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4. Fl'om tbe preceding de\'elopments tbere is seen to be E'very 
reason for tbe expectation, that the development of the solution in 
powers of tbe excentricity of Titan, supposing tbe free libration of 
(} to be i':ero, wilt meet with no difficulties. This conclusionis at 
variance with Nl<:WCOMB'S opinion in bis paper: "On the motion of 
Hyperion. A new case in Celestial Mechanics". Tbere he reacbes the 
cOllelusion, that the development in powers of e' is not possible. The 
incort'ect performance of this development by NEWCOMB is the rea&OJl 
of Ihis dilfel'ellce of opinion; he omits the ferms in the differentiöl 
eqllatioll, which arise from the part of t.he pertl1rbative Cunclion 
that does not contain e'; thus he gets a divisor of the oloder of m" 
instead of one ot' Ihe order ot' m'. In this respect the Iheory of 
Hypet'ion appeal'8 to pl'esent no difficnlty. 

In llIy dissel'tation I hope to extend the p1'eceding developments 
tiJ taking inlo account the amplitude of Ihe free libl'ation, as weil 
as by giving 1II01'e accurate resllits as l-egards tbe number of decimals. 

Chemistry. - "Vapou1' presstlres in the systern: carbon disulphide­
methylalcolwf'. Sy DI'. E. H. BÜCHNER and DI'. ADA PRINS. 

(Comml1nicated by Prof. A. F. HOLLEMAN). 

(Communicated in the meeting of March 31, 1917). 

With regtud to the vapour of partiaUy miscible liquids, we find 
in many textbooks the following consideration for the case tbat the 
composition of the \'apoul' lies betweeu that of the liquid phaseil. 
When, on altering the tempe1'ature, the concentrations of tbe two 
Iiquids tend to the same value and, finally, become ident.ical in a 
critical solutioJl point, the vapour also, it is argued, must have the 
same composit.ion at thai temperature. It iR then, bowever, tacit!y 
assnmed that the vapour, which lies at any low temperatllre between 
the liquids.L) and L" remains between them at all other tempera­
tm'es. This is, bowever, . not at all the case, as KUENF.N 1) ·alJ'f'..ady 
srlOwed some yOO1'8 ago with tbe help of VAN DER W AAI.S' theory. In 
an analytical way he proved, on the contrary, that at the critica! 
point the vapour mllst have a different composition. 

Also- from general considerations it is easily seen that a vapour 
lying witbin the region of tbe two liquid8 must pass witbont, before 
the critica} point is reached. If it did not, tbere would exist a point 
whel'e three phases had the same composition. Now, it is already 

I) These Proc. 6, Oct. ] 903. 
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a particularity, wben two phases of a binary system have the'same 
concentr-ation; tbis ooly occurs, when tile components satisfy definite 
coodilions. To allow of a third pbase baving also tbe same compo­
sitioo, still more special conditions, bardly ever to he expected, must he 
fulfilled. Although this does not prove Ihe absolute impossibility of 
slleh a point, we see at once that it is highly improbable, and in 
any case that it cannot occur in general. , 

Vntil now, no single example has been experimentally iu\'estigated; 
it seemed, therefore, important to pJ'ove with some system the exactness 
of the above considerations. We chose the system carbon disulphide­
methy lalcohol. 

The principal thing is to show tbat in the t, x-diagram tbe curve 
indicating the concentration of the vapour, runs as is drawn in 
figlll'e 1. This gives fhe ~hange of composition, which the three 

phases - permanently remaining in equili-
T brium- uDdergo by rise of temperature, 

Ol', as we mayalso express it, the t,x­
projecfion of the triple curve. At low 
temperatures, tbe order of the phases is 
LI G L,; G and LI become equal at a 
cel'lain temperatul'e aftel' whicb the order 
is GL1L,;, at Ibis peeuliaJ' temperature, 
tbe G-curve cuts the L1-curve. 

This is tbe cause of anolher particu-
X larity, which mayalso. be eonsidered as 

Fig. t. a characteristic of these syslems. The 
p,.v-diagram must ha"e tbe form of fig. 2. at low temperatures _ . 

. wIJen tIJe order is L1GL,-, and that of fig. 3 at higher ones, as 
is easily seen graphically, The transition bet ween these is fOl'med 

p 

x 
Fig. 2. Fig. 3. 



- 4 -

by a peculiar figul'e, in wbich G and LI ~oincide exactly at tbe 
triple pressul'e, where also the maximum-point (at which tbe Jiquid 
find "apour cUl'ves 1011('11 each othel') is sitllated. We tried to sludy 
hoth figm'es in the syslem chosen. 

J n fhe th'st plnee, we iIl\Testigated the p,J'.diag,·ams at se\'eral 
tempm·atul'es. Wi'lh a tensimeter the vapoul' (lI'essnres of different 

TABLE 1. 
i!!&!&L a 

CS2 CH30H __ l Triple curve 

t p t P t P 

21.4° 307 mm 33.40 188 mm 0:> 154 mm 

24.3 344 36.2 210 8.6 227 

25.0 357 42.3 280 9.6 239 

26.5 316 45.3 319 10.1 245 

28.9 414 48.0 370 12.8 272 

29.5 420 50.8 410 13.0 280 

32.4 467 53.5 463 14.8 300 

33.3 480 56.1 529 13.8 313 

36.0 530 58.6 590 18.3 345 

37.2 550 60.0 627 19.6 372 

38.3 513 64.6 760 20.8 389 

40.4 616 21.4 403 

43.2 676 22.0 410 

43.6 685 26.0 484 

44.8 715 26.3 491 

46.5 761 28.2 523 

29.0 550 

29.4 556 

31.0 588 

33.6 6M 

34.1 668 

34.5 679 

36.4 725 

36.6 734 
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mixtures were determined at a set of tem peratu res. So long as therê 
are tbree phases together, we fino of course always the tl'Ïple pres­
tlure; as soon, however, as one of tbe liquids bas diRappeared, we 
leave the triple CllI've, and every mixture wiII exhibit ils own pres-

Fig. 4. 
79 
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TABLE 2. Concentration in mo1.proc. methylalcohol. 

4.66% 11.72% 19.43% 26 .• '0/0 3O.66 0fo 52.9% 72.17% 90.3°1. 

-I l-~ i 1 I pil I pil I pit 1---;1--t 1---;1-1- I pit I p 
17.801339m 34.4°1 669mm 39.90 .828mm 40.2° 

I ' 
21.0 1 388 38.2 , 767 43.2 936 41.0 

841 mmI39.8018Z6mmI37.701 759mntl 17.ZOI 333mml 0° 

865 41.2 877 38.6 1 792 122.6 416 1 14.3 

128mm 

240 

289 

291 

296 

405 

416 

526 

639 

798 

976 

23.1 I 422 41.5 1874 46.8

1

1072 43.4 ! 944 
I, I 

23.9 I 438 41.9 1883 50.0 1193 45.8 11031 
! I 

28.81536 46.1 11033 

34.81672 50.2 ,1190 

38.1 I 767 
I 

44.4 1 959 
I 

48.2\1092 

50.41
1176 

52.4 1259 

I 

48.3 11128 

49.6 11178 

42.5 I 915 

44.0 1966 
46.0 11037 

46.8 11073 

47.4 1090 

47.9 111106 
49.6 1179 

38.8 1 799 

40.0 1835 

42.0 I 896 

43.2 ) 943 

43.6 954 

45.0 1001 

47.0 1075 

50.0 1196 

27.4 507 

32.8 626 

39.2 790 

44.9 975 

45.1 1979 

50.0 11168 

18.6 

19.0 

19.4 

27.2 

27.8 

34.0 

39.2 

45.4 

51.3 

54.6\1091 

58.3 1238 
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ratus being sealed as soon as it is filled. Much preliminary work 
showed us the importance hereof; rubber stoppers are attacked by 
carbon disulphide, corks cannot be used, because the methylalcohol 
absorbs water from tbem; when using ground st.oppers or taps, 
one experiences difficulties with the lubricants. 

The substances used were carefully purified. The purest commercial 
('.arbon disulphide was shaken with mercury, left for some time on 
quick-lime and distilled off. Finally it was distilled on ce more, all 
these opel'ations being performed at red light. It was kept eontinually 
in the dark. The boiling point was 46.4:° at 760 mm.; it did not 
stick to the condensor and had bardly any, in any case only a not 
disagreeable ethereal OOour. 

The methylalcohol, also the purest comm<:!rcial product, was treated 
with iodine and natron, boiled afterwal'ds with quick-lime, left for 
some time on sorlium and distilled off. At last it was fractionated, 
and the fra.ction, which distilled between 64.5° and 04.6° (760 mm.) 
was separately received. It was absolutely free from water, as was 
proved by the well-known reactioTl with anhydl'ic coppersulphate. 
The salt itself remained perfecHy white, while part of it dissolved 
slowly with a light-green colour. 

In 'tabie 1 (p. 1234:) and fig. 4 (p. 1235) the results as to the 
components themselves and the triple curve are given. The points 
of thelatter are determined wilh di ffel'ent mixtures; Ihey all fit 
very weil into the curve. 

The measurements, relating 10 different mixtm'es above their 
solution point are joined in table 2. It appears that the pressul'es of 
most mixtur~s are nearly equal, and that. the pressUl'e curves rUil 
so closely to each other that we had to refrain from joining them 
in one tigure. Instead thereof, we have l'onstrued for a number 
of temperatures the p,'{'-diagrams, by interpolating on the difft"rent 
cnrves tlle pressure values cOrt'esponding to those tempel'atul'es. 

The result showed it to be impossible to realize in this !lystem 
tlle transition Rought for. Until just bel ow the erilical point, which 
we found at 37.4°, the p • .x-curve retains the shape of fig. 2, in which 
thc triple pressure is the highest (fig. 5, (p. 1238) that is given as 
an example for 35°). The form is very remarkllble: the liquid 
branches change almost impercept.ibly into the Lorizontal line, as 
is already known indeed fol' other systems with partial miscibility; 
a' maximum however is not to be observed. 

The curves {or temperatures above the critical point might happen 
to give some decisive answer to the question. 

Ir there had been a distinct transition from the curve of fig. 2 
79* 
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into tbat of fig. 3, we sbould bave found above tbe critica! point 
a curve with a maximum and an inflexion point. The curves 
however appeared to· run very flat (fig. 6); it was therefore impos­
sible to t\.c;certain, where the maximum lies, while the infJexion 
point has al ready disappeared immediately above the critical point. I) 

It. still remaiued to investigate, if a satisfactory result might he 
obtained by determinations of the vapour concentrations. We heated 
therefore a two layer' system to boiling, distilled off a part of the 
vapour and deter'mined the solution point of the distilla.te in order 
to find the concentration thereof. 

First of all, we wanted the determination of the whole solubility 
curve, which we cfwried out by the well-known syntbetic method in 
sealed tubes. Our results (tabie 3 and fig. 7) differ from those 
obtained formerly by ROTHMUND; our critical point lies 2.50 lower. 

Doubtless this difference is to be explained by difference in purity 
of the substances ; in the first place we think of traces of water. ') 

Fig. 5. 

1) Cf. the system phenol·water investigated by SCHRElNEKAItEl\S, Z. f. phys. eh 
35, 459, 1900. 

2) We found experimentnUy, that the solution point is increascd 0:70 by addition 
of 1 %0 water. 
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Fig. 6. 

We too found in out" first experiments critical points of 40° or 
even higher. It is sufticiently known that small impUl'ities ha\'e 
&ft enormous inflnenee, especially on the critical point; they may 
cause it to ri8e, for instanee, 100 timtls as fast as the boiling point. 
This is the reason why the triple curve is not. nearly 80 sensitive to 
impurities and why our formeT determinations with substances, which 
sbowed tbe critica} point 39.5°, as weil as the more recent on es fit 
perfectlf .into one liue. 
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Conc. in mol.proc. 

'. 

8.1 

14.1 

21.2 

24.4 

29.4 

34.6 

42.4 

50.8 

52.9 

61.0 

12.8 

81.0 

Ie 

1240 

TA B L E 3. 

•• 
Fig. 7. 

t solution point 

21.8 

30.8 

35.9 

37.4 

37.1 

37.2 t The critical point is 
situated between these 

37.4 two concentrations. 

35.3 

34.7 

28.7 

11.2 

-15 

1Q ,. Jo 100 

We usod fOt' the boiling experiments an appal'lltus, construeted 
rome time &go by Prof. S)llT8, At Brst, we bad boiled tbe liquids 
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by electric heating by means of a platinum Wll'e in the liquid. tt 
appeared, however, that in this case decomposition occurred, as was 
immediately proved by an abnormally high solution point of tbe 
distillate. Prof. S~{ITS then directèd our attention to the apparatus 
repl'esented in fig. 8. To the flat bottom of a glass t.ube 20 cm long 
and having a diameter of 2 CUI a little, narrow tube A, 2 cm long, 
is sealed, which is wrapped with a sheet of asbestos paper, round 
which niékelin wire is wonnd. By an electric current the liquid in 
th is short tube is then so strongly heated, that it lJrings the whole 
mass very quickly to boiling. Nevertheless, when making experiments 
under low~r pressures, it was desirabie to thl'ow in some litde 
capillary tubes, as the substances are very highly liable to super­
heating. The whole appal'atus was packed with cott.onwool in an 
asbestos mantJe. lt is provided \'\Iith a ground stopper', from which a ther­

mometer (Anschütz) is hanging, and with two 
side tubes: E, leading to ti. reflux condenser, 
and C, whieh - enveloped by nickelin wire 
and sufficiently heated during the experi­
ment - leads the vapour to the receiver. 
This consisted of a wide glass tube cooled 
by carbondioxide and alcohol, in which one 
or two small t.ubes, provided with a COH­
striction, were placed, which might contain 
about 1 e.c. of liquid. When the mbment of 
receiving the distillate has arrived, the wide 
tube is turned in such a way thai one of 
the nal'row tubes cornes to stand under the 

ft end of C. When it is sufficiently filled, the 
Fig. 8. experiment is finished, and the tube is sealed. 

Ky a detel'mination of the 801l1tion pOillt, we knew at the observed boiJinp; 
temperatul'e the concentration of the vapour, while the composition 
of tbe Iiquids was fOllnd from the solnbility curve. We made this 
experiment at three different pl'essures with the re~;ults given in 
table 4 and drawn in fig. 7. 

TABLE 4-

P t ra 

444 mm 24.4° 190/0 

600 31.5 24 

688 35,2 30 
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Wbereas the two fi1'8t determinations were easily made, we met 
in the third with a seriolls difficlllty, woich made us refrain from 
further experiments above 35°.2. The soilltion point of the last 
distillate lies namely at 37°.2, so on tbe almost horizontal part 
of tbe solubility curve. Thereby, tbe delermination of the concen­
tration in this manner becomes inexact, which would become still 
worse at tbe higber temperatures. We bave cbecked it for tbis 
distillate by adding a weighed quantitJ of carbon disulphide, af tering 
thereby the composition and the solution point 80 as to bring tbem 
on to a part of the solubility curve, which is more easily deter­
mined. No important difference was found. 

Tbe experiments carried out show, however, clea.rly, that this 
system does not alford a plain proof of the theory. Although we 
see that the vapour line aftel' extrapolation cuts the solubility curve 
at 32 molproc., wbilst the critical point lies at 360;., tbe tempera­
tures of the intersection point and tbe critical point cannot he 
distinguisbed. Thec.ourse of fhe curves being so unfavonrable for 
our purpose, we decided to take no more experiments Wifb tbis 
system. Our result is remarkable in tbis point: althougb tbe tbeory 
proves, that the vapour branch does not leave the region of Iimited 
miscibility in the critical point, the 6pinion previonsly expressed 
that this had to be the case, is not very far from the truth. 

Inorg. Clte1n. Laborat01'Y 
University 0/ Amsterdam. 

Experiment&l Psychology. "- lntel'contlJarison of some resulls 
obtained in t!te lnvestigation of Memory b.l! t/te Natw'al and 
the &perimmtal Learning-Method". By Dr. {<'. ROELS. (Colo­
municated by Prof. C. WINKLER). 

(Communicaled in the meeting of Mareh 31, 1 ~17.) 

In the investigation of memory psychologists have always had 
recourse to learning-experiments, with the purpose to ascertain, under 
detinite experimental conditions, the retentive capacity of the memory 
with regard to the material impl'essed upon it. Whatever method 
was employed (the learning-, or the saving- or the hitting-, or the 
helping-method) tbe imprinting oeeurred invariably in tbe same 
way. The material to be learned, by preference meaningless, was 
presented to the obser~er at a certain rate of succession, ~d more 
or less frequently, according to tbe object in view, Psychologists did 
not slways take into (LCCOunt the learning-method peculiar. to every 


