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Substituting these valnes ill (40) wc find: 

2 (Yl-{:J) Rl' g = a n~ . (42) 
,"" 

wherein a has the same value as in (21) (XII). 
Frolll this it follows with the aid of the first relation (41) that: 

2 (y l-fJ) RT g = ( a V)2 '1)2 • 

f-t--ay 
. . . . (43) 

In the same way as in (XII) we find that we may write fol' this : 

d2l 
whel'ein - is fixed by (24) (XII0., From Ihis it follows that the 

dp2 

curve going in fig. 4 thl'ough the point H is parabolically cUl'ved 
in this point and touches t11e side BG in this point. 

d2l 
As in this point y--fJ < 0, Yl- y < 0, 1/1 - fJ < ° and dp2 > 0, 

~ is always llegative. From this it folJows that this parabola has 
only the point H in common with the triangle and il; fUl'thel' 
sHuated completely oulside the tl'iangle. Consequently onIy thè point 
H represents a liquid; Hs other points have no rneaning. 

-
(To be continued). 

Chemistry. - "The system Ammonia-water". By Prof. A. Sl\HTS 

and S. POSTMA. (Comrnunicated by Prof. J. D. v. D. WAALS). 

(Communicated in the meeting of May 30, 1914). 

Aftel' the preliminary communicalioll 1) on this subject the inves
tigation of the system NH a-H 20 has been continued in different 
directions, and it lias rlOw been completed. 

The contiuued research was directed in the first place to the 
accumte detel'rnination of (he meltingpoint lines, corl'esponding 
wüh (he pl'eSSllre of oue atmosphel'e. These detel'rninations, which 
we re llOW cal'l'ied ont by rneans of a gauged L'esisü"l1('e thel'mo-

1) These Proc. XII, p. 186. 
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meter 1), as is in nse in this la.boratory 2), gave the following resnlt. 
(lVIethod of procedure: supercooling a little and then seeding). 

Initial Final point Concentration point of of solidifi-mixture solidifica- cation tion 

100 mol. OIo NH3 - 77.6° 

94.7 ç - 80.9 
\ 

90 4 - - 83.7 

86.5 - 87.2 

- 92.4 
81.55 

- 92.6 - 92.5° 

78 45 - 88.7 - 92.5 

73.5 - 82.2 - 92.6 

71.1 - 80.3 

69.9 - 797 

66.7 - 78.8 

65.8 778.9 

64.6 -79.2 

62.0 - 81.0 

61.3 - 81.7 - 86.0 

60.7 - 82.3 - 86.0 
) 

60.3 - 82.9 - 86.0 

59.0 - 85.2 - 85.8 

57.0 - 84.1 - 85.8 

53.0 - 80.2 

50.2 - 79.1 

50.1 - 79.0 

49.3 - 79.0 

43.9 - 83.0 

42.2 - 86.0 

1) Gauging points wel'C': melting ice 0°, melting mel'cl1l'y - 38.85°. Boiling 
002 + alcohol - 78.34.0 -I- 020 (B-76). Boiling point of oxygen -182.8° + 0.36 
(B -76). 

2) Cf. DI: LEEUW. Z r: phys Chem. 77, ~03 (1911). 

13 
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Concen· I~ittaI IFinal point 
tration pomt of f rdïi 

SOlidifica.\O S~ 1 1 1-
mixture tion cabon 

40 6 - 88.2 

39.8 - 90.7 

39.1 - 91.7 

35.75 - 97.1 , 

34.5 - 100.3 

34.0 - 96.7 

32.6 - 89.2 

29.7 - 74.2 

28.7 - 68.8 

27.6 - 63.7 

26.55 - 59.4 

23.0 - 43.5 

20.2 - 34.9 

17.9 - 28.6 

4.46 4.8 

0.0 0.0 

This result is expressed in Fig. 1. 
From this T-X fig. follows: 

for the point of soJidification ofthe compound 2 NHs.H20-78°.9 

"" "" " "" " NH~.H20-79°.0 
Further file eutectie point of NHs + 2 NHs,R20 + I.J appears to liE 

at 81.4 % NRs and - 92.5°, 

" " 

" " 

" 

" 

" of 2 NHs.H 20+NHa.H20+L appears te 
he at 58.5 % NRs and - 86.0°, 

" of NHa.H20 + H20 + L appeal's to li€ 
at 34.7 NH s and -100.3°. 

Great difficlllties were experieneed in the ease of the mixture~ 
wHI! les", than 50% NHa, in consequence of the great viscosity oj 
these mIXtures at low temperature. 

Shortly aftel' our jUElt mentioned pl'eliminal'y communication a 
tl'ea.tiRe on the same F,llbject by RUPEHT 1) appeal'ed in JOUl'U. Am, 
Chem. Soc. 31 866 (Aug. 1909). 

I) Further commUDIcatlOD Journ. Am Chem. Soc. 32. 748 (1910). 
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Fig. 1. 

As point of solidificati'Jn RUPERT determines the point at which 
the rrystals brought into the liquid no longel' grow or disappear. 
He rneasures the temperature accurate down to 0°_5 with a verified 
toluol-thermometel'_ Below -- 100° he uses a thermo-element, tested 
by comparison with the toluol thermometer and with the boilillg 
point of, liquid air. He himself considers the detel'minations with 
this thermo-element insnfticient, which tallies with our results, as by 
extrapolation about -125° may be derived from RUPl!lRT'S inve.stigation 
fbI' the temperature of tlJe eutectic point NBa-H20 + H20 + L, 
whereas this point lies certa,inly 24° higher according to Fig_ 1. 

Leaving the region of concentmtion 30-40°/0 out of account, the 
agreement between RUPERT'S l'esllits and ours is faid)' satisfactorr. 
If we COlllpal'e the principal points, we get what follows: 

- - -----------
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Observer NHa 12NHa H_ 0 I NHu.HzO 

RUPE~T. - 78.°0 - 79 °0 - 79.°3 
. 

SM lTS, POsTMA - 77. c6 - 78 °8 - 79.°0 

Observer EutectIcum ! Concentration I Temperàture 

RUPE~T., 
I 
81.2moiOfoNHa - 94.°0 

S. P. 81 5 - 92.5° 

RUPE~T. 57.9 
" " 

- 87.0 

S. P. 
" 

58.5 IJ _ - 85.9° 

not determllled by RUPERT 

" 34.7mOI.OfoNHa/ - 100.3° 

Tt is at once apparent from the determl11ation of the melting-point 
diagram that tl1e tvvo chemical compounds, Olle vvith 2 mol. of 
NHa to 1 mol. of HzO, aud the other wiih 1 mol. of NHg to 1 mol. 
of HzO are all'eady consic1el'ably dissociated m liquicl state at the 
tenJperature of solidificatioll. 

Boiling-point lines. 

Aftel' centainty had been obtajned in tbe way descl'lbed here 
about the existence of two solid compounds Qehveen NH 3 aud H2 0, 
il was of impol'tance to examine whether the existenee of these 
componnds m the lIqmd state ,,{ould also follow from tbe bOlling
pomt liues ob&el'ved at dIfferent pressllres. These detel'minations, 
wJHch were carned out wIth all appaeatus as was used by 
Dr. DE LEEUW 1), Ylelded the resulL that there was no jnclication to 
be pel'ceived t bat could ponlt 10 the exisfence of compollnds in tbe 
ligUlcl. Bence it follo\l'ed from tllls thai at the observed boilmg 
tempel'ature the chssociation was ah'eadj' too stl'Ong, and that the 
in vest/gallon Jjas th6l'efol'e to be con tin ued at still lowel' preSSlll'es. 

As the clyllaullc ll1ethocl IS ntlendecl wiLh all kmcls of difficulties 
at low pJ'essl1I'e, Il was desll'able to apply th!:.' statistic and not the 
clynall1Ïc method in the continnahon of this jnvestlgation, anel detel'
mme the VilpOUl' preSSLll'e line of cldferent mixtures of deftnite 
concentration, fi'om which the bOlling-pomt lines anel the p-a:-lines 

1) Z.f. phys. Ghem. 77, 284. (1911). 
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might then be elerived. This Illvestigation, in whirh also the mixtures 
which had previously been investigated clynamically weee vel'ified, 
yieldeel the following result. 

Thc following mixtures were examined. 
( 

88,0 mol. °10 NRs 54,7 mol. °l NR' o s 
84,1 

" " " 
51,5 

" " " 77,8 
" " " 

39,7 
" " " 74,6 

" " " 
35,9 

" " " 69,5 
" " " 

32,7 
" " " 66,3 

" " " 
25,6 

" " " 62,7 
" " " 

the reslllts of whieh are expressed in fIg. 2. 

p , 
Ift .""!! 

IJDa.UtJ 

11" rIf ~flJ I11 7. -
~" 

I/h jj ll! Iff 
/ // (/ / / J 

.. I VI/ jl/ I IL ~ 

VI 'IJ I1 I 1/ l 1« 

I cn "/1 VI 1/ I / 
,.c / VI; I ! 1/1/ I I 

1/ ~ 1// 1//11 I 1/ 1/ 
/ VII VI 1/ I 1/ 1/ / J / 

.11;1 ril I/IV / / 1/ V 

I~ Jlf/ ( /; 1/ V 1/ 1/ / 
I., / 1/; V / v / / / 

l.jj 'tÇ ~ v / V / / / /v 
" 

~ ~ ~ V ./ / V V ,/ 
~ 

~ -;/ v 
~ ;::.---v /" 

~ ~ v--::::: ~ v 
T~ ,;;;:::::. 

:::;:;.- I--:::::: c::::::: ::-- -:---
T I 

I 

I 
I 

IJ 

1/ 

.-î ' 
v 

, 7.5 70 b5 ba .s5 .s0 /5 ~O ..'35 30 .25 .20 15 10 .5 0 .5 .10 .15 lO 

Fig. 2. 

These vapoUl' preRSl1l'e lines enable us to read the cOl'l'esponding 
boiling temperatul'e fot' a detinite pressure (see table I), hence to 
indicate the boiling-point lines, anel tbat with an accl1l'acy elown to 
tentlls of degrees, anel it is a1::,o possible to indirate the vapour 
tension of different mixtures fol' a definite temperatm'e (see table IJ), 
hence to fInel the (p:/J)l'-lines wiLh an accuracy of ± 0,5 m.m. Rg·. 

Fig. 3 contains the boihng-point curves, fl'om which it appears 
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c ' T A B,L E I. 
"- T-X- or böiling-point Ïines for differen1.pressures. 

0 0 
- 61.4 ":""33.4 100 -76.6 , -:- 67.2 - 53.35 - 46.3 

88.0 ' . ,.:.. 74.6 - 65.3 . - 59.15 ' - 51.1 - 43.8 - 30.4 

84.1 - 74.1 - 64.35 - 58.3 ":':"50.1 - 42.8 ' , - 29.3, 

77..8 -: '72.0' - 62.5 ~ 56.3 -:- 47.9 - 40 .. 5 - .26.8 
c, 

74.6 ' - 70.85 _..:. 61.1 - 54.9 - 46.6 - 39.1 - 25.4 

69.5 - 68.6 - 58.7 - 52.4 - 43.8 - 36.3 - 22.3 

66.3 - 66.4 - 56.4 ...:... 50.2 - 41.7 .- 34.0 - 19.9 

62.7 .,.;. 63.6 - 53.6 ~ 47.25 - 38.6 -: 30.9 8.1 

54.7 -' 55.95 ' - 45.95 -;- 39.3 - 30.5 - 22.6 3.9 

51.5 - 52.5 - 42.1 ~ 35.6 -'- 26.6 .. - 18.6 

39.7 ' - 38.0 - 26.7 , . - 19.65 - 10.2 1.6 

35.9 - 32.7 . - 21.3 :- 14·9 4.4 -+ 4.4 

32.7 - 28.35 :-. 16.6 . 9.25 + 0.65 , + 9.4 

25.6 -17.25 5.3 + 2:4 + 12.75 

TABLE II. 
p-X.lines for differ:ent temperatures .. 

, , " , 

IJ=~70~ I i= -650 1 ( -550 I t= -~5° I't . -350 I t=-30° 1[=-250. 

mol. % N~31 P in ~m.H~·1 'P I P 
I 

p I P 
I 

p ,.1 P 

100 8.25 11.75 ,22.6 ' 40.95' 69.95 ; 

8~·.0 7.2 '10.2 19.6. 35.5 . 60.6 77.4 
. 

, 84.1 6.7 9.6 18.5 33.4 57.3 73;6 

77.8 5.8 8.4 16.2 29.5 ,50:5 65.0 

74~6' 5.3 7.7 14.9 27:4 47:2 61.0 77.4 

69.5 4.55 6.5 12.7 23.3 40.7 .52.5 66.8 

66.3- 3.8 5:5 11.0 20;5 36.0 46.9 59.7 

62.7 3.1 4.55 9;2 17.25 30.55 39.9 

,54.7 1.7 '2.5 5.4 10.6 19.4 25.7 33.55 

51.5 ± 1.3 1.95 4.2. 8:3 15.5, 20.7 . 27.15 

39.7, 0.85 1.4 3.05 6.1 8.3 11.0 

35.9 ± 1 .1 2. is 4.35 5.9 7.95 

32.7 0.4 0.8 1.6 3.J5 4.5 6.,15 

. 25.6 - 0.9 1.65 2.3 3.1 -
".: .. ' 

: .... :. 

. \ ~" \ . : .. \", " , 
' .. 
.\ .. ' 
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that even that cOl'l'esponding io a pressure of 50 m.m. Hg. does not 
reveal anything about the exis(ence of compounds in the liquid 
phase; qlere is nothing LO be deteclecl here of a consiricrion at the 
place of thé compounds, as was found by Dr. AT.I!1N 1) in his investiga-

fO rNHc. 
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tion of (he system sulphur-chloriue, and by Dl'. DE Lnuw 2) in (he 
system aldehyde-alcohol. 

Still more interesting is the consideration of the liquid lines of 
the (p,v)T·sections, which are repl'esenteel in fig. 4 for ihe tempera-
ttl~'es - 25° - 30° - 35° - 4.~0 - 55° - 65° anel - 70° 3) , , , , ), . 

1) Z. f. phys. Chem. 54, 55, (1906). 
2) loc. cit. 
Sj The vupour phases of the mixtnres need not be investigater'l, as it appeared 

frol~ a preliminary investigation thal they praclically consisted only of NRs at 
the examined temperatures, as was indeed to be expected a priori. 

------- --
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"\lVe see tlJat al all the ternj)enltUl'eS IDclllioneçl hete ,these JjqlllO 
Hnes exh,lpit the type of negative liquid Enes 1), as \vas lJlet with 
by KOI1NSTAlIIl\I alld VÁN DALb'SEN 2) fol' the system ether-chloroform, 
and by GERLACH 3) fol' water and glycerin, while as BAlmurs ROOZI!.BOO:U 

l'emal'ked, sneh a Jin~ mayalso be derived from the investigation 
eaI'l'ied out by SOHRBINRMAKERS 4) for the system acetone-phenol. 

Nor do Hquid lines of the (p,v)T-sections give the least indication 
of thc existence of compounds in, the liquid phase, and It is most 
remal'kable that this 'even applies to the Jiquid lines eorresponding 
to a temperatUl'e uf - 70:>, so only 9° above lhe temperature at 
which the compollnds separate out of the liquid; an indubitable 
pro of therefore that the componnds found Ulldergo a c1issociation in 
the Jiqüid, mueh greater than would have been expeetec1. 

To complete the investigation the most important lines df the PT
projection of the spacial figure were also c1etermined, the resun of 
whi<.'h is expressec1 in fig. 5, in w hich the three-phase lines of the 

Fig. 5. 

two compounds m:e. vel'y apparent. The dlfference in triple point 
press1ll'e of the two eomponnc1s amounts to ± 17 m.m. Hg. 

FlI1ally also the plaitpoint C11l've was ptll'tially dClel'minec1; as was 
to be expected this CUl've does not presen t any particularity ei ther. 

AnoJ'!J. C/tem. LabomtoJ'Y of t/ze UniveJ'5ity. 

Amsterdam, May, 1914. 

1) BAKHUIS ROOZEBOOM. Die Heler. GlelChgcw. ][ 40 (1904). 
2) Verslagen d. Kon. Akad. v. Wel. Hlüt, 156. 
3) Z. f. anaI. Chem. 24, 106 (1885). 
J) Z. f. pbys. Chem. 39, 500 \1\)02). 

I J 


