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Abstract

A new neptunium intermetallic compound, NpPt;In7, has been synthesized in polycrystalline form and characterized
by several macroscopic techniques. A Rietveld analysis of its powder x-ray diffraction pattern shows that NpPt,In;
crystallizes in a tetragonal lattice with 74/mmm symmetry and lattice parameters a = 4.58471(3) A, ¢ = 21.5065(3) A.
Magnetic susceptibility, electrical resistivity, Hall effect, and heat capacity measurements indicate a metallic character
and the occurrence of antiferromagnetic order below a Néel temperature 7 = 23 K. The transition is exceptionally
robust and Ty decreases by 0.2 K under a magnetic field of 9 T. A modified Curie-Weiss fit of the high-temperature
magnetic susceptibility curve y(7T') gives an effective magnetic moment u.rr = 2.54 up close to the value expected
for trivalent Np. Low temperature heat capacity measurements give a reduced Sommerfeld linear coefficient close
to 25 mJ mol~!.K=2 and a Debye Temperature ®,=181 K. First principles, correlated-band electronic structure cal-
culations suggest that the neptunium magnetic moment in NpPt;In; is localized and that a quasi-two-dimensional
antiferromagnetic structure could result from the competition of very weak interlayer interactions leading to very

anisotropic properties.

1. Introduction

The layered intermetallic family of compounds
A,M,,In3,,,5,, (Where M is a transition metal Co, Rh,
Ir, Pd, or Pt and A is Ce, U, Np, or Pu) has been the
object of wide attention during the past two decades be-
cause some of its cerium- and plutonium-based heavy-
fermion members exhibit unconventional superconduc-
tivity in presence of magnetism [1, 2, 3, 4, 5, 6]. Here,
we report the results of an extensive investigation of a
newly synthesized member of the family, NpPt,In;.

Typically, Np-based compounds exhibit a non-
superconducting, magnetically ordered ground state,
as the electrons in the Np 5f shell are usually too
localized for forming Cooper pairs. Examples are
given by members of the A,M,,In3,,2, System, such as
NpCoGas [7, 8], NpRhGas [9], and NpPtGas [10]. Un-
til now, only two Np-based superconductors have been
reported: NpPdsAl,, a heavy-fermion d-wave supercon-
ductor with T, = 4.9 K [11, 12, 13, 14] and NpMogsSes
with T, = 5.6 K [15]. Investigating novel layered in-
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termetallic compounds of neptunium is therefore inter-
esting for making progress in the rationalization of the
interplay between magnetism and superconductivity in
correlated 5 f-electron materials.

A Rietveld analysis of the X-ray diffraction pattern
shows that NpPt;In; is an isostructural analogue of
CePtyIn; [16], which becomes a heavy fermion super-
conductor when compressed [17], and of the heavy-
fermion paramagnet PuPt,In; [18]. The physical prop-
erties of NpPt,In; have been investigated by magnetic
susceptibility, heat capacity and resistivity measure-
ments. The results indicate the onset of antiferromag-
netic (AF) order at Ty = 23 K. Experimental data
are complemented by electronic structure calculations
based on the correlated extension of the density func-
tional theory (DFT+U), where Coulomb and exchange
correlations, U and J, are added to the f-shell. The re-
sults of the calculations suggest that the investigated
compound could be a realization of a local-moment
quasi-two-dimensional AF metal.
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2. Experimental details

A small (approx. 300 mg) polycrystalline sample of
NpPt;In; was synthesized by the arc-melting technique
under zirconium gettered ultra pure atmosphere. Con-
stituent elements of purity 99.9% or higher were used
in the atomic ratio 1:2:7.2 (Np:Pt:In). A small excess
of indium was used to compensate its evaporation dur-
ing melting. The sample was remelted three times to
improve homogeneity and then it was wrapped in tanta-
lum foil, sealed in an evacuated quartz ampoule and put
in a furnace at 500 °C for 4 weeks, before being furnace
quenched to room temperature.

Room temperature powder X-ray diffraction (PXRD)
studies were conducted on a Bruker D8 Focus diffrac-
tometer (CuKa source). To avoid contamination, a
small amount of NpPt,In; sample was carefully ground
and the obtained powder was embedded in an epoxy
glue. PXRD data were collected in the 26 range of
10°-100° with a step size of 0.01°. The FullProf soft-
ware package was used for Rietveld structure refine-
ment [19] with the starting model reported in ref. [16]
for CePtyIn;.

Measurements of the magnetic susceptibility y(7)
were performed by using a Magnetic Property Measure-
ment System (MPMS — Quantum Design) in the tem-
perature range 3 K-300 K in an applied magnetic field
of 7 T. A chunk of sample with a mass of 47.5 mg was
glued inside a plastic holder. The data were corrected
for the small paramagnetic signal of the sample holder.

The temperature dependence of electrical resistivity
and heat capacity was measured using a Physical Prop-
erty Measurement System (PPMS — Quantum Design).
The electrical resistivity was determined using a stan-
dard four-contact dc technique, with four 50 ym diame-
ter Pt wires connected to the flat polished sample by us-
ing silver epoxy (Epotek H20E). Magnetoresistance was
measured with magnetic field of yoH =9 T. The heat ca-
pacity was measured by using a relaxation method. Due
to high radioactivity and toxicity of neptunium, the sam-
ple was embedded in the heat conducting STYCAST
2850 FT resin to avoid contamination risks. The raw
heat capacity data were corrected by subtracting the sig-
nal estimated for the resin and for the Pt3;In; signal.

All technical operations were carried out in radiopro-
tected glove boxes with low oxygen and water concen-
trations.

3. Experimental results

The room temperature PXRD pattern is shown in
Fig. 1. Successful Rietveld refinement confirms that
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Figure 1: Rietveld refinement of room temperature powder X-ray
diffraction data for NpPt>In7. Blue open circles (I¢xp) and a red solid
line (I.,;) represent observed and calculated data, respectively. Verti-
cal tick marks are shown for two refined phases: NpPt,In7(upper, red)
and about 20% Pt3In; impurity (lower, black). The differences be-
tween the observed and calculated pattern (Iexp-Iops) are represented
by a black line.

NpPt;In; is an isostructural analogue of the rare-earth
CePtyIn;, with the model described in Ref. [16]. Ex-
tra PXRD lines seen in the pattern correspond to Pt;Iny
(about 20% in weight). The used epoxy glue causes
a large hump at low angle and a small peak at around
22°. Those regions were excluded for the Rietveld re-
finement. The crystallographic parameters and figures
of merit derived from the fit are provided in Table 1.

Table 1: Refined structural parameters for NpPtyIn; at room tem-
perature. Space group I4/mmm (s.g. #139), a = 4.58471(3) A,
¢ = 21.5065(3) A. Calculated density 10.51 g cm™3. Figures of merit:
goodness of fit y> = 1.48, weighted profile residual Ryp = 4.33%,
profile residual R, = 3.06%.

Atom Position z B Occ
Np 2b (0, 0, 0.5) 0.644(44) 1
Pt 4e (0,0,z) 0.3257(1) 1.004(38) 1
Inl 2a (0,0, 0) 1.341(99) 1
In2 4d (0, 0.5, 0.25) 1.029(50) 1
In3 8g(0,0.5,z) 0.1067(1) 1.274(46) 1

The lattice parameters and the unit cell volume for
NpPt,In; are larger than those previously reported for
PuPt;In; [18], and smaller than those reported for
CePtyIn; [16] (see Table 2). The same trend is observed
for a binary MlIn; system, where M = Ce [20], Np [21]
and Pu[22].

The magnetization M(T) was measured under ap-
plied fields yoH = 7 T and puoH = 5 T, and the mag-
netic susceptibility y was estimated as AM/AH. Its
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Table 2: Unit cell parameters for CePtyIny (Ref. [16]), NpPtyIn7 (this
work), and PuPtyIn; (Ref. [18]). The parameters for CePtyIn7 and
PuPt;In7 were obtained from single crystal x-ray diffraction collected
at 173 K and at room temperature, respectively. Refined parameters
for NpPtyIn7 are based on room temperature powder x-ray diffraction.

CePtyIn; [16] NpPt;In; PuPtyIny [18]
a(A) 4.5990(4) 4.58471(3) 4.5575(7)
c (A) 21.580(2) 21.5065(3) 21.362(6)
\% (A3) 456.4(1) 452.06(1) 443.7(3)
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Figure 2: (a) Low temperature zero-field-cooling (ZFC) and field-
cooling (FC) magnetic susceptibility for NpPt;In;. (b) Inverse mag-
netic susceptibility and a modified Curie—Weiss fit to the high temper-
ature (T > 100 K) data.

temperature dependence, obtained after zero-field cool-
ing (ZFC) and field-cooling (FC) from the paramag-
netic phase, is shown in Fig. 2(a). The low temper-
ature anomaly reveals the onset of antiferromagnetic
order. An accurate value of the Néel temperature,
Ty = 23.0(5) K, is obtained from the maximum of the
d(xT)/dT curve [23, 24]. As shown in Fig. 2(a), the
cooling history has negligible effects on the phase tran-
sition.

The inverse magnetic susceptibility (y(T) — o)~ in
the 7 range 2 - 300 K is presented in Fig. 2(b). Above
100 K, the susceptibility follows a modified Curie—
Weiss form:

X =Xo+ (1

T —6cw’
where y is temperature independent susceptibility, C
is the Curie constant and Ocw is a Curie-Weiss tem-
perature. The estimated fitting parameters are: Ocy =
-17 + 9 K, and C = 0.80 + 0.07 emu K Np-mol~'.
Having C we can calculate the effective moment per
Np from w.;p = (8C)'? = 2.54 + 0.11up. This
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Figure 3: Temperature dependence of the electrical resistivity of
NpPt,In7 measured in zero magnetic field. Black points are the exper-
imental data, blue line is the fit with Equation 2 Top Inset: do(T)/dT
in vicinity of the AFM transition measured under OT and 9T applied
magnetic field. Bottom Inset: Temperature dependence of the resis-
tivity below 7. The red solid curve is the fit to the data assuming the
opening of a magnetic gap near Ty. The dashed green line is a low
temperature fit with the Fermi liquid term.

value is close to p.rr = 2.755 up calculated for a triva-
lent Np3* in the intermediate coupling scheme, and to
Herr = 2.78 up obtained for NpFeAsO oxypnictide ma-
terial [24]. On the other hand, it is much larger than
Herr = 1.5 up reported for NpCoGas [7]. The negative
value of the Curie-Weiss temperature, Ocy = —17 K,
might indicate the presence of antiferromagnetic inter-
actions in NpPt,In;.

The temperature dependence of the electrical resistiv-
ity p(T') is shown in Fig. 3. The measurement was per-
formed in the temperature range from 1.8 K to 300 K,
in zero applied magnetic field and with a current / = 5
mA. The p(T) reveals metallic-like character (dp/dT >
0) with a sharp drop below 23 K, which is the onset
of magnetic ordering. The p(T) curve at temperatures
above Ty has been fitted to the formula for the so-called
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parallel resistor model (PRM):

PN T) = oot + (00 + P86, )
where
T 5 Ok Xdx
T) =4R6Op| — _— 3
pro(T) R(HR) N G

The model combines temperature independent resis-
torS Pmax, Po, and a the Bloch-Griineisen resistor rep-
resented by ppe(T). The residual resistivity pg =
41 uQ cm estimated from the fit is one order of mag-
nitude larger than the resistivity measured in the anti-
ferromagnetic state p(2K) = 1 uQ cm. At high temper-
ature, where the mean-free path approaches the inter-
atomic distance, the resistivity starts saturating (Ioffe-
Regel limit[25, 26]) to the estimated value of p,.x =
112 uQ cm. The last parameter in the fit is g = 150
K, the Debye temperature estimated from resistivity.
The absence of any clear deviation of the resistivity
curve from the fitted formula above Ty likely suggests
the weakness of spin fluctuations in the paramagnetic
regime.

The top inset (a) of Fig. 3 presents dp/dT versus
temperature in the vicinity of the transition. The Néel
temperature was determined as 1/3 of the jump of
dp/dT [27]and is equal to Ty = 23.1 K under zero
field and decreases to Ty = 23.0 K under yoH=9 T,
in perfect agreement with 7 obtained from magnetic
susceptibility and heat capacity experiments.

The low-temperature resistivity data are presented in
the bottom (b) inset of Fig. 3. The p(T) curve cannot
be fitted with the Fermi liquid term p(T) = py + AT>.
Instead, the formula established for antiferromagnetic
interactions with the opening of a magnetic gap [28]
is found to successfully describe the low temperature
resistivity, as demonstrated by a red solid line in top left
Fig. 3:

p(T) = py +aT? + bT(l + 2—T)exp (—é), 4)
A T
where pg = 1.17 uQcm, a = 10.4(8) nQcmK=2, b =1.29
uQemK~!, and A = 27(1) K.

Fig. 4 presents the Hall coefficient Ry for T= 2-100
K for NpPt;In;. Ry is slightly enhanced compared to
common metals (Cu: 0.5x107'° m3C~!) approaching
5.5%10710 m3C~! at Ty, which is rather similar to val-
ues for neptunium intermetallic systems, e.g., Nplr and
NpCoGe [29, 30]. When decreasing the temperature,
Ry increases slightly but collapses below Ty= 23 K, sat-
urating at low temperature at 1.0x107'" m3C~!. As Ry
is the result of the combination of the electron and hole

Figure 4: Temperature variation of the Hall Effect determined at 9 T
from 2 to 100 K. The antiferromagnetic order is clearly visible at 23 K
followed by a collapse of Ry below T while a small shoulder is
marked around 17 K. In the paramagnetic state, Hall Effect is rising
slowly when cooling down. Inset shows field dependence of V- Hall
voltage - extracted perpendicular to the applied magnetic field on the
sample at T= 75 K and showing a pure linear regime and a positive
variation.

contributions with different carrier velocities and relax-
ation times, the sign conservation in the full temperature
range of Ry suggests that the nature and the mobility
of the carriers are not changing drastically in the para-
magnetic state with temperature and only the antifer-
romagnetic order is impacting hole carriers below T'y.
A simple one-band model then provides an estimation
of 1.13x10%® m=3 for the concentration of free holes in
the paramagnetic state giving an upper limit for the ac-
tual carrier concentration in NpPt;In; converted into a
rough estimate of 1.18 for the number of free holes per
formula unit.

Fig. 5 presents the temperature dependence of the
heat capacity (Cp) of NpPt;In; corrected for the addi-
tional signal of the STYCAST and Pt;In;. Since the
heat capacity for Pt3In; was not reported, we grew sin-
gle crystals of Pt3In; and measured its Cp. At high
temperature C, saturates slightly above the expected
Dulong—Petit value, 3nR ~ 250 J mol~! K~!, where
n = 10 is the number of atoms per formula unit and
R = 8314 J mol~! K~ is the gas constant.

A clear anomaly, shown in the inset of Fig. 5, con-
firms a bulk character of the AFM transition with Ty =
23 K in perfect agreement with magnetic susceptibility
and transport results. It should be noted that the transi-
tion is very robust and the applied magnetic field only
slightly suppresses the Néel temperature, i.e. Ty de-
creases by 0.2 K under 9 T.

We can describe heat capacity contributions at low
temperature as C,= C.+Cpnonons+Cpag, Where C,= yT
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Figure 5: The specific heat versus temperature for NpPt;In;. Inset (a)
shows the bulk antiferromagnetic transition with zero field and under
applied magnetic field of ygH= 3 T, 6 T and 9 T. The bottom right
inset shows C,/T vs. T2 plot with the fit y, +8.T2 for the Sommerfeld
linear coefficient determination and the Debye temperature estimation
Op.

corresponds to the electronic contribution of carriers,
Cphonons = BT? lattice vibrations contribution at very
low temperatures and C,,,, takes into account antifer-
romagnetic interactions with the opening of a magnetic
gap, following aT'/?exp(- A/T) behavior [31]. Inset (a)
of Fig. 5 presents the C,/T vs. T? behavior below 6
K. In this temperature range, typical magnetic contri-
bution following previously quoted model of the an-
tiferromagnetic interactions is negligible as A is gen-
erally of the same order of magnitude to Ty= 23 K,
hence C,4¢/C,, < 1% - and only phonons and electronic
carriers contribute significantly to heat capacity. We
extract y= 24 mJmol~' K2 and 8= 3.28 mJmol~'K™*.
Using Debye relation, we obtain an estimated Debye
temperature ®p= 181 K, close to the 184 K reported
for CePt;In; single crystal [32] and 189 K for poly-
crystal [17]. This value is also similar to the resistiv-
ity Debye temperature 6g= 150 K from the previously
presented resistivity model. The observed upturn in
C,/T seen at the lowest temperature originates from the

nuclear Schottky anomaly, which is often observed in
Np compounds, e.g. NpRh,Sn [27], NpFeAsO [24],
NpCoGa5 [7].

4. Electronic structure calculations

In order to theoretically analyze electronic struc-
ture and magnetic properties of NpPtyIn;, we per-
formed calculations in the framework of the correlated
DFT+U method, an extension of the relativistic den-
sity functional theory (DFT), in which Coulomb-U and
exchange-J are added to the correlated f-shell. We
used the experimental crystal structure and a “state-
of-the-art” full-potential linearized augmented plane-
wave (FLAPW) basis set [33], taking into account both
scalar-relativistic terms and spin-orbit coupling (SOC)
implemented in the self-consistent second-variational
procedure [34]. In the applied rotationally invariant im-
plementation of the DFT+U including SOC [35, 36],
all contributions to the f-manifold occupation matrix,
including those nondiagonal in spin, are taken into ac-
count. The on-site Coulomb interaction in the corre-
lated Np 5f shell is given by Slater integrals Fy =
300 eV, F, = 743 eV, F, = 483 eV, and Fg =
3.35 eV [37]. They correspond to commonly accepted
values of Coulomb interaction U = 3 eV and exchange
interaction J = 0.6 eV.

As a preliminary step, we performed spin-polarized
DFT calculations in a local-spin density approximation
(LSDA) including SOC, setting the magnetization on
the Np atoms along the z-[001] axis (out-of-plane). As
shown in Table 3, this approximation does not provide a
satisfactory description of the experimental data, neither
assuming a ferromagnetic (FM) arrangements on the Np
magnetic moments nor an antiferromagnetic (AF) one.
In both cases, the spin pg and orbital u; magnetic mo-
ments are aligned antiparallel to each other and are close
in magnitude, so that the ensuing small value of the total
magnetic moment y,,, = pg + (g is not consistent with
the experimental results.

A significant improvement on the predicted value for
the total magnetic moment is obtained upon including
many-body corrections by the DFT+U method. We per-
formed these calculations using both the ”around-mean-
field” (AMF) and the “fully localized limit” (FLL) func-
tionals for the double counting term, i.e. to subtract
the correlation part from the DFT total energy. As
seen from the results shown in Table 3, the DFT+U-
FLL approximation fails to predict the observed AF
ground state, as the calculated total energy difference
between FM and AF configurations is negative (AE =
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Figure 6: Total density of states (TDOS), and spin-resolved, f-projected DOS for the Np atoms in NpPt;In; (A) in the FM case, (B) in the AF-I

case, as obtained from the DFT+U-AMF calculations described in the text.

Table 3: Spin (us), orbital (i) and total magnetic moment ( pyy; =
s + ur) in the units of up for Np atom from DFT+SOC and DFT+U
(in FLL and AFM versions) for the FM and AF Np atom arrange-
ments, together with the total energy difference AE (in meV) between
the FM and AF configurations.

DFT+SOC  DFT+U-FLL DFT+U-AMF

M AF FM AF M AF

us 348 348 320 320 137 138
w316 -3.16 -520 -520 -4.19 -4.20
Lo 032 032 20 20 -282 -2.82

AE 4.2 -18.5 24
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Figure 7: The J=5/2 and J=7/2 (shown as negative) f-projected DOS
for the Np atoms in FM- and AF-I-NpPt;In7, as obtained from the
DFT+U-AMF calculations.

-18.5 meV). On the contrary, in the DFT+U-AMF cal-
culations the AF order is energetically favored, as AE =
+2.4 meV.

The total magnetic moment obtained by DFT+U-
AMF calculations is || = 2.82 up, very close to the
experimental value of the effective paramagnetic mo-
ment prp = 2.54 £ 0.11up. According to Rhodes-
Wolfarth criterium [38], a ratio |uyl/uers close to one
suggests a rather localized character of the f-shell mag-
netic moments in NpPt,In;.

The total density of states (DOS), and the Np atom
spin-resolved f-projected DOS are shown in Fig. 6. The
effects of electron-electron interactions are responsible
for the splitting of the occupied and unoccupied Np f-
states, which have indeed a fairly localized character.
The Np-f spin majority states are partially occupied and
the spin minority ones are almost empty. The Np-f-
states spin splitting is fairly similar in the FM and AF-1
cases (see Fig. 6). The spin-orbit splitting of the Np-
f-states is shown in Fig. 7, where the J=5/2 and J=7/2
f-projected DOS are shown for both the FM and AF-
I cases. Again, as in the case of spin projected DOS
shown in Fig. 6, the J-projected DOS are very similar.
The Fig. 7 illustrates mainly J=5/2 character of the oc-
cupied f-manifold of the Np atom.

At the Fermi level, the total DOS of 4.0 1/eV per for-
mula unit for the AF-I, and 3.94 1/eV for the FM cases
are calculated. The total DOS includes the Np-f (0.54
1/eV), Pt-d (0.44 1/eV), and In-p (0.63 1/eV) contribu-
tions for the AF-1, and the Np-f (0.52 1/eV), Pt-d (0.40
1/eV), and In-p (0.49 1/eV) contributions for the FM
cases.

The electronic specific heat coefficient y can be es-
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timated making use of the independent electron theory,

Y = #N(E r), proportional to the DOS at the Fermi
level, N(Er). This yields y of 9.26 mJ K2 per mole
for the FM solution, and y of 9.39 mJ K2 per mole for
the AF-I. The experimental Sommerfeld coefficient ex-
ceeds the theoretical estimate by a factor (1+14)= 2.56.
The A enhancement originates from the electron-phonon
interaction, and the spin fluctuations.

Furthermore, we computed the crystal-field matrix
Acr at the Np atomic site making use of the DFT+U
local Green function as explained in Ref. [39]. Then we
solved exactly the Anderson impurity hamiltonian [40]
without hybridization, with the chemical potential given
by the DFT+U f-occupation ny=3.97 , the SOC param-
eter £ = 0.26 eV, and the same Slater integrals as given
above. We obtained the spin S=1.87, orbital L=5.84,
and total J=4.01 moment quantum numbers, and the
Landé factor g;=0.64. This gives the value of 2.57 ug
for Np f-shell effective moment, in a very good agree-
ment with the experimental effective moment of .y,
and also supports the localized character of Np** in
Nth21n7.

The calculated Acr matrix can be used to build the
model crystal-field (CF) hamiltonian,

Acr = ) ALMOUNO!
kq

where OZ are the Stevens operator equivalents, @(J)
are the Stevens factors for a given ground state multiplet
J, and AZ(rk), the crystal field parameters (in standard
notations) for given k and gq.

The set of parameters AZ(r") is obtained by a least-
square fit of Acp. The calculated non-zero CF parame-
ters [AZ(rk)] for Np atom in NpPt;In; are shown in Ta-
ble 4 in the AF-I case. Note that the CF parameters
remain very similar in the FM case.

Table 4: The non-zero CF parameters [AZ(rk)] (meV) for Np atom in
NpPtyIny calculated in the AF-I case.

AN AKrY) AL AN Ar)

CF

(meV) -28.85 -14.6 14.8 2.1 -234.1

So far, we have considered the direction of the mag-
netic moment along the z-[001] axis. In reality, it is
determined by the magnetic anisotropy energy (MAE),
and for the uniaxial crystal symmetry the MAE reads,
Ex ~ K;sin’0, where 0 is the angle between the mag-
netization and the z-[001] axis, and K is the first-order

anisotropy constant. An accurate total energy theoreti-
cal determination of K; for NpPt;In; would be numer-
ically a very demanding task. Assuming that, like in
the rare-earth intermetallics, the MAE is dominated by
the Np single-ion contribution, we can use the expres-
sion [41],

Ki = —3J(J - %)@2(])14202)

for the semi-quantitative MAE estimate. It yields
K;=9.3 meV per Np for the AF-I case, and K;=9.6
meV/Np for the FM case. The positive sign of the MAE
indicates the easy axis is indeed z-[001].

A recent neutron diffraction experiment revealed a
two-dimensional magnetic ordering for the isostructural
CePt;In; compound [42]. Since the crystal structure of
both materials is the same, it is plausible to expect some
similarities in their magnetic properties and to assume
that a layered magnetic superlattice appears below Ty
also in the three dimensional bulk NpPt,In;. In analogy
with CePt,In7, it is reasonable to assume the formation
of an in-plane checkerboard AF arrangement. In a body
centered tetragonal crystal structure the actual magnetic
order of the AF planes along the z-[001] axis will be
determined by competition of very weak interlayer in-
teractions, as indeed suggested by the small energy dif-
ference between the FM and AF configurations (see Ta-
ble 3). Also, it opens a possibility for metamagnetic
transitions in the external field, which can play an im-
portant role for the occurrence of the giant magnetore-
sistance. We emphasize that a direct determination of
the magnetic structure by neutron diffraction on a single
crystal of NpPt;In; would be essential to explore this
phenomenon further.

5. Conclusions

Our results indicate that NpPt;In; is a metallic an-
tiferromagnet with a prevalently localized character of
the Np magnetic moment, similarly to NpGoGas [8].
The compound orders magnetically at Ty = 23 K,
which was confirmed by all performed experiments.
From the magnetic susceptibility measurements, we es-
timated the Curie—Weiss temperature ey = —17 + 9 K
and the effective magnetic moment in the paramagnetic
phase as p.ry = 2.54 + 0.11 up, which is close to the
value calculated for trivalent neptunium in intermedi-
ate coupling scheme. Finally, we presented the re-
sults of a theoretical investigation of the compound, by
means of correlated band theory DFT+U method. The
calculations show very weak anti-ferromagnetic inter-
layer coupling between different Np-layers along the
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z-[001] axis, and suggest localized magnetic moments
and a positive uniaxial anisotropy. We propose that the
actual magnetic structure shows an in-plane checker-
board AF arrangement. We notice that in presence
of local moments in a quasi-two-dimensional antifer-
romagnetic structure a positive and large magnetoresis-
tance could emerge if the external magnetic field pro-
motes the formation of short-range antiferromagneti-
cally correlated regions embedded in a field-induced
ferromagnetic background. This has recently been pre-
dicted to occur in double perovskite systems [43] and
observed in half-metallic double-perovskite Sr,CrWOgq
thin films[44]. NpPt;In; could be a physical realization
of such an uncommon phenomenon and we plan to in-
vestigate it once a single crystal specimen will become
available.
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