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First-principles calculations are carried out to study the effect of electron correlations on relative structural
stability, magnetism, and spin-dependent transport in CeMnNi4 intermetallic compound. The correct descrip-
tion of Coulomb repulsion of Mn 3d electrons is shown to play a crucial role in reproducing the experimentally
observed cubic phase of CeMnNi4 as well as its relatively high degree of transport spin polarization
��66%�. These are the two fundamental properties of this compound which conventional density-functional
theory approaches fail to predict correctly. The reason for this failure is attributed to an extreme overdelocal-
ization of Mn 3d charges causing a strong d-d hybridization between Mn and Ni atoms in the orthorhombic
phase. Such an artificial hybridization, in turn, lowers the relative total energy of the orthorhombic phase with
respect to the cubic one. It also leads to an incorrect carrier concentration and mobility at the Fermi level and,
consequently, yields much lower degree of transport spin polarization for this nearly half-metallic compound.
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Electron correlation plays a crucial role in understanding
the electronic structure and magnetism in narrow-band sys-
tems. Density-functional theory �DFT� within its local-
density approximation �LDA� and generalized gradient ap-
proximation �GGA� turns out to be impressively successful
in describing the ground-state properties of many materials.
However, as an approximation, LDA/GGA faces serious dif-
ficulties for the strongly correlated systems, e.g. high-
temperature oxide superconductors1 and the middle-to-late
transition-metal oxides.2 Such a complication arises from the
fact that the current implementations of DFT intrinsically
tend to underestimate the Coulomb repulsion and, hence, fail
to capture the correlation-driven charge localizations. Conse-
quently, the conventional DFT calculations appear to under-
estimate or even close the band gap. They may even result in
an incorrect description of the magnetic ground state.3

Among the remedies to overcome this problem, the so-called
LDA+U approach3 has already proven to be computationally
one of the most efficient methods to study a large variety of
strongly correlated systems, with considerable improvements
over LDA and GGA. In this method, a strong intra-atomic
interaction is introduced in a screened Hartree-Fock-type
manner as on-site replacement of the LDA �GGA�. Since the
introduction of LDA+U by Anisimov et al.,3 this formalism
has been extensively utilized to investigate the electronic and
magnetic properties of narrow-band systems. However, it has
rarely been used to predict the correct structural phase sta-
bility of strongly correlated systems.

It is already known that for some compounds, both LDA
and GGA severely fail to predict the ground-state structure.
An example for such systems is CeMnNi4. It is a unique
intermetallic soft ferromagnet �FM� discovered recently,4

which exhibits large magnetic moment ��4.95�B /Mn�, rea-
sonably high Curie temperature ��150 K�, and a high de-
gree of transport spin polarization P ��66%� as probed by
point-contact Andreev reflection �PCAR� spectroscopy. Re-
cent LDA and GGA calculations5–7 for the cubic phase �CP�

reveal the FM phase to be stable and the resulting magnetic
moment as well as mean-field-estimated Curie temperature
are in close agreement with the experimental data. What is,
however, intriguing is that the DFT calculations have failed
to reproduce �a� the correct ground-state structure which is
cubic while the calculations indicate an orthorhombic phase
�OP� �Ref. 7� and �b� the experimental P which is signifi-
cantly higher than the calculated results.6,8 In fact, the parent
compound CeNi5 which exhibits enhanced Pauli paramag-
netism was also found to show some discrepancy between
the experimental data and the LDA results.9

The reason for these discrepancies has been unclear so far.
In this work, we explicitly show that within LDA+U formal-
ism, with the correct choices for Coulomb U and exchange J
on Mn 3d bands, not only the structural phase stability but
also the spin-dependent transport is well reproduced for
CeMnNi4 as what has been observed experimentally.4 As-
suming that Ce 4f bands as well as Ni 3d bands may also be
somewhat overdelocalized by LDA and GGA, we consider
the effect of U correction on these bands and discover that
such a correction hardly plays any role in addressing the
above disagreements.

The electronic-structure calculations have been carried
out using the gradient-corrected PW91 exchange-correlation
functional10,11 with inclusion of the on-site Coulomb U and
the projected augmented wave method,12 as implemented in
the VASP code.13 We have estimated for Mn 3d states the
values of U=7.0 eV and J=0.8 eV from the first principles3

using the linear muffin-tin orbital method.14 Since the U pa-
rameter obtained from ab initio calculations appears to be
larger than its actual value, we have considered the corre-
sponding U value as an upper limit and instead have varied
U on Mn 3d from 0 to 7.0 eV in order to arrive at its opti-
mum value. We have independently varied U on Ce 4f and
on Ni 3d within the same range as above, while the respec-
tive J values have been fixed to 0.33 eV �Ref. 6� and 0.95
eV.3 We consider both the cubic and orthorhombic phases of

PHYSICAL REVIEW B 81, 165114 �2010�

1098-0121/2010/81�16�/165114�5� ©2010 The American Physical Society165114-1

http://dx.doi.org/10.1103/PhysRevB.81.165114


CeMnNi4. For the former �latter�, a cubic �orthorhombic�
supercell containing 4 �2� formula units of CeMnNi4 is con-
structed and the corresponding Brillouin zone is sampled by
a 20�20�20 Monkhorst-Pack mesh. The structures have
been fully optimized without any symmetry constraint, using
the conjugate gradient method until the magnitude of force
on each ion is less than 0.001 eV /Å. The degree of spin
polarization Pn is computed with Mazin’s equation15

Pn=
�NvF

n�↑−�NvF
n�↓

�NvF
n�↑+�NvF

n�↓
using the tetrahedron method.8 Here, N is the

density of states at Fermi energy, �F, and vF is the Fermi
velocity of electrons with spin � �↑ and ↓�, respectively. The
index n indicates the static �P0�, ballistic �P1�, and diffusive
�P2� limits.

Figures 1�a� and 1�b� show the respective crystal struc-
tures for CP and OP of CeMnNi4. The former crystallizes in

space group F4̄3m. The previously calculated lattice constant
a=6.99 Å using pure PW91 functional7 slightly increases
�decreases� by 1% by increasing U to 7.0 eV on Mn �Ni� 3d
bands, while it remains insensitive to the variation in U on
Ce 4f . On the other hand, the orthorhombic structure belongs
to the space group P6 /mmm. The lattice constants a
=8.53 Å, b=4.93 Å, and c=4.06 Å remain unchanged with
variation in U on Ce and Ni, however, they tend to smoothly
expand by �2% by increasing U on Mn 3d to 7.0 eV. In
contrast to CP, Mn is closely attached to the neighboring
eight Ni atoms with distances �2.47 Å.

We have calculated the energy difference between the
FM-CP and FM-OP, �E=EC−EO, as a function of U, where
U on Ce 4f , Mn 3d, and Ni 3d have been varied indepen-
dently. Figure 1�c� shows the respective results. The figure
clearly indicates that varying U on Ce 4f has almost no ef-

fect on the structural stability. Throughout the whole range
OP turns out to be energetically more stable than CP by
�0.25 eV. Applying U on Ni 3d bands, EO still lies below
EC and even tend to decline very smoothly and almost lin-
early to relatively lower energy values as U increases. In
contrast, by increasing U on Mn 3d states, one can notice
that there is a strong tendency for CP to become energeti-
cally more stable as compared to OP. It is evident from Fig.
1�c�, �E decreases so sharply with the increase in U on Mn
that for U�2.0 eV the cubic structure of CeMnNi4 becomes
more stable. For the limiting value of UMn

3d =7.0 eV, �E as-
tonishingly goes below −0.5 eV, indicating the extent to
which the ground-state structural stability would go wrong
due to the under-representation of electron correlation effect.
We anticipate the actual value of UMn

3d to be around 6.0 eV
�the reason will be discussed later�. For this value, we have
plotted in Fig. 1�c� both EC and EO as a function of V /V0,
where V is the lattice volume and V0 indicates the cubic
lattice volume for which the total energy is minimum. The
relative positions of energy minima for CP and OP reveal
that in ground state the former always have a smaller lattice
volume and there is no possible way for pressure-induced
phase transition from cubic to orthorhombic structure.

To explain why variation in U on Mn 3d plays such a
crucial role in defining the structural phase stability of
CeMnNi4, we have shown in Figs. 2 and 3, the respective
partial density of states �PDOS� contributed from Ce 4f ,
Mn 3d, and Ni 3d states for CP and OP. For each structure,
PDOS has been evaluated at various U �and J� values on
Mn 3d. At U=0, one can clearly see the Mn 3d states are
substantially delocalized within a wide energy range. Such a
delocalization is more enhanced in OP, where the spin-up
Mn 3d states have a complete overlap with their correspond-
ing Ni 3d counterparts. Additionally, in this phase the spin-
down Mn 3d states turn out to be partially occupied �see Fig.
3�, indicating that the exchange interaction among the two
spin channels of Mn 3d states and, hence, the total magnetic
moment �as will be discussed shortly� are relatively smaller
in OP as compared to that in CP. Considering the fact that, in
OP each Mn is surrounded by eight Ni with Mn-Ni distances
much shorter than that in CP, it is logical to expect a much
stronger d-d hybridization between Mn and Ni atoms in OP.
This is the reason why OP is found to be energetically more
stable than CP, within GGA �or even LDA�.

Turning on U on Mn 3d states, one can notice a striking
similarity between the PDOS of the two phases �see Figs. 2
and 3�. For both, at U=6.0 eV the occupied Mn 3d states
become substantially localized in a very narrow region far
below �F. More importantly, there is almost no overlap be-
tween these states and the corresponding Ni 3d states,
thereby resulting in a substantial reduction in hybridization
between Mn 3d and Ni 3d states. As mentioned above, such
a hybridization is expected to be considerably more effective
in OP than in CP. In fact in the latter, the Mn atom appears to
be separated from Ce and Ni atoms as it is somehow trapped
in a large cavity with considerably large Mn-Ni and Mn-Ce
distances �2.89 Å and �3.02 Å, respectively.16 Moreover,
the closed shape of Ni tetrahedra in CP �see Fig. 1�a�� im-
plies that the d-d hybridization is dominant between the Ni
atoms rather than between Ni and Mn atoms. On this basis,
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FIG. 1. �Color online� Crystal structure of �a� cubic and �b�
orthorhombic CeMnNi4. The large �orange�, medium �purple�, and
small �blue� balls indicate Ce, Mn, and Ni, respectively. �c� The
energy difference between cubic and orthorhombic phases as a
function of U. �d� The relative structural stabilities of the cubic and
orthorhombic phases of CeMnNi4 as computed with U=6.0 eV and
J=0.8 eV on Mn 3d bands.
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any reduction in Mn-Ni hybridization is expected to destabi-
lize OP more effectively, thereby rendering the cubic struc-
ture to become energetically more stable. It is worth men-
tioning that from GGA calculations, the 4f bands of Ce turn
out to be approximately 1 eV above �F �see Fig. 2�. Varying
U on these bands, we have only noticed a change in splitting
of the two spin channels of 4f states, reasoning why �E is so
much insensitive to the U variation on Ce 4f .

As regards the magnetism, our LDA+U calculations re-
veal that for CP �OP� the FM configuration energetically lies
below the antiferromagnetic and nonmagnetic configurations
by 13 meV �11 meV� and 6.47 eV �4.07 eV�, respectively. At
U=0 and U=6.0 eV, the calculated total magnetic moments
in the formula units are 4.85�B �3.70�B� and 5.00�B
�4.45�B� for CP �OP�, respectively. Evidently, the increase in
U slightly increases the magnetic moment in CP while it
significantly enhances the value of magnetic moment in OP.

The reason, as described above, is due to the deficiency of
GGA approach in treating the Mn 3d states, thereby leading
to an artificial d-d hybridization between Mn and Ni atoms,
which turns out to be much stronger in OP than in CP. Nev-
ertheless, for both U values, the total magnetic moments of
CP are in excellent agreement with the experimental data
��4.95�B�. On going from U=0 to 6.0 eV, the magnetic
moment of CP is found to remain mainly localized on Mn
�3.84�B to 4.54�B�, with small contributions from Ce
�−0.14�B to −0.10�B� and Ni �0.29�B to 0.14�B�.

Our LDA+U calculations for the CP of CeMnNi4 indicate
that the local magnetic moments obtained for all Ce �and
Mn� atoms in the cubic supercell are identically the same.
This implies neither Ce nor Mn tends to be in a mixed-valent
state. For the former, the f states appear to be nearly empty
in both spin channels. Consequently, as mentioned earlier
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FIG. 2. �Color online� Partial density of states of the cubic phase
of CeMnNi4 as obtained for various U and J values �in eV�.
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FIG. 3. �Color online� Partial density of states of the orthorhom-
bic phase of CeMnNi4 as obtained for various U and J values �in
eV�.
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PDOS of Ce f bands lies approximately 1 eV above �F �see
Figs. 2 and 3�. The variation in U on Mn, as might be ex-
pected, turns out to have hardly any effect on PDOS of Ce f
states. Considering an atomic sphere with radius of 2.32 Å
for Ce, the Ce charge is estimated to be around 1.3e which is
in close agreement with the corresponding result, 1.2e, ob-
tained from the previous full potential linearized augmented
plane waves calculations.6 For Mn, it has been experimen-
tally observed that it is in its highest spin state, Mn2+.4,16

Considering the total magnetization of 4.95�B for CP of
CeMnNi4, this implies that all the five d states of Mn in
spin-up �spin-down� channel should be almost completely
occupied �unoccupied�. Increasing U on Mn, one can clearly
notice that exchange splitting between Mn 3d states in oppo-
site spin channels becomes so significantly large that all the
spin-up 3d states tend to be completely occupied while the
corresponding spin-down 3d states are substantially shifted
above �F and, hence, nearly empty �see Fig. 2�. Therefore, in
accordance with the experimental findings, we expect Mn in
CeMnNi4 to be in a divalent charge state, that is, Mn2+.

Having clarified why GGA fails to reproduce the experi-
mental CP as the ground-state structure of CeMnNi4, we fur-
ther show below that by introducing the U correction on the
Mn 3d states, the reason for the failure of conventional DFT
methods in reproducing the experimental P value of
CeMnNi4 can also be understood. Similar to what was pre-
viously reported in Ref. 8, the PW91 calculations result in
P0=−9.5%, P1=−2.2%, and P2=9.3% which are much
lower than the experimental value of 66%.17

By increasing U on Mn 3d, we have found that the abso-

lute value of Pn in both ballistic and diffusive regimes as
well as the static one increases sharply. The dependence of
Pn to UMn

3d has been demonstrated in Fig. 4�a�. The trend is
�P2�� �P1�� �P0� �except for U=2.0 eV�. Interestingly, P2 af-
ter a rather sharp decline tends to converge to the experimen-
tal P value. For U=6.0 eV, �P2� value turns out to be �64%,
which is in excellent agreement with experiment.4 Such a
good agreement reiterates our conclusion that U on Mn 3d
states should be 6.0 eV. This is the optimum value by which
both the structural phase stability and spin-dependent trans-
port of CeMnNi4 can be well described.

To understand why the Pn values tend to increase by in-
creasing U on Mn 3d states, in Figs. 4�b� and 4�c�, we have
shown PDOS as well as the total density of states for
CeMnNi4 in the vicinity of �F at U=0 and 6.0 eV, respec-
tively. In the GGA limit, one can clearly notice that N↑ is
slightly smaller than N↓, thus, P0 turns out to be negative and
rather small. However, since the contribution of light s elec-
trons to N↑ is much larger than that of heavy d and f elec-
trons, vF↑=2.2�107 cm /s becomes larger than vF↓=1.5
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FIG. 4. �Color online� �a� Dependence of Pn to U on Mn 3d.
Total and partial density of states of cubic CeMnNi4 computed for
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FIG. 5. �Color online� Fermi surfaces of CeMnNi4 in �a� spin-up
and �b� spin-down channels. The Fermi velocity values are in
107 cm /s.
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�107 cm /s, leading to a sign difference between P0 and P2,
as explained in Ref. 8. On the other hand at U=6.0 eV, N↑
and N↓ undergo significant changes so that N↑�N↓. The
former appears to be predominately Ni 3d like, whereas the
latter is dominated equally by Ni 3d and Ce 4f electrons.
Evidently, there is no contribution from Mn 3d states due to
the U localization. Additionally, the s contributions in both
spin channels become nearly zero. Accordingly, with U
switched on, vF↓=2.17�107 cm /s turns out to be larger
than vF↑=1.58�107 cm /s. The facts that both N↑ and vF↑
are smaller than the corresponding spin-down quantities thus
justify why Pn are all negative and, more importantly, why
�P2�� �P1�� �P0�.

The corresponding Fermi surfaces of cubic CeMnNi4 at
U=6.0 eV have been shown for both spin states in Fig. 5.
The Fermi surfaces are mainly formed by three bands, one
for spin-up channel and two for the spin-down one, similar to
that obtained at U=0.6 This indicates that CeMnNi4 is not
expected to exhibit very good metallic properties. The calcu-
lated vF↑ and vF↓ further denotes that the carrier mobility in
this compound is relatively lower than that of conventional
metallic systems. While the variation in U on Mn 3d appears
to have little effect on the Fermi surfaces in spin-down chan-
nel �compare Fig. 5 with Fig. 6 of Ref. 6�, the Fermi surface
in spin-up channel gets strongly squeezed, resulting in the
high degree of transport spin polarization, as experimentally
observed by the PCAR experiments.4

At this point it is worth mentioning as to why Mn may
have such a large value of U=6.0 eV in a pure intermetallic
compound. We believe that, the reason is due to the anoma-
lously large Mn-Ni and Mn-Ce bond distances in CP of
CeMnNi4. As mentioned earlier, the respective distances are
2.89 and 3.02 Å. Thus, the Mn ions appear to be trapped in
a cage much larger than is needed for normal metallic bond-
ings. As a result, they are expected to have lower tendency
for hybridization with their neighbors. This is the reason why

Mazin had previously proposed that Mn is more likely a
“rattling” ion, loosely bounded to its neighbors;6 a prediction
which was later confirmed experimentally.16 Accordingly, it
seems to be justifiable why our calculations predict a rela-
tively large U for Mn. The confirmation of our prediction,
however, requires further experimental studies, such as the
X-ray photoemission spectroscopy �XPS�. It is to be noted
that the XPS valence-band spectra for CeMn0.8Ni4.2 has been
already reported by Klimczak et al.18 However, since this
compound crystallizes in a hexagonal phase with supposedly
different Mn-Ni and Mn-Ce distances, we think it is neces-
sary to perform similar study on the cubic CeMnNi4 so that
one can have a correct comparison between the value of UMn

3d

obtained from our calculations with the corresponding ex-
perimental data.

In summary, we have shown that the LDA+U approach
can be utilized to successfully describe the structural stabil-
ity, magnetism, and spin-dependent transport in CeMnNi4.
The overdelocalization of Mn 3d states turns out to be the
reason for the failure of conventional LDA and GGA ap-
proaches in reproducing the experimentally observed stabili-
zation of the compound in cubic phase and its high degree of
current spin polarization. The variation in U on Ce 4f and
Ni 3d bands hardly plays any role in describing the ground-
state properties of CeMnNi4. Our theoretical findings suggest
further XPS-based experimental studies to determine the ex-
tent to which the Mn 3d states are localized in this interme-
tallic compound.
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