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Physios. - "lsotltel'/Jls 0/ Jlwltatomic !Jases Ilnd of t!tell' hinal'y 
lIIidlll·/jS. Vll. Jsothe1'711JS of ar,gon bet/veen + 20° C. mul 
- 150' C." By Prof. H. KAlImRLINGH ONNES anel C. A. CROl\ll1mLIN. 

Comll1. N°, 118~ feom the physical laboratol'Y at. Leiden, 

(Communicated iu the meeting of Octobet' 29, 1910), 

~ 1. In the first puulication 1) of determillations of isoÎhol'lllS of 
gnsos nt 10\\- temperalmes made when these lw,tl all'eady been n 
10llg timo in pl'ogl'ess mOlltion was made of the dosirabiJity of an 
invostigntioJl of aI'gon nnd helium; to these 'we may now ndd neon ~). 
W' e wero a~le to pnblish helium measnrements as eady as 1907 3

), 

but al'gon data wel'e not accessible until H, sllfficient qnantÏly of 
al'gon (a~ol1t 25 L.) I"ith not more thnn OJ % impurit,v was o~ta,ined 
at H, much later period (1909). The method of obtaining ihis bas
all'eady beeIl descl'ibed 4). This degree of pmity is snffieient fOl' 

jsothet'm c1eteI'minations. Measnrementf\ of vapoul' pl'ess11l'es, of cl'iticitl 
COJlsta,J1 ts 1) allll also of coe'{Îsting liquid anel VapOlll' c1ensities") havo 
alt'ead~· been made with the salne gas as was usecl for the isotherms. 

As \ntS the case wiLh hydL'ogen 6) care ""vas taken in the detel'mi
J1ulion of lhe argon isotherms given below thai the obsel'veel points 
should be appropriately distributecl over eaeh isotherlll anel th at 
snitable tempemtures fol' these should be seleetecl. Still, the sIJape 
of the isotherms made H desirabIe that the points observeel shonld 
not bo so closely packed in nOl'lllal pOSitiOllS as WitS the case with 
hydrogen. 

Since all requÎl'ed dellsities call1lot be obtaineel with one anel 1110 
same piezometel' reservoir, points for eaeh isotherm must be divided 
into gronps. The v~LI'ions gt'OUps of points whieh aftenval'cls eonsLitute 
a single isothoi'111 were as fal' as possible observecl at the same 
Lom pel'nt me b,\' snitable aeljusimellt of the cryostat pl'essme ; cOl'l'eetions 

. J' I l' f' d(pv.1.) b 1 I' 1 glvon by gt'ap lIea eva uatlOns 0 -dt we re su sequellt y app le(~ 

1) Proc. April 1 nOl. Comm. No. G9. 
2) Proc. June 1909, Comm. No. 112. 
:1) Proc. Dec. 1907, Febr. aud March 1908, Comm. No. 102, a, b antI c, 

I) Pt'OC, May 1910, Gomm. No. 115, alld C, A. CaOMAlELrN, Thesis for the 
docLol'ate, Leiden, 1910. 

5) Proc. Dec. 1910 Comm, No. USa. 
6) Proc. March 1907, Comm, 97a, Dec. 1907, Comm. No. 99a, Dec, 100ï, 

Comm. No. 100. 
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io l'ednce these to Ihe &[I,me lempel'ature. These cOl'l'ectioJls cOllltl 
not be made with the same degree of certainty as for hJdrogen, 
fol' theu the temperatme clitferellces 1rere ahvt:l,ys lCilS than 0°.2, 
while c1iffel'ences of fully 0°.4 were experiencetl in sevel'al illslallces 
in om' present argon measmemenls. 

That the individnal coefficients 1) fol' each isotherlll may be cal
cula,leel without aeljustmeni from other isorhel'll1s, iL is, of special 
imporlance that points observeel at tempenttmes which lie close 
together ShOlilcl be l'eelllced to tbe same temperatmc. 

Thcl'e is yet anothe1' circumstance to canse the accuracy of the 
argon isothe1'll1s to be less than that l'eacheel III the hyell'ogen mea
snrcments. lt has all'eatly been shem1 2

) tbat the desired clegl'ec of 
accumcy (from 1 to 0.5 pel' 1000) cannot !Je l'eachetl with reservoirs 
of content less than 5 cc. Hence the tact that quite a munber 01' 
points have been got with tb reservoir volume of 2.5 cc. can also 
account for the smallcr elegree of aC'cUl'ac,'~ of ll1ally pointfl. The 
following table gives for thc val'Îons sedes rongh vallles of tbe 
yolullIes in cc. of the large reservoil' in tlJc COlupression chambcl' 
anel of the small reservoir thai is lwpt at la\\' telllpemiurc. 

Series. 
// 

Large 

I 
Small 

reservoir. reservoir. 

I-XII 600 2.5 

XIII-XVIII 2000 5 

XIX-XXI 600 2.5 

XXII-XXIII GOO 5 

XXIV-XXXV (i00 15 

XXXVI-XXXVIII GOO 2.::> 

§ 2. 1'11e nrgon nseü mts maüe accol'lling to the methods imlicatetl 
in § 1-3 Pn,ri I of C0ll1111. 115. Fol' ihe sake of C'ompleteness we 
HOW pu!Jlisll same fnrthel' cliagl'ams of tbe apparatus useel. 

Fig. 1 :1) ::;bews tIJc circnhttillg npparatus following that l1sed by 
FLSC:UER allel RlNGl!l 4). 

1) Proc. Juno 1901, Comll1. No. 71. 
• 2) Proc. April 1901 Comm. No. 69 § 6, aud Proc. March 1903, Comm, No. 84 
§ 19. 

3) Proc. l\lay 1910, l\led. 115, Part I § lb. 
4) ~'. FrsûHER aud O. RINGE. Ber,.1 d.d. clienJ.. Ges. 41. 2017, 1908. 

40'i! 
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A, a dlY gas metcr, (air inlel), 
B, lw~ polash dl ying lowcrs, 

,( 616 ) 

C, tI1l'ee it'on tubes 1) containing a mixture of 90% calcium carbide and 10% 
calcium chloride, heated in a coke furnace so as to absorb oxygen and nitrogcn, 

D, a porcelain tube containing coppel' oxide, and heated in a chemical combus-
ti on fUlnuee so as to get rid of hydrocarbons (especiuIly acelylene), 

E, two d!'ying' tubes containing potash anel phosphol'uS pcntoxide, 
F, a !11ercUI'y jet circulating pump (more detailed in Flg, 2), 

0, TöpJer pump 1'01' drawing ofT the gas that bas been tl'eated anel [IJ) oil gU&O

meter fot' storing it in, 
Dudng lhe working cyclc lhe va1ves Cl and 0,2 are c\osed: lhe gas tL'avcls the 

palh lllelicated by arrows, 

Fig, 2, 2) Appamtus fol' a wo/'king' cJ'cle ovel' HElIIPm:, mixtnre . 

.A, iron tube contnining HEMPEL mixture, anel heaLed in a chemical combuslion 
fUl'llace fOL' absorption of l1itrogel1. 

B, a hard glass tube of copper oxide heated in a smail fUl'llace [0 aosorh lr,lces 
ot' hydrocUl bons th at come from tlw mixture. 

0, two cltying lowers filled wJth potash and phosphoru~ pentoxicle. 
J), i!lrculating pump: a PITlz.pump Dl worked by an electric motm' .D2 raises 

lhe mercul'y, The mel'cury does not pass through auy taps, anel the apparallIs 
eau be evucunted without aJlowing any ail' to force its way in through the pump, 
The pump can be workec1 for aJl preSSUl'es in the apparatus le'3s than 1 atm. If 
the tube of the Prylzpump breaks the gas in the apparatus cau neither escape 
nol' he contaminateel. 

E, side tubes for removing and supplying gas. 
F, manometer. 
a, two vessels each of abont 5 L. content, to increase tbe capacily of the apparalus. 
H, phosphorus pentoxide drying tube. 
I, a si de tube to aJlow of the removal of the gases devdopeel when llte HCltPEL 

mixture is heated at the beginning, 
J, side tube for the I'emoval of the purified gas, which is UIen slol'ed in a high 

prcssure cylinder as showl1 in li'ig, 3. 

Fig, 3. 3) ApparalU'3 for the separation of argon anel neon by 
fl'actiollal distillation. 

A, High pl'essnre cylinder containmg argon still contaminated wilh neon. 
B, manomeler, 
C, l'CSCI'voi!' sUl'l'Oundcd by ]iquid oxygen boiling unde!' st!'ollgly l'::ducctl pl'essure; 

in this the argon ft'eezes, A mel'cury sllction pump E brings the neon along D 
to tbe buJb 1{~ A Töplel' pump then removes the argon along G. Eis the pressul'e 
stele 01 tllis pump, from which the argon at an ovm' pressure of about 1 atm. is 
passecl inta the chambel' I, immersed in liquid air hoiJing undel' rf>(luced pressurc. 
\Vhen that chambel' is filled wiLh solid argon, it is warmcd, anel the gas blows 
ofT lo the pUl'e gas storage cylinder J. 

1) These tubes, have al ready served for the preparation of helium, cf. Proc. 
May-June 1908, Oomm. N°, 108. 

2) Proc, May 1910. Comm. N0. 115, Part. 1 § Ic. 
3) Proc. May 1910. Comm. ND. 115, Part. I •. §. 3, 
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§ 3. FOl' description of the apparatus used fol' determinations of 
the nonna! volume anel of the inelividnal iRothm'ms we may refel' to 
eadiel' pnblications 1 J. In one respect we in troducecl all impl'Ovemen t 
for we took om readings thl'ongh a tclescope witlt a micl'ometer c)'e 
piece; in Ihis Wtl)' they could be made at twice tlJe rate possilJle when 
nsing the nOllins of the cathetometer. Pressnre and tcmpemtlll'e 
readings were made in exactly the same manuel' as befOl'e in cletel'
miliatiOlls of vapolll' pl'essnres etc., 2) and the remttl'l~s made in the 
commnnicatioll of those resnlts apply equa]]y weIl here. Meabnrements 
of pl'essnres belo\y 20 atm. were made with the standUl'el open 
manometer. t) 

W" e gl'atefnlly acknowledge om inclebtcclncss la Miss G. L. LORffiNTZ 
allCl MI'. 'iV. J. Dl<l RAA~ fa I' their measmements anel c!1lenlalion of 
the temperatl1l'es, anel a!so to Dl'. O. DOHSMAN Jr., anel MI'. G. HOLST 
fol' their meaSlll'ements \\"ith tbe open mallometel'. 

§ 4. As l'egal'cls the calcnIations themsclves we mayalso refel' to 

earJiel' conunnnicaliollS 4) for there is not mncll fresh 10 be saicl abont 
the111. Fit'st, isothenl1s fa I' + 20:> O. anel 0° 0, were ('alclliatecl nsing 
tIte expal1SiOll coefiicienl5 fol' oxygen taken from au earl iel' paper á) ; 
the critica! eOl1btants for al'gon anel oxygen difl'el' bnt slightly fl'om 
eaeh olhel'. Thcn the coeffieients of the cmpiricaI eqnfilion of state 6) 
AA and BA wel e calcnlnted la a fit'st appl'oximatioll, anel nsing thc 
critical conSIants ,) n, "ulne fol' Cl was got frOll1 the set of l'eclnced 
coefficiellls VII. 1 S). Fl'om the equatioll 10 \\'ltich tbe operations led 
the expÛl1SiOIl coefficien1s 1'01' val'inns clensities wel'e caicnlc:tteel, anel 
with these val nes the calculation of the isolltel'ms was l'epeatecl. Pram 
these He\\' isothel'll1s to a second appl'OXimtltion, the coef1ieients wel'e 
recalcnlatecl 10 a second approximatioll. Fol' Oll!' }1l'esen t p111 pose a t hinl 
approximation was fonnet to bc UIll1eCeSStll'Y. 

The expansioll coefficients at low tempemtlll'cs whielt werc llCCCS
sary fol' the mnch sJllc:tllet' cOl'rections fot' tlmt pOl'lioll of the ghLss 
capillary üu;;ide the cryostat were n.t first decln ... ecl ft'om Al\lAGA'l"S 9) 

1) Proc. ApL'il UIOl, Comm. N°, 69, Proc, April Hl02. C0111111. 1"10, 78, Pl'OC, 

Sept. 1906, Comm. NO. 94{, Proc. Mal'ch 1907, Comm, Nn. 97a. 
2) Proc. May 1910, Comm. N0. 115, 
3) Proc Nov. 1898. Comm, N0. 44. 
4.) Proc. April 1902, Comlll. NV. 78, Proc. M:.tl'ch 1907, Comm. Nl. 97a. 
ü) Proc, April 1902, Comlll. N0, 78. 
0) Proc. June 1901, Comlll. N0. 71. 
7) Proc. May 1910, Comm. Nl, 115. 
8) Supp!. N0. 19. (May 1908) p. 18, 
0) E. H. AMAGAT, Ann, d. Uhim, ct d, phys (6), 2!), June :.tud Aug. 1893, 
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oxygen isotherms with thc aiü of the la,y of cOl'responding stales. 
SllbseqnentIy, when we conld avai! onrselves of a portion of om 
expel'imen tal data, tlle expansioll C'oefficien ts or rathel' the c1ensities 
"hich are in th is caóe ea'3iel' to manipulato wore gl'apbically detel'
minecl. The degl'ee of accnracy afTol'clecl by tbis method ,,,as fonnel 
to be qnite snfficient fol' om purposo. The second approximatiolls 
were fonnd to be sl1fficient 1'01' all tbe isotherms. 

In the calcnlatiol1s we have made no nse of the RAMSAY anel 
TRA n~RS 1) isotherm at + 11°.2 C., fol' theil' obsel'vations shewecl snch 
JI1al'kecl üeviatioJls from Olll'S that we coulcl plüce no l'e!üwce npon them., 

~ 5. The mmlts are conlaiiied in the following labjes. In the fil'st 
colnmn is given the date, in the second the series, aud in the (hied 
the nnmbe1' of the ohsCl'vation; in thc fonrth is gi\ren the tempOl'atnre 
in Kelvin c1egl'oes Z) - 273°.09; the fifth allel sixth contain the 
]wessnre in atmospheres (p) anel the density in tel'ms of the Jlormal 
densily l'espectively, tlle resnlts giveb the product of 17 into tbe 
YO!1ll11e exp1'essocl iJl tellns of tho normal volume lJv.ti aml finnlly 
the eighth eontains the valnes of VA. 

Sneh obsel'vations as weee fol' auy 1'eaS011 deemod lesb accnrato 
than the othcl'c, are placecl betwee11 square brackets. 

Ob'3el'vations marked by au nsteL'Ïsk wore made by ,va,) of control 
aftel' Lho mcasnrements proper ·were completed becanse nncel'tain 
indica.tions of one of the 111eta1 manometerb made ns fol' a mome11t 
buspoct that bomething had happened to the pressnre meaSlll'ement. 
The tahle of cloviations given in D, snbseqnent bection shows tha.t 
this fear wab haE>eless. 

§ 6 A genera.! slU'vey of the reg'ion which the pl'OSOll1 isothor111s 
ln cOllneclÏon ,vith earliel' j)apers 3) enable us loregard as lmoml 
is gi ven by the accompanying ?JV.1 diagram for all observatiolls 4). 
Obsen1ecl pointE> are represented by small circles. V'or data for the 
bonnclnry C1ll've we may refel' io the other papers just mentiol1ecL 
Points calcnlat.ed feom the liquid anel vapom c1ensitIe::; are given by 
squares, and points extrapolateü 1'l'om the jsothorms aro given b,)" 

trimlg10s 5). 

1) W. RAMSAY and M. W. TRAveRS. Phil. Tranc,. CA) 197, 47, 1901. 
2) Proc. Dec. 1907. Coml11. NO. 101b. 
J) Proc. May 1910. Coml11. 115, Proc. Dec. 1910, Comm. N0. 118ct, 
I) Fig. 5. 
G) In order to make the diagt'am not l1selessly long, the volumes above 0.040 are 

omilled. The isotherms of + 20'.39 C., 0°.00 C. alld - 57°.72 C. t1l<'reforë oughl 
Lu have heen dl'ftlvn llutil lhe line 1'-1 = 0.040. 

cc::=::::=:::::~_ --- ---
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lsotherms of argon. TABLE la. 

Data. , Series. 

'NO.' 
fJ , P , dA 

, pVA 
I 
I vA 

May 11, 1010 \ XXXV 1 1+200 .39 21.783 20.4CO 1.0627 0.048783 

'" ~ XXXV 2 :!7.320 25 750 6(IG 38821 

» » XXXV 3 34.4-87 32 5!J0 !iR2. ~0684 

July 2, » XXXVIII 1 *37 248 3;).3:\0 51,3 28205 

Dec. ':3, 1003 X 1 37.673 3:J.7jO 535 27065 

» ,. X 2. 49.604 47 310 1,8,J 211:-H 

July'1, 1!l10 XXXVIII 2 *J I (\\)7 :l~.I:H I,:H l(i!lll 

Dec.2R,lüIlO X :1 GI 741 r)o 2jO 1:20 1637.3 

Dec.23, 1000 
I 

IX 1 +18° :30 37 2G1 3-, 401 I ('!i:2G 0.02R:!4R 

,. » IX :! 4ü.:-,8û 47 .~l:i:1 471 2([17 

,. » IX :l G2..4E9 GO.OCO 405 I!lG50 
I 

I [ 1 
May 11,1010 XXXIV I (JO 00 20.576 20.877 0.085GO 0.017910 

» » XXXIV :! 2G 070 20 ;-,81 08077 3-;G21 

» " XXXIV :1 al 572 32 :ll)~ ü7740 3t)Jj8 

Dec.22, 1000 VIII 1 ~lO.743 :n 7R:! 07:230 20168 

» » VIII 2. 19.87'1 ;->1 810 oG201 19290 

» » VlIl 3 U2.2:10 C- "'l-).1 _1 !):i201 Ij308 
I I 

I I 1 

May \Cl, 10 10 XXXII I _17° 72 '17 R72 2:1 309 0.7r021 0.042537 

» » XXXII 2. [:21.-188 '8 :i7~. 7:-)~on :31996] 

,. » XXXII 3 ';tj.228 a3.7D3 7 I(r) I 2D71D), 

Dec.'W, 1009 VI 1 35.127 48 liG 73001 :20783 

" 
,.. VI 2. 40.209 64 948 71 J4.s 13107 

» » VI 3 62.079 nO.üD:' (i8148 11020 
I 

May 10, HBO XXXIII 1 -87°.05 HU 78 25 152 n.04:l20 0.031758 

~ » XXXIII 2 21.031 34.407 0:2810 20013 

Dec.21, '1900 VII 1 33.21::6 5;-).822 ;-)üGI6 17911 

,. ,. VII 2 41.094 71 444 5ï019 '13097 

,. » VII 3 51 7133 94.1325 51100 IOj08 

» » VII 4 61.830 11O.8!~ 51504 O.00S34Hi 
I , 
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jsotherms of argon. TABlE lb. 
-

Data. 
I 

Series. INo.) () 
) 

p 
I 

dA ) 
pVA ) vA 

May Û, 1910 XXXI 'I -102°.51 14 ROt\. 25.rJ7-1 0.5S'130 0.039107 
~ 

~ ,. » XXXI 2. HJ.iDO 35.077 56420 28300 

Apr. 0, » XXII 'I [_0. '1 tja 47.893 51587 2U880] 

» » XX;! 2. [28.840 53.752 530F>4 '18004] 

Dec:! 4, '1909 I 1 32.~\J..1, 02.240 ' 5'2047· - '16067 

Apr. G. 1910 XXII 3 [ 5.784 60.()54 51153 'I {295] 

Dec:14, 1009 I 2 40.970 84.002 48780 11904 

» ,. I 3 45.088 05.802 47063 10438 

» » I 4 51. 3D8 1-15.88 44354 0.0080296 

» » I 5 56 882 '135.63 4'1035 73722 

,. » I 6 62.23\J '158.01 39388 632SCi 

-
May V, 1010 XXX 1 '-.1000 .88 -J4 443 26.242 o 5ö03D o 038107 

I » » XXX 2 '18.053 31,.807 53589 :8730 

Dec.l P, 'lOOD V '1 31.nlp 65.11.2 483ïO IS3-" 

July 'J, 'WlO XXXVII '1 ~31.0:W 66.530 470!)3 lf,OJI 

Dec.18, 1009 V 2. 3D.lûa 87.'176 44027 H"71 

» » V 3 43.718 '102.76 42514 O.OO!J73!5 

» » V 4 40.315 'J25.56 :104:3G .7Dû12. 

» » V 5 5'r 250 148.32 3::577 67424 

July I, '19'10 XXXVII 2 ",j4.85D '152.79 33029 05451 

Dec. 18, '1900 V 6 50.616 180.84 320G!) 55298 

Dec:17, 'J 900 IV 'I -113°,80 3'1,001 67,078 0,46216 0,014008 

» » IV 2 38.005 88.889 42750 '11250 

» » IV 3 42082 'lOG.G8 ,100/0 0.0003741 

» » IV 4 47.655 '129 17 :lû804 774::0 

March4,1910 XV 1 ei!. 752 '152.7'1 32880 (\M83 i 

Dec:17, 'J 909 IV 5 52.188 155.4.0 33583 04350 

March4, '19/0 XV 2 55,763 182.13 30617 54005 

Dec.17, ,I!)O~J IV 0 G5.0nl 'lC'i! .82 30293 MI07 

March Ii, 10 10 XV :3 58.b!;S 212.09 2ïGj:1 4GO:iO 
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Isotherms of argon. TABLE Ic. 

Data. I Series. INO·I f) I p I dA I pVA I vA 

Dec. Ir.. 'I !JOf! II -I -1-15°.ë0 31 _:~2.1 00.947 0.44781 0.014296 
» " II 2 37.788 91.308 4!385 -10852 
» » II :3 JjU08 -108.02 --. :18790 () .0002~7!, 
» » 11 4 Mi GIS 'I :11 ~" :~~40!J 70037 
» » II ;) :,0.:'21, 1:,:>.12 :12442 Ol404 

March:', i910 XIV I ::1_ 204 'l70 _ flit 203G8 55575 
Dec. 15, -I \J09 II 6 [51 8(j5 183.35 2\}\l:23 54539] 

March 2, '1910 XIV 2 57.403 235.47 24410 42468 
» » XIV 3 61.020 319.52 19287 31297 

May 4, 'lû'10 XXVIII '1 -1,wo.02 '13.803 20.480 0.5235:1 0.037765 
» » XXVIII 2 '17.007 31..930 50650 2862-1 

Dec:1G, '1909 III 1 3') 681 OQ.630 44705 '14571 
» » III 2 57.250 \)0.503 41'131 1-1042 
» » 

I 
III 3 41.043 '110. 'J!) 38003 0.0090749 

» » III 4 46.490 133.GU 34779 74800 
l> » III ~ 50 25~ '150.71 3H68 026-12 

March:>, '1010 XIII -I 511.L47 -161.75 31'189 lH 824 
Dec:I (i, 1000 III 0 ['13.059 -180.-15 28;,03 5371!1] 
March'!,IOIO XIII 2 r,1 922 210.02 ~0151 47615 

» l> XIII 3 [~7 017 260.01 22108 38371] 
» » XIII 4 60.000 331.29 18313 30185 

May (I, 1910 XXIX -I -119°.::0 -13.7eO' 20.871 o 51230 0.037215 
» » XXIX 2 '17.378 34.0û5 40700 28600 

Jan. 7, » Xl '1 [30.370 70.314 43200 '14222] 
March 1(1,» XIX I 30.303 70 481 42994 '14'188 
July 1, » XXXVI '1 *JO.3û5 70.580 430i'1 '14168 
March'I~,» XIX 2 34.052 83.257 40900 '1201'1 
Jan. 7, » Xl 2 37.011 ()û.834 38872 -10327 
March'10,» XIX 3 37.923 98.8û3 3831îU 101'15 

" » XIX 4 43.006 '124.97 344.'llJ! 0.0080022 
Jan. 7, " XI 3 [46.082 143 7-1 32Uû5 60583] 
March 10,» XIX 5 4i.97-2 '156.36 30233 63955 
March4, l> XVI 'I [49.294 '172.25 28617 58054] 

» l> XVI 2 5l.670 222.00 23207 li4906 .. » XVI 3 53.044 275.02 Hi2b7 36361 
l> » XVI 4 5f..244 33G 89 '16101 29683 
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Isotherms of argon. TABLE ld. 

Data. Is' lenes. !NO.! f:) p dA pVA vA I ~ 
March1O,1910 XX 1 - 1211° 21,1 JO 809 72..G27 0.42121 O.0137CO 

,. » XX 2. 33.776 82.8!G 40784 1207:'> 

» l> XX 3 37 8So 93 ~HG 38124 10010 

~ » XX 4 lil 60S j 18.51 35!00 IJ 00Stl81J 

)) » XX 5 445\0 13G 31 3~0;)4 73\('3 

March5, » XVII I 47 7.15 10;).70 28771 oom 
» » XVII '2 jO ;l) 1 ~O(j 37 :14:\7:> 48410 I 

I 
» » XVII 3 5::l 2j3 28u ::liJ ISG4:J Jj~~~ \ 

» l> XVII ti 53.101 338.95 1~)093 2050~ 

I 

May4, 19\0 XXVII 1 -121°.21 13.7j1. 27.'320 o 503J3 n.03()305 

» » XXVII 2 17 225 35.'283 48818 2831':2 

March 17,» XXI 1 30 122 71.459 4:2153 13'194 

» » XXI 2 34.0ïO 85 581 S'J!- 11 11085 

» » XXI 3 37 465 100.1'l3 37343 O. 00: M7 -1 

» » XXI 4 l41. 032 1:!3.85 33850 80711] 

I ' , 
XXI 5 45 282 148.05 30402 G71S0 

March5, » XVlll 1 4.7.094 liD 05 27603 58805 -

I 
» " XVIII 2 49 865 234 1'3 21208 42711 

» » XVIII 3 50.fl8:"i 33'1 75 15247 2C)!l(iQ 

Apr.2?, 191u XXiV 1 1-130'>.38 12 ii3 27 SO'f 1 o 4CG:25 1).03ü501f 

» » XXIV 2 (14 384 :lI 58; t-,4:~O 31 GO:-'] 

» » XXIV 3 13.004 31. 720 i:ï108 2R7!Jï 

Apr. li, » XXllI 1 2~ 801 35.8[i 40904 ~7910 

» » XXIII 2 25.5Hl 05 I::n SOlS5 15~r)5 

Jan. 7, » Xll 'I 28.878 77.821 37108 12850 

,. ,. XII 2. (32.993 101.71 324.l8 o OOû831f:] 

I 
I 

Apr.SO, 1910 XXV '1 -13:1°.62 '11.\:180 28.122 0.42620 O.O3~)550 

» » XXV 2 14.586 
I 

35.573 41003 28111 

Apr.30, 1910 XXVI 1 -149=>.00 1I.150 29 183 0.38205 U. (31.~L(\ 

,. » XXVI 2 12.788 31-.040 30910 28~û3 
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Finally, a diagram of the pVA, riA isotbcl'ms is aclclecl to this ptLI;el'l). 
T 

~ 7. lndividual vi1,ial coelticients.~) 

An attempt was madc to }-:cpl'eRcllt t11e isothcl'ms by tne empirical 
cquatioll of sttLte 

tl,ml to evalntLte the iudividntLl vil'üt! coefiicienls. 
Seeing that we coulcl not avail ourselves of meaSUl'ements at Ruch 

sm::tll densities tLS "lYtLS the case "lvith hycll'ogen and hence could not 
calcultLte valueb of AA fol' etLch individutLI isotherm ft'Olll the obset'
vatiOl1R, I the ctLlcnltLtioll was made by llleallS of the eqnation 

AA1' = AAo (1 -+ 0.0036618 fJ) 

AA
O 

was fh'st cnlcnltLLed as tL.:curtLlely tLS possible ft'om 

AAo= 1 - BAo - CAO 

,Sll1ce fol' p = 1, V.1 0 = 1 and D A 0 etc. ma}' be made = 0) anel 

Individual viria1coefficients of argon. TABLE 1I. 

I 

I 
I 

I 
I I t 

I 
AA lOl BA 

I 
10G,C

A 101~DA 

I 
IOlsE

A I 
JO'24FA 

+20°.30 
I I I 

+1.07545 -0 00271 +0 OOROO +432836 

0°.00 +1.00074: -0 73909 +0 00187 +300635 

_570 72 +0. 7892z -1 30400 +1.04010 -067139 . 
-87°.05 +0.08174 -1.û3002 +2 1:'711 -283014 +10.3506 

-102°.51 +0 6~511 -1810W +2.28125 -1 10121 +10.4013 

-100o.8S +O.riDSlO -1 02881 +~ 57060 -4.76310 +10 3231 

-113°.80 +0.58372 -1 07263 +2 30239 +2.40001 +10.2947 

-1'15°.80 +0.57617 -203S92 +2.74407 -2.-15810 +10.2837 -2 35600 

-110° 132 +0 ;-)731.0 -20227 3 +2.:ï0235 -1.20499 +10.2806 -2314.'32 

-lW' 20 +0.50393 -2.04406 +2.31445 +0.65126 +10.2739 -2.17669 

-120° 24 +0.56012 -2.05472 +2 50248 -0.67211 +10 2764 -2.12239 

-121°.21 +0 55658 -2.05084 +2.37741 +0.13359 +10.2783 -2.07246 

1) Fig. 4. 
2) Proc. June 1901. Comm. N0. 71. 
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Deviations of pv A in percents of pv A (R) TABLE IlI. 

I +20°.39 I 0'.00 I -57°.72 I 
- 8io 05 I -IO~0.51 

I 
-1090 .88 

I 

lW-RI dA lin '/0 dA Irn-;f/ d lW-RI 
A in % I dA Irn -o~1 dA I~-RI In °l, dA IW-R in % 

20.499 -007 20.877 +0.03 23.509 +0.10 25.152 +0.21 25.571 +0 20 26.2!!2 +0.21 

25.759 -1-0.02 26.581 -001 [28.575 -0 17] 34.467 +0 CO 35.077 o 00 3!!.807 +::l 3.:\ 

32.590 +0 16 32.302 +0 06 33.793 -0.00 55.822 -0 C6 [47.893 +0.1,7] 65.142 +0 11 

*35.330 -OOi 37.782 -003 48.116 -0.03 71.4!I!I _') 05 [53.752 +O.lii] *66.530 -O.:!4 

35.759 -0.12 51.840 -0.04 64.9~8 -1-°. 01 94.625 -0.10 62.240 +0.08 87.176 +0.01 

47.319 -0.01 65.325 +002 90.695 +0.01 119.8!! +O.I~ [69.95!! +" Ij~] 102.76 -02fi 

59.134 +0.12 8!1.002 -0.\3 125.56 -0 24 

*59.250 +0.01 95.802 -0.22 US.32 - U 17 

115.88 -0.22 *152.79 -04ü 

135.65 ° 00 180.84 +O.lll 

158.01 +031 

-113°.80 I -115° 86 I -116'.62 I -1190 20 I -120° 24 I -121° 21 

dA I~-RI dA I ~-RI dA I ~-R / dA /lf-R IdA /lf- R I dA I ~-R In Of" In % In % In % In % In "/0 

67.078 tO.O:; 69.947 -0.20 2M80 +0.3Ci 26.871 +0.32 72.627 +0.03 27.326 +0.20 

88.889 -1-0.09 91.308 +0.27 3!!.939 +013 311.965 +0.31~ 82.816 +0.18 35.283 +0.21 
I 

106.68 -009 108.02 +0 07 68.630 +0.10 [70.31l.! +0 C8 99.2l.!6 +0 1~ 71.l.!59 -0 '15 

129.17 -') O:'l 131.51 -0.f6 90.563 +003 70,l.!81 -033 118,51 -002 85,580 -1.10 

152,71 -0.0::1 155,12 -0.12 110,19 -') 22 *70580 -02:1 136,31 +0 15 100,33 -'):ü 

155,.,0 +002 179,94 -0 Iq 133,69 -Cl 10 83,257 -".~3 165,79 -0.07 [123,85 -;-0 IC] 

182,13 +0 11 [183,35 +2 24] 159,71 -0 13 96,83!! +021 206,57 +0.72 1~8.95 O.CO 

18!!,82 -003 235,47 +03> 161,75 - 0 2:1 98,863 -02B 280,25 (+2.71) 170,05 0.00 

212,99 +00.:\ 319,52 -0.09 [186,15 +0.1/] 124,97 - 0.20 338,95 -0.00 23U3 (+I.!)~I) 

210,OZ (+0.5~) [l!l3,71 + () .72] 333.75 ° on 
[260.61 +1.44] 156,36 +0.26 

331.29 -0.05 [172,25 +1 O~] 

222.69 (+2.47) 

275,02 (+4.12) 

336.89 -0.12 

I I 
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H. KAMERLINGR ONNES and O. A. CROMMELIN"" Isotherms of monatomic gases and of their binary 
,mixtures. VII. Isotherms of argon between + 20° C. and - 150· C." 
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Pl'oceedings Royal Acad. Amstel'dam, Vol. XIll. 
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H. KAMERLINGH ONNES and C. A. CROMMELIN. "lsotherms of monatomic gases and of tbeir binary 
mixtures. VII. Jsotherms of argon between + 20° r.. and - 150Q C." 
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Proceedings Royal Acad. Amstcl·dam. Vol. XIII. 

p,{I{O 



- 15 -

( 625 ) 

BAo CAO 
pv A = 1 - BA - CA + -- + -.--o 0 0 VA

O 
v' .110 

Anel seeing on the other hauel that the elensities attaineel are not 
sufficiently great to all ow of the calculation of the last coefficients, 
values of BA anel FA anel somelimes too of D A (insofar as they bad 
to be allowed fol') were obtailleel by combining thc critical constanrs 
publisheel a sl!()l't time ago wlth lhe set of l'educed virial coefficients 
VII. 1. SOllltioJls fol' the olher coefficients ,vere then obtained fol' 
cach isothet'm fl'om a munber of suitalJle chosen points, anel were 
tesled with the obsel'vec1 resnlts, Finally, correspondence was made 
as satisfactol'Y as possible either by least squal'es or b.r the metnoel 
of E, F, VAN DE SANDE BAKHUYZEN 1) .. 

Tn tbis way the inc1iviclual cûefficients fol' each isotherm given in 
ta,ble Il wet'e obtaÏllec1. Nnmbel's borroweel fl'om the l'ecluced coeffi
CieJltS VII, 1., are pl'inleel in italics, 

With these coefficients values of PV.l wem calculaiec1; table IIr 
gives percentage eleviations of calculatecl l'etiults from obsel'veel Olles. 
In tllis table L 1 allll;' llave thc same significance as before. Deviations 
placcc1 bet ween () ar'e so tt'eated because tlle observations to which 
they belong were not llseLl in the a(\jusiment of coefficients; tbis 
was done fl'om consic1emtion of the c1ifficulty of obtaining agreement 
with a fOl'll1ula of whose constants only lh1'ee are c1el'iveel from 
obsel'Vatiolls in that lleigltbourhood. 

Chemistry. - "On tlw l'eaction pl'ocluct,'1 oj potassiwn isocyanate 
(md dimninoacr:tone ltydJ'ocldol'ide. Amino- anc! ul'wp1'opylene
twez'ne." BJ' Prof. A, P. N. FRANCHIl\fONT and Dr. J. V. DUBSRY. 

(Communicated in the meeting of November 26, 1910). 

More thn.n tht'ee yeal's ago (Febrnary 23 j 907) 1 called a.ttention 
to the imporla.nce which the knowlerlge of acefoneul'eïne would have 
1ll all8wering the question as to ~be action of nih'ic acid on hetero
eyclic compollnds consisting of two CO-, 1WO NH- and two OH

2 

gt·oups. or the elovon theol'etically possible isome1's, there are two 
which ure mea del'ivatives, namely hydro-uracil anel ~ceJ~I1el~~eïne. 
'rhe lil'st has been investigated as to its behavioul' with nitric itcid 
by myself and FIUEDl\IANN, the second has not been obtained as yet. 

1) Proc. July 1Il06, Comm. ~o. 95a, 


