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Chemistry. — “The solubilities of the isomeric chromic chlorides”.
By Prof. H. W. Baxiuis Roozmsoom and J. Orie Jr.

(Comnmunicated in the meeling of May 27, 1905).

At the December meeting 1903, a communication was made by
Bakrvrs Roozisoom and ATEN as to the changes in form which may
occur in the solubility-lines of binary mixtures in dependence on the
quantities of the molecules of a compound which may be formed
from the componenis in the liquid nmiixtures. This subject is only
a part of a more exfensive problem embracing the equilibria of
phases in systems composed of three kinds of bodies between
which a {ransformation is possible in liquid (or vapour). If that
transformation takes place with greater velocity than the seiling
in of the equilibria of phasecs, the system will appear externally as
a binary one, although it is in rveality {ernary, and in order to
explain the course of the cquilibria of phases we must take into
account that termary nature.

In those cases where the third kind of molecules consisis of a
combination of the {wo others no instance has, as yel, been noticed
where a correct view could be formed with cerlainty as to the inner
composition of the liquid phase.

We, however,' came across an example where this is uite possible,
namely in a case where two isomeric subsiances may be converted
into each other by dissolving in a third subsiance. Similar cases may
frequently occur with all kinds of orgame isomers; bul apart from
the fact that their behavionr has been litlle invesligaled from the
point of view of the cquilibria of phases we often lack the means
to determine the two kinds in solufion. That possibility, however,
presented itself with t(he isomeric chromic chlorides, which not
only may be determined in each others’ presence, bul also require
when in solution much more time to reach an cquilibrium than is
necessary to reach the equilibrium beiween solid matter and solution.
This vendered il also possible {o study the change of the solubility
as a function of the progressive {ransformation in the solution.
Finally, this rescarch could also serve to elucidale the cause of the
stability or unstability of the isomers, and the most ralional meihod
of preparing the same from the solution.

It has long been known that all kinds of salts of trivalent chromium
when in solution undergo moleenlar transformations depending on
temperature and concentration which are shown by the change in
colour of the solutions, which may vary from green (o violel.
Only of lale this malter has been b?tter understood when various
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modifications of the same sall were successfully isolated in a solid
condition.

In the case of chromic chloride two compounds were found to
exist at the ordinary temperature with 6 H,O. In conneclion with
his theory on complex compounds, WErNER proposed the following
structural formulae:

Cl,
(H,0)

The first salt is violet, the second one green. In the first salt the
three chlorine atoms should be capable of ionisation; in the latter
only one. If only these are precipitable by silver solutions?) the
amount of each salt in a mixed solution may thus be quantitatively
determined.

First of all measurements were made at 25° as to the velocity of
the transformation of solutions wilh different contents of chromic
chloride and as to the final condition which they atlain.

Cr

(Cr (H,0),} Cl, and z 1.2 H,0.

1y

A £ 4

The result of these last invesiigafions is indieafed in the IFignre
by the line AGH.
In this fignre A stands for the solveni I,0, B for the green

1) We found this not to be absolulely correct bul the precipitable chlorine could
n any case be used as a measure for the lwo salis.
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and C for the violet chromic chloride. Both are taken in the
calculation as hydrates with 6 H,0 so that the sum of H,0 and the
two hydrates is always taken as 100 (percentage by weight).

The line AGH first runs close to the axis AC. This means that
in weak solutions a final condition is reached in which the chromic
chloride occurs nearly exclusively in the violet modification.

Strictly speaking this means in the condition in which the violet
chromic chloride finds itself the moment it has dissolved. Briefly,
we will ecall this the violet condition. If, therefore, we make a
solution of the green chloride of the same concentration the green
chloride will be almost completely changed into the violet salt. This
process proceeds slowly enough to admit of ils course being studied,
also to show that both green and violet lead to the same final condition.

If the amount of hydrated chromic chloride exceeds 20 °/, the line
A 1@ begins to run perceptibly upwards and consequently the final
condition in the solution shifts more and more towards green.

In the point I the final equilibrium is situated near an equal
amount of green and violet. This corresponds with a total of 65 °/, of
chloride ') of which 32.5 °/, is green and 32.5°/, violet.

It will be noticed that we cannot go further than G because the
solution there reaches iis saturation. If crystallisation did not take
place the prolongation of the line A7 G could be delermined. If
this may be represented by G /A, the terminal point H would
indicate the amount of green and of violet chloride in liquid hydrate
of chromi¢ chloride (without excess of water); this point would
therefore lie at about 15°/, violet and 85°/, green. Its determination
is however impossible as the green hydrate melts at 83° and the
violet one at 92°. Although the melted hydrates crystallise very
slowly still it is difficult to keep them liquid down to 25°.

The final condition of solutions of different concentrations thus
being known, the solubility of the two-hydrates at 25° was studied.
The saturation was very soon accomplished, D and Z' represent
the concentrations of freshly prepared salurated solutions of green
and violet chloride. -

These, however, soon undergo a modification. In the green solution
violet chloride is formed and conversely. This causes a change in
the solubility which runs along lhe lines DJ" and LI7 respectively.
These show that the total solubility of both green and violet increases
as the {ransformation of green inio violet or the reverse proceedsin
the solution.

1) This total amount may be read off on AC or 4B if we draw from I a line
parallel with BC.
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The solutions of the green chloride do not however run farther
than G, where the solulion saturated with green also atlains the
inner composition corvesponding with the equilibrium at the total
concentralion. Solutions on GF could only be made by rapidly
dissolving a mixture of green and violet in the desired’ proportion
and then introducing some solid green chioride. These solutions
would then, however, recede towards G as the point of final equili-
brium of the liquid saturated with green chlovide.

The solutions saturated with violet chlorid run along the line EF.
The solution /' might be at the same {ime in equilibrium with green
chloride, but as soon as this occurred the violet would be completely
converted inlo the green and then the solution containing the green
would again shift to G as a terminal point.

As the line of equilibrium 4 G* H intersects the solubility line for the
green but not that for the violet chlorid, the latter cannot be definitely
in equilibrium at 25° with any solution, consequently at this tempe-
rature the green chloride is the only stable one. Even ouiside the
solution the violet changes, therefore, after a lapse of time, into the
green; in contact with the solution this takes place more rapidly.
This is the reason why the line FF cannot always be followed up.

The question now arises how it is possible {0 separate violet
chloride in the solid condition. This is done by leading gaseous HCI
into solutions containing at most 30°/, of green chloride and which
have been rvecently heated to 100°.

Addition of HCL at 25° diminishes in a high degree the solubility
of both chlorides.

The two lines [DF and EI are shifted towards the left about
parallel to their original positions and about to the same extent. It
will be easily seen that the point of intersection G will also move
towards the left and might finally arrive in the liquid region to the left
of the equilibrium line. In thal case this line would no longer
intersect D but KL a saturated solution of violet chloride would
then be in inner equilibrimn and the violet chloride conld be separated
in a stable condition.

This, however, is not the case, beeause the line AG also moves
strongly towards the left on addilion of IICl and consequenily the
cquilibrium in the solution shifis towards the green side. The investi-
gation showed thal the violel chloride is still metastable in contact
wilh the solutions rich in HCI; the point of intersection F thereforce
remains, obviously, to the vight of AIG even on additon of HCI.

If, however, we heal to 100° before leading HCI, the line A/G
moves very considerably {owards the violet side so that it now
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intersects the solubility isotherm of the violet chloride at 25°. The
receding of the solutions {owards the green, on cooling, now proceeds
with sufficient slowness to enable us to precipitate the violet chloride
at 25° by means of a current of IICI, which diminishes its solubility.

Chemistry. — “Nitration of symmeiric nitrometaxylene.” By Dr.
J. J. Bravgsma. (Communicated by Prof. A. I". HoLLEmAN).

(Communicated in the meeting of May 27, 1905).

If symmetric dinitrophenol or symmetric dinitromethylaniline is
treated with mixed nitric and sulphuric acids, pentanitrophenol or
pentanitrophenyl-methylnitramine is formed *). Consequenily the pre-
sence of the two mnitro-groups, which are in the meta-position with
vegard to the OH or NHCH, group does not prevent the introduction
of another three nitro-groups in the para-position and ortho-positions
in the benzene core. Symmetric dinitroanisol and phenetol yield,
however, on nitration tetranitroanisol or tetranilrophenetol ?); the
hydrogen atom in the para-position with regard to the oxyalkyl group
is not veplaced by NO, here. As the methyl group on subslitution
in the benzene core behaves in some respects analogous to the
OH and NH, (or NH CH,) groups it seemed of importance to inves-
tigate the conduct of symmetric dini{rotoluene on nifration in order
to ascertain what influence is exercised here by the NO,-groups
in the meta position.

The symmetric dinitrotoluenc was, therefore, heated with mixed
nifric and sulphuric acid for two hours on the waterbath; the sub-
slance had mnot, however, undergone any change. The presence of
the nitro-groups in the meta-position with regard to the CH; group
consequenily prevents the further introduction of nitro-groups in the
positions 2, 4 and 6. If, however, one of.the NO,-groups in sym-
melric dinitrotoluene is replaced by bromine, this substance may be
successfully nitrated. Symmetric bromonitrotoluene yields on treal-
ment with mixed nitric and sulphuric acids three isomeric {rinitrobro-
moioluenes which it is, however, difficult {o isolate.

The question now avose what resull is oblained when one of the
NO,-groups of symmelric dinitrotoluene is replaced by CH,, in other
words what is the behaviour of symmelric nitro-m-xylene on nitra-
tion ? For il is known that m-xylene readily yiclds 2-4-6-iriniiro-

1) Recueil 21, 254,
n , 23 111; 24, 40.




