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T A B IJ E XIV. 

0 c o-c 
~ I 

C,ubon dio'\ide 1.00574 1.00570 + 0.00004\ 

Mixture 0.2 1 00388 1 00413 - 25 

» OR 1 00:1;')2 1.00340 + 12 

OJ.rgen 1 0000-1 1.000û3 1 

-------------_---!.-_-.--
measul'ed at about 20° 0 tbc theoretical normal volume of that 
quantity of gas (at 0° C). 

Physics. - "]sotltermn{s of mictul'es of o;cygen and cm'bon diO,I'idr. 
[u. Tlte detel'J7}Înatioll of isotltel'mal~ Detween 60 mul 140 
atmof~plte1'es, a12,1 betl/)l'ell _15 0 C and +60° C." By W. H. 
KI<mSoM. Commllnication N°. 88 (3111 part) ti'om the Physical 
Labol'atol'J' at Leiden, by Prof. H. KAl\UmJ,INGH O!o.NES. 

(Communicated in the meeting of October 31, 11903). 

§ 1. During my measurements of the isothermals of mixtures of 
oxygen and carbon dioxide Jt appeared desil'able to take several 
pl'ecantionR and to make some moditications in the uSllal methods. 
Ther will be descl'ibcd here in connection with and in behalf of 
following papers on the results ohtained. 

§ 2. Tlte (f}'1'([ngement. The manometertllbe and the experimcntal 
tube which befol'ehand had been cemented into a steel Hang·ed tnbe 
(comp. Oomm. N°. 70 \T, 'l'hese Proc. IV J11ne 29, '01 p. 107) wc re 
placed into steel pl'ess1ll'e cylindel's . .FOl' t he shapcs of these sec al50 
00111m. W. 43, These Proc. I Jnne 25, 1898, p. 83, fig. 2. The 
arrangement as urawll there has been modified, viz. thc two prcssure 
rylinclel's into whieh the atorcmentioned tubes were plaeed werc 
entirely mled with mercnrr. Tbey cOl11l11unicatcd at their lower encls 
by means of a 5teel tllbe and of a 5teel T~piece with cach other mHl 
with a thil·d pl'essurc cylinder. This wa5 filled partiJ' with mercur)' 
pal'tl)' with glycerine. To obln,in pl'C&blU'e, glycerine was fOl'ccd into 
it by means of a SOIIÄI"1>'Jm-Bum:i'i'UlmG pump. This arrangement offers 
th<> advantage that the tubes fmed with gas do not come inio coutact 
with thc glycerine, anel thc mercury whieh is forced into tho tubes 
only slightly with the glycerine. In this way it was very easy to 
l'edetermine the nOl'mal volumc aftcr lifting out the expol'imclltal tube 
from the prcssure cylinder, while the lllel'CUl'y mellisci in the tubes 
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kept good c1uring ~'l, ver'y long time nnd no or very little soH was 
deposited in the tnbes. 

The pl'essure eylinders and the eonneeting tubes had been weU 
cleaned befOl'ehand with benzene, whieh was removed by heating 
while air wa5 sucked tln'ongl!. The eonnections wel'e tightened by 
leather washel's soaked in pal'affin. The pacldng whieh had to prevent 
leakage of mel'cl1l'y along the pivot of the high pressure eocks through 
which the mel'cury passed which was to be fOl'ced into the observation 
tubes, consisted of l'ings ent fl'om selected Spanish eOl'ks. DUl'ing the 
observatioJls the two obsel'vation ey lindel's were disconnected fi'oIll 
th at wh ere the pl'essul'e of the glycerine was transferred to the 
mel'Clll'y in order to be independent of loakage that might occU!' in 
the pump or in the glycerine lead 1). A perfectly tight fit of rhis 
enclosed pOL'tion e\'en at the highest pl'eS511res was seeUl'ed. 

~ 3. Tlte measUl'ement oj t!te volumes. The detel'mination of the 
normal yolnme was made in the same way as has heen described 
in COIllll1. N°. 70 V. 'rhese Proc. IV .June 29, 1901, p. 107 and in 
Comm. N°. 78, The5e Proc. VI April 19, 1902, p. 761, espet'iall;r the 
same pl'ecal1tions for the constant temperatnre and pressure were faken. 

The nOl'mal volume was dctcl'mined at least twice hefOl'e and 
twice aftet' the meaSUl'ements. It mnst be l'ecol'defl, 110 wever, tlw,t 
this was not done with the fil'st q\1antitJ' of c<'!,rbon dioxide of whielt 
thc isothel'mal:::. fl'om 25°.55 C. to 87'.09 C. were im'estigated, becallse 
thc expcrimclltal tube had broken, while in tlle ea5e of the manometer 

r 

we may profHably substitute a direct comparison with t"\, stn.ndal'd 
manomcter, ta ",lIi('11 compal'ison I sllall refer latE'l .. 

I {'oHml for thc )]orma1 yolnme of the hydl'ogen manometer: 

22 Sept. '02: 2:3.217 cc. 

" 28.194 " 

" 
\ 1,2 Nov. 

" 

23.192 

23.220 
l' 

" 
As the fit'st 3 meaS11l'Cmcntb m'e not made iJl the bath of constant 

temperatlll'e I have iJl (he ettlelllation of the meM assigned the 
weight 3 to the last detm'lllmation and have adopted T~v = 23.210· (·c. 

Fl'om the tollowing the advantage of a hydrogcn manometer ma,r 
:1ppel.\l' '). Most of the detel'lninations with the fi1'5t mixture (0. L 
oxygen in cttrbon dioxide) were made with an air manometer. Drn'ing 
tbc expel'iments phcnomena occlU'red which pointed to variations of 

I) SmaJl val'ialions of pl'essure could then be applied by sCl'ewing slightly in 
Ol' ont lhe pivot of (lilt' of the finc higll PI eSSlll'C cocks in the enclosed pOl tion, 

2) Comp. Comm. N0, 50, These Proc. IJ June 24, 1899, P 29. 
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the nOl'mal volume of' this manometer. The ma,nometer was l'emoved 
from the pressure cylinder and the normal volume redetermined, and 
it appeal'ed that fl'om 22.114 ce. (May 9 1901) it had lhllen to 
22.056 cc. (Aug. 23 '02). Aftel' this the manometer has been cali
brated for the seeond time (calibmtion B) 1) and tilled with hydrogenj 
of each of the isothermals detel'mined some pojnts have heen tested 
by means of the hydrogen manometer. Column C of LabJe XV gives 
the mean relation of the presSllre measured with the hydl'ogen mano
meter' and that measlll'ed with the air manometer, where fol' the 
nOl'mal volume of the latter we have taken the mean between 
those befol'e anel aftel' the experiments. Column A gives the date, 
B the tem perat ure relating to the isothel'mttl. 

'rABLE XV. 

A, 
I 

B. 
I 

c. r 

20 Jnne '02 17.60 1.0020 

20 » )) 20.29 '1.0017 

2:3 » » 21.99 
I 

1.00166 

24 » » 22,6R 1.0023 

25 » )) 2::\.29 1.0013 

2ll )) )) 25.20 1.0019 

I 
mean: 1.0018 

Fl'om column C we cannot del'ive a l'egulal' conrse in this short 
peIiod, ::;0 th at fOl' these isothel'lllals I hl1\ e mnltiplied aU the pre::;
::;mes measnred with t.he air manometer by Ihe coeffieient 1.0018. 
Ou J1lue 5, 6 alld A1lg. 21 points of the border Cl1l've have 
been deterl1lined. These eould on1)' be bI'Ollght to harIllonize witJt 
those detel'mined later with tbe hydl'ogen manometer b.r mulliplying 
the press1ll'es hy coeffieientfi whieh are eombined in the foIJowiJlg 
table togethel' wilh th at afol'c-mentioncd. Hence Ihis fihows the C01ll'se 
of tbe val'iation dllring that pel'iod. 

If we eompal'e these figl1l'es with Ille yalneH fol' the nurmal volume 
uefol'e and aftel' t11e mens1ll'ements, it nppeal's tlmt nlmost the entiI'e 
val'iation bas taken plnee dl11'ing (his Ja::;t pcriod. FJ'olll Ma)' '01 10 

1) Comp, lhis COllllll. 1. p. 534. 
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TABLg XVl. 

, 5/(; .ril/1/' '02! 1.0021' 

20/20 JO I.QOIR 

21 Au~ 0 U.HOO? 

Junc '02 I hc IIHtllOmclcl' wat:> blll t:>eldo11l llscd, allu thc pl'eSRUrC 
dlll'illg thaI timc was low, whilc Ihe pl'CSMll'C in l11c m()llih~ Jnne-

• Auguslm; '02 wa::. often alltl timing a long timc fl'om GO la 125 
[1,11110:;pI1C1'c:; .. Hel\ee it ~cemti that thb val'Îatioll is mnel! g1'cater at tt 
high than at a low pl·CSti\ll'c. 

A i:limiJa)' val'iation of Uil aiJ' mnllolllctCl' with the time, pl'obably 
owing la thc ftbsol'plioll of ox.rgcn iJl Hw morenry, hfib al.so veen 
Hotcd b.r KUl']Xm" a1l(1 HOBHOX (Phil. Mag. Jan, '02 p, 150), 

In the JIlixtlll'cs of UlO Jllolcelilal' jll'opol'tion.s 0.1 aud 0.2 of 
1 

oxygell Lhc val'iatiom; of the 11ol'l11al yollllne WC1'e less than 1000' In 

ihosc eases we ha\'e L~cccptcd fol' the llol'mal volume the mCilll 
of the valnes befol'e mul aftel' the 1I1caS\1l'cments. 

On the oihel' hand, in a mixture wiilt a Illoleculal' propol'tion of 
0.3072, whieh fOl' some wcekt:> had l1Jlintcl'l'uptedly heen exposed to 
high j)l'cs.snl'c, thc nOl'n1ft! volmllc of 72.878 5 ('e. bct'Ol'e the expe
l'imcnts (15 JllllO '0:3) had til,llen to 70.980 ('e. aftel' the experiments 
(13 Aug.), It bcing highl,'- pl'obahlc that Hw Yitt'iatioll of the 1l01'll1al 
volume in\'olvos a cOllsidel'uble \'al'Îatiolt in (,olllpositÎOll, the resnl(s 
of the mcaSl1l'olJ1onls witll 1hi::, mÎxttU'e wIliel! ",ith l'egm-d to tile end 
eondensa1ioJl pl'CSS11J'OS anel volnlllcs ex1ended to -14°.7 C., wlll 
not he givcn h01'e. 

This also t:>hows ho\\' VOt'," impol'tant it is t hat wc tlhonld he 
"bic lo.dctel'llline thc 1101'lIIal volllme nJtcl' the llleaSllrcments 1). 

Fl'om the obtlervalioJl of 1hc volumc o('('npied h," tllc gas at n, 

tcmpel'nilll'c of nbonl 20° O. t1m! a IWCSSl1l'C of nbolll 1 allllOsplwl'O 
wc dCl'Î\'cd Ihe "oln.mc ",hielt thc gas ,,'onld O('{'llPP,r at 20~ U. aud 
1 atm, (7ö.9467('tll. mel'c(lI'.r al Leiden, eomp. Uomll1. N°.70, These ProC'. 
Ir ,Junc 29, 1901. p.111). Usc WitS madc of the coetlieient ofpressnrc 
vnrialioll givcn in Ihis Comm. Ir, p. 553, anti the law of Bon,\!: 
was appIicd. By lllllltiplication by Ihe vallles of the coefiicienls 
AJ\.~u givcn in tahle XIV' p. 554 1mder C, wc fine! ft'om th is Ihe 
volumc whieh the gas wonltl have oel'upied if fl'OIll an infillÎtely 

1) COll1p, (!OIl1I11. N0. :JO. T!tese PI·OC. II ,Junc 1809, p, 29, aud N0, 70, V. 
lhcsc Proc, IV, June 29, 1901, p, 107. 
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htl'ge volnme M 2óo C. it "'eJ'e l'ednred to [t ]WCRSme of 1 Mm., 
[tlld it IUl(1 follo\\"cn tlle ln,wR of t hc ioenl gnses. Wc then finel thc 
theoretical nOl'lTIal volume (at 0° 0.) b)' menns of Ibe roeffirient of 
presslll'e va1'i[ttio11 (= C'oefticient of dilahttion) fól' the ideal gascous 
state. As the cal(,llhttions of the ('ol'l'eclion n;at accol'ding' to Comm. 
Nn. 71 (These PI'oe. IV .June 29, HJO J, p. J 25) mUI;l he nppliect to 
the roefficient of pl'essllI'c variation of pure- hydl'ogen in ordel' to lind 
th11,t roefficient fbI' Ihe idenl gaseollR state werc not finished when I 
lJegan my C'nlculations, I have adopted tbl' this the value 0.0036625, 
whieh in Comm. Nn. 7t wns given aR a firRt npproximatioll. The 
eOl'reetions, howeve1', whieh aeeol'dingIy m~lst be applied to the 
l'eslllts, will eertainl,)' lie fal' below tlle degree of aeeumcy whielt I 
could attain in my expcrime]]ts of thc isothel'mals at high pressnres. 

Aftel' what has been said 011 the ralibmtions 1), the meaSUl'emen t of 
the llormnl volume nud the l'eduction to thc tlleoretienl n01'l11al volume 
I eau ('onfinè myself to a ShOl't 1Iole \on the ll1eaSurement of the 
volumes. Tbe top anel the base of the mcl'clll'y wcre read ",ilh tlll 
eye-glass, pnl'<lollax was a\'o~ded in tl1(' way deRC'l'ibed befol'c (Oom)). 
this Comm, I p. ;')33). In this mannel' 0.1 mm. could be read. We 
assumed that tlle mereur)' menisclUi in the gradnated stem of thc 
ex pel'imen tal tube has the form of a sphel'Îcal tiegmcnl, hen('e by 
multiplication of the bore by half tIJe heig'ht the "oln'me may bc 
tuund with a sumden I degl'ee of aeelll'tter, 0111' met hod of reading , ' 

eonsidered. 'Vhen t.he mixtures split into two phnses, the p05itioJl 
of the liq uid meniscus Wtlti tl1so read. C01'l'e('tionb were applied 1'01' 
the expansioll of glass due to heat and to I he inner pl'essure. 

§ 4. T!te measuJ'eme1tt of t!te jJ1'eSSU7'es. Tile pressure::; wel'C 
llleasured with a hydl'ogen manometer, rmlging fl'om 62 io 196 
ntlllosphel'es '). 

In the th'st part of thib Uomm. (p. 5B~ ir.) I hn\'e dis('usseu thc 
ealibmtion, in § 3 of tbis paper the detel'minatioJ\ of the .nol'l1ml 
volume. Weneed ollly add thai thc hydrogen was prepared n:, 
uesel'ibcd in Uomm. Nu. 27 Zittiugsvel'sl. Y, Mei 1896 p. 42. 

1"1'0111 tlle meallS of Llle valnes of J~l H,nd TTB of tbe tahlc 
from which tabJe VII form::; au exll'ael alld fl'Om the nOl'mal \,01l1111C 

1) Camp. [his Comm. I, p. 532, 
5) It appearcc1 that thc manipuJations of the stems of the manometer- and the 

piezometer tubes in the hlow-pipe, as for instance Lhe sealing of the top of the 
!alter, had to be made with special care aud the tube had lo he cooJed very care
fuUy and slowly, else tensiolls wiJl rise in the glass and consequently when higll 
preSSlll'e is applietl (in these experimenls 140 alm. was l'eachcd, lhe manomelcr 
has slood 195 atms. scvcl'U1 times) tbe lube wiJl bul'st. 
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p;iVOll in § 3, ",hilc Ihe volllllle or 1110 nnl'l'OW enpilh11',Y n,1)0\'(' 

he/woen !he ll1iu'k i11HI Ihe plaee whel'e Jt iH ;-,eaJerl Wil'::; aeeollnlcd 
1'01', i1 lablo Wal' derivccl. ThiH ncw In,blo giVCR fol' caeh diviRion Q !he 
(lonsil,v d.ti of L!tc hydl'ogon wlten Ibe merenJ''y l'cae!tcl-> tImt clivision 
at <1, (empemillre of 20° C" CX}ll'Ci:ibCd In tOl'llli'; ofthe norlllal density 
(00 C" 1 iüm, 45° N,L,) al:> \Inity, F01' Ule vn,lnos of Q holwecl1 
25 i1nd 50 I hc ü1blc inel'ea.so::.- u,\' 0,5; 110IIte ahi{l fol' the Ilighol' 
mines of tlto pl'ebSUl'O (a8 fal' <1,& (J = 40) t!te error made h.r 
1I1!el'poln,tillg linear'ly ü; 10:;& !han 1 ntm, 

To deri \'e fl'om thc8e den&ities I lte COI'l'CbpOndillg pl'OHfHll'es wo tnnRI 
kno\\' IIle iHo!ltcl'JII<l.1 of ltydrogclI at 2()O C, Moa,~!1l'olllenl,c; of lidI> 

h,wo been lllilde 1>." DUlIALK"l,I~; !hey do 1101, ltowe\'el', exceed I he 
dOllsity 54, All cxtl'H,polalion from !lte80 Obbel'mtions fOl' !IIO donsitic,'i 
wnlltel! is no! nllawod wilh ,1. viow to the moan Cl'I'Ol' of hi:; delCl'Illillatioll 
of' the C of lbc :-.ot'io:; of T<AlImHu?'GTI ():'i!,,;gR (ef, ~CJL\LKWJ,lh.'g The:-.iR 
fol' tlte doclul'ato, p, 115), Obsol'\'<1,tiollS t1,t, lJigltel' dcnsilieb h,wC' becn 
11l11r1e 1>,)" A:ll.\u.\'l' (fhHll J 00 tu ;·:1000 atll\~,) Tho isothel'mn,t fOl' hyd l'Ogell 
al 20~ U. dcrived fl'Olll AMAGA'l":' data: 

ZW.l ~\) = 1,0725:2 + 0.0007 J 94 d.l + 0.000000672 dA • 

(et'. SCll.\TJKWl,IK'~ Tltcsi:; tOl' Ihe doelomle p. 121) tloes not agrcC', 
howoyel', wUlt Ilw,t hom DC/lALh.\nJh.'H ObSOlT<.l.tlollR. Fl'om these 
fol' illsli111ce, follows al rl.i = 55: IJV.b = 1.11194 (cf. L c, p. 124), 
hencc P = 61:157, wltcrca:; frolll I ho isotllcl'tll<ü given b..,. A:\L\HA'r 

we dCl'jvC ,tl I' = 151.157 : d. t = 54.897, SUlIA.LKln.1K'S obscl'vntions 
have becn made vcr,}' enrcfllIJy cbpeciall.r i1iH delcl'lllimtlÏon of the 
nOl'mn,] vohm/lo (seo ÛOllllll. N°. 70, V, These l)t'oc.lV .1l1no 29, 1HOJ, p. 
107), lf \Vi tIJ this wc compare the wa:- in whidl A1I[AG.\.'1' hD.b lleleJ'l11ine(l 
hlS nOl'tntl1 voll1me (Alln, dc Ohimie ct cIe Ph,) sique, t. 89, 1898, p, 88) 
it seelllS not enliroly withollt l'cason it', \Vllilo waiting fol' more 
nCC11l',lte detel'lllination:; of tlle isothCl'llUl.b of 1tJdl'ogon (\,/ higher 
dcnsit.ies, wo Hw,kc !.hose of A)I.\U.\'l' ngt'ee \Vitl! those of SCJl.\.I.l\.WI.IK 

54.897 
hy Jllultiplying all the volnmcs of t.ltc fOt'mer by tIJe fhctol' --

55 
So we obütin: 

P'VA.o = 1.0705 + 0,000717 rl.1 + 0,00000067 d~1·. 
To tesl tltis wc' compmc tIJo vfdlle OfpüA.o at d.i = 1, YÏz.. : 1,0712 

l'csnHing ft'om it, with tbc yalnc of po.!." ",ltielt fOI1owA ft'om 
IJl(' v1l.11lc of thc coeflicienl of expa,n::.ioll i\ccol'cIing to ÛH.\N'V1S: 

1 
(Iv = 0,0086606 1), vi",: 1.07:32, 'l'he diJl'el'enee is 500' sn r.hat lhe 

1) Sec SCIIALKWl.IK, Tltesi::; lor lhe doctorale p, II (j, 
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ation found, 'wlIièh deviates from A~rAGAT'S observations at higher 
1 

sities 500' does not dcviatc ti'om tiJc ob~cl'vatiolls at smallel' 

1 
sities by morc than 500' 

'!Je following term in thc series of KAmatUNGII ONNgS wonld be 

lf we rtel'ive a vn,lnc of D.I fl'Olll th~datt1,givcn in Comll1. N°.71, 

:se Proc. IV .1ItllC29, 1~01, ·p.l:32, fol' hydl'og911 atO°C.,15°.4C., 
,25 C. allel 200·.25 C., wc fine! tJw.t tlJiH tCl'JlI fol' dA = 150 
Jld yield in jJV.L1n : 0.0009, HO tIJM if wo oUllt Ibis tcrm at thc 

1 -
lest pl'eSSlll'es all e1'1'or of loss t han 100U is made. Ar:; therc exists 

ad.,' some 11l1cel'taint,r nbou( the cxact shapc of thc Îr:;ot!tcl'mal, 
~we omittccl thi::; terlll. 
'he valnes jJlJA20 calcnlttled thW'; fbi' (hc diffcl'Cllt vnJnCR of dA of 
ta,ble mentioned aJ lbc beginning of Ihis sedion, have been added 
his In,ble togethcl' witl! the ,'alne::; fOL' p del'ivcd fl'OBl them I) 
Vhcn tile isotilel'lllal of h.rdl'ogen at the denl:iities occl1l'l'ing hcrc 

he 1I:nown morc <'tcclIrately, tho pl'eSSUl'ei:i given here willl'equirc 
)1'l'ection fol' which the afol'e men(iOlH:ld table ma,)' be uscfnl. 
'he temperature of thc manometer rIiffered fit, most fi few tenths 
a, degree fl'om 20° C. The tempemt.ul'o cocHi(;ients fol' hydl'ogen 
~Oo C. nl'e fOllnd ti'om the vahle of AAo (gi ven in Comm. NU. 71) 
rhe series of rÜi1U;l{LI~GII ONKES an(l Ai1IAGA'l"S vnlueö of BA and 
(given in SCHAU-:WI.TK'S Thesis fol' the doctorate, p. 120), fol' the 
pemtllres 0° C., 15°.4 C. ,wel 47°.3 C., obsel'ving" the l'ednction 
ltionecl to obtain the ngl'eement with SUHALKWI.1K'S isothel'mal. 

TABLE XVII. 
-

p (:~)v p ( :;')v p lun, 
I 

200 I 0.7'14 150 I 0.531 100 0.349 

JO:! 0.677 140 0.494 00 0.314 

180 0.64.0 130 0.458 80 0.279 , 
I , 

170 0.603 '120 0.422 70 0.243 

WO 0.50? 110 0.385 UO 0.208 
---~ - -- . " .. - - ---- ~ -~ ... - .. _ .. __ M _ ~_ , 

This table bas been given in my lhesis fol' llJC doclol'nle. 
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Culnmn (:i) 0 of jahlc XVII giYci'l t.hc Icmpemtlll'c coefficients thus 

fO\lnet fOl' tlle diiferen I pl'et:;s1ll'e::; JJ. 
Also n. CO-t'l'cction wa::; applied for t.he difl'el'ellCe iJl level of the 

mercur,)" culumn::; in the manometer a,nd Ilte expel'imental tnbe, fOl' 
tlte expan::;ioll of thc vohnne of I he manometer tllbe callsed by thc 
inner pre::;snre, allli fol' tlle difference in capillar'y depression in thc 
two t.nbes. 1"01' tlte latter a scparn,le cxpcl'imcnt has bcen made to 
dctel'llline Ilte depl'e::;slon in a lube· of Ihe same inner bore as thc 
11 ta 11 olllel.et· I \Ibe. 'fhis cOl'l'ectioJl was 0,01 allllosphere. 

Tlte IIlanomclet· wati l'ead iJl thc ::;allle wa," as tltc piczolllelcl' 
(flCC p. 558). The level of the IIlOl'ClIl',)' in thc manometer tnhc allll 
Iltc tcmpOl'a.tlll'C of thiK \Yel'C t'cnd bct'ol'c ltllll nJtcl' the rcading of 
I he mcnisClls allel tltc tCIllpel'aturc uf I he expel'imcntal tnbe, The 
lem pcmtnrc of thc IIltlollll111Clel' conld hc reml to within 0°.05. 

Aftcl' I hc iHotheL'l1m! delel'lllinal ions I he h."drogcll l11rQ1Ol11cter was 
('(]1I111t"U'ed ",ilh Ihc RlandanllWLJlometCl's (Conl1n.N".50,Pt'oc.,Jnl1c18H~) 
whielt have hcen vel''y nccul'fttely compn.t'ed with t,110 opcn manometer 
hy S('I[.\J,K\\'I.JK (Comlll. N", G7, Pl'Ol', Dee. 1900 anc! Jan, 1901, 
('0111111, N". 70, Proe. l\1ny anel .lune H)()J), To rendcr t.ltib possihlc 
the hydrngen ll1anollletel' hall becl1 l'onKt.l'llcted so tltttt thc !oweRt. 
pl'cSSlII'e whieh cOllie! hc I'cad on il tonIc! ::;t.ill he measnl'ed witlt 
t he stanllal'd manOl1lctcl' l\Tl). Tahlc XVIll givcs IIndc!' tlte ltcn.dillg 
A ti\(: pl'e::;sl\l'c aR IIIcaslIl'ed witlt the hydt'Ogel1 lllitJIometel' IIsec! b." 
IIIC, lInder the Itcallillg B tltc samc pl'cssl1l'e measlll'ed with tho 
RtaJl(lat'd ll1allomeler, 

TABLE XVIII. 

A B 

(j!~ 04 M.04.0 

lift·. O~ l)4.. 02/~ 

Obviollsl.r thc agreement it\ ti uitc satisfactol'Y. This eompal'ison 
romes in I hc p!acc of tlte rlelcrmilla.tion of the lIOl'mrt! volnme aJter 
Ilte Illeasmemcnls, n,nd also or mol'C detel'lI1inalions of Uw nOl'mnl 
hore of thc gl'achmtcd Klcm. (Comp. p. 540). A::; the tb.el'e mentioned 
menll pel'eelltnge tlirrCl'Cl1ce n.H) til" is pl'ineipally due to the diffel'ence 

I) FOL' lhe wuy in wltich lh is compal'Ïson has been made comp. VERscHAn'ELT. 
Thesis fOt, the doclOl'ute p. 17. 
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between the two determinalions of Ihe nOl'mal bare, this compal'ison 
high1,')' im proveR I he acclIJ'<1Cy of tlle rnallometel'. 

The thcrmocl,nuttJ1ictll cqlliIiln'illJl1 iJl t11e expel'Ï IJlen tal tuho was 
renched b,v met'tI1S of an eleetro\l1t'tgJlotie stil'rillg appaml llR; to 
secure tilc equilibrium of pL'essul'e het ween thc expql'Îmel1tal tube 
l'tnd the mtUl0\l1eter 1 wa,itcd .5 minntc& aftel' caeh ad,jnstmellt hefore 
rea.ding. Of each lRotl!el'lllH,l t wo SOriOR of obhcl'vations were I1snaIl.r 
ma,de, one beginning with tlle Iowobt allel onding with the highest pres
Sllre, the other in l'everDeel ordel'. Only l'a.l'el~· the rehnlts of t hose two 

1 
diJfelcd ltS Il1llch as 300' Ta jndge of this see tahle XIX, which l'elatcs 

10 I he ibolherlllal fol' 22 0 .68 C. of a llli.ÜI\J'e of 0.1 047 óxygcll ill 

('nt'bon (lioxide, Hcre I' I'opl'c::-cnls the voluJlle, p, antI /'1' thc eo 1'1'0-

Rpollc1.ing pl'essmes in lhe two serios, ",ilh n conbtantI," dsing <tnd 
a eonsttllltlr fnllillg pl'OSblll'C l'espeetiveIy, l::.p tlte c\iJfercJlce, /)11,/, and 
/}/I'I1' the vohlllies of t11e liqllid albo in the two sericb, L.v/ir,. tltc 
diffel'ence hetween them. 

The 11,greemcnt of tilc j1l'essmes lH satisfnctOl',r, Ow,t of tIJe volllllle~ 
of the liqnid leaves to be desÎl'cc1. Althollgh th is is partI)' cXl~lail\ed 
by thc CU'Clllnstance thn,t the voIllme of tbe liqnid cannot be' read 
<:0 acC'ul'ately berause the farm of the meniscl!i:; Ü, not ba shmp1y 
determined as is the case wit h meren!',", nlld parallax conld nol 
RO easily be avoided as witb the mel'('1ll')' mcnisci, it Jet appears 
that, if we debil'e ta invesligate this subjceCmol'e fully, morc cal'e bhollld 
he faken to procme equilibl'lnm by htiI'l'ing and waiting. 

§ 5, J'/U) constallc!I (fud the measlt1'ement of t!te temj)('J'{lÜl/'t'S. T1Ie 
manometet' was tiul'l'ollnded by a jacket witlt flowing water kel)t at 
COl1&ta,nt temperatuL'e h,v ti, thel'll1ostal, aH descl'ilJeel by SCH.\U.;:\n.TK 

(Comm. N°. 70, Proc. l\In,y 'Ol) with Ibe moclification in the thermo
l'egnlat01' described in COmlll. N°. 78 (Proc. April 1902 p. 762). 

In the same waJ' the experimental tnbe was kept at constant 
lemp!:'l'ature by meall::' of a seco!lll thel'lllostn,t. This diftel'ed from 
the former in the following respects: 

The connection between the heating bath am\ the mixing bath, 
the mixing bath nnel tlte conneclion bet ween I he mixing hnth mul 
the observatioJl bath havc becn insnlated morc cnrefully by means 
of wool, paper allel feIt; th is was necessal''y beennse g'l'eater diffel'enCeA 
of tempemtlll'e wHl! the SlU'l'ollllding atmosphel'e accu!' here, 

To thc glass pOl'tion of tlte Ihel'lllo!'cgllh'tIOI' a side-Inbe wiLh 11 

cock b bcaIed 011, whieh ftleilitates tllo n,dmibsion of a. qllantity of 
merC'ur,)' fl'Olll tt llH.'I'ClllJ 1'C8CI'\'oil', whielt uy mcalls of an india 
l'ubbel' Inue is eOllllcctcd willt Ihaf sidc-tllbc, into Ihe lhcrll1ol'egula.lol' 
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TABLE XIX. 

Ir 1'f I~]J l/ f r I'I'q. f t:J. /'1 g ! 
l----+---~----~--~----~--~------i 
0.OJ2J39 I 58.00 58 00 1-0.00 I 

11:~8r.. 00.88 00 92 -0 01 I 
10003 U:3.27 03.31 -0.01: ! 

o . OOD8~6 U5 71,5 05 . 775 - 0 ü:.l 

0017 08.20 08.31 -U.O~) 

82UU 70 DO 70.04 -0.01 

748U5 7:> 47 7:3.51 -0.04 

U712' 70.07 7U.il -U.04 

JDOS5 78 725 

5157 81 26· 81.305 

-003 

1-0.0:3 

-0.13 

4768 82 885 82 80. -0.01 

1379 84.70. 84.7G5 -O.OG 

4300 83.05 

4278 85.22 

4258 85 35 

<1243 8540 

4219 85.54 

4215· 85 54 

be. dJflereut.:lJ L11 ~atuL\llL.I,}m·olumc: 

b.c. 

0.000217 

:107 

UI2 

7t1U 

025 

125 

-0 OClOOOD 

0.000180 

403 

G72 

501 

288 

1-0 000037 

6 

1-

1-

20 

47 

e.c. dilrel'cnce in saturationvolume : 

42205 85.52 1-0.02 oe. -0 OOOOO::i 

3DW 87 .1Q5 86.955 1-0 15 

3004 !JO. 21: 90.22 1-0 02 

3040 90 . 29. 09 08. 1-0 21 

2752 112.G3 112.71 -0.08 

2612 121.61 12436 +0.28 

mlll honco thc adjllbttl1Cnl fol' llilfcrolll Lempel'aLures 1). The nal'l'OW 
part of 111e g!UHS 1nbc WllCl'O 1hc Sllpp!~r of gas is l'cgn!atccl, has 

1) A similul' arrangemcnt has bcen dcscl'ibclj by li'nlcoL'\NnI:R, Zcilsehl'ift 
rlll' physikalische Chcmie, BLI. 3~ p. 4.01, 1901. 

37 
Proceedings Ropl Acad, Amsterdam. Vol. VI. 
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been gl'itduated in rnm. O\'e1' a length of 4 cm., w hich facilitates a 
finer adjustment by moving np and down the snpply tube. 

Fol' tempel'lttlll'eB higher than :35° the water btl'eamed succes
si vel,)' thl'ough two heatillg baths, each provided whh a thel'lIlO
regulator; the th'st bl'Ollght the Wt'Ltm' 10 35° 0., the Joeeoud to tIJe 
tlebil'ed tempOl'tÜlll'e. '1'0 avoitl exchange of heat with the SUl'l'0t1l111ing 
atmo::;phel'e the last bath was coated wHl! asbestos, exeept where 
it eame into C'ontaet with tIJe flames. 

One thel'lllOl'eglllatol' had been eonbtrllcted for higher tempel'atnres, 
filled with xylene and goes a::; fat, ab + 90° 0., the othe1' for 10we1' 
temperatmes wa::; filled witJt benzole, of ",hiel! the coefficient of 
expallsioll wa::; detOl'lllilled at 0.0011 allll goec:, fJ'Olll -40 tó+ 40° C. 

For tempenttlll'es below that of the water supply, thc WItter 
stremned between the oyedlow alld the heating bath through a ZillC 
vessel iusulated with feIt, ",here small piece~ of iee were eontinually 
bronglJt in. 

Hy leadillg the Wetter hack to the overflow aftel' it has flown 
throllgh the obbel'vation jaeket by meallS of a llIembrnne pump 1) 
t hrough tnbeb ellelosed ill \Vool, we eould llIake measnrelllents to 
about 1°.9 C. Fol' (.he expel'imellts with the mixture 0.3, mentioned 
in § 3, we llbed the eUl'l'ellt of bolutioll of calciumchloride at constnllt 
tempel'atme, desel'ibed iu UOllUll. N°. 87, Zittingsvel'sl. Deel XII 
,Juni 1903 (see PI. II of 11!at Comlll., which shows the ,,,holc arran
gement witl! the thcrlllostat. <tlld the ob::;el'v<ttion h.tlh). 

Fol' tempel'utlll'es abovc 30°, <tud also tor tempel'atUJ'cs as 1l111ch 
agnin bfllow the tcmperatul'e of the room, it appcal'ed ncC'cssal'." 
to replaee the obbel'vatioll bath, ",hieh fh'st consibted of a simple 
glass tube, by <t vL1,CnUlll jacket 2). Aftel' thi5 the diiIerence in tem
perature at 34° C. over a height of 33 cm. without stirring amoulltecl 
1,0 on.02 U. .i\1orcover we have alwt1J's slirred before each observa
tion. 'file water mts ill::;ulated fl'om the ('opper pieee with ",hieh 
the jacket was fi.t::;tened to the steel flauged tube of the experimental 
tube by a layer of bll11'11ltr. '1'his prc\'enteü the cement fl'om boftening. 

In onler 10 preYellt val'intions of tempCl'atnl'e of the gas eOlllpres5ed 
iu the experi men t.tl Inbe o\\Ting to eauduetion of heat along the 
mercul'y column 10 the l1Hll'Clll'y in the eOlllpression tubes, we took 
care that in the obsel'vatiolU;, where the mercury meniscllb was lowest 
the mel'c1ll'y column blill stoocl over a length of 40 ems. in the jacket. 

1) Comp. DE HA \s, Thesis rol' lhe doclOt'ale fig. I. 
~) Camp. Comm. W.S:>, Vel·s1. DeelXII ,[uni 1903, p. 214. The case aeling,as 

a spring was placed as low as possible la leave room fol' the coiI which moves 
the electro-magnelic slÏl'l'et·. 
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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< 


