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INTRODUCTION

According to previous investigations, bornite occurs in three 
different polymorphs: low-, intermediate-, and high-temperature 
structural forms. The high-temperature form is stable above 265 
°C, and the sulfur atoms form face centered cubic (fcc) closest 
packing whereas the six metal atoms (Þ ve Cu and one Fe) and 
two vacancies are randomly distributed over the eight tetrahedral 
sites; thus, each tetrahedral site is statistically occupied by 6/8 
metal atom. Between 265 and 200 °C, the vacancies and metal 
atoms are no longer randomly distributed at the tetrahedral sites, 
but are ordered at particular tetrahedral sites, which doubles the 
unit cell compared to the high-temperature form (Morimoto and 
Kullerud 1961). The middle-temperature form can be regarded as 
being derived from the zincblende and anti-ß uorite structures by 
alternating these two cubes along the three crystallographic axes, 
thus resulting in the 2a superstructure. On cooling below 200 °C, 
the middle-temperature form is believed to transform to a 2a4a2a 
superstructure with space group Pbca (Koto and Morimoto 
1975). In this structure, the vacancies are further ordered along 
one direction to double the size of the unit cell compared with 
that of middle-temperature structural form. Though much effort 
has been expended in trying to explain superstructures in the 
bornite (Cu5FeS4)-digenite (Cu9S5) series, fundamental problems 
still remain. The low-temperature structures of the series and 
the mechanisms of modulation remain uncertain because of the 
following challenges: (1) the lack of suitable samples; (2) the 
large unit cells of the superstructures; (3) anomalous diffraction 
(non-space-group extinctions); (4) the difÞ culty of distinguishing 
Fe from Cu in X-ray and electron diffraction experiments, and 
(5) non-stoichiometry and structural heterogeneity of samples. 
One of these fundamental problems is the Fe/Cu ordering in the 
superstructures of bornite. In the determined structure models, 
Fe/Cu ordering was neglected and all metal atoms treated as the 

same, because Fe and Cu have very similar X-ray and electron 
scattering factors, though Koto and Morimoto (1975) suggested 
that Fe could be ordered at sites 4 and 5 in their model. How-
ever, the earlier models may not completely represent the true 
structures of bornite, since our TEM work and magnetic studies 
reveal that the iron and copper atoms are likely ordered in the 
low-temperature structures (Ding 2002). 

PREVIOUS RESEARCH 
Previous experimental results indicate that Fe/Cu are possibly 

ordered in the low temperature structures of bornite. However, 
due to the heterogeneity of the samples, the Fe/Cu ordered su-
perstructures of bornite could not be completely determined. In 
this paper, the consideration of possible Fe/Cu ordered schemes 
of bornite 2a superstructures are motivated by the following 
brief review of the previous investigations on bornite and their 
implications. 

TEM studies 

The most direct evidence for the heterogeneity of bornite is 
our HRTEM work (Ding 2002). We did not observe the purported 
Pbca phase but did observe the coexistence of 4a + 2a and 6a 
+ 2a superstructure domains at room temperature (see Fig. 1). 
The frequency of observing the various superstructures is 2a 
> 4a > 6a > 1a. Thus, the 2a and 4a structures are probably 
the most abundant phases, and this could be the reason that the 
2a4a2a Pbca phase was determined by X-ray study as the low-
temperature structure form of bornite, since an apparent 2a4a2a 
diffraction pattern can be produced by superimposing the 2a and 
4a diffraction patterns.

Magnetic structure and X-ray diffraction studies

Allias and Wyart (1965) , Townsend et al. (1977), Collins 
et al. (1980), and Jagadeesh et al. (1981) studied the magnetic 
structure of bornite from 300 to 4 K using Mössbauer spectra, 
neutron powder diffraction, and measurements of magnetic * E-mail: yding@hpcat.aps.anl.gov
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ABSTRACT

Based on magnetic structure and TEM studies of bornite we propose a new 2a Fe/Cu ordered su-
perstructure model with symmetry F4�3m and formula Cu8Fe4S8. First principles calculations (LAPW 
implemented in WIEN97 code) of two Fe/Cu ordering schemes indicate that, at the ground state, the 
Fe atoms should Þ ll the tetrahedral sites of sulfur atoms in the anti-ß uorite cube, and the vacancies are 
associated with Cu atoms in the zincblende cube of the superstructure. The calculated magnetic mo-
ment of iron in the Fe/Cu-ordered structure is about 4 μβ, which was not expected from previous work 
because bornite has both covalent and metallic bonds that make crystal-Þ eld theory inappropriate for 
explaining the magnetic moment of Fe. High-resolution transmission electron microscopy (HRTEM) 
image simulations for the newly proposed structure model are much closer to experimental HRTEM 
images than those for the model proposed by Kanazawa et al. (1978). 


