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Low-dimensional systems serve as ideal platforms for investigating emergent phenomena and dimensional
confinement effects in condensed matter physics. Motivated by recent discovered quasi-one-dimensional
Ti4MnBi, with possible a quantum critical point, we investigate the evolution of crystal structure and elec-
tronic transport properties under pressures. In-situ X-ray diffraction up to 60.3 GPa identify two successive
pressure-driven structural transitions at above 9.0 GPa (Phase II) and around 19.5 GPa (Phase III) respectively.
Correspondingly, in-situ electrical transport measurements show persistent metallic behavior with increasing
conductivity upon compression. Notably, the resistivity temperature exponent, n from the standard fit R(T) = Rg
+ AT", undergoes a distinct change across the two-phase boundaries. The value of n changes from 2 in ambient
phase to around 3 in Phase II and return to around 2 in Phase III. The behavior of n close 3 is of particular
interest, as it has been observed in correlated systems such as 1T-TiSep and Ta4PdsTe;6, which may originate
from phonon-assisted interband scattering mechanisms in this compound. The evolution of n across the Phase II
and III is reminiscent of dimensional effect, or even a quantum critical scenario.

1. Introduction

In low-dimensional correlated electron systems, dimensional
confinement amplifies electronic correlations, quantum fluctuations [1],
and anisotropic interactions [2], thereby giving rise to exotic phenom-
ena ranging from spin-charge separation to unconventional supercon-
ductivity [3-5]. Especially in one-dimensional (1D) materials, strong
quantum fluctuations destroy long-range magnetic order, while elec-
trical transport exhibits pronounced anisotropy [6-8]. Furthermore,
instabilities within the 1D bands give rise to a variety of ordered states,
such as metal-insulator transitions [9], density wave (DW) order [10],
topological phase transitions [11], and unconventional superconducti-
vity (SC) [12-14]. Although ideal 1D materials are difficult to synthe-
size, quasi-one-dimensional (quasi-1D) systems with well-separated
atomic chains serve as a viable platform for exploring characteristic 1D
physics. In such systems, weak interchain coupling stabilizes diverse
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magnetic ground states that can be effectively modulated by pressure
[15-19]. The predominantly one-dimensional electronic motion leads to
quantum states that are exceptionally sensitive to external perturbations
[20-24]. Representative examples include the spin-orbital separation in
the 1D Mott insulator SroCuOs [25], the dimerized CrSg chains with
antiparallel spin alignment in ferrotoroidic candidate BagCr,S;( features
[16], and the pressure-induced superconductivity in non-Fermi liquid
(FL) BasTiTes [26].

The potential of high-pressure tuning is particularly prominent in
Mn-based systems, where the correlation between structural dimen-
sionality and electronic states is subtle and profound [27-29]. For
example quasi-1D KMngBis is characterized by infinite [MngBis]”
columnar nanowires containing a Mn-Mn bonded metallic core [30].
High-pressure studies on KMngBis demonstrate that compression-driven
modulation of Mn-Mn bond lengths and interchain coupling effectively
suppresses magnetic order and induces superconductivity with a
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transition temperature (T.) reaching 9.3 K [31]. These findings reinforce
the understanding that in low-dimensional Mn-based intermetallics,
pressure-induced structural evolution—particularly the transition of the
Mn sub-lattice from 1D chains to a 3D network—serves as the principal
mechanism driving pronounced changes in macroscopic electronic and
magnetic properties [32].

Recently, Ti4MnBi, with well-separated Mn chains was reported to
exhibit features of robust 1D magnetic and electronic properties and
furthermore a quantum critical state [33]. However, how this unique
chain-like structure and its corresponding transport properties evolve
under compression remains an open question. In this work, we present a
comprehensive high-pressure study of TisMnBi, single crystals, by
combining in-situ high-pressure powder X-ray diffraction (XRD) and
resistance measurements up to 60.3 GPa. Our study aims to trace
pressure-induced structural transitions, identify associated changes in
physical properties, and explore the possible emergence of supercon-
ductivity. We observe successive structural phase transitions (Phase I —
Phase II — Phase III). In Phase II, the resistivity temperature exponent
hovers around the value of n ~ 3.0. This unusual exponent is commonly
attributed to a phonon-assisted s-d interband scattering and frequently
linked to the onset of superconductivity in correlated electron systems,
although it is not a unique signature of superconductivity or criticality.
This observation echoes previous studies on Ti4;MnBi; which exhibited a
quantum critical point at T = 0 K via inelastic neutron scattering and
theory calculations [33], although there is no direct evidence of whether
pressure could extend the quantum critical point in Ref. [33] to higher
temperatures. Nevertheless, it still is of great interest to seek new 1D
metallic magnets with QCPs that might be accompanied by emergent
instabilities such as unconventional superconductivity and electronic
delocalization, or new excitations leading to non- FL behavior.

2. Experimental methods
2.1. Sample preparation and characterization

High-quality single crystals of Ti4MnBi, were grown by the self-flux
method. High purity starting materials Ti (99.99%), Mn (99.95%), and
Bi (99.999%) were mixed at a molar ratio of 4:2:10, placed into an Al,O3
tube and sealed inside an evacuated quartz tube. The quartz tube was
heated to 1423 K, kept for 30 h, and then cooled to 1073 K at a rate of
3 K/h. At this temperature, the excess Bi-flux was decanted and needle
like crystals of typical size 0.5 x 0.5 x 4 mm?® were obtained. Samples
were characterized by X-ray powder diffraction with a Philips X’pert
diffractometer using Cu K-edge radiation to ensure purity and quality.
The temperature dependence of magnetic susceptibility from 2 K to
300 K was measured with a SQUID magnetometer (MPMS3, Quantum
Design). The ambient pressure specific heat were performed in a phys-
ical property measurement system (PPMS, Quantum Design).

2.2. High-pressure measurements

In-situ high pressure experiments were carried out in a diamond
anvil cell (DAC) with a 300 pm in diameter. Cu-Be alloy sheets coated
with a c-BN/epoxy mixture were utilized as gaskets and pre-pressed to ~
45 pm in thickness. A laser-cut hole with a diameter of ~100 pm was
created as the sample chamber, and NaCl served as the pressure me-
dium. The temperature-dependent resistivity is measured in a home-
made multifunctional measurement system (Physike). The pressure was
calibrated by using the ruby fluorescence method at room temperature
each time before and after the measurement. Synchrotron X-ray
diffraction (XRD) measurements at high pressure were conducted at
beamline BL15U1 of the Shanghai Synchrotron Radiation Facility (1 =
0.6199 A). Diamonds with 300 um culet and rhenium gaskets were used.
The pressures were determined by the ruby fluorescence method at
room-temperature. The DIOPTAS program was used for integration, and
the GSAS II program was employed for refinements on crystal structures
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under high pressure [34-36].
3. Results and discussion

Ti4MnBi, crystallizes in a V4SiSbo-type tetragonal structure with
space group I4/mcm (No. 140) as shown in Fig. 1(a, b), where Mn atoms
arranged into linear chains along the c¢ axis, with Mn-Mn distance of
2.49 A. In the perpendicular ab plane, adjacent Mn chains are separated
by 7.42 A, resulting in a highly anisotropic Mn sublattice. Thus, the
single crystals grow along the c-axis. Each Mn ion is embedded in a
square-antiprismatic coordination environment formed by Ti atoms,
while Ti and Bi atoms construct extended frameworks surrounding the
Mn chains along the chain direction as seen in Fig. 1(c). The inset of
Fig. 1(d) shows an optical micrograph of representative single crystals
with a needle-like shape and Fig. 1(d) presents the x-ray diffraction
patterns perpendicular with the c-axis of TisMnBij single crystals. Only a
setof (hk0) (h=k =1, 2, 3...) reflections is observed, evidencing a well-
defined crystallographic orientation. The narrow diffraction linewidths
attest to the high crystalline quality of the samples [37,38]. We per-
formed composition analysis with Energy Dispersive X-Ray Spectros-
copy (EDX). Six spots from three single crystals were probed with typical
size of 3 x 3 pm. There are negligible divergences among them, indi-
cating the good homogeneity. Given the precision of EDX, the avarice
composition TizgMn;j 1Biso is consistent with the nominal Ti:MnBi
= 4:1:2. Fig. 1(e) shows the temperature dependence of resistance (p(T))
along c-axis, showing metallic behavior up to 300 K. At low temperature
region, a downward is found at around 6 K as indicated by the arrow in
the inset of Fig. 4, corresponding to the upturn on the Cp(T) curve. Be-
tween 10 and 50 K, p(T) is fitted with p(T) = po + AT", where py is re-
sidual resistance, and n for resistivity temperature exponent. The
obtained n ~ 2.0 indicates the Fermi liquid behavior.

Fig. 2(a) shows the specific heat C,/T versus T at lower temperature
range. The inset presents the specific heat Cp(T) between 2 K and 80 K.
Cp/T(T) shows an upward with decreasing temperature at around 6 K,
which is consistent with the downward on the p(T) curve. With
decreasing temperature, a broad maximum peak near 2.4 K appears on
Cp/T(T) curve. A similar anomaly was previously reported at 1.9 K from
measurements extending down to 0.45 K [39]. The small shift in the
peak position may be attributed to the slight difference in compositions.
The broad nature of this feature is consistent with frustrated magnetic
ordering in Ti4MnBi; reported before [39]. Thus, the p(T) downward at
6 K could be attributed the forming of antiferromagnetic (AFM)
ordering. It is noteworthy that the transition peaks on specific heat
curves are sharp for canonical 3D AFM material. However, the inter-
chain two nearest Mn is well separated with distance of 7.42 A crystal,
resulting into a quasi-1D magnetic system. Thus, the inherent magnetic
frustration leads to broad and weak AFM transition and exhibits a hump
on Cp/T(T).

Fig. 2(b) displays the linear fitting result of C,/T plotted as a function
of T? in the temperature range of 10-18 K. The data are well described
by

C,/T =y +pT?,

where y is the Sommerfeld coefficient and j characterizes the lattice heat
capacity coefficient. The restricted fitting range was chosen to minimize
magnetic contributions that become significant below 10 K. The excel-
lent linearity of the fitting curve confirms the validity of this approach.
We obtain y= 57(2) mJ-mol*-K2 and = 1.07(0) mJ-mol-*.K~* (Debye
temperature, ®p = 233.4 K),both consistent with the reported values
[39].

Magnetic susceptibility measurements reveal anisotropic AFM order
in Ti4MnBi, and its pronounced sensitivity to external magnetic fields.
As shown in Fig. 3(a), under a magnetic field of 10 kOe applied parallel
to the ¢ axis (along the Mn-chain direction), the temperature dependent
susceptibility y.(T) exhibits a sharp drop at Ty ~ 2.4 K, signaling the
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Fig. 1. (a-b) Crystal structure of the tetragonal TisMnBi,. (c) EDX spectrum of TisMnBi, crystals. (d) Single-crystal x-ray diffraction pattern of TisMnBi, single
crystal. (Inset) A photograph of the TisMnBi, crystals on a millimeter-grid paper. (e) Temperature dependence of the resistivity of Ti4MnBi, along the c-axis. (Inset)
the resistivity-temperature curve at low temperatures shows a kink at T ~ 6 K.
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Fig. 2. Temperature dependence of the specific heat of TisMnBi,. (a) C,/T versus T at lower temperature range, which show an upward at around 6 K. A broad peak
is observed near 2.4 K, potentially associated with antiferromagnetic ordering. The inset presents the specific heat between 2 K and 80 K. (b) CP/T(TZ) and the
corresponding fitting curve for temperatures 100 <T2< 350, The data points exhibit an excellent linear relationship.

onset of AFM order. This transition temperature is consistent with the
anomaly observed in the specific heat [39]. In contrast, when the field is
applied perpendicular to the c-axis, yq(T) displays only a broadened
maximum without a distinct step. This anisotropic response reflects the
directional nature of the AFM order, with the transition being more
clearly resolved for fields applied along the chain direction. Such
behavior is characteristic of low-dimensional antiferromagnets with
anisotropic spin correlations. Notable, at around 20 K both y.(T) and
xab(T) curves show remarkable divergence for different external fields.

This behavior implies presence of short-range magnetic interaction far
above Ty. The 2.4 K drop will be gradually suppressed under a magnetic
field until it completely disappeared when the applied magnetic field
reaches 50 kOe, as shown in Fig. 3(b). The Curie-Weiss fit with data of
high-temperature (200 ~ 300 K) yields effective magnetic moment M
= 2.65up/Mn and Weiss temperature 0 = -60.89 K. The large 6/Ty
= 25.3 evidences a highly frustrated magnetic ordering. Fig. 3(d-e)
shows the field dependent magnetization M(H) at varying temperatures.
The M(H) plots are pronounced nonlinear at 20 K that is far from Ty.
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Fig. 3. (a) Temperature dependence of the magnetic susceptibility y = M/H of Ti4MnBi,. The red data are for a 10 kOe field applied perpendicular to the c-axis, while
the green data are for the same field applied along the c-axis. (b-c) Temperature dependencies of y.(T) and yq,(T) measured at six different fields between 1 and
50 kOe, as indicated. All fields were applied parallel to the c-axis. (d-e) Isothermal magnetization M(H) measured with the field H||c-axis and H Lc at seven different

temperatures, as indicated.

This feature is consistent with the divergence on y.(T) curves. The M(H)
plots become more nonlinear with decreasing temperature, implying the
increased frustration in AFM states. Overall, the observed magnetic
behaviors are consistent with the quasi-one-dimensional magnetic state
in Ti4Ml‘lBi2.

To investigate the changes of crystal structure under high pressure
and potential correlation with physical properties, high-pressure syn-
chrotron X-ray diffraction measurements were performed on Ti4MnBij
single crystals. Fig. 4(a) presents the X-ray diffraction spectra at various
pressures up to 60.3 GPa. In the low-pressure range below 5.7 GPa, the
diffraction patterns remain unchanged, indicating that the ambient-
pressure tetragonal phase (Phase I) is stable in this regime. With
increasing pressure to 9.0 GPa, additional diffraction peaks emerge in
the 12-13° range and gradually higher with further compression,
manifesting the occurrence of a structural phase transition to a first
high-pressure phase (Phase II). It is worth noting that the diffraction
pattern remains unchanged up to 5.7 GPa, indicating that the structural
transition initiates somewhere within the pressure of 5.7 ~ 9.0 GPa, and
the phase coexistence near the boundary is highly common [23]. At
higher pressures around 19.5 GPa, some of the diffraction peaks Phase II
disappear, hinting at a transition to another high-pressure phase (Phase
III). As pressure increases to the highest measured value of 60.3 GPa, the
diffraction peaks of both the ambient-pressure phase and the
high-pressure phase gradually weaken but do not vanish completely.
Although a complete structural refinement of the high-pressure phases
remains unavailable, we tried to perform indexing of the high-pressure
XRD spectra (shown in Fig. S1) using the least-squares method. The
results revealed the presence of two tetragonal phases after structural
transformations. Phase III was well-fitted by the model, whereas certain
peaks in Phase II could not be reasonably accounted for. This discrep-
ancy is likely attributable to phase coexistence rather than an abrupt
phase transition in this pressure region. We try to fit the lattice param-
eters and the interchain distances between the two nearest Mn ions as
shown in Fig. S2. As the pressure increases, the lattice parameters

decrease monotonically, exhibiting nearly isotropic behavior, with a
slightly higher compression rate along the ¢ direction. A weak discon-
tinuity could be observed at the phase boundary, indicating the occur-
rence of the phase transition. The detailed analysis can be found in the
Supplementary Materials. Notably, throughout the entire pressure range
investigated, the diffraction peaks remain sharp and well defined, with
no evidence of peak broadening or amorphization. This confirms that
Ti4MnBi; preserves long-range crystalline order up to at least 60.3 GPa.
We also collected Raman spectra up to 59.4 GPa as displayed in Fig. 4
(b), (c) and Fig. S3. At low pressure, the A; ; mode near 240 cm ! ex-
hibits a distinct splitting, which gradually merges into a single peak
above ~3.9 GPa, implying the presence of slightly inequivalent local
bonding environments that are suppressed upon further compression. In
contrast, the low-frequency B, mode around 70 em™! shows pro-
nounced anomalies and eventually disappears with increasing pressure,
reflecting symmetry breaking within the ab-plane. Meanwhile, the A; ¢
mode persists throughout the entire pressure range and continuously
shifts to higher frequencies, indicative of bond stiffening along the
quasi-1D chain direction. The transition pressures inferred from Raman
spectroscopy are lower than those detected by XRD, highlighting the
higher sensitivity of Raman scattering to subtle local distortions. Taken
together, these results demonstrate that the I4/mcm structure undergoes
a pressure-induced lattice distortion with reduced symmetry, preceded
by local symmetry breaking and fully reversible upon decompression.
High-pressure X-ray diffraction reveals a sequence of two pressure-
induced structural transformations in Ti4;MnBiy at around 9 GPa and
19.5 GPa, respectively. In the following section, we examine how these
pressure-driven structural evolutions affect the electronic transport
properties. Electrical transport measurements of Ti4,MnBi, single crys-
tals were performed up to 53.4 GPa. As shown in Fig. 5, the resistance
decreases monotonously under compression, consistently exhibited
metallic behavior across the entire pressure range. At around 7.6 GPa,
the R-T curves show a pronounced abrupt drop, with the overall resis-
tance decreasing by nearly one order of magnitude. Based on the XRD
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Fig. 4. (a) High-pressure synchrotron x-ray diffraction patterns of Ti;MnBiy powder collected under various pressures at room temperature (1 = 0.6199 A). The
asterisks mark the new diffraction peaks belonging to the high-pressure phase at 9.0 GPa. 2D plots of Raman spectra up to 55.7 GPa at room temperature, with (b)

Compression and (c) Decompression.
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Fig. 5. Pressure evolution of resistance-temperature curves in Ti4MnBi, sin-
gle crystal.

results, the phase transition from Phase I to Phase II occurs within the
5.7 ~ 9.0 GPa range. The slight difference in the observed transition
pressure between transport and diffraction measurements can be

attributed to several factors inherent to high-pressure experiments. The
two sets of measurements were performed in separate diamond anvil cell
setups, which may involve minor differences in pressure medium, or
hydrostatic conditions. Transport properties—being highly sensitive to
the formation of a percolative conductive path—can detect the emer-
gence of a new phase at a lower volume fraction, whereas XRD requires a
substantial volume fraction for the new peaks to be observable. There-
fore, the resistance drop at ~7.6 GPa is consistent with the onset of the
pressure-induced structural phase transition and marks the point at
which the electronic response becomes sensitive to the structural
change. The enhanced charge transport of the high-pressure phase
suggests a significant reconstruction of the electronic band structure,
likely arising from either a sharp increase in carrier concentration due to
band overlap or from reduced carrier scattering as quasi-1D chain
fluctuations are suppressed in the high-pressure phase.

No signal of superconductivity was observed. The absent of super-
conductivity could be the consequence of incomplete suppression of the
antiferromagnetism within the pressure and temperature ranges of our
measurements. It is noteworthy that in both 1T-TiSe; and TasPdsTess,
the appearance of superconductivity is accompanied by suppression of a
magnetic order to a quantum critical point. For 1T-TiSe;, supercon-
ductivity emerges only after the charge density wave (CDW) order is
suppressed, forming a dome-shaped superconducting phase diagram
[40]. Recent studies have revealed that the superconducting state in
1T-TiSey is closely linked to a pressure-induced Lifshitz transition and
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Fermi surface reconstruction, leading to a two-gap superconducting
state with enhanced superfluid density [41]. In Ta4PdsTe;¢, supercon-
ductivity appears at T, ~ 4.6 K at ambient pressure, and pressure tuning
further optimizes T. up to ~ 6.5 K, with a well-defined superconducting
dome and anomalous normal-state transport properties [42]. On closer
examination, we study the evolution of the resistivity temperature
exponent under the increasing pressures as shown in Fig. 6. Each value
of n was obtained through a fitting procedure over the low temperature
region of up to 50 K (Fig. S4). For Phase I, the resistivity exponent hovers
around the value of n =2, indicating a normal FL behavior. Upon
increasing pressure to 7.6 GPa, where a structural transition is inferred,
n shows a dramatic increase to 2.7. Within Phase II n retains around 3
regardless of a steady decrease. This unusual exponent is clearly
different from n=2 for electron-electron (FL) or n=5 for
electron-phonon scattering, respectively. The behavior of n=3 is
commonly attributed to a phonon-assisted s-d interband scattering. The
similar behavior is observed in 1T-TiSe; and TasPd3Te ¢, where super-
conductivities were tightly correlated with the unusual resistivity
exponent [40,42]. It is worth noting that many of the 1D systems show
Luttinger liquid behavior which also show resistivity exponent deviating
from n = 2 [43]. Thus the possibility of the Luttinger liquid behavior for
Phase-II, as well as the trivial pressure-induced change between FL and
Luttinger liquid behavior, could not be ruled out in this work. In Phase
111, the exponent is completely suppressed to n = 2. It should be noted
that the extracted exponent n is obtained over the temperature range of
10 ~ 50 K. Considering the Debye temperature ©p ~ 233 K derived from
specific heat measurements, phonon contributions to resistivity may
already become non-negligible within this fitting window. Therefore,
the fitted n values should be regarded as effective exponents, reflecting
contributions from multiple scattering channels including both elec-
tron-electron and electron—phonon interactions. Overall, the systematic
evolution of n across the structural transitions—from ~2 in Phase I to
~3 in Phase II and back to ~2 in Phase IlI—clearly indicates a
pressure-induced crossover in the dominant scattering regime. This
behavior highlights the strong sensitivity of electronic transport prop-
erties to structural modifications in this quasi-one-dimensional system.
The feature may be originated from dimensional effect, or even remi-
niscent of a quantum critical scenario. The effective quasiparticle mass
and specific heat under high pressure would indeed provide crucial
supporting evidence, which is also what we will intend to explore.

4. Conclusions

In summary, we systematically investigate the pressure effects on
crystal structures and electronic conduction of quasi-1D Ti4MnBij single
crystals up to 60.3 GPa. External pressure drives two successive struc-
tural phase transitions (Phase I — Phase II — Phase III), accompanied by
a continuous enhancement of electronic conductivity. A distinct resis-
tance drop coincides with the emergence of Phase II. Remarkably Phase
II shows a clear deviation from standard Fermi-liquid behavior, with
n = 3, while Phase I and Phase III exhibit Fermi-liquid behavior with a
resistivity temperature exponent n = 2. Intriguingly, the similar expo-
nents have been reported in unconventional superconductors 1T-TiSez
and Ta4PdsTe;6, although it is not a unique signature of superconduc-
tivity or criticality. Moreover, the systematic suppression of n back to 2
near the Phase II-III boundary reflects the sensitivity of the electronic
scattering mechanisms to pressure-driven structural changes. Further
experiments for the effective quasiparticle mass and specific heat under
high pressure would be valuable to explore the possible quantum critical
point and more dimensional effects. This work establishes a direct
connection between pressure-driven structural evolutions and corre-
lated physical properties in TisMnBiy, and provides valuable insights
into the dimensionality engineering of quasi-1D systems via external
pressure.
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Fig. 6. The phase diagram of quasi-1D TisMnBi; as a function of pressure up to
60 GPa. The resistances (Rzgok) and the resistivity temperature exponent n
versus the pressures for Ti4MnBi,. P-I, P-II and P-III stand for Phase-I, Phase-II
and Phase-III, respectively.
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