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A candidate material for strongly correlated topological materials, Ce;Pd;Biy has attracted much attention, but
its ground state remains controversial. Compared with the typical Kondo insulator Ce;Pt;Bi4, two possibilities
of ground states are proposed: Ce;Pd;Biy is either a spin—orbit-driven topological semimetal or a Kondo
insulator with less Kondo coupling strength than platinum. Here, we performed density functional theory
(DFT) + dynamical mean field theory (DMFT) calculations on Ce;Pd;Bi, under different pressures to clarify
its ground state, as pressure can tune the strength of Kondo coupling without affecting the strength of spin-orbit
coupling. We found Ce;Pd;Bi, has a metallic ground state and becomes insulating with increasing pressure
at a low temperature. And as the pressure increased to 2 GPa, a hybridization energy gap can be observed at
10 K. As the pressure increased to 5 GPa, the electronic structure of Ce;Pd;Biy4 is even similar to that of the
Kondo insulator Ce;Pt;Bi, under ambient pressure, and a clear hybridization energy gap (~3 meV) appears at
20 K. Our results not only demonstrate that the key factor controlling the different ground states between the
two compounds is Kondo physics, rather than spin-orbit coupling, but also confirm that Ce;Pd;Biy is an ideal

material to tuning the ground states by changing the strength of hybridization by pressure.

DOI: 10.1103/PhysRevB.106.205115

I. INTRODUCTION

The hybridization between f-electrons with conduction
band electrons combined with the strong Coulomb inter-
action between f-electrons in heavy-fermion systems lead
to strong temperature dependence of electronic structures.
Recently, heavy-fermion systems have received much at-
tention due to the discovery of electronic band topology
[1-4]. As a proximate semimetal, the ground state of non-
centrosymmetric Ce;Pd;Biy is still controversial [5]. On the
one hand, some theories suggest the possible existence of
Weyl Kondo semimetal (WKSM) phases in strongly corre-
lated materials with broken inversion symmetry [4,6-9]. It
is experimentally found that the contribution of electrons to
specific heat is consistent with that predicted by WKSM the-
ory [6,8]. Furthermore, this is considered a sign of the lack
of a well-defined energy gap due to the weak dependence
of resistance on temperature [8]. On the other hand, some
experiments suggest that there is an energy gap in the ground
state—for example, the measurement of resistivity and Hall
resistivity. In addition, by fitting the low-temperature spe-
cific heat energy with the Schott—Schott Kondo resonance
model, which has a resonance of Lorenz shape and width
A at the Fermi energy, an energy gap (1.7 0.2 meV) is
obtained [10].

However, CesPt3;Biy, obtained by replacing palladium of
the same main group with platinum, is a typical Kondo in-
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sulator [5,11-14]. According to WKSM theory, the reduction
of the spin-orbit coupling (SOC) caused by the replacement
of platinum with palladium is the main driving factor for the
disappearance of the Kondo gap in Ce;Pd;Bis [6,8]. How-
ever, even with the similar lattice parameters, the radius of
Pd-4d is smaller than that of Pt-5d, which obviously affects
the strength of hybridization between them. Recently, Ajeesh
et al. [15] applied hydrostatic pressure to Ce3;Pd;Biy to tune
the strength of Kondo coupling without changing the strength
of the SOC. They found that Ces;Pd;Bis behaves like an
insulator, by measuring electrical resistivity when the pres-
sure is applied. However, how hybridization is controlled by
pressure requires further theoretical investigation. Recently,
Xu et al. [16] studied the effect of strain on Ces;Pd;Biy
using density functional theory (DFT) + dynamical mean
field theory (DMFT). However, there is currently a lack
of comparative studies on Ces;Pd;Biy under pressure
and Ce;Pt3Biy.

Here, we performed DFT + DMFT calculations on
CesPd;Bis under different pressures to investigate its ground
states and explore implicit factors. By comparing with the
electronic structures of Ce;Pt3;Biy, we verified that Ce;Pd;Biy
is a metallic state under ambient pressure and it becomes a
Kondo insulator with under low pressure. Furthermore, we
conclude that the reason for the different ground states of
two compounds is not the different strength of the SOC, but
the different strength of hybridization. We also deduced that
Ce;Pd;Biy is at the edge of forming coherent hybridization
under ambient pressure, hence the pressure can easily tune the
gap by adjusting the strength of hybridization.
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FIG. 1. The structure of Ce;Pt(Pd);Bis and the electronic structure of Ce;Pt(Pd);Biy from DFT with SOC. (a) The structure of
Ce;Pt(Pd);Bis. The red, green, and blue balls represent cesium, palladium/plutonium, and bismuth atoms, respectively. (b) The band structure
and DOS of Ce;Pt(Pd);Bi4. The gray area is the total spectral density, and the red solid lines, green dashed lines, and blue dotted lines represent

Ce-4f, Pt—5d(Pd—4d), and Bi-6p, respectively.

II. COMPUTATIONAL METHODS

The DFT calculations were performed using the full-
potential linearized augmented plane-wave WIEN2k code
[17]. The radius of atomic spheres R multiply plane-wave
cutoff K.« was set to 8.0 and the k-mesh was setto 12 x 12 x
12. The exchange-correlation functional is the conventional
Perdew—Burke-Ernzerhof functional [18]. The SOC effect
was taken into account in a second-order variational manner in
the WIEN2k code. The lattice parameters of Ce3;Pd;Bi4 under
pressure were estimated by equation-of-state fitting, and the
atomic coordinates were optimized using the WIEN2k code.
The DFT + DMFT method combines realistic band-structure
calculation by DFT with the nonperturbative many-body
treatment of local interaction effects in DMFT [19,20]. For
the fully consistent DFT + DMFT calculations, this method
has been successfully applied to some strongly correlated
electronic materials [21,22]. Here we perform fully charged
self-consistent calculations to explore the detailed electronic
structure of Ces;Pt;Bis and Ce;Pd;Bis using the DFT +
DMEFT method. The implementation of this method is divided
into DFT and DMFT parts, which are solved separately using
the WIEN2k code and the eDMFTF package [17,19,23]. The
same RK ., k-mesh, and exchange-correlation functional as
the DFT calculations are used here. We also consider SOC
in our calculations, and the onsite interaction parameters of
Ce-4f, Hubbard U, and Hund exchange J are U = 6.0 eV and
J = 0.7 eV, which is the conventional choice [24-26]. The
Pt-5d- and Pd-4d-electrons are considered to be noncorrelated
due to their larger bandwidth. We ignore the off-diagonal
components of the hybridization function. This avoids the
negative sign problem and generally does not have a seri-
ous impact on the result [23]. The continuous-time quantum
Monte Carlo impurity solver [20] was employed to solve the
resulting multiorbital Anderson impurity model. We made
a severe truncation (N € [0, 1, 2, 3]) for the local Hilbert
space to reduce the computational burden. The long-range
magnetic order is not considered in the DFT and DFT +
DMEFT calculations in this work due to the two materials
having a paramagnetic ground state.

III. RESULTS AND DISCUSSION

Ce;Pt3Biy and Ces;Pd;Bis belong to cubic crystal system,
as shown in Fig. 1(a), and the space group is /-43d (No.
220). To account for the difference between their ground states
[5,11,12,15], we first calculated the paramagnetic electronic
structures by DFT with SOC. As shown in Fig. 1(b), there
is no significant difference between the two electronic struc-
tures. The ground states are all insulators with an energy gap
of about 0.15 eV, and the energy band near the Fermi energy
(Ep) are mainly derived from Ce-4f. The density of states
(DOS) of Pt—5d(Pd—4d) is of the same order of magnitude
as Bi-6p, which are far smaller than Ce-4f. The occupancy
numbers of Pd-4d and Pt-5d are 8.2 and 7.7, respectively.
Their bandwidths are too broad (-5eV to 1 eV) and the
correlation effects of Pd-4d and Pt-5d are much weaker than
that of Ce-4f, so Pt-5d- and Pd-4d-electrons can be treated as
noncorrelated electrons. The occupancy numbers of Ce-4f-
electrons are all about 0.98, and Ce-4 f peaks appear at about
0.2 eV and 0.6 eV above the Er. This result is not surprising,
since the Ce-4 f-electrons in the DFT calculations are treated
as itinerant with a closed core treatment [5]. The static +U
correction moves an empty (full) f-band up (down). Hence,
the DFT + U calculations for Ce-4f will get a ground state
with a larger gap.

To get a better treatment of Ce-4 f correlated electrons, we
should give a better treatment of the correlation effect. We
further performed the DFT + DMFT calculations on the two
compounds. We first focus on Ce;Pt;Bis, which has been con-
firmed with a Kondo insulator ground state in former research
[5]. Figure 2 shows the electronic structure of Ce;Pt;Biy at
different temperatures. The Ce-4fs5,, and Ce-4f;/, bands are
located near the Er and about 0.35 eV above the EF, respec-
tively, as shown in Figs. 2(a) and 2(b). The system exhibits
metallic properties at high temperatures. It can be clearly seen
that the localized Ce-4f-electrons form a blurry band near
the Er, and some conduction bands, which are mainly Pt-5d
and Bi-6p across the Ep between '—H, H-N, and P-H at
300 K, as shown in Fig. 2(c). As the temperature decreases,
the Ce-4f5,, flat bands gradually form and start to hybridize
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FIG. 2. The electronic structure of Ce;Pt;Bis from DFT 4+ DMFT. The momentum-resolved spectral functions (a) and spectral density (b)
at 20 K. The momentum-resolved spectral functions (c) and spectral density (d) at 300, 100, 50, and 20 K. The black solid lines, red solid lines,
blue dashed lines, and green dashed lines represent total spectral density, Ce-4 f, Ce-4 f5,,, and Ce-4 f7,, contributions, respectively.

with the conduction bands. The hybridization has occurred at
100 K, but no hybridization gaps. It can be seen that a clear
hybridization gap appears at 50 K in the momentum-resolved
spectral functions shown in Fig. 2(c). At 50K, 20K, and 10K,
the occupancy numbers of Ce-4fs5,, are 1.020, 1.039, and
1.096, respectively. As the temperature decreases, the Ce-4 f
occupancy number increases and the Er shifts upward, but the
band shape does not change, as shown in Fig. 2(c). The energy
gap is about 3 meV at 20K. Experimentally, the hybridization
gap starts to form below 100 K, and the maximum value is
about 4.3 meV at 50 K [27-30]. Compared with DFT, the
ground state obtained by DFT + DMFT is in good agreement
with the experiment. For the DFT + DMFT calculations of
Ce;Pt;3Biy, the numbers of Ce-4 f occupation are about 1.04 at
all temperatures, indicating that the valence fluctuations in the
system are negligible. These results are also consistent with
previous theoretical calculations [5]. Therefore, Ce;Pt;Biy is
a typical Kondo insulator in which the Ce-4 f5,-electrons are
coupled with conduction electrons.

Howeyver, our results of DFT + DMFT show that the elec-
tronic structure of Ce;Pd;Biy is very different from that of
Ce;Pt;3Biy, although Ce;Pd;Biy has almost the same lattice
parameters and slightly different bismuth atomic coordinates
compared with Ce;Pt;Biy. As shown in Figs. 3(a) and 3(b),
like CesPt3Biy, the Ce-4f5,, and Ce-4f7,, flat bands appear
near the Er and at 0.35 eV above the Er, respectively. The
localized 4f flat bands hybridize with the conduction band
at a low temperature. However, a clear hybridization gap
cannot be found in the spectral function, even if the tem-
perature is lowered to 10 K [Figs. 3(d) and (3e)]. Although
we did not perform DFT + DMFT calculations at lower tem-
peratures, previous theoretical calculations by Cao et al. [5]
showed that there is still no apparent hybridization gap even
when the temperature is lowered to 4 K. One possible reason
for the different electronic structures is the stronger strength
of the SOC of platinum than that of palladium. However, there
is no obvious difference of SOC splitting near the Er between

two compounds [5]. The other possible reason is the different
strengths of Kondo coupling in Ce;Pt;Biy and Ce;Pd;Biy.
Applying pressure is a clean way to tune the strength of
coupling without breaking symmetry or changing the strength
of SOC.

Therefore, we can verify this conjecture by calculating the
electronic structure of Ces;Pd;Biy under different pressures.
Due to the lack of experimental lattice parameters data under
different pressures, we first calculate the ground-state energy
under different lattice parameters, and the lattice parameters
under different pressure estimated by equation-of-state fitting
using the WIEN2k code. Finally, the atomic coordinates are
optimized using the WIEN2k code. In Table I, we list the
crystal structure information of Ces;Pt;Biy and Ce;Pd;Biy at
different pressures. Compared with DFT + U, the lattice con-
stant obtained by DFT is closer to the experiment. However,
DFT + U can result in a relatively small lattice constant,
which is the same as that in some other material calcula-
tions [31,32]. Therefore, we use the structure obtained by the
DFT method in this work. Although the lattice parameter of
Ce3Pd;Biy is slightly smaller than that of Ces;Pt;Biy under
ambient pressure, the radius of Pd-4d is smaller than that of
Pt-5d, hence the hybridization strength of Ce;Pd;Bis may be
smaller.

As shown in Fig. 1(a), cesium atoms are surrounded
by Pt(Pd) and bismuth atoms, and there are two differ-
ent Pd(Pt)-Ce-Bi bond angles—namely, o and B, marked
in Fig. 1(a). Interestingly, as applied external pressure in-
creases on Ce3;Pd;Biy, and although the length of each bond
in Ces;Pd;Bis gradually decreases, the bond angle of Pd-
Ce-Bi under pressure gradually approaches the bond angle
of Pt-Ce-Bi in Ce;Pt;Biy under ambient pressure. This phe-
nomenon is similar to some strongly correlated materials,
and in these systems the bond angles have an important in-
fluence on hybridization [33]. From the tendency of bond
angles, we deduce that as the pressure increases, the ground
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FIG. 3. The electronic structure of Ce;Pd;Bi4 under different pressure from DFT + DMFT. The momentum-resolved spectral functions (a)
and spectral density (b) of Ce;Pd;Bi, under O GPa at 10 K. (c) The gap of Ce;Pd;Bi4 under different pressure. The spectral functions (d) and
spectral density (e) at different pressures and different temperatures. The black solid lines, red solid lines, blue dashed lines, and green dashed
lines represent total spectral density, Ce-4f, Ce-4fs,», and Ce-4 f7,, contributions, respectively. (f) Imaginary part of the impurity hybridization
function As/,(w) of Ce;Pt;Bis under ambient pressure and Ce3;Pd;Bi, under different pressure, at 10K.

states of Ce;Pd;Bis may approach Ces;Pt;Biy, under ambient
pressure.

Figures 3(d) and 3(e) gives the electronic structures of
Ces;Pd;Bis under pressure at different temperatures. Com-
pared with the ambient pressure, a small hybridization gap
(~1.1 meV) begins to appear under 2 GPa, when the tem-
perature drops to 10 K. The formation of the hybridization
gap reflects the increasing strength of hybridization. As the
pressure increases to 5 GPa, the strength of hybridization

increases significantly. When the temperature is reduced to
20 K, a clear hybridization energy gap appears, and the size
(~3.0 meV) is close to that of Ce;Pt;Biy. The spectral func-
tions of them are basically similar. Figure 3(c) shows the
gaps of Ce;Pd;Biy under three pressures (ambient pressure,
2 GPa, 5 GPa). The intersection of the connection line be-
tween 5 GPa and 2 GPa and the pressure axis is near 0
GPa. Therefore, CesPdsBi4 is at the edge of forming coher-
ent hybridization under ambient pressure. In Fig. 3(f), we

TABLE 1. The crystal structure information of Ces;Pt;Bis and Ces;Pd;Biy at different pressures. The space group is /43d (No. 220), and
the atomic sites are as follows: Ce 12b (0.75, 0.625, 0), Pt(Pd) 12a (0.75, 0.125, 0), and Bi 16¢ (x, x, x). There are two different Pt(Pd)-Ce-Bi
bond angles—namely, « and 8, marked in Fig. 1(a).

C€3Pt3Bi4 C€3Pd3Bi4(0 GPa) C63Pd3Bi4(2 GPa) Ce3Pd3Bi4(5 GPa)
a, b, ¢ (A) DFT 10.0738 10.0536 9.9784 9.8785
DFT + U 10.0554 10.0155 9.9410 9.8476
Exp. 10.051 [11] 10.052 [34]
Bi (x) 0.9122 0.9139 0.9131 0.9120
Ce-Bi (A) 3.4381 3.4496 3.4151 3.3702
3.5362 3.5102 3.4928 3.4690
Pt(Pd)-Bi (A) 2.8370 2.8230 2.8058 2.7826
Pt(Pd)-Ce-Bi (°) o 51.213 50.858 51.026 51.239
B 50.178 50.218 50.198 50.175
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FIG. 4. Fermi surfaces of Ce;Pt;Bi4 (a) under ambient pressure and Ce;Pd;Bis under ambient pressure (b) and 5 GPa (c¢) at 50 K from
DFT + DMFT. The top row in each view is the first four Fermi surfaces; the bottom row in each view is the last four.

show the imaginary part of the hybrid function -ImA(w)
near the Er at 10 K. Under ambient pressure, the peak of
—ImA (w) of CesPt3Biy near the Er is much larger than that of
Ce3Pd;Biy. As the pressure increases, the peak of —ImA (w)
of Ces;Pd;Biy increases gradually. When the pressure is in-
creased to 5 GPa, the height of the peak is close to that of
Ce;sPt3Bis under ambient pressure. This indicates that the hy-
bridization strength of Ce;Pd;Biy is much lower than that of
Ce;Pt;Biy at ambient pressure. In addition, the pressure will
increase the strength of hybridization in Ce;Pd;Bis. When
the pressure is increased to 5 GPa, the strength of hybridiza-
tion is close to that of Ces;Pt;Biy under ambient pressure.
The conduction band components near the Er are mainly
Pt-5d/Pd-4d and Bi-6p. In addition, the lattice constants of
the two materials are close at ambient pressure, and as the
lattice constant of Ces;Pds;Bis decreases, the strength of hy-
bridization of Ce;Pd;Bis gradually nears that of Ce;Pt;Biy.
Therefore, we believe that the difference in the strength of

hybridization is due to the different radii of 4d and 5d
orbitals.

To give a better understand of electronic structures,
Fig. 4 shows the quasiparticle Fermi surfaces of Ce;Pt;Biy4
[ambient pressure, Fig. 4(a)] and Ce;Pd;Bis [ambient pres-
sure, Fig. 4(b), and 5 GPa, Fig. 4(c)] at 50 K by setting the
ImX(w) = 0. At 50 K, all three cases are metallic, with eight
bands across the Ep. As the pressure of Ce;Pd;Biy increases,
the Fermi surface sheets formed by the lowest four bands at
the H point gradually decreases, and the Fermi surface sheets
formed by the fifth and sixth bands gradually move from the P
point to the H point, whereas the Fermi surface sheets formed
by the highest two bands at the P point gradually increase and
the eighth bands form the Fermi surface sheets at the I" point,
as show in Figs. 4(b) and 4(c). Pressure causes Ce;Pd;Biy
in the metallic state to produce a Lifshitz transition. As the
pressure increases to 5 GPa, the Fermi surface of Ce;Pd;Biy is
similar to that of Ce;Pt3;Biy under ambient pressure, and even
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Ce;Pd;Bis under ambient pressure (red dashed lines), 2 GPa (blue dotted lines), and 5 GPa (orange dotted/dashed lines) at 50 K (a), 20 K (b),

and 10 K (c).

the seventh and eighth Fermi surface sheets are larger than
CesPt3Biy, indicating that their strengths of hybridization are
similar.

In order to see the detailed influence of strongly correlated
effects, we calculated the imaginary part of self-energy in
Matsubara frequency Im X (iw, ) of Ce-4 fs5,, for Ce3Pt3Bi4 un-
der ambient pressure and Ce;Pd;Bis under different pressures
(see in Fig. 5). For CesPt3Biy, the Im X5/, (iw,) extrapolates
to 0 when w,, — 0 at 20 K and 10 K, while it extrapolates to a
finite value when w,, — 0 at 50 K, indicating that the system
is in the Fermi liquid state at 10 K and 20 K. However, for
CesPd;Bi4 under ambient pressure, the ImXs > (iw,) extrapo-
lates to a finite value when w, — 0, even if the temperature
is drops to 10 K. As the pressure is increased to 2 GPa,
the ImXs/,(iw,) extrapolates to 0 when w, — 0 at 10 K.
When the pressure is increased to 5 GPa, the self-energy of
Ce3Pd;Biy is very similar to that of Ce;Pt3;Bis under ambi-
ent pressure. This indicates that, as the pressure increases,
CesPd;Bi, gradually becomes more coherent.

The self-energy in real-frequency axis X(w) is ob-
tained by the analytical extension of the self-energy in
Matsubara frequency X(iw,) using the maximum en-
tropy method [35,36]. In addition, we also calculated the
renormalization factor Z of Ce-4f5;; from X(w) using
Z =1 —BR‘;%M:O at 10 K. The results are shown in
Table II. Under ambient pressure, Pd-4d is more localized
than Pt-5d, hence CesPd;Bis has a smaller renormalization
factor Z of Ce-4f5,, than CesPt3Bi4y. However, the small ra-
dius of Pd-44 also reduces the strength of hybridization and
finally exhibits a metallic ground state without a hybridiza-
tion gap. As the pressure increases, the atoms in Ce;Pd;Biy
get closer, which leads to the smaller correlation effects and
the increase of renormalization factor. When the pressure is
increased to 5 GPa, the renormalization factor of Ce;Pd;Biy

TABLE II. Renormalization factor Z of Ce-4fs,; in Ce3Pd;Biy
under different pressures and Ce;Pt;Bi4 at 10 K.

C63Pt3Bi4 C63Pd3B14 CC;Pngu (2 GPa) Ce;Pd3B14 (5 GPa)

Z 0.0476 0.0233 0.0312 0.0466

is very close to that of Ce;Pt3;Biy under ambient pressure.
Although pressure reduces the correlation effect, the hy-
bridization between Ce-4 f with Pd-4d increases, causing the
results to show that pressure drives the metal—insulator transi-
tion of Ce3;Pd;Biy.

Figure 6 shows the Im¥(w) of Ce-4f5,, for Ce3Pt3Bi4 and
Ces;Pd;Biy at the three lowest temperatures, and the fitted
curve using a quadratic function. For metal systems, the range
of fitting is [-7, T], and for insulators, it includes the band
gap, which is [-1 meV, 5 meV]. For Ce;Pt3;Bis, as shown in
Fig. 6(a), the Im¥s5,,(w) can be well fitted using a quadratic
function a(w — wp)” + X at 10 K and 20 K. The wy is within
or near the range of fitting, and X is comparable or smaller
than the size of gap. However, the wy is far away from the
range of fitting at 50 K. Therefore, the Ce-4 f5/,-electrons of
Ce;Pt3Biy are coherent when the temperature is below 20 K.
For Ces;Pd;Bi4, wp is not in the range of fitting, and X is
much larger than the energy gap even at 10 K, as shown in
Fig. 6(b). As the pressure increases to 2 GPa, the ImXs,,(w)
can be well fitted using a quadratic function at 10 K, as shown
in Fig. 6(c). When the pressure is further increased to 5 GPa,
the ImX¥s,>(w) can be well fitted at 20 K and 10 K, and
the fitted quadratic function has similar parameters to that
of Ce;Pt3Biy under ambient pressure, as shown in Fig. 6(d).
This suggests that applying pressure results in a change in
the strength of hybridization of Ce;Pd;Bi4, which affects the
ground state. Therefore, the conclusion obtained from the
ImXs,,(w) is the same as that presented earlier: Ce3Pd3;Biy
is at the edge of forming hybridization and the pressure drives
the metal—insulator transition of Ce;Pd;Bi, through changing
the correlation effect.

IV. CONCLUSION

In conclusion, we have performed systematic DFT +
DMFT studies on Ce;Pt3Biy under ambient pressure and
CesPd;Bis compounds at different pressures. It is found that
Ce;Pt;3Biy is a typical Kondo insulator with an indirect gap of
3 meV, and Ces;Pd;Biy is a correlated metal. As the pressure
increases, Ce3;Pd;Biy becomes a Kondo insulator, and the
sizes of the energy gap are 1.1 meV at 2GPa and 3.0 meV at
5GPa. Ce;Pd;Biy is a suitable material at the edge of forming
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FIG. 6. Imaginary part of self-energy Xs,,(w) on real-frequency axis of Ce;Pt3Biy under ambient pressure (a) and Ce;Pd;Bi, under
ambient pressure (b), 2 GPa (c), and 5 GPa (d) at 10, 20, and 50 K. The red dotted line is the quadratic function obtained by fitting.

hybridization, hence the pressure can easily tune the gap by
adjusting the strength of hybridization. Our work clarifies the
reason for the difference between the two compounds is not
that platinum has a stronger SOC than palladium, but that
Ce;Pt3Biy has stronger hybridization due to a larger radius
of Pt-5d orbitals.
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