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Formation of basic salts of magnesium from the hydrolysis of Grignar!
resgents is a well-known reacticn. Similarly, Grignard reagents react with
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These ammonobasic salts had not been investigated as detinite compounds,
however, until recently (3). Just as many chemical compounds combine
with water to form hydrates, these ammonobasic salts apparently form
ammoniates when treated with excess ammonia {n a non-aqueous medium.
These reactions are illustrated in the following chemical equations:

1. Hydrolysis with hydrate formation:
RMgBr 4+ (r+1) HO — Mg(OH)Br.zH.,0 + RH

2. Ammonolysis with ammoniate formation:
RMgBr 4 (2 + 1) NH, = Mg(NH,)Br.zNH, + RH

The “R” in the above equations represents certain alkyl radicals.

By ammonolysis of Grignard reagents in the above manner, anmoniates
of the bromide, lodide and chloride of amidomagnesium have been prepared.
The relative ease with which the ammonia of solvation in these three
ammonobasic salts can bhe removed is8 a measure of the relative stability
of the ammoniates and {8 of theoretical interest. Stability of the com.
pletely desolvated compounds is also significant. It has heen found con-
veulent to compare the rates of desolvation as functions of temperature and
pressure,

EXPERIMENTAL

PrrpakatioN.  Ethylmagnesium bromide, ethyimagnesium iodide and
{supropylmagnesium chloride were prepared according to standard procedure
In ether solutions of ethyl bromide, ethyl lodide and {isopropy! chloride,
respectively, by reaction with excess magnesium. These Grignard reagents
were then fllitered from the excess magnesium and slowly added to an
ether or benzene solution of ammonia gas through which excess ammonia
%as was kept bubbling. In each case a fine white suspension was obtained.
The product was then separated from the liquid medium by ftiltration. The
preducts thus obtained were fdentified by analyses as ammoniates of
magnesium amide bromide, magnesium amide fodilde and magnesium
amide chloride, respectively, and were subjected to further treatment such
as desolvation.

AXALYSIS. One of the most critical steps in the analysis was solution
of the sample without loss of ammonia. Early experience showed that the
products liberated ammonia at a rapid rate when treated with alcohol or
water. and that some ammonia was lost by attempting to dissolve the sample
In an open container. The following procedure was devised to avoid loss
‘{ ammonia. The sample was quickly transferred from a weighing bottle
'nto a glass stoppered Erlenmeyer flask. Both containers were stoppered
!mmediately. The weighing bottle was reweighed to obtain the weight ot
“ample by difference. Then the stem of a 150 ml. separatory funnel was
iserted into a one hole rubber stopper which fitted the Erlenmeyer fiask.
The separatory funnel was half filled with water and the stopcock opened.
“ometimes, a gas would bubble slowly up through the water solution, but
*i«dually @ vacuum was created inside the flask which tended to suck the
“sler into the flask. - Just before all the water had been added, 100 ml.
‘¢ sulfuric acid, diluted 1:4, were added to the separatory funnel. The
3k was gently swirled during the addition of sulfuric acid in order to
9'<olve the sample completely. The separatory funnel was then removed
o m the flask, and the lower portion rinsed with distilled water. The
{-ullon was transferred quantitatively to a volumetric flask and diluted

a “;Olnu. This solution was used for halogen, nitrogen and magnestum

.. HALOGEN Anaivsis. Approximately 0.1 N. silver nitrate and potassium
“:Ocyanate solutions were prepared and standardized. - A slightly modified



.o PROCEEDINGS OF. THE OKLAHOMA

procedure was found applicable to analyses for iodide, bromide ang
This modifieation consisted of using sulfuric acid for solution
of the sampie rather than nitric acid. The presence of sulfuric acid was
Secessary for the magnesium analysis and was found to have no appreciable
offoct on the halogen analysis. Ferric ammonium sulfate was the indieator
used,

© NrrmourX AxaLvsis, The Kjeldahl method for the determination of
nitrogen was used. No digestion was required since the amide group was
readily converted into ammonia which was distilled from a concentrated
sodium hydroxide solution into a 8% boric acid solution, and titrated to a
methy! red end-point with standard bydrochloric acid solution. The ap-
paratus used in these Kjeldahl determinations was of the semimicro, self-
emptying, steam distillation type, operating on the same principie as the
apparatus described by Parnas (1). A nitrogen determination could be
run io approximately twenty minutes with the apparatus in continuous

operation,

Maoxzsium ANaLvsis. Magnesium was determined gravimetrically as
magnesium sulfate. The procedure consisted of evaporating an aliquot of
the unknown solution over a hot plate. Particular care had to be taken
to prevent spattering near the end of the evaporation. This is a moditi-
cation of a standard procedure (4) and has been used by one of the authors
(3) in the determination of magnesium in magnesium bromide. Though
imited in scope, this method has heen found to be precise when no in-
tertering metallic fons are present.

Desotvatiox. In attempts to remove the ammonia of solvation, the
products were heated at various temperatures under reduced pressure for
prolonged periods of time. These rates of desolvation data form the basis
for comparison of the relative thermal stability of ammoniates of the

magnesivm amide halides.

In each case, the sample under investigation was placed in a 300 ml
round bottom flask which was immersed in a wax bath at the desired tem-
perature. The pressure in the flask was then reduced by using oil pump
vacuum. After definite intervals of time, samples were withdrawn for
analysis. -

A convenient notation which quickly shows the degree of desolvation
of the samples is the nitrogen to halogen ratio. These ratios were obtained
directly from analytical data. By considering the nitrogen to halogen ratio
in the compounds postulated. the convenience of this notation becomes
apparent. For examplie: .

N/X
Desolvated product Mg(NH,) X
Monoammoniate Mg(NH,)X . NH, 2
Diammoniate Mg(NH,) X . 3NH, 3

The “X" in the above formules represents any halide.

Discussiox

" - inos magnesium amide lodide was desolvated so slowly below 166° C
m_hwm'muknuphmuwti’nmmw&
, sinos the ammoniates of magnesium amide chloride were 80 U
table 160 C, only lower temperature data are included here
) -amide bromide, however, was investigated over the emtire rance

- ae shown fa Table L .
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TABLE I
 Texr.(°C.) Tmue (Hze.)  N/I N/Bx N/Ci
30 0 3.4 8.1 35
35 33 26 2.6
125 0 2.0 33
2 1.6 1.6
4 1.4 13
] 13 12
12 13 11
140 0 35 31
2 13 12
4 1.0
10 11 ,
160 0 35 X 85
2. 22 15 1.3
] 1.3 11 1.0
14 1.2 11 1.0
180 0 8.4 3.6
2 12
4 11
¢ 11 11
T8 11 1.0
156 0 35 3.4
4 11 1.0
8 1.0 1.0
300 1 1.0 10 1.0

%
i

This table allows comparison of the chloride derivative with the bromide
at lower temperatures and comparison of the fodide with the hromide at
higher temperatures.

¢
!
)

The samples had sufficfent vapor pressure even at 30°C. to be slowly
desolvated, but it is apparent that the diammoniates are relatively stable
At this low temperature. As the temperature is raised, the diammoniates
have higher dissociation pressures so that the ammonia of solvation can
be removed more eastly. Thus, the chloride can be completely desolvated
al 140°C. in only four hours, whereas the bromide retains some of its
ammonia of solvation after ten hours at 140° C. Further evidence that
the chloride loses its ammonia of solvation at a more rapld rate than the
bromide is shown by the nitrogen to halide ratios of the chloride and
bromide at the end of twelve hours at 126°C. In spite of the fact that
the bromide was initizily a lower ammoniate than the chloride, there was
still more ammonia of solvation on the bromide at the end of twelve hours,
:g:’”b‘ﬂﬂ::'inz that the chloride has a higher dissociation pressure than

- brom:!

. Similarly, it has been shown that the iodide ammoniate has & lower
irwclation pressure than the bromide ammoniate at the same temperature.
:":.’W‘C‘ the bromide ammoniate shows a consistently lower nitrogem to
h""'—' ratio than does the iodide, in spite of the fact that initially the

~uide was ammoniated to a greater extent than the fodide.
the It is significant to note that as the temperature is raised to 180-195° 0.,
al _ates of desolvation become more nearly equal, thus indicating that
pro..roe of the magnesium amide balide ammonistes have high diesocistion
ter. . 7% sad are desolvated at quite rapid rates at these tempera-
. that they are

:“i;'ﬂmﬁ-ru:‘uamummmmm&z
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b anal indicate the desolvated product in each case, this tea.
mmcy toward fnmmn results in s hard, compact, lumpy mass which is rather
difficult to break up and handle. Desolvation at lower temperatures under
reduced pressure produces a fine white powder. The desolvated products
have been heated above 300° C. without apparent change except for a slight
darkening which is undoubtedly due to traces of organic impurities.

T= 160° C.
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FIGURE 1.

A direct comparison of the relative stabilities of the three compounds
at the sanme temperature, 160° C., is shown in Figure 1. It is quite evident
that the rate at which the ammoniate of magnesium amide chloride de
com is much faster than for the ammoniate of magnesium amide
bromide. Likewise, the dimsociation pressure of the ammoniate of mag
nu’l:m‘ :dul‘é“ bromide is greater than that of the ammoniate of magnesia®
amide .
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