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Chemistry. - "Tfte metastable continuation of tlw mi.red crystal 

serieS of pseudo-cornponents in connection with t!te p!tenomenon 

alloftopy". II. By Prof. A. SMITS. (Communicated by Prof. 

J. D. VAN DER WAALS). 

(Communicated in the meeting of Sept. 26, 1914). 

In the first communication on th is subject 1) different possible 
continuations of the mixed crystal series in the metastable l'egion 
have been discussed, in which chiefly the mixed cl'ystal phases 
coexisting with liq uid wel'e considered. 

The metastable continuation of the coexistence of two mixed cl'ystal 
phases was only mentioned in a single case, where namely continllit.y 
of the mixed crystal phases in the metastable region was l'llpposed. 

It is now, ho wever, the question what can be said of this 
coexistence for the case that the said continuity does not exist. \Ve 
eonsider, therefore, one of fIle figures from 7 to 12 inclusive fl'Om 
the previous communication, and ask what can be pl'edicted about 
the metastable continuation of the lines pand m. 

On the whole a transgression of the melting temperatul'e without 
melting setting in, or in otber wOl'ds supersolidification, is considererl 
possible also on slow rise of tempel'ature. The continuity diseussed 
by VAN DER WAALS bet ween the sublimation line a band the melting 
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point line b c of a single sub­
stance, see fig. 1, starts from 
this supposition; we shaJl, there· 
fore, also here have to take the 
possibility into account that the 
melting fails to appeal' at the 
euteetie temperature, and that 
the eoexistenee eontinues to exist 
between the two mixed erystal 

./ phases. It is, however, thé ques· 
hl' tion whether this possibility is 

b .,.",l' 
I ' limited. It follows from the con-
1/ '---'------r.r--------- tinuity bet ween the sublimation 
I, T Id line and the melting-point line 

Fig. 1. 

for the eoexistence bet ween 

1) These Proc. XVI p. 1167. 

considered by VAN DER WAALS th at 
such a limit has been assumed 

solid + vapour and solid + Liquid. 
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Above the tempet'ature of the higher Cl1Sp e, and below the pl'essure 
of the lower cusp d, the solid snbstance can no longer exist by 
the side of tbe gas resp. liqnid. 

For our purpose the cusp c is the most important, for Ihis point 
expresses that there exists a limit for the coexistence solid + gas, 
which implies that the orientated condition of the molecules in the 
solid substance coexisting with its vapour cannot exist any longel' 
ftt a definite temperature, in consequence of the increasing moleculal' 
motion. 1f this holds fol' the solid substanee in eoexistence witl! 
vapour, there must also be a limit of existence for the solid substance 
without Vl1pOllJ', and as the contact with the vaponr wil! diminish 
the stability of the solid state in consequence of the molecular 
attraction between the molecllies in the solid phase and those in the 

gas phase, we may expect that the limit of existence of the solid 
snbstance wit/tOut VapOlll' wil! lie at a higher temperature. This 
temperature limit of existence will vary witlt the pressure, and tb us 
we shall be able to draw a line uv in the PT-figure indicating the 
limit of e,cistence of the solid substance. 

For a binary system this holds of course, for both the ('omponents. 
When, therefOl'e, \ve pass fl'om the triple point of the components 
to the quadruple point, we get something similar. As Dr. SCHEI'FER 

bas demonstratcd J) and as is expressed in Fig. 2, the lines for 

SA + SB + 0, SA + SB + L merge continuously into each othet' 
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Fig. 2. 
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also by means of a ridge with two cusps and an unstable inter-

l} These Proc. XIII p. 158, 
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mediate portion. and here a line l)(l ean oe given fOl' the limll, of 
eouistellce of SA + SB, beeatlSe either SA Or SB has reaehed its 
limit of eoe,l'istence there, whieh makes it impossible 1'01' the said 
coexi"tenee 10 Oeelll' any longer. 

It fo11ows thel'efore from this that the lilles IJ and IJl extend 
metastable to a detinite tempemtUl'e above the eut'lctic one. 

Tmnsition fl'lJJIl monot/'opy 10 enantiotl'0/J!/' 

As is kno\Yn it of ten happen:::: that a sllbstance under the vapotlr 
pressllre pre"cnt:3 the phenomenon of 111onotl'o]lY. whercas uIlder 
lJighel' pressure enantiotropy takes plaee, as has e.g. been indieated 
in the Pl'-figlll'e 3. 

The theol'} of allotl'oPJ agaill ellables us 10 get a clear insight 
into the signiflcation of tllis phellomenon. 

Suppose the T,X-figtll'e -! 10 holc! for a pressUl'e abovc the triple 
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Fig. 3. Fig. 4. 

point Ol anel belo\y Ihe triple point 0 3 , then aeeOl'ding to the said 
theoJ')' the conclusion may be àrawn from the faet th at at higher 
temper'ature enantiotrop'y OCCUl'S, th at the situation of theinternal 
erf1I1~1ihrt1lm 1/litlz respl'ct fo t!te pseudo sy.stem Js rlcpendent. on .t1te 

t 
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JJressw'e. Fot' only in tbis case e.g. the situation of the line for the 
internal equilibrium in the Jiquid witl! respect to tlle pseudo syslem 
will sbift with tlle pressure, alld if Ibis dispJacement is such tllat 
the point 12 moves dowl1,,'ard \yith respect to tbc pseudo binary 
T,~Y-figure, 12 will coincide with c, 8 1 with d and 8 2 with e at a 
giyen pressure, or in othel' ""ords under Ihis pressure t,yO solid 
modifications of the unary system wil! be in equilibrium with each 
other and with their melt at a definite temperature (tl'iple point 
temperature). 

At this temperature the two modificatiolls have therefore the same 
melting-point pl'essure, so that Ihis tempcmtmc eall also be called 
ft transit ion temperatu)'e under tbe melting-point pressure. 

If we raise the pressul'e still more, we get a T,.v-tigurc as given 
in Fig. 5, from wbieh it appears that whereas tbe direetioll of the 
lines fOl' the internal eCIuilibriml1 in the solid phase exeluded the 
appearanee of a stabje point of transition at lowel' pressul'e, it must 

l' 

([ 

0< 

I 
I 

I 

/ - - - -{~ 
" , .,.,., , 

'\ 

no,,' at higher pl'essul'e neces­
./ srtl'ily lead to a transition point. 

\Ve see furtlle!' that the solid 
phLtse which appears at the 
slable point of eolidification now 
lies on that mixed cryslal Jine 

on wbich the solid ph ase of the 
metastable melting equilibrium 
lay before, and vice versa, 130 

thar the form of crystallisation 
of the solid phase at tbe stable 

point of solidifieation wlll now 
be equal to that in which tlH:! 
metastable pbase showed its61f 
at a pressure below the transi· 
tion pressure. 

Fig. 5. 

tion equilibrium gels 
melting. 

On ful'ther incl'ease of pressure 
the puints 12 and S2 move still 
more 10 Ihe left, and the transi­

deeper and deeper below the eq uilibriull1 of 

The P, T-projections of tbe points S2 and ' 2 , at different pressures 
will form the slabje melting-point line, that of the point s, and I, 
the metastable one, w hereas those of the points s' 2' s" form the 
transi ti on line as indicated in fig. 3. 

lt therefore appears fl'om the foregoing that the transition from 
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monotl'Opy into enal\tiotropy can be eXplained in a simple \Vny 
bJ means of the theory of allotl'oPJ· 

Now the question rises where the transition line ev. starts [rom. 
A possibility has been given in fig. 3, [1'0111 whieh follows that the 
tt'ansition line starts in a metastable point of transit ion under the 
vapour presSllre 04' This is the view to whieh lead ÛSTWALD'S 1) and 
SCHAlJM'S") assumptions on the existenee of a metastable point of 
transition uwla va]!(mr 1)/,/;ssul"e 3). Now it is the question whethel' 
this is the only possibility. It has been pointed ont jllSt now that 
the metastable coexistence is eonfined between the two mixed erystal 
series me! allel pe (see Fig. 4), and as the metastable point of 
transition al'ises by intersection of the internal equilibrium line of 
the solid phases with the above mentioned mixed erystal linel:', it is 
deal' that it ma.y happen that this interseetion does e.g. not exist 
under the vapour pressllI'e. 

If in sllch a case enantiotropy does occur at higher pl'essnre, the 
transition line will proceed in a metastable waJ up to that pl'essure 
and that temperatUl'e at whieh for the first time an interseetion 
bet ween binaJ'y mixed erystal lines and internal equilibl'ium lines 
takes place, and there tbe transition line will then suddenly terminate 
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sizes, the situation of the pseudo 
._~~.~~-

1) Z. f. phys. Chem. 22, 313 (1897). 
2) Lieb. Ann. 300, 215. 

in a point that indieates the 
limit of existenee of the 

coexistence between two solid 
phases whieh are in internal 
equilibrium, as fig. 6 shows. 

Now it is clear that the 
main cause of the transition 

from monotropy to enantio­
tropy can find its origin 
exelusively in this that the 
situation of the pseudo figure 

ó varies more greatly with the 

pressure than that of the 
unary figure, but in by far 
the most cases, namely there 
where t.he pseudo components 
are different in molecular 

figure will vary less with the 

3) Cf. also BAKHUIS ROOZEBOOM, "Die Helerogenen Gleichgewichte" I, 187. 
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pressure than that of the internal equilibrium, and the phenomenon 
discllssed here will have io be attl'ibnted to tllis supel'positioll. 

In conclusion it may be pointed out that olher particlllarities ma)' 
still present themselve8, when the intel'l1al equilibrium line of the 
liquid phase undel' tlte Vil}JOUI' }Jl'eSSllre lies so much on one side 
that there exists no meta-
stable meIting point undel' 
this pressure. lf we now 
think that this case OCCUI'S, e 

and that the internal equili­
brium line for the liquid 
phase under the vapour 
pressure lies gl'eatly on 
one side towards the right, 
and that this line moves 
towards the left on increase 
of pressure, we get what 

p .................. 
f 

follows: The phenomenon ~'ig. 7... 

of pItase al1otl'opy 1) is wanting under the vapo1ll' pressme, mOlloh'opy 
can however, occur at higher pressure. 

The metastable melting-point line will start at the absolute zero 
e.g. in the case of fig. 10 of the preceding commllnication 2), and 
run furthel' as represented in fig. 7. 

If on Ihe 0.t11er hand we have to do with the case of fig. 12 of 

T 

Fig. 8. 

1) For the occurrence of a subslanee in two or more similar phases the word 
phase allotropy might be used, while the occurrencc of a subslanee in different 
kinds of molecules, rOl' which I before introduced the name homogeneou8 allotropy, 
might be designated by molecular allotropy. 

2) loc. cit. 
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thc l)l'eeedillgcoffilllllnicntion, 11 PT-fignre is possible as fig. 8 shows. 
These considerntions open our eyes 10 the possibility that enallliolropy 

O('Cllrs uIlder highe!' pressllre, llotwithstanding the phenomenon of 

lllOJlOtropy is not fOHnd unda tlte l'flpOlll' pl'eSSUl'e. 

Amstadl1tll, .Junc 25, 1914. Anorg. Chem. Laboratol'Y 
of t/te Univel'sity. 

Chemistry. "On tlw lIapoul' ]Jl'essure lines of the system~ 

!J!WSjilllll·llS." II. By Prof. A. SM lTS and S. C. 1::l0KHOHST. 

lComrnunieated hJ Prof. J. D. YAN m,R WAAJ,S). 

(Communicatcd in the meeting of Sept. 26, 1914). 

TI~e eontiJllled im'estigation of the phosphorlls purposed to decide 
with eertainty whether the red and the violet phosphol'llS must be 
l'egal'ded as two different lllodifieatiolls exhibiting the phenomenon 
of enantiotropy. as seemed to follow from JOLIBOIs' I) researches and 
also from our first investigations, 

Confining oursel ves to the communication of the result we can 
state with certainty that the snpposed point of transition between 
red and violet phosphorus does not exist, and that only one solid 

stabie moJification of the phosphol'uS has been found, which is violet 
in coaI'SCl' crystalJine state, but red in a illOl'e finely di\'ided state, 

Tbe vapour tensions of different phosphol'uS preparations approach 
tö amounts which form one contimlOus vapour preesure line, when 
the heating is long continued, 

An apparent disconrinuity ma.y arise under definite circumstances 
irl ronsequence of too rapid heating. If namely, the preparation at 
lowel' temperature contains too much of the more \lolatile pseudo­
component, too high vapour pressu1'es are observed at these 10we1' 
tempe1'atul'es, in consequence of the not setting in of the internal 
equilibrium. In the neighbourhood of 450°, however, the setting in 
of the intern al equilibrium becomes appreciable, and this transformation 
being attended with a diminution of the vapour pressure, the vapour 
pressure line wiU present a course th at reminds of a discontinuity. 
When we worked very slowly and started from states which eould 
only differ little from internal equilibrium states, any discontinuity 
had, however, disappeared. 

At the same time this investigation furnished a fine confirmation 

1) C. R. 149, 287 (1909) and 151, 382 (1910). 


