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validity of the theory of gases and accept 
the logical deductions than to deny the 
truth of the present theories. The only 
reason for not admitting the correctness of 
these atomic weights is that that of argon is 
greater than that of potassium, but this is 
no severer attack upon t'he validity of the 
periodic law than the accepted position of 
iodin after, instead of before, tellurium. As 
a matter of fact, all the more recent deter- 
minations of the atomic weight of tellurium 
give the figure 127.6, while that of iodin re- 
mains unchanged a t  127. 

Since these new elements form no com- 
pounds, it is not possible to decide the 
question by purely chemical methods. Were 
i t  only possible for us to prepare a single 
volatile compound of helium or of argon our 
problem would be solved. I n  spite of many 
attempts, I have not been able to confirm 
Berthelot's results with benzene or carbon 
bisulfid. I have, however, offered to place 
a liter of argon a t  the disposal of my dis- 
tinguished colleague, that  he may repeat his 
experiments on a larger scale. No one can 
doubt that i t  is exceedingly desirable thati 
the question of these atomic weights should 
be finally decided and that by chemical 
methods. 

I n  order that the subject may not depend 
wholly on physical theories, I have con-
sidered i t  from another standpoint. I f  we 
assume, as from countless chemical facts we 
are fully justified in doing, that the periodic 
law is true, then, giving helium the atomic 
weight 2 and argon 20, there is no possible 
place for an element of their mean atomic 
weight ; for, unless we absolutely overturn 
the accepted views, there is no tacancy in 
the table for such an element. This ap- 
pears from the following portion of the 
table : 
H = l  He=2(?) Li=7 G1=9.2 B = l l  C=12 

N=14 0 = 1 6  F=19 A=20(?)  

I t  is true there is space enough between 
H e  = 2 and Li  = 7, but i t  is highly im-

probable that an  element belonging to the 
argon-series could have so low an atomic 
weight. The difference between adjacent 
members of the same group of elements is 
generally from 16 to 18 units, but here such 
a difference is wholly excluded. If, on the 
other hand, we assume He = 4 and A = 40, 
i t  would be, in my opinion, by no means im- 
probable that such an  element could exist 
whose atomic weight would be somewhere 
about 16 units greater than that of helium, 
and consequently 20 units less than that of 
argon. The discovery of such an  element 
would be, therefore, not only a proof of the 
correctness of 40 as the atomic weight of 
argon, but also a confirmation of the pres- 
ent views regarding the significance of the 
specific heats of gases for their molecular 
weight. 

A glance a t  the periodic table will make 
these considerations clear, for in the latter 
case we have the following series : 

Shortly after the discovery of helium I 
began the search for this suspected element 
of atomic weight of about 20, a t  first in con- 
nection with Dr. Collie, my former assistant, 
and later with my present assistant, Dr. 
Travers. 

At  first it appeared not improbable that  
this element might be found in those 
uranium minerals from which helium had 
been obtained. W e  did not, however, con- 
fine ourselves to these minerals, but tested 
all available minerals either by heating in 
a vacuum or by fusion with sodium bisul- 
fate. I n  many of these minerals helium 
was found; in many, on the other hand, 
only traces of hydrocarbons and hydrogen. 
One mineral only, malakon, gave sufficient 
argon to be recognizable by the speotro-
scope; the others which contained helium 



gave off generally also a trace of argon, as 
was later shown by our diffusion experi-
ments. Naturally, i t  pras impossible to be 
certain that the few cubic centimeters of 
gas which we collected from these miner- 
als contained no new gas, but we failed to 
detect the presence of any new lines with 
the spectroscope. 

You will, undoubtedly, recall that, soon 
after the discovery of helium, doubts were 
expressed in many quarters as  to whether 
the gas was really uniform or a mixture. 
I n  order to dispel these doubts and also to 
search for the missing gas, Dr. Collie and I 
carried out a long series of diffusion experi- 
ments. Through these we reached the con- 
clusion that i t  was, in fact, possible to sepa- 
rate helium into two constituents, one of 
which possessed a somewhat higher density 
than the other. Later experiments, how- 
ever, in conjunction with Dr. Troavers, 
showed that this conclusion was erroneous. 
I n  this second series much larger quantities 
of helium were a t  our disposal, and, to our 
disappointment, we found that the heavier 
fractions of our gas owed their greater 
density to the presence of a trace of argon. 
Here, again, we were unable to find any new 
line in the spectrum, and thus far our search 
was fruitless. 

W e  next directed our attention to mete- 
orites and to mineral waters. Only one out 
of seven meteorites examined by Dr. Trav- 
ers and myself showed the presence of 
helium and with i t  a trace of argon; the  
others gave only hydrogen and hy drocar- 
bons, which were also present in the gases 
from the meteorite which contained helium 
and argon. Here, again, our search was in 
vain. The mineral water from Bath has 
been investigated by Lord Rayleigh ; in the 
waters from Cantarets, in the Pyrenees, Dr. 
Schlosing has found both argon and helium. 
Dr. Travers and I examined these gases for 
new lines, but, as  before, none were found. 

Our patience was now well-nigh ex. 

hausted. There seemed, however, to be a 
single my  of hope left, in an observation 
which had been made by Dr. Collie and 
myself. You will recall that the atomic 
weight of argon was apparently too high ; 
a t  all events, i t  would be more in harmony 
with the periodic law if the density of argon 
were 19 instead of 20, and hence its atomic 
weight 38 instead of 40. Hence, after some 
fruitless attempts to separ&te argon into 
more than one constituent by means of so- 
lution in water, we undertook a systematic 
diffusion of argon. We did not, however, 
carry this procedure very far, for, a t  that 
time, we believed that helium was a more 
probable source of the desired gas ; never-
theless, we found a slight difference in den- 
sity between the gas which diffused first 
and that which remained undiffused. We, 
therefore, decided to prepare a large quan- 
tity of argon, and, after liquefying it, to in- 
vestigate carefully the different fractions on 
distillation. 

Such an operation demands much time. 
I n  the first place, the necessary apparatus 
is'not to be found in any ordinary chemical 
laboratory ; the preparation cannot be car- 
ried out in glass tubes in an  ordinary fur- 
nace, but requires iron tubes of large size 
and an especial furnace ; in the second place, 
the operation must be repeated several 
times, for i t  is not convenient to work with 
an  excessively large quantity of magnesium. 
As before, we removed the oxygen from the 
air by means of copper a t  a red heat ; the 
atmospherict nitrogen remaining was col-
lected in a large gasometer holding about 
200 liters ; after drying over concentrated 
sulfuric acid and phosphorus pentoxid, the 
gas wa's passed through an iron tube of 
5 om. diameter, filled with magnesium fil- 
ings ; the gas was then passed through a 
second copper oxid tube to remove the hy- 
drogen; i t  then entered a galvanized-iron 
gasometer, which was constructed like an  
ordinary illuminating-gas gasometer, in or- 



der that the argon should come in contact 
with as  little water as  possible, since argon 
is quite appreciably soluble in water, and, 
had the ordinary form of gasometer been 
used, much would have been lost in  this 
way. Again, the gas had to be led 
over hot magnesium to  reduce still further 
the quantity of nitrogen ; and a t  last i t  
was circulated between the gasometers, 
passing, on its way through a mixture of 
thoroughly heated lime and magnesia a t  
a red heat. This is a means of absorption, 
recommended by Maquenne, to remove the 
last of nitrogen. Since, however, i t  is not 
possible to dry the lime absolutely, hydro- 
gen is taken up  by the gas, and this must 
again be removed by copper oxid, in order 
that all the hydrogen may be burned, after 
which the water must again be removed by 
drying tubes. 

These operations required severaJ months 
and were chiefly directed by Dr. Travers. 

IKeanwhile, i t  seemed to be worth while 
to make an  examination as to whether the 
desired gas might possibly form compounds 
and be united with the magnesium, by 
which the nitrogen had been removed. 
Miss Emily Aston assisted me to settle this 
question. 

Some 700 grams of the magnesium nitrid 
were, for this purpose, treated with water in 
a large exhausted flask, in such a manner 
that the evolved ammonia was absorbed in 
dilute sulfuric acid which had been thor- 
oughly boiled; all the other gases were 
collected by a Topler pump. The total 
volume of this gas was hardly 50 ccm.; i t  
proved to be chiefly hydrogen, with a trace 
of hydrocarbons, arising from the small 
quantity of metallic magnesium present in 
the magnesium nitrid. After the hydro- 
gen ha,d been removed by explosion, an  
excess of oxygen was passed into the tube 
and the nitrogen removed in the usual 
manner by sparking over alkali. The 
presence of nitrogen here was undoubt-
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edly due to the impossibility of perfectly 
exhausting all the air from so large a flask ; 
the volume of nitrogen was about 10 ccm. 
There now remained but a minute bubble 
of gas, and on transferring this to a vacuum 
tube a t  very low pressure the spectrum of 
argon appeared. There was here, there- 
fore, no trace of a new gas to be found. 

I t  was not deemed worth while to investi- 
gate the ammonia, since I had already 
prepared nitrogen out of this and Lord 
Rayleigh had determined its density ; he 
found this to be exactly the same as the 
density of nitrogen from different chemical 
sources. It remained, however, possible 
that the sought-for gas could combine with 
hydrogen, and that such a compound might 
possess an acid character; in this case i t  
might have entered into combination with 
the magnesium. On account of the possi- 
bility that  such a compound might be solu- 
ble, the magnesia was extracted with water, 
the solution evaporated and treated with 
s~zlfuric acid in a vacuum. A gas was 
evolved, but i t  proved to be exclusively 
carbon dioxid. W e  should have carried the 
treatment of the magnesium further had 
not the argon a t  last become sufficiently 
pure to subject i t  to the refrigerating action 
of liquid a i r ;  and i t  seemed to me there 
was more hope of finding the new substance 
in the argon from the atmosphere than in 
this residue of magnesia, which i t  would 
require much time and labor to work up. 

Dr. Hampson, the inventor of a very 
simple and practical machine for the prepa- 
ration of liquid air, which is based upon the 
same principle as that of Herr Linde, was 
so kind as to place large quantities of liquid 
air a t  my disposal. I n  order to  become 
acquainted with the a r t  of working with so 
unusual a n~aterial,I asked Dr. Hampson 
for a liter ; with this Dr. Travers and I 
practiced and made different little experi- 
ments to prepare ourselves for the great 
experiment of liquefying argon. 
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I t  seemed to me a pity to boil away all the 
air without collecting the last residue ; for, 
though it seemed improbable that the looked- 
for element could be here, yet i t  was, indeed, 
possible that a heavier gas might accom- 
pany the argon. This suspicion was con- 
firmed. The residue from the liquid air 
consisted chiefly of oxygen and argon, and, 
after removing the oxygen and nitrogen, be- 
side the spectrum of argon were two bril- 
liant lines, one in the yellow, which was not 
identical with D, of helium, and one in the 
green. This gas was decidedly heavier than 
argon; its density was 22.5 instead of the 
20 of argon. We had, therefore, discovered 
a new body, which was an element, for the 
ratio between the spepific heats was 1.66. 
To this element we gave the name ' kryp-
ton.' Up to this time we have not followed 
further the study of this element; we have, 
however, collected and preserved many resi- 
dues which are rich in krypton. I t  was, 
however, our first intention to examine the 
lightest part of the argon. I n  many, how- 
ever, we remarked, in passing, that the 
wave-length of the green line of krypton 
is exceedingly close to that of the northern 
lights, being 5,570, while the latter is 5,571. 

Our whole supply of argon was now lique- 
fied in the following manner. The gaso- 
meter containing t'he argon was connected 
with a series of tubes in which the gas 
passed over respectively hot copper oxid, 
concentrated sulphuric acid and phos-
phorus pentoxid ; i t  then passed by a two- 
way cock into a small flask, holding about 
30 cubic centimeters, which was enclosed in 
a Dewar tube. By means of the other open- 
ing of the cock, the flask was connected 
with a mercury gasometer. By means of a 
U-shaped capillary and mercury trough, it 
was also possible, through a three-way cock, 
to collect the gas a t  will in glass tubes. 
About 50 cubic centimeters of liquid air were 
poured into the double-walled tube, and, by 
means of a Fleuss air pump kept constantly 

in action, the liquid air boiled a t  10 to 15  
millimeters pressure. The argon liquefied 
rapidly as soon as subjected to this low tem- 
perature, and in the course of half an hour 
i t  was completely condensed. Altogether 
there were about 25 cubic centimeters of a 
clear, limpid, colorless liquid, in which 
floated white flakes of a solid substance. 
By stopping the pump, the pressure over the 
liquid air was now increased, and the argon 
boiled quietly, the first portions of the gas 
being collected in the mercury gasometer. 
Changing now the three-way cock, the 
largest portion of the argon passed back 
into the iron gasometer ; after nearly all the 
liquid had boiled away and only the solid 
substance was left in the flask, the last por- 
tions of the gas were collected separately. 
The solid substance remained persistently 
in the flask; i t  was slowly volatiiized by 
means of a Topler pump, which stood in 
connection with the apparatus. 

W e  first directed our attention to the 
lighter fractions, for these had for us the 
greatest interest. The density of this gas 
was found to be 14.67 ; the ratio between 
the specific heats was as usual 1.66, and the 
spectrum showed, beside the well-known 
groupings of argon, a large number of red, 
orange and yellow lines of varying intensity. 
Evidently, we had before us a new element, 
which was contaminated with argon. 

This gas was then liquefied in a similar 
apparatus to that first used, but constructed 
on a smaller scale ; a portion, however, re-
mained uncondensed. Even by raising the 
reservoir of the mercury gasometer until 
an overpressure of an  atmosphere was 
reached, it was impossible to convert all 
the gas into a liquid, although the temper- 
ature of the boiling air was reduced as low 
as possible by rapid pumping. By repeated 
raising and lowering of the reservoir, we 
finally passed all the gas through the cooled 
space, in order to free it ,  as  far as possible, 
from argon. The uncondensible gas was 
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collected by itself, and the remainder was 
evaporated into another gasometer. 

You can well imagine how eager we were 
to know what the density of this purified gas 
would prove to be. I t  was immediately 
weighed. Our satisfaction can well be re- 
alized when we found that its density was 
9.76. Since, however, its spectrum a t  low 
pressure still showed argon lines, though 
weak, we were compelled to admit that this 
number was certainly too high. It was 
impossible that this gas should not contain 
argon, since a t  the temperature used argon 
possessed a measurable vapor pressure. 

W e  have, therefore, estimated that  the 
density of the pure gas is 9 65. Here our 
work for the time was ended by the begin- 
ing of the summer holidays. 

On our return we resumed the study of 
this gas, which we will hereafter designate 
by its name of neon.' I ts  spectrum was 
photographed by Mr. Baly, one of my as- 
sistants, by means of a spectrometer which 
we had constructed during the vacation. 
To our astonishment, the lines of helium 
were easily recognized. A comparison 
photograph showed this beyond all ques- 
tion. Hence the density of the gas was in 
all probability too low, owing to the pres- 
ence of the helium. Since now the temper- 
ature used was insufficient to liquefy the 
neon, and since the argon had been removed 
as far as possible, we had to face the problem 
of how one could free neon from its accom- 
panying impurities. A means was found 
in its solubility. I t  is well known that the 
solubility of those gases which do not react 
chemically with the solvent follows in gen- 
eral the same order as their condensibility. 
According to this helium should have a lesser 
solubility than neon, and neon than argon. 
The solubility of these gases in water is, 
however, too slight to be available for their 
separation. We have, therefore, used liquid 
oxygen as a solvent. This mixes with all 
three gases and boils a t  a temperature not 

far from the boiling point of argon. We, 
therefore, mixed the gas with sufficient oxy- 
gen to be almost wholly condensed a t  the 
temperature attained by boiling air a t  the 
lowest possible pressure. The uncondensed 
portion, about one fifth of the whole, was 
separated and collected as that richest in  
helium; the middle portion we considered 
as  purified neon, while the remainder con- 
sisted of a mixture of argon and neon ; 
naturally, all these portions contained oxy- 
gen in larger or smaller quantities. 

After the removal of the oxygen, which 
was accomplished by passage over hot cop- 
per filings, we determined the density and 
refractivity of the middle portion. The 
density in two determinations was 10.04 
and 10.19 ; the second figure was obtained 
after passing the electric spark through the  
gas mixed with oxygen in the presence of 
caustic potash and subsequent removal of 
the oxygen by phosphorus. The entire 
quantity weighed was only 30 cubic centi- 
meters a t  a pressure of 250 millimeters. 
The weight was 0.0095 gram. I mention 
these figures in order to show with what 
an exceedingly small quantity of gas it is 
possible to carry out a very satisfactory 
density determination. 

The refractivity of this portion with refer- 
ence to the air as unity was 0.338. This 
portion still showed the s ~ e c t r a  of argon 
and helium, and was, therefore, submitted to 
a second purification, in which the heavier 
part was more completely removed than 
the lighter. Even this purification, how- 
ever, did not remove all the argon, but its 
quantity was decidedly diminished. The 
density was somewhat diminished, and 
helium was stronger in the spectrum. The 
entire amount of neon had become, by these 
operations, so divided up that i t  was not 
possible to carry out a further purification 
without preparing a greater quantity of 
crude neon. On this Dr. Travers and I 
are a t  present engaged. 



I n  the meantime Mr. Baly has made 
exact measurements of the lines of the neon 
spectrum, a t  the same time eliminating all 
the lines which belong to argon and to 
helium by superposed plates. The values 
were compared with iron lines photographed 
upon the same plate, and the measurements 
were carried out by means of different pairs 
of these known lines. The most important 
lines are the following : 

MOST IMPORTANT LINES OF THE NEW SPECTRUEI. 

Red. Red. Red. Yellow (D,). Blue 
6402 6267 6096 5853 4716"' 
6383 6218 6074 Green 5401 4722 
6335 6164 6030 5341 4710 

6143 5331 4709 
4704 

Up to the present we have had little time 
to study thoroughly the other companion of 
argon in  the atmosphere. Dr. Travers and 
I have, however, worked upon it .  The 
heavier fraction of the air contains three 
gases, one of which appears very perplex- 
ing. W e  have named i t  ' metargon.) This 
gas remains, mixed with excess of argon, 
after the evaporation of liquid air or argon. 
Up to this time we have not succeeded in 
obtaining i t  in a condition free from argon. 
I t s  peculiarity is that when i t  is mixed with 
oxygen and subjected to the influence of the 
electric spark in presence of causbic potash 
it shows constantly the ' Swan-specti.um ' 
as  of carbon monoxid. We have treated 
a mixture of carbon monoxid and argon 
in a similar way, and, after fifteen minutes' 
sparking, all the carbon ha,d disappeared ; 
in  a Pliicker tube no trace of the carbon 
speotrum could be recognized. I will, how- 
ever, not yet venture to express an opinion 
a s  to the nature of this gas. I t  needs 
further investigation, and for this a t  present 
we have no time. 

As regards krypton, which is distin-
guished by three brilliant lines, one in red, 

* The khird figurein this number is probably a mis-
print (Tr.). 

one in yellow and one in green, we are in 
much the same position. W e  have col- 
lected a considerable quantity of the im- 
pure gas, which shows the spectrum finely, 
although that of argon is also present. W e  
hope that we shall soon be able to pursue 
this portion of our work further. W e  can 
merely note here that the specific gravity 
of the gas which shows this spectrum in 
such a marked way is not far different from 
that of argon. 

The heaviest of these gases we have 
weighed, although in impure condition. I t s  
density is 32.5. I need not call your at- 
tention to the fact that there is space for an  
element of the helium group between bro- 
min and rubidium. Such an  element should 
have an atomic weight of 81-83, which cor- 
responds to a density of 40.5-41.5, under 
the very probable supposition that, like the 
other gases of this group, i t  is monatomic. 
The spectrum of this gas, which we have 
named 'xenon '--the stranger-has many 
lines ; none of these are of marked inten- 
sity, and in this respect the spectrum re- 
sembles somewhat that  of argon. It is also 
analogous to argon in another particular, 
that  the speotrum undergoes a remarkable 
change when a Leyden jar is put  into the 
circuit. As with argon, many new, blue 
and green lines appear, while other lines, 
mostly in the red, either disappear or lose 
much of their intensity. Further than this 
we have not proceeded in studying xenon ; 
for our attention has been given chiefly to  
neon, as  well as  to a problem regarding 
argon. 

We have repeatedly met the question : 
'(Are the properties of argon not appreciably 
changed by the presence of this new gas?" 
I n  order to settle this question we have 
fractioned 25 cubic centimeters of liquid 
argon several times and have collected 
separately about 200 cubic centimeters of 
the lightest and as much of the heaviest 
fraction. This operation was repeated three 
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times. By this means we hoped to have 
removed the greatest part of the neon, 
krypton, metargon and xenon. Then we 
liquefied the argon a fourth time, and as i t  
boiled away collected six samples, each after 
one-fifth of the whole quantity had evapo- 
rated. These samples were carefully puri- 
fied and weighed. The density referred to 
0= 16 and the refractivity to air =1are as 

'follows : 
Density. Refractivity. 

First fraction 19.66 0,962 
Second " 19.95 0.969 
Third " 19.95 ..... 
Fourth " 19.91" ..... 
Fifth " 19.97 0.968 
Sixth " 19.95 0.966 

The first fraction possesses, as  appears 
from the table, a lower density and also a 
lower refractivity. The other fractions 
vary very little from each other. Since 
these determinations were made by using 
only 30 cubic centimeters, we have weighed 
160 cubic centimeters of the fifth and sixth 
fractions. The first determined density of 
the fifth fraction was 19.935, but a t  a pres- 
sure of 5 millimeters the spectrum of nitro- 
gen was easily recognizable in a Pliicker 
tube. After the gas had been again purified 
by sparking, until all the nitrogen had been 
removed, the density was 19.957. In  two 
experiments the fourth fraction of gas gave 
19.952and 19.961. Wemust then accept the 
true density of argon as not far from 19.96. 
Independently Lord Rayleigh and I found 
the density of argon to be 19.94 ;so it is clear 
that the impurities of neon and the heavier 
gases have little influence. The somewhat 
greater density of pure argon arises from 
the fact that the neon, which is the chief 
impclrity present, has been removed ; the in. 
fiuence of the other gases cannot be recog- 
nized, owing to the insignificant quantities 
present. f n  fact, in 15 liters of argon we 
found no appreciable trace of xenon ; i t  can 

* Contained nitrogen. 

be prepared only out of large quantities of 
liquid air. 

I must take this opportunity of thanking 
you most sincerely for the honor you have 
done me in inviting me to deliver this ad- 
dress. I t  has been said by some scientist 
that  the greatest joy of life lies i n  dis-
covering something which is new. There 
is, however, another joy almost equally 
great, that of making known the results of 
an  investigation to one's fellow scientists. 
This joy, my friends, you have given me to 
an extreme degree, and for this I express t o  
you my warmest thanks. 

A CASE OF CONVERGENCE.* 

IN 1859 Girard (Proc. Acad. Nat. SC. 
Phila., p. 62) described a small blind fish, 
@phlichthys subterraneus, from Bowling 
Green, Ky. This species has since been 
found to be abundant in the subterranean 
waters east of the Mississippi and south of 
the Ohio. 

In  1889 Garman (Bull. Mus. Comp. Zool. 
XVII.,  No. 6) gave an  account of a blind 
fish from some caves in Missouri. Mr. 
Garman says : " Compared with specimens 
from Kentucky and Tennessee, they agree 
so exactly as to raise the question whether 
the species was not originated in one of the 
localities and thence distributed to the 
others. * * * There is no doubt that the 
representatives of Typhlichthys subterraneus 
in the various caves were derived from 
a single common ancestral species. The 
doubts concern,only the probability of the 
existence of three or more lines of develop- 
ment in as  many different locations, start- 
from the same species and leading to such 
practical identity of result." 

Ably arguing the case from the data on 
hand Garman came to the conclusion " that  
these blind fishes originated in a particular 
locality, and have been and are being dis- 

*Contributions from the Zoologiaal Department of 
the Indiana Universihy, No. 27. 


