaDate solution. The Baker and Adamson reagent grade magnesium
bromld. heDbydrate was used for the magnesium bromide. No speclal purl
flcaUon .... found necesnry.
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All systems were prepared in a wide-mouthed glass tube .. em. by 20 em.
fitted with an outside ground glass cap carrying a mercury seal stirrer. The
motor-driven stirrer had two agitators at different levels to insure thorough
st1rrlng and true equllibrium conditions. The tube conta1n1ng the system
was immersed at least 15 em. in a water bath thermostatically controlled at
25.000 ± O.05°C as measured by a calibrated thermometer.

Special weighing pipettes. ranging in size from approximately 0.5 mt to 15
ml. capacity were made trom soft glass tubing. One end was drawn down to
a thin-walled capillary tubing about one m1ll1meter or less in diameter Which
could be sealed easily in a Tirrill burner flame. The other end was shrunk
to fit in a pipette rubber bulb. When properly sealed, these pipettes showed no
detectable loss of sample over a one hour period.

The diethyl ether-water-magnesium bromide systems were prepared by
adding varying amounts of magnesium bromide hexahydrate to 20 mt of
distilled water and pouring in approximately 100 ml. of diethyl ether. The
system was stirred for a minimum of eight hours at constant temperature
and allowed to stand for an additional hour before removal of samples.

A desired volume of sample was drawn into the weighed pipette and re
moved from the system. While draWing air slowly into the pipette, to prevent
excessive loss of sample. the tip of the pipette was sealed in a Tirr1ll burner.
After weighing, the tip of the pipette was placed below the surface of the
excess Karl F1.scher reagent, when water content was being determined. or
below the surface of water aclditled with nitric acid. when a bromide analysis
was desired. The tip was then crushed with a pair of micro-crucible tongs
and the inside of the pipette rinsed several times to remove the sample.

It was necessary to cool the barrel of the pipette with shaved ice and to wipe
dry immediately before taking the sample. This lowered the- vapor pressure of
the dlethyl ether and limited the loss of sample. '10 avoid contamination of
the bottom or water layer. as the pipette was removed from the system some
of the sample was slowly discharged until the pipette was out of the system.
'1he tip of the pipette was wiped dry with a piece of absorbent tissue and
sealed in a flame.

The analysis of the water layer for bromide presented no special difficul
ties. However. the diethyl ether layer contained such a small amount of
magnesium bromide, even when in equilibrium with solid magnesium bro
mide hexahydrate. that its value could not be determined by titration With
0.027 N sUver nitrate solution. An attempt was made to approximate the
actual concentration of magnesium bromide in the diethyl ether layer.

A relatively large sample. approximately 15 gm. of the diethyl ether layer,
was ,.added to 50 ml. of dlst1lled water and the diethyl ether allowed to evap
orate. Any magnesium bromide present in the original sample would dlasolve
in the water as the diethyl ether evaporated. Five mU1111ters of 0.027 N sUver
nitrate, with a titer of 5.00 mg. of magnesium bromide per mU1111ter of solution,
were added to the water. No visible precipitate of sUver bromide could be
seen. There was a possib1l1ty of a very faint turbidity. As a comparison,
0.1 mI. of 0.02'l N potassium bromide, having a titer of 5.00 mg. of magnesium
bromide per mUUUter of solution, was added to SO mi. of dlat1l1ed water. Th1s
solution had a bromide concentration equivalent to 0.0033 per cent of mAl·
nes1um bromide in a 15 g. sample. Plve m1l11l1ters of 0.027 N sUver nitrate
were added to the solution and a very noticeable precipitate ot BUver bromide
was observed. '

A number of systems, rang1ng from diethyl ether and· water with no mag
nesium bromide to a conjugate Uqukl system in equlUbrlum with lOUd mag
nesium bromide hexahYdrate, were prepared and analyzed. A m1D1mum of
two independent samples W88 analyzed for each Uquid layer. Average re
sults, expressed in :weight per cent, for the two and three phase systems art!
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liven In Table I. The values for dlethyl ether were obtained by dlfference.
The deviation of individual reau1tB trom the average was less than 10 parts
~1~. .

TABLE I

Df8tnbutlon 4t 25°C MgBr,-H,o-Et,o

MoB..
%

0.00
4.30
9.90

25.23
38.40
60.01

AQl1EOV8 PJUa8
ET.O IIsO
% %

6.56 93.44
4.57 91.13
4.24 85.85
1.95 72.82
0.49 63.21
0.83 49.16 (sat'd>

ETJID PHASE
MaBR..z ET,O

% %
0.00 98.63

trace 98.76
trace 98.78
trace 99.04
trace 99.30
trace 99.73

HsO
%

1.47
1.24
1.22
0.96
0.70
0.27

DISCtJSSION

Referring to Table I, it is noted that the presence of a third component,
in this case magnesium bromide, alters the mutual 8Olub1l1ty of diethyl ether
and water. It 18 a well known fact that, if the third component is consid
erably more soluble in one solvent, it will decrease the mutual solub1l1ty of
the two UCluids. This is the well known "salting out" effect utilized in many
preparations of organic compounds. The data In Table I show that the pres
ence of soUd magnesium bromide in equ1l1brlum with a conjugate system of
diethyl ether and water decreases the solub1l1ty of ether In water from 6.56%
to less than 1%; at the same time. the solub1l1ty of water In the diethyl ether
decreases from 1.47% to less than 0.3%.

The rather unusual character of this system is that there is practically
no distribution of magnesium bromide between the water and diethyl ether
layers. Even when the solid magnesium bromide is in equ1l1brlum with the
liquids and the water layer is saturated at about 50% magnesium bromide, the
amount of magnes1um bromide In the diethyl ether layer is considerably less
than 0.003%.

This situation would not be particularly remarkable if the magnesium bro
mtde were insoluble in anhydrous diethyl ether. However, such is not the
case. Anhydrous magnesium bromide Is not only soluble in anhydrous di
ethYl ether but forms a rather unusual binary system consisting of unsat
urated solutions up to about 3% magnesium bromide, a two layer conjugate
system in which the composition of the lower layer is about 40% magnesium
bromide, and two posstble soUd solvates, the di-etherate and mono-etherate'
(6; 8-12), In addition, the hexahydrate of magnesium bromide can exist in
stable equ1l1brium with the conjugate dlethyl ether layers at 25°C (11). Thus
the lack of distribution of magnesium bromide between the conjugate water
and diethyl ether layers is quite interesting.

Equally extreme results have been found by Schuncke (13), who noted that
hydropn chloride leaves diethyl ether completely and passes wholly into
water. and by H1l1 (4, 5) who studied the distribution of silver perchlorate in
the benzene-water system and in the water-an1Une system. In the first case,
the salt passes wholly into the water layer and wholly into .the anUine in the
second case,

In cases of thJa type. it is postulated that there can be no molecular species
common to both phases. Some properties of magnesium bromide in water
solution compared to Ita properties In diethyl ether solutions support this
belief. The electrical conductivity of &Clueous magnesium bromide solutions
is quite h1Ih and the freezlng points of these solutions are abnormally low.
ThI8 lnd1catea rather extena1ve dlssoclation into ions. On the other hand,
the apeclftc conducttvity of anhydrous magnesium bromide fD dlethyl ether



ACADEMY OF SCIENCE FOR 1950 133

is of the order of 2 x 10--.'1 mhos (2) indicating relatively few simple tons. Fur
ther, a rough determination of the molecular weight of magnesium bromide
in dtethyl ether solution from vapor pressure lowering (10) gives an approxi
mate value of 225 as compared to 184.2 for the formula weight. This would
indicate that, in dlethyl ether solution, the magnesium bromide is associated
into larger molecules to some extent rather than d1ssociated as in water
solution.

CoNCLUSIONS

On a theoretical basis, the distribution law is limited to dllute systems.
In the magnesium bromide-water-diethyl ether system, the concentration
of the water layer can reach a maximum of about 50% by weight of mag
nesium bromide.

Also, the two l1quid phases shall not change their mutual solubtl1ty with
change in the concentration of the distributed phase. In the present system,
the mutual solub1l1ty ot water and diethyl ether is greatly decreased.

Further, correction must be made tor dissociation, association or chemical
combination in either phase. With all three ot these phenomena occurring
in the magnesium bromide-water-diethyl ether system, it is not surprising
that distribution ot the magnesium bromide between the two layers could
not be detected.
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