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25-K phase transition in NpOz from Np Mossbauer spectroscopy
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Np Mossbauer spectroscopy in magnetic external fields up to 8 T and in the temperature range
1.5—160 K, demonstrates that Np02 remains paramagnetic well below T, =25 K. The specific-heat
anomaly, the cusp in magnetic susceptibility, and the changes in the shape of the Mossbauer spectra
observed at 25 K are attributed to a structural transition. Both the bulk susceptibility and the
Mossbauer data can be satisfactorily reproduced under the assumption of an inhomogeneous
compressional-expansional internal distortion of the oxygen sublattice. It is suggested that a mag-
netic ordering of Np02 is prevented (or at least depressed) by this competitive structural transition.

I. INTRODUCTION

Despite considerable experimental and theoretical ef-
fort, the nature of the phase transition occurring at
T, =25 K in cubic Np02 (CaF2-type structure) has
remained particularly puzzling: The temperature depen-
dence of magnetic susceptibility P(T) is characteristic for
a Neel transition to an antiferromagnetic state. ' On the
other hand, Np Mossbauer spectroscopy '" and neutron
elastic scattering either unambiguously rule out such a
magnetic ordering or indicate a fortuitous quenching of
the 3.0pz paramagnetic moment to an ordered moment of
less than 0.2pz or 0.01pz. The specific heat and the lat-
tice parameter reveal anomalies in their temperature
dependences at T, . Some of these results, i.e., the suscep-
tibility, and the specific-heat and lattice-parameter tern-
perature dependences, are strongly reminiscent of those
reported in the isostructural uranium oxyde UO2, for
which coinciding magnetic ordering and structural disor-
dering of the oxygen sublattice are safely established at
30.8K' "

On the other hand, the temperature dependence of X( T)
reported for AmOq is also in conflict with other results:
The magnetic transition which would be established from
X(T) for the Am +

( S) ion in AmOq (Ref. 12) contradicts
the results from Mossbauer (Ref. 13) and neutron spec-
troscopy, ' which rather safely rule out magnetic order.

Whereas much of the early discrepancies could conceiv-
ably be assigned to material problems related to
stoichiometry and/or radiation-damage defects, recent
studies have used high-quality single-crystal samples
without solving these inconsistencies.

Accepting the tetravalent valence state Np +
( I9r2) in

Np02 (which is clearly established from isomer-shift mea-
surements and also supported by neutron scattering form
factors), the whole of the results gathered in NpOz with
respect to the 25-K transition can be interpreted in terms
of either an antiferromagnetic (or noncolinear) magnetic
ordering, with a coincident quenching of the magnetic

moment to a nearly zero value, or to a structural order-
disorder transition of the oxygen sublattice, which would
induce a singular temperature dependence of X(T) below
T, via electronic rearrangement. '

The present work concerns new experimental develop-
ments of Np Mossbauer spectroscopy in powdered
polycrystalline or single-crystal samples of Np02, with
the purpose of elucidating the phase transition occurring
at T, in this compound: local susceptibility measure-
ments, accessible from external-magnetic-field Mossbauer
spectroscopy at temperatures from 1.5 to 160 K, unambi-
guously characterize the paramagnetic nature of NpOz
persisting well below T, =25 K. The transition is as-
signed to an order-disorder transition of the oxygen sub-
lattice, which would induce below T, a splitting of the cu-
bic crystal-field multiplets such as to reduce X(T) on de-
creasing the temperature. A theoretical treatment of the
crystal-field effects arising from the local-symmetry per-
turbation, similar to the one reported for UQ2, ' '" allows
a consistent representation for both the present new re-
sults and the previously published ones;

II. EXPERIMENTAL CONSIDERATIONS

For the present set of experiments, several samples of
Np02 have been used, i.e., polycrystalline material or
crushed single-crystal material of the same batch as used
for the susceptibility measurements and for the neutron-
diffraction experiments. (Note that the present single-
crystal sample is from the same batch as the one reported
in Ref. 4, but of slightly smaller thickness. ) Structural
and analytical considerations confirm the stoichiometry of
the samples. For Mossbauer spectroscopy experiments,
the samples were mounted in doubly encapsulated alumi-
num containers, sealed by electron-beam welding, with a
uniform absorber superficial mass of 100 mg Np/cm
over a diameter of 13 mm. The absorber temperature is
changed continuously from 1.5 to 300 K with a precision
better than 0.5 K over the duration of a measurement by
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using an anticryostat with regulated heating. The 100-
241mCi source of Am metal is moved sinusoidally at 4.2 K

(or 1.5 K). The absorber could be placed in an external
magnetic field up to 8.5 T provided by a superconducting
solenoid, at any temperature between 4.2 and 180 K. A
compensation coil ensured zero fringing field at the level
of the source; this is an essential aspect for the type of ex-
periments considered since large broadenings are observed
under magnetic field for Np impurities diluted in Am
metal probably via a Kondo mechanism. ' For detection
of the 59.6-keV y radiation we used an intrinsic Ge diode.

The data are computer fitted to either single-line, quad-
rupole, or magnetic hyperfine interactions. In the latter
case, the spectral line shape is calculated with no approxi-
mation (except for intensity saturation effects due to finite
absorber thickness), by calculating the transition energies
and intensities after diagonalization of the nuclear hyper-
fine matrices, including an anisotropic magnetic hyperfine

b 1

interaction for the external-field data below T (see
e ow). The result is convoluted with a Lorentzian line

shape modified by a dispersion term for each individual
component, the full width at half maximum (FWHM) be-
ing taken to the constant value measured above TC

( 8' =2.93+0.03 mm/s), which also is close to the
minimum measured value. The broadening of the mea-
sured 8' in comparison to the theoretical value is assigned
to the result of radiation-damage effects in the source ma-

4tenal. The validity of such a broadened Lorentzian line
shape is consistently established from many earlier stud-
ies; in particular, from investigations of absorber materi-
als presenting resolved quadrupole or magnetic hyperfine
splittings. The dispersion modification of the Lorentzian
line shape arises from the interference between nuclear ab-
sorption followed by internal conversion and photoelectric
absorption, which is large for an E1 Mossbauer trans'-

17
ransi-

tion; the dispersion term of the resulting line shape,
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FIG. 1. Temperature dependence of the Np Mossbauer
spectra of crushed single-crystal NpOp pp. The solid lines
represent the result of computer fits, i.e., single resonance line
above T, =25 K and quadrupole splitting below T, .
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(Er is the transition energy, U the relative Doppler veloci-
ty between source and absorber, c the velocity of light,
and the resonance occurs at u=0), is found experimentally
to be 2/=0. 055, in agreement with theoretical estimate.

III. EXPERIMENTAL RESULTS
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Zero-external-field measurements above T„ from 26 to
200 K, are well represented by a single, dispersion-
corrected, Lorentzian absorption, for both single-crystal
and polycrystalline powder samples (Fig. 1). The single-
line width 8'sL changes from 2.70+0.03 to 2.93+0.03
mm/s from 200 to 26 K (Fig. 2), due primarily to
effective-absorber-thickness (no.uf~) changes via change
of the recoil-free fraction (n is the number of resonant
atoms per unit surface, o.o, the absorption cross section,
and f~ the absorber recoil-free fraction). The isomer shift
(its ——7.70+0.05 mm/s against Am metal) is clearly
characteristic for the Np + valence configuration.

Zero-field data below T, essentially reveal a sudden
broadening of the single absorption line (Figs. 1 and 2).
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FIG. 2. Temperature dependence of the pseudolinewidth
( 8'sL) when assuming a single-line fit over the whole tempera-
ture range for a powdered single crystal of NpOq. Inset: Tem-
perature dependence of the quadrupole coupling constant e~qg
determined from zero-field measurements (Fig. 1). The dotted
lines serve merely as a guide to the eye.
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Similar to earlier reports, ' the broadening is found to be
sample dependent, without detectable correlation to any
physical or chemical parameters of the compound. These
data are perfectly represented in terms of a mere quadru-
pole splitting of the —', and —', nuclear levels, yielding,
of course, slightly different quadrupole coupling constants
for the different samples (Figs. 1 and 2). The powdered
single-crystal sample NpO2 can be considered as the most
reliable material for representing the intrinsic properties:
For this sample, a quadrupole coupling constant of
e qg =5.1+0.2 mm/s (236 MHz) is deduced at 4.2 K.
The onset of a magnetic hyperfine splitting, with an effec-
tive field (Bhr) of only 4.6 T at 4.2 K (Refs. 3 and 4) and
no quadrupole interaction, cannot be definitely ruled out,
although yielding a slightly worse quality of fit.

External-magnetic-field (B) data above T„up to 180
K, are well analyzed in terms of an effective field (B,ff)
acting at the Np + nucleus with the nuclear spin polar-
ized along the external field direction (in our geometry,
parallel to the y-ray direction) (Fig. 3). This allows the
measurement of a local magnetic susceptibility B,ff/B,
whose temperature dependence is found to follow closely
the bulk magnetic susceptibility.

Several interpretations may be considered for the
external-field results below T, : Bulk antiferromagnetism
would result in a superposition of two magnetic subspec-
tra with effective fields Bh~+B and polarization of the
electronic moment along the external field (or perpendicu-
lar in the hypothesis of a metamagnetic transition). Data
analysis along such a model unambiguously delivers in-
consistent results as far as the values obtained for B ff in
the several 8 at various temperatures T are concerned. A
canted spin magnetic ordering would deliver essentially
similar results. In the situation of a spin-glass state, the
spectra would essentially be unchanged by an external
field, contrary to experiment.

On the other hand, a very good representation of the
whole of the experimental results (Fig. 3) is achieved
under the assumption of a quadrupole splitting occurring
below T„with a random orientation between the
electric-field-gradient (EFG) principal axis and the effec-
tive field, B,ff being anisotropic as predicted from an
electronic model discussed below [B,rr =B +Bhf(0),
where 0 represents the orientation of B with respect to the
crystalline-electric-field (CEF) axes and Bhr depends on
this angle below T, ]. The electronic model discussed in
Sec. IV predicts the appearance of two sets of EFG's of
equal intensity with opposite sign and a nearly equal
modulus below T, . The anisotropic magnetic moment
pz(6) is calculated from this model and allows calcula-
tion of the anisotropic Bhr(9). Very good and consistent
agreement is indeed achieved by using this model of hy-
perfine interactions, despite the small number of free pa-
rameters (Fig. 3).

In summary, the present external-magnetic-field results
unambiguously rule out the occurrence of collective mag-
netic order below T, ; on the other hand, a very good rep-
resentation of the results is reached by assuming a
structural transition occurring at T, . This induces the ap-
pearance of an EFG at the Np nuclei below T, . The
low-temperature results in external magnetic field
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FIG. 3. Np Mossbauer spectra of Np020o in an applied

magnetic field at various temperatures. The solid lines corre-
spond to computer fits, i.e., a simple effective-field situation
above T, =25 K; below T„spectra are calculated for two quad-
rupole interactions with anisotropic Bhf and random orientation
of the quantization axis with respect to the applied magnetic
field (see text).

( T & T, ) correspond to a paramagnetic situation with an
anisotropic B,rf The mo.del description for this analysis
is described in the next section.

IV. STRUCTURAL AND ELECTRONIC MODEL
FOR THE PHASE TRANSITION

The primary aim of this section is to provide a con-
sistent description for the whole of the experimental re-
sults available on the phase transition under consideration.
Since external-magnetic-field Mossbauer spectroscopy
data definitely rule out the presence of an ordered mo-
ment below T„a model must be searched for that ex-
plains the decrease of susceptibility, P(T) (Refs. 1 and 2),
below this temperature. This is found readily in terms of
a structural transition, causing a lowering of the symme-
try at the Np site, as indicated by the appearance of an
EFG below T, . There is no evidence for this transition
from neutron scattering and x-ray diffraction (except
for a slight decrease of the lattice parameter at T, ). This
suggests the occurrence of an order-disorder transition of
the oxygen sublattice only, similar to the one which is well
established in UO2 (nevertheless, in this compound, an
internal shear transition of the oxygen sublattice coincides
with an antiferromagnetic ordering). ' "'' '

A crystal-field model is developed hereafter in order to
represent the susceptibility and Mossbauer spectroscopy
results, similar to the elastic distortion model established
for UO2. At temperature T & T„ the CEF set up by the
eightfold cubic O coordination at the Np site is
described by the usual Hamiltonian (axis of quantization:
[001]):
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A c B——4/3J(r )(Op+504)+B6yJ(r )(06—2106), 10 X (emu/Mol)

B
- 3.5

where the (r") are radial moments of the Sf-electron
charge distribution, and aJ (used later), /3J, yJ, and 0„
are Stevens reduced matrix elements and operator
equivalents, respectively, within a given total-angular-
momentum J multiplet. Possible J mixing effects or de-
viations from the Russell-Saunders coupling scheme were
checked to be negligible as far as concerning the lowest
CEF level structure which, alone, is relevant for the con-
sidered properties. The ratio of the CEF parameters
B4/B6 is derived from the value known in UO2..

xUQ ——0.9 and yields xNpQ —0.74. ' ' The modulus

for B4(r ) is selected as 1600 K from an analysis of the
high-temperature X(T) data. Although this procedure is
known to be of limited sensitivity, it is applied in the ab-
sence of a direct measurement of CEF splittings within
the ground multiplet. Nevertheless, the estimate is ac-
ceptable when considering that it is intermediate between
extrapolations from the measured CEF splitting in Pr02
(which yields B4(r )=1300 K), from optical data on
Np + in Thoz ( —800 K), and from scaling of the value
of UO2 ( —5400 K). ' With the above parameters, Eq. (1)
provides a ground-state I 8

' quartet, followed by a I 8"
quartet at 1000 K and a I 6 doublet at 2600 K. The
single-ion magnetic susceptibility 7p is calculated by in-
cluding a Zeeman perturbation,

A z = —B'JzgJ/3 (2)

(8 is the applied magnetic field, gJ the Lande factor, and
/3, the Bohr magneton), and by considering both the direct
and Van Vleck contributions. The measured Curie-Weiss
behavior is well represented in the molecular-field ap-
proximation:

Xp

1+XpC
(3)

with a value for C=90+5 mol/emu, corresponding to a
Curie-Weiss temperature of —150+10 K. The proposed
set of parameters allows an excellent representation of the
experimental temperature dependence of X(T) above T,
[Fig. 4(a)). It is worth noting that g(T) and the normal-
ized hyperfine fields measured from Mossbauer spectros-
copy in an external field above T„

Bhf B,ff —B
(4)

are in good agreement when scaled linearly [Fig. 4(a)].
This is indeed predicted from the linear relationship be-
tween (Jz) and both the orbital and core polarization
contributions to Bhf. An extrapolation of the Bhf to the
free-ion value ((Jz ) = —, ) yields a value Bhr(FI) =690+50
T, which compares reasonably well with the earlier esti-
mate of 590 T. The latter value would be reached under
the assumption that the experimental absolute X(T) values
were too low by —10%. On the other hand, the accepted
free-ion value (590 T) also suffers from uncertainty since,
on one hand, it depends on calculated electronic parame-
ters, or, alternatively, relies on the extrapolation of only a
few experimental data points. The whole of the result
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FIG. 4. (a) Experimental g(T) (Ref. 2) (solid line) and calcu-
lated susceptibility (dashed line) [the electromagnetic units, left-
hand scale, are used for direct comparison with the experiment
(Ref. 2)]. The data symbols represent the normalized hyperfine
fields Bhf /B (right-hand scale) which are derived from the
Mossbauer data in several external fields (indicated by different
symbols). Below T, =25 K, the angular averaged Bhf are
represented. (b) Distortional parameter 6 (see text) chosen for
best agreement between model calculated and experimental g(T)
below T, =25 K.

50

indicates that the measured X(T) arises entirely from the
Np + contribution; in particular, a conceivable contribu-
tion from paramagnetic defects is ruled out since this
would even further enhance the evaluated Bhf(FI) and,
moreover, destroy the linear relationship between X(T)
and Bhf/B.

Below the transition temperature T„we assume an
internal distortion of the oxygen sublattice with the Np +
ions staying paramagnetic. The resulting local-symmetry
reduction induces an anisotropic magnetic moment (in
comparison to the isotropic situation occurring at
T ~ T, ), which leads to a reduced average moment of the
powder sample and hence accounts for the decrease of
X(T) below T, . The choice between the conceivable dis-
tortions (e.g. , the homogeneous "Allen" shear mode' or
inhomogeneous combinations of normal modes' ) is dic-
tated by the Mossbauer spectroscopy results, which defin-
itely rule out extreme anisotropy of the resulting ground
multiplet. Indeed, the spectra in an external field are rela-
tively close to an "effective" field pattern, whereas ex-
treme anisotropy of the magnetic moment (e.g. , pq —0)
would cause a wider distribution of B,ff than observed ex-
perimentally. These considerations rule out distortions
which would split the I 8

' ground multiplet into extreme-
ly anisotropic Kramers doublets.

A consistent description for both the Mossbauer and
g(T) results is found under assumption of a longitudinal
A,g+Eg distortion mode of the oxygen sublattice (Fig. 5).
This involves a compression of one-half of the oxygen
coordination units and an equal expansion of the other
half.

The proposed mechanism involves a perturbation of the
cubic CEF Hamiltonian [Eq. (1)], which is evaluated to
second order as a function of the displacement of the oxy-
gen sublattice 5=3,a/a (a is the cubic lattice constant)
with a point-charge model as
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8Ze Z2
az(r )p(5 ——,5 )02+ PJp(r )[(—', 5+105 )O~+( ",'5 —705 )O4]

Z2
+ yJ(r )p[( —355+775 )06+(2315—775 )06] .

54d
(5)

The effective charges Ze of the oxygen atoms are at a
distance d from the Np ions. The fourth- and sixth-
order prefactors are readily substituted by using the
above-used values:

o 7 Zg p 1 Zg
d' ' 9 d'

A value of 18300 K is used for the term Ze (r )/d,
which corresponds to unscreened oxygen charges at a dis-
tance d=2.34 A. The parameter p represents an enhance-
ment of the distortional term by reference to the mere
point-charge model' and is taken as p = 10 for both
compressional and elongational distortions. One may note
that all uncertainties with respect to the value of p can
equivalently be represented by a different choice of effec-
tive charges or distortion amplitudes.

Using the extended CEF Hamiltonian [Eq. (5)], the sus-
ceptibilities are calculated along different crystal-lattice
reference directions. The bulk susceptibility is calculated
from averaging over all directions of the distortion axis
and for both modes, including the molecular-field param-
eter C determined from 7 above T, . For obtaining
reasonable agreement with the experimental susceptibili-
ties, we have to assume that 5 increases continuously
below T, up to about 5=0.02 below 10 K (Fig. 4). This
conclusion is also consistent with the Mossbauer spectro-
scopic results, which reveal a rather progressive increase
of e qQ below T, .

Notably, the calculations predict a rapid increase of
X,(T) at low temperature, even in case of a further in-
crease of 5. This is expected since one is dealing with a
Kramers ion. At the lowest reported temperature of g(T)
measurements (5 K), however, only a leveling off is ap-
parent. Apart from this deviation at lowest temperatures,
the model calculation accounts satisfactorily for the mea-
sured X( T).

The Mossbauer spectra in an external field are equally
well represented (Fig. 3) by the model when considering
the anisotropic magnetic moment, i.e., the predicted dis-
tribution of Bht. The distortion was assumed to Vary slow-
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FIG. 5. Structural distortion (elongation-compression) pro-
posed for the oxygen sublattice of Np02 below T, .

ly on the timescale of the hyperfine-interaction measure-
ment ( —10 s), i.e., the quadrupole interaction is not
averaged out to zero. The magnetic relaxation is found to
be fast, i.e., Bht represents a thermal average over the
lowest-lying CEF levels, such that Bhf o: (Jz ). This is a
reasonable mechanism in view of the composition of the
ground-multiplet wave functions including components

~

Jz+ I ). Tentative fits including magnetic fluctuations
of intermediate rate below T, improved the quality of the
analysis only slightly, yielding rates at the upper limit of
possible detection (=5&&10' s '). The EFG's at the
Np + ions in both the elongated and compressed coordi-
nation units are found to be of axial symmetry (in agree-
ment with the CEF distortion); the resulting sites present
e qg values (4 to 6 mm/s) of opposite signs and nearly
equal moduli, which also coincide with those deduced in
the absence of external field.

The CEF calculations predict positive and negative con-
tributions to the EFG's from the distorted 5f-electronic
shell for the expanded and compressed coordination units,
respectively. Data analysis rather favors an opposite as-
signment. This may conceivably arise from the lattice
contribution provided by the oxygen point charges, which
is of opposite sign and may dominate the Sf contribution.
A direct estimate for the respective contributions reveals a
dominant lattice effect for 6 & 0.005 when taking the
reasonable values of (1—y )=100 for the Sternheimer
antishielding factor and p = 10.

In Fig. 4(a) are also included the normalized hyperfine
fields [Eq. (4)] for T&25 K. For a comparison between
the macroscopic X( T) and this microscopic susceptibility,
we used the angular averaged B~~. Good agreement be-
tween bulk and Mossbauer data is hence observed both
above and below T, within experimental error.

In summary, the proposed model of an elongation-
compression structural disorder of the oxygen sublattice
in Np02 provides a quantitative representation for both
the bulk susceptibility and local external-magnetic-field
Mossbauer spectroscopy results, at least down to —10 K.
The predicted increase of X(T) below —8 K requires ex-
perimental testing; actually, our 1owest-temperature
Mossbauer results (4.2 K) in field and the lowest-
temperature g(T) data (5 K) indicate a leveling off of the
decreasing susceptibility as temperature decreases. Con-
sistent with the neutron-diffraction results, no ordered
magnetic moment occurs certainly down to 5 K and likely
down to 1.5 K [from the present zero-field Mossbauer re-
sults (Figs. 1 and 2)]. The broad peak in specific heat, the
smooth increase of the EFG's below a sharply defined T„
and the smooth decrease of X( T) below T, suggest a
second-order nature of the structural phase transition. It
may be noted that the slight decrease of the lattice con-
stant below 25 K cannot be explained in the frame of the
proposed model. On the other hand (although impossible
to interpret in the absence of understanding of the
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broadening of the Np resonance above T, and bemuse
of the large absorber thickness in comparison to theory),
the anomaly observed for the resonance intensity is rath-
er characteristic for a change of the phonon modes at T, .
Clearly, the reported experimental results concerning the
phase transition in NpOz cannot provide a direct unambi-
guous proof for the proposed mechanism. This would in-
volve elastic constant measurements or local-symmetry in-
formation as available from Raman and infrared spectros-
copy.

The absence of magnetic ordering in Np02 as compared
to UO2 is not understood precisely. However, the dif-
ferent electronic ground-state structures and the different
structural disordering of the oxygen sublattice may ac-
count for the different magnetic behaviors. As pointed
out in the calculations for UOz, ' a strong enough
structural distortion may suppress the onset of magnetic
order. However, a self-consistent treatment of the coun-
terplay of elastic, magnetoelastic, and magnetic energies
seems impossible at this stage since elastic data are not
available. In this context it is of interest to note the report
of magnetic order in the (Np U& )02 solid solution, with
reasonably large saturation hyperfine fields at the Np +

site (100—120 T). However, the mechanism of ordering
may be complicated in these solid solutions because of the
combined frustration of the structural disorder and of
magnetism. The reported absence of magnetic hyperfine
interaction for very dilute Np atoms in the UOz host
is considered as nonsignificant since the radiation damage
preceding the formation of the Np atom by nuclear reac-
tion may likely disturb the magnetic superexchange paths
via atomic disorder and bond rupture. We have found
similar inconsistent results in a Mossbauer emission spec-
troscopy study of Np formed by u decay of 'Am di-
luted in UOq (3%), which failed to reveal magnetism
down to 4.2 K, again because of the disruptive conse-
quences of the recoil effects.

V. SUMMARY AND CONCLUSIONS

The presented Mossbauer data in applied magnetic field
reveal that Np02 remains paramagnetic well below
T, =25 K, in agreement with neutron-scattering results.
The anomaly in specific heat, the cusp in magnetic sus-
ceptibility, and changes in the shape of the Mossbauer
spectra are assigned to a structural transition at this tem-
perature. Similar to the case of UO2, an inhomogeneous
internal distortion of the oxygen sublattice is invoked in
Np02.. In contrast to the combined shear and rotational
mode demonstrated for UO2, ' a compressional-
expansional mode provides better agreement with experi-
ment. Both bulk susceptibility and Mossbauer data are
reproduced quantitatively using a simple crystal-field
model. However, the model predicts an increase of the
susceptibility below -8 K, whereas the experimental data
rather reveal a leveling off.

It is proposed that Np02 represents a system with com-
petition between magnetic interactions and cooperative
distortional forces. In contrast to UO2 the magnetic in-
teraction is overwhelmed (at least down to —1.5 K) by the
gain in energy due. to the distortion of the oxygen sublat-
tice. Whether the structural transition is driven by a
Jahn-Teller effect (lifting the degeneracy of the I 8

'

ground state) or by an ordering of the Np + ion quadru-
poles cannot be decided. In particular, low-temperature
elastic constants would be necessary for an unequivocal
assignment of the distortion.
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