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Dr. J. P. KUENEN. Some experiments 'tegarding 

the anomalous phcnon1-ena near the critica l point 

In a former communication on the same subject 1) 
I was led to the conc.Iusion, that the phenomena near 
the critical point observeu by different experimenters 
do not lead to the acceptin� of a new theory about 
vapour and liquid of a simple substance, that the ordi
nary theory, which may be called the ANDREWS-VAN 
DER WAALS theory, is in harmony with all observations, 
if only the influence of impurities, of retardation, con
nected with it, and gravitation is taken into account. 
Since then some new investigations about the critical 
point have been published, of which especially those of 
BATTELLI 2), GALITZINE 3) and WESENDONCK 4) ueserve to 
be mentioned. For the greater part these observations 
are the same or of the same kind as those described 
by ZAMBIASI, DE HEEN, GouY etc. before, and to those 
therefore refer the considerations laid down in my 

1) Verslagen Kon. Akad. van Wet. Afd. Natuurkunde 1 893/ 
1 894 Oct. p. 85-90. Communications etc. n°. 8. 

2) Ann. Ch. et Phys. (6) 29 p. 400-432. 
3) Wied. Ann. 50. p. 521 -545. 
4) Naturw. Rundschau 9. 209-212 .  
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former pape1 1 ). In the meantime an important note 
has appeared by RAMSAY and YouNG ·), in which de
pending on experimental labour of years they unreserved
ly declare, that the anomalies do not belonO' to the 0 
real conduct of bodies and can be entirely explained 
by disturbing circumstances (differences of temperature, 
impurities etc.). The importance of this note is still 
more enhanced by the fact, that RAMSAY had been the 
first, starting fmm observed irregularities, to set up a 
new theory 3) and now, with his col laborator YouNG ' 
declares his observations to have been caused by the 
presence of impurities. 

In the 5th paragraph of his paper GALITZINE de
scribes a new experiment, which he supposes to confi rm, 
what he calls »die neueren Anschauungen iiber die 
Molekularvorgange in  Fliissigkeit und Dampf ' having 
in view the theories as brought forward by DE IIEEN 4)·, 

') In WEsENDONCK's paper for instance an observatiou is de
scribed, the explanation of which seems to be easy. A Natterer
tube heated quite above the critical temperature and therefore 
apparently quite homogeueous, showed mixing-phenomena (striae, 
cloudy appearance) by being turned at constant temperature. 
When it is considered, that in consequence of gravitation the 
density and, if some impurity is present, also the composition 
of the mixture varies regularly with the height in the tube, 
the observed fact can but appear quite natural. 

2) Phil. Mag. (5) ;n p. 2 15- 2 1 8. Vid. Young, 1'rans. Chem. 
Soc. 59, p. 1 28. 

3) Pr. R .  Soc. of L.  30 p. 323. 
4) Physique Comp. 1 888. Bull. Ac. r. de Belg. passim. o. a. 

24 p. 28 1 .  
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BATTELLI 1) a. o. Into an U-shapetl tube he introduces 
two quantities of ether separated from each other by a 
column of mercury ; one is entirely liquid at ordinary 
temperatme, the other in part vapour. This tube is  
heated beyond the critical temperature and the volu
mes occupied by both quantities are measured .  With 
three tubes investigated in this manner GALITZIJ\'E finds 
large di fferences of density between both branches of 
the tube, diminishing with rising temperature, but at 

1 5° or 20° C above the critical temperature still amount
ing to 20% ; the larger density he always finds at the 
liquid-side of the tube independently from the relative 
height of the mercury in the two branches of the tube. 
These differences were not of a transitory nature, but 
did not change in the course of 1 '/2 hour, and are 
supposed by GALITZINE not to be connected with the 
presence of air, as he derives from the faet, that ad
mittance of air at the vapour-side of the tube did not 
change the phenomena to a large extent. It does not 
seem to me to be superrruous in  connection with this 
experiment rigorously to formulate the >lneueren An
schauungen" and to see, which form they must assume, 
in onler not to be inconsistent w ith GALITZINE's and 
other experiments. This is necessary, because the theo
ries of DE H EEN, BATTELLI a. o .  cannot be said to 
have been developed very precisely, so much so that, 
as will appear, they lead to results contradictory to 
observeu facts, which they are supposed to explain. If 
starting from GALITZINE's experiment we accept his 

' ) Ann.  Oh. et  Ph.  (6) 25 p. 38. 26 p. 394.  29  p. 239,  400. 
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explanation of his observations as right,  we are led to 
the hypothesis, that at least two di fferent kinds of 
ethermolecules exist, of which one Is l ighter and chiefly 
present in the vapour, the other denser and for the 
greater part existing in  l iquid ether. We may now 
make two different suppositions. The first is, that these 
two k inds of ethermolecules (liquid- and vapourmole
cules) can pass into each other, that is  to say that the 
l iquidmolecules are to be considered as compounds of 
vapourmolecules, as is also admitted by DE I-TEEN 1). 
The hypothesis in this form we will cal l Hypothesis I .  
This Hypothesis I i s  not inconsistent with the ANDRE:ws
VAN DER WAALs's theory taken in  a general sense. Many 
observations of late show the probability, that in many 
cases the transformation of a vapour into a liquid consists 
for a part in the formation of such complexes of mole
cules. The formation of these complexes can commence 
in the homogeneous state already and will especially 
take place to a large extent quite above the critical tem
perature, where the density changes so rapid ly. Unat
tacked however remains, if not the form and the deriva
tion of vAN DER WAALS's formula, still the existing of a 
system of unambiguously determined isothermal l ines, the 
property that one point of the p-v-diagram represents on ly 
one state of equilibrium with determinetl p, v, and T, in 
w hich exists a defini te proportion between the number 
of simple molecules and complexes of molecules. In this 
way it at once appears, that the hypothesis I .is unable 
to perform, what it is meant to do, viz. to explain 

1) l .  c. "molecules liquidogcucs". 

...... 
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GALI'l'Z INE's experiment and on the other hand, that his 

experiment cannot confirm the hypothesis ,  taken in this 

manner. For according to this theory differences of 

density as found by GALITZINE in the homogeneous state 

at the same temperature and pressure, ought to dis

appear gradually, as the stable condition is attained, in  

which the  same proportion of  simple and compound 

molecules is  found at both sides. The contrary has been 

observed by GALITZINE, as was mentioned above. We 

come to the same conclusion as to other anomalous 

phenomena, which are supposed to be explained by 

hypothesis I, as for instance the small slope of the l ines, 

which i ndicate the coexistence of two phases in the 

p-v-diagram, a well-known phenomenon, recently again 

observed by BATTELLI 1) , who even from h is observations 

calculates the relative number of compound molecules. 

The application of the thermodynamical rule for deriving 

the possible phases from the system of isothermal  l ines 

(Gm
.
Bs) must in this case take place in the ordinary 

way and at definite temperature only one pressure and 

one possible composition of both coexisting phases is 

found.  In absolute contradiction with this same conclu

sion is  one of DE HEEN's 2) experimental results, viz .  

the difference of density of saturated vapour in  the 

presence of more or less l iquid ,  which fact he maintains 

to be entirely explained by the new theory ! A clearer 

l) Ann. Ch. et Ph. ( 6) 25 p .  66. 29 p. 242. BA.TTELLI's opin

ion that the curvature of the straight line at the end is 

con
1
uected with the course of the theoretical isothermal line 

(J. J. TROMSON) , also arises from a misconception. 
2) I. c. 24 p. 28 1 .  
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proof of the unsatisfactory way in whicl t  the theoretical 
question has been treated by the originators of the 
>meueren Anschauungen" is hardly possible ' ) .  

If  therefore i t  is thought necessary as by DE I-IEEN 
and others for the explanation of the anomalous pheno
mena observed to call to assistance the hypothesis of 
the compound molecules, only one way lies open viz. to 
suppose, that the two different kinds of molecules are 
difTerent in nature and cannot pass into each other. We 

call th is : Hypothesis H. According to this supposition 
vapour-molecules issuing from the vapom of ether might 
solve into l iquid ether and perhaps be condensed into 
the fluid state, but the liquid originating thus would not 
be l iquid ether but only condensed vapour of smaller 
density than real liquid ether. On the other hand ether 
might evaporate, but this vapour would not be vapour 
of ether, but evaporated l iquid of larger specific  gravity 
than real vapour and other properties, which the ex
perimenter should learn to distinguish from those of ordi
nary vapour. Between these extremes in both liquid and 
vapour different modificatiom; would be possible, formed 

' )  Independently from the questions discussed here it might 
be asked, whether this Hypothesis I would not have the advan
tage of explaining the retardation without the infl uonce of 
impurities being admitted : the di l'iding of the liquid-molecules 
into the vapour-molecules might take some time. It is to ·be 
observed however, that this time ought to be extremely long 
(Gouy sometimes had to keep his tubes at constant temperature 
during a whole week !) for which supposition no analogue 
exists ; whereas the fact cannot astonish us, if we regard the 
phenomenon as caused by diffusion. 

L 
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by m1xmg the two sort:-; of ether-molecules, for which 

therefore the laws of rnixlnres would hold good. The 

hypothesis in  this form, which admits two kinds of ether, 

which must be called chemically different. would perhaps 

succeed in explaining some observed facts aiHl GALITZINE's 

result among them, but who would l ike to accept it 

with its consequeuces stated above ? Of thesA t\VO kiuds 

of ether (anJ the same would be the case with many 

other substances) with properties di ffering so widely 

nothing has ever been discovered in the most trust

worthy experiments ') and RAlii8AY and YouNG therefore 

do not hesitate to <leclare in their note, that the exper

iments, which compel to the a<..:cepting of such an hy

pothesis (as GALTTZINE's experiment) must be ascribed 

to experimental errors, a statement against which 

GALITZINE and DE Ih :EN 2) have protested without delay. 

However with regard to GALITZINE's experiment, \\'h ich 

is  perhaps the most surprising, we may not content our

selves with doubt, however j ustified it may be ; imme

diately after the publication of GALITZINE's paper l set 

myself to repeat the iuvestigation, in order to find out, 

under w hat circumstances such results could be obt;lined. 

For discovering difTerences of density, as found by 

GALI'l'ZINE, his method being a differential-method seems 

to be verv fit .  

It seemed of h igh importance to fo l low GALlTZnm's 

method as faithfully as possible and to take all precautions 

') REGNAULT's observation (Mem. de l'ac. 26, p. 375, 824) 
has not been confirmed. 

2) Phil. i\Iag. (5). 27. p. 423, 424. 
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necessary for making a pure experiment. GALITZINE 
states, that in h is tubes in consequence of his manner 
of filling them some air was probably left. This quantity 
will probably not have been very small 1° because the 
l iquid at the liquid-side never divided. (at least nothing 
of the kind is mentioned) not even when the mercury 
was higher at that sitle, 2° because the phenomena flid 
not alter by the admitting of a large quantity of air. In 
order to avoid the presence of air and other impurities 
as much as possible, the following disposition was chosen ') .  
The U-shaped t ube F (vid. Plate) (inner ciiameter ± 3.5 
mm.) is closed at one end (liquid-branch of the tube) ; the 
other end is  connected to a T-tube a small sphere E 
being between them. Both open ends of the T-tube 
are provided with conical glass ground joints : by aid 
of one (A) at the end of the long horizontal tube 
the apparatus may be connected to a mercury-pump : 
to the other joint B a sphere C fil led with ether 
may be connected. This joint is made tight by aid 
of the small globe D, which is filled with mercmy : in 
this v•ay the use of grease is avoided. The direction 
of the U-tube is nearly perpendicular to the T-piece 
anJ therefore horizontal ; in this way by turning the 
apparatus round the first joint (A) the U-tube under
goes small changes of position near the horizontal tlirec-

1 )  The description given here pertains to the last tube exam
ined, the results of which w ill be given further on. The treat
ment of former tubes only differed in details ; where it seemed 
to be necessary experience obtained with other tubes has been 
added to tho description. 

H 

tiou without the sphere C deviating too much from the 
vertical position ; the turning of the tube i s  necessary 
dming the boiling of the mercury and the ether. The 
liquid-branch and a part of the vapour-branch are now 
fil led with the quantity of pure mercury required, and 
the mercury is made to boil in an atmosfere of nitroo·en t".l 
at tlw mercury-pump. The sphere is then provided with 
a quantity of pure ether distilled from pure sodium ; 
and some fresh souium is added : then the ether i s  cooled 
to -80° C, made to boil at the air-pump and then 
distilled into the U-tube by cooling this unti l  tbe whole 
tube and the sphere E are ful l .  Then it is made to boil 
again, until the vapour-bubbles formed can be made to 
disappear entirely in a moment and at last the tube is 
sealed under the surface of the ether at G ;  the quantity of 
liquid remaining in the tube was chosen so that it nearly 
occupied its critical volume at the critical temperature, 
which I succeeded pretty well in doing as a rule. In 
the tubes, which were. filled by cooling with soliJ car
bonic acid , it sometimes happened, that some ether was 
found between the mercury and the glass. It soon ap
peared that the cause was to be looked for in the freezin cr b 
of the mercury, which contracts in soliJifying. After-
wards the temperature of the cooling liquid was kept 

above - 40° C and the phenomenon did not show itself 
any more. 

The U-tube being ready the quantity of ether iu the 
vapour-branch was measured. All measurements at orcl in
ary temperature were made the tube being placed 
in a vessel with water. The readings were taken with 
a cathetometer. The perpendicular position of the tube 

I 
I I 
l 
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was controlled continually 1) and the glass vessel was 
especially chosen so, that errors arising from the refrac
tion of the glass might not influence t il e  results too much. 

In order to make the tube ready for the measure
ments a part of the liquid must be transported to the 
liquid-branch. Notwithstanding the care, witl1 which 
the glass, mercury and ether had been treated, it some
times happened, that this operation clirl not go on very 
easily because of a sort of sticking of the mercury to 
the glass. This was very troublesome, because the ut
most care had to be taken, lest a part of the Yapour 
should also be introduced into the l iquid-branch. Probably 
the reason of it was to be looked for in the surface of 
the glass, which by repeated heating, cleaning, boiling 
of the mercury etc. was peelmps decomposed a little and 
therefore obtained other capillary properties, which sup
position was conlirmrd by a faint bluish co lour in the 
wille part of the tube, as is sometimes observed in old 
bottles. Nothing l ike a chemical action between the ether 
and the mercury could be discovered. 

An important fact, which appeared without exception, 
consists in the presence of some permanent gas in the 
vapour-branch of the tube. The ether introduced i11to 
the liquid-branch remained undivided at first notwith
stan<ling the greater level of the mercury on that side, 
in consequence of the ether being almost absolutely 
without gas : hy hitting the tube or heating it the ether 

1)  To a slope of 2 .4° corresponds a.n error of 0.001 in a measu
rement of a vertical distance : the error cannol have amounted 
to that in my experiment8. 

. , 

" , 

could be made to divide and then at the vapour-side 
a pressure of 5 or more mm.  became manifest. While by 
inclining the tube the ether at the l iqui< l-side could be 
reunited in a moment, the same could not be done at 
the vapour-side, without warming the tube at the other 
side, though before the sealing of the tube the vapour

bubbles disappeared in a moment. The hypothesis I 
cannot explain this, because the difference of pressure 

did not disappear of itself. Moreo\'er the wole of the 

ether is got from boiled liquid ether and therefore can

not contain many vapour-molecules (speaking in the 

language of the nnc� Hypothesis). Should not decompos

i tion of the ether be supposed to be the reason of this 

phenomenon ? As far as I know, this probability has not 

been taken into account til l  now, though in many and 

manifolcl experiments the same thing must have hap

pene<l 1). Chemical analysis might verhaps decide this 

question (cf. p .  26, 27). The quantities of gas as calculated 

from the cliJTerences of pressure expres�ed in weight

proportion are exceedingly smal l ,  and do not exceed 
0 00002 or 0.00003. 

The ether being transporte( l ,  the quantities on both 
sides were measurecl at ordinary temperature, first with 
undividerl, then with d ivided l iquid, by means of whirh 
a calibration of the ends of the tube was obtained. 

1) For instance with Natterer-tubos filled with ether. The 
products of the decomposition of ether by conduction through 
a glowing tube are : ethylene, aldehyde, hydrogen, water, 
methane. The decomposition of methylchloride by the sealing 
of the tube was formerly establishetl by myself by means of a 
deposit of carbon. (Arch. Ncerl. 26. p. 360.) 
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For the observations at high temperatures a combin
ation of a vapour- and a liquid-bath was made use of 
viz. glycerine being heated by purified methylic salicyl
ate boiling under different pressures. The bath resem
bles that of GALITZINE and is in principle the same as 

the one used before by myself ') and by Dr. E. C. DE 
VRIES 2 ) for his experiments on the capil larity of ether. 
It seems superfluous to describe it more extensively . !he U-tube was fixed to a glass rod which was put 
mto the glycerine and fixed in a stand. In this way 
no inequality of temperature by conduction of heat 
was to be dreaded,  as with a metal bar. Moreover the 
position of the tube was now independent from the 
small displacements of the liquid-bath resulting from 
changes of pressure in the vapour-bath. The thermo
meters used (0.2° 0) have been compared to a standard
thermometer, which has been controlled by the Phys. 
Techn. Reichsanstalt in Berlin. 

Dming the heating the following difficulty arose : 
GALITZINE does not mention the dividing of the liquid 
in the liquid-branch of the tube and it seems as if 
during the heating such a thing did not take place, 
not even with the tube in which the level of the mer
cury was highest at the liquid-side. With my tubes 
however the liquid always divided at a temperature 
far below the critical temperature though hardly any 
gas was present in the liquid-braneh. Happily this 
point does not seem to be of high interest : for, as the 

I ) c. f. Arch. N eerl. 26. p. 363 sqq. 
2) Dissertation. Leiden 1 893. p. 1 7  sqq., 3 1 .  

1 

1 5  

deviations found b y  GALITZINE have been proved by 

himself not to depend on retardation, the condition of 

the ether in  both branches can only depend upon their 

original contents and not upon the history of the sub

stance between the original and the final condition . 

therefore it cannot make any difference, whether th� 
ether has divided or not during the heating. Rut in 
order to anticipate the objection, that here at least a 

difference between GALITZINE's and my experiments 

exists, by means of the fol lowing device the liquirl at 

the liquid-side was kept undivided. Through a thin 

copper tube situated quite above the liquid-branch of 

the tube within the glycerine bath a stream of water 

is conducted. By this means the glycerine above and 

around the ether cools a little and the small difference 

of temperature arising from that is sufficient to prevent 

the d ividing of the liquid . Comparison of readings, 

with or without dividing liquid, proves the validity of 

the above reasoning ; the readings do not differ more 

than must be a;:;cribed to the uncertainty of the method. 

Example : volume of the ether in the mpour-branch 

v,., in the liquid-branch Vt (expressed in mm.  of the 

tube at 15° C.) 

liquid undivided divided 

at 223.3° C. 
Vu 40.46 40.50 
Vt 44.32 44.24 

at 206.5° C. 
Vv 40.73 40.70 
Vt 44.:l4 44.25 

The agreement is even better than might be expected. 

Henceforth it appeared unnecessary to prevent the 



16 

l iqui ll from dividing and the tube was l eft alone during 
the heating. 

It therefore appears (as GALITZINE found) that the 
condition of the substance above the critical tempera
ture in the circumstances of the experiment is not 
m uch i nfluenced by retardation and so does not cha�ge 
much with time. This I proved separately by puttmg 
a small stirring-rod within the vapour-branch of the 
tube and by testing the influence of stirring ' ) .  Here 
aaain no chan.Q:es could be established with certainty. 0 V 

d • Observation of the position of the surfaces unng a 
lon er time confirmed this result. Only i n  the beginning 
afte�· the temperature had been reached now and then 
a small displacement of the mercury was observed, 
but it  i s  very probable, t hat this d isplacement must be 
ascribed not

. 
to retardation but to the time \Vanted for 

the establishment of a stable condition within the hath. 
l\loreover the displacements were much smaller at least 
at high temperatures than the differences to be d is
covered by this investigation. 

Tracina the different sources of errors I find 
1o the

n 
di.ITerences of temperature. Approaching the 

critical temperature from above, the position of the 
mercury becomes more and more suscept�b

.
le to varia

tions. At one or two degrees above the cnt!Cal temper
ature a mean value may be given in the Tables, but 
the exact value is uncertain . This is the effect of small 
variations of temperature in the glycerine-bath, which 
sometimes under unfavourable circumstances could be 

' )  c. f. Arch. Ncorl . 26. p. 372. Communications etc. n °. 4. p. 5. 

1 7  

observed with the thermometer, though a s  a rule the 
thermometer throughout the whole bath at d ifferent 
heights did not show any differences. In order to get 
an idea of the influence of a difference of temperature 
between the two branches, I have calculated for some 
temperatures by the aid of 0LAusms's formula ') for 
ether the difference of temperature corresponding to a 
definite difference of volume at constant pressure, the 
volume being nearly equal to the critical volume. Thus 
I found : 

At 10o above the critical temp. for 1% diff. of vol.  0.17°  diff. of temp. 
)) 5" )) )) )) )) )) 1 °/o )) )) )) o.·l t "  )) I) )) 
)) 1 °  )) )) l) )) l) 3?/0 )) )) )) 0.05° )) » » 

[t is evident, how sensitive a differential-thermometer 
a GALITZINE-tube is near the critical point. During my 
experiments at 5° above the critical temperature some
times variations of 1% occurred, but gPnerally they 
were not larger than 0.5%. At higher temperatures 
changes of the position of the surfaces could not be 
established with certain ty. Near the critical point varia
tions of 3% and ¥'/o occurred ; all these variations cor
respond to di.ITerences of temperature of 0.05° -- 0.1 °  C. 
As a rule however even at these lower temperatures 
the mean values obtained at one temperature agree 
pretty well. Moreover the observations were always 
made in two positions of the tube, differing 180°, by 
means of which possible constant differences oftempera
ture bet�veen the two sides of the bath could be 

1) W ied. Ann. 1 4. p. 701 .  
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eleminated. There exbted �ome chance of such constant 
differences, as the inner tube, in consequence of the 
continual low pres�ure within the vapour-bath and the 
giving way of the rubber stopper, had shifted a l ittle 
from it� coaxial position and the stream of the  vapour 
consequently had not the same strength on a l l  sides. 

2°. The uncertainty of the form of the liquid surfaces. 
The form of the surfaces was not to be observed easily 
in the glycerine.  The heights measured on different 
occasions above the critical temperature lay between 
1 .1 7  antl 1 . 26, by w hich in the correction ( - 1/3 of 
the height) an error of 0 02 is possible i .  e .  ofless than 
0.1 % in the volumes. The influence is more important 
at ordinary temperature. Not only the readings were 
as changeable as at high temperatures, but besidAs the 
influence on the small columns of ether to be measured 
is much greater : an error of 1/2 % is not impossible 
there. 

3o. Enclosing of drops of liquid between the mercury 
and the glass. 1t was impossible entirely to collect the 
liquid or to determine by eye the quantity enclosed ; 
but tl Je size of the vapour-bubbles formed at high tem
perature was very small. A part of the small differen
ces between the volumes read at different time proceeds 
from this source of errors. 

4°. Variation of the section of the tube. From a 
provisional calibration it appears that the mean value 
of the section on both sides differed 0.8 %· The varia
tions on one side are smaller, but m ust have had 
some influence on readings at different heights of the 
tube. 

19 

5°. Besides we must recall here t h e  error ansmg 
from the walls of the glass tubes used as baths on the 
lengths measured, together with the errors of reading, 
dependent from different il lumination and different 
pointing of the teleseope. The influence of these causes 

together m ay have amounted to 0.5 m m. in a single 

reading · it was eliminated as well as possible by repeat

ing the measurements with different  positions of the 

tube. 
From the foregoing we conclude, that errors of 1/2 

and 1 % can be entirely explained by the errors of the 
method, but that the deviations especial ly in the final 
values wil l  be smaller as a rule. 

The results obtained with my last tube will be com

municated here completely : they agree qualitatively 

with those afford ed by former tubes. The volumes are 

expressed in the volume of 1 mm. of the tube at 15°. 
Corrections have been appl ied for the quantity of va

pour, for the liquid surface�, for the expansion of the 

glass, for the volume of the two ends of the tube, for 

the errors of the thermometers, for the expansion of 

the ether. 
Vu = volume in the vapour-branch. 
v1 - » » » liquid-branch. 

V - v,, + Vt . 
I. Volume of the ether at 15° C, before the transport 

of a part of the liquid to the liquid-branch. 
Vv - V= 29.75 mm. 

11.  Volume of the ether at 15° C, after a small quant
ity having been transported to the l iquid-branch : 
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Vv = 2:-3.68 Vt = 6.10 V = 29.78 (undivided liquid i n  liq. br.) 
Vu = 23.64 Vt = 0.09 V = 29.73 (divided >> >> >> >> 

Mean value : Vu = 23.66 v1 = 6.09. 

Ill.  Volume of the ether at 15° C, after a larger quant
ity having been transported to the liquid-branch : 

Vv = 14.18 v ,  = 15.72 V = 29.90 (undivided) 
v, = 14.06 v, = 15.68 V = 29.74 (divided) 

Mean value : v, = '14.12 v1 = ·15.70 

IV. Volume of the ether at 15°.C, again with a small 
quantity in  the liquid-branch : 

Vv = 23.04 Vt = 6.68 V = 29.72 (undivided) 
Vv = 22.97 v, = 6.68 V = 29.65 (uivided) 

Mean value : Vv = 23.01 v1 = 6.68 

The proportion of Vv and Vt represents the proportion 
of the quantity of ether present iu both branchAs. The 
differences between the corresponding volu mes may give 
an idea about possible errors. 

Before com municating the complete results obtained 

at high temperatures, we m ust say a word about the 
expansion of the glass and the mercury. This expansion is 
revealed by the fact, that the sum of the entire volumes 
at both sides (outside the mercury) is different at high 
and low temperature. We found for this volume outside 
the mercury : 

I. Before the transport of liquid at 15° C 86.69 

l l . 1'L series at 15° · C  86.76, 86 56 mean : 86.66 

at 222° C 84.22 

Difference for 207° C 2.44 

I 

; 
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Ill. 2nr1 series at 15° c 86.90, 86 66 mean : 86.78 

at 223° C 84.45 

Difference for 208° C 2.33 

lV. 3rd series at 15° c R6.7 1 ,  86,77 mea n : 86.74 

at 2':23° C 84.1 1 

Difference for 208° C 2.63 

Mean difference for 208° C 2.47 

This diminution of length contains the apparent ex

pansion of the mercury, diminished by the linear expan

sion of th e p;lass. By calculation I obtain for this quantity 

circa 2.50, agreeing very well with the quantity derived 

from observation. 
The results obtained with the tube are laid d own in 

the following Tables, in w h ich : 

volume at the vapour-side expressed in m m  of the tube at 15° C. 

>> >> >> liquid-side >> >> » >> >> >> >> >> 

6 = difference of pressure between v and l expressed 

in mm. of mercury . 

riv and u1 = calculated densities on both sides. 

A = their difference expressed in percents. 

I. 1 st series. At high temperatures pressure higher 

at the vapour-side (6 positive). 

Temp. Vv Vt 

1 94.5 66.79 1 8.00 
198.9 67.34 17.43 

203.0 67.40 17.31 

207.6 67.46 17 .21 

221 .6 67.31 17.22 

1 5.0 23.66 6.09 

V,. 

v, 
I 

L__ A (%) 
3.7 I 1 7.2 0.255 0.244 -4.5 

3.86 1 8.5 0.253 0.252 -0.6 

3.89 1R.6 0.253 0.253 +0.2 

3.9:l 18.8 0.252 0.255 +0.9 

3. 81 18.7 0.253 0.255 +0.6 

3.88 +7.4 0.72 0.72 
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l l. 211Ll series. A t  high temperatures pressure higher 
at the l iquid- side (...l negative). 

Temp. v,, Vt v,, .:l A (%) Vt O'v O't 
'194.7 47.74 37.50 '1 .273 -20.9 0.2 1 3  0.30 1 +35 
195.0 45.53 39.67 1 .148 -25.3 0.223 0.285 +24 
'196.7 41 .80 43 1 9  0.968 -32.5 0.240 0.262 +8 
202.4 40.80 44.'14  0.924 -34.5 0.249 0.256 +2.8 
206.5 . 40.71 44.24 0.920 -34.6 0.250 0.2555 +2.3 

223.3 40.48 44.28 0.914 -:-35.1 0.25'1 0 255 +1.7 
15.0 14.12 '15.70 0.900 + 3.4 0. 72 0.72 

III . 3'1 series. At high temperatures pressure h igher 

at the vapour-side (� positive). 

Temp. Vv Vt 
v, ...l A (%) O'v O'f Vt 

1 94.5 65.48 19.25 3.40 1 G.t 0.253 0.250 -1.3 

1 96. '1 65.74 18.90 3.48 15.5 0.252 0.2515 +1.0 
•1 99.1 65.71 ·18.98 3.46 15.3 0.252 0.253 +O.r) 

205.9 65.67 18.96 3.46 15.4 0.252 0.254 +0.6 

222.7 65.52 1 8.90 3.47 '1 5.2 0.253 0.2545 +0.6 
1 5.0 23.01 6.68 3.44 +9.3 0.72 0.72 

For the critical temperature I {ound circa 1 94 3o C 
While intending to discuss the above results i n  another 

paper, I wbh to give here the general conclusion to 
be drawn from the foregoing tables. 

While GALITZINE finds large differences of density 
between the two branches of the U-tubes, which at 
15° C above the critical temperature sometimes amount 
to 20 %, such differences here onl;r occur in II and 
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even there only quite near to the criti<..:al tem
.
perature. 

At 3o c above the critical temperature the <hffer�n
.
ces 

b th 8 'J/ al readv at 10" C above the cntlCal 
are en ea ;o J ,  
temperature beneath 3 %, at 15° C beneath 2%. In 

the other cases I and H I  the d ifTerenr,es are very sma� l .  
Moreover GALITZINE always finds the de nsity larg�st 1

.
n 

the liquirl-branch of the tube wh0reas th� dens1ty IS 

here found l argest in  the vapour-branch m I and
. 
Ill 

near to the critical temperature. The difierences ther�fore 

found here are of a different magnitude awl somet1mes 

of a di lferent direction to those in GALITZINE'S exper-

iments. 

• 




