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The temperatnre of lhe expel'imelltal t\lbe wa& rcad with all eye
glass to within 0°.01 on all "Ein&chhlbblhel'lllOmeter", divided into 
0°.1, wHI! a scale on milkglass. From time to time this ""as 
compared at different temperatures w ith a similal' thermometer testeel 
at the Reichsanstalt with the air the1'momcter, while the variation 
of the zero of Llte Iatter in the 111ean time was acconntecl for anel 
also the tempol'al'y clepression of the zero, which, aftel' t11c thermo
meter had for a long time been heatecl at 48° C., amounted to 
0°.02 5 C. 

6. Heduction 0/ tlte oUiflJl'vations. In cases where, in contrast 
10 the delcl'lllination of the plaitpoint and tIle point of contact of 
the mixtlll'es and tlle critical point of carbon dioxide, the greatest 
possible COJl&tttl1cy of the tempel'atnre was not ab&ülutely necessary, 
ihe tempCl'atlll'e dUl'ing the cletel'111ination of an isotherma} which 
la&Led on all average frOlll 3 10 4 hours was allowed to var.)' a few 
ltlll1dl'edths of ,l degl'ee. For the l'ednctioll 10 one tempemtul'e, 
temperatme cocfficients fol' thc different voltulles were del'ived fi'om 
the observations. 

In the two serics, one at an ahvays increasing, tbe other at all 
alwaYb decl'easiug' pressul'e, pl'eSblll'CS were meaSlll'ec\, cOl'l'espollding 
10 c\iiJ'el'ellt yolullles, ",hielt in the two series difl'el'cd but little. 
Pl'es&lIl'cs ,yere derived fl'oJll Ihem fol' the S,1,111e yolume and th en 
tbe mean \\'as fOlln(1. 'vVhen it fippeul'ed that thesc pl'eStillreS ag'l'eecl 
sllfiiciently (COlll~), ~ 4) wc luwe aftcl'wanl& simply taken fol' two 
cOl'l'esponding points the mcnn of the volume anel the pres&Ul'e. 

Physics. - "lsot!tel'mal~' of tni,L'lUI'IJS of O,L'y!/1!n mtel caJ'vun diu,uide. 
j V. jsot/U3J'/nat.~ of pw'e clu'bon dio,eide between 25° C. anel 
fiOJ C. (lilt! between 60 allel 140 atlllosplte1'eli." By VV, H, KE1SOi\I. 
COllllUlI1lÎcation N°, 88 (4 th part) fl'OIll the Physical Labomtory 
,lt Leiden, by Prof. H. K.\lInmw\GH OXNE&. 

~ 1. Reason fV1' tlw iltve.~t(qatioll of carbon diootide. Althollgh thc 
isotherlllnls of carbon dioxide have been cxten&ively in vestigated "Uy 
AlIIAG.\T, I have yet detel'lllincd a numbel' ot' isothermals togethel' 
with ils critical point. I wns led to it by the following consideratiolls: 

l st• it wab drsimble tlmt I sltonld bc able 10 judge of the purity 
of the Cal b on dioxide ",hich I nsetl fol' t11e pl'epan\,tion of the mix
tures, allll it 8CClllS that thifl judgmcnt ma." bes I bc üel'i\'ed from the 
inel'ea~e ot' Ihe vapolll' pl'CSSlll'C wilh l'ondensatioll at a sta,tional'Y 
tClllpcl'nl me 1) ; 

I) Comp. Comm. N0. 7!1. Proc. Apl·tI 1!)()2. 
37lf< 



- 3 -

( 566 ) 

2nd , difficnlties had- al'isen about some quantitIes at the critical point 
of carbon dioxide, which are important for the theory of the mix
tures, AlIIAGA'l', fol' ihstl.lllCe, had determined the critical pressUl'e at 
72,\-J atm" ",hile V:t<,R&CjfA.l!'E'EJ,T fi'om AlIIAGAT'S isothel'mals derived 
73,6 ntm. 1). Obviously this llJa)' give rise to an error in the deter
mination of the data of the critical point of the mixtures, if as in 
Comn1. W. 59 2) the logadthmical systems of isothermals are shifted 
over each othel'. lVIol'eovel' in Comm. N°. 75, Proc. Dec. 1901 p. 299, 

(aJr) tal' at' at the critical point ti'om A l\IAGAT's isothel'mali:!: 7.3 

had beeu tlel'ived; from his detemlinaiions of ihe saturaied vapour 
pl'eSSlU'es: G.5. Th iR points to an uncertttinty in the determination 
of the critical volume. A~L\GAT ha'3 eletermined the critical point 
Lwd tbe vapoUl' pl'e&Sll1'ei:> in different nppal'atus anel hence probn,bl," 
also witb otbe!' cal'bon dioxide ihan the i&othermals; b;r detel'mining 
tbe two iu the ~ame tuhe ",ith tbe ~arne earbon dioxide 1 hoped to 
arrive <tt I1l0l'e l'el'taint,r on the~e points. 

Biel. By comparing the isotherll1als of the mixtmes aftel' RAn;Au's 
methocl ",ltlt isothenllals of earbon dioxide ob::;el'ved in the sallle 
experimental t11be ::;ome ~ystematical error::; whielt lllight occu!' in tlle 
observatiolls al'e e1imillateu fi'om the detel'lllinatiol1 of the critical 
data of tlte mixtmes. In this wa.'" nn elTOl' iu the determination 
of tbe diameter of the g'raLlnatetl i:>tem of the experimentnl tnbe 
would ha\'e no inflnem'e on the ('rit.Ït'nl presslII'e anel tempenttme of 
the mixtnre. 

~ 2. In the fil1l0\\'illg t..tble~ IJ ii:> the \'olllme expl'esbed in term::; of 
the theoretieal 1l0rIllal \'olnme, JJ the pl'e~Slll'e iJl atlll05pheres (0° C., 
45' Northel'l1 Intitll<1e), I)/t,/ the \'olllllle of the litjuid, 'rite points of 
the hegilllliJlg aJul Ilte end of the eontlell::.ation are mad~e(l b,Y the 
letters !J(' alltl ('(', Fm t he point !Je we atlopted the point where 
aftel' Itavillg decl'easeü I he vol nme there appeared fol' the tir::;t tillle 
with proper ~tiJ'J'illg a litjllid "S('hIier" on the wall, Ol' aftel' JlI1Villg' 
illt!l'eased Ihe \'olllme ",itlt pl'opel' ::.til'l'illg onlr ::;lIch ":Schliel''' 
I'emained. 'rhefc two poillt~ agl'eed :,ntliciently. TlIe poiut ee could 
he ollsel'ved :,hal'ply, a::. with <t Sillftll \'<triatioll of lhe volume tlle 
lnst, PaJ't of t he plln::ie dbappemed 0\' I'eappemed. Bl:ipecialI'y here, 
ho\\'c\'el', phcllolllella of l'etarualion had to be avoided by fOl'ciblc 
stil'l'ing. 1~1t.V ::itands tOl' 010 theoretical normal volume, the meaning 
of AK~II is explaiJled in the 2"d part of ihis Comm., p. 552. 

1) Comp. Gomm. NU. :;1), Proe, Apl'Ïl 1900. 
l) Proc. Sept. ] \-lOO. 
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FiJ'st cltdJoll dio.l'ide. 

Befol'e thc meaSUl'emcntb: lr;'Jlv = 71.020" e.C. 

1 

2 

3 

4 

;:, 

6 

7 

8 

!) 

10 

11 

'12 

13 

\ '14 

'15 

1G 

'17 

AJ~~o = 1.00570 

a. Isothel'Jnftl of 25
0
.55 C. 

v p 

0.008:173 63.12 

7812 64.36 

704û 64 42 

62276 64.41 

;):-:,04 64 41 

4837 64AO 

4068 04.39 

3205 64.42 

308;\ 1)4 37 

2869 64.41 

27~8 M 4~ 1) 

2645 70 91 

2520 80 65· 

2438 ü297 

~366 '105.7D 

~300 122.;)56 

2270 138,42 

o 5411 6 ! 
5028 

4:13!J 

4011 

3M5 

3115 

2619 

2065 

1086 

WlB 

1802& 

1876 

2033 

2'267 

2503 

2830 

314:2 

0.000420 

o 001276 

1664 

2088 

2:107 

ee 

1) vVe shalJ late!' 1'o\'ert uguin 10 the purity of lhe carboll dioxide, as ît uppeal's 

from the incrcase of pre::!sme at lhe rOl1densalion. 
2) Here lbe HCjI.iid meniscus reached lhe part ot the tube wllere lhrough lhe 

sealing in lhe blow·pipe the marks no longer were visible. 
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b.- Isothermalof 28°.15 C. 

NO.' 
IJ , P , pv , 1)1'9 

1 0.00!J:::38 63.44 0.5924 

2 8565 65.19 5583' 
-

3 78076 66.756 5212 
-

4 7030 67.995 4780 

5 6950 68.19 4739· 

6 66n 68.39 4564 he 

7 6300 68.41 4310 0.(00290 
\ 

8 5502 68.41 3764 947 

9 47-12 68 436 32246 0.001625 

10 3974 68.48 ~721 ~18':1 

H 3'119 68.45 2135 1) 

12 3011 68 43 2060 ec 

13 2813 72..1:0. 2037 

14 2670 78.5:> 2007 

15 2fi46 89 54 2271) 

16 2446 103 47 2331 

17 236') 119.61 2834 

18 2315 130.fiS 3101 
I 

c. Bordel'cl1l've in the neighbomhood of the critical point. 

Bcginnillg condensation End cOlldensution 
----------------- -

Temp. v p Temp. I v I p 

30.0:> 0.005594 71.47 30.-11 0.00:3328 71.53 

30.82 4833 7'2.7'1· I 30.81 3725 72.74 

d. Critical point: 

Temp.: 30.98 PrCSSlll'c: 72.93 Volume: 0.00443 ~). 

!) Comp. footnoto to tho precedi ng lable. 
2) For the dctel'minnlion of t!lis comp. § 5. 
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e. Udtil'al Îl:;othcl'IIlal : (30.98° U.) f· lsothcl'IllH,J of 31.89° U. 

---

No·i \ No I v p [.I; v P pD 

---
0.010068 63.36 0.637:) \ 1 0.010086 63.87 0.6442 I 

I 
2 0.009314 6;;.39 0.6090 I 2 0.009314 65.99' 0.6147 

3 R582 67.22 o 5769 I 3 R570 67.94- 0.5823 

4 7809 6'1.085 0.5395 4- 777'1 70.03 0.;;443 

5 7031 70.73 o 497::1 5 7017 71.68 0.5030 

6 6275 71.95 0.4515 6 ti267 73.03s 0.1.577 

7 ö483 72.745 0.3988 I 7 ;1:128 73.94 0.4087 

8 nlO2 72.87 0.3718 1:\ M17 74. 2/~ 0.3799 
l 

9 4777 72.91 0.31>84 9 4742- 74.4.4 0.3;;30 

'10 /1403 72.94 0.3211 '10 43645 H.öl1 0.3254 

-11 /~254 72.18 0.3104 11 394:1 74.69 0.2944 

'12 3959 72.96 0.2888. '12 3610 7n.00 0.2707 

'13 3656 7 t.\?o. 0.2669 '13 3228 7G.20 02460 

14 3296 73.53 0.1423 'l4 ~883 82.02 0.2365 

15 3230 73.89 0.2387 '15 2717 80.!J0 0.24../.3 

Hi 3051 75.43 0.2302 10 2593 !::9.77 0.2."i87 

17 2862 79.43 0.2273 17 2503 1-11.45 0.2790 

'18 2721 86. 'iO 0.23.],3 '18 2439 122.7!J 0.29!J5 

10 2393 95.70 0.2/182. '10 2377 '13G.71 0.3241 

20 2:i09 106.'18 0.2664~ 

/ 2'1 24.:33 'l19.3:1 0.2906° I 
I 'lC) 2:162 138.65 O.327:ï I -~ I 
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g. Isothermalof 3J ° .02 C. h. Isothel'mal of 37°.09 C. 

No.' 
i 
2 
3 
4 
5 

6 
7 

8 
{) 

10 
11 

12 
13 
14 

I 15 

v I 11 I pv No. v P PI) 
---

0.010067 65.18 0.6562 1 o 010863 64 56 0.7013 
0.009337 67,295 0.6283 2 10093 66. CO 0.6752 

8360 69,49 0.5f'.18 3 o 00::J330 û!J.29 0.6471 
7701 71.64 0,5581" 4 8554 71,73 0.61356 

70235 73.65 0.5173 5 7810 74.'11 0.5788 
6::!55 75.(4 0.4712 6 7050 76.40 0.53:)4 
552E6 76.60· 0.4236 7 6287 78.585 0.4940 
4672 77.57 6 0,3624 8 5525· 80.47 0.41.146 

3971 78.385 0.3113 9 4770 82.11 -0.::1917 
3243 81.11 0.26305 10 401'1 83.80 0.3365 
2955 86.16 0.2546 'l1 3230 88.89 0.2871 

I 

274û 95.02 o 2609 12 2790 103.08 0,2885 
2614 105.95 0.2770 13 2600 '119.27 0.3112 
2510 119,53 0.3000 14 24!J5 136,01 0.3303 
24:26 136.66 0.3316 I 

Second ca1'bon clio,vide 1). 

BefOl'C the expel'iments: VthN = 69.647 
Af ter"" 69.629 

C.C., wcight 2 

" " 1 
Mean 69.641 

" 
2. IsotlIermal of 41°.95 C. 1.:. Isothel'lllal of 48°.10 C. 

Nol v I p I pv No·l v 
1 

p 
1 

pv 

1 O.Oll54û 64.85 o HS7 '1 0.012311 63 20 0.flO27 
2. 'J 0794" 67.28 o 72621 2 11m2 G7 ÛO 0,7833 

3 10047 60.81 0.7014 3 '10787' 70.52 0,7007 

4 o 009:!l'l 72.78 0.0704 4 0.00!J070 73,61 0.7330 

5 8486 75.4..8 0,6403 5 0232 7G.61 0.7073 

6 7640 78.57 0.6003 6 81,4'2 80.07 O.GiGO 
7 (l015 81.31 0.5022- 7 7678 83 38 0.6402 
8 6181 84.04 0.5194 5 8 G8Dd 87,07 0.6007 
0 ;')3:20 87.18 0.4038 D 1)118 00.90 0,5561 

10 4530 00,'13 0,4082· '10 5380 04 78 0.50\JO 

1'1 3778 04.10 0.35S;) H 4570 09.02 0.4532 
12 3087 '105.01 0.3242 12 3823 105.50 0.4033 

'13 2817 117,96 0,3323 13 3'129· 1'19.38 O.373Û 
14 2642 131,.85 o 3503 14 28û4 135.50 0.3883 

I 

1) Because the experimenlal tube has broken, lhe nrsl quanlity was Jost. As, 
however, the fraclure occurl'ed below the graduated porlion of the slem, the 
advantage mentioned in § 1, sub 3 remained. 
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Z. Isothm'llull of 57°.75 C. 

-NO.!:-___ v __ _ 

2 

3 

4 

5 

G 

7 

8 

D 

10 

11 

12 

J3 

0.013174 00.27 0.S730 

12330 GO.20 0.83~O 

llGSO 72.18 0.8363 

1C807~ 73.;'2 0 8151 

10000:; 78 DO 0.7fl06 

o 00D271 R2.;'9 0.7G't8 

8482 8ü.G2 0.73/fi 

7008 D I. tG 0 (j(JDO 

GD~O Dj iJ 0.6038 

0113 '101.32 0 GW4. 

5372 107 06 0.5751 

4:1DO 1 14 .43 0 :)260 

3705 .J 20 . '10 0 4780 

3421 G 135.81 O.4G47 

~ 3. To simplifY later calcnlations I have calclliated fol' the 
isothel'mals e, J', g, h, i, 1.:, l the values of lJV fot' regnlmly incl'easing 

densities (~). Thel'efol' each valne has been interpolated fl'om 4 points 

del'ived dil'ectly fl'om obsel'\'ation; onl.,· fol' Ihe extreme valnes ,ye 
have intet'Polated uetwccn :3 points 1). So wc find Ihe valnes gi\'en 

\ 

1) Fot' this wc used the formllla of L.\GRANGE, which may be easily written in 
the fallawing farm: 

where 

P=P~+(P3-P.) (Z-tZ 2_+(PI_P/) (cl-d.) (d-d~) (d-d4 ) + 
da-d2 (d1-d2 ) (d1-da) (d l -d4) 

P p' (cl-dJ (cl-cl.) (d-dJ 
+( 4- I) (d

4
-d

1
) (cl

4
-d

2
) (dI-cIa)' 

1) '_I:> P P rll-cl. 
1 - 2+( 3- 2)--' 

da-d2 

, ) cl4-da 
P 4 =Pa+(Z 3-P2) • 

da-d2 ' 

1 
P rrpl'escnts 1Jl", ",hile V is rcpl'escntecl by d. Supposing that cl lies betwcen 

d) and cl:\! the twa last trl'lm; of P beeamc relatively sl1lall aud they 111a)' be 
easily ealculatcd wiLh a sliding·ru]e. 
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in tablc XX; tlle fil'st- column giyes the dim~l'enl densities (expre&sCll 
in tel'lUH of Ihe thcOl'cticaI nonna,l denbity), thc i'ollowing COhlUlllb 
the val neb of JlIJ belonging' to ii, etlc!l time tor (he telllpel'atnre 
mentioned at the heat! of t11e column. 

TABLE XX. 
Isothermais of cftl'bon dioxide. 

j 
130 n8° 1 3L.8no 

I : 4.020 r 37 .on° -
v 1 41.C5

0 
1 48 .lQO I m 7:\0 

80 o 8583 
-

100 0.03;;;; 0.0411 0.6538 o 6710 o .(j097· 0.7343 0.7'03 

120 o 565'3 0.fi715 0.5844 0.6036 0.6335 06712 0.7285 

140 0.5037 0.5094 o 5240 0.54.40 , o 574G o Gl35 o 0743 

100 o 440n 0.4560 0.4708 0.4918 o 5237 o 5040 0.6273 

180 0.4039 0.4L066 0.4254 o /J406 o 4700 0.5212 0.5864 

200 0.3(31.0 o 3716 0.386:3 0.4081 

220 o 331i o 3387 o 319~ o 3754 

o 4Id06 o 4847 o 57121 

o 40\H O.lf53û o - 9966 I .)--

240 0.3041 0.3109 0.3226 0.3477 0.38195 0.4204 04991 

260 0.2806 0.2875 0.3021 0.;:24.3 • 0.35\..75 0.4048 o 4812 

280 0201'1 0.2680 0.' 8255 0.3052 o 34236 0.3872 0.4û\)2 
r 

eoo 0.2418 0.2')2\ 0.2677 0.2915 G 0.3302 0.3763 

.3~0 0.2333 o ~41O 0.2590 o ~835 0.3245' 0.3737 

:i40 0.2273 0.2:;\21 0.2554· 0.2863 0.3255 0.3817 

360 0.2305 02401 0.2588 0.2900 0.3362 

380 0.2427 o 2330 0.2742 o 3073 
I , 

400 o 26nO 0.2800 0.3031 o 3376 
I 

4~0 o . Hl \..96 0.3230 
\ 

---
§ 4. Vliq. WitS l'educcd to ihe sume Lemperatnre fol' the isotherl11uls 

a itud b in the following wa)': From the hcigh! of tilo liquid melliscus 
we dil'ec!I~r derived (he volume of the VftpOHl' phase: 1)/'(11" If 1_\ is 
({lC specHt<.- volume of the existent litlnid pha~e, v, the specific volume 
of the "ttpOI11' (as unity we always have here the theOl'cti('alllOl'mal 
voll1me), "re find: 
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Aftel' tllC vnpo1ll' volnlll<.'& havo Ihlls booll l'oc!11 c'C(l 10 0110 tempo
rl1turo, tlto liqllid volnlllos m'c doL'i\'cd from thb. 'V 0 havo nsslIlued 
in Iltis that lil anel '02 al'C fllnetioJls ot' Llte tC11l1'0l'atmc l' olll~- antI 
not also of 1), as Dg Il1mN alld olhel's tllink. On thiR snpposition 
wo ('1111 c1el'Îve 'IJl and V; from oacl1 pair of ousorvations of 1JIi'l at 
difI'erent /J antI at Ihe same tempemtlll'e. The vallles calClllated thns 
have been combined in tl1ble XXI iogethel' with lhose derivoel dil'ectly 
from observation. 

TABLE XXI. 

Isothel'mal of 25°.55 C. 180ther111al ot 28°.15 O. 

Nrs. Nrs. ! 1)2 

2 o (07812 6 0.006673 

'3 and 7 0 002799 773B 7 and 0 o 003043 6680 

4. aud 8 28 Hl 7722 8and 10 2098 6709 
, 

5 and 0 2809 7747 12 3011 

mean 
I 

o 003016 I o 006684 

11 2798 

'Ve see that 110 l'egulnr val'intion in the vnlues of l\ ni1el 1) 9 ean 
be l'emal'keu, so thnt this jnstifies with regal'd to these expel'Ïments 
OUl' assllmption of the dependence of '1\ and v2 on the tempera.ture 
ollly. 

In the ealclllation of the mouu values of 1)1 anel v2 in table XXI 
we luwe aceol'llod tho smne weight to thc valne bOl'l'owed dil'ectly 
from obsoJ'Yation ns 10 the menn of tbe values del'ived froUl the 
olher obsorvaiÏons. 

~ 5. For tbe detel'mination of the critical point the following may 
serve: The thel'mostat was aeljusled at a few hundredths of a degl'ee 
below the critical tempel'tttnre (the tempel'a.tlll'e above which no 
sta.tionary meniscus is observeel). 13y letting a. sma.ll qnantity of water 
of higher tempcrature into the mixing bath, the experimental tube 
wa.s hl'oughl to a. few hnndl'edths of n (Iegt'ee abovc the critical 
tempcl'U,tme, anel the snbstance wa.s well stireeel. 'fhen the tempe
lu.tnre 1'a.11s ver)' slowl~'. If the vohllue lies between cel'tain limits, 
thc followiug phOllOmelll1 may be seen: A blue mist is formeel which 
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at ft dclinito phl,t'c bct'omc~ den::,el' anel f10nsel'!). At ft Ah'en lJlol1lcni 
"Stl·lttC" appeal', lhe ~iIlb~lal1(,c [,oil& alltl minq, a llIclli::,emi is t'onnet!. 
FnHu tltc vcr.'" firtlt, 1 he laHct' is pcl'f'cctly sluwp uwl flat, it J'cmaills 
at the same plaee also afler slil'l'ing. Tile tOll1po1'<1t111'e was obsel'vod 
immelliately aftel' lhc nppcaral1ec of Ihe ~tl'iac, lhon lhe pl'css1l1'e and 
the volume anel then Ihe t0111pora1111'c waR rletcl'milled again. So wc 
obtaill lhe pl'ebSl1l'e 1'01' one Ol' a few Illlndl'cdlhtl of a degrce belo\\' 
Ihe criLieal lempm·atnl'c. For thib a cOl'l'celion has been aPl'liccl. 

If we allo\\' tJle telllperatnrc 10 l'ise, 'YC still Ree a mcniscllb 
dlU'ing <1, cOllsiclcmhle lcngth of timc aftel' the ICllJpera1l1l'e in Ihe 
bath hati l'iscn 10 11 t'c\\' 1l11mh'edlhF. of a degTee ahove the eritical 
temperatll1'e. 11 di'iappeaJ'ti illlmediatel.r, hOWeYC1', when ,,'0 &Iil'. 
Hence thb i& no phenomenoll of eqnilibl'illlll. 

So we coult! del'Îve Ihe temperaturE' a,nel 111e pl'ess11l'e dil'ectly 
f1'oll1 Oh&el'vation, Fo1' the volume thiR was not po::;silJIc, as O"'Ülg 
to thc efl'eet of graYitation l11e phenomcna rlesC't'ihcLl above oce11l' 
at different volnmes, bO for inslanec in llI," observation::; ",itll a 
voll1111e: 0.003924 (sli1'1'e1' below), '" IIcl'e the meniscus appearecl 
in the ill1ll1ecliate neighho1ll'ilood of the 10p of the tnbe, and ,,'Hit a 
volume 0.004:281 (stirt'er above) where the meniSCllS appearec11 mmo 
above the mercn1',". 

The methad gellel'a,llr l1sed fOl' the dete1'll1ination of Ule critical 
volume consists in determining same liqnid and Yapour densities 
at temperatures below the critical, anel then using the rule of the 
rectilinear diameter of OAlLI,II]TE'l' anc[ MATIIIAS. Ta this end we 
have drawn on a diagram the densities l'esulting ti'om the uata of 
§ 4:, table XXI anel § 2, C, a5 a flllwtion of the tempemture, anel 
the diameter lIas been dmwn on it. A cleviation from the rectilinearity 
cOllld not be stated with cel'tainty. Fo1' 1he critical density, expressed 
in terms of the theol'etieal l1ol'mal density we del'ive ti'om this diagm,m 
239, ~lel1C'e fo1' the cl'itieal volnme 0,00418, 

Allother meihod is tIlis: At the cl'itieal point, (dP) _ (OP) 
dT coél-. - 01' v 

(fol' thc pro of sec fOl' instanee 00111111. NU. 75). 

'1'0 detel'mine (:~) we have c01l1binecl in table XXII uncler 0 
coel-

the vaponr pl'esslll'es l'csuHil1g fl'om § 2; fol' the tempcl'atnres 25°.55 C 
and 28°,15 C wc ]H\,ye 1aken the mcans from thc diifel'ent yaIncs 
fol' th e p ress me. 

I) Ir the tempemlul'e is kept constant, tbe mist dm'jng a considernble leng th 
of time (say 10 minutes) doe::; not change 10 the eye. 



- 12 -

( 575 ) 

TABLE XXII. 

Temp. 
I i o. c. o-c. 

25 55 104.40 , 04 ~1 +001 

28.15 0~.43 08 43 o 00 

30.05 71 45 71 A4 -001 

30.82 72 72 7J.G7 -005 

30 OS 72.93 . 

Ir we calcuü1te fol' tile diflel'ent "ulucs tile coefficient l fol' VAN 

DER VV.~AL&'S fOl'mula 1) : 
P T-l'k 

log - = t'--~ • 'J" pI;; 

we finel with illcl'e<l,sing iempeminre l'eguJal'ly decl'ea&ing yalues of 
1 f. If in the development in powel's of l' we take one term more, 

so tllat we <1,1'1'ive at thc forll1ul<1,: 

lOf] - - t+g ---p '1' - Tt: ( . 'J'I;; - '1') 
- 'J" T' Plu 

allel wc c<1,lculate thc val nes of j and g whieh give the best agree
ment, we liud vel'J' nea1'ly ij = f. Then I h<1,ve put: 

p . (1'- 'l'k) 'J'k' 
log - = .t 1'J 

Pk 
lUId found f = 2.9145

• By me<1,m; of tl1is we obtain the vallles for 
p givell in colun1ll C. 'fhe n,gl'eemellL is tluite satisft"tctory, only fol' 
the telllperatnre 30°.82 C. thel'e is <1, C'onsiderable devbtioll : the same 
is a180 found in tlle comparison of the saturation volumes sa that 
hel'e we have probably to do \Viilt all error of observ<1,tion, 

Fl'Olll this we lind at tlle critical point: 

(~P) = l.~lO. 
cll' weL 

Fl'OlU the dcterlllillt1.tiollS of the isothel'mals we cmutot with cel'-

lainty del'ivc a defilliLc vm'iation of (~~) v at the sallle volmne wilh 

the tempel'atmc, ns may be best del'iverl from 1nble XX. Therefore I 

have deei vcd (:~J v fol' ihe llHfel'ellt densities ti'om the isothel'm~1.ls 
of 30°.98 U. mId 48°.10 O. :lud fOlllld the fOllowÏIlg v<1,lues: 

1) ConliuuiWt I p. 158. 
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1 Cl)) -
v (\'1' v 

100 o 581 

120 o 74:2 

140 o 898 

WO 1 060 

180 1.233 

( 576 ) 

TABLE XXIII. 

1 Cp) -
0 0'1' 0 

200 1.403 

220 1 570 

240 1 715 

I '60 
1 886 

~80 2 062 

J Cp) I -
7) (11' 0 ~ 

300 2, 304 

320 2 02'i 

340 3 000 

If from thi::; we interpolate in the sn,me way as in ~ 3 we fiml tlmt 

(:~), 1.610 tOl' thc densit,r 225.50, io ",hiel! lJelongs tIte volume: 

0.00443. 
This yalue does not u.gree wiil! Umt dedved above from the dellsities. 

Tlw diJference i& lal'ger than eitIl lle itscribed to tbe errors in the 
observatioJl. The devifttion i& in the Sitll1e sen~e itS follo"v~ from 
AMAGAT'S experiments. '1'he following might serve as an explanation 
of th is diJferenee: 

ACC'Ol'ding to a rem ark of Prof. ICÜmRUKGil ONN]~S fl"Olll whom a 
1lew papel' on the eanse of the cle\"iations neal' the critical point may 
be expected (camp. ComU1. N°. 74, Arch. Néerl. sél'Ïe lI, t. VI, p. 887) 
the appcal'anee of tJw mist in thc neigbbourhood of thc critical 
point ~eems io il1dil~ate that, a part of the snbstance condeuses l'ound 
llllmerOIlS centl't1. equally di.,trilJuied ovor the ",hole spitce. That only 
in this area thi& appeal's 50 distin('tly, might be ascribec1 to the c1r
cumiiltance that here small fOl'ces are E,ufficient to causc gl'eat val'iations 
of den~iiy. These eondensations might have a pel'ceptible illflucnce 
tOl' installce on the snturation voltllne a.lthough thc variation of the 
llressUl'e would nol become pel'ccptiblc in consCllllenec of it. 

In a compariiilOJl of mixtmes w1th pnre snbsta.Ilces aceol'dillg 10 
the law of cOl'l'esponding ~taies we must disl'ega.l'd t110se conden
sations, as they do not OCClU' at cOl'l'esponding points (in mixtures 
nea.l' the plaitpoillt). IIence om plll'pose will pl'01ab],)' he sen'ec1 best 
if wc aclopt for the eritical volume: 0.00443, a.s ihb valne accol'ding 
to a thel'lUodynamieal rclatioll l'csnli::; fl'om dcicrminalio~s not so neat' 
to thc critica I point, anel wherc thcl'efol'c pal'iicnlal' phonomcna whirh 
OCClU' in its imU1cdit1.le neighlJolll'hooü haye played no part. 
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The following fjlHtntities are fUl'ther fonnd at the critical point, 
which are uecessnry tor the comparison of the obsel'vations with the 
theoretical re su lts of Comms. N°. 75 and N°. 81: 

Tk 
C4= r, = 3.45. 

1 oPk Ok 

- - = 6.712. Tl. (dF) 
PIc dl' k 

( 
d~p ) VI.; 1'1.( d2p ) 

dTdo k = - 422, hence C4 --;;: dl'dv Iv - 26.9. 

Here, in agreement wHh tbe value of the coefiicient of expallsion 
fOl' the itleal ga::leous state accepted in this Comm. lIl, p. 558 we 
have put: 1'0 = 273.04. 

Physics. - "hotlumnals of mt,et?U'1!8 of o,L'yyen mul cm'von cliotûde. 
V. r.~otheJ'lIwls of mi,t'tuI'I!S of tlw 1ll0lecltla1' composition.~ 0.1047 

aJul 0.1994 of o,cygen, mul the compm'i8on of tlwm with tlw,~e 
of pure carbon dio,rille". 13,\' \V. H. Km<]smr. Communication 
N°. 88 (5 tl1 part) fl'oll1 the Physical Labol'tttory at Leiden IJ,)' 
Prof. KAMl<:RUNGH ON~]~f:,. 

(Communicaled in lhe meeling of October m, 1903.) 

~ 1. The followillg scctions contaill thc tn,bles about t,yO mixt Ul'es 
of carbon dioxide anc1 oxygen. Fo!' the lllcaning ot' IJ, p, O/i,! aud 
tbe determination of the b.c.- anti the e.e-points I reter to this Cunun. 
IV ~ 2. Of the end ('ondellsntion point it should be re1l1arked that over 
a c\cfinite al'ea below and above the plaitpoint tempemture the meniscu::;, 
in consequencc of the effect of gl'avitatioIl, disappeared in the tnbe. 

Thc data about the plaitpoint wcre deri\'ed directl,)' fl'om the 
exporimcnt. On the phenomena naar the plattpoint l find the fol1owillg 
remarkti tUl10ng llJ'y 110tes of the obsel'vations: vVllCn the volume 
incI'eases fl'om the h01ll0geneolls (liqnid) state a bille mist gmduall'y 
fOl'll1s itsclf'. As the volulllc intreaties (small va1'ÎafiollS at a time) 
thiti becomei:l denser. If th~ volume increases ::,till more, laycl's of 
dilfet'cnt degt'ees of refl'U11gibi1ity sl1ddelll~' appeal', whielt lln~ckly 
move ttmong thcl11selveH. \Vhen we stil', ho wever, they still dissolvc 
luto the thickening hlue mist. At a givcn moment, aftel' the \'olume 
has been inel'eased again a little, these layel's hegin to COllcenü'n,te 
lowards the mitIdle of the tnbe, at thc top anti at the bottoin it 


