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Physics. - "On the eqwrtiol1 of state of a substance in t!te ne~tfh­
lioUl'hood of t/te cl'itical point liqtûd-,(/f,(,8. Il. SpectJ'op/wtometl'ical 
investigation of the opalesêence of (l substance in t/te neiylt­
boul'lwod 0/ the cl'iticlfl state", by Peot'. H. KAlImRLINGH ONNES _ 

anc! DJ'. W. H. KlmsolIL Oommunication N°. J04b from the , 
Physical Ln,boratory a~ Leiden. 

~ 1. Introductioll. The spectl'ophotometl'ical investigMion 1) of the 
opalescence wil! have to give an answel' to the qnestion how the 
intensity of the light of a certain wavelength scattel'ecl in ,1, cel'tain 
dil'ectioll witb respect to tbe incident light anel 111cll1ded in a cel'tain 
angle of vision, in connection witb the polarlsation state clepends on 
the tempel'atnl'e and the density of the single snbstance 111 the 
neighbol1l'hood of tbe crItical point liguid-gas (cf. Oomm. N°. J04a 
§ J). A tit'st ql1antitative contl'ibution to this ll1vestigation is given 
in tjlis communication ~). 

We have con finecl our5el yes III thls fil'st 111 vestlgation to the deter­
nlÎnation of. 

1. fOL' different ternperatlU'es the ratio in which the rays of light 
of different wave lengthb at the same temperatme are scattel'eel in 
a eel'tain direction ; 

2. the v;ray in which the intensity of thc light of definitc mwe­
lcngth scatlel'ed III a cel'tam dll'ectlOn anel incll1clecl in a cel'tain angle 
of "ibion changes with the tem pel'ature. 

Oll tbe supposition fl, that the light enllttecl by the blue mist is 
owing 10 the scattering' of the ineic1ent light III conseql1ence of part 
of tbe substance condenging to padlCles of ihe same size (e.g. sp~leres) 
l'ol1nd centreR which are unifol'mly spread through the space, tlte 
l'esults of the investigat.ion mentioned undel' 1 vvill enable us to 
forlll an opinion on the size of these pal'ticles 3), that l1ncler 2 Oll 

tbe wa)' in which ihe t.otal quantity of substance which lias condensed, 
val'ies vvith tbe temperatnre. 

1) This investigation was carried out beCol'e Lhe intel'esting artiele of S~!OLUCIlOWSKI 
Atm. ct Phys. (4) 25 (Febr. 7, 1908) p. 205, appeaL'ed. We still had an oppor­
tunity, however, lo compal'e it with some parts of the Lext (c.f. also the pl'eceding 
Commu~licaLion). [Added in the English translation]. 

2) The colol'imetric deLerminations or ~'RmDLAlifDER, ZS. phYSlk. Chem.38 (1901) 
p. 385 con<;tJtute such a contribntion COl a mixture of two liquids in the neigh· 
boUt'hood of the critical point of separation. 

\) Already FRIEDLANDER loc. cit. p. 4.38 calletl attention lo lhe impol talwe of 
such all investigation 1'01' the knowledge of the mlell1al stl'UctUL'C of the criticall)' 
LUl bid media " , 
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On the more general supposition b, that the opalescence is the 
conseqneuC'e of eliffel'ences of density e.g. govel'ned by the statistic 
equilibrium, which extend over parts 'of the volume of irl'egular 
shape anel size, a c1istanee rail be pointed out which is connected 
with thc avemge size of these pal'ts of the "olume anel so with the 
sllbstance being mm'e Ol' less C'oaL'se-gl'ained in th at state; and whieh 
determines the optical phenomenon in a sirnilar wa,y as the size of 
the pal'ticles on supposition a. The investigalion mentioned undel' 1 
wil! tIJen enaole us to judge abont tltis c1istance. When in futul'e 
we speak of the si ze of the light-scattel'ing particles, we shall ref'er 
to tltis elistance. In this case the investigation mentioned under 2 
wil! teach us somelhing tlbout the mean c1eviation of the density in 
these pal'ts of the volume. This too wW be impliecl in future in 
"the quantity of condensed slIbstance". 

The measmemenls made by 11S can, howevel', be on I,)' C'onsielel'ed 
as pl'eliminal'Y ones. As, howevel', we have to put oif the continuation 
of these meaSllJ'ernents for some time, we think thaL we must not 
postpone the communication of these pl'ovisional l'eslllts any longer. 

§ 2. 'l'lte rl1'l'anyell/ent 0/ tlte expel'iments is I'epl'esentecl in Pl. II 
tig 1. Aftel' ha.ving pa.ssed thl'ouglt a la.yel' of water the light emitted 
by the luminomi boely of the Nl!lRNs'l'-lamp lVel' (70 HK) is cOlleen­
trated by the lenses LI anel L~ (Lo an image of ± 1 e.M. height) 
in the tnbe lJ:t filled with ethylene I). 

The light seatlel'ed upwa.l'ds in tile dil'eclion of the axis of the 
tube 2) by the elond is cOllcentrated by means of the system of 

1) This was obtained by distilling over sa much from the ethyl ene circulation 
of the cryogenic laboratory into lhe glass tube with cock fused to it, which had 
been cooled in IIquid air, anu rinsed with ethylene, that aftel' the gas phase left 
above the solid ethylene had been dl'awn 0[, and lhe tube was heated to the melting 
j)oint, 1/3 of it was fillec1. Then wilh t!ze co ck closed lhe tube was removed from 
the clhylene circulation, and fused togelher al a previously narrowed place while 
slill partially placed in liquid ail'. When the temperature rose to that of the room, 
it appeared, when at 0° the rime cle:\l'ed away, that in the gas space a thin white 
deposit was visible on the wall, which evaporated same degrees below the critica! 
tempel'ature of the elhylene. 'l'his deposit points 10 the preSeIlCe of an admixture 
which is s!ightly !ess vo!atile 1han ethylene (cf, VILLARD, Ann, de chim. et de phys. 
(7) 10 (1897) p. 389). That it was not visible in the !iquid space, probably points 
to a small diffel'ence in refl'angibility with liquid ethylene, 

Whcn we stil'red, and then slowly cooled the tube to below the cl'itical tempe­
rature, the meniscus appearecl in the top of the tube, 

2) The top of lhe tube is surrounded by a black cylindre in order to prevent 
rays of light l'eceivcd by th is part from being reflecled upwards, and being th1'own 
inlo the spectroscope, 
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lensefi L~, L4 and L5' La and the totaUy-refleeting pL'ism PI' to 
an -image of the beam of light crossing the ethylene tubé on the slit 
of the spectroficope Sp (n direct-vision speetroscope of HILGEIt-OHRISTIE 
giving a spectrum of great intensity I), in whieh an eye-pieee slit has 
been made in Ot'del' 10 eon fine a certain portion of Ihe Rpeetrllm; 
by ll1eans of the serew SCI'2 different portions of the spectrum may 
be bl'ought into the fiehl) , A beam of tlle light emitted by the NERNS1'­

Jamp is thrown on the slit of the speetl'oscope by means of p]ane 
mil'rors thl'Ollgh the polm'izing pl'isms 1Vicl> Nic., lVica (nftel' !laving 
been fit'st made parallel by lens L7) anel tIJen ihrollgh lene La nut! a 
10tallY-l'eflecting' prism, The pl'isms lVic1 anti ;lVica al'e'rigicl, which 
ellSUl'es that the light thrown into the spectl'oscope by tlle l'efleetiolls 
on the miITOl'S with different positions of Nic2 is l'edllCed in the 
same pl'OpoJ'tiOlJ; the prism lVic2 can turn l'ollnd, and is provided 
with a, gradllated circle, which conld be l'ead up to 3', The plane 
of polariE>ation of Nica iE> Ilol'izonlnl so tbat the cûndition of polal'i­
sation in the (wo beams tllrown into tlle specLl'oscope ag'l'ee5 in Ihe 
main 2), The plane of polal'isation of Nic 1 hns been put pantllel to 
that of Nic a • Aftel' the tube of elh,ylene had been bl'ought ro !he 
l'equiL'ecl lempel'alUl'e, nnd t11e lemperaLme of the 1'00111 had been 
l'egulated in sneh a way thai the lem pel'nLlll'o of tlle tube of el hy lene 
(l'ead 10 0'.01) eould be kepi snfiieiently constant (up to some huncl­
l'eclths 0(' n degl'ee) by the adclitioll, when necessnry, of some colLI 
Ol' hot watel' into the vaCllllm gla,ss, tlle pl'ÏSI11 N"ic. was acljl1Siet! 
by l'olatioll so as to obtain pClllal inlellsity of the considered pOl'tions 

I) See ZEEMAN Comm. N", 5, June '92, more dctailed Arcl!, Néerl. 27 -C1S93) 
p. 259 and Pl. V. The "halfprism" was used in our expcriments with a view to 
thc intcnsity in the magnifying position (CHRISTTE, Proc. Roy. Soc, 26 (18ï7) p,8). 
MOl'eover the dis)Jprsion is greater in th is pos.ition, whereas the Ioss of plll'i ty in 
the spectl'l1m is of no importance here. 

21 Not too ne al' the critical state the light el11itted by the blue mist in a 
dn'cction normal to the incident light, is poIarized in the pIane oi' incidencc 
tRAMSAY, ZS, physik, Chem. 14 (1894) p. 486). lL is to be expectccl that on 
approach to the critical state the light emitted in tbe direction mentiotJccl becomes 
mOl'C and 1110re pal'lially polarized (cf, 'l'YNDALL, Ph iJ. Trans. 160 (1870) p. 34R), 
It would be interesting 10 examine if then TYND.\LL'S residu al blue (1. c.) couId . 
be obscrved (on lhc connection of this wilh lhe difl'erence in refmctivity of llie 
scallCl'ing particles :md the sUl'rounding medium see RAYLEIGH, Phi!. l\lag, (4) 
41 (1871) p, 454), Measuremenls on the conclilion of poIal'isation might also 
leau to an opinion on Ihe .. size of lhe parLÎcles, see BOCK, Wied, Ann, 68 (18!:l9) 
p, 674 (spectrophotometrical investigation of the light scaltet'cd by a jet of steam, 
measurement of the eonelilion of polal'isalion, anel dcterminalion of the size ol' the 
parlicles by means of eliffraction ring!» l1ml PERNTER, Denkschr, Kais, Ak, el. Wiss, 
Wien 73 (1901) p, 301. 
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of tbe two spectra, With a view to this adjuótment care had been 
taken that the two spectra wel'e as close abo\'e each othel' as P0f,­

sible 1) and bad about the same height. The adjllstmeut and reading 
were made in the foul' different positions of lVic2 which ga.'ve equality 
of intensitJ" 

§ 3, 01J1ie1'vattons, Only obsel'vntions above the l'ritical tempel'ature 
have been comrnunicated here; in order to get unambiguous data 
for the depenclence of the inrensity of the opalescence on the tem­
pel'ature anel the density below the cl'ltical temperatul'e, a stirring­
apparatus, Ol' au arrangement to keep the tempel'atnre constant tiJl 
the th€'l'lllo-dynamic equilibrium ShOllld have been reached, wOllld 
have .. been l'equireel, Tbe obsel'vations wel'e made aftel' tbe tube of 
ethyleno had been kept at higher temperatme fol' 15 hOl1l's Ol' longer, 
antI )utd then been slowly rooled down to tbe tem pel'atm'e of obsel'­
vation, Tbc meaSl1l'ements have been made fol' two wavelengths, 
corresponding to D and P in the solar spectrum 1). In order to give 
an idea =of the degl'ee of accuracy of thc adjustments, we have com­
municated the data of an observation at a mean intensity of the 
scattered light in table 1. 

TABLE 1. 

Series VI, No. 3, 13 Nov 1907 I 

I 
I 

Wave ITemperature! AdJustments of Nic2 i' length 

D 
I 

11° 69 6348' 
I 

30°30' 151.036' 
I 125° 9' 

1 

14"10' 

11 66 04 24 

I 
36 15 1:'>3 30 

I 
120 18 13 50 

11. 70 63 18 JG 54 154- 9 I 125 1353 

11. ti9 -
temp. mean 110 68 mean: 13°:'>8' 

F I1 (j6 I 55°4::{ I 1:21,048' 6;)°18' 

I 

3~o33' 15°15'.5 

11. 68 156 15 I 124 5~ 66 Ü 3354 15 54 

I I 11. G7 

I 
1:'>7 18 122 57 07 ;,0 3} 6 16 56 

11 61 -

1 

temp. mean 11°.66 mean: 16°5' 

1) The use of a HUFNER'S prism would render" more accurate adjustments 
possible. 

2) When tbe experimeuts al'e repeated undel' cil'cumstances which admit of a 
mOl'e' accurate spectlopholometl'ic acljustment, au ex ten sion of the measurements 
lo mOle waveleustIls will be desiruble. . \ 
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The last column C'ontains the angle of the plane of polarlsatlon 
of Nic~ derived from the other columns, fol' the adjustment at equal 
intensity, with this plane of polarisation when Nic2 crosses Nic, 
anel Nic l • In general the adjustment for the wavelength F was 
less accurate than for D on arcount of the slighter intensity in 
the spectrum for the former wavdength. The greater deviation 
which the latter angle rp shows fol' the wavelength F in table I 
fi'om the pl'eredillg Ol1es, may be explained frol11 the difference in 
tempel'atul'e. 

The l'eslllts thu8 obtained have been joined in table Il. 

TAB L E II. 
--

T Wavelength D Wavelength F 
\ 

Temperature I cp 11 Temperature I cp 

Series V, 12 Nov. 1907 

13° .53 8Q27' 13°.59 10°11' 

12 .55 9 45.5 

Series VI, 13 Nov. 1907 

12° .54- 10°36' 12°.54 12°39' 

11 .86" 1237 11 .83 14 58.5 

11 .68 13 58 11 .1J6 16 5 

11 .42 17 52 11 4a 18 24 

11 .24 2218 

The obsel'vatiol1s of series VI ceased aftel' the adju8tments for 
the wavelength D at 11.°24, because aftel' this the temperature 
feU below the critical temperaiure, which was determined at 11.°18 1) 
(cf. ~ 3 beginning). 

The difference between the angles cp for Series V 12.°55 and 
Series VI 12.°54, wavelength D, is owing to this that between 
these obsel'vations a 8ligilt modification in the position of the lenses 
Lt, LR has taken place. The observations mentioned here may serve 

1) Comparisoll of this value of the critical temperature with that of other 
investigators indicales t11 at the critical temperature of th(' admixture (cf. § 2 

I 

p .• 612, note 1) does not !ie much higher than that of ethylene. 
42 

Proceedings Royal Ac::td. Amsterdam. Vol. X. 
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to bring connection between the series' V and VI. The results of 
other series of observations are not communicated here, because 
fol' them all the precautions mentioned had not yet been taken. 

From the data of table Il the course of the intensity of the 
scattered light with/ the temperatme (~ 2 2nd) will be derived in 
the first place. Let us call H D,t the in tensi ty in the spectrum of 
the light scattered by tbe cloud at the temperature t of' the wave­
Jengtll D for a certain arrangement of the apparatus, which is 
further thoughi to be nnmodified, HDcomp the intensity in the com­
parison spectrum when Nic 2 is parallel with Nic1 and Nica, then 
iD,t = HD,tIHD,ll.oG8 = sin4 PD,t/sin4 

PD,IJ.0 68· An investigation of the 
absolute intensity of the light scattered by the mist compared with 
that of the incident light (cf. ~ 6b) wiJl have to reveal how to 
derive a quantity from iD , t which determines the intensity of' the 
scattered liglit, independent of the particl1lar circumstances of the 
arrangement. Fot' an examination of the way in which the intensity 
of the scattered light depends on the tempeeature, the quantity iD, t 
is very suitable. 

Table III contains ihe results obtained oh this from table II: 
TABLE 111. 

( 

I 
iDt II 

t 
r 

iDt I , , 

r 

13°.53 I 0.190 I 11. °68 1 

12. 54 '0.337 11. 42 2.61 

H. 865 0.67-1 
I 

11. 24 6.1'1 

Th~se resttlts have been repl'esented in PI. II fig. 2, wh ere also 
a curve has been tl'aced through the points of observation (see 
f'urther p. 620). 

. Hp"IHPcomp. sin4 pF,t . 
The ratIO rF :D,t = H IH =. 4 yrelds data for the in-

D,t D comp. sm PD,t 

qniry mentioned in ~ 2 1 st. into the ratio in which the light of 
different wavelengths is scattered. Table IV contains the reslllts. 

TAB L E IV. 

t 
\ rp:D.t 11 

t 
1 rp:D,t 

13°.59 2.00 11 0.68 1.66 

12 .. 54 . 2.01 11 .43 1.18 

H .566 1.85 
-
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To this purpose the angles (I' fol' D and F have been reduced fo 
the same temperature by intel'polation. 

Above 12°.54 the ratio of the intensities 'of D and F seems to 
be constant. The fact al ready obscl'ved by several earl iel' observeJ's 
that on approach of the critical temperature the mist changes from 
blue to almost white, is clearly 'set fOl·th in the tab Ie. lVleasurements 
on this change of colout', howevel', have been communicated here 
for the first time. 

§ 4. On the size of tlte ligltt-scatte1'ing 1JCt1,ticles 1). To be able to 
derive from rF:D the ratio of the intensities F and D of the light 
scattered in a certain direction by the mist compared with the ratio of 
the intensities F and D of the incident light on the mist, we must 
bear in mind: 1 st that the two beams of light which are compal'ed 
with each other in the spectroscope are subjected to different reftec­
tions and absorptions outside the spectroscope, which might bring 
about a change in the ratio of the intensities D and F, 2nd that the 
optical apparatus fol' observation of the scattered light not being 
perfectly achromatie might cause a similar change in the rarios of 
intensities, 3ld th at if the condition of polarisation' of the two beams 
is not exactly the same on their alTi val in the spectroscope, the 
l'e:fJ.ections in the spectroscope mayalso give rise to such a change 2). 

The influences mentioned under 1 and 2 may be determined and 
eliminated by measurements of the scattered light when the substance 
in the neighbo'Ul'hood of the <':l'itical state has been replaced by a 
suspension for which the ratios of intensities of the scatteI'ecl light 
are known 3). Then it will have to appeal' in how far the cleviation 
of the values 2,00 found in table IV at the higher temperatm'es 
from that which according to RAYLEIGH (Phi!. Mag. (4) 41 (1871) 
p. 107) would be found if the scattering were bl'ought about by 
non-conducting particles the dimensions of which are small with 

I 

1) Cf. § 1 _po 612. 
2) Cf. CHRISTIE loc. cito 
3) Suspensions for which the intensity of the transmitted light is: according to 

RAYLEIGH I = Ia e-k).-4--c: mastic, Ag Cl, CU2 S in water, emulsion of lemon­
essence in waler: ABNEY and FESTING, Proc. Roy. Soc. 4.0 (1886) p. 378, LAMPA, 
Wlen. Sitz. bel'. [2a] 100 (1891) p. 730, HURlON, C.R. 112 (1891) p. 1431, COMPA.N, 

C.R. 128 (1899) -po 1226 j accol'ding to CLAUSlUS I = 10 e - kC
2
x: Ba S04 in a 

mixture of glycerin and water, etc.: COMPAN loc. cit.. To ensura that in this expe­
riment tha light is subjected to the same reflections as in the experiments with 
the mist we l'$hould have to take a suspension in ethylene of the critical density~ 
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l1espect to the wavelength: ).4n /).4F = 2.129, is to be explained in 
this wn.y 1). 

About the influeJlce of what was mentioned unclel' 3 we have 
made n. separate !lleasurement. See for this ~ 5. 

Aftel' the corrections indieated in this ~ hn.ve been applied, the 
data of table IV may serve to gi ve aIl iden. of the size of the par­
tieles by the aid of developments su eh as are given by LORENZ ~). 

From the change of r F: D in table IV on approach to the critica1 
temperature may already be deduccd that t11e light-scn.ttering partie]es 
must no longer be considel'ed as small with regard to the wave­
length at and below 11 °.866 (i.e. 0°.5 above Tl.). 

§ 5. On the quantity of substance which is condensed in .tlw 
l~qht-scatte1'ing pal'ticles at (lifferent tempemtzwes 3). To get to lmow the 
intensity of the scattered light at different temperatures, on1y a correc­
tion has to be applied to table III on account of the circumstance men­
tioned p. 617 uuder 3. Therefor the condition of polarisation of 
the sen.ttered light at different temp01'atures must first be knowll 
(cf. p. 613 nme 2). An uppel' limit for this correction may a1ready 
be given as follows. 

In the measurement mentioned in § 4 it appeared that light 
polal'ized normal to tbe blit was weakened to a greater deg1'ee in 
the bpectroscope than light polarized parallel to the slit, in sueb a 
way that the ratio of the intensities in the spectrum is 4) : 

Hf}J./HDI/ = 0.82, HpJ./Hl!'JJ = 0.70. 
lf we now suppose that at 13°.53 all the light of wavelength D 

scattered in a direction normal to the incident light is polarized 
in the plane of incidence, and that at 11 °.24 tbis light wonld be totally 
unpolarized, it follows from this measnrement, that at 11°.24 the 
weakening of the D-light in the spectroscope would be J.1 0 times 
the weakening of the D-light a.t 13°.53. 

To be able to derive from the intensity of the scaltered light at 
different temperatures how the quantity of condensed substance 
depends on tbe temperature, we should have to get a somewhat 
complete insight into the way lil which the light is scaltel'ed by snch 

1) AIso the fact that the light scattered by the mist must pass through a 
layer of a certain thickness (± 2 cM.) in the direction of propagation, may cause 
a deviation in the same direction. 

2) L. LORENZ. Vidensk. Selsk. Skr. Copenhagen 6 (1890). Oeuvres Scientifiques 
1 p. 405. 

3) Cf. § 1 p. 612. 
4) Cf. with this the calculations of CHRISTIE Proc. Roy. Soc. 2G (1877) p. 24. 
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pal'ticles, and hence be acquainted with the structul'e of the particles 
(cf. § 1), in which also the origin (cf. Oomm. N°. j 04'!, § 4) 
would rome in fol' discussion. However, it is to be expected that 
when the particles, are small compared with the wavelength of the 
light, the intensity of the scattered light will increase proportional 
to the square of the quantity of condensed snbstance, whereas when 
the pal'ticles are no longel' so small, the increase wJll take place 
more slow ly. 

To whatever canse we may atl.ribnte the occurrence of the diffe­
ren ces in density, the great compressibility of the substance in the 
neighbourhood of the critical state will have a prepollderating in­
flnence on it. Thns e.g. the mean deviation in density governed by 
the statistic eqnilibrinm (S~1OLUCHOWSKI) 1) will be pl'oportional to 
VàplàQ (Q = density). If we assume that the substance condenses 
round centl'es of attractlOn which exert forces on the slll'J'ounding 
particles of the substance which per unit of mass are only dependent 
on the distance, the quantity which is condensed rOllnd every cen­
trum of atü'action is proportional to 2) àplaQ. 

In order to examine what infol'mation the data in table In give 
on a connection between the intensity of the scattered light and the 
compressibility, we notice that in the neighbourhood of the critical 
point àplaQ = Cjll (T- T1..), if the average density of the substance 
diifers so little from Qk that the following term 3Cj30 (Q_Q/c)2 may 
be neglected (so T - Tlc not too smalI). 

TABLE V. 

t 
I 

iDtO I 
iDtC I 

O-C in 0,'0 of 0 

13.°53 0.1!J0 o 213 -12 

12. 54 0.337 0.368 - 9 

11. 865 0.671 0.730 - 9 

11. 68 1 1 

11. 42 2.61 2.08 + 20 

11. 24 6.11 8.33 - 36 
I 

1) M. v. S~[oLuaHowsKI, Ann. d. Phy'i. (4) 25 1908 p. 205. 

~) In this it is supposed that the condensation is so in significant that p in a 

condensed part remains sufficiently near lot ' 
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In table V the data of table III have been compa~ed with the~ 
. 05 

formula: 2n,t= T-Tk (tk = 11°.18, see p. 615). 

The -- - - - curve in PI. II fig. 2 represents lnlC' 

The differences 0 - C are of two kinds: 't' 

1. The deviation at 11 °.24: this was to be expected in the 
immediate neighboUl'hood {i)f the critical temperature, as the formula 
for T,c would :..give an infinite intensity; here the influence makes 
itself feIt of following terms in the development of ap/af!, or of the 
intensity of the scattered light as function of the quantity of' sub­
stance (see p. 619); 

2. al&o at temperatures further from the critical temperature 
the1'e is a systematic deviation: the observed curve of intensity 
ascends here more rapidly than the calculated one. This might among 
others be 111 connection with the obsel'vation ofTRAvHRs and USHER 1), 
who found that the maximum of the intensity of the opalescence 
should not lie at T", bllt fol' SO~ 0°.05 above '1'k. 

Leaving these deviations out of account we may conclude that 
on the main the observations conform to the mentioned equation. 

0.25 
The deviations from a formula in t = --- would have been 

, (T-Tk)2 

much larger. The cOl'l'ection mentirmed in the beginning of this 
§ wm not affect this conclusion. 

On the supposition that at least when the dimensions of the 
volume elements in which appreciable condensations or rarefactions 
are found, are smalt with respect to the wavelength, the intensity 
of the scattel'ed light is proportional to the square of the quantity 
of substance which has condensed l'ound every centrum, or to the 
square of the mean deviation in density governed by the statistic 
eqmlibrium, it follows that our observations rather support the 
hypothesis of' the condensations and the rarefactiolls caused by the 
molecular movement and governed by the statistic equilibrium, than 
the hypothesis of celltl'eS of attl'action whose llumber remains constant 
with \'arying temperatnre. 

If it appeal's from further investigations th at the absolute vallIe of 
the intensity of the light scattered by the mist is 111 harmouy 
with what is to be expected accol'ding to the distl'ibution law of 
BOLTZiliANN (cf. SrvIOLUCHOWSKl, loc. cit.) a connection may be formed 
between the obsel'vations of the intensity of the light scattered by 
the mist and the distlll'bance function in the equatiol1 of state in 

1) M. W. TRAVER5 and F. L. USHER. Proc. Roy. Soc. A. 78 (1906), p. 247. 
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the neighbonrhood of the critical point through considerations on the 
increase of the vil'ial of attl'aciÏon in consequenre of the differences 
of density 1). 

§ 6. Rema1'ks on ftl1'the1' expel'iments on tlw mist in t!te neigh­
bOU1o/wod of the critical state. 

a. When through measurements as treated iJl § 3 the way lil 

which the intensity of the light scattel'ed by U1P mist depends on 
temperatul'e and density, wtll have been sufiiciently urought to light, 
the determination of this intensity at different heights in a OAGNIARD­
LATOt'R tube may be substituted fol' the methad of the floating bulbs 
for the detel'lllination of the density at different heights in the tube 
(See Oomm. N°. 98, Sept. '07). If the establishing of the therma­
dynamie equiIihrium is effected by keepiug the temperature for a 
long time suffiC'iently COl1btant, the detel'mination of the intensity of 
the scattered light as function of the height in the tube would 
supply a method fo!' the accurate determination of the experimental 
equation of state in the immediate neighbourhood of the critical state 
(cf. Comm. N°. 98 § 1 p. 218). 

b. BeRides the before-mentioned meaSUl'ements on the condition of 
polarisation (§ 2) aod the measurements for the sake of the COl'l'eC­
tions mentioned 111 § 4, measuremenis on t11e ratio between the inten­
sity of the seatteren light and that of the incident light would also 
be desirabIe. (Of. § 3 p. 616 and § 5 p. 620). For this purpose 
measurements might serve in which the ethylene is ,'eplaced by a 
silver mi1'1'or fOl'ming an angle of 45° with th~ axis of the tube ~). 

IJ Cf. M. v. S~lOr.uCHOWSKI, BOLTZMANN Festschrift 1904, p. 626 

2) We have in the meantime made a preliminary measurement of the absoluté 
intensity of the scutter ed light by comparing it with the light reflected from a 
sil vel' mirror (reflection constants for IJglut polarized perpendicular and parallel to 
the plane of incidence ca1culated according to QUlNCKD, Pogg. Ann. 128 (1866) 
p. 541 from determinations of the pl'lllcipal angle of incidence and the prinClpal 
azimuth by JAMIN, Ann, chim. phys. (3J 22 (1848) p. 311). Fo!' this measurement 
the comparison spectrum had to be mtensified by replacing the systems oJ lenses 
L7 and La by strongel' combinalions. From the angles ;p Ag = 3i °33' and .;, Et = 

5°4.'5 we derive that at t = 11 °.93 the intensity of the light of wavelength D 
scattered by 1 cM.s of ethylene perpendiculal' to the direction of incidence per 
unit angle of vision is S D = 0,0007, if the intensity of the incident (unpolarized) 

light = 1. 
If we calculate uccording to RAYLDIGH, Phil. Mag. (5) 12 (1881) p. 86-88, 

LORENZ, Oeuvres Scientif. I p. 496, S = ~21 (~r (N = number oflight·scattering 
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c. If would be of interest to investlgate w hether for a single­
substance in the neighbourhood of the critical point an incl'ease of 
viscosity is found as has been noted by OSTWALD 1) fol' a liquid 
mixture in the neighbourhood of the critica1 point of separation 
from measurements of STEBUTT, and has been îurther determined 
by PRIEDTJÄNDER (see p. 611). Perhaps the increase of tbe viscosity 
and the size of the light-scattel'i.ng pal'ticles (§ 1) might be brought _ 
into relation, and so also the colonr of the scattered light. 

d. We couid not ascertain an in,fluence of RÖNTGEN-l'ays on 
the blue mist in etbylene. An investigation might be made as to 
whether the a-rays or the emanation of radium exert an influence 
on the mist. 

e. FÜCHTBAUl.;R~) investigateel a mixture of iso-hutyric acid and 
water (in the neighbourhood of the critical point of separation ultra­
micl'oscopically; he eliel not sncceeel in dissolving the cone of light. 
Nor could we ascertain 3) the presence of separate light-scattering 
particles in the mist for a mixture of amylene-aniline with the 

1 
objective Homog. Imm. -, eye-piece 4:, conelenser AA (ZEISS) anel 

12 
as source of light an electric til"C lamp (30 Ampère) Ol' sola!' light 

. (10 Dec. '07), We consider a repetition of this experiment with 
more intense solar light anel with more pl'ecantions taken to keep 
the temperature of the mixture that is ultramicl'oscopically examined, 

particles per eMS, L::./-t dcviatioll fr om the average refraetive index /-t~), and if we 
express L::./-t in terms of the deviation in density aceordillg to LORDNTZ-LoRENZ, and 

·f d· S ·.0 RToj ( b 1 accor mg to MOLUCHOWSKI we "'rIte ~. = - 2(~) V = num er of 
vvo à 

• v ° 
molecules in the _light-seattering particle), m which (~~) 0 for Vo = Vk can be 

dev~loped as PTo Pn (T-TIo) (Suppl. N°. 6, May '03), we find at T-Tk=0.75 
V o ° 

for ethylene SD = 0.00075. 
Although our measurement is but preliminary, it leads us lo conclude that, at 

least as' far as the order of maguitude is concerned, the inten .. ity of the light 
scattered by the blue mist in a single substance in the neighbourhood of tbe 
critical state agrees with the hypo thesis of S~IOLUCHOWSKI, that light is due to 
differences in density caused by molecular motion and governed by statistical equi­
librium. [Note added in the ,English translation J. 

1) W. OSTWALD. Lehrbuch der allgemeinen Chemie n 2 (2 te Aufl. p. 684). 
2) CHR. FÜCHTBAUER, Zeitschr. physik. Chem. 48 (1904) p. 552. 
3) We express our hearty thanks 10 Prof. M. DE HAAS of Delft for his kindness 

to lend us his ultramicroscopie apparatus. . 
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at a constant temperature near the critical tempel'ature of sepal'ation, 
desirabIe, and also such an investigation for a single substance in 
the neighbourhood of the critical point gas-liquid 1). 

This investigation in connection with what follows (see ~ 4) from 
measurements as mentione~l in ~ 3 on the size of the light-scattering 
particles might give us an idea of the velocity of moiion of the 
light-srattel'ing particles Ol' of the mean time of existence of definite 
aggregatiolls governed by the st~tistic equilibrium. 

Chemistry. - "On t!te fOl'm-analogy of I-lalogene-derivatives of 
H.1fdl'o-carbones wit!t open clwins". By Dr. F. M. JAEGER. 

(Oommunicated by Prof. A. P. N. FRANOHIMONT). 

(Th is paper wiJl not be published in these Proceedings). 

ERRA T A. 

In the Proceedings of the meeting of March 30, 1907: 

Plate TI belonging to the Oommunication of Prof. H. KAMERLINGH 

ONNES and Dr. '\V. H. KEESOM: for 't' = 1.18 read 't' = 1.08; for 
't' = 1.05 read 't' = 1.035. 

p. 798 l. 4 from the bottom : for 0.966 read 0.996. 

In the Proceedings of ihe meeting of September 28, 1907: 

p. 211 1. 12 from the bottom : for 0.16822 read 0.25234. 

In the Proceedings of the meeting of December 28, 1907: 

p. 414 1. 7 from the bottom : for 28.955 read 29.030. 

1) The possibility is narnely 110t excluded that theu the light-scattering particl€'s 
have larger dimensions and a greater' mutual distance than at the critical point 
of separation of two liqllids. To form au opiniou on this point a spectrophotometric 
investigation fol' a liquid mixture, in the same way as we bave made for a single 
substance (§ 3) would be useful. 

(March 27, 1908). 


