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ABSTRACT: UgAl4Sig is formed from the reaction of uranium
oxide and silicon in aluminum flux. Growth of this material is
dependent on the presence of surface hydroxyl groups on alumina
in the crucible. The compound forms as large cuboid crystals with
a complex new structure that is a cubic stuffed supercell of UAl,
(AuCu, parent structure type). It features a 4-fold expansion of the
unit cell axis and the addition of atoms on two extra positions
resulting in Pm3n symmetry. The ordered distribution of
aluminum and silicon was determined using single crystal neutron
diffraction. The magnetic susceptibility shows temperature
independent paramagnetic behavior, while heat capacity measure-
ments are consistent with Fermi liquid characteristics at low
temperatures where the Sommerfeld constant is enhanced in
comparison to that of a conventional metal. These bulk
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thermodynamic properties indicate that UgAl ¢Sis is an itinerant electron Pauli paramagnet with moderately enhanced mass

charge carrier quasiparticles.

B INTRODUCTION

The U—AI-Si system is of great interest due to its
technological importance. For example, the uranium fuel rods
in the BRI nuclear reactor in Belgium (active since 1956)
contain natural uranium slugs clad in aluminum. In the cladding
process, silicon is added as an impurity to create a U(ALSi),
layer that prevents the interdiffusion of uranium and
aluminum.' Uranium oxide is also used as a fuel in cermet
(ceramic/metal) reactors, dispersed into a metal matrix such as
aluminum or molybdenum.”® To understand the behavior of
these nuclear fuels (and facilitate their treatment as waste, once
spent), it is important to know what potential binary and
ternary phases might form at the interface of the uranium or
uranium oxide and the surrounding metal cladding or matrix.
Reactions of uranium or uranium oxide in aluminum flux will
shed light on possible phases occurring at U/Al interfaces and
offer insight into the quasi-binary UAl;—USi; system. Metal flux
reactions use a low melting metal or metal mixture in which
reactants dissolve and react with one another. Metal fluxes have
proven to be highly effective media for crystal growth of a wide
variety of complex intermetallics.”~” Aluminum is quite often a
reactive solvent when used as a flux—it is commonly
incorporated into products. This, and the high solubility and
reactivity of most elements in molten aluminum, leads to the
formation of multinary intermetallics such as CazAug, Al¢Ti,
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Yb, ;,FeAl; ;,Mgg,5Si;, YbAu,AlgSi, and GdsMgsFe,Al},Sig
from aluminum flux reactions.””"" Another very useful aspect
of molten aluminum is its strong reducing power; this allows
oxides to be used as reactants. For instance, reactions of ThO,
with Au and Si in aluminum flux led to three structurally related
products—Th,AuAlLSi;, Th,Au;Al,Si,, and ThyAuAlSi,."”
UAl; and USi; both have the cubic AuCu; structure type
(Pm3m)."> The uranium site is 12 coordinate, with all
surrounding U—X bond lengths identical (3.017 A for UAL;
2.853 A for USi;). Since UAL is isostructural with USi; (unit
cell parameters a = 4.2651 A and a = 4.0348 A, respectively),
one might expect the UAl;__Si, system to be isomorphous and
to follow Vegard’s law. However, several studies indicate a
nonlinear relationship between substitution and unit cell
parameters and a potential miscibility gap and supercell
71 In addition to interesting crystal chemistry,
the UAl;_,Si, system is also of interest for its magnetic

formation.

properties, which result from variations in the uranium f-
electron bandwidth and hybridization. USi; displays temper-
ature independent paramagnetism, UAl; exhibits spin fluctua-

Received: March 4, 2018
Revised: ~ May 16, 2018
Published: May 17, 2018

DOI: 10.1021/acs.chemmater.8b00948
Chem. Mater. 2018, 30, 3806—3812


pubs.acs.org/cm
http://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.chemmater.8b00948
http://dx.doi.org/10.1021/acs.chemmater.8b00948

Chemistry of Materials

Figure 1. Microscope images of UgAl ,Sig crystals grown from aluminum flux. (a) The single crystal used for neutron diffraction experiment under
Parabar oil on 1 mm grid paper. (b) A cuboid crystal showing aluminum oxide residue after NaOH etching. (c) Crystals growing off of a piece of

alumina cement.

tions, and certain compositions of UAl;_ Si, are reported to
become superconducting at low temperatures.'” "

In this work, we have discovered a new stuffed supercell
variant of UAl;__Si, that forms when uranium oxide reacts with
silicon in aluminum flux in the presence of high surface area
alumina. This new stuffed superstructure (UgAl,Sig [Z = 8],
Pm3n) has a 4-fold expansion of the unit cell edge and two
extra occupied sites that produce a U:(Al/Si) ratio of 1:3.125
instead of the expected 1:3. The ordered aluminum and silicon
siting were determined by single crystal neutron diffraction.
Magnetic susceptibility measurements reveal nearly temper-
ature independent behavior across the entire measured range.
Heat capacity measurements at low temperatures are consistent
with Fermi liquid behavior, where the Sommerfeld constant is
enhanced by comparison to that of a conventional metal. These
%r;%)elrgies are similar to what is seen for the parent compound

3

B EXPERIMENTAL PROCEDURE

Caution: All the uranium compounds used in these studies contained
depleted uranium; nonetheless, standard precautions were performed
for handling radioactive materials.

Synthesis. Silicon powder (Strem Chemicals, 99+%), uranium
dioxide powder (Gallard-Schlesinger Chemical Mfg. Corp., 99.95%),
and aluminum slugs (3.125 mm diameter X 6.35 mm length, Alfa-
Aesar, 99.99%) were combined in alumina crucibles in 1—5:0.5:30
mole ratios. The alumina crucibles were made from alumina tubing
(Coorstek, 0.7 cm ID, S cm length) open-ended on the top and closed
with cement on the bottom (Applied Test Systems, Inc. EA139
alumina embedding cement was baked onto the bottom of the
crucibles overnight at 1000 °C). The loaded crucibles were placed in
fused silica tubes and sealed under vacuum (~90 mTorr). The
ampules were heated in a box furnace to 1000 °C in 12 h, held at 1000
°C for 24 h, cooled to 660 °C in 48 h, and then cooled to room
temperature by turning the furnace off. The crucibles were then
removed from the silica tubes and put into a 5 M NaOH solution
overnight to etch the Al flux from the products. The NaOH solution
was removed via three washes with DI water followed by one wash
with acetone. The crystals removed from the alumina crucibles were
cuboids coated with a white oxide powder (see Figure 1).

In addition to etching with NaOH, separation of crystals from flux
via centrifugation was explored. In this method the same reaction
ratios and vacuum sealing were employed; however, a wad of quartz
wool was placed in the silica tube approximately 2—3 cm above the
alumina crucible (before vacuum sealing) to act as a filter during the
subsequent centrifugation process. These reactions were heated to
1000 °C in 12 h, held at 1000 °C for 24 h, then cooled to 800 °C in 48
h, and then centrifuged at that temperature. During the centrifugation
process, the reactions are quickly taken out of the furnace (while the
flux is still molten), inverted, and centrifuged for 1 min. In this process,
the liquid flux runs through the quartz wool while the crystals adhere
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to the inside of the alumina crucible. Reactions centrifuged at 750 °C
yielded no solid product, indicating that UgAl,Sis crystallizes below
this temperature.

Elemental Analysis: SEM-EDS. Elemental analysis was performed
on samples using a FEI NOVA 400 scanning electron microscope
coupled with energy-dispersive X-ray spectroscopy (SEM-EDS). Flux-
grown crystals were affixed to an aluminum SEM-EDS puck using
double-sided carbon tape, cleaved with a razor blade to expose inside
surfaces, and positioned so that the cleaved surfaces were
perpendicular to the electron beam. Analysis of all samples used 30
KV accelerating voltage and an accumulation time of 60s. The majority
of samples analyzed showed atomic percentages in the following
ranges: U = 25-29%, Al = 51—54%, and Si = 17-24%.

Structural Characterization: X-ray Diffraction. A large crystal
that had been previously analyzed by SEM-EDS was placed in Parabar
oil (Hampton Research) and broken into smaller pieces with a razor
blade under a light microscope. A roughly spheroidal fragment was
selected and affixed to a MiTeGen tip (using the Parabar oil as
adhesive). Single crystal X-ray diffraction (SC-XRD) data were
collected at 158 K using a Bruker APEX 2 CCD diffractometer with
a Mo Ka radiation source. The data were processed using the
SHELXTL software package.”® The structure was refined in cubic
space group Pm3n; data collection and refinement parameters are
found in Table 1. All light atom sites were initially refined as
aluminum; since aluminum and silicon cannot be distinguished by
XRD, selected sites were assigned as silicon based on the presence of
shorter distances to nearby uranium sites. Because of the larger
difference in neutron scattering factors for aluminum and silicon,
neutron diffraction was carried out to determine Al and Si siting (see
below). Powder X-ray diffraction data were also collected at room

Table 1. Crystallographic Information and Data Collection
Parameters for UgAl,,Sis Crystals

UsAl4Sig, X-ray

U,Al 0Sig, X-ra and neutron data
data (crystal J (crystal 2)
space group Pm3n
cell edge (A) 16.805(1) 16.835(2)
vV (A% 4746.0(7) 4771.2(8)
VA 8
density, theor. (g/cm®) 7.237 7.198
radiation, wavelength (A) 0.71073 0.71073
temperature (K) 158 150
reflections 83885 78924
unique reflections 1338 1339
data/parameters 1338/66 1339/66
u (mm™) 55.40 55.10
Ry/wR, (I > 26(1)) 0.0154/0.0331  0.0282/0.0692
Ry/wR, (all data) 0.0398/0.0405  0.0400/0.0756
largest residual peak/hole (e-A3) 1.34/-1.09 2.36/-1.88
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Table 2. Atom Positions, Thermal Parameters (from SCXRD data collected at 150 K), and Site Occupancies (from neutron

diffraction at 150 K) for UgAl,,Sis”

atom Wyckoft site x y

Ul 481 0.38161(2) 0.36641(2)
U2 16i 0.38234(2) 0.38234(2)
Sil 12f 1/2 0.3449(2)
Si2 24k 0.3436(2) 0.2512(2)
Si3 12¢ 1/2 0.4062(2)
All 24k 0.2445(2) 0.3776(2)
A2 12f 1/2 1/2

Al3 24k 0.2487(2) 0.1267(2)
Al4 24k 0.1266(2) 0.2565(2)
Als 481 0.2431(1) 0.2506(1)
Al6 12h 0.1298(3) 1/2

Al7 6¢ 1/2 1/4

Al8 2a 1/2 1/2

“U,q is defined as one third of the trace of the orthogonalized Uj tensor.

z occupancy Ueq
0.11825(2) 1 0.0013(1)
0.38234(2) 1 0.0013(1)
1/2 1 0.0015(6)
0 1 0.0024(5)
0 1 0.0021(7)
0 1 0.0026(6)
0.1318(2) 1 0.0017(7)
0 0.86(8) Al/0.14(8) Si 0.0021(5)
0 1 0.0020(6)
0.1265(1) 1 0.0028(4)
0 1 0.0024(8)
0 1 0.004(1)
1/2 0.91(5) Al 0.005(2)

temperature on ground up reaction products using a PANalytical
X’Pert PRO powder diffractometer with a Cu Ka radiation source. The
resulting powder patterns were compared to the pattern calculated
based on the structure derived from the single crystal diffraction study
(see Figure S1 in Supporting Information).

Neutron Diffraction. Neutron diffraction data were collected on a
single crystal (spheroidal, 2 mm in diameter; see Figure 1) at the four-
circle diffractometer HB-3A at the High Flux Isotope Reactor at Oak
Ridge National Laboratory. Data were collected at 150 K with the
neutron wavelength of 1.546 A from a bent perfect Si-220
monochromator.”’ A pyrolytic graphite filter was used to remove
the A/2 neutrons. The structure refinement was carried out using
FullProf and was based on 150 merged reflections.”” To facilitate
accurate refinement of site occupancies, single crystal X-ray diffraction
data were collected at 150 K (method as described above) for a
fragment of the same crystal. The positions and thermal parameters
from the SCXRD structure refinement were used in the refinement of
the neutron diffraction data. The occupancies were the only
parameters to be refined with the neutron data. With the exception
of the Al3 and Al8 sites, all light element sites were 100% occupied by
one element within standard deviation; their occupancies were
therefore fixed to 100%. Details of these data collections are listed
in Table 1. Resulting atom positions and occupancy parameters are
shown in Table 2.

Magnetization and Heat Capacity Measurements. Temper-
ature- and field-dependent magnetization measurements were carried
out on several individual single crystals at temperatures from 1.8—300
K under an applied magnetic field of 1 kOe using a Quantum Design
VSM Magnetic Property Measurement System (see Figure S2,
Supporting Information). Heat capacity data were collected from
1.8—120 K using a Quantum Design Physical Property Measurement
System. These measurements were performed at the National High
Magnetic Field Laboratory DC field user facility using standard
cryostats.

B RESULTS AND DISCUSSION

Synthesis. The flux reaction that produces UgAl,Sig is
dependent on two unusual parameters. Uranium oxide (UO,)
is required as a reactant; the aluminum flux acts as both a
solvent and a reducing agent. If uranium metal is used instead, a
U(Al_,Si,) product with a previously reported tetragonal
supercell is formed (I4/mmm, a = 83471 A, ¢ = 16.8089
A)."™" Another crucial synthesis parameter is the presence of
high surface area alumina. The alumina crucibles used in this
work are formed from S cm lengths of alumina tubing that are
closed on the bottom with a plug of alumina cement; this
cement is applied and then fired at 1000 °C. The product
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appears to grow from the surface of this cement. If it is not
present (if cast alumina crucibles are used), only solids with the
UAl, structure (Pm3m, a = 4.2 A) are formed. If cast alumina
crucibles are used but pieces of fired cement are added,
UgAl oS4 is formed; the crystals grow off the piece of added
cement (see Figure 1lc). Representative pieces of this fired
cement were analyzed by elemental analysis and powder XRD.
These data indicate it is comprised of Al,O; in the
rhombohedral a-phase (R3c). This is identical to the
composition of the crucible body.

Many examples of reaction of a metal flux with a crucible
material have been reported. This can either be detrimental,
leading to contamination of desired products, or adventitious,
leading to unexpected new materials.”> Some recent examples
of the latter are the leaching of iron out of steel crucibles, which
produced an unusual nitridoferrate(I) Caz(Li,Fe;_,)Te,Nj, and
the partial reduction of alumina crucibles by a strongly reducin
rare-earth based flux, which produced NdgCo,_,Al,Ge,C;.***
However, this synthesis of UgAl,Si4 is notable in that it appears
that it is the surface composition of the alumina that is critical.
This may be due to the higher surface area and concentration of
hydroxyl groups on the surface of the alumina cement,
compared to the denser walls of the crucible. To further test
this, reactions were carried out in cast crucibles with no cement,
but with alumina powder added: either 0.5 or 3 mmol of Al,O;
(Alfa-Aesar, 99.99%, 40 ym) added to a 0.5:3:30 mmol UO,/
Si/Al flux ratio. Reactions with 0.5 mmol of Al,O; powder
produced the tetragonal U(Al;_,Si,) compound; when 3 mmol
of powdered Al,O; was present, large crystals of UzAl,Sis were
produced. There is a strong likelihood that the higher content
of surface hydroxyl groups on the powder or cement versus the
cast alumina body plays a role in promoting the formation of
the title phase. The effects of hydroxylation of alumina surfaces
have been widely studied in the deposition of metal films and
growth of metal nanoclusters for preparation of heterogeneous
catalysts, with the consistent observation that metals wet and
adhere to hydroxylated surfaces much more strongly than to
dehydroxylated surfaces.”*™>® While the mechanism for
UgAloSig growth from flux is not known, it appears that
interaction with surface hydroxyl groups on alumina plays a
role. This introduces the possibility that this compound
contains interstitial oxide or hydride anions that stabilize it.
However, neutron diffraction data showed no evidence of
extensive incorporation of these species (vide infra).
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Figure 2. Comparison of the crystal structures of UAL, tetragonal U(Al;_,Si,) supercell, and the UgAl,,Si4 stuffed superstructure. Uranium atoms are
large yellow spheres, and aluminum and silicon are smaller light and dark blue spheres, respectively. Stuffed sites in UgAl,¢Si4 are red spheres.

Figure 3. Coordination environments of sites in UgAl4Sig. (a) Distorted cuboctohedral coordination of uranium sites. (b) Octahedral coordination
of stuffed sites. (c) Segment of the unit cell with U@X, coordination shown as polyhedra. (d) Unit cell with octahedral coordination of stuffed sites

shown in red.

In the presence of alumina powder or cement UQO, readily
reacts to form the title compound, which grows as silver cubes
or faceted spheroids that range from 0.2 to 2.5 mm in diameter.
UjAl6Sig is produced from reactions of 0.5 mmol UO, with 1—
4 mmol Si in 30 mmol Al The largest crystals were grown
using 2 mmol Si; however, the greatest yield came from using 4
mmol Si (50% yield, based on UO, reactant; UAL, compounds
were likely byproducts and dissolved in the S M NaOH).
UgAl|Sis is stable to air; no oxidation or degradation is
apparent under a light microscope after months of air exposure.
It is also stable to water, S M aqueous sodium hydroxide, and 1
M aqueous hydrochloric acid.

Structure. UgAl,Si,, a new stuffed supercell variant of UAl,
crystallizes in the Pm3n space group. Its relationship to the
parent compound is depicted in Figure 2. It exhibits a 4-fold
expansion along each axis (a’ = 4a,, where a_ is the UAl; unit
cell) and occupancy of two additional crystallographic sites. In
order to accommodate these “stuffed” sites, the surrounding
atoms shift away from them; this leads to wave-like patterns of
atoms when viewed down the cell axes. Another supercell of
UAl,; that has been previously reported to form upon partial
substitution of silicon is the tetragonal symmetry U(Al;_,Si,)
structure with a, = 24, and ¢, = 44,; this is also shown in Figure
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2."'° This structure is only observed for stoichiometries from
UAI, ,Si; ¢ to UAl, ;,Si; 56 and it contains no extra stuffed sites;
the tetragonal supercell is postulated to form due to some
preferential siting of aluminum and silicon, although the siting
could not be refined.

All of these structural variants—UAI;, the tetragonal
U(Al;_,Si,) supercell, and the new cubic structure
UgAlSig—feature uranium atoms coordinated by 12 light
atoms (X
cuboctahedron in the parent compound, and increasingly

Al or Si). This coordination is a perfect
distorted going from the tetragonal supercell to the cubic
stuffed supercell. UgAl 4Sig has two crystallographically unique
uranium  sites, with U—X bond distances ranging from
2.854(2)A to 3.076(3)A. There is an evident gap in bond
lengths in the middle of this range for each uranium site;
therefore, all X atoms with U—X distances equal to or shorter
than 2.888(1)A were assigned as silicon, and all X atoms with
U-X distances equal to or longer than 2.964(4)A were
assigned as aluminum. This is in agreement with the observed
U—X bond lengths in the parent compounds (2.853 A in USij,
and 3.016 A in UAL)." Each uranium site in UgAl,Si¢ is
surrounded by 9 aluminum atoms and 3 silicon atoms, with the
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Figure 4. Magnetization and heat capacity data for UgAl S, calculated for formula unit U(Al/Si); 55 (a) M vs H data collected at 1.8 K. (b)
Magnetic susceptibility of U(AIl/Si)s 1,5 (black) compared to data reported for UAI, (blue).** (c) Low temperature heat capacity C/T vs T of U(Al/
Si); 125 (black) compared to that of UAL; (blue).'” (d) Heat capacity data for U(A1/Si); s

3 silicon atoms all positioned on one triangular face of the
distorted cuboctahedral coordination environment.

It is unfortunately not possible to decisively determine Al vs
Si siting, or rule out Al/Si site mixing, based on X-ray
diffraction data alone; the X-ray scattering factor of these two
elements is too similar. However, their neutron scattering
lengths vary by over 15%.”” Single crystal neutron diffraction
data were collected at 150 K to further explore the occupancies
of the light element sites. The data indicate that the majority of
the sites are preferentially occupied by only one type of atom,
and the assignments based on bond lengths are correct. There
does appear to be one mixed site; Al3 is occupied by 86% Al
and 14% Si. Partial occupancy was also indicated for one of the
stuffed sites: Al8 (on the 2a Wyckoff site) refines as 91%
occupied. Taking into account these results, the precise
stoichiometry is UgAl g 5¢Sig4,, but the formula UgAl ¢Sig will
be used as a shorthand.

The neutron diffraction data was also used to explore the
possibility of interstitial hydride incorporation from reaction
with hydroxyl groups on the high surface area alumina required
to form the compound. The map of nuclear density was
investigated for negative scattering peaks corresponding to 'H
nuclei at interstitial positions. Only two likely candidate sites
were found (see Table S2 and Figure S2, Supporting
Information), but the refined occupancies are below 10% and
the overall refinement is not significantly improved by their
incorporation into the model. It is therefore possible that
hydride is present in the compound in trace amounts. However,
given the difficulty in detecting hydrogen using diffraction
methods, additional studies are required to verify this.

The occupancy of the two stuffed sites (Al7 and Al8, on high
symmetry Wyckoff sites 2a and 6c) distinguishes the title
compound from other UAl; superstructures. These positions
are each octahedrally coordinated by six silicon sites at
distances of 2.613(3) — 2.621(2)A, as shown in Figure 3.
This bond length is slightly long for a Si—Si bond (which
generally fall in the 2.3—2.5 A range) but is well within the

3810

range expected for Al-Si bonds in intermetallic compounds
(2.5-2.7 A).”" Both stuffed sites were therefore assigned as
aluminum; this was supported by the neutron diffraction
refinement. The resulting stoichiometry of UgAl oSis has a
UX; 155 ratio, in accordance with it being a “stuffed” variant of
UAl;. The distortion of the UAI; parent structure to
accommodate these additional sites is particularly clear when
the U@X, coordination environments are shown in polyhedral
mode; see Figure 3.

The relationship of the UAl; parent structure to that of
perovskite sheds further light on the stuffed sites observed in
UgAl,4Sig. UAL; (with the CuyAu structure type) can be viewed
as a defect perovskite (ABOj;), with uranium on the A cation
site, aluminum on the oxygen site, and the octahedrally
coordinated B cation site being vacant. In the structure of
UgAl4Sig, 1/8 of these octahedral sites are filled (shown in
Figure 3d). Several other intermetallic structures can be viewed
as “stuffed” CujAu structure types; these include TmMn,Ga,,
Y,CrGa,y, and Y,Mn,_.(Ga/Ge),,."*~** The different stuffing
patterns of the extra atoms in these structures leads to different
unit cell sizes, symmetries, and overall stoichiometries.
UgAloSig exhibits a new stuffing pattern and accordingly a
new supercell. Chemical pressure likely plays a significant role
in the ordered positioning of the silicon sites around the stuffed
positions; the shorter U—Si bonds allow for larger octahedral
sites which can incorporate the additional aluminum atoms.*

Electronic Properties. Magnetic susceptibility data were
collected for several different single crystal specimens of
UgAl oSis. Temperature independent Pauli paramagnetism is
consistently seen at high temperature, indicating the absence of
a localized magnetic moment on uranium. The magnitude of
the molar susceptibility ¥ (0.0018 emu/mol when calculated
per mole of U(Al/Si);155) is similar in magnitude to that
reported for UAl, (0.0014 emu/mol),>* which is consistent
with the idea that UgAl,oSig behaves as a stuffed substituted
variant of UAl;. All UgAl,,Sis samples show a small and sample
dependent splitting of the field-cooled and zero-field cooled
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susceptibilities below 100 K and a sharper feature below 7 K
(Figure S3). Low temperature field dependence data (M vs H
curves) are linear up to 7 T, but show a small amount of
hysteresis at low fields (Figure 4a). The origin of these
hysteretic features is not clear, but given that it is sample
dependent, we suggest that it might come from a small impurity
of the sample. This is supported by single crystal neutron
diffraction data collected above and below these temperatures,
which shows no additional peaks or peak intensity changes,
shifts, or splitting. This indicates that there is no long-range
magnetic ordering or structure change.

The temperature dependence of the heat capacity of
UgAl,4Sig (calculated for formula unit U(Al/Si); ;,5) is shown
in Figure 4c,d. We first note that there are no distinct features
that would be associated with possible phase transitions. This
reinforces the idea that the sample dependent and hysteretic
features that are seen in the magnetic susceptibility data are not
indicative of bulk behavior. At low temperatures, the C/T of
U(A1/Si); 55 is similar to that of UAl; and follows a
temperature dependence consistent with Fermi liquid behavior,
although further measurements (e.g., electrical transport) are
needed to verify this. Fitting of the data to the expression C/T
=y + BT yield y = 40.32 mJ/(mol-K?)* and f = 0.13 mJ/(mol-
K*)*, which are comparable to values observed for UAL,."” This
further reinforces the conclusion that UgAl,oSig should be
considered as a stuffed variant of UAl;, where the electronic
state is characterized as a mass enhanced Pauli paramagnet.

B CONCLUSION

A new U/Al/Si ternary intermetallic has been isolated from the
reaction of UQO, and silicon in aluminum flux. This reaction is
dependent on the nature of the alumina present in the reaction
mixture (the crucible walls, alumina cement, or added alumina
powder), indicating surface hydroxides may promote the
formation of UgAl,Sis over U(Al;_,Si,) compounds. The
structure of UgAl,4Si is a stuffed supercell of CusAu-type UAL;;
neutron diffraction data confirms that it exhibits aluminum and
silicon ordering. The specific ratio and ordering of longer U—Al
and shorter U—Si bonds may create chemical pressure that
induces the incorporation of stuffed sites; attempts to make a
germanium analogue by reacting UO, and germanium in
aluminum flux have not been successful. The uranium in
UgAl oSis does not have a magnetic moment. Syntheses of
thorium and plutonium analogues are being investigated.
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