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A NEUTRON DIFFRACTION STUDY OF CuSeO, 

W. SCHARENBERG 
Kernforschungsanlage Julich, Zentralinstitut fur Reaktorexperimente 

G. WILL 
Mineralogisches Institut der Universitat Bonn, 

Abteilung fur Kristallstrukturlehre und Neutronenbeugung, Bonn, Germany 

RBsumB. - La structure antiferromagnktique du sklknate de cuivre anhydre, CuSe04, a kt6 dkterminee par diffraction 
de neutrons sur poudre. Dans la maille orthorhombique Pbnm, la structure magnktique est colinkaire, de type A (+--+), 
les spins ktant perpendiculaires a Saxe c. Le moment magnktique de C U + ~  vaut 0,9 & 0,l magnktons de Bohr a 7,2 OK, 
la tempkrature de transition 34 OK. Une transformation de phase polymorphique Pbnm + Cmcm plus dense a 6tk obsemk 
a 50 kbars, 500 OC. 

Abstract. - The antiferromagnetic structure of anhydrous cupric selenate, CuSe04, has been determined from neu- 
tron diffraction powder data. In the Pbnm orthorhombic cell the magnetic structure is colllnear of Type A (+--+), 
with the spin orientation perpendicular to the c-axis. The C U ~ +  moment was found to be 0.9 f 0.1 Bohr magnetons 
at 7.2 OK, the transition temperature is 34 OK. A phase transformation of the Pbnm polymorph into the denser structure 
of symmetry Cmcm was observed at 50 kbars, 500 OC. 

Introduction. - The sulfates and selenates of the 
3 d-transition elements have been studied extensively 
and their spin configurations have been established 
by neutron diffraction techniques [I, 2, 3, 41. Never- 
theless the exchange mechanism in these orthorhom- 
bic compounds is not fully understood, and especially 
MnSO, with a complicated cycloidal spiral arrange- 
ment [4] is unique in this series. The only member 
not yet studied is CuSeO,, which poses some problems 
in its preparation, but also difficulties because of the 
weak magnetic scattering due to the low magnetic 
moment of Cu2+. 

On the other hand CuSeO, is of speci6c interest 
since it crystallizes in two polymorphic forms, one 
in space group Pbnm and the other in Cmcm, the lat- 
ter being a high pressure-high temperature polymorph 
[5]. The difference between Pbnm and Cmcm is a 
reduction in volume and a different orientation of the 
Se0,-tetrahedra, leading to different exchange pro- 
perties. 

Experimental. - Powder CuSeO, was prepared 
by dehydration of CuSe04.2 H 2 0  in air at 300 OC for 
several hours. The CuSeO,. 2 H 2 0  was prepared 
from CuCO, and selenic acid. However, the CuSeO, 
could not be prepared free from impurities. They are 
clearly visible on the X-ray diagram, but could not 
be identified. 

Neutron diffraction diagrams were obtained at 
77 OK and 7.2 OK with a wavelength of 1.54 from 
a cylindrical sample of pressed pellets of 14 mm dia- 
meter and 20 mm high and the structure of the Pbnm- 
polymorph was determined. 

Magnetic Structure. - Due to the low magnetic 
scattering power of Cu2+ only the (001) reflection at 
2 8 = 12.70 could be unambigously identified in the 
diffraction diagram at 7.2 OK as arising from magnetic 
ordering. The isomorphism of CuSe0,-Pbnm with 
&SO4-Pbnm, and the similarity of the diffraction 

patterns lead us to conclude, that CuSeO, exhibits 
the same antiferromagnetic structure as CuSO,, 
which is collinear of type A with (+ - - +) ordering 
on the Cu2+ sites 0 0 0, 0 0 3, + 3 3, 4 + 0 in the Pbnm 
orthorhombic unit cell. We thus find ferromagnetic 
coupling within the ab-plane, and antiferromagnetic 
interactions between Cu2+ nearest neighbours along 
the c-axis. 

As a further argument we have calculated the magne- 
tic moment per Cu2+ ion from the observed (001)- 
reflection. It follows that the spins are lying in the 
ab-plane perpendicular to the c-axis. Evaluation of 
the measured intensity based on the magnetic Cu2+- 
form factor of CuS0, given by Cox [6] yields 
(0.9 + 0.1) pB per Cu2' at 7.2 OK. 

Temperature Dependence. - Figure 1 shows the 
intensity of the magnetic (001) reflection of &SeO,- 
Pbnm as a function of temperature indicating an 
antiferromagnetic transition at 34 OK. The intensity 
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FIG. 1. - Temperature dependence of the intensity of the 
(001)-magnetic reflection for CuSe04-Pbnm indicating alN6el 

point of 34 OK. 
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variation does not however follow a Brillouin tempera- High Pressure. High Temperature Polymorph of 
ture dependence (Fig. 2). CuSeO,, - As reported by Pistorius 151, CuSe0,- 

Pbnm undergoes a phase transition from Pbnm to 
Cmcm symmetry at 40 kbars and 400 OC with an espe- 

- cially large volume compression of A V  = 8.7 %. 
We expect to get a deeper insight into the exchange 

08 - - mechanism in CuSe0,-CuSO, by this change in sym- 
metry and super-super-exchange mechanism and we 

07 - tried therefore to prepare sufficient material for neu- 

0 6  - tron diffraction of the second polyrnorph. Pressure 
experiments on a cylindrical sample of 2 mm diameter 
and 2 mm high at 50 kbars and 500 OC for 1 hour yielded 
a full transformation of the sample to symmetry Cmcm. 

04 - Experiments on larger volumes, however, necessary 
to get the required quantity for neutron diffraction 

03 - at our research facilities, failed, to give complete 
transformation of the sample due to the obviously 

02 - high compressibility of CuSe0,-Pbnm and secondly 
due to some inevitable pressure gradients in the press. 

01 - Further experiments are in progress. 
We acknowledge the help of G. Lieck, Institut 
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FIG. 2. - Normalized magnetic scattering from (001)-planes 
the prep&ation of the sample, and of A. Kirfel, 

of CuSeOr-Pbnm compared with a squared Bri]louin Mineralogisches Institut, for the high pressure expe- 
dence for S = 3. riments. 
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