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High Pressure Kondo Insulator-Semimetal Transition in Ce3Bi4Pt3
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Chow,4 Curtis Kenney-Benson,4 Dmitry Popov,4 Rena J. Zieve,3 Jason R. Jeffries,2 and Johnpierre Paglione1

1Center for Nanophysics and Advanced Materials, Department of Physics,
University of Maryland, College Park, Maryland 20742, USA

2Lawrence Livermore National Laboratory, Livermore, California 94550, USA
3Department of Physics, University of California, Davis, California 95616, USA

4HPCAT, X-ray Science Division, Argonne National Laboratory, Argonne, Illinois 60439, USA
(Dated: July 23, 2019)

We report the results of high pressure x-ray diffraction, x-ray absorption, and electrical transport
measurements of Kondo insulator Ce3Bi4Pt3 up to 42 GPa, the highest pressure reached in the
study of any Ce-based KI. We observe a smooth decrease in volume and movement toward inter-
mediate Ce valence with pressure, both of which point to increased electron correlations. Despite
this, temperature-dependent resistance data show the suppression of the interaction-driven ambient
pressure energy gap and development of a semimetallic ground state. We also discuss potential
ramifications of these results for the predicted topological KI state.

I. INTRODUCTION

Kondo insulators (KIs) are materials for which an en-
ergy gap at the Fermi level arises not simply from basic
charge transfer considerations, but instead due to more
complex hybridization between conduction electrons and
outer valence shell magnetic electrons1. Ce3Bi4Pt3, with
a Kondo gap of about 10 meV, was one of the first KIs to
be identified1,2. While preliminary work has suggested a
trivial nature3,4, it has been predicted, along with fellow
KI SmB6, to harbor topological surface states5.

Because the properties of KIs are determined in large
part by electron-electron interactions, they can be espe-
cially sensitive to changes in local environment. Previ-
ous studies have shown that it is possible to close the
Kondo gap in Ce3Bi4Pt3 with high magnetic fields or
elemental substitution, leading to a correlated metallic
ground state1,6,7. Pressures below 10 GPa close the hy-
bridization gap in other KIs, such as SmB6

8, CeNiSn9,
and CeRhSb10. That is in spite of the generic expectation
that unit cell compression should increase that hybridiza-
tion between 4f and conduction electrons that is respon-
sible for the Kondo gap. A previous transport study of
Ce3Bi4Pt3 claimed that by 15 GPa the gap increased
to several times its ambient pressure value11. However,
work with other KIs has shown that pressure-induced
changes to atomic valence, the Fermi level, or the k -space
configuration of the gap can override this and lead to
metallic behavior.

To further explore the evolution of Ce3Bi4Pt3 with
high pressure, we have carried out x-ray diffraction
(XRD), x-ray absorption near-edge structure (XANES),
and electrical resistance measurements using diamond
anvil cells (DACs). A maximum pressure of 42 GPa
was reached in the x-ray studies, which to our knowl-
edge is the highest pressure attained in the study of any
Ce-based KI. Transport measurements show a Kondo-
related feature that increases in temperature with pres-
sure, while at the same time the resistance increase with

cooling becomes smaller and changes form. In contrast
to the previous study, we identify this as a transition to
a semimetallic ground state, rather than evidence for a
robust insulator. The unit cell compresses in a manner
well-described by a standard equation of state, and the
Ce valence increases from its ambient pressure value of
3.09 to about 3.3. All together, the three experiments
point to a smooth crossover to a semimetallic ground
state at high pressure. Unlike other KIs, Ce3Bi4Pt3 never
truly becomes a metal, but the interaction-generated gap
is nevertheless weakened by pressure.

II. EXPERIMENTAL DETAILS

Single crystal samples of Ce3Bi4Pt3 were grown with
the typical Bi flux method12. Ce, Pt, and Bi were com-
bined in a 1:1:20 ratio in an alumina crucible, which was
then sealed in a quartz tube filled with partial Ar atmo-
sphere, heated to 1150 ◦C at a rate of 50 ◦C/hour, and
held at that temperature for five hours. The growth was
then cooled at 2 ◦C/h to 520 ◦C, where it was quickly
removed from the furnace and spun in a centrifuge to
separate crystals from excess molten Bi. Ambient pres-
sure powder XRD outside of a DAC was done with a
Rigaku MiniFlex 600. XRD and XANES measurements
were performed at room temperature at beamlines 16-
IDB and 16-IDD, respectively, of the Advanced Photon
Source (APS) at Argonne National Laboratory, in co-
ordination with the High Pressure Collaborative Access
Team (HPCAT). XRD data were converted to one di-
mensional raw data using the DIOPTAS software13 and
refined using GSAS-II14. Electrical transport measure-
ments were made in 9 T and 16 T Quantum Design Physi-
cal Properties Measurement Systems down to a base tem-
perature of 2 K.

Diamond anvil cells were used to generate pressure and
prepared slightly differently for each experiment. The
XRD DAC had a rhenium gasket and used neon as a
pressure medium. Re is a hard metal, which makes it
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easier to reach high pressures, and Ne, like the other no-
ble gases, is very hydrostatic15. XANES measurements
require x-rays emitted by the sample to travel through
the gasket, thus it is necessary to choose a material with a
low atomic number and lower absorption. For this reason
we used beryllium, though it is much softer in compari-
son to Re and has a higher toxicity. Mineral oil was used
as a pressure medium, because while it is less hydrostatic
it simplifies loading the sample into the potentially haz-
ardous Be gasket. Resistance measurements were done
in a “designer DAC” with tungsten contacts embedded
in the diamond16,17. The gasket was made of the non-
magnetic cobalt-nickel alloy MP35N, and solid, insulat-
ing steatite was the pressure medium, since it was easier
to make good electrical contact between the sample and
the W leads than with a liquid or gaseous medium.

Copper powder was placed in the XRD cell and refined
jointly with Ce3Bi4Pt3, and the well-established pres-
sure dependence of the Cu lattice parameter was used
to calculate pressure18. For XANES and transport mea-
surements, pressure was calibrated using the known pres-
sure dependence of the fluorescence lines of ruby spheres
placed in the cells19. The wavelength of the fluorescence
was noted before and after each measurement, and we
present the average value of the two with the error repre-
senting the maximum and minimum observed pressure.
In the case of resistance measurements, two ruby spheres
were placed in the cell, and values for both were aver-
aged as measured at room temperature before and after
temperature cycling. For transport and XANES, sam-
ples were cleaved from larger single crystals, while XRD
was done with a ground powder of single crystals.

III. X-RAY DIFFRACTION

Ce3Bi4Pt3 forms in the cubic I43d space group
(no. 220) at ambient pressure [Fig. 1(a)]. Our sam-
ples were found to have an ambient pressure lattice pa-
rameter a = 10.05 Å, close to the reference value12.
It has been noted before that the unit cell is smaller
than expected based on interpolation between the La
and Pr equivalents, a sign of ambient pressure interme-
diate valence20. XRD measurements were made at room
temperature between 4.8 and 42.0 GPa at the APS with
30 keV (0.4133 Å) radiation. Ce3Bi4Pt3 and Cu were
refined simultaneously in the pattern. There are a few
small, unidentifiable peaks in consistent positions, which
were excluded from refinement. The third-order Birch-
Murnaghan equation of state is21
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where B0 is the bulk modulus and B′0 its derivative.
Pressure was determined by applying this equation to
the refined Cu lattice parameter using reference values
(133 GPa and 5.01, respectively)18. The Ce3Bi4Pt3 lat-
tice parameter also shows a smooth decrease with pres-
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FIG. 1. (a) The Ce3Bi4Pt3 unit cell, along with the funda-
mental Ce units (tetrahedrally coordinated to both Bi and
Pt) that compose the larger structure. (b) Volume change
with pressure of Ce3Bi4Pt3. The red line is a fit to the third-
order Birch-Murnaghan equation of state [Eq. 1]. The 0 GPa
volume was determined outside of a DAC. (c) Diffraction pat-
terns (offset) for various pressures taken at room temperature.
Cu peaks are marked with pink asterisks, an unidentified peak
with a blue caret.

sure and the volume change fits well to the same equation
of state form [Fig. 1(b)], yielding B0 = 63.6 GPa and
B′0 = 6.5. B0 is lower than the value of about 95 GPa
(at 300 K) previously determined from thermal expan-
sion measurements22 at ambient pressure and 1.77 GPa.
The data never differ from the fit by more than 0.07%;



3

however, the refinements in the 10-20 GPa region had a
slightly larger error, attributable primarily to distorted
peak shapes. This may indicate the threshold to a more
substantial change in interaction strength and Ce va-
lence, a notion we will expand on in the next section.
As evident in Fig. 1(c), there is no qualitative change to
the diffraction pattern that would indicate a structural
transition, except for the typical loss of intensity with
rising pressure.

Of interest when considering Kondo interactions is the
Ce-Ce nearest neighbor distance. The unit cell can be
viewed as being made up of Ce atoms separately tetra-
hedrally coordinated with Bi and Pt [Fig. 1(a)]. Each Ce
atom has eight Ce nearest neighbors with which it shares
both a Bi and Pt atom. The Ce-Ce spacing decreases
from 4.70 Å at ambient pressure to 4.288 Å at 42.0 GPa,
an 8.8% change. The high pressure value is still much
larger than in bulk Ce, for which room temperature dis-
tances are 3.649 Å and 3.429 Å in the trivalent γ and
collapsed, higher valence α phases, respectively23. But
the γ-α transition constitutes only about a 6.0% decrease
in Ce-Ce distance. CeRu4Sb12 changes from metallic to
semiconducting by 10 GPa with a Ce-Ce distance, ini-
tially nearly twice as large as in Ce3Bi4Pt3, that changes
by only about 3%.24 Therefore the pressure range of our
study should be well within the range of influencing phys-
ical properties.

IV. CERIUM VALENCE MEASUREMENTS

A cerium atom can easily lose its 5d and two 6s elec-
trons. It has only a single 4f electron, which is not as
tightly bound as in the rare earths with more complete f
shells. As a result, Ce can easily be found in a 3+ (4f1)
or 4+ (4f0) valence configuration. Interaction with con-
duction electrons can delocalize this electron in space and
favor the 4+ state. Thus there is an inherent link between
Ce valence above three and electron correlations. In
CeRhSb and CeNiSn, signatures of intermediate-valent
behavior disappear upon replacement of Ce by La, Zr, or
Ti, which all have empty f shells25,26. The same occurs
in Ce3Bi4Pt3 doped with trivalent La, which suppresses
the resistance increase12. Pressure can increase valence,
not only in the case of Ce but other rare earths such as
Sm and Yb27–32.

The valence change of Ce in Ce3Bi4Pt3 with pressure
was quantified through x-ray absorption measurements
at the L3 edge (denoting the 2p3/2 → 5d transition), done
in partial fluorescence yield mode. XANES is a two step
process: incoming radiation promotes a core level elec-
tron into an unoccupied state in the conduction band.
Another core electron then drops to a lower energy level
to fill the newly created hole, emitting a photon in the
process. The energy required to excite the initial electron
depends on the screening of others surrounding it. In the
case of Ce, this is affected by the configuration of the 4f
electron. By sending in energy-tuned radiation in the re-

gion around the Ce absorption “edges” and tracking the
number of emitted photons it is possible to infer the aver-
age 4f occupation30,33. This is done by weighing relative
peak heights at different input energies corresponding to
different valence states30.

Though the Kondo gap transition occurs at low tem-
perature, XANES was done at room temperature for sev-
eral reasons. The Ce L3 edge has a low absorption en-
ergy of about 5.73 keV, and the intensity of these low
energy x-rays is further attenuated by the diamonds and
gasket. The signal would be even weaker at lower tem-
peratures with the addition of a cryostat. Although
early calculations predicted a 0.08 change in Ce va-
lence when cooled to cryogenic temperatures34 and spe-
cific heat data showed a temperature-dependent local-
ization of 4f1 Ce moments20, previous ambient pressure
XANES on Ce3Bi4Pt3 showed, within error, no valence
change from 300-10 K.35 More recent calculations also
expect a temperature-independent valence4. This would
be in line with other Ce-based compounds that show
little change in valence inside or outside of the Kondo
regime27,36. Room temperature measurements therefore
maximize signal-to-noise while likely giving a comparable
result to what would be obtained at lower temperatures.

Three different single crystal samples were used for va-
lence measurements: one at ambient pressure, and two at
high pressure (from different batches) identified as A and
B. Figure 2(a) shows the emitted intensity for the ambi-
ent sample and Sample B at five higher pressures. Each
absorption edge will show a peak at the corresponding
edge energy, and then a fluorescent background at higher
energy. After subtraction of a constant background, the
fit was made with a combination of Gaussian peaks and
error functions centered on the energies corresponding to
four identified features. The two most relevant are the
4f1 (3+) and 4f0 (4+) emission energies that occur at
about 5.728 and 5.738 keV, respectively27,33,37. These
values changed slightly with pressure, as has been noted
in other experiments28.

Also noticeable is a pre-edge bump at about 5.720 keV.
While some have interpreted this as the 4f2 (2+) edge,
we do not do so for several reasons. For one, compounds
composed exclusively of 4+ Ce have nevertheless shown
a peak at a similar energy37. Furthemore, the presence of
this feature is inconsistent across data sets, being almost
absent for Sample B and for Sample A (not shown) be-
coming more prominent with pressure as overall valence
increases, making its identification as an absorption edge
dubious. We take the view of other authors who identify
this feature as a 2p-4f transition33. The fourth feature
is the shoulder between the 3+ and 4+ valence peaks
at around 5.733 keV. This shoulder is thought to be a
byproduct of many body interactions associated with the
4f0 state37, or a transition from the 2p3/2 state into an

oxygen orbital in CeO2
38. It may be the case that the

small crystals oxidized slightly during exposure to air in
the process of cell loading. Sample A was in atmosphere
for about four hours, while sample B was exposed for
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FIG. 2. (a) Emitted intensity (offset) vs. incoming photon energy in the region of the Ce L3 edge from XANES measurements for
an ambient pressure sample and high pressure Sample B, with fits shown as black lines. Data were taken at room temperature
on two separate occasions at the APS, hence the difference in scanned energy range for the ambient sample. A constant
background has been subtracted and the data sets have been scaled to have the same high energy fluorescent intensity. The
pre-edge feature, 4f1 edge, 4f0-related shoulder, and 4f0 edge are labeled. Only the edge heights factor into valence calculation.
(b) Calculated Ce valence (with error bars) as a function of pressure for the ambient pressure crystal and the two DAC samples.

less than one hour. The former shows a more promi-
nent shoulder, as does the ambient sample which was
not encapsulated during the roughly two hour long collec-
tion time. In any case, the feature is small and previous
work has shown that it should not be included in valence
calculations39. Thus we need only compare the heights of
the two edges labeled in Fig. 2 for valence determination.

There has been some uncertainty about the ambient
pressure Ce valence in this material. The smaller lat-
tice parameter in comparison to isostructural La3Bi4Pt3
and Pr3Bi4Pt3, where the rare earth ion is trivalent, is
evidence for the loss of the electron in the outermost
(4f) shell and therefore also an elevated valence40. Addi-
tionally, the previous XANES measurement35 claimed an
ambient temperature and pressure valence of 3.10. How-
ever, an indirect determination made by inserting the
experimental activation gap into the Anderson impurity
model11 was about 3.02, rising to only 3.08 by 15 GPa.
A fit to our own data gives a value of 3.09 at 0 GPa,
very close to previous absorption results and confirm-
ing nonintegral valence even before pressure application.
With higher pressure, we see relatively consistent results
between the two samples, though Sample A has larger
error bars. The valence starts out slightly elevated from
ambient pressure, and increases to near 3.3 at 42 GPa,
with a possible small jump near 15 GPa. This is around
the same pressure where XRD may show signs of disrup-
tion in the lattice; that being said, in both inelastic and
elastic x-ray measurements the change is less than mea-
surement error. There is some disagreement between the
two samples, but that is also within the error bars. Com-

paring to related materials, bulk Ce valence increases by
0.16 up to 2 GPa,41 and the change is similar in heavy
fermion CeCu2Si2 by 7.8 GPa.29 The overall increase here
is higher, but requires substantially more pressure. The
movement away from a magnetic 3+ Ce valence state in-
dicates further delocalization of the single 4f electron, in
line with the increase in interactions expected from the
smooth unit cell contraction.

V. ELECTRICAL TRANSPORT

High pressure resistance measurements were made on
two single crystal samples. Crystals grown under the
same conditions were also measured at ambient pressure
for comparison. Temperature-dependent data are pre-
sented in Fig. 3. Where pressures overlap between the
two samples, results are very similar and also in line with
earlier work up to 14 GPa where hydrostatic pressure
was applied with a different method11. There is no in-
dication of superconductivity from Bi flux impurities42,
which affected data in the prior study. The scaled resis-
tivity increase is actually larger for the first few pressure
points than at ambient pressure, which was also the case
with the previous pressure study11. Nevertheless, sam-
ples in the DAC exhibit a nearly monotonic decline in
insulating behavior with pressure [Fig. 3(a)]. For Sam-
ple D, RBase/R(300 K) goes from 23 at 8.2 GPa to 2
at 34 GPa. However, the consistent rise of the 300 K
resistance with pressure means that the base tempera-
ture resistance is actually higher for higher pressures, as
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temperature for two Ce3Bi4Pt3 samples at various pressures.
The color of the lines match the labels on the right. Dashed
lines are data from Sample C, solid lines from Sample D. (b)
Raw resistance of Sample D for temperature sweeps in the
same wiring configuration.

shown in Fig 3(b). The dimensions of Sample D were
approximately 75 × 75 × 10 µm3, making the resulting
estimate for the room temperature resistivity 0.3 mΩ cm
at 8.2 GPa, comparable to the earlier study in a similar
pressure range11. This gives rough confirmation of con-
sistency in sample behavior. That work used an Arrhe-
nius model to estimate the size of the hybridization gap.
However, plots of ln(R) vs. 1/T using our data do not
reveal a clear, extended linear region, leading us to con-
clude that activated behavior is not driving conduction
in this compound. The discrepancy with the valence cal-
culated through that gap estimation and our direct mea-
surements are further indication that an activated model
does not adequately describe high pressure transport.

The lone distinct feature in R(T) is a hump, indicated
in Fig. 3(a) for the 8.2 GPa curve, that increases in tem-
perature with pressure and was noted in earlier high pres-
sure work. This feature does not appear at ambient pres-
sure, where there is a much more divergent and clearly
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FIG. 4. (a) THump (red) and the scaled resistance increase
(blue) as a function of pressure for both DAC samples. Base
temperature was 2 K for all measurements except Sample C at
5.2 GPa, where it was 10 K. (b) Semilog plot of the resistance
at 2 K and 300 K (downward- and upward-facing triangles,
respectively) for Sample D, with all measurements done in
the same wiring configuration.

insulating temperature dependence to resistance. How-
ever, it may be related to the maximum in ambient pres-
sure magnetic susceptibility12. We identify THump by the

maximum in |dRdT |, and plot it alongside the scaled resis-
tance increase in Fig. 4(a). Up to 20 GPa, it increases
slightly sublinearly from 50 K to 200 K. It becomes less
prominent with pressure, especially above 20 GPa, as
the resistance becomes more and more temperature in-
dependent. It is observed up to 212 K at 30.5 GPa but by
34.5 GPa is either too subtle or has moved above 300 K.
The width of this hump, quantified by the temperature
difference between the local minimum and maximum in
the derivative, is consistently 40-50 K.

A similar feature has been seen in other KIs and
metallic Ce-based compounds. Replacing Pt with Pd
has led to a diminished resistance increase and hump
in Ce3Bi4(Pt1−xPdx)3.43 In FeSi, a hump has been
linked to the Kondo temperature TK.44 CeRhSb shows
a maximum in the magnetic contribution to the resis-
tivity that is attributed to Kondo behavior10 and which
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moves to higher temperatures up to 4.5 GPa. Resistivity
maxima in metallic CeCu6

45, CePt2Si2
46, CexLa1−xAl3,

and CexLa1−xCu2Si2 all increase in temperature as the
unit cell shrinks due to either pressure or increased Ce
concentration47. In keeping with previous reports, we
propose a connection between THump and TK. The move-
ment to higher temperature with pressure represents in-
creasing relevance of hybridization interactions with de-
creasing unit cell size, as expected and seen in valence
data. But while dρ/dT is negative for all temperatures
at all pressures, the resistance increase levels off below
THump, especially at higher pressure. There is also an ev-
ident difference in the appearance of the ambient pressure
resistance, whose divergence resembles a typical insula-
tor, and all of the DAC measurements. We conclude that
instead of reinforcing insulating character, pressure in-
stead brings about a semimetallic, more intermediate va-
lent ground state, in which Kondo physics is still relevant.
This may be connected to the Weyl-Kondo semimetal
state that can arise from Pd substitution43,48.

Figure 5 shows the transverse magnetoresistance (MR)
of an ambient pressure sample and sample D at high pres-
sure. The curves have been symmetrized from positive
and negative field data to remove any Hall component,
which is harder to avoid given the hexagonal lead geom-
etry in the designer DAC. At ambient pressure there is a
miniscule, saturating, positive MR at room temperature
and a zero-crossing at intermediate field at low temper-
ature, in line with previous data6,49 and theoretical pre-
dictions for the KI state50. However, under pressure this
trend is reversed, with MR negative at 300 K positive
at 5 K. The resistance change with field also becomes
smaller with increasing pressure. At intermediate tem-
peratures it can be positive or negative, and generally
shows a larger Hall contribution. A large negative MR
at low temperatures has been linked to field-induced gap
closure6,49,50, an assertion backed by heat capacity work
pulsed magnetic fields up to 60 T.7 The positive MR at
low temperature under pressure then gives evidence for
a gap closure before field application, resulting in dom-
inance of a positive magnetoresistance contribution like
that seen in many metallic systems. The change in high
temperature MR further supports the idea of a global
change to material properties, even above the tempera-
ture of ambient pressure KI behavior.

VI. DISCUSSION

Ce3Bi4Pt3 shows relatively subtle changes under pres-
sure. There are no dramatic transitions in XRD, and
while the valence change of 0.2 is larger than has been
seen in bulk Ce or CeCu2Si2,29,41 it comes more gradu-
ally, over the course of 40 GPa. Although there is never a
resistance decrease on cooling that would signify metallic
behavior, we assert that pressure suppresses the Kondo
insulating gap. Even by 5.2 GPa, R(T) is qualitatively
distinct from its ambient pressure form, showing a slowed
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FIG. 5. Symmetrized transverse magnetoresistance (as a per-
centage of zero field resistance) of an ambient pressure crystal
and high pressure Sample D at (a) 300 K and (b) 5 K.

increase below THump rather than divergence, despite the
fact that the scaled resistance increase is actually larger.
With further pressure increase there is a nearly mono-
tonic decline in R(2 K)/R(300 K). At 34.5 GPa resis-
tance is nearly temperature independent, certainly not
insulating. The development of this state is easiest to
track looking at the 14.2, 21.7, and 25.1 GPa curves in
Fig. 3(b). The 15-25 GPa range also shows the greatest
change in THump, RBase/R(300 K), and room tempera-
ture resistance. The small jump seen at 15 GPa in the
valence, while within error, may also indicate that a more
abrupt crossover to a semimetallic, more intermediate va-
lent state takes place in this region.

It has previously been found that magnetic field6,7

and La doping12 close the Ce3Bi4Pt3 Kondo gap.
But even at 60 T, the resistance still increases by
an order of magnitude from 150 K to 1 K.49 With
14% La doping the resistance roughly doubles when
cooled to base temperature12, a larger increase than
we see at the highest achieved pressure. While other
Kondo insulators frequently display obvious pressure-
induced metallization8,10, Ce3Bi4Pt3 seems to possess a
semimetallic ground state in the absence of the Kondo
insulating gap. Similarities can be seen to the behavior
of Ce3Bi4(Pt1−xPdx)3, which simply shows a flattening
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of R(T) and decrease in the Kondo gap with isoelectronic
substitution, attributed to modification of spin-orbit cou-
pling strength43.

The modest increase in valence over 40 GPa seems di-
vorced from transport behavior, which changes substan-
tially even at the lowest measured pressure. Cooley et
al. obtained similar results to ours in resistance mea-
surements up to 14 GPa, but stated that the gap actu-
ally increased11. This was based on application of an
activated model to the data. However, attempts to use
this model with our data did not give satisfactory fits,
and we could not find a region where such a model ac-
curately fit the data. The continued flattening out of
the resistance at higher pressures than in that study are
further evidence for this. Similarly, those authors’ at-
tempts to calculate valence from the derived energy gap
give substantially lower values than our direct XANES
measurements.

The case of Ce3Bi4Pt3 is strong evidence that Kondo
insulating behavior can never survive high pressure,
even as compression increases hybridization. For the
orthorhombic Ce-based KIs like CeNiSn51,52, induced
metallic behavior could be ascribed to an anisotropic
gap, where the lattice would not shrink isotropically and
the Kondo gap would disappear in certain directions. In
SmB6

8,30 and YbB12
53 the valence change toward a 3+

state is evidence for reduced correlations with pressure.
But Ce3Bi4Pt3 is a cubic material that becomes more in-
termediate valent with pressure, and has a Kondo-related
resistance feature that increases in temperature. It would
seemingly be a model system for Kondo gap enhance-
ment through compression. Nevertheless, it becomes
semimetallic, a sign that that there is something lack-
ing in claiming a simple correlation between enhanced
hybridization with pressure and a strengthened Kondo
gap. Given that the primary difference between a KI and
a heavy fermion metal is the position of the Fermi level in
the hybridized band structure, shifts of EF with pressure
may also need to be taken into account, especially if the
electron number is also changing.

Theoretical work suggested that movement away from
integral valence could change Ce3Bi4Pt3 from a weak to
strong topological insulator5. The contrast between the
sharp increase in room temperature resistance and sta-
bility of 2 K resistance [Fig 3(b)] could be interpreted
as a residual surface conduction channel taking over at
low temperatures as the bulk resistivity increases. Again
we make reference to Ce3Bi4(Pt1−xPdx)3, where transi-
tion to a “Kondo semimetal” may be accompanied by the
emergence of topological Weyl points43,48. Such an as-
sumption could be probed by a nonlocal resistance mea-
surement, like that done to confirm the topological prop-
erties of SmB6,54 at high pressure. This is not feasible
with diamond anvil cells, but may be possible with other

types of high pressure setups.
VII. CONCLUSION

We have measured the structure, cerium valence, and
resistance of Ce3Bi4Pt3 up to the highest pressures
achieved with any Ce-based Kondo insulator. Transport
measurements show a transition from Kondo insulating
to semimetallic temperature dependence, with an even
greater suppression of the resistance increase than has
been achieved with high magnetic fields and nonmag-
netic doping. The unit cell shrinks monotonically with
pressure, leading to increased interactions. This is fur-
ther evidenced by the increase in Ce valence with pres-
sure as the lone Ce 4f electron becomes further delo-
calized and an increase in the temperature a resistance
hump believed to be related to the Kondo temperature.
This material presents a model system with which to ob-
serve the connection between uniform compression and
increased hybridization interactions. The demonstration
of gap closure in a cubic, Ce-based Kondo insulator re-
inforces the apparent universal antagonism of the Kondo
gap and high pressure. Future work could help determine
whether the changes we have observed with pressure re-
flect an enhancement of theorized topological properties.
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