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We have investigated the magnetic properties of small crystals of anhydrous CuS04 from 
1.5 to 300°K, Below Tc = 34.4°K this substance shows antiferromagnetic properties. The 
transition to the antiferromagnetic state is accompanied by an anomalous, twofold increase 
of the susceptibility in a temperature interval of about 1.5°. 

IN a previous paper1 we investigated the temperature dependence of the magnetic susceptibility of 
anhydrous copper sulfate in the temperature range from 14 to 300°K. At T = 35°K the susceptibility 
showed a sharp increase, corresponding to a change of 30% over a temperature interval of about 2°K. 
A further lowering of the temperature was accompanied by a smoother increase of the susceptibility. 
The specimen of anhydrous copper sulfate we used in that experiment was obtained by heating copper 
sulfate to 300" C for two hours with constant stirring (see Ref. 2). All operations were performed in a 
current of dry nitrogen. The specimen was obtained in the form of a light blue, very hygroscopic powder. 

Our investigations at helium temperatures have shown that the increase of the susceptibility which is 
observed below 35°K is apparently caused by the presence of paramagnetic impurities. The most likely 
impurity to be present can be assumed to be some singly hydrated copper sulfate. An approximate 
estimate showed that in the specimen used by us there could be found 20% singly hydrated copper sulfate. 

The specimens of anhydrous copper sulfate used by us in the present experiment were obtained in two 
ways. The first specimen was obtained from a solution of copper sulfate in molten ammonium sulfate .3 

Above 360°C (NH4hS04 decomposes and anhydrous copper sulfate remains in the form of a precipitation. 
In this case the specimen was obtained in the form of small transparent crystals of 1 x 0.2 x 0.2 mm, 
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with a faint blue color. These crystals were far less hygroscopic than the powder used by us in the first 
experiment.* 

In Fig. 1 we have shown the two most successful of the crystals obtained in this way. We hope, after 
improving our methods slightly, to investigate the anisotropy of magnetic properties with these crystals. 

lmm 

The second specimen was obtained by annealing copper sul­
fate at 270° C until its weight was constant. The vessel with the 
specimen was evacuated both before and after the heating, since 
the material lost 5 molecules of water. If we pump continuously 
during the annealing the specimen decomposes before the com­
plete dehydratation has taken place. 

We measured the magnetic susceptibility of anhydrous copper 
sulfate, obtained by the first method, in the range of tempera­
tures between 1.5 and 300°K. The measurements were performed 
in an apparatus similar to the one described in Ref. 4. 

FIG. 1. Crystals of anhydrous 
CuS04 • 

From Fig. 2, which gives the temperature dependence of the 
reciprocal of the molar susceptibility, we see that in the tem­

perature range from 300 to 120•K a Curie-Weiss law with 8 =- 77.5° and C = 0.517 is followed. Below 
120°K we observe a deviation from the straight line corresponding to the Curie-Weiss law. In the same 

figure we have drawn the results 
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FIG. 2. Temperature dependence of the reciprocal of the molar 
magnetic susceptibility 1/x mol of anhydrous copper sulfate. 
x- results from Ref. 5; •- our results. 

of the measurements by de Haas 
and Gorter5 on anhydrous copper 
sulfate, which agree reasonably 
well with ours. 

In Fig. 3 we have given the 
temperature dependence of the 
molar magnetic susceptibility 
of CuS04• At about 35°K the 
susceptibility rises sharply, 
changing almost by a factor of 
two in a temperature interval 
of about 1.5 degrees. At 34.4°K 
the susceptibility attains a 
maximum and then falls to a 
value which is 3/4 of its maxi­
mum value. Starting at about 
12°K down to 1.5°K the suscep­
tibility stays constant. In the 
region where the susceptibility 
rises steeply it depends on the 
value of the magnetic field. 
One can see in Fig. 4 that an 

increase in the magnetic field produces a fall in the susceptibility while its maximum is displaced towards 
lower temperatures. The maximum change in the susceptibility observed by us was about 10% when the 
field was changed from 3,400 to 13,000 oersted. The results obtained with the second specimen were sim­
ilar to the ones just described except in the temperature range from 4 to 1.5• K where the susceptibility 
slightly increased. Such a behavior of the susceptibility is apparently produced through an insufficient de­
hydration of the specimen. 

The results which we have obtained for the temperature dependence of the magnetic susceptibility of 
anhydrous copper sulfate show that at 34.4°K this material undergoes a transition below which it appar­
ently becomes antiferromagnetic. The transition itself is unusual and differs from the normal ones by an 
anomalously steep rise of the susceptibility in the neighborhood of the transition. The question as to the 
character of the transition remains for the time being an open one. 

*The authors are very grateful to N. N. Mikhailov for his assistance in preparing the specimens. 



864 A. S. BOROVIK-ROMANOV and N. M. KREINES 

&~-----+------+-----~----~~--~ 

W~-----WL------J~V------~=-T~°K 
FIG. 3 

J. 
X -to 
mol -1 

I 

JZ JJ J1 J5 36 J7 J8 J(/ T°K 

FIG. 4 

FIG. 3. Temperature dependence of the molar magnetic susceptibility Xmol of an­
hydrous copper sulfate. 

FIG. 4. Temperature dependence of the molar magnetic susceptibility Xmol of an­
hydrous copper sulfate in the transition region for different intensities of the magnetic 
field: 1 - 3,370; 2 - 6,660; 3 - 9, 700; 4 - 11,780; 5 - 12,900 oersted. 

The authors express their sincere thanks to P. L. Kapitza for his constant interest in their work. The 
authors also thank P. G. Strelkov for some valuable advice. 
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