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group is split off by boiling with phenol or acelic acid. The 3.4-
dimethyl derivative also reacts readily with nitrous acid in sulphuric
acid solation; the compound formed is siill"under investigation.

Finally, I have allowed nitrous acid to act on the dark red 3.6-
dinitrodiethylaniline (m. p. 76°) when a beautiful pale yellow nitroso
compound (m. p. 69°) is formed, which on being boiled for a moment
with acetic acid, yields on dilntion with waler beautiful red needles of
the 3.6-dinitromonoethylaniline (m.p. 1207) previously described by
me, so thal in this case also one of the ethyl groups has been eli-
minated. The 3.6-dinitrodimethyl compound behaves in quite an
analogons manner, just like p. nitrodiethylaniline.

These experiments arc being continued with other tertiary nitrated
amines. '

Utrecht. OUnwersity Org. Chem. Lab.

Chemistry. — “Confirmations of the new theory of the phenomenon
of allotropy.” 1. By Prof. A. Smts and Dr. H. L. pi Luncw.
(Communicated by Prof. van DEr WaALS).

(Communicated in the meeling of December 24, 1910).

As was set forth before?’) the above-mentioned theory leads us (o
expect thal fov every substance which presents the phenomenon of
heterogeneous allotropy, so monotropy ov enantiotropy, the phenomenon
of homogeneous allotropy will also occur, because {he two phenomena
are in the closest connection.

So in virtne of this theory we can expect for the monotropic and
enantiolropic substances that every vapour, liquid, or solid phase in
stable condition consists of an infernal equilibrivin between different
kinds of molecules. A consequence of this is then that when we
make the temperature vary so rapidly that the internal equilibrium
cannot keep pace with the temperature, the more complex nature
of the subslance will appear, which will, among others, manifest
itself in a boiling or melling range of temperature, in which the
final boiling point, resp. final meliing point will lie higher or lower
than the unarvy stable boiling point, resp. melting point, dependeni
on the type of the pseudo-system and of the direction of the line
which indicales the internal equilibrium in the vapour, resp. liquid

phase.

1) These Proc. March 1910 p. 763.
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As was shown in the preceding communication®) on this subject,
this has really already been observed in the melting-point determi-
nation of the rhombic sulphur.

The first subsiance that was closely examined by us in this
divection was the white phosphorus.

Theory has already drawn attention to the fact that not only the
violet, but also the white phosphorus is built up of different kinds
of molecules, so thal the possibility existed, that the complexity of
1his metastable modification conld be demonstrated.

Experiment has corroborated this supposition, and that so convin-
cingly that as yet no substance 1s known, by means of which
the validity of the theory can be demonstrated in so simple and
clear a way as by means of the white phosplorus.

Before this result was obtained, however, a great difficulty had
to be surmounted, which consisted in the preparation of puve phospliorus.

It appeared, namely, that none of the known methods yielded a
product that melted in a unary way also when the supply of heat
took place very slowly, i.e. a substance was always obtained which
presented a range of melting temperaturcs.

The melting-heat of white phosphorus being so small (5 cal.), an
exceedingly slight quantily of a second substance can alveady cause
an appreciable range of melling temperatures, and it was therelove
to be forescen that the preparation of a product melting at one and
the same temperature might present peculiar difficulties.

As it appeared that the last contaminalions must chieﬂy' consist
in the oxides of phosphorus, which cannot be sufficiently separated
from the phosphorus by (he usual methods of purification (treatment
with potassium dichromate and sulphuric acid, distillation with steam,
elc.) an apparatus was constracted (fig. 1), in which the phosphorus
was distilled in vacuno, and then subjected to a repeated partial
crystallisalion, afler which it was transferved, thus purified, to a
meliing point determination vessel.

The latler is vepresenied in fig. 1 by 4. A resistance thermometer
is sealed to it; this vessel is connected with three bulbs B, C, and
D, the last of which (capacity 500 cm.) at first filled with water,
was aflerwards filled for three quarters with pieces of commercial
so-called pure white phosphorus.

After this phosphorus had been melted under waler, and had
then solidified again, the water was poured off, leaving only a thin
layer, and then the tube d was sealed.

B le
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Then the tube ¢ was connected with the Gaede-pump through two
U-shaped tubes placed one behind the other.

The first of these tubes was placed in a~vessel with solid carbonic
acid and alcohol to condense all the water-vapour, the second being
immerged in a vessel with liquid air to solidify the last traces of
phosphorus so that a high vacuum could be obtained.

Now first of all the apparatus was exhausted, and the flask D
was carefully heated with the flame {o distill off’ the water.

When nothing of the water was io De detected any more we
continued the boiling in vacuo for anoiher half hour to be sure
that also the water dissolved in the phosphorus was entirely removed.

After (he connection of the apparatus with the pump had been
broken by sealing it al b, three fourths of the phosphorus was dis-
tilled over into B, in which a liquid was obtained, which at first
opalized somewhat, but became perfectly clear and colourless afterwards.

Though this phosphorus appeared to be as pure or purer than the
purest product obtained by other methods, it was not yet pure
enough . for our purpose, as experiment showed {hat this phosphorus
could not be made to melt sharply at one lemperature by any means
whatever.

To reach a still higher degree of purily the phosphorus in B was
almost entirely melted, and then made to crysiallize again by slow
cooling ; when three quarters of the mass had solidified, the remaining
liquid was conveyed to C by tilling of the apparatus, and solidified
there by strong local cooling of the supercooled liguid (by means of
solid carbonic acid and aicohol).

This manipulation was repeated a great many times, in which the
mass remaining in B did not only get continually a higher meliing-
poirt, bat also became coarser and more perfectly crysialline.

When through this repeated partial crystallisation and removal of
the liquid four fifths of the quantily oviginally present in [ was
conveyed into C, we filled the vessel 4 with the phosphorus which
had remained in B by melting it in B, and by thea making it flow
into 4 by tilting the apparatus. 8

By then sealing off at @ we broke the connection of the melling-
point-vessel with the other part of the apparatus, and the experi-
ment could Legin. :

The perfectly colourless coarsely crystalline phosplorus obtained in
this way pow appeared (e be so pure, that on immersion of the
melting point-vessel in a thermostat the temperature of which varied
slowly, a welting-range was found smaller than 0.02° so thal we may
say that we have determined the unary nielting-temperature of the
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white phosphorus, for which we found 44,0°. Here we musi remark
however that only the differences of temperature are exacl io one
hundredth of a degree; the absolute™values of the {emperature may
perhaps neced a small corrvection, as we used as a stundard of tem-
perature a thermostat which had the temperature of 44° according
{o a controlled normal thermometer.

When it had thus been proved that the phosphorus obtained by
us has the property of melting resp. solidifying in a unary way, it
was examined in how far the complexity of the phosphorus betrayed
itself when we worked rapidly.

As the result can be most clearly demonstrated by curves of cooling
vesp. of heating, we shall successively discuss figs. 2, 3, 4, and
5, which will give ns a highly inleresting insight into the inner
nature of the white phosphorus. )

Fig. 2 refers to the following experiment: the meltingpoint vessel
with white phosphorns was kept in a thermostat of 40° for a day,
and then suddenly {ransferred to a bath of 50° after which the
temperature was rvead every 10 seconds by means of the galvano-
meter in a Wnzarstoxe bridge. Now it follows from the curve in
fig. 2, which indicates the temperature as a function of the time, that
the melting set in at 43,92° and was completed at 43,96°.

The small range of melting temperataves of 0,04° shows that the
substance Dbehaved in an almost wmary way, buf not perfecily so,
which is owing to this that the internal equilibrium had set in at
4° under the wnary melting-point.

In another experimeni another course was taken. The meliing-
point-vessel was kept for some time in a bath of = 46° and then
taken from the bath to make the cooling take place under exposure
to the air.

As tlie phosphorus is very easily supercooled, the crystallisation
had to be starled by grafting. For this purpose the capillary point
¢ of the meltingpoint-vessel was for a moment brought in contact
with solid carbonic acid and alcoliol, when the temperature of the

1) In Kig. 2 the curve begins to rise more slowly at 42°, because melling oceurs
alrcady in the ouler layers of the phosphorus, which ave warmer than the layer
in conlacl wilh the thermometer. If this was not the case, we should have got
the dolled line and melting would not have appeared before 43.92.

At ¢ lhe curve begins lo rise more rapidly because the helerogeneous equili-
brium mno lomger sets in rapidly enough — in consequence of the small quantily
of solid substance present — that the heal applied o the solid substance is con-
sumed entively in melling it. I[ this had been the case, the course would have
been also herc as the dolied line indicales and the melting would have becn
compleled at 48¢.96,



( 826 )

phosphorus had fallen below 44°, in consequence of which immediately
solid phosphorus formed in the capillary, which started the crystal-
lisation of the large mass, during which the temperature rose in
consequence of the heat of solidification. -

The curve representing the resalt of this experiment has been
drawn in fig. 3. In this fig. a denotes the point where the grafting
took place. Then the temperature fell to b, after which it rose to¢,
then it descended at first very slowly, then all of a sudden very
rapidly. The result is that also in this way of working the phosphorus
solidifies in an almosi unary way, for the inferval of solidification
amounts only to 0,05°, bul in consequence of the comparatively large
difference of temperature ~with the surroundings the unary welting
temperaiure was no more {o be Teacled.

In a third experiment which yielded a very imporfant result, the
meltingpoini-vessel was first placed in boiling water for some time,
and then suddenly transferred to a bath of 15° to make the cooling
take place so rapidly that the internal equilibriumn could certainly
not keep pace with it. When then grafting took place at about 43°.5
after taking out of the bath, the temperature rose above 44°, from
which, therefore, followed that when the cooling takes place wvery
rapidly the liqud phosphorus is already supercooled above 44°.

Therefore another time the grafling took place above 442, when the
temperature rose to 45°5, and we succeeded in gelting a rise of
temperature to 46° with still earlier grafiing, which, however, is by
no means the highest temperature {o which the phosphorus can rise
in this way.

The curve of cooling, obtained in one of these experiments, is
represented in fig. 4, and it is noleworthy how much this cuvve,
which is the result of a perfeclly analogous experiment to that to
which fig. 3 relates, apart from the previous history of the phosphorus,
differs from +the curve in this last figure. The grafting took place
above 44° at about 44.°5; at first the temperature descended, then it
rose to 45°,05, after which it fell again, at first prelty vapidiy, then
less vapidly and at last very rapidly again.

The whole line shows the type of a line of sulidification of a
mixture, the melting-range is here aboul 1°.8, but can be considerably
larger still, which alrcady follows from this thal in one experiment
a temperalure maximum was observed of 46°. .

That the phosphorus which has been ill-treated in this way, and
at first unites to a distinctly visible conglomerate in the solid state
tries to reach internal equilibrium pretty rapidly, follows from fig. 5.
The curve traced in this figure is, namely, a curve of healing, which
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shows what has been olserved after the solid substance obtained in the
previous experiment has been suddenly placed in a bath of 50°. The
curve of heating now shows that after some minutes a considerable
approach lo the slate of internal equilibrium has taken place, but
it has not been reached as yet, for the melting-range still amounts
to 0°.13, and the end-melting point lies above the unary melting-point
temperature.

Before proceeding to an mterpretation of the observed phenomena,
we may point out here that, as Cumaraay ') found that red [ mells
io a perfectly colourless Jiquid, it has already been assumed in the
preceding communication, that the line for the nternal liquid equi-
Librium runs to the side of «P with rise of {emperature *). If we do
so again here we are obliged, in conlradiction to the 7’ X-figure
given before, to draw a eutectic point 1 the pseudo-binary system,
as has been indicated in fig. 6, because only in this case the observed
phenomena can be explained *).

The line L[, denoies the inteinal cquilibria in the lquids, and
s,n refers to the internal equilibria in the solid white phosphorus,
so that s, and /, indicate the solid and {he liquid phases which are
in internal cquilibriuny, and coexist at the unary melting-point ol the
white phosphorus.

Now it follows {rom the course of the mentioned lines of equili-
brium, that when the lignid /, is cooled very rapidly, the crystalli-
sation can already occur at /,. Then in the absence of internal {rans-
formnations a melting-range /,/, would be found, whereas in case of
rapid heating of the solid phase n the melting will already begin
at s,, and be completed at [,, namely in case there are no inter-
nal conversions at all. The internal conversions, however, especially
when the two phases S and L are in contact, proceed with fairly
great rapidity, and this is the veason, thal a (ransgression of the
unary melting-point temperature is always much smaller than the
lines 7, /', and S: 7% would lead us to expect.

Further the fignre shows that the initial solidification vesp. the
initial melling will appear the sooner according as o higher vesp. a
lower temperature is stavted from, and thus we see that the new
theory of allotropy, given in our preceding paper, gives a natural
cxplanation ol the observed phenomena ).

1} Journ. chem. Soc 75, 743 (1899)

Y 2P is a substance we do nol know, bul of wlich we may assume with a
high degrec of probalnlily, thal it is coloutless.

9 It follows at the same time [rom this, thal we have nol lo deal with the
phenomenon ol polymerism for the phosphorus (see preceding comumunication).

» Rapid healing, from low lemperatures, gives only a small change; so the
line 78, has a rather steep course.
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We may finally remark here that Jortsors') thinks he has shown
with certainty that there are not #wo but three solid modifications
of the phosphorus, white, red, and pyromorfic phosphorus, which
last we shall call wiolet phosphoins, as is more vational.

As Jousors remarks it wonld also follow from his investigation
that the violet P is stable under 460", above it, however, the ved
modification, which melts to a colourless liquid ai 610°.

When we accept these resulis it is the question how we can
account for the behaviour of the phosphorus in the light of the new
theory.

We might suppose that if three dilferent solid modifications exist
of a subslance, these threc forms would have lo be ascribed to
the existence of three different kinds of molecules.

This view has, accordingly, been advanced in the fiist comnmuni-
cation, but if we think of substances with three, four, or more points
of transition, this supposition is somewhat improbable, aud as it
proves on further consideration not to be necessary, we prefer anothexr
sumpler and more plausible supposition for the present.

Also for the case that a substance occurs in three crystallized
modifications, the existence of {wo kinds of molecules can account
for the phenomcua, namely, when we assume a second discontinmty
in the series of mixed crystals.

This has been done for the phosphorus in fig. 6; we sec that the
liquids b/ coexist with the mixed crystals bs, the liquids /¢ being in
equilibvium with the wixed crysials se.

In this figure s, represents the red phosphorus ai the unary meliing-
point temperature. Below this temperature, which lies at 610° according
to Joumors, the red phosphorus remains stable to 460°, at which
the red modification, which is denoted by s,, is converted o the
violet S,, which is therefore stable below 460°.

We may further remark that as red P is obtammed on a manu-
facturing scale from yellow /> by healing to 280°, the line /,/, must
be left and the line s,¢';, reached, which however, is also still meta-
stable, and thai then, as Jovisois found, by means of the catalytic agent
lodium, the stable stale at thal temperature, the violet P is abiained,
which lies on the line s,g4.

The second subsiance which was examined as to ils complexity,
was mercury. As only one crystallised state is known of this sub-
slance, and as not one ol its properties betrays a complex character,

1) Comptes Rendus 149, 287 (1909). N
181, 382 (1910).

" b
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it was supposed that this substance would always behave in a unary
way. Experimeni has fully confirmed this conjecture. Whether mer-
cury was suddenly cooled by water in vacuo from 4 3007, and
then by solid carbonic acid and alcohol, or whether it was rapidly
heated from 80, the point of solidificalion, resp. melting-point always
remained the same, and the subsiance perfectly behaved as a unary
one, from which we may therefore draw the conclusion that when
the substance is complex the internal transformations must proceed
with extraovdinarily great rapidity, or what is more probable that
mercury really consisis of one kind of molecules.

The third substance examined by us, for whieh in view of ils
transition points, the sawme was expecled as for the phosphorus,
was tin.

Though the investigation made bears as yel still a preliminary
character, we 1nay yet communicate thai tin of particularly great
purity can solidify entirely as a unary substance, but that it
betrays 1s complex characler when the experiment is made very
rapidly, just as phosphovus does. In a following communication we
hope briefly to communicate the result of the final mvestigation.

Amsterdam, December 23'¢ 1910.
Anory. Chem. Lab. of the University.

Chemistry. “On the delermination of threephase pressures in the
system lydrogen sulphide — rwater.” By Dr. F. B. C. Scuprrer.
(Communicated by Prof. A. F. Horrumax).

1. In the inveshgation of the systems in which hydrogen sulphide
is one of the components, the difficulty presents itself that a chemical
action can affect the mercury that shuts off the mixtore, when it is
not sufticiently purified from adwixtures. This action will chiefly be
due to the presence of slight guantities of air. By excluding the
presence of air (and aler), as completely as was possible in the
methods used, I succceded befove in determining the situation of the
three-phase curves in the system hydrogen sulphide - ammoniac.
Tlhe metlods uwsed in the investigation, had to be adapled to
high pressures, as it was my principal aim to delermine the poinls
of “infersection of the critical line and the ihvee-phase curves, the
eritical end-points. In (his [ lave at the same iune (ound an oppor-
tunity to determine (he shape of the spacial figure of the mentioned
system al lower {emperatuve; (he observalions af {hese low (empe-
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