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§ 1. Introduction . The magnetic susceptibility of a paramagnetic 
substance (x) is a function of temperature (T) and density (e). Usually 
the experimental variations in the lat ter are of no importance. For 
solid substances the density. or at least the paramagnetic density. 
has been varied artificially by studying salts with more or less crystall
water. 1) Much simpIer. in nearly every respect. is the case of a liquid 
or a gas. PERRIER and KAMERLINGH ONNES 2) have investigated the 
susceptibility of liquid mixtures of oxygen and nitrogen (the latter being 
considered merely as a magnetically neutral diluting agent). They found 
that their results ag reed very weil with the formula: 

X (T + .6.) = constant = 0.03152 

in which .6. is a function of the density only. that becomes zero in the 
limiting case of a density zero. This formula has a very simple meaning. 
As the authors point out themselves: "the change in the density of 
oxygen only alters the specific magnetisation without changing the CURIE 
constant". I/X is a linear function of Tand the density function .6. 
indicates the existence of a negative molecular field. the dependence of 
which on the density or the distance of the molecules can be derived 
from the experiments. Moreover we may point out the remarkable fact 
that extrapolation of this formula to normal density and atmospheric 
temperature furnished a value for the susceptibility of gaseous oxygen 
at 20° C. and 1 atm. only moderately agreeing (difference 2%) with 
the value th en known. but perfectly with the value found afterwards by 
BAUER. WEISS and PICCARD 3) (difference 1%

0), 

1) L. C. JACKSON. Leiden Comm. NO. 163. 
2) A. PERRIER and H. KAMERLINGH ONNES. Leiden Comm. NO, 139. 
3) H. KAMERLINGH ONNES. Leiden Comm. Suppl. NO. Ha I. 



1330 

The experiments referred to a considerable range of densities (e = 1.204 
to 0.080 gram/cm3), but of course to a limited range of temperatures 
only (77°.4 K. -64°.2 K.). 

Then the question arose whether this formula would hold over a large 
range of temperatures and for oxygen in the gaseous state. KAMERLINGH 

ONNES and OOSTERHUIS 1) had investigated previous to the experiments 
just discussed the susceptibility of oxygen of more than 100 times the 
normal density and they concluded that down to - 130° C. no deviation 
from CURIE'S law of inverse proportionality to the absolute temperature 
could be found. According to the experiments of PERRIER and KAMERLINGH 

ONNES, however, to this density 6 = 5.4 would correspond and later 
inspection of the results about oxygen at 100 times the normal density 
showed that the formula X (T + 5.4) = const. satisfied the results even 
slightly better than the strict CURIE formula, though much depends on 
the weight attached to the lowest temperature values of the series. 

So it seemed interesting to investigate the susceptibility of gaseous 
oxygen at high densities in dependence on temperature. In the following 
the results of 5 series relating to 3 different densities are given. 

§ 2. The experiments. A thick wa lied bronze tube is filled with oxygen 
at the required density. By means of a german silver capillary it is con~ 
nected to a reservoir containing pure oxygen. In some of the series this 
oxygen was prepared from potassiumpermanganate, condensed by means 
of liquid air and distilled in the reservoir, in other series we started 
from commercial oxygen and distilled it. By cooling the bronze tube 
in liquid air the oxygen condensed into it from the reservoir until a 
previously arranged pressure was reached, th en a cock between the 
tube and the reservoir was closed, the german silver capillary was pinched 
tightly at its top, cut off from the rest and soldered. Sometimes a small 
bra ss cap was soldered over it. Then the tube was taken from the liquid 
air. allowed to come at atmospheric temperature. weighed and put into 
the magnetic apparatus. In the first series this was the apparatus used 
by PERRIER and OOSTERHUIS 2). in the other series the horizontal vapour 
cryostat 3); in the first series the susceptibility was determined at different 
field intensities and absolute measurements were taken. in the other 
series values relative to that at a certain temperature were determined 
always in the same field. density was determined from the weight of 
the full and the empty tube. Af ter each serie:; the magnetic attraction 
on the empty tube has been carefully studied. 

Usually the temperature was not more lowered than to a few degrees 
above the critical point of oxygen (154° K.). 

1) H. KAMERLINGH ONNES and E. OOSTERHUIS. Leiden Comm. NO. 134d. 
2) H. KAMERLINGH ONNES and A. PERRIER. Leiden Comm. NO. 139B. 

E . OOSTERHUIS. Leiden, Comm. NO. 139b. 
3) E. C. WIERSMA and H. R. WOLTJER, Leiden Comm. NO. 201c. 
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§ 3. Results. 
-------------------------------------------

I-----Ilt Series e = 0.428 li 
---

!I 4th Series e = 0.120 
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The values of X at 291 0 K. for e = 0.443, 0.320 and 0.152 are found 
to be 1207 K., 1237 K. "lnd 1288 K., wh ere K is a constant of the 
apparatus. If one extrapolates these values to e = 0 and takes for 
Xp=O.2910 K. the value of BAUER, WEISS and PICCARD, one finds 

e = 0.443 
106 

X291 0 = 98.2 
0.320 

100.7 
0.152 

104.9 

In fig. 1 X291 T X- 291 has been plotted against T, thus showing the devia~ 

ti ons from CURIE's law. In the same graph by straight lines the devia~ 
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tions are represented that would exist, if the formula X (T + 6) = constant 
was satisfied with values of 6 deduced from the work of PERRIER and 
KAMERLINGH ONNES. According to them (for liquid oxygen) the following 
values of e aod 6 would correspond: 

e 0.428 
6 17.5 

0.443 
18.0 

0.320 
13.2 

0.152 
6,4 

§ 4. Conclusions. From the numeri cal data and from the graph there 
appear deviations from CURIE'S law. However. the character of these 
deviations is absolutely different from that included in the formula 
X (T + .6) = const. with which our results in no way can be reconciled. 
The principal features of the deviations shown by our results are the 
following: 

1. Down to about 1750 K. the deviations from CURIE'S law are within 
the limits of accuracy (about 5%0) but below that temperature they 
become marked. The whole of the observations show a decidedly curved 

I f X291 T fne or - - - as function of T. 
X 291 



1333 

2. There is no systematic difference for the different densities. 
One would be inclined to represent the observations by the Eormula 

(X - Xo) T = const .• Xo being a function of the density. Then Xo must 
satisfy the condition. on account of the results of PERRIER and KAMERLINGH 
ONNES. that it becomes zero for a limit denslty zero. On the other 

hand it must be such. according to our experiments. that l_ 2
T
91 is 

X291 

(nearly) independent of the density. Both conditions are not to be 
reconciled. 

IE the small deviations of CURIE'S law between 291 0 K. and 1750 K. 
are neglected. the observations may be represented by XT= constant. 
but now the value of the constant depends on the density. 

viz. e=0.413 
102 C= 2.86 

0.320 
2.93 

0.152 
3.05 

0.00 
3.15. 

This implies a dependency of the atomie moment of oxygen on the 
density. 

In comparing these results with the theoretical investigations by J. H. 
VAN VLECK I) we see that there is no difficulty to explain the fact that 
there is no dependence of 6. on density. however for the dependence 
of the CURIE~constant Erom density we must think of intermolecular 
flelds or association as he stat es that: "The susceptibility per molecule 
should not change with pressure except in 50 far as molecular associa
tion. intermolecular flelds. etc. are involved. as they of ten are to a great 
ex tent in liquids." 2) 

§ 5. Summary. The specific magnetic susceptibility of gaseous oxygen 
at temperatures between 291 0 and 1560 K. and densities from 0.413-0.152 
cannot be represented by the formula X (T + ,6,) = const. in whieh ,6, 
depends on the density as in the experiments of PERRIER and KAMERLINGH 
ONNES for liquid oxygen at different concentrations. 

From 291 0 to about 1750 K. CURIE's law is nearly followed with a 
CURIE-constant (and so an atomie moment) dependent on the density. 
There is however a slight but systematic deviation in the sen se of a 
curvature of the I/ x. T-lines. This deviation becomes marked below 
1750 K. 

In conclusion we have pleasure in thanking Prof. Dr. W. J. DE HAAS 
very much for affording us the opportunity for this research. 

I) J. H . VAN VLECK, Phys. Rev. 29, 727 (1927); Id. 30, 31 (1927); Id. 31, 587 (1928) 
2) L. c. 30, 38. 




