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Distribution of Benzene in the Diethyl Ether—
Magnesium Bromide System at 25°C.
W. F. GRIMES and H. H. ROWLEY, Unlversity of Oklahoma, Norman

It is a well established fact that magnesium bromide with exceas diethy!
ether forms two conjugate liquid phases at 26° C., the upper layer con-
sisting of ether saturated with about 39; magnesium bromide, the bottom
layer containing about 39% magnesium bromide. On cooling below 22°C.,
solid crystalline etherates of magnesium bromide can be obtained (2, 8).
A recent study by one of the authors (4) on the preparation of anhydrous
magnesium bromide in diethyl ether indicated that the presence of bhen-
rene tended to increase the miscibility of the two conjugate liquids. Its
presence also tended to increase the solubility of the etherate crystals at
lower temperatures. A study of the distribution of benzene in the two-layer
dlethyl ether—magnesium bromide system at 25° C. has now been made.

EXPERIMENTAL

A typical procedure involved the preparation of anhydrous magnesium
bromide (4) which was redissolved in sufficient reagent grade diethyl
ether to form about 40 ml. of the two-layer system. In order to have a
sulficlent working depth in each of the two partially miscible liquids, the
conjugate system was placed in a 50 ml., glass stoppered graduated
cylinder. The cylinder holding the liquids was immersed in a constant
temperature water bath at 25° C. in such a way that the level of lquid
in the cylinder was well below the water level.

Samples were removed from each layer, weighed and analyzed for
bromine, Approximately 2 ml. of reagent grade henzene was then added
and allowed to stand from 6 to 156 hours with frequent shaking to insure
equilibrium conditions. After allowing for complete separation of the two
liquids, samples were removed from each layer and analyzed for bromin:
and benzene. Separate samples were used for the analysis of each com-
ponent. Several check analyses indfcated that equilibrium was reached In
leas than five hours. An additional 2 ml. of benzene was then added to
the system and, after attainment of equilibrium, further analyses were made.
This procedure was repeated untfl the two layers became completely miscible
at 25°C. Precautions, such as oven dried apparatus and extensive use of
ralcium chloride drying tubes, were taken at all times to insure anhydrous
conditions, since small amounts of water are known to influence thy
system (3, 5).

ANALYsIS. Due to the high volatility of the liquids, a welghing plpot
of special design was devised from 8 mm. soft glass tubing. The pipet was
Made by drawing the glass, on each side of u section about 4 cm. in length,
o 4 long tapered capillary. These capillaries had two right angle bends
lo facilitate holding the sample while the ends were sealed in a small flame,
Th bulb of the pipet, which had a capacity of 1 to 2 ml., was covered with
* lice of surgical gauze saturated with chloroform during the sampling
. sealing of the ends. The rapid evaporation of the chloroform lowered
n. Yolatllity of the sample to a point where loss by evaporation was
“:.'L.:gible. After weighing, one of the curved tips was broken beneath
u,l."'"“‘ of the liguid necessary for the analysis. The upper tip was
to.. Droken and the contents of the pipet were transferred quantitatively
an. * lguid. Water was used for the determination of magnesium bromide

! iscoctane for bensene.

s Jromine was determined by tbe standard Volhard procedure using
aly,, B8 Of standard silver nitrate and potassium thiocyanate with ferric
Y as an indieator. : -
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»
( Since no simple, reliable procedaure for the determination of diethy
" other ,l':'mdoeuodtodourminem:mountotbumh
each sample. One of the fundamental properties of double bond linkage
in is their abllity to absorb electromagnetic vibrations
in the wave length range of the ultra-violet. In his study of hydrocarboa-
type hydrates, Whalen (§) had successfully determined the amount of toluene
chioroform by the absorption of ultra-violet. This method was used
determination of bensene, which also shows appreciable absorption
the near ultra-violet (1).

Preliminary investigation showed the necessity of a high degree of
dilution for the bensene in order for absorption readings to be made.
Incoctane (3, 3, 4-trimethylpentane) of spectrophotometric grade was found
1o have no absorption in the ultra-violet range used in these determinations
and served as a very satisfactory diluent.

Examination of the absorption spectrum of benzene revealed a high
peak between 352 and 256 mu. Further close examination of this range,
using solutions of benzene in iscoctane, indicated that a wave length range from
254.50 my td 384.78 my could be used for analytical purposes. A Beckman
Model Dg Spectrophotometer with silica cells and a slit width ot 0.4 mm.
was the instrument used.

Solutions of benzene and diethyl ether of known weight composition
were prepared. Oue milliliter of each of these solutions was diluted 1 to
1000 with Iscoctane and the absorption measured. Diethyl ether had no
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absorption in the ultra-violet range used. From these data a working
curve was obtained by plotting absorption values against the number ot

of benzene per liter of solution. Beer’s law was found to hold wup
to 0.059 bentene in the diluted solutions or 50% benzene in the original

sample.

Samples of each of the two liquid layers were taken after each addition
of benzene to the system as described above. The weighed sample was
iransferred quantitatively to a 10 ml. volumetric flask containing some
isooctane and then diluted to volume. The magnesium bromide, being
insoluble in {isooctane, precipitated out at this point. After thorough
mixing of the sample and the isooctane, the precipitate was allowed to
settle. One milllliter of the clear solution was diluted 1 to 1000 with
isooctane and the abeorption measured on the spectrophotometer. The
weight of benzene in the original sample could be determined directly
from the working curve. Several duplicate determinations, both on samples
and on solutions of known composition, checked each other to less than
0.1% benzene by weight.

DisctrssioN AND REsULTS

The results of the analyses for the two-layer diethyl ether—magnesium
bromide—benzene system at 25° C. and atmospheric pressure are shown on
the partial threecomponent diagram, Figure 1. Three independent systems
were analyzed, but for clarity only one set of data is indicated on the
diagram. The values for the light or upper layer followed the curve within
* 0.1% by weight. The values for the more viscous bottom layer averaged
= 0.5% from the smoothed curve.

The greater deviation for the points richer in magnesium bromide {s
probably caused by the greater viscosity of the bottom layer. In filling the
sampling pipets, previous to sealing them, more of the heavier liquid clung
to the walls of the capillary tubes than when the lighter upper layer was
being analyzed. In heating the capillary tubes to draw and seal them, a
greater error was introduced because of evaporation of bentene and diethyl
ether clinging to the sides. Though all the composition points for the
bottom layer do not lie on a smooth curve, its direction and relation to
the composition of the upper layer s clearly indicated.

The maximum on the binodal curve in Figure 1 indicates that the
maximum amount of benzene necessary to render the two-layer liquid system
completely miscible is about 16% benzene by weight. This is considerably
less than the approximate value of 399, by weight of benszene previously
Teported in an earlier investigation (4).

As is typical of this type of ternary partially miscible liquid pairs,
the apparent maximum on the solubility curve is not necessarily the critical
©7 consolute point where the two liquid phases have identical composition.
Une system investigated had a fotal magnesium bromide: dfethyl ether
Titlo of 23:77. Slightly below the point where addition of more bensene
*-uld cause complete miscibility, the volumes of the two layers were as
b-arly equal as could be determined in the graduated cylinder holding the
o “ple. This would indicate that this particular system passed very near
v consolute point. This fact, together with careful examination of Figure 1

** utilised in determining the consolute composition.
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TABLE 1
Analytical Results
g o . . et e Ee e GE T T A r—

Wr.% Wr.% WT.%

SAurLE MuBs, CH, ET,0

A 3.2 —— 96.8

B 39.5 — 60.5

A 34 3.7 92.9

B 35.5 3.0 81.5

A 8.5 11.6 82.9

B 3356 4.5 62.0

A 9.0 14.6 76.4

B 28.6 8.0 83.5

A 133 16.0 71.7

B 26.0 9.5 64.6
Consolute

Polnt 201 13+1 67+1

A refers to the light or upper layer, values *+0.1%
B refers to the more viscous bottom layer, values +0.6%

Numerlcal values, taken from the smoothed binodal curve and expressed
in weight per cent are listed in Table 1. The wejght per cent of diethyl
ether was obtained by difference. The critical composition is shown to
be about 20% magnesium bromide, 139, benzene and 87% diethyl ether.

The analytical data obtained for the binary two-layer diethyl ether—
magnesium bromide system were found to be 3.29;, magnesium bromide for
the light upper layer and 39.6% magnesium bromide for the heavy bottom
layer. These values agree very well with previously determined values of
3.12% and approximately 3%% magnesium bromide (3).
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