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Ohemistry. - "O,itical plwnomena oj the tema?'!/ system ether
antnraquinone-naplttllalene." By Dr. ADA PRINS. (Communicated 

by Prof. A. F. HOLLEMAN). 

(Communicated in the meeting of June 25, 1910). 

In a commnnication to this Academy 1) Prof. SMITS has pointed 
out what changes may be theoretically expected to occnr in the 
system ether-anthraqninone on addition of a third component. 

As an expel'imental study of snch a tel'nary system was still 
wanting, Prof. Sl\UTS suggested to me the reseach, an account of 
whicl! will now be given. 

As a tIme! component we choRe naphthalene, because the melting 
point of tlllS snbslance (79,3°) lIes considel'ably Jowel' than the 
C'l'itlCal point oi ether (193°) and Hs soInbiIity 111 ether is pretty 
great, therefOl'e the binat-J· sJ'stem naphthalene-ether will ::.how no 
critical phenomena for satUI"ate soIntLOl1s, nol' is this tlle case fol' 
the billal'y system naphthalene-anthraquinone, al1l1 so we may expert 
(;t similar behavionl' as Pro'f. Silll'l'S l.c. gave fol' ethel'-anthraquinone. 

Tbe experimenlaI investlgation has conftrmed the theory perfectly. 
On adchLion of a small amounl of naphthalene to the system ether
anthraqninone the two eritiraI elld-poll1ts 17 and q contmue to exist, 
draw near to earh other on addülOn of tt greater percentage of 
naphthalene, and so have already disappeared for a quantity of 
4 1/,/10 of naphthalene. So a spacial mtenal is formed which does 
not extend very fa)', and a pl'ojection of w hich in a concentration 
triangle hn,s ,iust the shape of fig. 2 in S~ms' paper. As, however, 

1) Sec thc Pl'cceding paper. 
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I have not determined the anthl'aquinone concentrations of the fluid 
phases, the exact shape of the curve Call11ot be given; we can 
only say that the line anthraquinone - m3 takes euch a course that 
ma is smaller thall 0.045 of naphthalene. 

If, however, we think the triangle as basis of a triJateral prism, 
the erect side of which serves as an axis of temperature, and if we 
then project pand q on the side plane naphthalene-ethet·, we get 
fig. 1, from wlJich we can also see, how the point pand q approach 
each other with an increasing proportion of naphthalene, and finally 
coincide. 

Besides the temperature I a]so determined the pressure of the 
critical end-points; from this we can draw np a p-t-projection of 
the ter11a1'y plaitpoint, cu1'v~ (see fig. 2, and the table belowl: 

60 

Fig. 2. 

Percentage ofnaphth. with regard to ether 
11/l 

11/~ 

3 

3.8 

T 
1) 210.0 

~ p 209.4 
q 244.7 

~ P 216.3 
q 240.8 

~ P 222 . .5 
q 238.0 

P in atm. 
42.0 

41.8 
57.4 

43.8 
54.9 

46.2 
53.3 
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Then t!tis curve indicate5 the temperatures and presSUl'es at wInch 
ternary liquids and vapoul's become criticaL in the presence of solid 
anthraquinone. This lme too conneets the two cL'Îtical points pand q 
of the binary .system ether-anthraquinone continuously. The pressure 
of the point p does not rise at onee; on the addition of \'ery little 
naphthaLene (1 0/0) it falls 50mewhat, so that the curve shows a 
minimum lying near p. 
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The different points of these two curves wel'e founcl by determining 
the P- T-sections of mixtures with different quantities of naphthalene. 
These P-T-sections will in general present a shape as drawn in Iig.16 
in Prof. Sl\UTS' paper. 1t is notewol'thy that I(, i. e. the critic'll point 
L + G ~ fluid moves more to the l'ight on incl'ease of the q nantity 
of anthraquinone. On the left of J( the meniscus disappears in the 
top of the tube, i. e. the gas-phase becomes smaller and smaller, 
whereas on the right of J( the mbniscus disappears at thc bottom, 
because the quantity of liquid phase decreases here. On the other 
hand on the right of the critical end point q at the transition 
S + L + G ~ S + fluid we shall see the meniscus disappear at the 
top, on its left at the bottom in the tube. -

Tht' mixtures with a ratio of 11/2' 3, 3,8, and 5°/0 of naphthalene 
with regard to the quantity of ether were studied, and gave rise to 
the graphical representations clrawn in the figs. 3>, 4, 5, and 6. 

None of them have been completed, as the tl'ouble required for 
this would be too great in comparison with the increase of lmowledge 
it would yield us; fol' the essential part of the problem is perfectly 
repl'esented by the determined curves. I " 

Fig. 3 gives the P-T-projection of a section with 11/2°/0 of naph
thalene. The quantity of anthraquinone is so great that the point q 
can be realized, viz. 25°/0 of the total quantity of the mixture taken. 

The region of coexistence S + L + G is bounded by the regions 
S + fluid, and L + G. On the up per loop-line S + L + G ~ S + 
fluid lies the point q. So at this lempel'ature anel pressure tbe meniscus 
disappears just in the middle of the tube, solid sllbstance being present. 
The line AB indicates the transition S + fluid ~ llnid; t11e line AC 
the transition L + G ~ fluid. So when this tigure is completed the 
line AC would have to meet the continucl,tion of AD, and lhe loop 
AE would have to terminate at the same point. Fig. '* represents 
the behaviour of a mixtUl'e of the same ratio of ether and naphthalene, 
but with a smaller content of anthraquinone. This content, viz. 20°/0 
is too small lo reaeh thc point q. I sllcceedcel 1'01' this mixtul'e to 
demonstl'ate the point J( iu a &upel'satul'atcd Soilltion. 

Figs. 5 anel 6 give thc eonfh'malioll of thc possibility lllenlioned 
by Sl\ilTS that th ere exist still two critical clld-points wilhout lhe 
P-T-figUl'e showing a hiatu8 (see fig. 18 in the cited papel'). 

For the mixtnre with 3.8 Oio of naphthalene (fig. 6) pand q 
approach each other more than in the 3 010 mixlme, thOllgh their 
distance apart remains compal'atively gl'eat; (he S + L + G region 
fol' the first-mentioned mixture is widel' than for the last-men tioned, 
and in both the minimum anel the two maxima are to be observed, 
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though faintly, in the continnous S + L + G ~ S + fluid curve 
between the points pand q. 

It appeared convincingly from the obset'vations of the_ 5,° / 0 mixture, 
that the critical end-points have already disappeared here) so that a 
graphical representation would, pt'esent nothing particular, 
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Mixtlll'e 50
/ 0 of naphthalclle 

T P 
241 0 

2370 

cooled down to 200') 

45.6 

43.7 
l'emains 

8+L'+ G 
8+L+G 
8+L+G 

The experimcnts we re al'l'allged in the well-known way 1). Tbe 
pressures wel'e - read on a manometer of SOHkl!'l!'Im anel BUDI<lNBERG, 
and provided with the l'equired corrcction. The heating was broughL 
about by mcans of a-mollobl'oll1onaphLhalene boiling 11l1del' low 
p ress ure. 

Anorg·. Cheril. Labor. of the Univel'sity. 
Amstel'c!n.ll1 June 23, 1910. 

Chemistry. - "lnvI'8t~q(dions on t!/,e 1'lfxlium c(Jntent of rocks." 1. 
By Dl'. E. H. BÜCHNER. (Communieated by Prof. A. F. HorJLElIIAN.) 

(Communicateel in the meeting of June 25, 1910) 

Intl'ocluction. The faet that everywhel'e in the atmosphere radio
active emanations are found, in connection with the observatioll -
at different places of the snriace of the earth - of a very pene
tl't1,ting l'adiation, snggest ver,)' cleal'ly th at nl,dio-acti ve sllbstances 
are fOlllld everj'whcl'e in the eart1l's Cl'llflL, As fm as radium is 
concernecl (hifi concluflion was experimentall.r confirmecl for the first 
time bj' S'l'RU'l"l' 2), wllO b.r metl,ns of t1le new methods of radium
deLermination conIe! ascel'tail1 not onIy that a TIllmber of typical 
rocks contain radium, but even succeeded in measuring how gl'eat 
the content of radium Wtl,S. The quantilative clml'acLer of his l'esnlts 
gave a sLill gL'ealer signifimllce Lo his investigation in another respect, 
nameI)' witI! l'efel'cnce (0 the qnestion whethel' radio-actiye processes 
can be the cause of the intel'nal heat of the eal'th. It was aIreae!y knowll
from calculations by Ru'rIIl~HFoRD - that the pl'esence of a qnantity of 
radium of4.6 X 10-14 gl'. pel' gramme of the em'th wonlll be snfficient 
to keep the slll'face of the earth at a consttl,llt temperature, in other 
worels Lo mainiain tlle ihe1'111a1 equilibrium of the eal'th. And now 
STRU'l.'T arrived at the sUl'prising result, that on all average about 
1.5 X 10-12 gr. of raclium is present per gramme of rock, consi
derably more than the quantity calculated by RU'l.'HlmFoRD. It appeal's 

1) See S~l1TS, Z. phys. Chem. LU. p. 587. 
2) Proc. Roy. Soc. A 77, 4.72 (1906) allel 78, 150' (Hl06). 

28 
Pl'Oceeelings Royal Acad. Amsterdam. Vol. XIII. 


