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Abstract

Polycrystalline samples @&V ,Al» (A = Ce, Th, U, Np, Pu; 0Z x < 1.0) actinide intermetallics were synthesized gisire arc-
melting method. Crystal structure studies were peréal by means of powder x-ray diffraction and thet®ild refinement method. All
studied compounds crystallize in the Cg&CTyy-type structure (space group Fd-3m, no. 227) withdctinoid and Ce atom located in the
oversized icosahedral cage formed by Al atoms. Coisgra of the crystallographic results with the rgpd data for LnYAl (Ln =
lanthanoids) counterparts reveals distinctly déferbehaviour of the lanthanoid- and actinoid-bepgompounds. This difference is
suggested to be caused by fairly localized charadtthe 4 electrons, whereas itinerant character of theléctrons is likely seen for U-
and Np-containing phases. Magnetic susceptibilitgt apecific heat measurements did not reveal argnet ordering in VAl 5,
Npo.aV Al and PygV,Al 5o down to 2.5 K. A small anomaly in low-temperatspecific heat of GgV Al g, Ug gV Al 50, and N gV Al 5o
is observed, likely arising from a low-energy E@istmode.

Keywords:actinide alloys and compounds, intermetallics, tefystructure

1. Introduction

The CeCjsAl,-type aluminide family have attracted much attemtitue to observation of various physical phenomena,
including antiferromagnetic ordering [1-4], itinataferromagnetism [5,6] and heavy fermion behayib,7]. Several
CeChrAl g type superconductors were also reported [8—12hesof which show coexistence of superconductinte stath
qguadrupolar magnetic ordering [10,11]. Recentlywds shown that the so-called “rattling” effect canhance the
superconducting transition temperaturd&ip,Al,,, whereR is a non-magnetic rare earth (Sc, Lu, Y) [12].

The group of CeGAltype intermetallics was discovered in late 196(B,14]. In the unit cell of Ce@hl,, (face-
centered cubic system, ggd-3m no. 227), Ce (@ atoms are positioned in icosahedral cages fortmyefll atoms, while Cr
(16d) atoms form a pyrochlore lattice (see Fig. 1(a)).

Fig. 1. (a) The unit cell of Ce@l.o-type PysV-Alx compound. Pu atoms (gray) occupy Bai4,'%) position and are surrounded by 16 Al atoms (green
blue), forming an oversized icosahedral cage. @nat(red) are located atd 6/,%,%%) site, and form a pyrochlore lattice. Alras occupy 16 48, and
96g positions. (b) Local structure of Pu atoms (gii@yPw sV-Al .0 compound. The Pu atom is surrounded by 16 Al atdndg1(16c), blue and 12
Al3(96g), green. The neighboring Pudpolyhedra share one All(¢Batom. Note that Al1-Pu and Al3-Pu distances miffgrdsignificantly (see Table 1).
The image was rendered using VESTA [15].



The family of CeCjAl ,o-type compounds include more than 80 intermetakioswn to date, based on Al, Zn, and Cd,
with different 31, 4d, and % metals in Cr position and variety of electropesitelements replacing Ce (Ca, rare earth metals,
Th, U, Zr, Hf, Nb, Al, and Ga). The reports on aotd-containing CeGAl,o-type compounds are inevitably scarce and
limited to Th and U, due to the radioactivity ansviavailability of heavier actinide elements. Halet al. [16] reported the
synthesis and characterization of V., X-ray diffraction (XRD) and scanning electron naiscope investigations have
shown, however, that the sample contained some mtmrafuUAl, and Al-U solid solution. This suggested that tkalr
composition could be slightly sub-stoichiometri@dently Uzielet al.[17] studied TH,Al o (T = Ti-Fe) materials, revealing
that the CeGAl,x-type phase is obtained only with= Ti, V, Cr. The only known Mn-bearing Cefi,-type aluminide,
UMn,Al,, was established to exhibit an itinerant ferromaigrieehaviour [5,6].

In this study we report the results on synthesid arystal structure studies @V,Al,, (A = Ce, Th, U, Np, Pu)
intermetallics along with the physical propertiek tbe selected compounds, including the two firsCBAl,-type
compounds containing transuranium elements, nalgjyV,Al,, and Py gV oAl 5.

2. Materials and Methods

Polycrystalline samples of the materials studiedewprepared by arc-melting using vanadium (puriy8%) and
aluminum (purity 99.999%) as reagents. ThregVpAl,, (X = 0.8-1.0) samples were prepared with thoripuorify 99.6%).
The synthesis was performed in three steps: (Ipapation of VAL binary phase, (2) melting of the obtained alloyhwi
additional aluminum quantity appropriate to obtsial o, and (3) melting the VA} sample with thorium. The resulting
ingot was remelted several times to ensure goocheneity.

UV,AlL, (X = 0.7-1.0) and G¥ Al (x = 0.5-1.0) were synthesized using uranium §gu®B.8%) or cerium (purity
99.9%) metals, which in the first step were melgth V and approximately one third of the total édntent, and then
remelted with appropriate amount of Al to obtain pV4, stoichiometry.

In the case of NJW,Al,, (X = 0.7-0.8) and RuV,Al,o binary aluminides NpAI[18] and PuAd [19] were taken as
precursors. The melting process involved multigeps: (1) preparation of VAbinary compound, (2) melting VAlwith
NpAl, and PuA, (3) adding Al (in two steps), and (4) gently rédting three times to promote homogeneity. Arc nmgjti
was performed in high purity argon atmosphere im@rfurnace placed in radiation-protective gloe filled with neutral
gas (nitrogen).

As cast samples were wrapped in tantalum foil,esbal evacuated quartz tubes and annealed for 3RNpor 4 weeks
(Ce, Th, U) at 645°C. This annealing temperature gfsen due to the fact that the melting temperattipure Al metal is
661°C.

Crystallographic structure of Np- and Pu-containgagnples were determined by powder x-ray diffrac{ipXRD) at
room temperature on a Bruker D8 Focus diffractometquipped with a Cu K source and a germanium (111)
monochromator running in a glove box for measurdgmen transuranium compounds. To avoid contaminadfcthe glove
box, the powdered specimens were embedded in egary The Ce-, Th- and U-containing samples weraréned using
X'Pert PRO powder x-ray diffractometer with Cu, Kadiation. The structural parameters were refibgdneans of the
Rietveld method [20] using the FullProf package][21

Magnetic susceptibility measurements opglbAl,, NpogVoAlL and PygV,Al,, were conducted using a Quantum
Design MPMS-7 T superconducting quantum interfeeedevice (SQUID) magnetometer. Samples were heklériglas
tubes. Raw longitudinal magnetization data have loeerected for diamagnetic contributions and saddlitional signal due
to sample holder. The magnetization of g\W,Al,, and NpgV,Al,, was measured from 2 to 300 K. In the case of
Puw.gV,Al 5 due to radiation heating, the lowest achievedtature was 3.5 K.

Specific heat measurements were done employingaai@on Design PPMS-9 platform using the standarteRixation
method. The experiments were performed from 30@Wrdto 1.9 K (CggV,Al,g), 2.0 K (WhgVAl L), 2.1 K (Np.gV2Al 20),
2.5 K (PygV,Al,), and 0.4 K (ThgVAlL). NpygV Al and PygV,Al,, samples were encapsulated in the heat conducting
STYCAST 2850 FT resin to prevent the release obeeative material [22,23]. The heat capacity dagwescorrected for the
contribution of the encapsulation material by usaingempirical relation determined previously [24].

3. Results and discussion

Powder x-ray diffraction patterns indicated faibigh quality of the annealed samples with concéiotmeof theM atom
x = 0.8. StoichiometricAV,Al,, (A = Ce, Th, U) compounds have not been obtainedchwisiuggests that some
substoichiometry (x < 1) is required in order td geemically pure samples. This finding is in liwéh the previous report
on UVLAI 5 [16]. We found that nominally stoichiometric C&,, and Th\Al o contained small amount of an unidentified
impurity, possibly binary Ce-Al and Th-Al compoundsspectively. Some impurity peaks were obsermedRD pattern of
Tho gV ,Al 5 that can be assigned to the monoclinidNs binary phase [25]. An effort to synthesize purd/ kAl with x <



0.7 was unsuccessful, with a secondary phase bbeasg likely VAl;o.x compound. The two Np-bearing samples contained a
trace of an unrecognized impurity phase, with NpAI,, exhibiting a significantly worse quality.

The crystallographic parameters derived from thet\Rid refinements of the structural model to matehpowder x-ray
diffraction data forAggV-Al» (A = Ce, Th, U, Np, Pu) are gathered in Table 1.sPMift the fits are shown in the
Supplementary Material (Figs. S1-S5). The fit failia factors Ry, Ryp andRey,) estimated for Np-bearing sample are much
higher than for the other materials, suggestingseauality of the structural model, that shouldtterefore considered as
only a rough approximation of the real structurecofparison of the cell parameter dependence oocoveent radius of the
cage-filling atom (Figure 2) reveals an essentidfledknce between the lanthanoid- and actinoid-@aimig AV Al
compounds. As expected, a positive relation is esefor (La, Pr-Lu)Al,, system as opposed to a negative trend
observed for (U, Np, PupAl,.. This behavior can be rationalized by tendencgfoélectrons towards delocalization, as
opposed to the mostly localized character of lamtte4 states. In the latter, the atomic size is the rpamrameter governing
the unit cell size, since most of the lanthanideare the +3 valency. In case of the former, theagized 5 electrons
contribute to the bonding, resulting in more conpsituctures. As the itinerancy of thé &lectrons decreases with
increasing atomic number and the two trends comveirgPy gV ,Al 5, in agreement with a common belief that Pu locates
a border of a localized-itinerant transition [26].

Both CggV,Al,, and ThgV,Al,, compounds deviate from the trend forming a thirdug (see Fig. 2(a)). This
phenomenon is likely caused by the +4 valency ofa@é Th, as one more electron is available for bapdeading to
smaller unit cell, compared to trivalent lanthasid€he tetravalent (nonmagnetic) nature of Ce W 8B&, was previously
observed in magnetic susceptibility measuremem=28. Figure 2(b) presents the cubic lattice pai@mversus occupancy
of the cage atom for Q&,Al,, ThV,Al,g and YV,Al,. A positive linear behavior is observed for botg\GAI,, and
TheV,Al 5 with the last points (x = 1.0) deviating from tinend. In contrary, for W/,Al,, the lattice parameter changes only
slightly, decreasing by just ca. 0.001 A from x.Z @ 0.9. Stoichiometric (x=1.0) samples havebesin obtained.
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Fig. 2. (a) Relation between a lattice constantradd of the cage-fillingA atom inAV,Al 5o intermetallic system. Three different groups aséaeable. The
data are taken from refs [12—14,16]. Samples mabkeiled balls are discussed in the manuscrigt BaveA, sV ,Al 5 Stoichiometry. The covalent radii are
used as a measure of atom sizes, not as an imdicEtbonding character. Note however, that theatietadii of lanthanides follow the same trend
(lanthanide contraction), and in case of the aidtisj the metallic radii also decrease with increpatomic number given the same number of localized

electrons [29,30]. (b) The dependence of the @ethmeter versus the concentration of the M atomhil ,Al 2o, C&V Al and UV Al The negative
dependence observed for the U series is much wéakeithe positive trend seen for Th and Ce seBielid lines are guides for eyes and a shadow megio
marks a multiphase region.



Table 1. Crystallographic structure parameter&,@¥ Al (A = Ce, Th, U, Np, Pu) obtained from Rietveld figpbwder diffraction data. Volumes of the
A-Al cages are calculated using VESTA software [Csjvalent radii are given after Corderpal.[31]. TheR<factors given in the table are conventional
Rietveld refinement reliability factors (correctied background), calculated only for points witheBg contributions. Reliability factors calculatedhout
correction for background are given in Table SSabplementary Material. For discussion of effedb@tkground in fit reliability assessment see refs.

[32,33].

CeneV Al | ThoeV Al | Ug.eV2Al | Npo.eV oAl 5 | Pug.eV Al 50

Space group Fd-3m (# 227)
Pearson symbol cF184
Z (number of formula units per unit cell) 8
Cell parameter (A) 14.5510(1) 14.5782(1) 14.4821(24.4920(1)| 14.5000(1
Cell volume (&) 3080.907 3098.210 3037.34P 3043.594 3048.625
Molar weight (g- mof) 753.6058 827.1435 831.9361 831.1130 836.7130
Density (g- crii) 3.295 3.547 3.639 3.628 3.646
A (8a) X=y=2z= 1/8
V (16d) X=y=2z= %
All (16c) X=y=2z= 0
Al2 (48 X = 0.4872(1) | 0.4885(1)] 0.4873(1) 0.4909(2)  0.4864(1)
y=z= 1/8
Al3 (96Qg) X=y= 0.0592(1) 0.0589(1)] 0.0592(1 0.0589(1) 0.0594(}1)
z= 0.3250(1) 0.3258(1)] 0.3242(1 0.3239(2) 0.3243(1)
A-A distance (A) 6.30 6.31 6.27 6.28 6.28
Hill limit (A) 3.4 - 3.4-3.6 3.25 3.4
A-Al distances: A-All (16c): 3.209 3.229 3.184 3.185 3.187
A-Al3 (969): 3.150 3.156 3.135 3.138 3.139
AverageA-Al(16c/96g) distance, &_%(A) 3.19 3.21 3.17 3.17 3.18
A-Al cage volume, Vaq (A% 93.84 95.27 91.87 92.00 92.18
Covalent radius of atom, Ry (A) 2.04 2.06 1.96 1.90 1.87
Raton/Reage 63.9% 64.2% 61.8% 59.9% 58.8%
Vaton! V cage 37.9% 38.4% 34.3% 31.2% 29.7%
Refinement reliability factors:
R, (%) 11.9 12.5 9.14 23.4 154
Rup (%) 9.26 8.40 9.42 16.8 9.83
Rexg (%) 5.02 6.42 4.52 114 7.47
1 (%) 3.40 1.71 4.34 2.16 1.73




TheAyggV,Al (A= Ce, Th, U, Np, Pu) samples were selected fahéurcharacterization. Both the transuranium eldémen
bearing samples show a linear weakly temperatupertéent character of the magnetic susceptibjlfy), as it is displayed
in Figure 3 (a). Previous studies oiid8l,, (T = Ti, Cr, Nb, Mo, and W) have also revealed a $imnadl nearly temperature-
independent magnetic susceptibility that signafieeiant character of Uf®lectrons [6,34—36]. The magnetic susceptibility
of Npo.sV2Al 0 is smaller than that of BV ,Al g resulting from lower density of states at the Fezmergy DOS(B), which
is proportional to the Pauli contribution to temgtere-independent susceptibility o §¥,Al,, however, does not fit this
scheme, as the susceptibility is ca. twice larpantin Pu compound, while lower DO%)Hs expected. This could be
explained by the presence of a paramagnetic impufiternatively, the enhanced susceptibility maysea from the
difference in the strength of electron correlatioifie presence of exchange interactions lead tormeadization of
susceptibility as compared to the free-electror cas

For each compound, no magnetic ordering is obseteeth to the lowest temperatures studied. Figu(k)3hows the
magnetization of gV ,Al,o measured at 5 K as a function magnetic field.n&dir dependence up to 7 T, without hysteresis,
corroborates a Pauli paramagnetic character odahgound. The weakly temperature dependent subdiptdf Ug gV Al 2o
could not be modelled with modified Curie-Weiss lanwd may arise from a minor contamination with paagnetic
impurities.
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Fig. 3. (a) Temperature dependence of the magsasiceptibilities((T) of Uy gV 2Al 20, Npo.sV2Al 20, and PysV Al 20 per mole of actinide atom at 7 T
magnetic field. No sign of magnetic ordering isetved (b) Plot of magnetization vs. applied fill¢H) for Uy sV ,Al 5o displaying a linear behaviour up to 7
T field.

The lack of local magnetic momentAg gV ,Al,, (A = U, Np, Pu) suggests delocalization and thusgttoybridization of
the ¥ states. The fodelocalization is possible via two hybridizatiorechanisms: diredtf or f-ligand [37]. The former is
typically observed when the separation betweenattimide atoms is below the Hill limit. In our cadbe inter-actinoid
distance is almost twice the Hill limit, and usisgnple reasoning, one should expect to observecalited magnetic
moment orA atoms. However, the assumption behind Hill plothé thef-f orbital overlap is the only parameter governing
the ¥ hybridization, and thus it does not account ferfthigand hybridization caused by overlap with orlstaf neighboring
atoms.

The f-ligand hybridization is expected to be strong ases where the coordination batoms is large [37]. In the
CeCpAl 5, aluminides the 8atom is surrounded by as many as 16 Al atoms avithveragé\-Al distance of around 3.2 A in
case of the actinide-bearing compounds (see Tgblmaking the structure favorable for delocalifedlectron behavior. In
fact, the Ce #istates in C&Al, (T = Ti, V, Cr) are found to show a highly hybridizetaracter compared to isostructural
CelrZny, in which valence instability is observed [38] dithlly CeT,Cdy, (T = Ni, Pd) in which Ce #hybridization is
weak and electrons are fairly localized [39]. Sariil, in UT,Al, (T = Ti, Cr, Nb, Mo, W) the belectrons are strongly
delocalized [6,34—-36] while in UR@d,, the large local magnetic moment suggests onlyakvgbridization [40], with Zn-
based compounds [41] falling in between the twameg.

The two observations: that delocalization is stevrfgr Al-based than for Cd- and Zn-based GAGk-type compounds,
and that this trend holds both for Ce and U, aragreement with general rules feligand hybridization summarized by
Koelling et al. [37] who pointed out that firstly, the charactdrthe ligand atom is primary in determining thetates
behaviour, leading to similarities between Ce andedring intermetallic compounds, and secondly the hybridization
affects strongly only early lanthanides and act@siddue to larger spatial extent of thevavefunction than in heavier
elements.



Considering the CeGAl o-type crystallographic structure and taking intoamt that the large spatial separation between
the & atoms (over 6 A) prevents the direct hybridizatie to lack of £5f overlap. one may conclude that the hybridization
between the fsstates and the orbitals of neighboring Al atonsgsificant and leads to strongly itinerant chéeac

It is worth noting that thé-ligand hybridization is said to be responsible ik of & moment in AuCgtype actinide
compounds: Ws (M = Ge, Rh, Ir) (see ref. [37] and references tmgrand NpM, (M = Ge, Rh) [42—-44]. In these cases, the
evidence for thefdigand hybridization scenario comes from both eipental and theoretical investigations [37,42,88,4

The specific heat ofygV,Alz (A = Th, U, Np, Pu) is shown in Figure 4 in the fooha GJ/T vs. T plot. The low-
temperature data was fitted using a relation shiovey. 1:

2=y +pT? (1)
wherey is the Sommerfeld electronic heat capacity coiefficand the second term accounts for the phonotribation. The
obtained values of significantly vary between the four compounds,giag from 25 to 88 mJ mdlK? for Th- and Np-
bearing sample, respectively. The lowess similar to the estimated= 26.5 mJ metK? for ScV,Al, [12]. The moderately
high value ofy for Npy gV2Al 20 and U gV -Al 59 suggests moderate electron-electron correlatibmsy value for U gVoAl 5 is
close to 60 mJ mdlK? observed in UNJAI o [36] and lower than 80 mJ mbK™ reported for UGHAIl o compound [34] in
which contribution of the Cr@®electrons at the Fermi level is responsible fom8wrfeld coefficient enhancement. The
contribution of Cr states atcHs also responsible for larger value yofobserved for ThGAl» (62 mJ mol K?) [34]
compared to TdeV,Al 5.

No sign of nuclear Schottky anomaly, commonly fodoidthe Np-based intermetallic compounds well abaw [46—49],
was observed in {LT), suggesting that the magnetic hyperfine field8ng on Np nuclei are weak. This is in agreemtit
the delocalized character of Np @ectrons. The Schottky anomaly may be observegtinower temperatures due to the
qguadrupole splitting of Np ground state by crystaktric field.
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Fig. 4. Low-temperature specific heat/afaV»Al , presented asd vs. T. Solid lines are linear fits to the experimentated Specific heat of Ggv Al
was not shown for clarity but is presented on big.

In a simple Debye model, the coefficighis related to the Debye temperat@gthrough the relation:

3 [12m*nR
Op = / Zﬁn )

wheren = 22.8 is the number of atoms per formula unit Brid the gas constant. The so-derived Debye tempesavary
from 244 K for Np compound to 449 K for J§V,Al,, (see Table 2). The values ®f are significantly smaller than those
estimated foRV,Al,, (R= Sc, Y, La, Lu), where they ranged from 502 KVLAI,g) to 536 K (Sc\Al»g) [12], however in
case of ThgV,Al,, Bp is similar as in ThGAIl,, (457 K) [34].

Table 2. Values of andp specific heat coefficients extracted from thedinfits to the QT vs. T data (see Fig. 4). Numbers in parentheses indicate
statistical uncertainty of the least significargidi

Ain Ag VAl oo Ce Th U Np Pu

y (mJ mol" K 28.7(1) 25.3(1) 68.2(5) 88.0(3) 40.7(9)
B (mJ mol" K% 1.69(1) 0.489(4) 1.19(3) 3.06(2) 1.10(9)
Op (K) 297(1) 449(1) 334(3) 244(1) 343(9)




The wide range o®p obtained for isostructural compounds indicates th@ phonon vibrations iAV,Al o do not exhibit a
guadratic frequency dependence assumed in the Dabglel. We have recently reported that the low-gyneptical modes
affect significantly the low temperature latticeesffic heat ofRV,Al 0 (R = Sc, Lu) [12], resulting in a deviation from the
linearity of the G/T vs. T relation well below th@p/50 limit. Similar situation likely arises in §v,Alo, Ug VAl and
Npo.gV2Al 50 for which a pronounced nonlinearity in thg/Tvs. T curve is observed (see fig. 5). For these threepowinds,
the low-temperature specific heat data can be appated by the formula

2(T?) =y, + fiT? + 4 LD ©)
In the above equatiort; is the contribution of a low-energy optical modesdribed by the Einstein phonon specific heat
model:
og)? 0 0 —2
Co(1) = 3nR () exp () (ex0 (5 - 1)) @

where®g is the Einstein temperature. The parameters difimed, gV ,Al 5 (A = Ce, U, Np) from fitting Eq. 1 and Eg. 3 to
the experimental data in the relevant temperatumgas are given in Table 3.

Table 3. Values of the parameters derived frormtthe low-temperature specific heat data of \pAl .. Fields written in bold correspond to the fitting

with eq. 3.
Ca.eVoAl 5 Ug.eV2Al 5 Npo.sval 20

v (MmJ mol" K2 28.7(1) 68.2(5) 88.0(3)
71 (MJ mol™* K?) 31.1(2) 68.1(5) 93.9(4)
B (mJ mol" K™% 1.69(1) 1.19(3) 3.06(2)
Op (K) 297(1) 334(3) 244(1)

B, (mJ mol™ K™ 1.01(1) 0.659(18) 1.78(2)
0p: (K) 353(2) 407(4) 292(1)

A- 10 () 0.78(3) 0.75(4) 2.21(7)
Qe (K) 17.0(2) 15.2(5) 20.1(2)

The Debye temperature found from fitting with Eqs30-70 K higher than that obtained from a sinipébye fit (cf. Fig.
4). The new value ddp for U-bearing compound is close to observed in &M} (381 K) [36] and lower than in UGkl 5o
(474 K) [34]. The observed Debye temperatures avst tikely affected by the presence of low-energysiein modes. Such
effect was observed in @&Al,, where the appearance of the Einstein mode waslated with a large drop i85 [50].

It is also worthwhile noting that the obtained \edwfO¢ are similar to®e = 21 K estimated for the compound (M
described as an ‘Einstein solid’ [51]. TAgrefactors are small, yet the curvatures of smeb#at caused by the presence of
low-energy modes are easily seen (see Fig. 5).
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Fig. 5. Fits (solid lines) to the low temperatupedfic heat of CgsV,Al 0 (blue squares), 44V Al (orange diamonds) and MY Al » (black circles).
Dashed lines show the linear fits (see Fig. 4).

The electronic heat capacity paramateferived from fit was used to extract the lattiegtpf specific heat of Ce-, Th-,
U- and Np-bearing compounds:



Clattice (T) = Cp (T) - }/T (5)

Figure 6 shows the lattice specific heat in therf@f Guucd/ T2 vs. log T plot in which the Einstein mode appesssa
broad peak, position of which correspond®todivided by a factor of ca. 5. The Einstein temp@mes estimated this way
are in good agreement with derived from specifiathits, confirming correctness of our approactse&ond Einstein mode
with ®g = 130 K, common for the four compounds is also sedhe plot. In a recent study the Einstein modmuad 130-
150 K was found in siRT,Al,, (R = La, Eu, Gd, T = Ti, V) compounds [52], thus stlikely a common feature of all
CeCpAl,p-type aluminides, however no lower Einstein modesanseen, at least for the La-bearing intermetalliche low-
energy mode observed in Ce-, U- and Np-bearing Emmp associated with the&tom, one would expect it to arise more
likely in systems with small atoms im®osition. This is in agreement with our observadicsince Ce, U, and Np are smaller
than La (see Fig. 2(a)). The low valuestgbrefactor, however, might suggest that the Einsteddes are associated with 8
site vacancies.
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Fig. 6. Lattice specific heat (i) Of AgsV2Al2 (A= Ce, Th, U, Np). The broad peaks seen for Cegrd-Np-compounds at 4-5 K correspond to the low
energy Einstein modes witde ca. 5 times larger than the peak position. Nate #ile second Einstein mode widg~ 130 K.

4. Conclusions

Four actinide intermetallic compounds, crystallgiim CeCpAl,o-type cage structure, were synthesized and chaizexde
Two of them, NpgV,Al and PygV,Al, are reported for the first time. An weak yet negatorrelation between the U
atom content (x) in W,Al,, and a lattice parameter was observed, contratlyet@ase of G¥,Al,, and THV,Al,, series.
Moreover, the actinoid-containinfy gV ,Al ,o compounds reveal a linear decrease in the lgtacameter with increasing the
covalent radius of thA element that is in sharp contrast with a positagroximately linear relation seen in the lanthano
bearing MVAAl,, materials. This behavior is likely caused by d#fet character of fjmostly itinerant) and f4(localized)
electrons.

Magnetic susceptibility measurements showed treagthinide atoms B, gV,Al,, (A = U, Np, Pu) carry no local magnetic
moment. The lack of magnetic moment was postulédedrise from a strong hybridization of thé éectrons with the
valence states of neighboring Al atoms. The valoégshe Sommerfeld coefficient extracted from theedfic heat
measurement varied significantly amidst the foumpounds, ranging from 25 to 94 mJ fd{? in Th- and Np-bearing
sample, respectively. The low-temperature spehiiat of CggV-Al, UpaV2Al 2, and Np gV oAl g shows a contribution of a
low-energy Einstein phonon mod®g~ 17, 15, and 20 K, respectively).

There are only two Np-containing superconductomvkmup to date, of which in only one (NpAth [53,54]) the 5 states
were found to contribute to the superconductivisp][ Since it was shown previously that the G&Gy structure is
favourable for superconductivity and that its preseis associated with the low-energy phonon modesge-filling atoms
[8,9,12], Np VAl is an excellent candidate for being a supercomdudtherefore measurements below 2 K are of high
interest.
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Highlights:

+ Crystal structures of AV,Aly (A= Ce, Th, U, Np, Pu) were studied using XRD,

» Physical properties of AggV2Alx (A = Ce, Th, U, Np, Pu) compounds were
investigated,

* U, Np and Pu compounds show strong 5f hybridization despite exceeding the Hill
limit,

» Low-energy Einstein phonon mode was observed in specific heat of Ceand Np
compounds,

* NposgV2Aly isapromising candidate for a Np-bearing superconductor.



