
Physics. - "Isotltemu of di-rttolll.Ïc snbstances mul their binary 
mi:ctUl'es. XX. The critica! cnrve of o:cy,qell-llitrogcn mixtU1'CS, 
t!te critica! }Jltenome11a aw' some iiiotlte1'7ns of tlVO mi.'viures 
1/Jitlt 50% mlli 75°/. by vo!ullle of {/,1~y,qen in the ne~qld)OU1>!tood 
0/ t!te critic/tl point." Ky J. P. K(mNF.N t, T. VERSCHOYJ.E and 
A . TH. VAN UHI\. Uomrnllllieatioll No. ·161 from the Physical 

Laborat.ol'Y at Leiden. (DI'. K AMJ<~HJ.lNGII o 1'\ N1<:S, holding his 
deeri)' I'egl'elled frielld ill alfeetiollale memory, is glad 10 
perfol'm Ille hOllollrable lask of pl'ei;elltillg fOl' the Pl'oceedings 

apapel' by Ihe late DI'. KIl~;N~~N which w~s made almost 

ready 1'01' the pl'ess), 

(Communicated at the meeting or November 25th , 1922). 

; 1. 11l17'oc/uction. 
This wOl'k is a conlillllation of that of KIJENl<:N alld CLARK 1), the 

iltvesl.igations, howcvel', heilig cUlTied 0111 in SII('h a way as 10 allow 
of the eOltstl'lIdioll of complele iSOlhel'H1s, which involved a slight 
modifical.ioll of the apparailIs thell lIsed. Tlle lIIixtlll'eS 011 whieh 
meaSlll'ernelllH wel'e made, t'olliained I'espeet.ivel.r 50 °l. and 75 °l. 
hy volume of oxygell, and it was I' 011 lid t.hat these gave slltlicielll 
dat.a 1'01' I he ('Ollsi 1'11('1 ion of t he cri t iral cune. Th is was found 10 
he alllIost a slraighl lille, while both erilical eOllslallts proved 10 
he all al most I i neat' fllllctioll of tlre COlli posi I iOlt. 

~ 2, P1'epamtio'/l of t!te mixtu1'e.~. 

A simple mixing appal'aills was employed, ('onststlllg essentially 
of a. measuring-bulb of abollt a litl'e eaparity, slltTonnded by a 

walet'-jarket and cOlllleeted with all opell mallometel' tnbe, in 
\vhich tlle gases to be mixed wel'€' measured, and of a mixillg bllib 
of some 2 litt'es capacity. Tlrl'ougll 3-way taps the bulbs eould be 

pil t. in cOllllert ion w i th eaclt Ol hel', Ille SOlll'Ce of gas, t he piezornetel' 
10 be lilled, alld a vaCllum pump, uS migllt be desil'ed. In measlll'ing 
lhe I'elative qllalltilies of Ihe gases to be mixed, the met'clll'y was 

I) J. P. KUENEN and A. L. CURIL These Proc. XIX (2) pg.1088, Webr. HI17.) 
Leiden Comm. NU. 150b. 

4 
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always bl'ouglll 10 a mark on the stem below the measUl'ing-bulb, 
when the presslIl'e-diffel'enee was read wilh a calhelometer, allowing 
for Ihe height of the barometer, wllile the temper'alllre of t.he 
waterjacket was observed. 

The oxygen was prepared fr'om pllre potassium permanganale I) alld 
the nitt'ogen ft'om solntions of sodillm nit .. ite and ammollillm chloride 1). 
In the pt'eparalion of lIilrogen the air' was th'sl dl'Ïven out by carbon 
dioxide; 10 free the nitrogen from the remaining carbon it was 
fl'Ozen out in liquid oxygen boiling unde .. reduced pressure, before 
being lIsed. The Ihsl part of the evaporating nitl'Ogen was pumped 
otf, and the next part nsed 10 til I the apparalus ; the l'esidue was 
also removed, 

~ 3. Appamtus. 
rt. Piezomete1'. 
The llsl1al type of piezometer nsed i n I he Ittborarory at Leiden 

was elllplo'yed . The voillme of Ihe large r'eservoir was some 500 em l
. 

and t.hat of Ihe slllall resen'oir abolIl j ('m'. The form of !.he lafter 
ditfered from that IIsed in COHlIII. N°. 150b as an other melhod of 
stil'l'ing was adopled, to avoid the dit1Î!'llllies menlioned there. II 
consisled of a capillal'y abollt 50 ('m . long C, with a bor'e of 
+ 0.2 mm., and a cylindrieal bllib U, abont 10 cm. long, whieh 
was carefllll)" J'Ollnded al the lower elld, so that the slirrer' l' con­
lained within (a short lellglh of iroll wire enclosed in a glass tube) 
eould reach the extreme end, thus avoiding any dead space. The bllib 
R was gradllaled; and, as its sectioll and the \"oillme of the stirrer 
were known by previolIs ealibration, it was possible 10 estimate the 
,'oll1me of an)' liqnid formed ill it. The reservoir was calibrated as 
a whole aftel' tts constmctioll had heell l'ompletely fillished. 

b. Manomete1'. 
Press\ll'es were read on the closed hydrogen manometer M. 60 I), 

For the al'l'angement of the presslll'e cOllllectiolls and of the piezo­
meter, reference ma}' be made 10 Comm. N° . 971l. (Plate 1.) 

c. Cryostat. 
The cryostat contained, hesides Ihe small reservoir R Iwo platinllm 

resistance thermometers rV for reading the lelllperalllre, a stirrer B 
for the cryostat liqllid (in this case ethylene), and tlre lIsHal allxilial'Y 

1) H. KAJlERLINGH ONNES, C. DORSMAN and G. HOLST . Proc. XVII (~) PI. 900. 
l Dec. 1904). Leiden. Comm. N°. U5b. 

~) These Proc. IX p. 754 (Dec. 1906i. Leiden t:omm. N°. 97a. 
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capillary H, a simple helium thel'mometel,1) for ascertammg the 

H 

v 

mean temperatnre of t he porti on of the 
small I'esel'voir capillary within the CI'yO­
stat, but above the Iiquid, as weil as t.he 
necessal'y tuues for the introdnction and 
I'emoval of the et.hylene. 

The connections, required fol' the reg­
ulation of the pl'essure within the cryo­
stat may be seen in Plate 1 of Oomm. 
N°. 97a . 

The method of stirring the gaseolJs 
and liquid phases within the small reser­
voir bulb was as follows: round the 
bnlb was fitted a soft iron sheath, which 
could ue moved vertically up and down 
bJ' means of an electro-magnet E above 
the cl'Jostat, in the same way as the 
liquid stirrer is wOI'ked. ") In the lowest 
position of the sheath m (which is of 
abont the same length as the reservoir R, 
and abont three times as long as the 
stilTer), the lower edge was at the level 
of the bottom of the bulb R; in the 
highest position of mits lower edge was 
raised to flllly two thirds of the height 
of the bulb R. In ordel' to be able 10 

obtain a clear view of tlle whole length 
of the bnlb R, t.wo slits were cut out of 
opposite sides of the sheath m, and t,he 
la tter so al'l'anged that these slits wet'e 
in line with the clear stdps in the silver 
surfaces of the vacuum-glasses. Round 
the outer glass a ring electro-magnet m 
was placed with the bottom surfaces slightly 
above the level of Ihe top of the blllb R. 
Hy a correct adjustment of the CUlTent 
cil'clllating through this and the weight 

Fig. 1. of the iron sheath m, it was possible to 
raise and lower HIA latter, which carried the sInall stirrel' l' witlt 

1) These Proc. IX pg. 754. (Dec. 1906). Leiden Comm. N0. 97a. 

'I Tht!se Proc. XX (2) pg. 991 (June HH 7). Leiden Comm. No. 152a (§ 3). 

4* 
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it, 1'10 that the gas and liqnid phases 111 the hllib conld be stil'red 
as requil'ed, I) 

~ 4. Obse1'vations and p1'ecrl7ttions. 
BefOl'e commencing the wOl'k at low tempel'atl1l'es, isotherms were 

experimentally detennilled 1'01' the two mixtures at 20°, the ealcn­
lations beilIg cal'l'ied out on the lines of Comm. N°. 78 . The valnes 
of the expansioll coefficiell ts fol' the mixt lires 

1 [( aVA-) J20 
a=~ T. }J 0 

I'eqnired in the calculatioll of the i'sothel'ms wel'e intel'polated as 
lineal' fnnetiOlls of the ('Olllpositioll fl'om tlte cOlTesponding values 
of Ihe pnl'e gaseli, t he error i 11 \'oh'ed hei lig- lIegl igi bie. These val lies 
were, ill the case of oxygell, tltose fOlllld by KAMI·;IU.INGH ONN~:S and 
HYNL>MAN') alld , in the case of llitl'ogell, calelliated fl'om isot.hel'lns 
detel'lnined at 0° alld 20° hy one of' liS, whi('h are not Jet p"blished. 
These 1I0rlllai tempemt,IIl'e isotherms wel'e detel'lnined with small 
reservoirs ± 5 cm' voillme. Fm gl'eatel' (~ertaillt.r a secolld series 
of' points wel'e detel'lnilled rol' tlte 75 % oxygen mixture II sing the 
small reservoir of ± J l'm~ of tlle piezometel' nsed in t,he cI'itical 
zone as a leak occIIl'l'ed dUl'illg tlte lir'st sel'Îes, alld consequenti,)' 
onlJ the nOl'mal voillme detel'milled at the elld could be used in 
the calculations. The agreelllent of Ihis co 11 trol is satisfactory. 
Isotherms were made ovel' a l'allge starting abou!. 5 degrees above 
the temperature of the critical point of ('olliaet, and extf'nding as 
low as the proportions of the piezometel' allowed, i.e., 6 degrees 
below that tempemtllre fol' the 50% mixtnl'e, and 2~ degrees for 
the 75°/. mixtIlre. The tempel'atlll'e intervals wel'e in general some 
2 degrees, bilt, in the lIeighbollrltood of tlte zone, we re reduced to 
1/,. degree Ol' less . All ouservatiolls were made with rising pressnre, 
the impol'tance of' which fact is insisted on in Comm. 150b; and, 
aftel' finishing anJ series, the pressu/'e is completely l'eleased, and 
gas in the piezometel' weil mixed by sllccessi\'ely raising the pl'esslll'e 
to 10 atmospltel'es Ol' so alld lowel'i ng, befol'e pl'oceed i ng to a Ilew 
series. Whell only olle pItase was present, the pl'eSAlIl'e st.eps wel'e 
of the ol'del' 2-3 at.mosphel'es, Uilt, whell two were pl'esent, and 
lIeal' the critical zone, tlte)' were I'edllced to a few .ent.hs of' an 
atmospltel'e alld sometimes l!te misillg was aC('ompliAhed byeveIl 

') A. VAN ELDIK. Amsterdam Akad. VersL Mei-Julli ]897. Leiden Comm. N0, 39, 
') These Proc. IV pg. 761. (Maart 1902). Leiden Comm . N°. 78. 
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smaller steps. As soon as two phases are ~l'esent , the equilibl'ium 
becomes extremeI)' sensitive 1.0 tlle smallest cllange in pressllre Ol' 
temperature, and tllel'efol'e the quantities t.hal detet'mine the condi­
tiOlIS of equilibrium III list be kepi as constant as possible. In tile 
critical zone, an alteration of n hlllldredth of a degl'ee in the tempe­

mtlll'e will cause Ihe rnercury in Ille stem of the piezometer to J'ise 
Ol' fall by millimeters. A Ithollgh the end-poillts of condensation c.onld 
be fairly acclIl'ately observed, pl'ovided Ihe pressul'e-incl'eases were 
made with extreme eal'e the tenctelley of thf'! liquid phase 10l'emain 
Ollt, despite vigol'olls stiJTillg, did not allow of accurate ooservatioll 

.I. l.,s 
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of the bepinnin,r;-point. Bolh poillts wel'e ltccol'dillgly gl'aphically 
laken fl'om I he isothel'lIIs by li nd i ng t Ile in tel'sedioll of I he olie- . 
phase alld two-phase portions of the lattel'. E\'ell ill tllis way onlJ 
vet'y appl'oximate resltlts call he obtailled ill tlle critical zone. 

'['he cl'itical phenomena were weil ohse l'ved, uolh as I'egal'ds Ihe 
Iypical opalescellce at alld lIear tlle plait-poiut, nlld the pt'ocess of 



54 

---------~--------~------+-~ 

'" 

\) 

~ 
"l 0-

Ç) ~ ~ '" 
Ç) Ç) 

"-I Ç) '" Ç) \)' 
",' ;..~ ,,' Ç)' ei' ei' Ç)' 

Fig. 3. 



retrograde condensaliolJ, although Ihe latler was limited 1.0 a rail ge 

of 0.13 degree at most. 
As an illustration of the perfeclion to whi(~h the regulation of 

pressllI'e alld ternperaw.-e has heen urought ilJ the Leiden LaboratorJ, 
the 50 ' /. mixtul"e wa!'! mainlailled IInder Ihe plait-point conditions 
tOl" over all hour, tlle bille opalescelJee being continually there, 
whi Ie art i nd elillite meniscus all el'rlately appea.red and disappeared 
ill the middle of the ullib 011 slil"ring·. Frorn the reslllts a p, VA 

graph fol' each mixture is conslrlleted, alld tlw poillts of beginlling 
and end cOlldensalioJl determilled as previoll s ly stated: Ihe border 

curve is drawIl through these. It was found Ihat the two-phase line 
during Ilte period of observalioll is to all intents alld purposes a 
slraight line, althollgh, in t.lte ease of Ilte 50°/, mixture, Ihe tit'st 
poillts detel'lnined aflel' condellsalioll lie below this line on every 
isotherm. This ean hardly ue explained by ally delay in tile appea.­
rallce of the liqllid phase (w hielt wOllld gi\'e the reverse etTect), and 
the deviation is far greatel' t.han ally el'l'ol' of obsel'vatioll, 

The accuracy of I he pl'eSSlll'e detet'lninalioll is at least 1 in 5000 I); 

th at of Ihe tempel'atlll'e reading withilI O.O~ of It degree, while Ihe 
probable observatioll el'l'ol' of t.he volumes is 1l0t. grealel' than 1 in 

2000 whell olie phase was present, alld 1 ill 200 wItelI two phases 
were present - aparl fl'om a possible cOllstant ealibmtion el'ror of 
1 in 500. 1'0 elilllinaie Ilte last el'l'ol' it would have heell necessal'J 
to lIIea8111'e a few points of the isotlterm of 20 0 C. of hydrogell 
witlt tlti s piezomet.er, and 10 compare Ilte I'es ltlls wilh tlte accllrate 
isotherm of SCHALKWYK, But as such accllracy was of liule unpol'­
tallee in 0111' case, Ihis was 1I0t dOlle. 

The I'eslili s for the two mixtures al'e given below wilh : 

p = press lJr~ in atmosphel'es. 
VA = voillme, expressen in the 1I0rlllai voillme. 
V L = voillme of' liqllid, expl'essed iu volume of' Ihe smalll'eservoir. 

8 = tempel'ature on Ihe pI'ovisional intem. Kelvin scale, redll(~ed 
by 2n.09. 

The eOlldensatioll points, as fOlllld from Ihe P,VA gl'aphs, al'e 

plotted 011 a I),l (t = 8) graph; the I'esults of KUENI!;N and CLARK 

beiug incillded on the sallle gmph. (Fig. 4). The vapOlll' pressures 
of pure oxygen I) alld nill'ûgen 8) al'e also plotted, and the critical 

1) C, A, CROMMELIN and Mej. E. J. SMID. These Proc. XVlll (1) pg. 4n. Leiden. 
Comm, Leiden , N°. 146c, 

') H. KAMERLINGH ONNES, C. DORSIIAN alld G. HOLST, I. C. 

S) C. A. CROMI4ELIN, These Proc. XVll (2) 95!:J (Dec. 1914.1 Leiden Comm. NU.145d, 
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Clln'e drawn talJgential 1.0 the varIOlIs hordel' Cllrves, tOllching those 

in the plait points. 
By plotting V /. the volume of the liquid agaim;t VA a series of 

curves are obtained which ('learly show the pl'ocess of )'etrogmde 
eondensation in the ease of the 50'/0 mixtlll'e I). 

A pec1llial'it.y of the last mixtlll'e is that all t.he lines in this gntph 
go throllgh the poillt VI. = half the vollInIe of the slllall l'e~el'voir, 

whieh means t.hat the eOI'l'esponding line of constant division of 
volume is a line of constant V.'I, Illel'efol'e ilJ !.he IJ,VA diag)'am it 
rnns pantllel to the p-axis '). 

Ir a ciA, t gmph is drawn, a diameteJ' is obtailled whieh is 
)'ectilinear (as fol' a pure substallce), bilt whieh is strongly (,lIrved 
towards the tempemture axis at the extrema end, though in Ihis 
zone, the IJosition of the poillt as fOlllld must be necessarily rathel' 
qualitative than. ql1antitative. 

The plait-point eonstants wel'e fOlllld to be: 

50° /. V. Mixture . 
(series XIV. 4.) 

p 41.90 

0 .00358 

75' / 0 V. M i.r:tw'e, 

(series IX. 5.) 

45.89 (observed ) 

0.00336 (f!'Om P,VA gmph) 

(observed) 

The cl'itical point of cOlJtad eOlJstallt s were fOlllld to be: 

(series IX. 4,) 

1'A 

41.90 

0.00404 

(series X. 3). 

45.86 (from P,VA graph ) 

0.00375 (from dA,t gmph) 

(observed ) 

Fol' the eritical poillt of contact temperatlll'e it was found that, 
at 0,01 of a degl'ee above it no condellsatioll was, of COllrse, observed, 
allel at. 0,01 helow there was a momental'y, bilt ver} evident COII­

densation, 

I) J . E. VEIISCHAFFELT. These Proc. Lpg. 288 (Dec. 1898.) Leiden Comm. Nn. 4.5, 

~) Leiden Comm. Suppl. NO. 23, p. fll. Ene, Math. Wiss. VlO. 
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Results fol' the mixtul'e 50°/. 0.- 50 °l . N •. 

lsothum of 20° C. 

Point. I p P'VA I Point. I P 

1 34 .24 32.39 1.0573 7 52.34 

2 37 .55 35.56 1.056\ 8 46. 25 

3 41.39 39 .25 1.054~ 9 41.1 2 

4 46.41 44 .07 1. 0531 10 37.28 

5 51.88 49.37 10508 11 34 .03 

6 51.85 49 .35 1.0507 

49. 82 1.0507 

43. 91 1.0533 

38 .99 1. 0546 

35 .28 1.0567 

32.17 \ .0579 

60 ___ ---, _ _ __ ~------ .. - ----_,_-----,-----
r-- I - ----;- - ---1 
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lsotherms at low temperature. 

Poiot I p 
I 

VA 

I 
VL 

I 
0 I Poiot I p 

I 
'VA 

I 
VL I (j 

I. I 37.12 0.01080 -- 120°.76 IV. 1 35 .4\ 0.00882 - 13:!0.O6 

2 44 .81 00793 8 2 37.95 749 6 

3 54.30 533 6 3 40.33 615 6 

4 41.91 495 7 
11. I 36.57 0.00994 -125°.97 

5 42.61 398 6 
2 43.23 721 7 

6 44.17 290 6 
3 49.95 481 8 

7 52.44 239 6 
4 56 . 13 322 7 

IX. I 35.08 0.00886 - 132° .51 
lIl. 1 35.65 0.00907 - 130°. 90 

2 37.57 751 I 
2 38.38 771 0 

XV. \ 39 .03 670 2 
3 41.03 639 89 

IX. 3 40.34 584 1 
4 43.16 513 9\ 

XV. 2 41.02 532 2 
5 44 .35 418 0 

3 41 .60 458 2 
6 45.26 345 0 

IX. 4 41.90 404 3 
7 46 .73 295 0 

5 42.13 369 0 
8 50.18 26\ 0 

XV. 4 42.25 347 2 

5 42.78 303 2 

IX. 6 43 .38 285 1 

XV. 6 46 .60 253 2 
I I I 
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P()i nt 
I 

p 
I 

VA 
I VL I 6 I Point 

I 
p. 

I 
VA 

I VL I r; 

X. I 41 .84 0.0041 0 0.051 - 1320. 56 VI. 4 41. 69 0. 00306 1.000 -- 132°. 00 

2 41.89 403 029 5 V.6 42. 16 284 
I 

3 

3 41 .93 395 000 5 XVI. 6 43.13 268 i 1 

- '132° .61 
7 45. 78 251 

I 
2 

XII. 1 41.60 0.00436 0.042 

XI 1 41 .62 433 046 0 XVII. I 34 .52 0.00843 1-1340.50 

XII . 2 41.77 406 107 0 2 35.89 757 2 

Xl. 2 41. 85 392 \38 \ 3 37.03 680 \ 

XII. 3 41.92 379 068 0 4 37 .60 624 0.030 I 

Xl. 3 41. 95 372 000 \ 5 37 .98 574 054 3 

XII . 4 41.97 373 000 0 6 38.4\ 478 \77 2 

7 38 .58 442 240 2 
XIlI. \ 41.46 0.00455 0.000 -132°.64 

8 38 .80 390 369 ' 2 
2 41.75 399 151 4 

9 39.0\ 346 524 2 
3 41.89 369 268 4 

\0 39 . \4 318 653 1 

- 4 41.91 366 186 4 
\1 39.33 277 9\6 2 

5 41 .9 \ 366 000 4 
, 12 39.40 267 978 3 

XIV. I 1 4\.40 0.00455 0.026 - 132° .67 13 39.46 263 1.000 2 

2 41.61 413 123 7 14 40.15 256 I 

3 41.89 362 350 . 7 15 42 .64 242 2 

4 41.90 358 430 6 \6 44 .25 237 2 

V. I 35.12 0. 00867 - 133° .01 xvm I 33 .21 0.00860 -135°.98 

2 37.58 728 I VII. 1 34.32 790 \ 

3 39.67 594 3 XVIII. 2 34.85 733 0 .002 8 

XVI. 1 39.92 574 3 VII. 2 35 .2 \ 692 037 1 

VI. I 40.62 499 0.031 2 3 35 .66 584 lOl 3 

XVI. 2 40.65 527 2 XVIII. 3 35 .82 52\ 175 7 

V.4 40 .73 482 54 1 4 36 . \4 459 255 7 

VI. 2 41.03 421 192 0 VII. 4 36 .60 382 408 \ 

XVI. 3 41.08 408 235 2 XVl\I . 5 36.90 302 677 7 

VI. 3 41.29 373 356 - 132 .99 6 37 .09 262 877 6 

V. 5 41.34 358 472 - \33° .03 VII. 5 37. 19 246 990 2 

XVI. 4 41.46 336 648 2 6 37.56 242 1.000 2 

5 41.62 310 2 XVIlI . 7 39 .77 234 1 
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Point 
I 

p 
I 

VA 
I 

VL 
I 

& 

XIX. I 32.02 0 .00842 0.000 - 1380 .02 

2 32 .31 755 048 2 

3 32 .51 684 082 2 

4 32.18 621 123 2 

5 32.98 564 165 2 

6 33 . 16 514 219 1 

1 33.37 451 219 2 

8 33.54 41 5 349 2 

9 33. 65 382 414 2 

10 33 15 355 480 2 

11 3:1 .84 331 540 2 

12 33. 99 293 663 I 

13 34.11 263 792 I 

14 34.16 253 843 I 

15 34.24 230 1. 000 2 

VIII. 1 21.69 0.000 -1400. 95 

2 28. 99 0 .00585 186 5 

3 29.41 452 316 5 

4 29.85 322 544 4 

5 30.09 227 901 6 

Resnlts 1'0 1' th e mi xture 75 "/. 0 , - 25 % N. 
Isotherm of 20° C. 

Point 
I 

p 
I 

dA 
I 

P V A I Point 
I 

p 
I 

dA 
I 

PVA 

I. 1 51. 68 49. 49 1.0441 11. 1 36 .91 35 .08 1.0521 

2 45 . 18 43 . 15 1.0471 2 42.90 40. 89 1.0492 

3 40 . 12 38.20 1. 0503 3 48. 79 46.63 1.0464 

4 35 .91 34 . 14 1.0520 4 56.40 54.08 1.0429 

5 32.69 31 .01 1.0542 

6 28 .89 21 .34 1.0564 
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lsotherms at [ow temperature. 

Point I p 
I VA 

I 
VL 

I 0 I Poi nt I p 
I VA I 

VL I 6 

I. 1 33.93 0 .01 206 - 119° .95 11. 7 50 . 16 0 .00426 - 1220 .41 

1 35 .00 1151 1 8 52.05 321 6 

2 31 .20 1045 5 9 54.1 5 280 6 

3 39. 31 0956 5 10 56.41 260 6 

8 39 .55 944 6 -
I 

1\1 1 32. 11 0 .01159 -1 25° .00 
4 42 .21 835 5 

5 45. 54 115 4 
2 35. 59 1006 0 

9 45.88 104 6 
3 38 .40 0869 4.99 

6 48.66 60R 4 
4 41. 19 131 5 .01 

10 50 .64 540 1 
5 44 .28 587 I 

11 53 .36 443 8 
6 46 .04 467 1 

12 55.97 355 6 
1 46 .83 359 I 

13 59.13 294 1 
8 41 .51 293 I 

9 48 .13 265 1 

11. I 33 .29 0 .011 83 - 122° .47 10 50 .60 248 2 

2 35.82 1055 6 

3 38. 60 0926 6 

4 41 .12 193 6 

5 45.00 661 1 

6 48.02 535 6 
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I Point 
I 

p 
I 

tJA 

I 
VL 

I 
U I 

--

Point 
I 

p 
I 

tJA 

I 
VL 

I 
(j 

VI I 32.68 0.01149 -125°.42 VII. 6 45.65 0.00326 0.631 - 125° .13 

2 35.91 0913 3 1 45.10 301 1.000 4 

3 39 .30 81 3 2 8 46. 19 271 3 

4 42. 54 651 2 
IV. I 32.53 001143 - 125°.96 

5 44.89 520 1 
2 35 .93 0959 6 

6 45.61 440 2 
3 39 .41 789 8 

7 45 .93 382 2 
4 42. 37 641 1 

8 46 . 14 346 3 
5 43.68 561 7 

9 46 .59 294 2 
6 44.61 414 0.000 7 

10 41 .95 261 2 
1 44.15 460 025 6 

I 
X. 1 45. 89 0.00369 0.041 - 125°.53 8 44.91 415 142 6 

2 45. 90 345 53 3 9 45 . 15 361 368 6 

3 45 .86 315 000 3 10 45. 43 291 901 6 
I 

Il 45.51 287 1.000 6 
IX. I 45 .49 0 .0041 9 0.000 -125° .60 

12 46 . 11 261 6 
2 45 .12 366 236 0 

13 48. 83 248 6 
3 45.81 341 394 0 

4 45 .85 333 648 59 V. I 32.74 0.01016 -121°.99 

5 145.89 336 / 1.000 1 60 2 35.41 0926 8 .00 

3 38. 10 785 0 
VIII 1 44. 89 0.00394 - 125°.64 

4 40. 19 663 0 
2 45 . 36 433 0.000 4 

5 40 .89 609 0.000 1.99 
3 45.46 408 18 4 

6 40. 95 592 020 9 
4 45 .59 318 199 3 

7 41.14 529 090 9 
5 45.15 343 455 4 

8 41 .38 462 186 9 
6 45.80 328 682 4 

9 41.55 409 289 9 
7 45 .83 321 1.000 5 

10 41 .10 311 389 8 .00 

VII . I 44.43 0.00523 --125°. 15 11 41.88 318 569 0 

2 45 .09 453 5 12 42 .04 288 709 7.98 

3 45 . 12 448 0.000 4 13 42.19 244 994 9 

4 45 .38 318 239 6 14 42.28 242 1.000 9 

5 45 .50 354 384 4 15 43 . 11 236 8.00 
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111 r,Olldn sioll it is OUI' pleasanl dnty 10 tltank Miss H, VAN D~:R 
Ho HS'1' and MI'. ,I. D. A, HOKS rOl' lheil' cal'eful I'egulation of llte 
tempel'allll'e, alld MI'. L. Ol)w~;ngIWK alld MI', C. F. JJ, KRAAN~;vm.D 
fOl' tlte technical skill witlt wltielt lltey Itelper! liS dnl'ing Ilte wltole 

eoul'se of tlte lIIeaSlll'emelll s. 




