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Physics. - "Isothe1'1nals of monatomic substances and thei?' binary 
mixtu1'es. xx. [sotltel'177rtls of neon .f1'om + 20° C. to -217° C." 
By O. A. CROMMELIN, J. PALACIOS MARTIN]~Z, and H. KAMEHLINGH 
ON NES. Oomrnnnieation N°. 154:a from the Physical Laboratol'Y 
at I.JeIden. 

(Oommunieated in lhe meetmg of June 29, 1918). 

~ 1. Int1'oduction. This paper is the contmnatlOn of a prevIOus pre
Jirninary commnnieation 1). The reduction of the neon-isothermals 
has now pl'ogressed so far, that what follows may be looked upon 
as a pl'etty neady completed whoIe. The rneaSUl'ements refel' to 
pl'essures up to abou t 90 atmosphel es and as l'egaL'ds the tem peI'atnre 
go fl'om + 20° O. down to - 217 0 C., they therefol'e embl'ace the 
region bet ween the Ot'dinar,) ternperatul'e down to the lowest tem
perature to be l'eached with Jiquid oxygel1. The region from - 218° O. 
to -246° 0., whieh ean now also be em'el'ed by means of the hydl'ogen 
vapolll' cryostat 2), is here left out of account; we hope shortly to 
be able to con tinne our measurements in thIS l'egion. As regal'ds the 
importance of snch determinatlOl1S as wiII be communieated on th IS 
occasion and the appal'atus WhlCh have been used fOl' the pUl'pose 
we may refel' to prevIOus cornmllnications on the isothermals ot 
hydl'ogen and of argon. ~) 

For the sake of eompleteness and of a better survey of the whole 
work we have included in the table the rriaterial published in the 
previous communications on neon, ql10ted above, VIZ. the series 1,11, 
lil, IV, VI, VII, VlIr and IX. 

§ 2. The 1'esults of the measUI'ements are gÏ\'en in table I, where 
{} = the temperature on the intemational 4

) OELSIus-scale, I.e. the 
temperatlll'e on the i1iternrttional K~'LvIN-seale diminished by 273.09, 

11 = the pressul'e in international atmospheres (for Leiden 1 intel'-
national atmosphel'e = 75.9488 cms mercury), 

d.l = the density expressed in the nonnal denslty (0° O. and 1 atm.) ; 
VA = the volume expl'essed in the nOI'mal volume (0° O. and 1 atm.). 

1) H. KAMERLINGH ONNES and O. A, CROMMELIN, Comm. N0. 147d; these 
Proc. XVlll (1) p. 515. 

S) H. KAMlllRLINGH ONN1~~, Uomm. Nt>. 151a; these Proc. XiX (2) p. 1049. 
3) Comp. H. KAMERLINGH ONNES and H. H. ~'RANCIS HYNDMAN, Comm. N°. 69; 

these Proe III p. 481 j H. KAMERLINGH ONNES and C. BRAAK, Comm. NI). 97a 
these Proe IX p. 754:; C. BRAAK, DissertatioD, Leiden, 1908 j C. A. CROMMELIN, 
Dissertation, Leiden, 1910. 

4.) Comp. H KAMERLINGIl ONNES, Comm. Suppl. N0. 34a: § 5. 
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TABLE I. 

I Series. 
) 

NO. ) P -) 

() = + 20°.()() C. 

VI 1 22.804 I 
VI 2 25.015 

VI 3 26575 

VI 4 29.090 

VI 5 32.572 

VIII 1 34.887 

I VI 6 35.423 

VI 7 37.812 

VIII 2 39.168 

VlIl 3 44.762 

VIII 5 54.149 

VIll 6 59.717 

VIII 7 65.021 

VlIl 9 77.360 

VIII 10 82.545 

VIlI 11 88.239 

V III 12 93.298 I 
() = 0°.00 C. 

<!;. , 

VII 1 22.064 

VII 2 23.555 

Vil 3 25.861 

VII 4 28.468 

VII 5 30.790 

IX 1 39.753 

IX 2 44.892 

IX 5 59.777 
" -
IX 6 66.104 , 

IX 7 74.059 

IX 8 79.108 

IX 9 84.662 

dA ) 

21.046 

23.052 

24.464-

26.757 

29.891 

32.002 

32.447 

34.601 

35 843 I 
40.862 

49.213 

54.161 

58.797 

69338 

73.967 

78.886 

83.154 

21.869 

23.314 

25.558 

28.089 

30.345 

39.098 

44.030 

58.234 

64.135 

11 495 

76.127 

81.347 

P'IJA 

, 

1 0835 

852 

863 

872 

897 

902 

917 

928 
-
928 

955 

1003 

026 

059 

131 

160 

186 

220' 
, 

, 

, 

1.0089 

103 

121 

135 

147 

168 

196 

265 , 
307 

359 

392 
J 

408 

I: 

lij 
rj 
I 

Ij 

1,1 
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TABLE I (Continu~d). 
---

Series. 
I 

NO. 
I 

p 
I 

dA I 
pfJA 

I 

o = - 103°.01 C. 

XV> 1 35.558 56.40 0.6304 

XV" 1 36.697 58.23 6302 

XV 2 40.610 64.21 6324 

XV" 2 42.107 66.53 6329 

XV" 4 55.136 86.57 6369 

XV 4 58.583 91.76 6384 

XV 5 78.110 120.52 6481 

o = - 141°.22 C. 

I XVI" I' 33.840 69.83 0.4846 

XVI 2 37.707 71 71 4852 

XVI" 2 38.581 79.50 4853 

XVI 3 .43.319 88.97 4869 

XVI" 4 49 881 102.32 4815 

XVI 4 . 51.916 106.42 4818 

XVI 5 66 471 134.91 4927 

XVI 6 78.558 158.06 4970 

& = - 182°.60 C. 

X 2 I 32.067 99.89 I 0.3210 

X" 2 32.988 102.84 3208 

X 3 36.438 113.69 3205 

X" 3 36.880 115.07 3205 

X 4 41.371 129.44 3196 

X" 4 42.533 133.15 3194 

X 5 49.943 156.61 3189 
XII 5 50.514 158.55 3186 

X" 6 63.320 199.21 3179 
-
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TABLE I (Continued). 

I Series. 
I 

NO. 
I 

p 
I 

dA I 
pfJA 

& = - 200°.08 C. 

XI I' 26.214 105.10 0.2494 

XI 2' 28.402 114.38 2483 

XI 3" 31.417 127.24 24'69 
. 

XI 1 34.268 139.81 2451 

XI 4 34.285 139 88 2451 

XI 5 39.843 164.30 2425 

XI 2 39.891 164 63 2423 

XI 3 46.517 194.30 2394 

XI 3' 46.529 194.51 2392 

XI 6 47.951 200.79 2388 

III 1 61.657 263.77 2338 

III 2 67.456 291.10 2317 

III 3 73.850 320.35 2302 
. 

III 4 79.923 348.59 2293 -
& = - 208°.10,C. 

I 

XII 1 24.071 111.90 
I 

0.2151 

XII 3 28.844 136.44 2114 

XII 4 31.948 153.00 2088 

XII 5 37.856 185.47 2041 

XII 6 41.798 207.95 2010 

IV 1 58.412 308.32 1897 -
IV 2 64.451 345.22 1867 

IV 3 69.692 377.89 1844 

IV 4 74.532 409.18 1822 

IV 5 79.228 439.12 1804 
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TABLE I (Contznueá). 

I Series. I 
NO 

I 
p I dA I p'IJA 

8 = - 213°.08 C. ~ 

I 
XIIl 1 23.086 119.92 0.1925 

XIII 2 24.810 129.82 1911 

XlII 3 26.673 140.90 1893 

XIII 4 29 365 157.70 1862 

XIII 5 32.441 177.37 1829 

XIII 6 37.418 210 68 1776 

11 1 53 896 334.59 1611 

11 2 59.769 382.03 1565 

11 3 66.271 435.46 1522 

11 I 4 72.858 484 75 1503 

II I 5 
I 

79 698 I 534.62 1491 

8 = - 217°.52 C. 

XIV 1 21.349 123.40 0.1730 

XIV 2 22.997 -134.72 1701 
-

XIV 3 24.686 146.67 1683 

XIV 4 26.848 162.51 1652 

XIV 5 30 042 186.94 1607 

XIV 6 32.795 209.68 1564 

I 1 49.930 358.51 1393 

1 2 53.528 395.62 1353 

I 3 59.618 458.40 1301 

I 4 64.975 511.85 1269 

I 5 71.649 571.69 1253 

I 6 79.417 632.23 1256 

A graphical l'epresentation of the obsel'vations will be fonnd m fig. 1 

in a (P;,A, d.A) diagram. 

-

I 
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Fig. 1. 

~ 3. Virialcoefficients. 
By means of the above ,results some of the coefficlents in the 

empirical equation of state 

pVA = AA + BAdA + GAdA! + DAdA 4+ EAdA O+.F AdA 8 1) 
eOllld be computed. These cálculahons onIy embrace the coefficlentb 
BA, CA, DA and m one case EA; fol' the densitles WhlCh were 
reached are not so high as would be necessary fOL' the deduction 
of FA and in most cases of EA also; these were thel'etol'e found 
fl'om the l'educed equation of state VII. A, 3 %) Ol' VII. 1, 3), in which 
the coefficients ~ and 'iS al'e identical. In some of the calculations, 

I) H, KAMERLINGH ONNES, Comm. NO. 71; these Proc. LV p. 125. 
!) H. KAMERLINGH ONNES and C. A. CROMMELIN, Comm. NO. 128; these 

Proc. XV (1) p, 273. 
3) Suppl. N'!' 19. 

8 
Proceedmgs Royal Acad. Amstel·dam. Vol. XXII. 
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áS will appeal' presently, nA, in others nA and CA were assumed -
accordmg 10 VII. A. 3. For Ihis pnrpose use was made of the critical 
ronstants of neon as pnblisherl on a former occasion 1) 

PIc = 26.86 int. atm 

The cnlcnlatJOns were rondncted in three dIfferent ways' . 

. 
a. for all temperatUl'es only BA was caIculated from the obser-

vatlOns, the remainiJtg coefficients bemg assllmed, viz. (,:1 and DA 
aceording to VII. A. 3., EA and FA according to VII. 1 Ol' to VII. A, 3-
(as notICed above, this comes to the same); 

b. for the Iowest 4 tempemtures BA and CA were compuled 
fiom the obseJ'vations, fUl'ther as undel' a; 

C. for all ternperatures BA aud CA were dednced from the obser
vatIOns, fol' -200°.08 C., -208°.10 r. and -213°.08 C. also DA 
and for -217°.52 C. also EA, further as nnde!' a. 

The ealrulations c wp.re made first, wIth a view 10 obtaullng the 
best possible accol'dance with the observations, the coefficients thel'efore 
bearing a purely empirical charaeter. Wh en It appeared that the 
valnes of CA cOllld not be c0I111ected uy a smooth cm've, much 
less those of nA, whlch pl'oved the observational materlal to be 
insufficient for the deductlOll of CA and DA as fnnctionc;; of the 
temvemtll1'e, we proceeded to the methods given nnder a and b, in 
wluch th'e values of nA anel pal'tly even Ihose of CA were assumed. 
Naturally the accordance witb the observations IS very mnch 10 fe 1'Îo I' 
with the rnethods a alld b than with c. 

The resnlts of Ihe calculations whi,eh were all rondncted by the 
method of least squares are found 111 table5 II and liL Table II 
glves the mdividnal "ll'ial-coefticlents, as calculated from the obser
vations aeeording to a, b, and c, table .111 the coefficients bOl'l'Owed 
from VII. A. 3 as weil as the yalnes of AA computed from the eqllation 

where fOI' AAo the vaille + 0.99986, as pnblished on a fOl' mer 
occasion 3), was taken as a basis. 

1) H. KAMERLJNGH ONNES, C. A. CROMMELIN and P. G. CA TH. Comm. N0. 151b, 

these Proc. XIX (2) P 1058. 
~) Comm. NO. 71-

3) Comm. N0. 14.7d. 
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TABLE 11. 

BA X 103 
f 

BA X 103 
I CA X 106 

6 

According to a. According to b. ;, 
t 
, 

-

+ 20°.00 + 0.54880 

00 .00 47148 

- 103°.01 16653 

- 141°.22 055249 
I 

, 
- 182°.60 - 0.093113 

- 200° 08 15746 - 0.18779 + 0.21531 

I - 208°.10 19553 21706 18307 

- 213°.08 22305 24084 18407 

- 217°.52 24028 25880 19649 
~ 

TABLE n (Continueá). 

I 
BA X 103 

I 
CA X 106 

I 
DA X 1012 

I 
EA X 1018 

I 
0 

According to c. 
-

+ 20°.00 
I 
+ 0.51578 + 0 82778 

00 .00 I 41334 1.1538 

- 103°.01 069193 1.1515 

- 141°.22 - 0.025378 0.71945 

- 1820 .60 13435 33607 

- 200°.08 19667 27847 - 0.24096 
~ 

- 208°.10 22926 25304 0.16102 

- 213°.08 24625 21123 0.005848 

- 217°.52 29313 
\ 

36427 0.46739 + 0.57517 
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TASLE 111. 

I 
-

/ 
DA X 1012 I EA X I0 IS

/ FA XI027 CA X 106 

8 AA 

According to VII. A. 3. 

- , 
I + 20°.00 + 1.0731 + 0.29747 

0.00 0.99986 25440 

- 103°.01 62271 0.072156 +0.37445 -0.1373 + 40.29 

- 141°.22 48281 39576 28409 0.03754 12.51 

- 182°.60 33131 58524 12718 2409 - 4.190 

- 200°.08 26731 96581 11124 4293 5.666 

- 208°.10 23795 0.12219 0.081145 +0.04550 5.367 
-

- 213°.08 21971 14073 60843 4599 4.836 

- 217°.52 20345 15882 41215 4576 4.160 

~ 4. Discussion ana compal'zson with otJzel' observations. The 
dIffel'ences between the pVA-vaIlles calculated from these equations 
and the obsel'ved values are represented gl'aphically in fig. 2 as 
functions of the densities dA, the ordinates being the obsel'ved minus 
the calculated pVA-values, expressed as percentages of the latter. In 
this mannel' the chal'actel' of the deviations is mOl'e easily grasped 
than wonld be the case, if the numbers were given in the tables. 

The cOl'l'espondence between the new and the old series is verJ' 
satisfactol'Y on the whoie; only in the isothel'mal for - 217°.52 C. 
a marked de\'Ïation may be noticed. Whereas for the isothel'mals 
of -200°.08 C. the deviations of the obsel'vations from tbe most 
closely cOl'l'esponding fOl'mula (method c) are within O. t 0 '0' diffel'ences 
of almost 1/2 '/0 OCCLlI' in the isotherma)s fol' - 217°.52 C. 

The diffel'ences between the val'iol1s sets of BA-values obtained 
on this occasion from the smoothed BA-values accol'ding to Vil. A. 3, 
viz. b. BA = Bj (caic,) - BA (VII, A. 3) al'e repl'esented in fig. 3; 
the cOl'l'esponding deviations of the BA-values outained by CATH and 
one of us 1) from meaSlll'ements at )OW pl'eSSIll'eS are included in 
the figl1l'e. 

Jj P. G. CA TH and H. KAMI!1RLINGH ONNES, Comm. NO, 152e, pl'esented to the 
Meeting of the Academy some time ago and shortly to be published in the 
Proceedings; pt'eJiminary values are given by P. G. CATH, Dissertation, Leiden 
1917, p 77, 
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It may be noticed, that the BA-values according to a agree fan'ly 

.. '" 
~ 'leot\. 

t--t- ..../ 
~ .... , ...... i"" 1" 00' ,,' ,,' -uo' ~= l~O' " -tu' , 

~-
:.... ... -" , // .... " --- -~ ----~--- ~ ... ~ 

! - .-- 1--...... -- ~---I - -
~ --- - Cl- 1\ buu" - -r?o'< --- - ; ·nC.lh -- -- ---<l -- 1.-- c--) - ------0 

~ 
1 FIg. 3. 

weIl wüh those accordmg to VII. A. 3. Those obtamed by method 
c deviate much more marked Iy , as ffilgh t be experted; espeClally 
at the lower tempel'atures they ghow murh smaller \'alues. 

• 


