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Abstract

CesB2C2H2.42 was grown as large crystals from a cerium/copper eutectic flux. The structure
was characterized by single-crystal X-ray and neutron diffraction and was found to be a stuffed
variant of Nd2BC with the addition of two interstitial hydrogen positions. The tetrahedral hydrogen
position is fully occupied, while the octahedral position has an occupancy of 42(3)%. Initial
synthesis was due to hydrogen contamination of the cerium metal but has been successfully
repeated using anthracene as a carbon and hydrogen source. Density of states calculations suggest
that the incorporation of hydrogen stabilizes the compound with respect to the nonhydrided model.
Magnetic susceptibility data show a complex magnetic ordering at 7.7 K that originates from the
localized electron on the Ce*"in the structure. The trivalent state is also supported by X-ray
photoelectron spectroscopy measurements. Heat capacity and electrical resistivity data show that
the phase transition is broad in temperature, which may be due to structural disorder. The large

low temperature value of C/T also indicates possible heavy fermion behavior.
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Introduction

Rare earth borocarbides have been a topic of ongoing interest over the last several decades
due to the wide variety of complex structure types and properties these materials display. The
arrangements of rare earths in these structures—such as two-dimensional metal nets'* or one-
dimensional metal chains*—can lead to unusual magnetic behavior. There also exists a broad range
of boron and carbon environments in these structures, from isolated atoms surrounded by rare earth
ions, to borocarbide chains of various lengths and configurations (for instance, LaisB14C19 contains
two types of 11-member borocarbide chains), to planes and nets of boron and carbon as seen in
LaB2C2.>¢

Because of the high melting point of boron and carbon, these compounds are commonly
synthesized by arc melting reagents together, followed by lengthy annealing of the sample. Metal
flux synthesis offers an alternative method that enables shorter, lower temperature reactions than
traditional approaches. This is a solution-based method, allowing for crystal growth of products.
A low-melting combination of a rare earth and late transition metal has been shown to be an
excellent solvent for refractory species, as demonstrated by the synthesis of Ce10Co02.64B11.70C10,
PreCosGe1+xAlsx, NdsCo4-xAlxGe2C3, and La21FesSn7Ci2.7-1° Given the fact that the rare earth is
often incorporated into the flux-grown products, cerium-based eutectics are particularly appealing
for use as metal fluxes. Cerium can exhibit mixed valences, with both the (III) and (IV) states
accessible, as seen in CeNi2B2C.!! It is also commonly seen that strong hybridization between the
f- and conduction electron states often leads to Kondo lattice physics and heavy fermion
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behavior. Compounds such as CeColns and CeRusSi2 display unconventional

1415 sometimes simultaneously with magnetic behavior as seen in CesPdIni.'®

superconductivity
In many of these materials, the superconductivity is found to emerge when a magnetically ordered
state is continuously suppressed towards zero temperature at a quantum critical point!”'¥, and a
complete theory for such behavior remains to be established. As a result, Ce-based intermetallics
continue to be intensely investigated for their novel properties and potential contribution to
fundamental topics.

In this work, reactions in cerium/copper melts were explored for the synthesis of cerium
borocarbides. The cerium-copper phase diagram features a eutectic point at 72 mol% cerium to 28

mol% copper that melts at 424 °C, far below the melting point of either constituent. Copper was

chosen as a promising transition metal component primarily for its propensity to solubilize boron'?,



but it is also attractive that (i) copper tends to have no magnetic contribution in intermetallic
systems, thereby allowing sole focus on the magnetic behavior of the cerium and (ii) that
hybridization effects can be strong in such materials, as exemplified by the heavy fermion

2021 Carbon and boron were reacted in a near-eutectic composition

superconductor CeCu2Sio.
Ce/Cu (74 mol% Ce, 26 mol% Cu, m.p. 440°C) to form a new cerium borocarbide. Due to the
large excess of flux used for these reactions, any contaminants of the flux reagents have the
potential to incorporate into the crystallized products. This has been observed in several metal
hydride compounds grown from alkaline earth-rich fluxes including LiCa>CsH, LiCa7GesHs, and
Ca3SiN3H.?>* Similar behavior is noted here. As a result of cerium hydride contaminant in the
cerium-rich flux, CesB2C2H2.42 was isolated; this is a stuffed variant of the Nd2BC structure in
which hydride interstitials are incorporated. The presence and siting of the hydrides was verified
by single crystal neutron diffraction and reproduced in reactions using anthracene as both carbon
and hydrogen source. This structure contains a 4-member borocarbide chain, and two interstitial
hydride sites surrounded by cerium cations. Temperature dependent magnetic susceptibility
measurements reveal that the cerium ions are in the trivalent state, and that complex magnetic
ordering occurs near T = 8 K. Heat capacity measurements show that the phase transition is broad,

possibly due to disorder effects, and also indicate that this compound exhibits heavy fermion

behavior.

Experimental Procedure
Synthesis
CesB2C2H242 was grown from the reaction of cerium (99%, Acros, chunks) and copper
(99.5%, Alfa Aesar, powder) with elemental boron (99.4%, Strem Chemicals, crystalline) and
carbon (99.99%, Strem Chemicals, acetylene black powder). These elements were combined in a
Ce/Cu/B/Cratio of 7.4:2.6:1:1 mmol in an alumina crucible. Refractory elements boron and carbon
were added first, followed by copper. Cerium pieces were placed on top; as the lowest melting
component, it will melt first and react with the copper to form the flux which will then dissolve
the boron and carbon. Since carbon and boron are both nonvolatile refractory materials that are
physically separated from the cerium, there is no way for them to come into physical contact with
the cerium in order to react until the melt forms. The crucible was placed into a fused silica tube
with a wad of quartz wool above it. The tube was then flame-sealed under vacuum. The ampoule

was heated to 1000°C in 3 hours, maintained at 1000°C for 6 hours, cooled to 850°C in 24 hours,
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held at 850°C for 18 hours, and finally cooled to 550°C in 96 hours. At this temperature, it was
removed from the furnace, inverted, and centrifuged to strip excess flux away from the products.
The title phase reacts with moist air and was therefore stored either in a nitrogen flow-through
desiccator or in an argon-filled glove-box to prevent oxidation.

It is notable that a metal hydride was produced despite the fact that there was no hydrogen
source deliberately added to the reaction. It is likely that the cerium metal reactant was
contaminated with CeHx, allowing for the formation of the title phase. In order to test this
assumption, ingots of Ce/Cu mixture were each prepared by arc melting 7.4 mmol Ce + 2.6 mmol
Cu. The high temperature of this process (arc melting the mixture several times under argon with
intermittent flipping of the resulting button to ensure mixing of the metals) will decompose and
remove any hydride contaminant. When carbon and boron were reacted in this arc-melted Ce/Cu
flux using the same heating profile mentioned above, the title phase was not produced. On the
other hand, when 1 mmol of elemental boron and 0.1 mmol of anthracene (Ci4Hio, 97%, Sigma
Aldrich, reagent grade) were reacted in another piece of arc-melted Ce/Cu mixture, the title phase

was obtained.

Diffraction Studies

Single crystal samples were selected that were clean of surface flux and mounted onto
cryoloops with paratone oil. This oil holds the crystals in place on the loop without contributing to
the diffraction signal. Single crystal X-Ray Diffraction (SC-XRD) data were collected at 200 K on
a Bruker SMART APEX2 CCD diffractometer equipped with a Mo Ka X-ray tube (A = 0.71073
A). The datasets were integrated with the SAINT program? and then corrected for absorption
effects using the empirical method SADABS.*® The structures were then solved using direct
methods in order to locate cerium atoms, while positions of boron and carbon were found through
the combined use of least-squares refinement and difference Fourier maps using the SHELX-97
software package.?’

Neutron diffraction studies were undertaken at Oak Ridge National Laboratory on BL-12
(TOPAZ).?® A single crystal 1.15 mm x 0.6 mm x 0.49 mm was mounted onto a 1 mm MiTeGen
tip and held in place with Krytox grease. Data were collected at 100 K using 25 crystal orientations
determined using the CrystalPlan software for an estimated 99% coverage of reflections of the

1.29

monoclinic cell.”” Each orientation was exposed to the neutron beam until it had collected 20 C of

charge, which required about 4 h of exposure at a nominal neutron beam power of 1.4 MW. The
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measurement was monitored by charge rather than exposure time due to normal fluctuations that
can occur in the output power of the neutron beam. The integrated peak intensities were determined
using the Mantid platform.*° Data reduction (including detector efficiency, neutron TOF spectrum,
and absorption corrections) was carried out using the ANVRED3 program.®' Details of the
crystallographic data for the X-ray and neutron diffraction studies are shown in Table 1. Additional

data are deposited in the CCDC with deposition number 2086224 for CesB2C2Hz 42.

Table 1. Crystallographic data and collection parameters for CeaB2C2Hz.42.
Table 1. Crystallographic Data and Collection Parameters for CesB,C2Hz.42

X-ray diffraction neutron diffraction

formula weight (g/mol) 608.59

crystal system monoclinic

space group C2/m (#12)

a(A) 12.895(2) 12.895(3)

b (A) 3.7661(6) 3.7661(6)
c(A) 9.530(3) 9.530(2)

B (deg) 130.689(1) 130.688(1)
VA 2

volume (A%) 350.9(1) 350.9(1)
density, calc (g/cm?®) 5.755 5.7586

index ranges -16<h<16 -18<h<17


https://www.ccdc.cam.ac.uk/services/structure_request?pid=ccdc:2086224&issn=1528-7483&id=doi:10.1021/acs.cgd.1c00521&sid=ACS

X-ray diffraction neutron diffraction

4<k<5 7 <k<7

-12<I<12 -17<1<18
reflections collected 2025 4086
temperature (K) 200(2) 100(2)

radiation

Mo Ka (L= 0.71073 A)

neutron TOF

unique data/parameters 479/29 901/37

u (mm™1) 25.325 0.0200 + 0.4957\
Ri/wR2 0.0215/0.0561 0.0472/0.1188
Ri/wR:> (all data) 0.0231/0.0574 0.0507/0.1203
GOF 1.132 1.092

X-ray Photoelectron Spectroscopy
X-ray photoelectron spectroscopy (XPS) data was collected on Ce4aB2C2H2.42 to investigate
the cerium valence. Cerium 3d core-line spectra were collected using a Physical Electronics PHI
5100 series XPS with Al & Mg dual anode source and a single channel hemispherical energy
analyzer. In these measurements, only the Al anode was used. Crystals were ground into a fine
powder and spread over carbon tape on a gold sample puck. This sample was sputtered
incrementally for a total of 75 minutes. The final Ce3d data was collected as 15 sweeps from 930-

875 eV at 0.100 eV/step, 250 ms/step, at a pass energy of 71.55 eV.



Magnetic Susceptibility and Electrical Transport Measurements

Magnetic susceptibility measurements were conducted on Ce4aB2C2H2 42 single crystals to
characterize the valence state of cerium and to detect possible magnetic ordering. Single crystals
were selected from the product matrix and aligned on a piece of Kapton tape to position the long
axis of the crystal (crystallographic b-axis) parallel to the applied field. This tape was then placed
in a straw, then attached to the sample rod of a Quantum Design MPMS SQUID system. Magnetic
susceptibility y = M/H data were collected from 1.8 — 300 K under an applied magnetic field of H
=2000 Oe. Magnetization measurements at T = 1.8 K were also performed for H <7 T. Electrical
resistivity measurements for temperatures T = 1.8 — 300 K were performed in a four-wire
configuration using a Quantum Design Physical Property Measurement System. Platinum wires
were spot welded in place on the sample for this measurement, and were positioned so that the
electrical current runs along the b-axis of the crystal. Temperature dependent heat capacity
measurements were performed from 1.8 K — 300 K using a Quantum Design PPMS using the

thermal relaxation technique.

Electronic Structure Calculations

In order to calculate the density of states (DOS), cerium is modelled as lanthanum to avoid
computational issues that stem from partially filled f-shells. The tight binding-linear muffin tin
orbital-atomic sphere approximation (TB-LMTO-ASA) program package was used.’
Calculations were performed on three models: LasB2C2 (no hydrides), LasB2C2H2 (tetrahedral
hydride site fully occupied), and LasB2C:H3 (tetrahedral and octahedral hydride sites fully
occupied). Calculations were based on unit cell parameters and atomic coordinates determined for
CesB2C2Hz242 at 200 K by X-ray diffraction, with the exception of the hydride positions which
were determined by neutron diffraction studies. The following basis sets used were: La (6s, 5d,
4f), C (2s, 2p), B (2s, 2p), and H(ls), with La (6p), C (3d), and B (3d) being downfolded.

Integration over the Brillouin zone was made by the tetrahedron method.*?

Results and Discussion
Synthesis
Cerium metal is an attractive flux component due to its low melting point (800 °C),

reactivity toward many elements, and complex electronic behavior. Reactions in cerium-rich



eutectics (Ce/T where T = late transition metal such as Co, Ni, Cu) typically yield intermetallics
that incorporate the cerium but not the transition metal. This observed trend is supported in the
reactions studied here; the presence of copper lowers the melting point and may facilitate the
dissolution of boron and carbon, but no copper is found in the CesB2C2H2.42 product.

Incorporation of hydrogen was unexpected. The cerium metal is postulated to be the source
of the hydrogen, for two reasons. The first is the observation that the yield of the title compound
varied, ranging from 0 to 70% of the product matrix for different reactions, with the only difference
being which piece of cerium metal was used. It is thought that certain lots of the metal from Acros
may have had more hydrogen contamination, thereby leading to different amounts of hydrogen
available to form the title phase. Given that lanthanide hydrides are a component of the rare earth
metal production process, this seems plausible. Rare earth oxides obtained from ore are reduced
to their metallic form by exposure of the material to a flow of Hz gas, thereby reducing the oxide.
Excess Hz can be captured by the metal itself, forming a small amount of rare earth hydride.** To
test this, reactions were carried out using a mixture of cerium and copper that was arc melted under
argon before being placed in the reaction ampule. The high temperature of the arc melting process
will decompose any cerium hydrides and will alloy the cerium and copper to form the low-melting
Ce/Cu mixture prior to placement in the test tube. This Ce/Cu pre-alloyed mixture was then added
to an alumina crucible containing boron and anthracene (Ci4Hio, both a carbon source and a
deliberately added source of a controlled amount of hydrogen). This produced the title phase with
even larger crystals seen from the original reaction. The overall yield of the reaction was consistent
with well-performing batches of the original synthesis, with up to 70% of the product matrix
belonging to the desired phase. It is notable that reactions of boron and carbon in the arc-melted
Ce/Cu mixture do not produce the title phase, indicating the importance of the presence of
hydrogen in stabilizing it.

Ces4B2C2H2 .42 forms as silver rod crystals up to 3mm in length and 0.25-0.50 mm in width;
the wider crystals were formed from synthesis with anthracene (Figure 1). Most crystals are clean
of visible flux, although traces of remaining flux could be manually removed without deformation
of the crystals. The crystals are air- and moisture-sensitive but are stable in a nitrogen environment

for several weeks.



Figure 1. Microscope images of crystals of CesB2C2H2.42, taken on a millimeter grid background.
Left: crystals grown from standard reaction. Right: crystals (in oil) grown from anthracene
reaction.

Structure

The CesB2C2H2.42 phase is a stuffed variant of Nd2BC in the C2/m space group and can be
seen in Figure 2. As in the parent structure, this compound contains a [C-B-B-C] chain surrounded
by rare-earth cations.*® The siting of boron and carbon in this chain was assigned based on bond
lengths and comparison to borocarbides with similar building blocks, including the previously
reported Nd2BC and CesBr3B2C3, in which the B-B distances were reported to be 1.65(2) A and
1.64 A, while the B-C distances were 1.51(2) A and 1.53 A, respectively.**> This is comparable
with the B-B distance of 1.660(2) A and the B-C distance of 1.506(1) A observed for CesB2C2H2.42.
Comparison of the unit cell parameters of CesB2C2H2.42 with those of the Nd2BC structure show
expansion along all axes, which is expected, as Ce** is larger than Nd**. Coordination distances
around the rare earth cations also show the expected trend of Ce bond lengths as longer than those
in the Nd compound. This points to the presence of trivalent cerium since the smaller radius of

Ce*" would be expected to show significantly shorter distances.




Figure 2. (a) The monoclinic structure of CesB2C2H2.42 viewed down the b-axis. Hydride
positions shown in polyhedral mode. (b) Coordination environment of the borocarbide chain. (c)
Tetrahedral interstitial hydride site. (d) Partially occupied octahedral interstitial hydride site.

The possibility of the incorporation of a light atom on an interstitial site (suspected by the
consistent appearance of a residual electron density peak on the 2a Wyckoff position in the electron
density map in X-ray refinements of several different crystals) prompted the collection of neutron
diffraction data. Hydrogen has a strong negative neutron scattering cross-section and is therefore
easy to detect in neutron diffraction studies. The data supported the presence of hydride in the 2a
site, with an occupancy of 42%. This position is octahedrally coordinated by six cerium atoms,
with Ce-H distances in the range of 2.798 — 2.941 A. This compares well to the octahedral site
distances of 2.765 A seen in CeH2.73.° The neutron diffraction data also clearly showed hydrides
fully occupying a 4i Wyckoff position which is a tetrahedrally coordinated interstitial site. The Ce-
H distances of 2.437 — 2.470 A to the four surrounding cerium ions are slightly larger than the
2.395A distance seen for tetrahedrally coordinated hydride sites in CeH273.3¢ The 4i-centered
tetrahedra in Ce4B2C2H2.42 share edges; the resulting distance between the hydride ions is 2.766
A, which is essentially the same value seen in the cerium hydride of 2.765 A.3¢

Cerium-cerium distances in the title phase range from 3.630(3) — 4.152(3) A, which
exceeds the Hill limit of cerium (Ce-Ce distance of 3.4A). In general, the Hill limit gives an
approximation for the minimum interatomic distance where the f-shells begin to overlap: below
this distance, the shells overlap and the f-electron tends to delocalize; when they do not overlap,
the f-electron remains localized. This leads to non-magnetic tetravalent or magnetic trivalent
behavior if Ce-Ce distances are below or above the Hill limit, respectively.?” Crucially, heavy
fermion behavior that originates from Kondo lattice behavior is only observed in structures whose

Ce-Ce distances are above the Hill limit. 3*

Electronic Structure Calculations
Occupancy of the interstitial sites by hydride anions may serve to stabilize the structure.

Density of states calculations were carried out for three models of the CesB2C2H242 compound:
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LasB2C: (this is analogous to the Nd2BC structure), LasB2C2H2 (this has the 4i tetrahedral site
occupied but the 2a octahedral site is unoccupied), and LasB2C2H3 (this has both the 4i and the 2a
sites fully occupied). These models of the DOS are shown in Figure 3. The LasB2C2H2 model
shows a very small band gap for the material, which is inconsistent with the measured resistivity
results for this sample. The LasB2C2H3 model, on the other hand, does show electronic states
present at the Fermi-level, thereby suggesting a metallic compound. However, the Er is positioned
at a peak in the DOS, which is in general considered destabilizing. Since this model assumes full
occupancy of the 2a site (which is in fact partially occupied), the Fermi level will actually be
shifted to a slightly lower value. The likely location is situated in a pseudogap that would tend to
stabilize the structure. States corresponding to the hydride sites are seen from -1.2 to -2.5 eV.
Consistent across all of the models are the states corresponding to the borocarbide chain, which
are found well below Er (from -2.5 to -4 eV).

The presence of hydride anions may also serve to bring CesB2C2H2.42 closer to a “charge-
balanced” configuration. While charge balancing is rarely considered in intermetallic compounds
due to the presence of delocalized conduction electrons, the Nd2BC parent compound was
postulated to contain an ionic borocarbide species [C=B-B=C]* and the overall formula viewed as
(Nd*")4[CBBC]®- 4 ¢".>° The extra electrons were assumed to occupy Nd — Nd bonding states and
antibonding m* states in the [CBBC]* unit. The presence of the interstitial hydride ions may

account for some of the extra electrons required for charge-balancing.
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Figure 1. Density of states data for three models of the CesB2C2Hz 42 structure. The Fermi level is
set to 0 eV. Red and blue circles demonstrate the Fermi level shifting to higher energies with
addition of more electrons. The black arrow indicates the likely true Fermi level for the material,
accounting for partial occupancy of the 2a hydride site.

Magnetic Susceptibility

The temperature dependent magnetic susceptibility y = M/H data are shown in Figure 4.
In the inset (Figure 4b), the data for 7> 150 K are fitted to Curie-Weiss behavior (y(7) = C/T-0),
yielding an effective magnetic moment pesr = 2.72 us/Ce and a Weiss constant ® = -81 K. The
value of pesr is slightly enhanced by comparison to the expected value for trivalent cerium (plefr =
2.52 us), but is within the range of experimental values that are seen for other cerium based
intermetallics.!>!* We also note that the large and negative Weiss temperature is consistent with
cerium based intermetallics with hybridization between the f- and conduction electron states. y( 7)
begins to deviate from the Curie-Weiss temperature dependence below 150 K, as is often seen
when the crystal electric field splits the trivalent cerium Hund’s rule multiplet, and the higher

energy states are depopulated with decreasing temperature. Finally, complicated behavior is seen
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at low temperatures, where there is an obvious decrease in y near Tmag = 7.7 K due to magnetic
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Figure 2. (a) DC magnetic susceptibility y =
M/H vs temperature T collected in a magnetic
field H = 2000 Oe for CesB2C2Hz.42. (b) The
inverse magnetic susceptibility x~!(T). The
straight dotted line is a Curie-Weiss fit to the
data, as described in the text. (c) Magnetization
data collected at 1.8 K.
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Figure 3. XPS data for CesB2C2H2.42.
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ordering. There is hysteresis between the
zero field cooled (ZFC) and field cooled
(FC) data and in the M(H) curve at 1.8 K,
indicating that the ordering involves (i) the
formation of domains and (ii) that while the
ordering primarily tends to decrease y as
would be expected for an antiferromagnet,
there is a quasi-ferromagnetic component as
well. This may indicate the formation of a
canted spin configuration, ferrimagnetism,
or magnetic frustration. Spin glass behavior
was ruled out as a possibility in this sample,
as AC susceptibility measurements did not
either transition

show a change in

XPS Studies

Additional information regarding the
cerium valence of CesB2C2H2 42 was sought
using XPS measurements. The presence of
Ce*" is most easily confirmed by the
presence of a sharp peak at 918 eV, while
the other Auger and shakeout peaks tend to
be visible and in nearly the same positions
for Ce* and Ce*. The Ce 3d core-line
spectrum for CesB2C2H242 is shown in

Figure 5; it features peaks and satellites



typical for Ce** compounds and is very similar to data reported for trivalent cerium compounds

such as CeFeAsO.*®

Electrical transport and heat capacity measurements

The magnetic susceptibility and XPS data indicate that the cerium in CesB2C2Hz42 is
trivalent near room temperature, which potentially sets the stage for complex phenomena such as
fluctuating valence, Kondo lattice behavior, or heavy fermion effects, as has been reported for
many Ce-based compounds such as CePtsGei2 and several ternary phases in the Ce/Ru/Mg
family.!”-!84041 The temperature dependent heat capacity and electrical resistivity are shown in
Figure 6. As shown in panel a, C/T initially decreases with decreasing 7" in a manner that is
consistent with a typical Debye function representing the lattice heat capacity. Near 15 K, C/T

deviates from this behavior by gradually increasing with decreasing 7. This is likely due to the
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Figure 4. (a) The temperature T dependence of the heat capacity C/T for CeaB2C2H2.42. The
ordering temperature Tmag determined from magnetic susceptibility measurements is indicated
with an arrow. (b) The low temperature electrical resistivity p(T). (c) p(T) over a broad
temperature range.
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onset of magnetic fluctuations that precede the magnetic ordering seen in y(7) at Tmag = 7.7 K. At
Tmag there is a shoulder in C/T that is followed by a maximum near 3.7 K. These features show that
the magnetic entropy is spread over a broad temperature range that extends well above the
magnetic ordering temperature. This may suggest that the magnetism is frustrated, or that
crystallographic disorder (such as the partial occupancy of the octahedral hydride site) impacts the
magnetic ordering. After this C/T begins to drop to smaller values, but only reaches 1353 mJ/mol-
K2 at 1.8 K, indicating a substantial residual magnetic heat capacity. Due to the feature associated
with Tmag it is difficult to obtain an extrapolated value for the electronic coefficient of the heat
capacity from the expression C/T =y + BT2. However, based on the large value of C/T at 1.8 K,
we infer that this compound may exhibit heavy fermion behavior similar to what is seen in other
Ce-based intermetallics. Further insight is gained from the electrical resistivity measurements
(Figure 6 b,c), which show that o(7) is large and weakly temperature dependent. This may also
indicate that there is substantial disorder scattering. At low temperatures, p(7) evolves through a

broad minimum near 25 - 30 K and is weakly reduced upon entering the ordered state.

Conclusion

The synthesis and characterization of CesB2C2H2.42 show the potential for the flux growth
of complex intermetallics containing hydride interstitials. While the initial discovery of this phase
was due to the presence of impurities, the ability to replicate it by deliberate addition of a reactant
that generates hydrogen in situ presents a new avenue for the isolation of complex metal hydrides.
This was also demonstrated by our recent report on the flux synthesis of Lais(FeCe)sH.** Further
flux reactions using anthracene are underway to investigate the growth of other intermetallic
compounds that might be stabilized by the presence of interstitial hydrides, such as other analogues
of R4B2C2H: (R = La, Pr, Nd). Magnetic susceptibility data for CesB2C2H2.42 show a broad,
possibly frustrated antiferromagnetic transition at 7.7 K; heat capacity and resistivity studies show
deviations starting at higher temperatures, possibly due to magnetic fluctuations preceding the
ordering transition. This indicates that the partial occupancy of the octahedral hydride sites has a
notable scattering effect and may also modify the magnetic coupling in the surrounding cerium
ions. It would be of interest to explore deliberate modification of this occupancy (e.g., synthesizing

Ces4B2C2Hx with x =2 or 3) to tailor the behavior of this material.
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Accession Codes

CCDC 2086224 contains the supplementary crystallographic data for this paper. These data can

be obtained free of charge via www.ccdc.cam.ac.uk/data request/cif, or by

emailing data request(@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033.
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