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The van der Waals material MnBi,Te, and the related Sb-substituted compounds Mn(Bi;_,Sb,),Te, are
prominent members of the family of magnetic topological insulators, in which rare quantum mechanical states
can be realized. In this work, we study the evolution of the charge dynamics in MnBi, Te4 and the Sb-substituted
compound Mn(Bi,_,Sb,),Te, with x = 0.26 under hydrostatic pressure. For MnBi, Te,, the pressure dependence
of the screened plasma frequency, the dc conductivity, and the reflectance at selected frequencies show weak
anomalies at ~2 and ~4 GPa, which might be related to an electronic phase transition driven by the enhanced
interlayer interaction. We observe a pressure-induced decrease in the optical gap, consistent with the decrease
in and closing of the energy gap reported in the literature. Both studied materials show an unusual decrease
in the low-energy optical conductivity under pressure, which we attribute to the decreasing spectral weight of
the Drude terms describing the free charge carrier excitations. Our results suggest a localization of conduction
electrons under pressure, possibly due to hybridization effects.

DOI: 10.1103/PhysRevB.109.245124

I. INTRODUCTION

In recent years, the famous representative of topological
insulators with magnetic order, MnBi,Te, (MBT), has been
studied extensively with many different experimental tech-
niques. It is now proven that MBT is a promising candidate for
hosting rare quantum mechanical effects such as the quantum
anomalous Hall effect and the axion insulator, which makes
MBT potentially interesting for applications in quantum
metrology and spintronics [1-6]. Characteristic for a topo-
logical insulator, MBT exhibits a gapped electronic structure
near the Fermi energy Er in the bulk, while linearly dispers-
ing, gapless surface states are induced by band inversion,
which is protected by spatial and time-reversal symmetries
at ambient conditions [7-13]. However, whether the surface
states are gapped or not has been a matter of controversy, as
contradictory experimental results have been reported [14,15].
Due to the onset of A-type antiferromagnetic ordering be-
low Ty = 25K [9,16-20], a time-reversal symmetry-broken
system coexisting with nontrivial band topology emerges in
MBT, which enables the realization of Weyl fermions close to
Erp [16,21-24].

MBT crystallizes in the space group R3m with the unit
cell parameters a = 4.33 A and ¢ = 40.91 A [16], and it pos-
sesses a van der Waals—type layered structure, consisting
of Te-Bi-Te-Mn-Te-Bi-Te septuples stacked in a rhombo-
hedral ABC order [16,19,25]. A sketch of the structure is
shown in Fig. 1(a). While the Mn sublattice contributes a
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magnetic moment to the compound, the Bi and Te p, bands
are responsible for the nontrivial surface states, which are
located at the I' point in momentum space [14,26]. Re-
garding the three-dimensional properties, a bulk energy gap
between 180 and 220 meV has been reported [8,9], while
the surface Dirac point between the valence and conduc-
tion bands is located ~270 meV below Eg [7,9,12]. A
sketch of the described band structure is shown in Fig. 2(c),
where two electronic bands cross Er. Accordingly, MBT is
intrinsically doped, with electrons being the main charge
carriers [21,27].

To further understand how to achieve ideal Weyl semimetal
states, different methods of tuning the electronic structure in
MBT have been exploited [21,28]. By gradually exchang-
ing Bi atoms with Sb atoms, the Sb-substituted compounds
Mn(Bi;_,Sb,),Tes (MBST) are generated, in which the po-
sition of the chemical potential and the energy gap size
are strongly affected and determined by the Sb content
[8,21,27,29,30]. While the structural parameters undergo only
minor changes due to Sb doping, a lowering of the Ef level
from the conduction bands towards the valence bands with
increasing Sb content can be observed, and a nearly insulating
state is expected to be reached at a doping level of x = 0.26
[8,21]. Accordingly, the expected electronic band structure
of Mn(Biy74Sbg2s)2Tes (x = 0.26) is sketched in Fig. 2(f),
where Er now slightly crosses one of the lower bands, as
will be justified later based on our experimental results. In
addition, the energy gap is reported to be reduced with Sb
doping level, where a gap closing is expected at x = 0.55, and
a reopening of the bands results in the vanishing of nontriv-
ial bands for Sb-substituted compounds above x = 0.55 [8].

©2024 American Physical Society
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FIG. 1. (a) Sketch of the crystal structure of MBST. Pressure-dependent (b) reflectance and (c) optical conductivity o; of the pure compound
and (d) reflectance and (e) optical conductivity o; of the Sb-substituted compound with x = 0.26. The corresponding loss functions of both
materials are shown in the insets in (b) and (d), respectively. In (c), the intercept point of the linear extrapolations (dashed lines) of o with the
frequency axis indicates the onset of interband transitions, corresponding to the optical gap size.

However, topological surface states have also been detected
in MnSb,Te4 (x = 1) in other studies [31-34].

Thus far, the optical properties of pure MBT and of vari-
ous Sb-substituted compounds MBST have been investigated
only at ambient pressure [35-38]. As unusual properties of
pressurized MBT with regard to dc electric transport dy-
namics, electronic structure, and structural evolution have
been reported [39—44], it is important to also investigate the
frequency-dependent optical response of MBT at high hy-
drostatic pressures. Typically, materials show a decreasing
resistivity under external pressure, as bond lengths and inter-
atomic distances are more and more compressed [45]. This
holds, for example, for the closely related compounds and
topological insulators Bi,Tes [46] and MnSb,Tes [47]. In
stark contrast, several studies revealed a more complex behav-
ior of the dc resistivity for MBT under hydrostatic pressure
[39,41]. Electrical resistivity measurements show the initial
increase in resistivity with increasing pressure up to ~12 GPa,
followed by a strong resistivity drop for higher pressures.
This unconventional, nonmonotonic shift was suggested to re-
sult from the competing nature of gradually localized surface
electrons and the bulk electrons undergoing a delocalization
process under pressure [39]. In another study, the hybridiza-
tion of Bi 6p and Te 5p electrons with delocalized Mn 3d
electrons, which creates a hybridization gap, and an increase
in electron scattering rate were given as possible mecha-
nisms for the initial pressure-induced resistivity increase [41].
Regarding the crystal structure under pressure, the cell pa-
rameters a and c¢ shrink irregularly with increasing pressure
[41]. This results in an unusual evolution in the c/a ratio,
where an initial drop to a minimum value at 3 GPa is followed
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by an increase for higher pressures [39]. A further crucial
consequence of external pressure application is a decrease
in the energy gap at the I point up to ~15 GPa [39,42], as
demonstrated by various theoretical calculations [39,40,42].
In summary, the high-pressure properties of MBT are highly
unusual, and many open questions remain.

In this study, we investigate the effect of external pres-
sure on the charge carrier dynamics in pure MBT and in the
Sb-substituted compound Mn(Big 74Sbg 26 )2 Tes using optical
spectroscopy over a broad frequency range. According to
our optical data, the metallic character of both compounds
weakens under pressure. We also find anomalies in the pres-
sure dependence of the screened plasma frequency w", dc
conductivity, and reflectance values at selected frequencies.
These pressure-induced anomalies are in good agreement with
the structural parameter evolutions under pressure reported in
the literature [39,41]. Furthermore, we observe a decrease in
the optical gap, which we relate to the decreasing energy gap
under pressure [39,42].

II. MATERIALS AND METHODS

Single crystals of MnBiTes and MnBi(p74Sbo26)2Tes
were grown by the self-flux method as reported in Ref. [21].
The 26% Sb-substituted sample belongs to batch SL3B1 de-
scribed in our previous publication [38], and, accordingly,
is slightly hole doped. The crystals were characterized in
detail by temperature-dependent electric transport and Hall
resistivity measurements, as reported in Ref. [21]. We carried
out infrared reflectance measurements by Fourier-transform
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FIG. 2. Drude-Lorentz fit of o, of the pure compound at (a) 1.13 GPa and (b) 8.0 GPa and of the 26% substituted compound at (d) 3.4 GPa
and (e) 10.2 GPa. (c) and (f) display sketches of the corresponding band structures close to the Fermi level (similar to Ref. [38] and based on
calculations by Chen et al. [9]). In (c) and (f), the vertical arrows display electronic transitions described by the respective Lorentz oscillators,
where L1 describes transitions between two conduction bands, LL1* describes transitions between the valence and conduction bands, and L2
corresponds to transitions across the optical gap. The energy gap E,,,, is indicated by a vertical orange line.

infrared spectroscopy with a Bruker 80v spectrometer coupled
to a Hyperion microscope.

Hydrostatic pressure was applied with EasyLab diamond
anvil cells (DACs), where a small piece of the single crystal
was placed into a hole of a CuBe gasket together with some
Csl, which served as the pressure-transmitting medium for
the realization of quasihydrostatic pressure. For the pure com-
pound we used a DAC with a 900 um culet size, and for the
26% substituted sample a DAC with a 800 um culet size was
selected. In order to determine the pressure inside the DAC,
tiny Al,O; spheres were placed next to the sample. Excited
with a green laser, these spheres emit radiation with a specific
wavelength characteristic of the applied pressure. This radia-
tion was detected with a charge-coupled device spectrograph.

The reflectance was calculated according to the equa-
tion Lmple /Ireferences Where Igmple stands for the intensity
reflected by the sample and Leference Stands for the intensity
reflected by the CuBe gasket. The data were measured from
~200 to 17 000 cm™" (0.03 to 2.11 eV). Over a small range
from ~1700 to 2700 cm™!, the measured spectra had to be
interpolated, as the characteristic multiphonon absorption in
diamond led to false results [48]. Also, extrapolations in the
low- and high-energy regimes are merged with the spectra.
These extrapolations are constructed with the help of lit-
erature values from transport measurements and volumetric

information, which is necessary to obtain optical func-
tions, like the optical conductivity o; and the loss function
—Im(1/€). This is done by applying the Kramers-Kronig rela-
tions through programs by Tanner [49]. All datasets are fitted
with the Drude-Lorentz model to learn about the pressure-
dependent behavior of various electronic excitations with the
use of the REFFIT software, as described by Kuzmenko [50].

III. RESULTS

A. Pressure-dependent optical spectra

The room-temperature reflectance spectra of MBT as a
function of pressure were measured in small steps up to
8.0 GPa. In order to establish a good sample-diamond in-
terface, which is necessary for reasonable results, the first
spectrum was taken at 1.1 GPa. The results are shown in
Fig. 1(b). At the lowest pressure, we find a characteris-
tic metallic spectrum: The reflectivity level at the lowest
measured frequency is quite high, close to 80%, which is
followed by a rather strong decrease corresponding to the
plasma edge. The reflectance shows the plasma minimum at
~1200 cm~! and a weak but steady increase up to the highest
measured frequency. With increasing pressure, this profile
is maintained. However, we observe that the level below
~700 cm~! decreases with increasing pressure, while above
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this wave number a reflectance increase is found. The cor-
responding optical conductivity spectra [see Fig. 1(c)] show,
for all measured pressures, a low level (~1000 Q~'cm™!) at
low frequencies, which is followed by a linearlike increase
above ~2000 cm™'. This quasilinear increase in o; has been
extrapolated with linear fits in order to estimate the size of
the optical gap, as will be discussed later. The high-frequency
range is dominated by a pronounced absorption band centered
at around 10 000 cm~! due to interband transitions, which is
in good agreement with previous measurements by our group
[36-38] and by Xu et al. [35]. With increasing pressure this
absorption band increases in strength and shifts slightly to
smaller frequencies. The inset in Fig. 1(b) shows the loss func-
tion of MBT as a function of pressure, defined as —Im(1/¢),
where € is the complex dielectric function. A clear plasmon
peak in the loss function at the lowest pressure indicates the
metallic character of the material, and its position corresponds
to the value of the screened plasma frequency wp". With
increasing pressure the plasmon peak shifts from ~800 cm™!
at 1.1 GPa to lower frequencies and broadens considerably,
both signaling a weakening of the metallic character of MBT
under pressure, as will be discussed below.

Corresponding optical functions of the 26 % Sb-doped
compound are displayed in Figs. 1(d) and I(e) at various
pressures up to 10.2 GPa. The overall pressure dependence
of the optical response is very similar to that of the un-
doped material MBT. However, the metallic character of
Mn(Big 74Sbg26)2Teq4 is much more reduced compared to
MBT: Namely, the low-frequency reflectivity level is low, and
the plasma edge is less developed with a plasma minimum
located at a lower frequency [~400 cm™!; see Fig. 1(d)]. Also
the Fabry-Pérot interferences in the frequency range 500-
1300 cm ™! signal the much reduced metallic nature, leading to
a partial transparency of the studied crystal. The Fabry-Pérot
interferences are reduced under pressure. At higher frequen-
cies, the level of the reflectivity rises very weakly, similar to
the pure compound [see Fig. 1(b)]. The low-frequency optical
conductivity oq, depicted in Fig. 1(e), has an extremely low
level up to frequency 1000 cm™!, confirming the very low
spectral weight of free charge carrier excitations. As expected,
the material is close to insulating. A small plateaulike fea-
ture in o7 at ~1500 cm~! is followed by a steep quasilinear
increase to high values and an absorption band due to in-
terband transitions. The plasmon peak in the loss function
of Mn(Big74Sbg26)2Tes [see inset of Fig. 1(d)] indicates the
pressure-induced weakening of the (already weak) metallic
character like for MBT, namely, a decrease of its height,
broadening, and a shift to lower frequencies.

B. Analysis of optical functions and optical parameters
as a function of pressure

For a detailed understanding of the charge carrier dynam-
ics and excitations under pressure, we performed fits of the
measured optical data with the Drude-Lorentz model. Fits of
the optical conductivity o; of MBT at the lowest and highest
pressures are depicted in Figs. 2(a) and 2(b), respectively. As
free charge carrier contributions from two electronic bands
are expected according to the electronic band structure of
MBT [Fig. 2(c)] and in order to obtain a reasonable fit of the

data, we have implemented two Drude terms in addition to
six Lorentz terms in the measured range. This fit model is in
accordance with previous analyses by our group [36,38]. The
“High-Energy” oscillator stands for the sum of all oscillators
lying outside the measured range. From the comparison of
the Drude contributions at the lowest and highest measured
pressures, we can conclude that the Drude terms lose spectral
weight under pressure, whereas all the Lorentz oscillators
gain in spectral weight. The electronic band structure of MBT
sketched in Fig. 2(c) is based on calculations by Chen et al.
[9] and was already discussed in Refs. [36,38]. The two ener-
getically lowest interband transitions, L1 and L2, correspond
to transitions between the two conduction bands and to the
lowest-energy transitions between the valence and conduction
bands, defining the optical gap, respectively. Especially, L1
increases a lot in oscillator strength when the external pressure
is increased, which lifts the level of o; around 1000 cm™!.

For the 26% substituted compound Mn(Big74Sbg 26 )2 Tea,
the behavior of the optical conductivity under pressure is par-
tially similar. Comparing the data shown in Fig. 2 at 3.4 GPa
[Fig. 2(d)] and at 10.2 GPa [Fig. 2(e)], the Lorentz oscillators
in the high-energy range gain in spectral weight. The initial
excitation resulting from interband transitions, also referred
to as the optical gap, is described by the L2 oscillator, which
is located just below the quasilinear increase. This peak under-
goes a slight shift to lower frequencies as well as a narrowing
under pressure. The spectral weight of o; below ~1000 cm ™!
has a very low level, with a pressure-induced decrease in the
Drude spectral weights and an increase in the L1* oscillator
strength. L1* describes the electronic transitions between the
valence and conduction bands, as illustrated in Fig. 2(f). Com-
pared to those of MBT, in Mn(Big 74Sbg26)2Tes the energy
gap E,,p is reduced, and the Fermi level is shifted down
in energy and is expected to slightly cut one of the former
valence bands [8]. Also, we observe an additional oscillator
L1%*b located at around 200 cm~'which appears for pressures
above 8.8 GPa. This weak excitation seems to be less screened
with increasing pressure, as the spectral weight of the Drude
contributions and the overall oy level are reduced. To con-
clude, both samples from this compound family show similar
pressure dependences, in particular, a strong reduction of the
Drude spectral weights under pressure.

The pressure evolution of several optical parameters is
depicted in Fig. 3, highlighting the most important findings
of our study. In Fig. 3(a) we show the reflectance values for
MBT at selected frequencies below 1000 cm™! as a func-
tion of pressure. We observe two weak anomalies in the
pressure dependence at around 2 and 4.5 GPa which signal
abrupt changes in the electronic properties under pressure.
The pressure-dependent value of the dc conductivity oq4. of
MBT as extracted from the Drude-Lorentz fits is depicted in
Fig. 3(b). Obviously, o4, undergoes a strong decrease from
~2500 Q' cm~! at 1 GPato 1600 ! cm™! at 4 GPa, fol-
lowed by a constant behavior. We compare our experimental
data to results from Pei et al. [39] measured at room tem-
perature and from Chen et al. [41] measured on two samples
at 250 and 200 K. In addition to the difference in absolute
values, we observe different slopes in the pressure dependence
of o4. compared to our data. Yet in all cases the dc conduc-
tivity decreases with increasing external pressure. A small
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FIG. 3. (a) Reflectance values of MBT at selected frequencies as a function of pressure. The dashed vertical lines highlight the anomalies
at ~2 and ~4 GPa. (b) o4, values of MBT obtained with the Drude-Lorentz fits, which are compared to results from Pei et al. [39] and Chen
et al. [41]. (c) Plasma frequency w,, of the two Drude terms, D1 and D2, and the total plasma frequency of the combination D1+4-D2 (see text
for definition) for MBT as a function of pressure. (d) Scattering rate of Drude terms D1 and D2 for MBT as a function of pressure. (¢) Screened
plasma frequency wj;" of the pure and the 26% doped samples, as obtained from the plasmon peak position in the loss function. Two anomalies
in the pressure dependence of wij" for MBT at ~2 and ~4 GPa are indicated by vertical arrows. (f) Interband transition onset for MBT and
the x = 0.26 doped sample as a function of pressure, determined by the zero crossing of the linear extrapolations in the o, spectra, which is an
estimate for the size of the optical gap. The error bars in (a) have been estimated within the accuracy of the reflection measurement.

pressure-induced increase of the dc conductivity at pressures
below 3 GPa was observed by Pei et al. [39] and for a sample
at 200 K by Chen et al. [41], which was followed by a strong
decrease above. This initial discrepancy is not visible in our
data, where o4, decreases already from the lowest pressure
onwards.

As a measure of the metallic character of a material we
can furthermore consider the plasma frequency, which corre-
sponds to the Drude spectral weight, and the scattering rate
of the Drude terms, as extracted from the Drude-Lorentz fits.
In Fig. 3(c) the values of wp of Drude terms D1 (wp,1) and
D2 (wp1,2) and the total plasma frequency, labeled “D1+D2”

and calculated according to wp = /@) | 4 @7 ,, are shown

as a function of pressure. The value of wp (as well as of
wpl,1 and wp2) decreases under pressure, clearly indicating
the weakening of the metallic character. The scattering rate of
Drude term D1 [see Fig. 3(d)] shows a small decrease up to
5 GPa, followed by a stronger drop at higher pressures. The
scattering rate of D2 is approximately pressure independent.
Another characterization of the free charge carrier dynam-
ics is given by the screened plasma frequency wyj’, which
can be obtained from the plasmon peak position in the loss
function [see insets in Figs. 1(b) and 1(d)]. " is related

pl
to the plasma frequency wpy according to i’ = wpi/\/€cos
where €5, is the high-frequency value of €;(w). For the

MBT compound wj" decreases under pressure, with weak
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anomalies at ~2 and ~4.5 GPa indicated by arrows in
Fig. 3(e). Like for the pressure-dependent reflectance values,
these anomalies signal abrupt changes in the electronic struc-
ture. For Mn(Big 74Sbg 26 )2 Te4 the value of a);? also decreases
under pressure. To conclude, the unscreened and screened
plasma frequencies are reduced under pressure for both stud-
ied materials, indicating that they become less metallic for
pressures up to ~10 GPa, in good agreement with published
dc transport experiments [39,41]. Such pressure behavior is
very unusual since the overlap of atomic orbitals generally
increases under pressure, which leads to an increase in elec-
tronic band width and hence improved conductivity.

A further important parameter characterizing the electronic
band structure is the size of the optical gap. In order to
extract the optical gap size from our data, we extrapolated
the quasilinear increase in o} with a linear extrapolation,
as mentioned above and as sketched in Fig. 1(c). The zero
crossing of this extrapolation marks the onset of the interband
transitions and hence is an estimate of the size of the optical
gap. The so-obtained values of the interband transition onset
as a function of pressure are plotted in Fig. 3(f) for the pure
and 26% substituted compounds. For MBT we observe an
approximately constant value of 2200 cm~! up to ~6 GPa,
followed by a drop to 1600 cm~! at 8 GPa. In the case of
Mn(Big 74Sbg 26 )2Tey the interband transition onset decreases
from 2700 to 2200 cm~!. Accordingly, in both materials the
optical gap is reduced under pressure.

IV. DISCUSSION

A. Pressure-induced anomalies in the optical data

For MBT, we observe weak anomalies at ~2 and ~4 GPa
in the pressure dependence of the reflectance at selected fre-
quencies [Fig. 3(a)], the dc conductivity o, [Fig. 3(b)], and
the screened plasma frequency wj" [Fig. 3(e)], suggesting
abrupt changes in the electronic band structure. These changes
could be interrelated to abrupt pressure-induced changes in
the crystal structure reported in the literature. Chen et al. [41]
observed a sudden drop in the pressure dependence of the
lattice parameters a and ¢ at 2 GPa, which was interpreted
in terms of a lattice softening. According to experimental and
theoretical results in Refs. [39,42], respectively, the interlayer
lattice parameter ¢ is more sensitive to pressure than the in-
tralayer lattice parameter a for low pressures up to ~2 GPa.
However, this behavior changes for higher pressures, namely,
above ~4 GPa, since the interlayer distance is less affected in
this pressure range. Accordingly, the lattice parameter ratio
c/a initially decreases under pressure and exhibits a mini-
mum between ~2 and ~4 GPa, followed by an almost linear
increase above 4 GPa up to ~14 GPa [39]. The pressure
dependence of the c/a ratio can be related to anomalies in
the pressure shift of several structural parameters [39]: For
example, various bond distances between the Mn, Bi, and Te
atoms, like the Mn-Te and Bi-Te bond lengths, decrease under
pressure, with anomalous behavior between 2 and 4 GPa.
Such pressure dependence is also revealed by the Te-Te bond
length, which is a measure for the interlayer distance, and by
the bond angles within the Te-Bi-Te octahedra. In addition, the
intensity ratio of the strongest Raman-active modes follows

this anomalous pressure dependence. It is important to note
that no crystal symmetry change occurs for pressures below
14.6 GPa [39].

Interestingly, in the closely related compounds Bi,Tes,
Bi,Ses, and Sb,Te; a Lifshitz transition [51], i.e., an elec-
tronic topological transition with changes in the Fermi surface
topology without a lattice symmetry change, has been re-
ported to occur between 3 and 5 GPa [52-55]. The layered,
polar semiconductor BiTel, which turns into a topological
insulator under moderate pressure [56], is another example
where an electronic topological transition has been observed
between 2 and 3 GPa [57]: The pressure evolution of the
c/a lattice parameter ratio has a minimum in the absence
of lattice symmetry change, and the optical parameters show
anomalous behavior, similar to our findings for MBT. Layered
compounds are generally prone to pressure-induced elec-
tronic topological transitions [58-60], as also evidenced in
BiTeBr [61], 1T-TiTe, [62], and ZrSiTe [63,64]. A topolog-
ical phase transition has, indeed, been theoretically predicted
for MBT under hydrostatic tensile strain [40] and suggested
to occur in pressurized MBT [39] and in the doping se-
ries (Mn;_,Pb,)BiTes [65]. The closely related material
MnSb,Te, undergoes a pressure-induced topological phase
transition when the interlayer distance is decreased by a crit-
ical percentage [66]. Interlayer interaction therefore seems
to be the driving mechanism for this phase transition. Con-
sidering the anomalous behavior of the c/a ratio in MBT
under pressure as described above, a similar scenario might
hold here as well. The occurrence of a Lifshitz transition in
pressurized MBT due to an enhanced interlayer interaction
thus seems very likely.

In the case of Mn(Biy74Sbgo¢)2Tes we cannot draw a
conclusion regarding anomalies in the low-energy optical re-
sponse since this compound is less metallic (in fact, close
to insulating) and therefore the pressure-induced changes are
much less developed.

B. Optical gap evolution

The energy gap evolution might also be linked to these
pressure-induced structural anomalies. Based on theoretical
calculations, Xu et al. [42] found a slight increase in the
energy gap in MBT up to ~2 GPa, followed by an almost
linear decrease and a gap closing slightly above 15 GPa.
We cannot directly extract the energy gap from our optical
data since it is smaller than the optical gap, i.e., the onset of
interband transitions [see the energy scheme in Fig. 2(c)]. The
size of the optical gap can serve only as an upper bound for
the energy gap size. According to our optical results presented
in Fig. 3(e), the optical gap decreases with increasing pressure
for both studied compounds.

C. Charge carrier dynamics under pressure

The weakening of the metallic character of MBT under
pressure is puzzling, and possible reasons for it have been
discussed in the literature. Pei et al. [39] ascribed the pressure-
induced increase in resistivity to the competition between the
localization of the surface electrons and the delocalization of
the bulk electrons, where the first process is predominant in
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the pressure range between 3 and ~15 GPa, resulting in a
resistivity increase. Such a resistivity increase, i.e., decrease in
metallic character, is consistent with our optical results. How-
ever, our optical data do not confirm the proposed scenario:
Since infrared spectroscopy is generally bulk sensitive with
only minor contributions from surface electrons, the observed
pressure-induced decrease in conductivity is a bulk property
according to our optical results.

Based on Hall effect measurements, Chen et al. [41] related
the pressure-induced increase in resistivity to a decrease in
electron mobility 1., despite the observed increase in charge
carrier density n. under pressure. Two scenarios were dis-
cussed as possible explanations [41]. In the first scenario, the
pressure-induced suppression of long-range antiferromagnetic
order in MBT causes an enhancement of magnetic fluctua-
tions, which increases the electron scattering. The electron
scattering rate y is related to the mobility . according to

e

He = (M

mgy’
where m denotes the effective electron mass [67,68]. Ac-
cordingly, an enhanced scattering rate would cause a decrease
in pe and hence a localization of charge carriers with an
enhancement of the resistivity. Since the carrier scattering
determines the width of the Drude terms in our optical con-
ductivity data, we can test this scenario. As shown in Fig. 3(d)
the scattering rate of the dominant Drude term, D1, decreases
with increasing pressure, with a stronger drop above ~5 GPa.
Interestingly, above this pressure the suppression of the anti-
ferromagnetic ordering occurs [39,41]. For the weaker Drude
contribution, D2, the scattering rate is pressure independent.
Therefore, our optical results do not support an enhancement
of the scattering rate under pressure, as suggested in Ref. [41].
According to Eq. (1), the mobility of the carriers can also
be affected by their effective mass: A pressure-induced in-
crease in m} would cause a decrease in p. consistent with the
Hall effect experiments. In fact, an increase in m} would also
explain the pressure-induced decrease in the plasma frequency
wpi [see Fig. 3(c)] since wp depends on m? according to [69]

nee?
wpl = e 2
gomg

Thus, an increase in m under pressure could explain both
the observed decrease in carrier mobility and the decrease

in plasma frequency, despite the increase in electron density
ne [41]. A pressure-induced enhancement of the effective
electron mass would be consistent with the second scenario
proposed in Ref. [41]: In analogy to CaMn;Bi, [70-72], pres-
sure application could induce a partial delocalization of Mn
3d electrons and subsequent hybridization with Bi 6p and/or
Te 5p conduction electrons, causing a localization of the elec-
trons and the opening of a hybridization gap [41]. Our optical
data are consistent with a maximum gap size of ~15 meV
at 4 GPa. The scenario of a pressure-induced localization of
charges due to hybridization could explain the results from
Hall effect measurements as well as our optical data for both
studied materials.

V. CONCLUSION

In this work, we studied the charge dynamics of the topo-
logical insulators MnBi, Tes and Mn(Big 74Sbg 26)>Te4 at high
pressures by determining the optical response functions. In
good agreement with other pressure studies on MnBi,Tey
[39-43], we detected a pressure-induced decrease in the
metallic strength for both materials based on the low-energy
optical response. This decrease in conductivity is possibly due
to an enhanced effective mass resulting from the creation of
a hybridization gap. Furthermore, several optical parameters
showed weak anomalies in their pressure dependence at ~2
and ~4 GPa, which might originate from a topological elec-
tronic transition. In analogy to the closely related material
MnSb,Te4, we suggest the enhancement of interlayer inter-
action as the driving mechanism for this phase transition. In
addition, we observed a pressure-induced decrease in the op-
tical gap size for both studied materials, indirectly confirming
the expected reduction of the energy gap under pressure.
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