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Ab initio density functional calculations have been performed for cubic FeGe. The calculated equilibrium
geometry as well as the ordered magnetic moment in the ground state are in excellent agreement with experi-
ment. To study the influence under pressure, we survey the electronic structure varying the lattice constant
while fully relaxing all atomic positions for magnetic and nonmagnetic states. At a critical pressure pc

�40 GPa, the magnetic solution becomes unstable and the ordered magnetic moment disappears. The break-
down of magnetism is associated with the opening of a gap in the electronic density of states which highlights
a pressure-induced metal-to-insulator transition. Standard exchange-correlation functionals based on the local
density approximation and the generalized gradient approximation �GGA� suggest a continuous decrease in the
ordered magnetic moment under pressure. This changes to first order when the nonlocal character of the
exchange-interaction is accounted for, with the hybrid functional B3LYP.
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I. INTRODUCTION

Structure, electronic properties and magnetism are
strongly intertwined in Fe metalloid compounds such as FeSi
or FeGe.1–12 The sensitivity of the electronic and magnetic
properties with respect to variations in external fields makes
these systems highly interesting for potential applications.
Reducing the lattice constants by application of external
pressure generally reduces magnetic moments and destabi-
lizes magnetic order.

In the present paper we report theoretical ab initio studies
of the metal-insulator transition in cubic FeGe, which is me-
tallic at ambient pressure. The central focus is the interplay
between structure and magnetism in this material which is an
isostructural and isoelectronic analog of the narrow-gap
semiconductor FeSi. Bulk FeGe crystallizes in the B20 struc-
ture. Two further structures exist at higher temperature:
above 620 °C, the cubic B20 structure changes into the hex-
agonal B35 structure �CoSn type�.13 At 740 °C, a monoclinic
high-temperature phase becomes stable, which has the same
structure as CoGe.14 Recently it was shown that the com-
plexity of competing interactions can lead to novel properties
in the nanophase.15

To better understand the basic mechanisms, which deter-
mine the magnetic properties in this material, we investigate
the cubic polymorph of FeGe, i.e., the cubic B20 structure
which can be viewed as a distorted rock salt structure with
four FeGe units in the primitive cell. The lack of inversion
symmetry introduces a hierarchy of energy scales, which de-
termines the magnetic structure. This is in close analogy to
MnSi where the evolution of the magnetic structure has been
studied in detail.16 First, there is the ferromagnetic exchange
interaction between the magnetic moments of �1 �B per Fe
atom17,18 which favors parallel alignment. This interaction is
reflected in the long wavelength of the helical spin structure
observed below 279 K. The ferromagnetic alignment is
twisted into a helix19 by the weak Dzyaloshinskii-Moriya
interaction which is a consequence of the spin-orbit interac-
tion. Finally, the orientation of the propagation vector is de-

termined by the crystalline electric field. The present calcu-
lations focus on the energy scale set by the ferromagnetic
exchange. This amounts to approximating the long-
wavelength spin spiral by a locally ferromagnetic structure.

In FeGe, a transition from a ferromagnetic metal to a
nonmagnetic semiconductor is expected to occur under pres-
sure. This is inferred from recent experiments on the alloy
series FeSixGe1−x where a metal-insulator transition has been
found near x=0.25.20 Assuming that the main effect of the
Ge substitution by the smaller Si ion is the reduction of the
lattice constant suggests that the transition can be observed
also by applying pressure. In fact, FeGe exhibits anomalies
in the transport properties under pressure.21 The magnetic
order is strongly suppressed, the system however remains
metallic up to the highest pressures investigated so far. Our
calculations indicate that the metal-insulator transition
should occur at even higher pressures.

A pressure-induced metal-to-insulator transition with the
large volume state being the metallic one seems rather un-
usual at first glance. Upon compression, the overlap of the
wave functions at neighboring sites and, concomitantly, the
widths of the energy bands are increased which, in turn, re-
flect the formation of coherent Bloch states. Within band-
width control, for metal-insulator transition systems the large
volume state was expected to be the insulating one �for a
review see, e.g., Ref. 22�. The electronic structure results
show that the pressure-induced metal-to-insulator transition
in FeGe is a consequence of the breakdown of magnetism.

We calculate the variation with pressure of the structural,
electronic, and magnetic properties of FeGe. This raises the
question whether the electrons of the partially filled Fe d
shells can be treated as itinerant or whether a description in
terms of local moments is more appropriate. The issue has
been discussed controversially.1–12,23 We adopt the itinerant
picture performing electronic structure calculations within
density-functional theory �DFT�. This assumption is based
on photoemission data for the isoelectronic compound
FeSi.11,24,25 The apparent absence of a Kondo-like feature in
the measured single-particle spectral function suggests that
FeSi is not a Kondo insulator. In addition, the Fe-3d states
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exhibit considerable dispersion which is consistently and
quantitatively reproduced by an itinerant ansatz.

Band-structure calculations within the local density ap-
proximation �LDA� correctly predict FeGe to be a ferromag-
netic metal. The ordered magnetic moment in the ground
state, however, is underestimated by an order of magnitude.
The ordered moment increases with increasing lattice
constant.26 A LDA+U calculation with a value of U
=3.7 eV for the local repulsion parameter gave the correct
ferromagnetic ground state with a magnetization of �1 �B.9

A spin-polarized ground state was predicted for FeGe within
LDA with a small magnetic moment which increases with
increasing the lattice constant.26 Calculations based on the
fixed spin method and using the experimentally determined
geometry led to the preference of a ferromagnetic solution.27

Additionally, a metamagnetic transition from a nonmagnetic
semiconductor to a ferromagnetic metal was observed, in-
duced by a magnetic field. This could indicate that the un-
usual characteristics of FeSi are due to the proximity to a
critical point of a transition between semiconducting and fer-
romagnetic metallic behavior.

In this work, we present calculations based on DFT using
different functionals. The choice of the functionals allows for
a systematic study of the influence and relative importance of
various corrections to the LDA. The latter include gradient
corrections and nonlocal exchange. For comparison, we
present results derived from the Hartree-Fock �HF� scheme.
We study the evolution of the structural, electronic, and mag-
netic properties with the lattice volume. At a given volume,
the optimal structure is determined for every functional by
minimizing the total energies for nonmagnetic and spin-
polarized states. The magnetic moment in the ground state
for a given functional and given volume/lattice constant is
finally derived by comparing the energies for the nonmag-
netic and spin-polarized solutions. The pressure dependence
of the properties is derived from the enthalpy.

The paper is organized as follows: In Sec. II we describe
the computational method. The results for the ground state
and the metal to semiconductor transition are discussed in
Secs. III and IV. Section V gives the concluding remarks and
suggestions for experiments.

II. METHOD

First-principles electronic structure results reported in the
present paper were obtained by the code CRYSTAL.28 Ex-
change and correlation were introduced using various density
functionals as well as the Hartree-Fock approximation. The
density functionals include the Perdew-Zunger parametriza-
tion of the Ceperley-Alder data29 and the gradient-corrected
Perdew-Wang functional,30 hereafter referred to as LDA and
PW91, respectively. Of particular interest is the hybrid func-
tional B3LYP which allows to incorporate nonlocal exchange
�see, e.g., Ref. 31�. A sampling net with 16�16�16 k
points in the Brillouin zone was used, and a smearing tem-
perature of 0.136 eV was applied to facilitate the numerical
integration.

We used the experimentally established B20 structure in
which the crystallographic unit cell contains four germanium

and four iron atoms. The experimental values for the lattice
constant and the internal coordinates at ambient pressure are
a=4.70 Å and uFe=0.1352, uGe=0.8414.14 The latter indi-
cate significant deviations from the rock salt structure which
is characterized by uFe=0.25, uGe=0.75. In the B20 structure,
the point symmetry at the Fe or Ge sites is C3. The Fe ion
has seven Ge neighbors whose distances depend on the in-
ternal coordinates. The nearest Ge atom is at a distance of
2.391 Å three Ge atoms are at a distance of 2.443 Å, and
three Ge atoms are at a distance of 2.646 Å.

For a given exchange-correlation functional, we chose a
set of Gaussian-type orbitals centered at the position of the
atoms. An iron atom has an occupancy of
1s22s22p63s23p64s23d6. To describe this, a basis set with
four s, two p, and one d function would be sufficient which
would be labeled as �4s2p1d�. This would however only
correspond to a minimal basis set. It is better to have a larger
basis set which offers more flexibility, in order to describe
the chemical bond and so on. Similarly, a germanium atom
has an 1s22s22p63s23p63d104s24p2 occupancy, and a mini-
mal basis set would thus correspond to the size �4s3p1d�.
Again, one usually chooses a larger basis set in order to have
more flexibility. An introduction to the quantum chemical
methods and basis set notation can be found, e.g., in the
textbook by Szabo and Ostlund.32

The present all electron calculations use a �6s5p2d� basis
at the Fe site where the inner �4s3p1d� basis functions were
chosen as in Ref. 33. Two diffuse sp shells and a diffuse d
shell were added and optimized. The Ge �5s4p2d� basis set
was taken from Ref. 34. The diffuse exponents were reopti-
mized so as to minimize the total energy of nonmagnetic
FeGe in a hypothetical rock salt structure. The higher-
symmetric NaCl was chosen as this reduces the required
computing time for this step considerably. The reliability of
the computational method had been tested for the case of
FeSi. A detailed discussion is given in Ref. 10. The HF cal-
culations were performed with a slightly modified inner d
shell for the Ge atom: to avoid convergence problems, the
smallest d exponent �0.9404� of the first contraction of the
Ge basis set was eliminated.

The results for the optimized diffuse exponents are given
in Table I. The electronic properties depend rather sensitively
on the detailed structure. For all effective single-particle
models �HF, LDA, PW91, and B3LYP�, the internal coordi-
nates were optimized using analytical gradients35–37 for vari-
ous volumes, in order to determine the energy as a function
of the volume.

TABLE I. Optimized diffuse exponents of the basis
functions.

Fe Ge

sp sp d sp d

LDA 0.53 0.10 0.26 0.18 0.65

GGA 0.52 0.10 0.26 0.18 0.61

B3LYP 0.52 0.10 0.26 0.18 0.71

HF 0.52 0.15 0.29 0.14 0.95

NEEF, DOLL, AND ZWICKNAGL PHYSICAL REVIEW B 80, 035122 �2009�

035122-2



III. ELECTRONIC STRUCTURE

The exchange-correlation functionals considered here
yield a magnetic ground state in agreement with experiment.
The results of the calculated equilibrium structures are sum-
marized in Table II. The lattice constants, internal coordi-
nates and bulk moduli agree reasonably with experiment.
There are, however, characteristic discrepancies. The LDA
overestimates the binding energy which is reflected in a rela-
tively short lattice constant and a high-bulk modulus. The
nonlocal exchange, on the other hand, reduces the binding
energy which results in a larger lattice constant and small
bulk modulus. Assuming a magnetic ground state we find no
equilibrium structure within the HF approximation. Expand-
ing the lattice constants up to a value of a=5.30 Å lowers
the total energy monotonously. When the lattice constants
were further increased, the self-consistency equations could
not be converged.

The covalent character of the bond is reflected in the
small charge transfer of �0.7�e� which is obtained from all
density functionals �see Table III�. This value is slightly
larger than the one of �0.4–0.6�e� which was found with the
same functionals in the case of FeSi.10 A further indication of
covalency is the overlap population between Fe and the
neighboring Ge of �0.2, which is comparable to FeSi.10

While the values for the total charge transfer agree for the
functionals chosen, there are nevertheless discrepancies con-
cerning the orbital character of the occupied single-electron
states. As mentioned above, the admixture of the nonlocal
exchange in the B3LYP-functional leads to a larger lattice
constant and a smaller occupation of the Fe d orbitals bring-

ing the system closer to the atomic d �Ref. 6� configuration.
Due to the stronger localization it is energetically more fa-
vorable to occupy the states with a larger magnetization as
compared to the LDA and the PW91 functional. A further
difference is the occupation of the d orbitals with the B3LYP
functional. The occupancy of the dxy, dxz, and dyz orbitals is
�1.5�e� each, while that of the dz2 and dx2−y2 orbitals is
�1.2�e�. The spin population is �0.7 in dxy, dxz, dyz, and
�0.4 in the dz2 and dx2−y2 orbitals �note that a spin population
of 1.0 corresponds to spin 1

2 �. For the LDA and the PW91
functionals, the occupancies are approximately equal for all
the d orbitals �population �1.4�e�, spin population �0.04�.

Let us now consider the nonmagnetic reference state
which is energetically less favorable at ambient pressure. The
structure data summarized in Table IV show that the LDA
and PW91 results are rather insensitive to the magnetic or-
der. The B3LYP lattice constant, on the other hand, is
strongly reduced in the nonmagnetic state. When spin-
polarization is suppressed, a stable HF solution can be found.

We next turn to the magnetic properties of the ground
state at ambient pressure which are summarized in Table V.
All quantities are evaluated using the optimized geometry of
the corresponding exchange-correlation functional. The en-
ergy gain due to magnetic order and the ground state mag-
netization strongly depend on the functional. The LDA pre-
dicts a very small ordered moment in the ground state which
corresponds to a very small energy gain EFM−NM due to spin
polarization. Here EFM−NM denotes the difference between
the ferromagnetic ground state and a hypothetical nonmag-
netic state with the same lattice constant. The experimentally

TABLE II. Results of the geometry optimization for the spin
polarized solution, for various methods. The lattice constant a and
the internal coordinates of iron uFe and of germanium uGe were
optimized. In addition, the bulk modulus B is displayed.

a
�Å� uFe uGe

B
�GPa�

LDA 4.54 0.137 0.840 223

PW91 4.66 0.136 0.842 176

B3LYP 4.83 0.132 0.844 110

Experiment 4.70a 0.1352a 0.8414a 147b

aReference 14
bReference 21

TABLE III. Charge at the Iron and Germanium site of ferromag-
netic FeGe in the B20 structure calculated with the Mulliken popu-
lation analysis. The total charge �Fe total and Ge total�, and the
projected charge �Fe d and Fe sp� are shown. The analysis was
performed with the optimized geometry of the spin-polarized cal-
culation in Table II.

Fe sp ��e�� Fe d ��e�� Fe total ��e�� Ge total ��e��

LDA 19.58 7.18 26.76 31.24

PW91 19.63 7.10 26.73 31.27

B3LYP 19.78 6.92 26.70 31.30

TABLE IV. Results of the geometry optimization for the non-
magnetic solution. The lattice constant a and the internal coordi-
nates uFe and uGe were optimized. The bulk modulus B and the
indirect gap �ind are displayed.

a
�Å� uFe uGe

�ind

�eV�
B

�GPa�

LDA 4.54 0.137 0.840 0.088 238

PW91 4.64 0.135 0.840 0.104 195

B3LYP 4.63 0.134 0.838 1.401 201

HF 5.15 0.167 0.828 1.468 33

TABLE V. Magnetic properties of ferromagnetic FeGe in the
B20 structure. The total and individual �Iron and Germanium� mag-
netization M per one formula unit are displayed. The energy differ-
ence between the magnetic and the nonmagnetic solution EFM−NM is
for one formula unit.

M
��B�

MFe

��B�
MGe

��B�
EFM−NM

�eV�

LDA 0.16 0.17 −0.01 −0.0003

PW91 1.00 1.10 −0.11 −0.047

B3LYP 2.30 2.51 −0.21 −0.67

Experiment 1.00a

aReference 18
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determined magnetization of 1 �B per Fe atom agrees best
with the magnetic moment obtained from PW91. With the
PW91 functional, there is also a larger energy difference be-
tween magnetic and nonmagnetic solution. The largest mag-
netization is obtained for B3LYP. These findings can be un-
derstood as follows. The small ordered moment predicted by
the LDA is a consequence of the small lattice constant. At
the experimental lattice constant of a=4.70 Å the ordered
magnetic moment computed within LDA reaches the ob-
served value of 1 �B per Fe atom. The increase in magnetic
moment with increasing lattice constant is similar to what
was observed in an earlier LDA calculation.26 The Fe d states
are more localized in the B3LYP ground state than they are
in LDA and PW91. This is a consequence of the nonlocal
exchange. As a result, double occupancy of these orbitals
becomes energetically less favorable which, in turn, reduces
their contribution to binding as reflected in the large volume,
and enhances the magnetic moment.

The differences concerning geometry and charge distribu-
tion are reflected in the band structure and the density of
states �DOS� as can be seen from Fig. 1. For LDA, the dis-
persion of the majority and minority bands is similar. The
main difference is a rigid shift corresponding to an exchange
splitting of �0.14 eV which, in turn, yields the small mag-

netization. For PW91, the exchange splitting reaches
�0.85 eV which is clearly seen in Fig. 1. In addition, the
shape of the unoccupied bands is slightly changed. The fact
that the magnetic order mainly results in rigid shifts of ma-
jority and minority bands close to the Fermi level is related
to the fact that the states have predominantly d character. The
same characteristic dispersion is also found for the hypo-
thetical nonmagnetic state in Fig. 2 which closely parallels
that of FeSi.10

The states at the Fermi level derived from the hybrid
functional B3LYP, on the other hand, have significant admix-
ture of Ge sp states. The internal magnetic field set up by the
ferromagnetic polarization leads to a significant distortion of
the bands. In the hypothetical nonmagnetic reference system,
the occupied states are separated by a narrow indirect gap
from their unoccupied counterparts. This can be seen from
Fig. 2. The nonmagnetic reference system turns out to be a
narrow-gap semiconductor. This comparison suggests that
the metallic character of FeGe at ambient pressure results
from the band shifts associated with the magnetic polariza-
tion. For this reason we expect a pressure-induced metal-
insulator transition following the suppression of magnetism.

IV. PRESSURE-INDUCED METAL-INSULATOR
TRANSITION

The isostructural and isoelectronic counterpart FeSi can
be viewed as a compressed and concomitantly nonmagnetic
analog of FeGe. Whether or not the properties of FeSi can be
explained with a simple band structure calculation or not, is
still under discussion. Recently, it was pointed out that pho-
toemission results can essentially be explained with a simple
LDA band structure.11,24,25 Similarly, the infrared spectrum
can very well be reproduced on the LDA level.12 It was even
suggested that the unusually shaped susceptibility could be
explained by taking into account phonons in an LDA
calculation.38 GGA results are qualitatively similar to LDA.
With B3LYP, a low-lying magnetic state was found; but on
the other hand B3LYP was not able to reproduce the small
gap.10

The variation with lattice constant of the total energies for
the nonmagnetic and magnetic states is displayed in Fig. 3.
Within HF the magnetic solution turns out to be the stable
one over the entire range of lattice constants considered here.
The DFT total energy curves for polarized states and their
unpolarized counterparts, on the other hand, intersect which
highlights the suppression of magnetism by pressure.

The critical values of the lattice constant, ac, are indicated

in Fig. 3. The critical volume reduction �Vc=
V0−Vc

V0
where V0

and Vc denote the equilibrium volume and the critical vol-
ume, respectively, depends upon the exchange correlation
functional. The differences reflect the general trends seen in
Table V. As the energy gain due to ferromagnetic alignment
is rather small within LDA, a rather small volume reduction
�Vc�3% is required to render the system nonmagnetic. This
corresponds to a pressure of less than 10 GPa at the phase
transition �the exact value is difficult to determine due to the
small energy and enthalpy difference, at the LDA level�. The
PW91 and B3LYP functional predict �Vc�17% and �Vc
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FIG. 1. Band structure and DOS of ferromagnetic FeGe in B20
structure using the �a� LDA, �b� PW91, and �c� B3LYP exchange-
correlation functional. The energy bands were calculated for the
optimized structures as described in Table V. Majority and minority
bands are labeled with the spin indices � and �, respectively.
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�30%, respectively, which corresponds to pressures of 40
GPa �PW91� or 35 GPa �B3LYP�. The pressure values are
summarized in Table VI. The different volume reductions
necessary for the transition are due to the different equilib-
rium constants of the procedures, because the transition
arises with all DFT procedures within the range from 4.4 to
4.5 Å. These values are close to the computed FeSi lattice
constant.10 This is in reasonable agreement with the finding
that the metal-insulator transition is at x=0.25 for
FeSixGe1−x,

20 i.e., the lattice constant should be close to the
one of pure FeSi. The comparison should be taken with a
grain of salt, as disorder may also play a role in the case of
FeSixGe1−x. The computed value for the volume at the metal-
insulator transition agrees very well with a recent
calculation21 where a volume of 92 Å3 was found, if no
zero-point vibrations were included.

Let us consider the transition in greater detail. For LDA
and PW91 the slope of the total energy and the magnetiza-
tion vary continuously across the transition which is there-
fore classified as a second order transition. Within B3LYP, on

the other hand, the properties change abruptly indicating a
first order transition. These differences are due to the nonlo-
cal exchange which leads to the formation of metastable
magnetic states in the compressed lattice. The nonlocal ex-
change included in B3LYP favors magnetic states which are
distinctly different from the nonmagnetic solutions. This is
reflected in the variation with lattice constant of the internal
coordinates uFe and uGe displayed in Fig. 5. Within LDA and
PW91, on the other hand, the nonmagnetic structure continu-
ously evolves out of the magnetic ground state.

At the metal-insulator transition where the ordered mag-
netic moment disappears, the system becomes insulating. An
analysis of the density of states for lattice constants close to
the transition �Fig. 4� shows that up and down bands are
shifted in opposite directions. This can be understood within
the Stoner model. Due to the exchange splitting, i.e., the
relative shift of the bands, no gap exists in the ground state at
the computed equilibrium lattice constant �and also at the
experimental lattice constant�. With increasing pressure, the
splitting between majority and minority bands decreases and
finally vanishes. At this point, a gap appears in the DOS and
the system becomes insulating. The suppression of the ex-
change splitting and thus the disappearance of magnetism is
the cause of the metal-insulator transition with applied pres-
sure. With the PW91 functional, the situation is similar to the
LDA, only the two spin channels are stronger deformed.

A qualitative explanation can be given as follows: In the
extreme case of free atoms, Hund’s rules apply and magnetic
atoms exist. Hund’s rules are still dominant at large lattice
constant, and a magnetic solution is preferable. However,
when the lattice constant is reduced, the bandwidths become

TABLE VI. The pressure at the metal-insulator transition, com-
puted with various functionals.

p
�GPa�

LDA 	10

PW91 40

B3LYP 35
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FIG. 2. Band structure and DOS of hypothetical nonmagnetic FeGe in B20 structure using the �a� LDA, �b� PW91, and �c� B3LYP
exchange-correlation functionals as well as �d� the HF approximation. The energy bands were calculated for the optimized structures as
described in Table IV. The different schemes consistently predict an insulating ground state. The magnitude of the excitation gap depends
upon the approximation scheme for electron interaction �see Table IV�. All energies are measured relative to the top of the valence band.
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larger and larger, and the relative importance of the Coulomb
repulsion diminishes, and instead, double occupancy and
thus a solution with reduced magnetic moment become fa-
vorable. With increasing pressure and thus reduced lattice
constant, the magnetic moment becomes smaller and smaller.
As an iron atom has four unpaired and a germanium atom
four valence electrons, a nonmagnetic and insulating state is
possible and becomes the preferred one at high pressure.

The nonlocal exchange included in B3LYP favors mag-
netic states which are distinctly different from the nonmag-
netic solutions. This is reflected in the variation with lattice
constant of the internal coordinates uFe and uGe displayed in

Fig. 5. Within LDA and PW91, on the other hand, the non-
magnetic structure continuously evolves out of the magnetic
ground state.

This abrupt change in the geometry at the metal-insulator
transition is reflected in the interatomic distances obtained
for the magnetic and the nonmagnetic solution within
B3LYP �see Fig. 6�. The coordinate d2, i.e., the distance be-
tween Fe and the next nearest Ge neighbor changes discon-
tinuously at the critical pressure of �35 GPa. This is not the
case for LDA and PW91.

Experimentally, the helical magnetic order in FeGe is sup-
pressed with a pressure of 19 GPa.21 The metallic state, al-
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predicted by LDA, PW91, B3LYP, and HF. The transition from the nonmagnetic state to the magnetic state is indicated. The disappearance
of ferromagnetic order is connected with a metal-insulator transition. Note that the data for total energy and magnetization refers to 4 formula
units.
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though with unusual characteristics, remains up to pressure
of 23 GPa. A discontinuous change in the nearest Fe-Ge
distance d1 was measured, whereas the distances d2 and d3
change smoothly. The phase diagram was determined up to
25 GPa. The Röntgen powder-diffraction measurements dis-
play that the nearest distance d1 between iron and germa-
nium is not continuous in the pressure range of 12–15 GPa,
at low temperature. The result for d1 agrees reasonably well
with the computed values in Fig. 6; however, d1 changes
continuously in the calculations.

V. CONCLUSION

The system FeGe and a pressure driven metal-insulator
transition was studied with various functionals. When pres-
sure is applied, the magnetic moment is reduced and finally
becomes zero. With the vanishing of the magnetic moment,
the system becomes insulating, and the band structure be-
comes very similar to that of the related system FeSi. This
metal-insulator transition is somewhat different from the

usual mechanism, as normally an insulator becomes metallic
when pressure is applied. At the level of the local density
approximation and the gradient corrected PW91 functional,
the metal-insulator transition is continuous and thus of sec-
ond order. The hybrid functional B3LYP instead predicts a
discontinuous transition: the magnetization changes strongly
at the metal-insulator transition, and in addition the internal
coordinates and thus also some of the interatomic distances
change discontinuously. Properties such as the equilibrium
lattice constant and the magnetic moment at zero pressure
are best described with the PW91 functional. This functional
predicts a metal-insulator transition at a pressure value of 40
GPa, and we therefore suggest experiments in this pressure
range.
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