
THE CRYSTAL STRUCTURE AND COMPOSITION OF
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Iu. D. Kondrashev

The parameters of the monoclinic cell of synthetic crednerite have been re-
fined. The formula CuMnOz assumed on the basis of crystal chern istry has been
confirmed by the determ ination of the density and an analysis of the intensities
of the lines. The structure of CuMnOz has been found to consist of alternating
layers of oxygen octahedra and trigonal prisms. The Mn+3 ions lie in the centers
of the octahedra; the Cu+1 ions, on the midpoints of the vertical edges of the
prisms.

Heating of mixtures of copper and manganese oxides at temperatures above'1000.C results in the formation
of a new phase different from the isometric spinel CuMnZ04 which forms at lower temperatures.

This phase has been observed by Kurlina, Prokhvatilov, and Sheftel' [1]. They called it the B .phase and
pointed out that besides the high temperature, its formation is favored also by a higher copper content than that
required by the spinel formula. McAndrew has established [2] the identity of the phase obtained under conditions
close to those given above with the copper-manganese mineral crednerite. An investigation of the latter enabled
hlm to determine both the dimensions of its monoclinic cell, a = 5.58 Aj b = 2.88 Ai c = 5.87 Ai B = 104°, and
the space groups C2/m, C2, and Cm (from the absence of reflections with odd sum h + k) to which it may possibly
belong. From the chemical analyses of synthetic preparations obtained with a CU: Mn ratio of 1: 2, McAndrew
derived the formula of crednerite in the form CUZMnZ05' However, the number of molecules in the cell deter-
mined on the basis of this formula and the density 5.02 g/cm3 used in his paper is far from being a whole number.

The present work is an attempt to determine the crystal structure and composition Of crednerite.

The investigation was made on synthetic preparations obtained by heating pressed mixtures of powdered CuO
and MnOz at 1000-1100.C for several hours and then rapidly cooling them (in air). The result is a dense grayish-
black microcrystalline mass. The density of the preparations was determined in a pycnometer filled with water
after the air in the pores had been pumped out. The x-ray diffraction photographs were taken with Fe-radiation
in common powder cameras (phase analysis) and in the URS-50-I apparatus (to refine the parameters and measure
intensities). Angular values corrected for the errors of the counter by the well-known formula [3] were plotted on
a diagram. In computing structure amplitudes the values of the atomic amplitudes were corrected for ionization
and, in the case of Mn, for dispersion, the latter correction being equal to 4.

It was found that the purest and best formed samples of synthetic crednerite are obtained when the Cu: Mn
ratio is unity. The density of these preparations is 5.38 g/cm3; 1. e., it differs considerably from the value 5.03
[2] determined on samples of the mineral containing impurities. The powder photograph data are very near to the

data given by McAndrew [2] for his synthetic samples. The cell dlmensions calculated from our data differ some-
what from the dlmensions of the natural crednerite. They are: a = 5.530::1:0.005; b = 2.884::1:0.002i c = 5.898::1:
::1:0.005 A, B = 104.6::1:0.1..

The experimental and computed interplanar distances are given 1n the table.
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The small dimensions of the unit cell make it possible to determine its content. Thus, the length of axis
b = 2.88 A is characteristic of octahedral coordination and represents the length of the oc.tahedral edge. The value.
of the other two dimensions suggest that the total number of oxygen octahedra in the cell is four. If all of these
octahedra are filled, the content of the cell must be MelMelI °4, or, in our case, CUzMnZ04' This conclusion is
confirmed by determining the number of molecules in the cell which for the formula CuMnOz gives 1.98, 1. e.,
2(p = 5.44, Pexp = 5.39 g/cms).x-ray

The structures of compounds with such a formula containing the oxides of a univalent and a trivalent metal
are of two types. In one of these (including, among others, the low temperature form of NaNiO. [4], which also
has a small monoclinic cell) the layers of octahedra, each filled with ions of one kind, alternate according to the
cubic law. The other type, which includes compounds of univalent copper, CuFeOz, CuCoOz, CuCrO. [5], CuA10z
and CuGaOz [6], is characterized by the change of one layer of octahedra into a layer of trigonal prisms (structural
type NaHFz).. This change is probably caused by the tendency of the univalent copper toward a two-fold coordina"

tion with oxygen.

It was natural to assume that the structure of CuMn02 is similar to the second type. Indeed, the smallest
monoclinic unit cell in this structure has parameters very near those of crednerite. The distribution of the ions

· The statement in paper [6] concerning the octahedral coordination of both ions in the structures of the CuMeO.
type is incorrect. The two-fold coordination of the copper ions follows directly from the parameter of oxygen,

which is 0.11-0.12.
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Fig. 1. Section of the electron density of CuMnOz in
the (xOz) plane. The electron density is given in ar-
bitrary units.

Fig. 2. Structure of CuMnOz

Mn.~ 01 2.28A

Mn ~ 04 1.921\
Cn -- 0 1.80A

in such a cell which does not contradict the intensities
of the lines was assumed as a starting point. It corre-
sponds to the space group C2/m. The Cu and Mn ions
occupy positions without any degree of freedom; the ions
of oxygen have two degrees of freedom (! and ~). To
determine the coordinates! and ~, a section of the elec-
tron density in the (xOz) plane was constructed. The
signs of all amplitudes were determined by the positions
of the heavy atoms. A sharp oxygen maximum appeared
on the section (Fig. 1). However, since only 37 reflec-
tions were used in constructing the section, the results
cannot be claimed to be very exact.

The pos itions of the atoms for CuMnOz in the space
group C2/m are as follows:

2Mn in 2(a) 000

2Cn in 2(d) 0 1/2 1{2

40 in 4(i) xOz,

where x = 0.416 and z = 0.143,

The structure factors computed from these coor-
dinates are given in the table. The structure of CuMnOz
is shown in Fig. 2. Within the alternating layers of octa-
hedra and trigonal prisms, the manganese ions occupy
the centers of the octahedra and the' copper ions, the m id-
edges of the prisms.

The interatom ic distances are

01 03
01 ._- 04

.

O2 m 03

03 -- 04

3.121\
2.8I1A
2.61A

2.8SA.

Of the six oxygens in the neighborhood of a manganese ion,four are at the distance of 1.92 A from it and
two at the distance of 2.28 A. The shared edges of octahedra are contracted. The Cu-O distance in the chain
O-Cu-O is a little shorter than in other compounds of this type [5].

The formula CuMnOz corresponds to the ideal composition. Some x-ray diffraction data, among them the
above-mentioned differences in the unit cell parameters of the synthetic and natural crednerlte, and the observed
variations in the intensities of the lines on powder photographs of different samples, indicate that the composition
of this phase may vary. This is due, evidently, to the change of a part of the metallic ions to a different valence
state and a resulting change in the number of metallic ions.

Because of the close sim ilarity of the monoclinic structure of CuMnOz to that of the rhombohedral copper
compounds of the CuMeOz type, it was supposed by analogy with NaNiOz [4] that there exists a high-temperature
rhombohedral phase. However, photographs taken at 500'C (in air) revealed only the appearance of the phase

CuMnZ04' It is possible that the transition requires a higher temperature and isolation of the sample from atmos-
pheric oxygen.

The structure of crednerite, CuMnOz, is another example of the structural class with trigonal prisms con-
taining atoms with a tendency toward two-fold coordination. Besides t}1e already mentioned compounds of uni-
valent copper, this class contains also the analogous silver compounds [7, 8], the halides (NaHF! with the HF;:
group) and the hydroxides Al(OHh [9], CoHOz [10], CrHOz [11] and (AlLi) MnOz(OH)z [12]. In the latter the for-

mation of linear groups is connected with the manifestation of hydrogen bonding.
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The author expresses his deep gratitude to N. A. Lushchik for the synthesis of the samples.
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