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We present the results obtained by superconducting quantum interference device (SQUID) magnetometry,
specific heat, and Mössbauer spectroscopy measurements carried out on Np2Ni17 polycrystalline samples. We
show that long-range magnetic order, with a moment μ(2b) ∼ 2.25 μB , occurs below TN = 17.5 K on the
Np (2b) sites. A nontrivial situation is observed in that the other Np sites (2d) do not take part to the order
transition and carry only an induced moment of about 0.2 μB below TN . A combined analysis of the different
experimental data sets allowed us to determine key parameters associated with the electronic structure of the
system. The experimental results are discussed against first-principles electronic structure calculations based on
the spin-polarized local spin density approximation plus Hubbard interaction.
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I. INTRODUCTION

The coexistence of magnetic and nonmagnetic atoms of
the same element in an ordered compound is unusual and
generally associated with unconventional behavior, such as
mixed valence in Ce intermetallics [1], spontaneous toroidal
order [2], and magnetic instabilities related to topological
frustration [3]. A local moment versus singlet formation on the
two inequivalent transition-metal sites of the LuNiO3 insulator,
triggering a site-selective Mott transition, has been suggested
by a combination of density functional and dynamical mean
field theory calculations [4]. As a consequence of a symmetry-
breaking lattice distortion, the d electrons on half of the Ni ions
in LuNiO3 form a singlet with holes on the surrounding oxygen
ions, whereas the d electrons on the other Ni site are localized
to form a fluctuating moment. An antiferromagnetic ground
state involving only half of the titanium sites has been proposed
for the BaTi2As2O layered pnictide oxide [5]. Neutron
diffraction measurements on TbRu2Ge2 have revealed that
frustrated exchange interactions lead to a “mixed” magnetic
phase, where non-Kramers Tb ions occupying equivalent
crystallographic sites coexist in two distinct states (one
nonmagnetic and the other with a finite magnetic moment) [6].

Here, we demonstrate the occurrence of site-selective mag-
netic order of trivalent neptunium ions in Np2Ni17, a hexagonal
intermetallic compound crystallizing in the P 63/mmc (D6h)
space group with the Th2Ni17-type structure. The unit cell
contains two formula units, with the Np atoms in the 2b
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and 2d positions. These two sites are crystallographically
inequivalent, with a different nearest-neighbor Ni and Np
coordination. In some rare-earth analogs, this gives rise to a
difference in the ordered magnetic moment between 10% and
30% [7]. In most cases, however, the inequivalence does not
influence the magnetic properties because of crystallographic
disorder or the dominance of exchange processes involving
the transition-metal sublattice [8–11].

By combining magnetization, Mössbauer and specific heat
measurements we have determined the values of the magnetic
moments on the two Np sites of Np2Ni17, and shown that
only one of them takes part in the magnetic transition, whilst
the other carries only a smaller (roughly one tenth) induced
moment. This remarkable difference is explained in terms
of the crystal field potential acting on the two sites, which
stabilizes a magnetic doublet on the 2b and a nonmagnetic
singlet on the 2d position.

II. EXPERIMENTAL DETAILS AND RESULTS

Due to the contamination risk generated by the radiotoxicity
of the neptunium element, all operations of preparation and
encapsulation have been carried out in shielded gloveboxes
under inert nitrogen atmosphere following well-established
safety procedures. Polycrystalline samples of Np2Ni17 were
prepared by arc melting stoichiometric amounts of high-purity
elemental constituents (99.9 % Np, 99.996 % Ni) on a water-
cooled copper hearth, under Ar (6N) atmosphere. A Zr alloy
was used as an oxygen getter. The sample was melted several
times and crushed before the last melt, to ensure complete
homogeneity of the alloy button. The material was wrapped
in a tantalum foil and annealed under dynamic high vacuum
at 1423 K for 8 hours and cooled down at 50 K/h to remove a
secondary NpNi5 phase.
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TABLE I. Fractional atomic coordinates of Np and Ni atoms in
the Np2Ni17 unit cell (space group P 63/mmc), as obtained from a
Rietveld refinement of the x-ray diffraction profile (Rwp = 0.11).

Atom Wyckoff site x y z

Np1 2b 0 0 1/4
Np2 2d 1/3 2/3 3/4
Ni1 4f 1/3 2/3 0.8904(3)
Ni2 6g 1/2 0 0
Ni3 12j 0.3707(3) 0.0428(4) 1/4
Ni4 12k 0.1655(3) 0.3310(8) 0.0185(9)

Powder x-ray diffraction in reflection mode was used to
characterize the crystallographic structure at room temper-
ature. Data were collected on a Bruker D8 diffractometer
installed inside a shielded glove-box, using Cu-Kα1 radiation
(λ = 0.154 06 nm) selected by a Ge (111) monochromator.
A 1D position sensitive detector covered the angular range
from 15 to 120 degrees, with incremental steps of 0.0085
degrees. The Rietveld analysis of the measured diffraction
pattern, performed with the X’PERT HIGHSCORE PLUS software
package of PANalytical, shows that the sample is single phase,
with a small amount of elemental nickel (∼5 wt%) and NpO2
(∼0.8 wt%) impurities. The observed Bragg peaks can be
indexed in the hexagonal P 63/mmc space group, and confirm
the Th2Ni17-type hexagonal structure with lattice parameters
a = 8.282 15(7) Å and c = 8.040 29(8) Å [12]. Np atoms
occupy two distinct crystallographic positions (2b and 2d),
whereas the Ni ones are distributed amongst the 4f , 6g, 12k,
and 12j positions. The refined atomic fractional coordinates
are given in Table I.

As shown in Fig. 1 the two Np sites have a different Np-Np
coordination, which makes them magnetically inequivalent.
Indeed, although the Np-Np coordination in the a-b plane is the
same for both sites (three Np neighbors at 4.781 Å arranged in
a equilateral triangle), the 2b sites also form 1-D chains along
the c axis, whereas for the 2d sites these chains are interrupted
by the Ni 4f sites. The 2b intrachain distance of c/2 = 4.020 Å
is the smallest Np-Np distance in this compound, and is much
larger than the so-called Hill limit of ∼3.2 Å that separates Np
compounds with localized 5f states from itinerant systems.
The hybridization between 5f states and conduction electrons
should therefore be limited and appreciable crystal field effects
are expected, in a scenario similar to the one observed for
analog rare-earth intermetallic compounds.

A MPMS-7 SQUID and a PPMS-14T from Quantum
Design (QD) were used for dc magnetic characterization in the
temperature range 1.9–300 K, with an external magnetic field
up to 14 T. The temperature (T ) dependence of the magnetic
susceptibility χ (T ) (approximately evaluated as M(T )/H and
measured in a field B = μ0H = 7 T) is shown in Fig. 2. The
difference between the susceptibility curves recorded after
zero-field and field-cooling conditions were smaller than the
experimental uncertainties. Data have been corrected for the
presence of a ferromagnetic impurity equivalent to ∼3 wt%
of elemental nickel, in good agreement with the Ni content
estimated by x-ray diffraction. A weak anomaly at TN �
17.5 K reveals the onset of long-range magnetic order. Above
∼70 K, the magnetic susceptibility exhibits a Curie-Weiss
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FIG. 1. (Color online) X-ray diffraction pattern recorded for
Np2Ni17 at room temperature; dots are experimental data and the
solid red line is the calculated Rietveld profile, the residual being
represented by the blue line at the bottom. Ticks represent the
expected angular position of Bragg peaks: top row Np2Ni17, middle
row elemental Ni impurity (∼5 wt%), bottom row NpO2 impurity
(∼0.8 wt%). (Inset) Crystallographic unit cell of Np2Ni17 (Space
Group P 63/mmc). Np atoms at the 2b (2d) Wyckoff position are
represented by red (blue) large spheres; Ni atoms located at the
4f positions are represented by small black spheres, all the other
Ni atoms by small open circles. The shortest Np-Np interatomic
distances are indicated by arrows.

behavior with a molar Curie constant C = 9.7 emu K mol−1

and a Curie-Weiss temperature θCW = −41 K. Assuming an
effective paramagnetic moment for the trivalent (see below,
Mössbauer) Np ions μ

Np
eff = 2.88 μB , corresponding to the

intermediate coupling free-ion value, one obtains μNi
eff =

1.89 μB per Ni atom, in line with previously reported estimates
for R2Ni17 rare-earth (R) analogs [13]. The negative value of
θCW indicates the presence of antiferromagnetic interactions,
probably leading to a ferrimagnetic ground state as observed
for several heavy rare-earth R2Ni17 compounds [7]. This is in
contrast with Np2Co17, which is a ferromagnet and behaves

FIG. 2. Temperature dependence of the magnetic susceptibility
measured on a polycrystalline sample of Np2Ni17 between 2 and
300 K after zero-field cooling in a field B = 7 T. The solid line is a fit
to the Curie-Weiss law above 70 K. The arrow indicates the anomaly
corresponding to a magnetic transition at 17.5 K. The inset shows the
low-temperature region on an enlarged scale.
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FIG. 3. (Color online) Magnetization curves of Np2Ni17 mea-
sured up to 14 T at 10 (dashed line) and 1.9 K (solid line).

like light rare-earth R2Ni17 compounds. As shown in Fig. 3, the
magnetization cycle does not show hysteresis and a magnetic
field of 14 T is not sufficient to saturate the sample, even at the
lowest studied temperature of 1.9 K. The variation of the slope
of the magnetization curve observed at about 8 T could indicate
a rearrangement of the spin directions in the Ni sublattice as
suggested for Y2Ni17 [14].

The 237Np Mössbauer measurements [15] were performed
in transmission geometry on a powder absorber with a
thickness of ∼140 mg cm−2 of Np. The Mössbauer source
(∼108 mCi of 241Am metal) was kept at 4.2 K, while the
temperature of the absorber was varied from 4.2 to 55 K in
discrete steps. The spectra were recorded with a sinusoidal
drive system using conventional methods. The velocity scale
was calibrated with reference to a NpAl2 standard (Bhf =
330 T at 4.2 K). The recorded spectra are shown in Fig. 4.

The temperature evolution of the Mössbauer spectra reveals
the occurrence of a magnetic phase transition below 18 K, with
a fully split hyperfine pattern suggesting the stabilization of
long-range magnetic order at low temperature. Solid lines in
Fig. 4 are fits of the spectra obtained by solving the complete
Hamiltonian for the hyperfine interactions and assuming a
Lorentzian shape for the absorption lines, including relaxation
broadening (in the ordered state). The main component of
the electric field gradient (eq ≡ Vzz) is taken collinear with
the hyperfine field Bhf, i.e., along the crystal c axis, and the
asymmetry parameter (η) is set to zero, as imposed by the axial
symmetry of the Np sites.

In the paramagnetic phase, the poorly resolved spectra
are accounted for by assuming the presence of two inequiv-
alent Np sites (1 : 1) with different isomer shift [δIS(2b) ∼
−12.8(5) mm/s and δIS(2d) ∼ −14.0(5) mm/s with refer-
ence to NpAl2; quadrupole coupling constant |e2qQ(2b)| ∼
23.5(1) mm/s and |e2qQ(2d)| ∼11.3(1) mm/s] corresponding
to the 2b and 2d crystallographic sites. The observed isomer
shifts are compatible with a 5f 4 trivalent state of Np ions in a
metallic compound [16]. As shown in Fig. 5, a good fit of the
data at 4.2 K in the ordered phase required two different sets
of hyperfine parameters. We find e2qQ(2b) ∼ +17.6(3) mm/s,
whereas e2qQ(2d) ∼ −2.0(5) mm/s. The 2b site carries a large
moment [μ(2b) = 2.25 μB], the other being only weakly mag-
netic [μ(2d) ∼ 0.2 μB], as inferred from the respective values

FIG. 4. (Color online) Temperature evolution of the Mössbauer
spectra measured for Np2Ni17. Dots are measured data, solid lines are
the results of the fit to the model described in the text.

of the hyperfine field [Bhf = 483(1) and 40(2) T, respectively]
using the relation Bhf/μNp = 215 ± 5 T/μB [17]. This is
consistent with the crystallographic structure of the compound,
although in many rare-earth isostructural analogs with Co and
Fe, as well as in Np2Co17 [17], the difference between the two
sites is washed out by the prevalence of the molecular field [10]
and by some degree of crystallographic disorder [8,9].

FIG. 5. (Color online) The Mössbauer spectra measured for
Np2Ni17 at 4 K. Dots are measured data, the solid line is the results
of a fit assuming that the 2b (green dashed line) and the 2d (blue
dash-dotted line) sites are respectively strongly and weakly magnetic.
The difference between calculated curve and experimental data is
shown at the bottom of the plot.
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FIG. 6. (Color online) Ordered magnetic moment on the Np 2b

(black open circles) and the Np 2d (red closed circles) sites. Solid
lines are calculated by a mean-field model described in the text. The
temperature dependence of the ratio between the magnetic moment
on the two Np sites is shown in the inset.

The temperature dependence of the ordered magnetic
moment has been obtained from the variation of the hyperfine
field and is shown in Fig. 6. The observed continuous decrease
of the order parameter is compatible with a second-order
phase transition. The absence of hysteresis in the magnetic and
specific heat measurements, as well as their shape, support this
conclusion. Saturating the Np moments in the ordered phase
would give a contribution to the magnetization of 2.4 μB per
formula unit, a value significantly smaller than that measured
at 1.9 K with an applied field of 14 T. This means that the
Ni sublattice carries an ordered magnetic moment of at least
0.1 μB per Ni atom; values of similar order of magnitude have
been reported for several rare-earth analogs [7].

The solid lines in Fig. 6 are fits of the data to a J =
1/2 Brillouin function, as expected for a molecular field
mainly associated with the Ni sublattice. The fact that the
ratio between the ordered moment on the two inequivalent
Np sites is temperature independent suggests that the same
molecular field acts on both sites. On the other hand, the large
difference in magnitude between the two moments reflects
their different anisotropy. As shown in Table II, this behavior
can be qualitatively reproduced by a simple crystal field model.
The CF Hamiltonian appropriate for the D6h symmetry of the
Np sites is

HCF = B0
2O0

2 + B0
4O0

4 + B0
6O0

6 + B6
6O6

6 , (1)

TABLE II. Crystal-field energy spectra in the paramagnetic phase
calculated for the inequivalent 2b and 2d sites of Np3+ in Np2Ni17.

Np1 (2b) Np2 (2d)

Energy (cm−1) Symmetry Energy (cm−1) Symmetry

0 �
(1)
5 0 �4

6 �4 264 �
(1)
5

109 �1 550 �1

358 �6 566 �6

626 �3 620 �3

750 �
(2)
5 734 �

(2)
5

where O
q

k are Stevens operator equivalents. Reasonable values
of the B

q

k parameters can be obtained by rescaling those
determined for the isostructural Er2Ni17 compound [18].
Taking into account the different radial extension of the 5f

and 4f wave functions [19,20] and the different Stevens co-
efficients [21], we obtain for site 2b B0

2 = −5.77 cm−1, B0
4 =

−0.144 cm−1, B0
6 = 7.14 × 10−3 cm−1, B6

6 = 0.123 cm−1,
leading to a �

(1)
5 = 0.943| ± 4〉 − 0.331| ∓ 2〉 doublet ground

state, followed by a low-lying �4 = (|3〉 − | − 3〉)/√2 singlet
at about 6 cm−1. For the 2d site, the CF parameters are B0

2 =
−2.55 cm−1, B0

4 = 0.077 cm−1, B0
6 = 2.46 × 10−3 cm−1,

B6
6 = 0.123 cm−1. The opposite sign of B0

4 leads to a �4 ground
state separated by more than 250 cm−1 from the first excited
state (�(1)

5 ). An exchange contribution 2μB(gJ − 1)HexJz to
the Hamiltonian, where we assume that the exchange field Hex

is oriented along the c axis, leads to an ordered moment along
c on the 2b site. On the other hand, the singlet ground state
for the 2d site has no intrinsic ordered moment, but a small
moment can be induced by the molecular field through mixing
with the excited �3 level at about 620 cm−1. For Hex = 21 T,
one obtains μ(2d) = 0.19 μB and μ(2b) = 2.21 μB , in agreement
with the experiment.

The above crystal field and exchange model can be used to
evaluate the different contributions to the electric field gradient
observed at the 2b site at 4.2 K. At this temperature, the �

(1)
5

doublet is split by the molecular field and its lowest level
0.951| + 4〉 − 0.309| − 2〉, which lies about 31 K below the
�4 singlet, is essentially the only one populated. The electronic
5f contribution to the quadrupole coupling constant is pro-
portional to 〈3J 2

z − J (J + 1)〉 ≈ 24.6. For the free ion Np3+,
〈3J 2

z − J (J + 1)〉 = 28 and the quadrupole coupling constant
due to the 5f electrons amounts to −27.3 mm/s [17]. It follows
that e2q5f Q(2b) = −23.9 mm/s. From the experimental value,
e2q5f Q(2b) + e2q lattQ(2b) = +17.6 mm/s, we conclude that
the sum of lattice and electron contributions (e2q lattQ) amounts
to 41.5 mm/s, i.e., V latt

zz (2b) = 2 × 18 V/cm2 using the value
of 4.1×10−24 cm2 for the quadrupole moment of the 237Np
ground state.

A QD PPMS-14 platform equipped with a closed-cycle
3He probe was used to carry out specific heat measurements.
Thanks to the relatively low self-heating effect of 237Np (W =
2.03 μW/g) we have been able to collect data down to 0.5 K
using a 1.2-mg sample. To prevent external contamination,
the sample was encapsulated in Stycast� 2850 FT epoxy
resin, whose contribution to the measured heat capacity was
subtracted according to a standard procedure. The results are
shown in Fig. 7. A clear lambda-type anomaly is observed
at the transition temperature TN = 17.5 K. The vibrational
contribution has been estimated from specific heat measure-
ments performed on ThNi5 (a compound with a closely related
crystallographic structure), subtracting the electronic term as
detailed in Ref. [22] and rescaling to account for the different
number of atoms in the unit cell. At lower temperatures,
Schottky peaks of nuclear and electronic origin contribute to
the observed temperature dependence (lower inset in Fig. 7).
The latter has been fitted by a Schottky anomaly corresponding
to two electronic levels split by 5 K. The former has been de-
scribed by the Hamiltonian −gIμNBhfIz, where I = 5/2 is the
nuclear angular moment of 237Np, Iz its component along the
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FIG. 7. Temperature dependence of the specific heat measured for
Np2Ni17 between 0.5 and 30 K. The solid line is the estimated sum of
the vibrational, nuclear, and electronic Schottky contributions. The
inset shows the magnetic entropy difference 	S = S(T ) − S(2 K)
calculated by integrating the Cp/T curve after subtracting the
nonmagnetic contributions.

quantization axis, μN is the nuclear magneton, gI the g-factor,
and the value of the hyperfine field Bhf = 483 T was estimated
by Mössbauer spectroscopy. The nuclear ground multiplet
on the Np 2b site is split into six levels equally separated
by 0.22 K.

The magnetic entropy released at the phase transition is
shown in the inset of Fig. 7, and is close to Rln3 at TN . This
value confirms that only one Np site has a doublet ground state
(otherwise the contribution from both sites would be at least
Rln4) and that a sizable Ni contribution is present.

III. ELECTRONIC-STRUCTURE CALCULATIONS

To examine theoretically the electronic structure of Np2Ni17

and to make a comparison with the experimental data, we
performed spin-polarized local spin density approximation
(LSDA) as well as LSDA plus Hubbard U (LSDA+U )
calculations, using the experimental lattice parameters for the
Th2Ni17-type structure (see Table III). All calculations are

TABLE III. Spin (μS), orbital (μL), and total (μ = μS + μL)
magnetic moments in the muffin-tin spheres around Np and Ni atoms
(in μB units), together with total values (including the interstitial spin
moment contribution) per formula unit (f.u.) of μS , μL, and μ.

LSDA(+SOC) AMF-LSDA+U

Atom Site μS μL μ μS μL μ μ (exp)

Np1 2b −2.80 2.99 0.19 −1.46 3.92 2.46 2.25
Np2 2d 2.58 −3.53 −0.95 0.43 −0.26 0.17 0.2
Ni1 4f 0.11 0.01 0.12 0.28 0.03 0.31 >0.1a

Ni2 6g 0.24 0.04 0.28 0.33 0.03 0.36 >0.1a

Ni3 12j 0.20 0.02 0.22 0.27 0.03 0.30 >0.1a

Ni4 12k 0.27 0.01 0.28 0.29 0.02 0.31 >0.1a

Total 3.35 −0.22 3.13 3.62 4.11 7.73 >4.1b

aValue averaged over all Ni sites.
bOnly a lower boundary can be given because the magnetization is
not saturated at the largest available magnetic field (14 T).

performed with the in-house implementation [23,24] of the
full-potential linearized augmented plane wave (FP-LAPW)
method [25]. This FP-LAPW version includes all relativistic
effects: scalar-relativistic and spin-orbit coupling (SOC). The
radii of the atomic muffin-tin (MT) spheres are set to 2.80
a.u. (Np) and 2.05 a.u. (Ni). The basis set size is characterized
by the parameter RNp × Kmax = 8.4 and the Brillouin zone is
sampled with 425 k points.

First, we apply the conventional spin-polarized LSDA,
initiating the spin polarization at Np (2b) atoms in the unit cell.
In these calculations the magnetization is aligned along the z

axis (out-of-plane). Table III reports the calculated spin (μS),
orbital (μL), and total (μ = μS + μL) magnetic moments in
the MT spheres around Np and Ni atoms (in μB units), together
with the total values per formula unit (f.u.) (including the spin
moment contribution from the interstitial region). We observe
an antiparallel coupling between Ni-3d and 5f spin moments
on the (2b) site, according to the mechanism proposed in
Ref. [26]. The Np atoms on the two sites have spin moments
of opposite sign and about the same magnitude. The angular
component of the total moment is antiparallel to the spin-
only contribution as it is expected for a less-than-half-filled
f shell.

Next, we apply LSDA+U calculations, making use of
relativistic (including SOC) “around-mean-field” (AMF)-
LSDA+U [27]. The Coulomb interaction in the Np 5f shell
is parameterized by Slater integrals F0 = 3.00 eV, F2 = 7.43
eV, F4 = 4.83 eV, and F6 = 3.53 eV, as given in Ref. [28].
They correspond to commonly accepted values U = 3 eV
and J = 0.6 eV for the Coulomb and exchange interactions
parameters, respectively.

The total electron-energy density of states (DOS) calculated
for U = 3 eV is shown in Fig. 8, together with the spin-resolved
d-orbital projected DOS for Ni atoms at the occupied lattice
sites, and the f -orbital projected DOS for Np atoms. The Ni-d↑
band is practically full, whereas the Ni-d↓ band is partially
occupied. Note the similarity between the Np (2b) f -projected
DOS shown in Fig. 8(c) and the DOS for Np (1a) atom in
NpNi5 [22].

Clearly, first-principles calculations correctly predict the
presence of two magnetically inequivalent Np sites. Moreover,
when the LSDA+U approximation is applied, the calculated
magnetic moments are in good quantitative agreement with
the experiment. However, it must be noted that the AMF-
LSDA+U solution shown in Table III is obtained initiating the
spin polarization at Np (2b) atoms. When the initial occupation
matrices are chosen after the spin-polarised LSDA, another
self-consistent AMF-LSDA+U solution is obtained. In this
case, for the Np (2b) we obtain the spin μS = −1.78 μB ,
orbital μL = 3.98 μB , and total μ = μS + μL = 2.20 μB

magnetic moments in a reasonable agreement with the ex-
perimental data. For the Np (2d), the spin μS = 1.98 μB ,
orbital μL = −4.07 μB , and total μ = −2.09 μB magnetic
moments are calculated. This relatively large magnitude of
μ exceeds substantially the experimental value. The magnetic
character of the Ni atoms remains very similar to that shown in
Table III. Note that the occurrence of multiple solutions (local
minima) is a rather common feature of the LSDA+U method,
and is well documented in the literature [29,30]. It constitutes
one of the limitations of the static mean-field LSDA+U
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FIG. 8. (Color online) (a) The total electron-energy density of
states (DOS) per formula units for Np2Ni17 calculated with relativistic
LSDA+U (U = 3 eV); (b) the d-orbital projected DOS for Ni atoms
at 4f,6g, 12j , and 12k special positions of the P 63/mmc space
group; (c) the f -orbital projected DOS for Np atoms at 2b and 2d

positions.

approximation due to the use of a single particle Hilbert
space. A more careful investigation that takes into account
a configurational interaction is needed to better understand the
magnetic behavior in Np2Ni17.

IV. CONCLUSIONS

237Np Mössbauer spectra have been measured on Np2Ni17

and revealed the presence of two strongly inequivalent Np
sublattices, at variance with widely studied rare earth and
actinide isostructural analogs. In the magnetically ordered
phase below TN = 17.5 K, the Mössbauer absorption spectra
are indeed given by the sum of two components with equal total
weight, one fully splitted and corresponding to a large value
of the hyperfine field [Bhf = 483(1) T], the other showing
a broad central absorption line indicating the presence of a
second Np site on which the hyperfine field is one order
of magnitude smaller [Bhf = 40(2) T]. This result clearly
demonstrates that the two Np crystallographic sites (2b and
2d) are magnetically inequivalent, with ordered moment of
∼2.25 μB and ∼0.2 μB , respectively. Such a conclusion is
corroborated by the variation of the magnetic entropy near the
transition temperature, which confirms that only half of the Np
atoms in the lattice takes part in the magnetic transition. On the
other hand, magnetic susceptibility measurements suggest that
the magnetic behavior of the nickel sublattice in Np2Ni17 is
very similar to that exhibited by rare-earth analogs, both in the
ordered and in the paramagnetic phase. A simple crystal field
model with localized 5f electrons is sufficient to explain this
uncommon behavior. The crystal field approach is justified by
the large Np-Np nearest neighbor distance, which is about
25% larger than the empirical limit separating delocalized
5f electronic states from localized ones in Np compounds.
The fact that the fourth-order axial crystal field potential has
opposite sign on the two Np sites, has qualitatively important
consequences as the singlet-doublet sequence of the two lowest
energy levels is reverted. This makes one Np site magnetic,
whereas the second carries only a magnetic moment induced
by the molecular field. The physical picture revealed by the
experiment is also supported by first-principle calculations
based on the LSDA+U approximation with around mean-field
double-counting corrections. We have shown that using this
calculation approach it is possible to describe the magnetism
on the Ni sublattice and reproduce the large difference between
the magnetic moments carried out by the two Np sites.
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