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Without this control cements would be used that were not suited 
for the purpose designed, and much damage would be occasioned 
in different cities, which damage would much cripple the asphalt 
paving industry. Cargoes of cement are shipped, one require­
ment of the cement being that it shall have a certain penetration 
number previously determined by the contracting parties. 
Since the introduction of this testing apparatus many qualities 
of cement have been studied and others discovered. By it we 
have learned the influence of mild or sudden and marked 
changes of temperatures, and the consequence of severe cold. 
It enables us to learn the influence of hardening and softening 
agents, a matter of great importance in the practical uses of 
asphalt cement. Thus it is manifest that this instrument has an 
important and serious part to perform in a great industry, and 
that its use is far from being an idle pastime. 

SCHOOL OF MINES, COLUMBIA COLLEGE, 
N. Y. CITY, January 23, 1895. 

NOTES. 
Argon : A New Constituent of the Atmosphere.—At the meeting of the 

Royal Society, held on January 31, the long-expected paper by Lord 
Rayleigh and Professor Ramsay was read, and a full report has just been 
received by way of The Chemical News, of February 1, from which the 
following condensed summary is taken : A careful comparison of the 
nitrogen from urea, ammonium nitri te, and from nitrous and nitric oxid— 
" chemical n i t rogen" with atmospheric nitrogen was made, and gave a 
weight per liter for 

Chemical nitrogen of 1.2505 grams 
A t m o s p h e r i c " 1.2572 " 

Nitrogen which had been extracted from the air by means of magnesium 
was separated also and gave a figure differing inappreciably from that 
recorded above for " chemical ni t rogen." 1 The nitrogen contained in 
magnesium nitride was also converted into ammonium chloride and this 
was found to contain exactly the proportion of chlorine contained in 
ordinary ammonium chloride. From this it was concluded that red-hot 
magnesium withdraws from " atmospheric nitrogen " no substance other 
than nitrogen capable of forming a basic compound with hydrogen. After 
having endeavored in every way possible to detect in " atmospheric 
n i t rogen" known gases to account for the difference in specific gravity 
the authors finally repeated Cavendish's experiment . It will be remem­
bered that Cavendish found that when air to which oxygen was added, the 
electric spark passed for several days and the nitrous and nitric acids 

1 See also page 211 of this issue. 
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removed by soap-lees and finally the oxygen removed by liver of su lphur 
tha t " only a small bubble of air remained unabsorbed which certainly 
was not more than the T5 0 of the bulk of the phlogisticated air let up 
into the tube ; so that if there is any part of the phlogisticated air of our 
atmosphere which differs from the rest, and can not be reduced to nitrous 
acid, we may safely conclude that it is not more than Ti0- part of the 
whole . " Improving the apparatus of Cavendish so as to shorten the 
durat ion of the experiment Rayleigh and Ramsay found that fifty cc. of air 
left 0.32 cc. of gas. On adding this residue to a fresh fifty cc. of air and 
repeating the operation the residue now amounted to 0.76 cc. 

By passing nitrogen over magnesium turnings contained in a heated 
tube, 1,500 cc. unabsorbed gas was obtained and after passing this for 
several days over soda-lime, phosphoric anhydride, magnesium at a red 
heat, and copper oxide, the gas was reduced to 200 cc. and its density 
found to be 16. i. After further absorption the density was increased to 
19.09. On passing sparks for several hours through a mixture of a small 
quanti ty of this gas with oxygen, its volume was still further reduced. 
Assuming that this reduction was due to the further elimination of nitro­
gen the density of the remaining gas was calculated to be 20.0. 

By means of atmolysis using long clay pipe-stems the amount of argon 
was increased in the air, which finally passed from the pipes so that the 
nitrogen in it weighed in a total weight of approximately two and 
three- tenths grains a mean of 0.00187 gram over that of the same vol­
ume of " atmospheric n i t rogen." By increasing the efficiency of the 
apparatus the excess was in mean 0.0035 gram. 

Exper iments then made to prove the absence or presence of argon 
in chemical nitrogen showed that three liters of chemical nitrogen from 
ammonium nitrite left three and three-tenths cc. of argon, a part of which 
is accounted for by an accident. In a second experiment 5,660 cc. of the 
same nitrogen left three and five-tenths cc. argon. The source of this was 
found in the water used for confining the gases which absorbs argon from 
the air in considerable amount, and again gives it up to the confined gases. 
The amount of argon obtained from the chemical nitrogen was less than 
^1O of the normal amount from atmospheric nitrogen. The following 
quotations from the paper of Rayleigh and Ramsay and from those of 
Crookes and Olszewski, which followed it, are scarcely susceptible of con­
densation : 

Separation of Argon on a Large Scale. 
To prepare argon on a large scale, air is freed from oxygen by means 

of red-hot copper. The residue is then passed from a gas-holder through 
a combustion tube, heated in a furnace, and containing copper, in order 
to remove all traces of oxygen ; the issuing gas is then dried by passage 
over soda-lime and phosphorus pentoxide, after passage through a small (J 
tube containing sulphuric acid, to indicate the rate of flow. I t then enters 
a combustion tube packed t ightly with magnesium turnings, and heated 



NOTES. 221 

to redness in a second furnace. From this tube it passes th rough a 
second index-tube, and enters a small gas-holder capable of containing 
three or four li ters. A single tube of magnesium will absorb from seven 
to eight liters of nitrogen. The temperature must be nearly tha t of the 
fusion of the glass, and the current of gas must be carefully regulated, 
else the heat developed by the union of the magnesium with nitrogen 
will fuse the tube. 

Having collected the residue from iooto 150 liters of atmospheric nitro­
gen, which may amount to four or five liters, it is transferred to a small 
gas-holder connected with an apparatus, whereby, by means of a species 
of a self-acting Sprengel 's pump, the gas is caused to circulate th rough a 
tube half filled with copper and half with copper ox ide ; it then traverses 
a tube half filled with soda-lime and half with phosphorus pentoxide ; it 
then passes a reservoir of about 300 cc. capacity, from which, by raising a 
mercury reservoir, it can be expelled into a small gas-holder. Next it 
passes through a tube containing magnesium turnings heated to bright 
redness. The gas is t hus freed from any possible contamination with oxy­
gen, hydrogen, or hydrocarbons, and nitrogen is gradual ly absorbed. As 
the amount of gas in the tubes and reservoir diminishes in volume it 
draws supplies from the gas-holder, and, finally, the circulating system is 
full of argon in a pure state. The circulating system of tubes is connected 
with a mercury pump, so that , in changing the magnesium tube, no gas 
may be lost. Before ceasing to heat the magnesium tube the system is 
pumped empty, and the collected gas is restored to the gas-holder; 
finally, all the argon is transferred from the mercury reservoir to the sec­
ond small gas-holder, which should preferably be filled with water satu­
rated with argon, so as to prevent contamination from oxygen or nitro­
gen ; or, if preferred, a mercury gas-holder may be employed. The com­
plete removal of nitrogen from argon is very slow towards the end, but 
circulation for a couple of days usually effects it. 

The principal objection to the oxygen method of isolating argon, as 
h i the r to described, is the extreme slowness of the operation. In extend­
ing the scale we had the great advantage of the advice of Mr. Crookes, 
who not long since called at tention to the flame rising from pla t inum ter­
minals, which convey a high tension al ternat ing electric discharge, and 
pointed out its dependence upon combustion of the nitrogen and oxygen 
of the air. ' The plant consists of a De Meritens alternator, actuated by a 
gas engine, and the currents are transformed toa high potential by means 
of a Ruhtnkorff or other suitable induction coil. The highest rate of 
absorption of the mixed gases yet at tained is three li ters per hour, about 
3,000 times tha t of Cavendish. I t is necessary to keep the apparatus cool, 
and from this aDd other causes a good many difficulties have been encoun­
tered. 

In one exper iment of this kind, the total air led in after seven days ' 
working, amounted to 7,925 c c , and of oxygen (prepared from potassium 

1 Chemical News, 65, 301, /892. 
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chlorate) , 9137 cc. On the eighth and ninth days oxygen alone was added, 
of which about 500 cc. was consumed, while there remained about 700 cc. 
in the flask. Hence the proportion in which the air and oxygen com­
bined was as 79: 96. The progress of the removal of the nitrogen was 
examined from time to t ime with the spectroscope, and became ul t imately 
very slow. At last the yellow' line disappeared, the contraction having 
apparent ly stopped for two hours. It is worthy of notice ;hat with the 
removal of the nitrogen, the arc discharge changes great 'y in appear­
ance, becoming narrower and blue.rather than greenish in .-olor. 

The final t rea tment of the residual 700 cc. of gas was on the model of 
the small scale operations, already described. Oxygen or hydrogen could 
be supplied, at pleasure, from an electrolytic apparatus, but in no way 
could the volume be reduced below sixty-five cc. This residue refused 
oxidation and showed no trace of the yellow line of nitrogen, even under 
favorable conditions. 

When the gas stood for some days over water, the nitrogen line reas­
serted itself in the spectrum, and many hour 's sparking with a l i t t le oxy­
gen was required again to get rid of it. Intent ional additions of air to gas 
free from nitrogen showed that about one and one-half pe rcen t , was 
clearly, and about three per cent, was conspicuously, visible. About the 
same numbers apply to the visibility of nitrogen in oxygen when sparked 
under these conditions, tha t is, at atmospheric pressure, and with a jar 
connected to the secondary terminals . 

Density of Argon prepared by means of Oxygen. 
A first estimate of the density of argon prepared by the oxygen method 

was founded upon the data already recorded respecting the volume pres-
en t i ua i r , on the assumption that the accurately known densities of atmos­
pheric and of chemical nitrogen differ on account of the presence of argon 
in the former, and that dur ing the t rea tment with oxygen nothing is oxi­
dized except nitrogen. Thus , if 

D = density of chemical nitrogen, 
D ' = '• " atmospheric nitrogen, 
d = " " argon, 
a = proportional volume of argon in atmospheric nitrogen, 

the law of mixtures give— 
ad+ (1—a)D = D', 

or— 
u' = D- r - (D '—D) /a . 

In this formula D' — D and a are both small , but they are known with 
fair accuracy, From the data already given— 

_ ^ 5 ' 
0.79 X 7925 

whence if 'on an arbitrary scale of reckoning) 0 = 2.2990, D ' = 2.3102, we 
find rf = 3.378. Thus if N4 be 14, or 0._, be 16, the density of argon is 20.6. 

A direct determinat ion by weighing is desirable, but h i ther to it has not 
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been feasible to collect by th is means sufficient to fill the large globe 
employed for other gases. A mixture of about 400CC. of argon with pure 
oxygen, however, gave the weight 2.7315, 0.1045 i n excess of the weight 
of oxygen, viz., 2.6270. Thus , if a be the ratio of the volume of argon to 
the whole volume, the number for ar.gon will be— 

2.6270 + 0.1045 /« • 
The value of a, being involved only in the excess of weight above that 

of oxygen, does not require to be known very accurately. Sufficiently 
concordant analyses by two methods gave 0 = 0 . 1 8 4 5 ; whence for the 
weight of the gas we get 3.193, so that , if O 2 = 16, the density of the gas 
would be 19.45. An allowance for residual nitrogen, still visible in the 
gas before admixture of oxygen, raises th is number to 19.7, which m a y b e 
taken as the density of pure argon result ing from this determinat ion. 

Density of Argon prepared by means of Magnesium. 

The density of the original sample of argon prepared has already been 
ment ioned. I t was 19.09; and, after sparking with oxygen, it was calcu­
lated to be 20.0. The most reliable results of a number of determinations 
give it as 19.90. The difficulty in accurately determining the density is 
to make sure tha t all nitrogen has be'en removed. The sample of density 
19.90 showed no spectrum of nitrogen when examined in a vacuum tube. 
I t is r ight , however, to remark that the highest density registered was 
20.38. But there is some reason here to distrust the weighing of the vac­
uous globe. 

Spectrum of Argon. 

The spectrum of argon,seen in a vacuum tube of about three mm.pressure 
consists of a great number of lines, distr ibuted over almost the whole vis­
ible field. Two lines are specially characterist ic; they are less refrangi­
ble than the red lines of hydrogen or l i th ium, and serve well to identify 
the gas, when examined in this way. Mr. Crookes, who will give a full 
account of the spectrum in a separate communication, has kindly fur­
nished us with the accurate wave-lengths of these lines, as well as of some 
others next to be described; they are respectively 696.56 and 705.64, 
J O - 6 mm. 

Besides these red lines, a bright yellow line, more refrangible than the 
sodium line, occurs at 603.84. A group of five bright green lines occurs 
next, besides a number of less intensi ty. Of the group of five, the second, 
which is perhaps the most brill iant, has the wave-length 561.00. There 
is next a blue or blue violet line of wave-length 470.2 ; and last, in the less 
easily visible part of the spectrum, there are five strong violet lines, of 
which the fourth, which is the most brill iant, has the wave-length 420.0. 

Unfortunately, the red lines, which are not to be mistaken for those of 
any other substance, are not easily seen when a jar discharge is passed 
through argon at atmospheric pressure. The spectrum seen under these 
conditions has been examined by Professor Schuster. The most charac-
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teristic lines are perhaps those in the neighborhood of F, and are very 
easily seen if there be not too much nitrogen, in spite of the presence of 
some oxygen and water vapor. The approximate wave-lengths are— 

487.91 Strong. 
[486.07] F. 
484.71 Not quite so s trong. 
480.52 Strong. 

476-5° J 
473.53- • < \ Fairly strong characteristic t r iplet . 
472-56 J 

It is necessary to anticipate Mr. Crookes' communication, and to state 
that when the current is passed from the induction coil in one .direction, 
that end of the capillary tube next the positive pole appears of a redder, 
and that next the negative pole of a bluer hue. There are, in effect, two 
spectra, which Mr. Crookes has succeeded in separating to a considerable 
extent . Mr. E. C. BaIy,1 who has noticed a similar phenomenon, attrib­
utes it to the presence of two gases. He says : " When an electric cur­
rent is passed th rough a mixture of two gases, one is separated from the 
other and appears in the negative g low." The conclusion would follow 
that what we have termed " a r g o n " is in reality a mixture of two gases 
which have as yet not been separated. This conclusion, if true, is of great 
importance, and exper iments are now in progress to test it by the use of 
other physical methods. The full bearing of th is possibility will appear 
later. 

The presence of a small quant i ty of nitrogen interferes greatly with the 
argon spectrum. But we have found tha t in a tube with pla t inum elec­
trodes, after the discharge has been passed for four hours, the spectrum 
of nitrogen disappears, and the argon spectrum manifests itself in full 
pur i ty . A specially constructed tube with magnesium electrodes, which 
we hoped would yield good results, removed all traces of nitrogen, it is 
t r u e ; but hydrogen was evolved from the magnesium, and showed its 
characteristic lines very strongly. However, these are easily identified. 
The gas evolved on heat ing magnesium in vacuo, as proved by a separate 
experiment , consists entirely of hydrogen. 

Mr. Crookes has proved the identi ty of the chief lines of the spectrum 
of gas separated from air-nitrogen by aid of magnesium with that remain­
ing after sparking the air-nitrogen with oxygen in presence of caustic soda 
solution. 

Prof. Schuster has also found the principal lines identical in the spec­
tra of the two gases, as observed by the jar discharge at atmospheric pres­
sure. 

Solubility 0/ Argon in Water. 

Determinations of the solubility in water of argon prepared by spark­
ing, gave 3.94 volumes per 100 of water at 12°. The solubili tyof gas pre-

1 Pi-oc. Phys. Soc.. /£93, p . 147. 
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pared by means of magnesium was found to be 4.05 volumes per 100 at 
13.9°. The gas is therefore about two and one-half t imes as soluble as 
nitrogen, and possesses approximately the same solubility as oxygen. 

The fact tha t argon is more soluble than nitrogen would lead us to 
expect it in increased proportion in the dissolved gases of rain-water. Ex­
periment has confirmed this anticipation. "Ni t rogen" prepared from the 
dissolved gases of water* supplied from a rain-water cistern was weighed 
upon two occasions. The weights, corresponding to those recorded * * 
were 2.3221 and 2.3227, showing an excess of twenty-four tngms. above 
the weight of true nitrogen. Since the corresponding excess for " a t m o s ­
pheric n i t rogen" is eleven mgms. we conclude that the water " n i t rogen" 
is relatively more than twice as rich in argon. 

On the other hand, gas evolved from the hot spring at Bath, and col­
lected for us by Dr. A. Richardson, gave a residue after removal of oxy­
gen and carbon dioxide, whose weight was only about midway between 
tha t of t rue and atmospheric nitrogen. 

Behavior at Low Temperatures.1 

Preliminary experiments, carried out to liquefy argon at a pressure of 
about 100 atmospheres, and at a temperature of—900, failed. No appear­
ance of liquefaction could be observed. 

Professor Charles Olszewski, of Cracow, the well-known authori ty on 
the constants of liquefied gases at low temperatures , kindly offered to 
make experiments on the liquefaction of argon. His results are embodied 
in a separate communication, but it is allowable to state here tha t the gas 
has a lower critical-point and a lower boiling-point than oxygen, and that 
he has succeeded in solidifying argon to white crystals. The sample of 
gas he experimented with was exceptionally pure, and had been prepared 
by help of magnesium. I t showed no trace of nitrogen when examined 
in a vacuum tube. 

Ratio of Specific Heats. 
In order to decide regarding the elementary or compound nature of 

argon, exper iments were made on the velocity of sound in it. I t will be 
remembered that , from the velocity of sound in a gas, the ratio of specific 
heat at constant pressure to that at constant volume can be deduced by 
means of the equation— 

when n is the frequency, A. the wave-length of sound, v its velocity, e the 
isothermal elasticity, d the density, ( i + a / ) t h e temperature correction, 
Cp the specific heat at constant pressure, and CK that at constant volume. 
In comparing two gases at the same temperature , each of which obeys 
Boyle's law with sufficient approximation, and in using the same sound, 

1 The arrangements for the experiments upon this branch of the subject were left 
entirely in Professor Ramsay's hands. 
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many of these terms disappear, and the ratio of specific heats of one gas 
may be deduced from that of the other, if known, by means of the propor­
tion— 

A V : A ' V : : 1.41 : x, 

where, for example, A and d refer t o air, of which the ratio is 1.41, accord­
ing to observations by Rontgen, Wiillner, Kayser, and Jamin and Richard. 

Two completely different series of observations, one in a tube of about 
two mm. diameter, and one in one of eight mm., made with entirely dif­
ferent samples of gas, gave, the first, 1.65 as the ratio, and, the second, 
1.61. 

Exper iments made with the first tube, to test the accuracy of its work­
ing, gave for carbon dioxide the ratio !-.276, instead of 1.288, the mean of 
all previous determinations ; and the half wave-length of sound in hydro­
gen was found to be 73.6, instead of 74.5, the mean of those previously 
found. The ratio of the specific heats of hydrogen found was 1.39, instead 
of r .402. 

There can be no doubt, therefore, that argon gives practically the ratio 
of specific heats, viz., 1.66 proper to a gas in which all the energy is t rans-
lational. The only other gas which has been found to behave similarly 
is mercury gas, at a h igh tempera ture . ' 

Attempts to Induce Chemical Combination. 
Many at tempts to induce argon to combine will be described in full in 

the complete paper. Suffice it to say here tha t all such a t tempts have as 
yet proved abortive. Argon does not combine with oxygen in presence of 
alkali under the influence of the electric discharge, nor with hydrogen 
in presence of acid or a lkal i also when sparked ; nor with chlorine, dry 
or moist, when sparked ; nor with phosphorus at a bright-red hea t ; nor 
with su lphur at br ight redness. Tel lur ium may be distilled iu a current 
of the gas; so may sodium and potassium, their metallic luster remaining 
unchanged. It is unabsorbed by passing it over fused red-hot caustic 
soda, or soda-lime heated to br ight redness ; it passes unaffected over 
fused and br ight red-hot potassium nitrate ; and red-hot sodium peroxide 
does not combine with it. Persulphides of sodium and calcium are also 
without action at a red heat. Plat inum-black does not absorb it, nor does 
pla t inum sponge, and wet oxidizing and chlorinat ing agents, such as 
ni trohydrochloric acid, bromine water, bromine and alkali , and hydro­
chloric acid and potassium permanganate , are entirely wi thout action. 
Exper iments with fluorine are in contemplation, but the difficulty is 
grea t ; and an a t t empt will be made to produce a carbon arc in the gas. 
Mixtures of sodium and silica and of sodium and boracic anhydr ide are 
also without act ion; hence it appears to resist at tack by nascent silicon 
and by nascent boron. 

General Conclusions. 

It remains, finally, to discuss the probable nature of the gas, or mix-

1 Kundt and Warburg, Fogg. Ann., 135, 337 and 527. 
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ture of gases, which we have succeeded in separat ing from atmospheric 
air, and which we provisionally name argon. 

The presence of argon in the atmosphere is proved by many lines of 
evidence. The high density of "a tmospher i c n i t rogen ," the lower den­
sity of nitrogen from chemical sources, and the uniformity in the density 
of samples of chemical nitrogen prepared from different compounds, lead 
to the conclusion that the cause of the anomaly is the presence of a heavy 
gas in air. If tha t gas possess the density twenty compared with hydro­
gen, " atmospheric " nitrogen should contain of it approximately one per 
cent. This is, in fact, found to be the case. Moreover, as nitrogen is 
removed from air by means of red-hot magnesium, the density of the 
remaining gas rises proportionately to the concentration of the heavier 
const i tuent . 

Second.—This gas has been concentrated in the atmosphere by diffu­
sion. I t is t rue that it has not been freed from oxygen and nitrogen by 
diffusion, but the process of diffusion increases, relatively to nitrogen, 
the amount of argon in tha t portion which does not pass through the 
porous walls. This has been proved by its increase in density. 

Third.—As the solubility of argon in water is relatively high, it is to 
be expected tha t the density of the mixture of argon and nitrogen, 
pumped out of water along with oxygen, should, after the removal of the 
oxygen, be higher than tha t of " atmospheric " nitrogen. Exper iment 
has shown that the density is considerably increased. 

Fourth.—It is in the highest degree improbable tha t two*processes, so 
different from each other, should manufacture the same product . The 
explanat ion is simple if it be granted tha t these processes merely elimi­
nate nitrogen from an "a tmospher i c " mix ture . Moreover, as argon is 
an element, or a mixture of elements, its manufacture would mean its 
separation from one of the substances employed. The gas which can be 
removed from red-hot magnesium in a vacuum has been found to be 
wholly hydrogen. Nitrogen from chemical sources has been practically 
all absorbed by magnesium, and also when sparked in presence of oxy­
gen ; hence, argon can not have resulted from the decomposition of nitro­
gen. That it is not produced from oxygen is sufficiently borne out by its 
preparat ion by means of magnesium. 

Other a rguments could be adduced, but the above are sufficient to jus­
tify the conclusion tha t argon is present in the a tmosphere . 

The identi ty of the leading lines in the spectrum, the similar solubility 
and the similar density, appear to prove the identi ty of the argon pre­
pared by both processes. 

Argon is an element, or a mix ture of elements, for Clausius has shown 
tha t if K be the energy of translatory motion of the molecules of a gas, 
and H their whole kinetic energy, then— 

K _!(£*-Cv) 
H — 2Qv 

Qp and C^ denoting as usual the specific heat at constant pressure and at 
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constant volume respectively. Hence if, as for mercury vapor and for 
argon, the ratio of specific heats Cp : Cv be irj, it follows that K = H, 
or tha t the whole kinetic energy of the gas is accounted for by the 
t ranslatory motion of its molecules. In the case of mercury, the 
absence of interatomic energy is regarded as proof of the monatomic 
character of the vapor, and the conclusion holds equally good for argon. 

The only al ternative is to suppose that if argon molecules are di- or 
polyatomic, the atoms acquire no relative motion, even of rotation, a con­
clusion exceedingly improbable in itself, and one postulat ing the sphe­
ricity of such complex groups of atoms. 

Now a monatomic gas can be only an element, or a mixture of ele­
ments ; and hence, it follows that argon is not of a compound nature. 

From Avogadro's law, the density of a gas is half its molecular weight ; 
and as the density of argon is approximately twenty, hence, its molecular 
weight must be forty. But its molecule is identical with its atom ; hence, 
its atomic weight, or, if it be a mixture , the mean of the atomic weights 
of that mixture , taken for the proportion in which they are present , 
must be forty. 

There is evidence both for and against the hypothesis that argon is a 
mix tu re ; for, owing to Mr Crooke's observations of the dual character of 
its spec t rum; against, because of Professor Olszewski's s ta tement that it 
has a definite melting-point, a definite boiling-point, and a definite crit­
ical temperature and pressure; and because, on compressing the gas in 
presence of its liquid, pressure remains sensibly constant unti l all gas has 
condensed to liquid. The latter exper iments are the well-known criteria 
of a pure substance ; the former is not known with certainty to be char­
acteristic of a mixture . The conclusions which follow are, however, so 
s tar t l ing that in our future experimental work we shall endeavor to decide 
the question by other means. 

For the present, however, the balance of evidence seems to point to 
simplicity. We have, therefore, to discuss the relations to other e lements 
of an element of atomic weight forty. We inclined for long to the view 
tha t argon was possibly one or more than one of the elements which 
might be expected to follow fluorine in the periodic classification of the 
elements—elements which should have an atomic weight between nine­
teen, tha t of fluorine, and twenty-three, t ha t of sodium. But this view is 
completely put out of court by the discovery of the monatomic nature of 
its molecules. 

The series of elements possessing atomic weights near forty are— 

Chlorine 35.5 
Potassium 39.1 
Calcium 40.0 
Scandium • 44.0 

There can be no doubt tha t potassium, calcium, and scandium follow 
legit imately their predecessors in the vertical columns, l i thium, beryl l ium, 
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and boron, and that they are in almost certain relation with rubidium, 
strontium, and (but not so certainly) yttrium. If argon be a single ele­
ment, then there is reason to doubt whether the periodic classification of 
the elements is complete; whether, in fact, elements may not exist which 
can not be fitted among those of which it is composed. On the other 
hand, if argon be a mixture of two elements, they might find place in the 
eighth group, one after chlorine and one after bromine. Assuming 
thirty-seven (the approximate mean between the atomic weights of chlo­
rine and potassium) to be the atomic weight of the lighter element, and 
forty the mean atomic weight found, and supposing that the second ele­
ment has an atomic weight between those of bromine, eighty, and rubid­
ium, 85.5; viz., eighty-two, the mixture should consist of 93.3 per cent, 
of the lighter, and six and seven-tenths per cent, of the heavier element. 
But it appears improbable that such a high percentage as six and seven-
tenths of heavier element should have escaped detection during liquefac­
tion. 

If it be supposed that argon belongs to the eighth group, then its prop­
erties would fit fairly well with what might be anticipated. For the 
series, which contains— 

Si„lv-, PJ"--V^ S ^ ° V I \ and Cl2
1 ' toV,\ 

might be expected to end with an element of monatomic molecules of no 
valency, i. e., incapable of forming a compound, or if forming one, being 
an octad; and it would form a possible transition to potassium, with its 
monovalence, on the other hand. Such conceptions are, however, of 
a speculative nature; yet they may be, perhaps, excused, if they, in any 
way lead to experiments which tend to throw more light on the anomalies 
of this curious element. 

In conclusion, it need excite no astonishment that argon is so indifferent 
to reagents. For mercury, although a monatomic element, forms com­
pounds which are by no means stable at a high temperature in the gas­
eous state; and attempts to produce compounds of argon may be likened 
to attempts to cause combination between mercury gas at 8co° and other 
elements. As for the physical condition of argon, that of a gas, we pos­
sess no knowledge why carbon, with its low atomic weight, should be a 
solid, while nitrogen is a gas, except in so far as we ascribe molecular 
complexity to the former and comparative molecular simplicity to the 
latter. Argon, with its comparatively low density and its molecular sim­
plicity, might well be expected to rank among the gases. And its inert­
ness, which has suggested its name, sufficiently explains why it has not 
previously been discovered as a constituent of compound bodies. 

We would suggest for this element, assuming provisionally that it is 
not a mixture, the symbol A. 

We have to record our thanks to Messrs. Gordon, Kallas, and Matthews, 
who have materially assisted us in the prosecution of this research. 

Mr. Crookes (before reading his paper) said : Allow me, Mr. President, 
to take this opportunity of striking the key-note of the chorus of applause 
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and congratulations which will follow from all chemists present on this 
most valuable and important paper. The difficulties in a research of this 
kind are peculiar. Here we have a new chemical element, the principal 
properties of which seem to be the negation of all chemical properties. 
Chemists will understand how difficult it is to deal with anything which 
forms no compounds and unites with nothing. The discovery commenced 
by a prediction, followed after an interval by realization. Discoveries of 
this kind are more important and take a higher rank, than discoveries 
which, more or less, come in a haphazard sort of way. The prediction and 
discovery of argon are only equalled by the few discoveries of elements 
which have been made in chemistry by the careful study of the periodic 
law, and to surpass it we must go back to the predicted existence and 
subsequent discovery of an unknown planet by Adams and Leverrier. 

On the Spectra of Argon. By 'William Crookes. F. R. S., etc. 
(Abstract . ) 

Through the kindness of Lord Rayleigh and Professor Ramsay I have 
been enabled to examine the spectrum of this gas in a very accurate spec­
troscope, and also to take photographs of its spectra in a spectrograph 
fitted with a complete quartz train. 

Argon resembles nitrogen in that it gives two distinct spectra, accord­
ing to the s t rength of the induction current employed. But while the 
two spectra of nitrogen are different in character, one showing fluted 
bands and the other sharp lines, the argon spectra both consist of sharp 
lines. It is, however, very difficult to get argon so free from nitrogen 
that it will not at first show the nitrogen flutings superposed on its own 
special system of lines. I have used argon prepared by Lord Rayleigh, 
Professor Ramsay, and myself, and however free it was supposed to be 
from nitrogen, I could always detect the nitrogen bands in its spectrum. 
These, however, soon disappear when the induction spark is passed 
through the tube for some time, varying from a few minutes to a few 
liours. The vacuum tubes best adapted for showing the spectra are of 
the ordinary Plucker form, having a capillary tube in the middle. For 
photographing the higher rays which are cut off by glass I have used a 
similar tube, " end on ," having a quartz window at one end. 

The pressure of argon giving the greatest luminosity and most bri l l iant 
spectrum is three mm. At this poiut the color of the discharge is an 
orange-red, and the spectrum is rich in red rays, two being especially 
prominent at wave-lengths 696.56 and 705.64. On passing the current 
the traces of nitrogen bands soon disappear, and the argon spectrum is 
seen in a state of pur i ty . At this pressure the plat inum from the poles 
spatters over the glass of the bulbs, owing to what I have called " elec­
trical evaporation,"1 and I th ink the residual nitrogen is absorbed by the 
finely-divided metal. Similar absorptions are frequently noticed by those 
who work much with vacuum tubes. 

If the pressure is further reduced, and a Leyden jar intercalated in the 
1 Roy. Soc. Proc, i, SS, Julie, 1891. 
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circuit, the color of the luminous discharge changes from red to a r ich 
steel blue, and the spectrum shows an almost entirely different set of 
lines. I t is not easy to obtain the blue color and spectrum entirely free 
from the red. The red is easily got by usiilg a large coil1 actuated with 
a current of three amperes aud six volts . There is then no tendency 
for it to burn blue. 

The blue color may be obtained with the large coil by actuating it with 
a current of 3.84 amperes and eleven volts, intercalating a jar of fifty 
square inches surface. The make-and-break must be screwed up so as to 
vibrate as rapidly as possible. The red glow is produced by the positive 
spark, and the blue by the negative spark . 

I have taken photographs of the two spectra of argon part ly super­
posed. In th is way their dissimilarity is readily seen.2 In the spectrum 
of the blue glow I have counted 119 lines, and in that of the red glow 
eighty lines, making 199 lines in a l l ; of these, twenty-six appear to be 
common to both spectra. 

I have said tha t the residual nitrogen is removed by sparking the tube 
for some t ime when p la t inum terminals are sealed in. This is not the 
only way of purifying the argon. By the kindness of Professor Ramsay 
I was allowed to take some vacuum tubes to his laboratory and there 
exhaus t and fill them with some of his purest argon. On this occasion 
I s imultaneously filled, exhausted, and sealed off two Plticker tubes, one 
having pla t inum and the other a luminum terminals . On test ing the gas 
immediately after they were sealed off, each tube showed the argon spec­
t rum, contaminated by a trace of nitrogen bands. The next day- the 
tube with pla t inum terminals was unchanged, but that having a luminum 
terminals showed the pure spectrum of argon, the faint nitrogen bands 
having entirely disappeared during the night. After an hour ' s sparking 
and a few days ' rest the tube with pla t inum terminals likewise gave a 
pure argon spectrqm. When a mixture of argon with a very litt le nitro­
gen is sparked in a tube made of pure fused quartz, wi thout inside metal­
lic terminals , the nitrogen bands do not disappear from the argon spec­
t rum, but the spectra of argon and nitrogen continue to be seen simul­
taneously. 

A vacuum tube was filled with pure argon and kept on the pump while 
observations were made on the spectrum of the gas as exhaustion pro­
ceeded. The large coil was used with a current of 8.84 amperes and 
eleven vol ts ; no jar was interposed. At a pressure of three mm. the 
spectrum was that of the pure red glow. This persisted as the exhaus­
tion rose, unti l at a pressure of about half a mill imeter flashes of blue l ight 
made their appearance. At a quarter of a mill imeter the color of the igni­
ted gas was pure blue, and the spectrum showed no trace of the red glow. 

1 The coil used has about sixty miles of secondary wire, and when fully changed 
jjives a torrent of sparks twenty-four inches long. The smaller coil gives six-iuch 
sparks when worked with six half-pint Grove cells. 

2 Photographs of the different spectra of argon, and other gaseous spectra for com­
parison, were projected on the screen. 
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An exper iment was now made to see if the small quant i ty of argon nor­
mally present in the a tmosphere could be detected without previous con­
centrat ion. Nitrogen was prepared from the atmosphere by burning 
phosphorus, and was purified in the usual manner. This gas, well dried 
over phosphoric anhydride, was passed into a vacuum tube, the air 
washed out by two fillings and exhaust ions, and the tube was finally 
sealed off at a pressure of fifty-two mill. It was used for photographing 
the band spectrum of nitrogen on several occasions, and al together it 
was exposed to the induction current from the large coil for eight hours 
before any change was noticed. The last time when photographing its 
spectrum difficulty was experienced in get t ing the spark to pass, so I 
increased the cu r ren tand intercalated a small jar. The color immediately 
changed from tthe reddish yellow of nitrogen to the blue of argon, and on 
applying the spectroscope the lines of argon shone out with scarcely any 
admixture of nitrogen bands. With great difficulty and by employing a 
very small jar I was able to take one photograph of its spectrum and 
compare it with the spectrum of argon from Professor Ramsay, 
both being taken on the same plate, but the tube soon became non-con­
ducting, and I could not then force a spark through, except by employ­
ing a dangerously large current . Whenever a flash passed it was of a 
dee]) blue color. Assuming that the atmosphere contains one per cent, of 
argon, the three mm. of nitrogen originally in the tube would contain 
0.05 mm. of argon. After the nitrogen had been absorbed by the spat­
tered plat inum, this pressure of argon would be near the point of non-
conduction. 

In all cases when argon has been obtained in this manner the spectrum 
has been that of the blue-glowing gas. Very litt le of the red rays can be 
seen. The change from red to blue is chiefly dependent on the s t rength 
and heat of the spark : partly also on the degree of exhaustion. It is not 
improbable, and I unders tand tha t independent observations have already 
led the discoverers to the same conclusion—that the gas argon is not a 
simple body, but is a mixture of at least two elements, one of which 
glows red and the other blue, each having its distinctive spectrum. The 
theory that it is a simple body, has, however, support from the analogy 
of other gases. Thus , nitrogen has two distinct spectra, one or the other 
being produced by varying the pressure and intensity of the spark. I 
have made vacuum tubes containing rarefied nitrogen which show either 
the fluted band or the sharp line spectrum by simply tu rn ing the screw 
of the make-and-break. exactly as the two spectra of argon can be 
changed from one to the other. 

I have prepared tubes containing other gases as well as nitrogen at 
different pressures, and have examined their spectra both by eye obser­
vation and by photography. The sharp line spectrum of nitrogen is not 
nearly so s t r ik ing in brilliancy, number, or sharpness of lines as are those 
of argon, and careful scrutiny fails to show more than one or two appar­
ent coincidences between lines in the two spectra. Between the spectra 
of argon and the band spectrum of nitrogen there are two or three close 
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approximations of lines, but a projection on the screen of a magnified 
image of the two spectra partly superposed will show that two at least of 
these are not real coincidences. 

I have looked for indications of lines in the argon spectra correspond­
ing to the corona line at wave-length 531.7, the aurora line at 557.1, and 
the helium line at 587.5, but have failed to detect any line of argon suffi­
ciently near these positions to fall within the limits of experimental 
error. 

I have found no other spectrum-giving gas or vapor yield spectra at all 
like those of argon, and the apparent coincidences in some of the lines 
which, on one or two occasions are noticed, have been very few, and 
would probably disappear on using a higher dispersion. As far, there­
fore, as spectrum work can decide, the verdict must be that Lord Ray-
leigh and Professor Ramsay have added one, if not two members to the 
family of elementary bodies. 

The Liquefaction and Solidification of Argon. By Dr. K. Olszew­
ski, Professor of Chemistry in the University of Cracow. 

Having been furnished, by Professor Ramsay's kindness, with a sam­
ple of the new gas, argon, I have carried out experiments on its behavior 
at a low temperature and at high pressures, in order to contribute, at 
least in part, to the knowledge of the properties of this interesting body. 

The argon sent by Professor Ramsay amounted to 300 cc. It was con­
tained in a hermetically sealed glass bulb, so constructed that it could 
easily be transferred, with no appreciable loss, into the carefully dried 
and vacuous apparatus in which the proposed experiments were to be 
performed. The argon with which I was supplied, had, according to Pro­
fessor Ramsay's statement, been dried with phosphoric anhydride; its 
density was 19.9 ( H = 1); and he thought that at the outside it might 
contain one to two per cent, of nitrogen, although it showed no nitrogen 
spectrum when examined in a Pliicker's tube. 

Four series of experiments in all were carried out, two with the object 
of determining the critical temperature and pressure of argon, as well as 
measuring its vapor pressure at several other low temperatures, while 
two other series served to determine its boiling and freezing-points 
under atmospheric pressure, as well as its density at its boiling-point. 

A detailed description of these experiments will be given in another 
place ; I shall here give only a short description of the manner in which 
they were made. 

For the first two experiments I made use of a Cailletet's apparatus. 
Its metallic manometer had been previously compared with the readings 
of a mercury manometer. As a cooling agent I used liquid ethylene, 
boiling under diminished pressure. The glass tube of Cailletet's appara­
tus was so arranged that the portion immersed in the liquid ethylene had 
comparatively thin walls (not exceeding one mm.), so as to equalize the 
external and internal temperature as quickly as possible. 

In both the other experiments the argon was contained in a burette, 
closed at both ends with glass stop-cocks. By connecting the lower end 
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of the buret te with a mercury reservoir, the argon was transferred into a 
narrow glass tube fused at its lower end to the upper end of the burette, 
and in which the argon was liquefied, and its volume in the liquid state 
measured. In these two series of exper iments liquid oxygen, boiling 
under atmospheric or under diminished pressure, was employed as a cool­
ing agent. I made use of a hydrogen thermometer in all these experi­
ments to measure low temperatures . 

Determination of the Critical Constants of Argon. 
As soon as the temperature of liquid ethylene had been lowered to 

—128.6°, the argon easily condensed to a colorless liquid under a pressure 
of thir ty-eight atmospheres. On slowly raising the temperature of the 
ethylene, the meniscus of the liquid argon became less and less distinct, 
and finally vanished at the following temperatures and corresponding 

pressures : 
Kxpt. Temperature. Pressure. 

i. —121.2 50.6 atmos. 
2. —121.6- 50.6 
3. —120.5-' 50.6 " 
4. —121.3--' 5o.6 " 
5. —121.4° 50.6 " 
6. —119.8° 50.6 " 
7. —121.3- 50.6 " 

In all seven determinations the critical pressure was found to be 506. 
atmospheres ; but determinat ions of the critical temperature show slight 
differences. In exper iments Nos. 3 and 6 less liquid argon was present in 
the tube than in the other five ; in these the volume of liquid exceeded 
the volume of gas. 

In determining the vapor pressures of argon, a tabular record of which 
is given below, I noticed slight differences of pressure according as I pro­
duced more or less of the liquid at the same temperature . 

This proved tha t the sample of argon contained an inconsiderable admix­
ture of another gas, more difficult to liquefy ; it is doubtless the trace of 
nitrogen previously referred to. The mean of the seven estimations of 
the critical temperature is —121°, and this may be taken as the critical 
temperature of argon. 

At lower temperatures the following vapor pressures were recorded : 
Kx 

8 

9 
IO 

11 

12 

13 
H 
15 
16 

17 

jt Temperature. 
— i 28.6 0 

—129.6" 
—129.4° 
— 1 2 9 . 3 0 

—129.6° 

—I34-4 U 

- 1 3 5 - 1 ° 
—I36 .2° 

- 1 3 8 . 3 ° 
— I 3 9 . I -

Pressure. 
38.0 atmos. 
35-8 " 
35-° " 
35-8 " 
35-8 " 
29.8 " 
29.0 " 

27-3 " 
25-3 " 
23-7 " 
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In Exper iments Nos. 9, 10, and 17, the quanti ty of liquefied argon was 
very small, for it filled the tube only to a height of three to five mm., 
and in the other exper iments the column of liquid argon was twenty 
mm. high or more. 

Determination 0/the Boiling and Freezing-Points. 

Two hundred cc. of liquid oxygen, prepared in my large appara tus , ' 
was poured into a glass vessel with quadruple walls, so as to isolate the 
liquid from external heat . After the liquid oxygen had been thus poured 
under atmospheric pressure, a great part of it evaporated, but there still 
remained about seventy c c , boiling under atmospheric pressure. A cali­
brated tube, intended to receive the argon to be liquefied, and the hydro­
gen thermometer were immersed in the boiling oxygen. At this temper­
ature (—182.7CS) on admi t t ing argon, no appearance of liquefaction could 
be noticed, even when compressed by adding a quarter of an atmosphere 
pressure to that of the atmosphere. This shows that its boiling-point lies 
below tha t of oxygen. But on diminishing the temperature of the liquid 
oxygen below —187° the liquefaction of argon became manifest. 
When liquefaction had taken place I carefully equalized the pres­
sure of the argon with that of the atmosphere, and regulated the 
temperature , so that the state of balance was maintained for a long t ime. 
This process gives the boiling-point of argon under atmospheric pressure. 
Four exper iments gave the numbers —186.7 , —1S6.8-, —187.o°, and 
—187.3°. The mean is —1S6.90, which I consider to be the boiling-point 
under atmospheric pressure (740.5 m m . ) . 

The quanti ty of argon used for these experiments , reduced to normal 
temperature and pressure was 95.5 cc. ; the quanti ty of liquid correspond­
ing to tha t volume of gas was approximately 0.114 cc. Hence the density 
of argon at its boiling-point m a y b e taken as approximately 1.5. Two 
other determinat ions of the density of liquid argon, for which I employed 
still smaller quantit ies of the gas, yielded rather smaller numbers . 
Owing to the small amount of argon used for these experiments , the 
numbers given can not lay claim to great exactness ; yet they prove that 
the density of liquid argon at its boiling-point (—187°) is much higher 
than that of oxygen, which I have found under similar conditions, to be 
1.124. 

By lowering the temperature of the oxygen to — i g i c by slow exhaus­
tion, the argon froze to a crystall ine mass, resembling ice ; on further 
lowering temperature it became white and opaque. When the tempera­
ture was raised it melted ; four observations which I made to determine 
its melting-point gave the numbers : —189.o°, —190.6°, —189.6°, and 

1 Bulletin International de VAcademiede Cracovie, Julie, 1890 ; also Wiedemann's Bei-
blalter, 15, p. 29. 

2 I have redetermined the boiling-point of oxygen, using large quantities of oxygen, 
and a hydrogen thermometer of much larger dimensions than previously. The regis­
tered temperature is 1.3° lower thau that which I previously recorded. 
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—189.40. The mean of these numbers is —189.6° ; and this may be 
accepted as the melting-point of argon. 

In the table below I have given a comparison of physical constants, 
in which those of argon are compared with those of other so-called 
permanent gases. The data are from my previous work on the subject. 

As can be seen from the appended table, argon belongs to the so-called 
" pe rmanen t " gases, and, as regards difficulty in liquefying it, it occupies 
the fourth place; viz., between carbon monoxide and oxygen. I ts beha­
vior on liquefaction places it nearest to oxygen, but it differs entirely from 
oxygen in being solidifiable ; as is well known, oxygen has not yet been 
made to assume a solid state. 

Name. 

Hydrogen (H2) 
Nitrogen (N2) 
Carbonic oxide (CO) 
Argon (A1) 
Oxygen (0,) 
Nitric oxide (NO).. • 
Methane (CH1) 

The high density of argon rendered it probable that its liquefaction 
would take place at a higher temperature than that at which oxygen 
liquefies. I ts unexpectedly low critical temperature and boiling-point 
seem to have some relation to its unexpectedly simple molecular consti­
tution, 

Professor Ramsay exhibited two sealed glass tubes which, he said, 
contained argon, and handed them round. He said that he had been 
asked by some of his friends to show them the gas. It was, however, 
quite invisible. 

The President (Lord Kelvin) .—It will be a satisfaction, I am sure, to 
anyone present to have one of these tubes in his hand, and to have really 
handled a glass vessel containing argon. 

Dr. Armstrong (President of the Chemical Society).—I am sure, sir, I 
can say at once that all present to-day who are able to judge of a com­
munication of this kind, and all others outside, will gladly join in the 
chorus which Mr. Crookes has proposed should be sung. But I should 
like, speaking more on behalf of the chemists—and I am sure tha t Pro­
fessor Ramsay will come over to me for the t ime and dissociate himself 
from his colleague—to say tha t we feel especially indebted on this occa­
sion to Lord Rayleigh, not only on account of the extraordinari ly impor­
tant information which he has placed at our disposal, but more particu­
larly on account of the example which he has set us. You, sir, very 

b<i Z. a'° 4-, Ui 

s* -sis n 
fa a G< c -

Below. A t m o s . m m . 
. —220.00 20.0 ? ? ? i.0 ? C o l o r l e s s 

—146.o° 35,0 —194.4° —214.00 60 14,0 0.885 '* 
—139-5° 35-5 —190.0° —207.o" 100 14.0 ? f* 
—i2i.o° 50.6 —187.o° —189.6° ? 19.9 Abt . 1.5 " 

. —118.80 50. S —182.7° ? ? 16.0 1.124 B l u i s h . 

. — 93.50 71,2 —153,6° —167.o° 138 15.0 ? C o l o r l e s s 

. — 81.8° 54.9 —164.0° —185. S8 80 8.0 0,415 " 
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fully alluded in your address this year to the patient manner in which 
Lord Rayleigh had tracked this new element to its home. I feel sure 
that the words which fell from you will meet with the warmest approba­
tion everywhere where such work can be understood. (Applause.) The 
case contained in the paper is undoubtedly a very strong one. Of course, 
in the hurry of a meeting like this, it has not been so logically brought 
forward by the reader of the abstract as it might have been, in order to 
do it full justice; but yet I think it will be quite clear to all who have 
listened to him that there is a very strong body of evidence which makes 
it certain that there is in the atmosphere a constituent which has long 
been overlooked, and a constituent having most extraordinary properties. 
The paper is not one which, so far as the experimental facts are con­
cerned, can be criticised here. No doubt it will meet with very consid­
erable criticism throughout the world. People will not be satisfied to 
take all these statements for granted without checking them, and I have 
not the least doubt that very soon we shall have abundant confirmations 
of the correctness of the discovery. But, apart from the facts which are 
brought forward in this paper, there is a portion which is purely—one 
almost might say, if I may be allowed the expression on such an occa­
sion—of a wildly speculative character; that is the portion dealing with 
the probable nature of this new element. Professor Ramsay, in his 
remarks, in a measure let the cat out of the bag in a way which is not 
apparent when you read the paper, because it is quite clear that, after 
all, the authors of this communication are not so entirely satisfied with 
the evidence to be adduced from the application of the Clausius method 
for the determination of the atomicity of the gas. I think that they have 
not- sufficiently taken into account, in dealing with this evidence, the 
extraordinary property that this gas possesses. Nitrogen we know is a 
very inert form of matter, but we know that the character of nitrogen 
derived from its study in the atmosphere is of an altogether wrong char­
acter. We know perfectly well that, taken as an element and treated as an 
atom, nitrogen is probably one of the most active forms of matter known 
to us, and that the great difficulty we have in bringing about its associa­
tion with fresh elements, when we deal with that gas, arises from its 
extreme activity—its extreme fondness for its own self. Now, if we can 
judge anything at all from the properties which we know belong to this 
new element, it is, I imagine, that it is like nitrogen, but "much more 
so." It is quite conceivable that the condition which Professor Ramsay 
pointed out as being the only alternative to the one which is apparently 
accepted by the authors of the communication is a conceivable condition. 
It is quite likely that the two atoms exist so firmly locked in each other's 
embrace that there is no possibility for them to take notice of anything 
outside, and that they are perfectly content to roll on together without 
taking up any of the energy that is put into the molecule. There is a 
great deal to justify a view of this kind. Of course, it can not be dis­
cussed independently of what has been said with regard to the new gas 
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being a m i x t u r e ; but it is quite clear that , as the discussion has gone on, 
the s tatements made in the paper are not so thoroughly accepted as one 
would th ink that they were. Mr. Crookes evidently wavers very much 
on this point with regard to there being two elements present, and I 
gather as much from Professor Ramsay's account. If we th ink that we 
are dealing with two gases here on the evidence of the spectroscope, there-
is no reason why we should not come to the same conclusion with regard 
to nitrogen and hydrogen. Oxygen, I believe, has three or fo r spectra, 
so that the spectroscopic evidence, after all, a l though it may be in a 
measure remarkable, does not appear to justify such a conclusion. The 
great difficulty that we have, I take it, in accepting the conclusion tha t 
we are dealing with an element having a molecular weight of forty, and 
an atomic weight of forty, arises from the difficulty of placing an element 
of that kind, which practically seems to me to have driven the authors to 
the conclusion that , possibly, they are dealing with a mix ture . The 
difficulty would be got over, of course, if we were deal ing with a complex 
body, and I th ink that was ra ther hinted at by Professor Ramsay when 
he referred to one of Olszewski's numbers. This low value, h igh as it is 
in comparison with tha t of nitrogen obtained from the density of the 
liquid, is a reason which would induce us to place it higher up in the 
scale of elements, and give it a lower weight. Of course, these are all 
mat ters which must be discussed later on more fully ; they are mat ters 
which can only be discussed very gradual ly, as we learn more about this 
substance. As regards its inactivity, very possibly that may be exagger­
ated. It is very difficult, in a case like this, to find out what are the best 
conditions to make use of. We know perfectly well that, if we were not 
in possession of the electric spark, we could scarcely have discovered that 
ni trogen might be combined with hydrogen to form ammonia direct. We 
know that we can only br ing about the combination of the two if we are 
in a position at once to remove the produc t ; and that sort of th ing may 
well obtain in a case like this . We know very well that there are com­
paratively few substances which can be directly associated with nitrogen. 
I t is quite likely tha t here we are dealing with an element which has still 
fewer affinities, but it does not follow by any means yet—nor do the au thors 
assert such to be the case—that we are dealing with an element which is 
entirely inactive even in the form in which it is presented to us. This is 
not the occasion to discuss the mat ter fully, but these are points which 
certainly deserve consideration, and they are some of the first points 
which make this element of such importance and interest to us as chem­
ists. In conclusion, I can only hearti ly congratulate the authors on hav­
ing given us this communicat ion. 

Professor Riicker (President of the Physical Society).—I th ink it is very 
important on this occasion that we should remember that this is a discus­
sion meeting of the Royal Society, a meeting held in this way for the 
first t ime, and a meeting at which reporters are present in order that the 
net result of the discussion shall go out at once to the world. I t is, there-
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fore, I th ink , extremely important tha t we should dist inguish as clearly 
as possible between the various points of doubt which still may remain 
with regard to the new element which has been described to-day, and the 
one certain fact which comes out indisputably from the facts which have 
been laid before u s ; namely, that in spite of the doubt which may have 
existed on the matter for the last few weeks or months , we have it now 
beyond all question—and I quote the words of the President of the Chem­
ical Society in saying so—that it is certain that we have here a new con­
st i tuent of the atmosphere. What the importance of this is has already 
been mentioned, and I want once more to emphasize the fact that th is 
central feature stands out quite clear, apart from whether we have one 
or two, and apart al together from whether the various physical quanti­
ties which have been laid before us to-day have been measured with the 
accuracy which may be obtained in the future. But there is one particu­
lar point to which I should l ike to refer. I t seems to me that one of the 
most interest ing results arrived at from the physical point of view is the 
fact t ha t the gas is monatomic. Some of us have had the opportuni ty 
of seeing the paper before it was read to-day, and we are therefore, per­
haps, aware of one or two facts which, I th ink , were not actually men­
tioned by Professor Ramsay. One of these facts is that the exper iments 
required to determine the ratio of the two specific heats were made twice 
over, or many t imes over, for all I know, but made in two different ways. 
They were made in a narrow tube, and they were made in a wide t ube ; 
and further check exper iments were carried on in which other gases were 
compared with the new element. There can be no possibility of doubt 
as to a result of th is sort when the experiments are carried out by two 
such men as Lord Rayleigh and Professor Ramsay. The matter is one 
which admits of no mistake when conducted in this way, and it must be 
accepted as certain tha t the element has that part icular ratio of specific 
heats . Well , then the question arises, What follows from this? I th ink 
tha t it has not perhaps, been quite sufficiently pointed out that , in order 
tha t this ratio may be obtained if we are to use the ordinary mechanical 
theory of gases, it is necessary that the atom with which we are dealing 
should be regarded as spherical. Of course, I am well aware that our 
pictures of spherical and the l ike are, no doubt, only approximations to 
the t r u t h ; but if we are to conceive this atom as consisting of two which 
are closely united, the one with the other, we must nevertheless sup­
pose, from tha t point of view, tha t they are so united as to form a sphere. 
Tha t is only one way of pu t t ing it, but , nevertheless, it does create a 
difficulty which, I th ink , has not been al together referred to before, I 
can only, in conclusion, say that , whatever the effect may be upon the 
great chemical generalization of Mendelejeff, tha t is, after all, an empirical 
law which is based, at present, upon no dynamical foundation. If it holds 
its own in th is case, it will, of course, s t rengthen our belief in it, but, on 
the other hand, I do uot th ink tha t it stands on the footing of those great 
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mechanical generalizations which could not be upset without upset t ing 
t he whole of our fundamental notions of science. 

The President.—Among those present I am sure those who unders tand 
most of the subject will be anxious to speak. I now ask any person pres­
ent to make remarks , and especially to ask questions. 

Professor Roberts-Austen.—I should l ike to say that , when this beauti­
ful discovery was communicated to the British Association, I ventured to 
point out that it was not too soon to consider its relation to the great 
metallurgical industries in which air is largely employed. In the Besse­
mer process alone you take some ten tons of iron and put it into a vessel 
called a converter. I t is melted, and air is passed th rough to remove the 
carbon, silicon, phosphorus, and other impurit ies. That means that no 
less than 100,000 cubic feet of air pass th rough the metal.. Therefore, 
1,000 cubic feet of argon have gone somewhere. Now, I have taken 
Bessemer-blown metal , which has been treated with ferro-manganese, 
and have pumped out forty t imes its volume of gas, of which one-twen­
tieth was nitrogen. In that nitrogen I have not been able to detect any 
argon that could not have come from the water which was necessarily 
used in the manipulat ion. I have taken a small quanti ty of air and 
abstracted argon from it, and obtained exactly the proportion that the 
authors say it contains, so I am perfectly certain that the manipulat ion 
is correct. But it remains to be seen whether the argon finds its way into 
the iron, as nitrogen undoubtedly does, and, if it does, whether it s tays 
there, because there are certain peculiarities that make Bessemer metal 
different from other kinds of steel, and it would be most interest ing if we 
could succeed in tracing it to some of this 1,000 cubic feet of argon which 
has either passed into the air or into the iron. I should just like to say 
that I could have wished tha t the authors of the paper had dialyzed the 
air th rough india-rubber, and not have merely used clay pipes. • As one 
so long associated with Graham, I can only say how delighted he would 
have been had he known that his method would have been used by the 
authors of this paper, one of whom occupies Graham's own chair at 
University College. 

Lord Rayleigh.—I have very litt le to add to the account which my 
colleague, Professor Ramsay, has given of this research. The research 
has been, in many respects, a very difficult one. I am not without experi­
ence of exper imental difficulties, but certainly I have never encountered 
them in anyth ing l ike so severe and aggravating a form as in this inves­
t igation. Every experiment that one a t tempts takes about ten days or a 
fortnight to carry out to any definite conclusion, and the result has been, 
of necessity, much less progress than we could have hoped for, and many 
of the questions have been left open which we could have wished to 
settle. One such question has just been alluded to by Professor Roberts-
Austen; namely, the character of the gas transfused th rough india-
rubber. That exper iment has been upon our program, I may almost say 
from the first, but h i ther to time has not been found to carry it out. The 
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difficulties of those parts of the research with which I have been more 
part icularly connected have been very great. The preparation of the gas 
in sufficient quant i ty to exper iment with at all has been no easy matter , 
and some of the results , such as those relat ing to the density of the gas, 
are consequently not so satisfactory and not so thoroughly elaborated as 
one could have wished. One point that has been mentioned relates to 
the a rgument in favor of the monatomicity of the gas. Of course, what 
is directly proved by the experiment , if it is good, is tha t the whole, or 
nearly the whole, of the energy pu t into t he gas, when it is heated, is 
devoted to increasing the energy of its t ranslatory motion, and that no 
margin remains over, as in the case of other gases, to be at tr ibuted 
to intermolecular or interatomic motion. ' At first sight it seems rather 
a strange th ing that there should be no rotation in the molecules of 
the gas. How can it be? Can they be without rotation, or can the energy 
Qf their rotation be so small as to be negligible in comparison with the 
energy of the motion as a whole ? Tha t is a difficulty which I th ink has 
not been thoroughly met hi ther to by the cultivators of the dynamical 
theory of gases; but apparent ly here we may accept it tha t no such energy 
exists, or tha t no such energy exists in any appreciable degree. Of course, 
tha t condition is quite well met by the suggestion which has been put 
forward, and which has also been communicated to us by Professor Fitz­
gerald, of Dublin, who writes as follows : 

" The reason why the ratio of specific heats of 1.66 is supposed to prove 
monatomicity in a gas is because in a monatomic gas there are no internal 
motions of any consequence. Now, if the atoms in a molecule are so 
bound together tha t hardly any internal motions exist, it would, so far 
as specific heat is concerned, behave like a monatomic element. That 
the atoms in argon may be very closely connected seems likely from its 
very great chemical inertness. Hence, the conclusion from the ratio of 
its specific heats may be, not that it is monatomic, but that its atoms are 
so bound together in its molecule tha t the molecule behaves, as a whole, 
as if it were monatomic ." 

That argument is, 110 doubt, perfectly sound, but the difficulty remains 
how you can imagine two molecules joined together, which one figures 
roughly in the mind, and I suppose not wholly inaccurately, as somewhat 
like two spheres pu t together and touching one another—how it would 
be possible for such an excentrically-shaped atom as that to move about 
wi thout acquiring a considerable energy of rotation. That is difficult, 
and I th ink the only interpretat ion is, tha t the gas is monatomic. No 
doubt the whole subject is one about which we know exceedingly little, 
mercury vapor being the only other gas at present which exhibits a simi­
lar proper ty . I am not sure that any other point has been raised, but if 
any questions are asked, Professor Ramsay and myself are quite ready to 
give further explanations, so far as it is in our power to do so. 

The President.—I wish to make a remark, not as from the chair, but 
with reference to the question which is now before us, as to the condition 
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under which the ratio of the specific heats could be exactly one and two-
thirds. I do not admit t h a t ' a spherical atom could fulfill tha t condi­
tion. A spherical atom would not be absolutely smooth. In other words, 
it must be a Boscovitch point. Neither can I admit that excessively rigid 
connection between two atoms could give it the quality of having no 
capacity whatever for a relative vibratory movement. It would need 
infinitely stiff connections to give it no capacity for relative vibratory 
movement ; and if it had infinitely stiff relative connection the con­
nection of the two bodies would be indissoluble, and they would 
remain one. In fact, I think that the only kind of atom that we 
can conceive as giving, in the dynamical theory of heat, rigorously the 
ratio of one and two-thirds for the specific heat is the ideal Boscovitch 
mathematical point endowed with the property of inertia, and with the 
other property of acting upon neighboring points with a force depending 
upon distance. I have now to ask for any further remarks . I do not 
wish to close this most interesting discussion. I hope we shall have 
further discussion and further questions. 

If there are no more remarks and no questions.to be put, I desire now, 
in the name of the Royal Society, to thank the Senate of the Cniversitv 
of London for their hospitality on this occasion, a hospitali ty which I am 
sure we have all very much enjoyed. I have great pleasure in joining 
with the President of the Chemical Society, and the President of the 
Physical Society in congratulat ing Lord Rayleigh and Professor Ramsay 
on the brilliant success already obtained. (Great cheering.) I join with 
my brother Presidents in wishing them more and more success in the con­
tinuation of their work, and in thanking them heartily in the name of the 
Royal Society for the communication which they have given us this day. 
(Cheers.) 

Calcium. Sulphite Stalactites and Stalagmites.—Under a num­

ber of large wooden tanks , in which "Bisu lph i t e of L i m e , " of 

the trade, has been stored for a year or more, a curious stalactitic 

formation was observed. 

T h e " Bi-sulphite of L i m e , " seeping through minute openings 

in the bottoms of the tanks, had been precipitated as calcium 

sulphite by the evaporation of free sulphurous acid, in a manner 

perfectly analogous to the natural formation of stalactitic 

deposits of calcium carbonate. 

T h e stalactites examined were from six to eighteen inches in 

length, generally with a small hole vertically through the cen­

ter, g ranula r in s t ructure , more or less stained with iron, and 

part ial ly oxidized to calcium sulphate . A few were made up of 

concentric rings of granular crystals, alternate r ings being more 

deeply stained with iron. One specimen, radiately fibrous in 
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s t ructure , was beautifully crystallized. T h e stalacti tes were 
usually i r regular cones with the al t i tude from five to ten times 
the diameter of the base. 

In many cases the stalactite and stalagmite had become uni ted 
forming an irregular cylindrical column. 

T h e stalagmites examined were all g ranula r in s t ructure and 
usually less deeply stained than the corresponding stalacti tes. 
One specimen was white and very well crystallized. L ike the 
stalactites they were usually more or less oxidized. T h e verti­
cal axis was shorter, in proportion to the diameter of the base, 
and the apex more rounded, than in case of the stalactites. 

T h e phenomenon is deserving of attention as an illustration of 
the well-known analogy between the sulphites and carbonates 
of the alkaline earth metals, as regards insolubility in water, 
bu t ready solubility in water containing sulphurous or carbon 
dioxide respectively. I t is also interesting as showing a further 
analogy between two classes of salts which do not fall in the 
same period in the Mendelejeff classification. 

D A V I D H A N C O C K . 
CUMBERLAND, MD. , January 18, 1895. 
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I t has lately been stated in a book review in these pages tha t 
there is doubtful room for new text-books on inorganic chemis­
try ; and, in view of the important number of s tandard works of 
acknowledged value and usefulness extant , most instructors 
will heart i ly concur in this view. Every teacher, however, has 
his own ideas of how best to present the subject to his s tudents to 
enable them to readily and intelligently grasp it, and whatever 
may be the text-book employed, it can in any case be followed 
only as a general gu ide and be adapted to the needs and condi­
tions in each case. T h e work before us may fairly claim to be 
of such general adaptabil i ty as to be useful in most cases, and 


