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The coefficient-oL fnelfmttfon of the diameter is: 

bdr = - 0.0019577, 

anel thus a good deal smaller than the coefficients of argon (--0.0026235) 
and of oxygen (- 0.002265). 

The "undistUl'bed" cl'itical demity derived from tlle diameter Ilsing 
as the critif'a} temperature -1.,17°.131

) is fonnd to be: 
I r 

Qkd = 0.31096. 

A comparison with the value fol' the "undistlll'bed" critica} densiLy 

w~ich might be del'ived by the aid of the equation (~P'1,) = (r1~,) 
u I' ( d'l (oeX, 

fl'om the vapol1l'-pl'es'Sure cnrve and the isotheems near the critical 
point (as this was cal'l'ied out for argon) is impossible fol' nitl'ogen, 
as isotherms are not available in the mean time. 

The cl'iticrtl coefficient is 
K4d = 3.421, 

a comparati\'ely small value, a'S was 10 be expected in connection 
with the simple moleculal' structll1'e of nih'ogen, its deviation from 
t.he theoretical vallIe t 'is in the same elirection and to 111uch tho 
same degree as that of argon (3.424) and that of oxygen (3.419) 2). 

The liquid densities at the 10wel' temperatures are in fa.il' IJ 
good agreement with those found by BALY and DONNAN 3), the diffe
rences being of the order of jO /0' 

Physics. - Isothe1'mals oJ eli-atomic substances mul their binal'y 
mitctuJ'es. XVI. VapoU1'-pl'eSSU1'es of nit1'open between the 
critical point anel the boiling point." 13y Dl'. C. A. CROM:1tlELIN. 
(Communication N°. 145cl from the Physical Laboratory at 
I.Jeiden). (Communicated by Prof. R. KAlIfERLINGH ONNES). 

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

The determination of the demity-cllrves anel the diameter of 
nitrogen 4) offel'ed a welcome oppol'tnn1ty fol' determining the vapour
pl'eSSlll'eS of nitrog'en be/ween the critical point anel the boiling 
point, thel'efol'e in the l'egion of tlle' higl)el' pressul'es, anel thus 
making a contl'ibution towal'ds the knowledge of the equation of 

1) H. KAMERLINGH ONNES, C. DORSlIIAN and G. HOLST, This numbel' of tlw 
Proc. Comm. 145b. 

:I) Calculated with the critical constants of Comm. 145b. 
~) 1. c. 
4) E. MATHJAS, H. KAMERLJNGH ONNES and C. A. OROMMELIN, This number 

of the Proc., Comm. NO. 1450. 



- 3 -

, -, 
960 

state of nitl'ogen at low tempel'atllres. MOl'eovel' sevêral of thesè 
data were required for the eompuiation of the corrections of the 
diaméter-measul'ements. 

In the region bere dealt with so fal' all experimental data were· 
lacking, at least if we leave out of account two oId detel'minations 
by v. WROBLEWSKl 1

), whieh ditfer eonsiderably f'rom mine. Vapour-, 
pl'eSsUl'es have been measured by BALY 2) between -196° and 
- 182°, by FrsoHER and ALT 3) between -195° and - 2100 and 
by VON SIEMENS 4) between -192° and -- 205°, but, as will be seen, 
they all refer to regions of low temperatures and preSSlll'es. 

The nitrogen was liqllefied in the same dilatomeier and by tbe 
same compression-eylinder, wbich had been used in the diametel'
meaSllrements of. argon and 'nitl'ogen. It should be meótioned, that 
tllis dilatometel' was not provided with a stirl'ing-arrangement, so 
th at the detel'minations were made. without stil'ring. It is possibly 
due to this cil'cumstanee, th at the vapour-pl'essures of nih'ogen seem 
to be a tritle less aeellrate tban those of oxygen. 5) 

As in the pre\Tious l11eaSUl'ements the temperature was determined 
by means of two platinum-thel'ITIometers w hich had been eompal'cd 
with the standal'd l'esistanee-thermometer Pt'l. As regal'ds all this 
we may thel'efore refel' to previous communieations 6). The pl'esSUl'es 
above 20 atm. were determined by means of the elosed Jlydrogen
manometer 7), those below 20 atm. wîth the open standard-mano- . 
meter 6). 

The ealculations do not eall for special remarks. The atmosphere 
fit Leiden was tàken equivalent to 75.9488 ems. mercl1l'y. 

The nitrogen with which the experiments wel'e :t1}ade was, as 
.t11entlOned in connection with the diameter-measurements, the same 
as was used for the determil1ations of the critical constants. By these 
determinations the pUl'ity of the substance had been submitted to a 

1) S. V. WROBLEWSKI, C. R. 102. (1886) p. JOI0. 
2) E. C. C. BALY, Phi!. Mag. (5) 49 (1900) p 517. 
3) K. T. 1.<~1SCHER alld H. ALT, Ann. d. Phys. (4) 9 (1902) p. 1149. 

, i) H. VON SIEMENS, Ann. d. Phys. 42. (1913) p. 871. 
u) H. KAM:EJRLINGH ONNES, C. DORSMAN and G. HOLST, This number, of the 

Proc. Comm. No. 145b. 
6) E. MATHIAS, H. KAM:]!;RLINGH ONNES and C. A. CROMMELIN, Proc. Oct. and 
J • 

bec. 1912 and Jan. 1913. Comm. No. l3la largon) and these Proc. above. Comm. 
No. 145c (nitrogen). 

7) H. KAIIrERLINGB ONNES and H. H. F. HYNDMAN, Proc. April 1902. Comm. 
No. 78 (§ 17) and H KAMERLHWH ONNES and C. BRAAK. Proc. March 1907, 
Comm. No. 97a (§ 3). 

8) H. KAMERLIN\;IH ONNES, Proc. Nov. 1898, Comm." No. 44. 
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Sèvèl'è test. The ni/rogen was moreover onee more tested for its 
purity in the apparatus itself. For this purpose the vapçHlr-pressure 
was measured at a temperatul'e which was kept constant (about 
-15:3°), first when onl)' a drop of Iiquid was present in the appendix 
of the dilatometer and immediately aftel'\'vards with the dilatometer 
compIetely filled with liquid. The vapour-pressure was found in the 
two cases to be 

25.38 and 25.41 atm. 

This difference of about olle thousandth of the totaI value is not 
ftl.l' removed fl'om the Iimits of acctll'acy of the observations and 
p1'oves (1) that the l1itrogen was very pure alld (2) that the tempe
rature-diiference neat' (he top and near the bottom in the cryostat 
must have been inappl'eciable. 

In the farther observations the liquid-surface ,vas always brought 
to about the middle of the dilatometerbulb. 

Date 
.... &(centigrade aJ 

Pobs. .0 
in KELVIN Pcalc. Obs.-calc. (abs.) Obs.-calc . 

E atm. int. (°10) 1914 :::l 
Z degrees). 

21 Febr. X - 148.85 30.364 30.631 - 0.267 - 0.9 

" 
IX - 152.11 25.889 26.087 - 0.198 - 0.8 

" 
VIII - 155.47 21.820 21.945 - 0.125 - 0.6 

20 Febr. VII - 161.31 15.949 15.949 0.000 0.0 

17 I:ebr. V - 173.58 7.3705 7.3705 0.0000 0.0 

" 
IV - 179.18 4.8278 4.8632 - 0.0354 - 0.7 

16 Febr. I - 182.47 3.7248 3.7117 + 0.0131 + 0.4 -
11 II - 186.88 2.5067 2.4863 + 0.0204 + 0.8 

11 III - 191.88 1.4727 1.4727 0,0000 0.0 

In the above table are given the resnIts of the measurements and 
a comparison with a formula of the form 

b iJ d 
logp - Ct + - -+- - + -- '1.' I T2 '1.'3 

where T l'epresents the absolute temperatlIre, the coefficients having 
the vaIues 

a =.+ 5.76381 
b =- 853.522 
iJ = + 54372.~ 
d= -1783500 

Proceedings Royal Acad. Amstel'dam. Vol. X VII. 
64 
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W11ich satisfy the following values of the critical constants 
Plo = 33.49 atm. and Tk = 125.°96 Kl) 

(fh = Tk - '1'0° C = - 147.°13 C. in Kelvin-degl'ees) 
The cil'cumstance, that the observations do not agl'ee very weIl with 

the formula, finds its explanation, at least pal'tly, in the fact, that 
the critical point falls a liftte outside tlle extrapolated vapour-pl'essure 
curve. The same fact occurs with the \'apour-pl'essure CUl'ves of 
argon (OROllIMEUN) 2), ether (RAl\fSAY and YOUNG) ~), isopentane (YOUNG) 4) 
norm al octane (YOUNG) Ó), carbon disulphide (BATTELU) 6) in contrast 
with what is found with the great majority of vapour-pressure curves 
of other substances, with regm'd to the critical point. 

A systematic inquiry into tbe cause of these deviations would be 
very desirabie. 

In conclusion I wish to thank Prof. H. KA7lIERUNGH ONNES most 
heal'tily for the continued interest shown in lIIy work. 

Chemistry. - "On the vapouJ' lJressu1'e lines of the system plws
plW1,lts." lIl. Bj Prof. A. SlIHTS and S. O. BOKHORST. (Oom
municated by Prof. J. D. VAN DER WAALS). 

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

1. Dete1'minations -of the vapOtt1' pl'eSSlWe of the violet plwsplwl'us. 
Tn the pl'eliminary investigation about the vapoul' tension of the 

violet phosphorlls we found a vapoul' pl'essure line with a discontinnity 
at about 450~, which result seemed to confil'm the existence of a 
tl'a~sition point found by JounOIS 7) at ± 460. 

To get fUl'ther certainty abollt tbe existence Ol' non-existenc-e of 
this tl'ansition point, it had to be examined whether' really two 
branches intersecting earh othe1', cOllld be l'ealized -here. For this 
purpose - it would be necessal'y to determine also a part of the 
metastable prolongations on eithe1' side of the transition point, and 
keeping this end in view we undertook the définitive investigatiol1. 

-The- preliminar.y experiments were madE.' with a prepat'ation NC. 1, 
which was obtained by heating pure white pllosphorus with 0.1 0/0 
Iodium at ± 300° fol' 24 hoUl's. This preparation was hard and 

1) Comm. 145b. 
~) C. A. CROMMELIN, Proc. May 1910 and Oct. 1913, Comm. 115 and 138e 

nnd Dissertation Leiden 1910. 
8) W. RAMSAY anel S. YOUNG, Phil. Trans A 17R, (1887) p. 57. 
4) S. YOUNG, Proc. phys. Soc. 1894/1895·p. 602. 
6) S. YOUNG, Journ. Chem. Soc. 77 (1900) p. 1145. 
6) A. BATTELLI, Mem. d. Ac. di Torino. (2) 41 1 (1890) and 42 I (1891). 
7) a. l' 149, 2~7 (1909); 151, 382 (1910). 


