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Abstract

Mgs3Bi; is a candidate Type-II nodal-line semimetal (a novel category of topological
semimetals). However, the exotic transport properties of Mg3Bi» single crystals are yet to be
elucidated. Herein, we report the magnetotransport properties of an n-type Mg3Biz single crystal
grown from a melt. The results revealed that the single crystal exhibited a very large
nonsaturating magnetoresistance (5000%) under an 8 T field, significantly exceeding that of
polycrystals. The combined analysis of Shubnikov—de Haas (SdH) oscillations, Hall resistivity,
and first-principles calculations suggest that SAH oscillations originate from trivial electron
bands rather than hole bands, which contain an almost linear dispersion. We confirmed that the
electron mobility reached 10000 cm?/Vs by analyzing Hall resistivity and magnetoresistance
based on a two-band model. The electron/hole concentration and mobility were used to
investigate the measured transport properties, such as the Nernst coefficient. Overall, these
results are critical for elucidating the electronic structure and transport properties of Mg3Bi.



Introduction

Topological semimetals and metals exhibiting nontrivial band crossings in their low-energy band
structures have become a focus of recent research in the field of condensed-matter physics [1,2].
Among them, nodal-line semimetals represent a novel category of topological semimetals that
are distinct from Weyl and Dirac semimetals, as they host closed loops or open curves of band
degeneracy within the Brillouin zone [3-7]. Dissimilar to the massless electrons observed in
Weyl and Dirac semimetals, the low-energy excitations of nodal-line semimetals exhibit very
high masses along the tangent direction of the nodal lines and exhibit masslessness along the
transverse directions in the momentum space. Additionally, nodal-line semimetals can be
classified as Type-I or II based on the slope of the crossing band [8,9]. Type-I and Type-II nodal-
line semimetals exhibit band crossings that are formed by two bands dispersed in opposite and
the same directions, respectively. To date, most nodal-line semimetals are conventional Type-I,
including the experimentally identified PbTaSe> [10], PtSns [11], SrAs; [12,13], and ZrSiX (X =
S, Se, Te) [14-17]. Type-II nodal-line semimetals are expected to exhibit marked differences in
magnetic, optical, and transport responses compared with their Type-I counterparts. Notably, the
compound, K4P3, is the first to be theoretically categorized as a Type-II nodal-line semimetal.
However, its actual character has not been experimentally confirmed owing to its extreme air
sensitivity [8].

Recently, Mgs:Bi> was explored as a Type-II nodal-line semimetal [9,18] as well as a high-
performance thermoelectric material [19-24]. Angle-resolved photoemission spectroscopy was
used to demonstrate that the tilted nodal-line forms a closed loop centered at the I" point and that
the drumhead-surface band appears inside the loop of bulk nodes [9]. Large magnetoresistance
(MR) values, reaching 940% under a 14 T field, have been reported even for polycrystalline
forms [25,26]. The synthesis of Mg3Bi; single crystals can offer valuable insights into their
detailed physical properties. However, the MR of Mg3Bi» single crystals exhibiting the p-type
polarity was only 3% at 2 K and 9 T [27] despite an expectation that single crystals exhibit
higher MR values than polycrystals owing to their higher carrier mobilities. The unexpected
result was most likely attributable to the locations of the nontrivial band crossing and nodal-line,
which are slightly above the Fermi level in the typical sample [27-30]. Notably, n-type Mg3Bi>
single crystal synthesis is not straightforward, as excess Bi is typically used as a flux for growing
crystals, and this results in p-type materials with Mg vacancies [27]. Several researchers have
recently reported the synthesis of n-type Mg3Bi» single crystals based on the suppression of Mg
vacancies [24,31,32]. We have also reported melt-grown Mg3Bi» single crystals with controlled
Fermi levels and demonstrated their axis-dependent conduction polarity, i.e., their electrons
mainly accounted for carrier conduction in the in-plane direction, whereas their cross-plane
direction was dominated by holes [33]. However, their magnetotransport properties and
Shubnikov—de Haas (SdH) oscillation have not been experimentally investigated.

Thus, we report the magnetotransport properties of n-type MgsBi: single crystals. We
confirmed that these crystals exhibited larger MR values than polycrystals (>5000% at 8 T),
accompanied by a Shubnikov—de Haas (SdH) oscillation, for the first time. Although the



observed phenomena included a small effective mass and a possible nontrivial phase shift (¢),
which could be signs of Dirac fermions, isotropic SAH frequency and Hall resistivity (o,x)
measurements suggested that SAH oscillations actually came from trivial electron bands along
the L*~M" line, rather than from hole bands at around a I" point with almost linear dispersion.
The nonlinear p,x and MR were analyzed using a two-band model, revealing that the electron
mobility reached 10,000 cm?/Vs at 4.2 K. The electron/hole concentration and mobility were
used to reproduce and discuss the experimental observation of the Nernst coefficient.

Experiments

The melt-grown Mg3Bi, single crystals were synthesized using Mg (4N, shot) and Bi (6N, shot)
as starting materials as a Mg:Bi molar ratio of 3.05:2. They were loaded into a graphite crucible
encapsulated in an Ar-gas-filled screw-top stainless-steel container and heated at 890°C for 48 h,
cooled to 660°C at 2°C/h, and quenched to room temperature (20-25°C).

The chemical compositions were analyzed using a scanning electron microscope (TM-4000,
Hitachi) equipped with an energy-dispersive X-ray spectroscopy (EDX) apparatus (Oxford).
Synchrotron powder X-ray diffraction (SXRD) was measured at BLO2B2 of SPring-8 (proposal
number 2024A1635). The diffraction data were obtained using a high-resolution one-
dimensional semiconductor detector (MYTHEN) [34]. The wavelength of the radiation beam
(0.497199(1) A) was determined using a CeO, standard. The crystal-structure parameters were
refined by the Rietveld method using RIETAN-FP [35]. Laboratory X-ray diffraction (XRD)
patterns were collected with CuKaol1 radiation generated at 40 kV and 45 mA (SmartLab,
Rigaku).

Thermoelectric transport properties were measured using a Gifford—-McMahon refrigerator
equipped with a superconducting magnet. The measurements proceeded with a 2 x 2 x 8 mm?
sample. The electrical resistivity was measured using the four-probe method comprising the
attachment of Cu wires (diameter: 25 pum) to an Ag-based epoxy. The temperature difference
along the sample was generated by a small 120 Q heater. Copper—constantan thermocouples
were used to determine the temperature variations, and the Seebeck coefficients (S) were
obtained from the plots of the thermopower values generated between the Cu wires as a function
of the temperature drop, whereas the thermal conductivities (k) were determined by plotting the
heater power against the temperature drop. To measure the Hall resistivity (0,x) and the Nernst
coefficient (V), we attached an additional set of copper wires in the transverse direction to the
heat flow and applied magnetic field (B).

First-principles calculations based on density functional theory, including spin—orbit coupling,
were performed using the WIEN2k software package [36] together with the modified Becke—
Johnson potential [37,38]. The experimental crystal structure employed in these calculations was
obtained from a previous study [39], whereas RKmax and k-mesh values were set to 8 and 15 x 15
x 8, respectively.

Results and Discussion



Zero-field transport properties

The results of the EDX-based elemental mapping shown in Fig. S2 confirm the homogeneous
distribution of Mg and Bi in the sample [40] (see also reference [1] therein). Chemical
composition analysis revealed a Mg:Bi molar ratio of 59.0(1):41.0(1), which was very close to
the expected stoichiometric value. The SXRD patterns and Rietveld-refinement results are shown
in Fig. S3. Most of the diffraction peaks were associated with space group P-3m1, indicating that
the Mg3Bi» exhibited a primary phase. The lattice parameters were determined as follows: a =
4.65427(4) A and ¢ = 7.38781(9) A, corresponding to the literature results [39]. Additionally, we
observed weak peaks that were attributable to the impurity-phase Bi (1.9 wt%). However, this is
probably because of surface decomposition during sample handling process. Laboratory powder
XRD of Mg3Bi> with different exposure time to the ambient air is shown in Fig. S4. Diffraction
peaks due to Bi impurity were not observed for the fresh sample. They appeared only after
several hours of exposure time.

Figure 1(a) shows the temperature (7)) dependence of the in-plane and cross-plane electrical
resistivities (o and p.:) of the zero fields. At 7= 300 K, px and p.- were 20 pQQm, which
decrease with decreasing 7. The anisotropy in px. and p.- was negligible. The residual resistivity
ratios (RRR), p(300 K)/p(4.2 K), for p and p.- were significantly high (23 and 26,
respectively), reflecting the high quality of the crystals explored here. Further, p. and p.-
followed the 7% dependence below 20 K (Fig. 1(b)), probably because of electron—electron or
electron—phonon scattering in low-carrier systems [41,42]. The temperature dependence of x also
exhibits an almost isotropic behavior, as shown in Fig. S5. Conversely, the in-plane and cross-
plane Seebeck coefficients (S and S::) exhibits anisotropic properties (Fig. 1(c)). Notably, the
300 K Sy and S.: were determined as —133 and —88 uV/K, respectively, because of the band
anisotropies of the conduction and valence bands, as previously demonstrated [33].
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FIG. 1. (a) T dependence of px« and p.. for Mg3Bi>. RRR is denoted in the inset. (b) py vs. T2
below 35 K. The black solid line represents the linear fit below 20 K. (¢) Sy and S-- vs. T.

Magnetoresistance and SdH oscillation

Figure 2(a) shows the MR ratio, [px(B) — px(0)]/px(0) % 100, along the in-plane direction as a
function of the B up to 8 T at 3.2-20 K with an applied field along the c-axis (i.e., BLab plane).
MR increases with the increasing B, reaching 5000% at 3.2 K and 8 T, which is much higher
than that of polycrystals [25]. Furthermore, we observed the MR oscillations in the High-B
region along with the smooth background, i.e., the SdH oscillation. By subtracting a polynomial
background of p., the SAH oscillation periodic in 1/B can be resolved from as low as 3 T (Fig.
2(b)). Notably, this is the first report of the observation of the SdH oscillation in Mg3Bi>.

The Fourier transform spectrum of the SdH oscillations as a function of 1/B at 3.2 K (see the
inset in Fig. 2(b)) reveals a single oscillation frequency, F'=29.2 T, for B // ¢, corresponding to
the periodicity (1/B) = 0.034 T~!. Employing the Onsager relation, F = (h/2me)Sr (where f is the
reduced Planck’s constant and Sk a cross-sectional area of the Fermi surface normal to the field),
we obtained Sk = 2.79 x 107> A2, Despite the strong angular dependence of the amplitude, the
nearly unchanged oscillation periodicity for B // ab indicated that the Fermi sphere exhibited



negligible anisotropy (Fig. S7). Thus, by assuming a circular cross-section, a very small Fermi-
wave vector (kr = 0.030 A™') was estimated. The Fermi surface obtained by first-principles
calculations is shown in Fig. 4, and the calculated Sr is summarized in Table S1. Based on the
isotropic electron pockets along the L*~M" line and the anisotropic hole pocket at the I" point in
MgsBi2, the SAH frequency seemed to arise from the electron rather than the hole. Using the
relationship between kr and carrier concentration (), kr = (37°n)"3, and the six degeneracy of the
electron pocket, n was calculated at 5.4 x 10'® cm™. This agreed reasonably with n obtained
from the two-band analysis of p.. and p,x under a magnetic field, which is discussed later in this
paper.

We note that the sample in the present study may contain the small amount of Bi impurity (Fig.
S3), which may exhibit SdH oscillation from a low magnetic field. However, the smallest SAH
periods in Bi are 0.51 x 107> G™! (electron, B // binary axis) or 0.48 x 107> G™! (hole, B in the
trigonal plane) [43]. These correspond to F' = 19.6 and 20.8 T, respectively. This is distinctly
different from the frequencies observed in the present study: we observed about 5 oscillation
periods between 1/B = 0.125 and 0.3 T"! (Fig. 2(b)). If the frequency were 20.8 T, there would
be only 3.6 periods in this field range. Clearly, the oscillation that we observed cannot be
ascribed to the above frequencies of Bi. Furthermore, we add that we did not observe smaller
frequencies from electron pockets of Bi, which are easier to observe, as observed by Shubnikov
and de Haas in 1930 [44]. Therefore, we can safely conclude that the SdH oscillation arises from
Mgs3Bi; rather than Bi impurity.

The SdH oscillation of the resistivity Ap. can be described using the Lifshiz—Kosevich (LK)
formula [44-46]:

BPxx _ _cBR,RyR cos [Zn (5 - 1) +p + ¢B] )

Po B 2

where o is the background resistivity, C is a positive coefficient, and we neglect harmonics. We
have assumed that the electrical conductivity ow = pu/(pr’ + Pi) = P ' as pyx was much
smaller than p,.. The temperature and Dingle reduction factors are given by Rt = X/siniX and
Rp = exp(—Xp), where Xp) = K Tpy/B, 1" = m¢'/mo, and the coefficient K is 14.69 T/K. m." and
my are the effective cyclotron mass and bare electron mass, respectively. The Dingle temperature
Tp is inversely proportional to the carrier scattering time 7: Tp = h/2mkgzt. The spin reduction
factor R describes the interference of oscillations from up- and down-spin electrons and is given
by Rs = cos(zgi/2), where g is the spin g factor. ¢p is +7/4 or —z/4 with the oscillation from a
minimum or maximum cross-section of a three-dimensional (3D) FS pocket, respectively. ¢g is
the Berry phase, which is 0 for normal electrons but 7 for Dirac fermions [47,48]. Because of the
maximum cross-section of the 3D FS, the total phase shift, given by ¢ = ¢ + ¢, was expected
to be 3774 when Mg3Bi» exhibited a Dirac fermion nature.
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FIG. 2. (a) In-plane MR vs. B of Mg3Biz up to 8 T at 7 of 3.2-8 K. MR of the polycrystal at 2 K
is also shown for comparison [25]. (b) Oscillatory component of MR (Apx) vs. 1/B at various 7.
The inset shows the FFT spectrum of the SdH oscillations at 3.2 K.

Figure 3(a) shows the T dependence of the relative oscillatory component (Ap,.,./po) for the
peak at 1/B =0.135 T"!. The fit yields mc* ~ 0.16 my. Thereafter, the Fermi velocity (v¢) =
hke/m* is obtained as 2.16 x 10° m/s. Fig. 3(b) shows the field dependence of the oscillation
amplitude in the form of a Dingle plot. 7p and 7 were estimated from the slope of the fit line,
yielding 3.3 K and 369 fs, respectively. The estimated mean free path (/ = vr7) and quantum
mobility (1q = e7/m”) were 80 nm and 4060 cm?/Vs, respectively.

Next, we evaluated ¢ in Mg;Bi> to examine the nontrivial z-Berry phase, which is considered a
hallmark of various Dirac materials [49-52]. ¢ can be determined either directly from the fit to
the LK formula (Eq. (1)) or the Landau level (LL) index plot. As shown in Fig. 3(c), the LK fit
of the SAH oscillation yielded the phase shift of ¢ = 3.59(2), assuming Rs > 0. In addition, to
obtain the LL-index plot, we assigned LL integer indices (n) and half indices (n + %) to the
minima and maxima in the oscillatory component of magnetoconductivity (Aoxy), respectively,
as shown in Fig. S8 [53]. The nth minimum in Aoy, satisfies the following relation:
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Thus, the n vs. 1/B plot yields a straight line with F and ¢ = ¢, + ¢, corresponding to the
slope and intercept on the n-axis, respectively. The best-fit straight line in the LL-index plot
yields n-axis intercepts of 0.54(3), corresponding to ¢ = 3.39(3).

However, concluding the correct phase is not straightforward [54,55]. First, we must determine
the sign of the spin reduction factor Ry. This is because the phase of the SdH oscillation is the
same for normal fermions with negative R, and Dirac fermions with positive R,. The spin g factor
may substantially deviate from the free-electron value g = 2, especially for small orbits. For
example, for the Zn needle, g > 100 is generally accepted [44]. g can be determined using, for
example, the spin-zero method in some special cases, but it is impossible in many cases [46].
Although R, was assumed to be positive in this study, further study is needed to clarify the
correct phase of Mg3Bis.

Recently, the temperature dependence of the SdH frequency F has been used as a diagnostic
tool for the nontrivial nature of bands [56—58]. As previously demonstrated in other material
systems, including CdsAs», Bii—Sby, and CaFeAsF, topologically trivial bands have
dF(T)/dT > 0, and those with Dirac fermions have dF(T)/dT < 0 [56]. This is because Dirac
fermions have finite energy derivative values of the cyclotron mass due to the linear dispersion
of the bands. Specifically [56],

(mkgT)? 1 |0m*| 0 (nk3>2 T?(u*)? 3
48 mrloE|™ ° Iy Fy ' ®
where Fj is the frequency at 7= 0, f = eh/(2m"), and ug is the Bohr magneton. ® is the sum of

F(T) = Fy—

the topological part ®T = 1/16 and the Sommerfeld part ®° due to the temperature dependence of
the chemical potential (Sommerfeld correction). Figure S9 shows the 7" dependence of F for
Mg3Bis, where F was obtained using the LK fit for Apy.. Unfortunately, the experimental
uncertainty was larger than the expected frequency shift at ~0.1 T. SdH measurements at higher
temperatures may thus be required to precisely determine the frequency shift.

Previous studies have predicted the existence of a nodal line in Mg3Bi> from first-principles
calculations without spin—orbit coupling [9,18]. However, as shown in Fig. 4, the band structure
calculated with spin—orbit coupling has a gap (35 meV) around the I" point, as reported in
previous reports [9,18]. These results indicate that the spin—orbit coupling turned the bands
around the I” point into trivial bands, although the dispersion close to the gap was still nearly
linear. It is possible to exploit a nontrivial band in transport properties by shifting the Fermi level
upward. We noted that the band shape around the I" point and the relative positions of the hole
and electron pockets were different from those in previous calculations [9, 18]. This was because
a different exchange—correlation potential was used in this study to reproduce the small Fermi
pockets observed in the experiments. The calculated cyclotron mass of the electron pocket from

. : h2 9 . . :
the relationship m; = E% was 0.20mo, which was in reasonable agreement with the

experimentally observed value. In addition, topologically trivial Bi»O»Se reportedly showed a 7



phase shift probably due to large spin—orbit coupling, although no frequency shift associated
with the linear band was observed, as expected [56]. We deduced that Mg3Bi> in this study might
be similar to the case of Bi»O»Se.
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Two-band analyses



Figure 5(a) shows pyx versus B at different 7s. The linear p,x was observed up to 5 T above 50 K.
Contrarily, the nonlinear p,. and large MR ratio observed below 30 K indicated a two-band
transport behavior, which can be described as follows [59-61]:
_ 1 (nnph — nepd) + pfuiB* (ny — ne)
e (nuftn + nepte)? + B2 (ny, — ne)?

1 (nppn — Nepte) + (Mettepd + nypnp?) B2
=5 2 2,2p2 2’ (5)

e (Mupn + nepte)® + pppd B (ny — ne)
where ne (nn) and e (1) are the carrier concentration and mobility of electrons (holes),

Pyx (4)

pxx

respectively. As shown in Fig. 5(b and c¢), the fitting results obtained using Eq (3,4) were
reasonable, although the MR in the High-B region was not well captured. The obtained 7. (71)
and g (un) values are shown in Fig. 5(d and e). The similar values obtained for n. and nj, are
consistent with the semimetallic nature of Mg3;Bi». Notably, s and s, reached 1.02 x 10* and
0.83 x 10* cm?/Vs, respectively, at 4.2 K. A higher electron than hole mobility (e > 1)
corresponds to a negative slope of the Hall curve in the low-B region, turning into a positive
slope owing to the existence of a lower-mobility hole. Therefore, we consider that the observed
SdH oscillation is due to the electron (i.e., with higher mobility. The charge carrier concentration
and mobility above 50 K are not depicted in Fig. 5(d and e) because the linear p,, behavior is not
suitable for two-band analysis with Eqgs (3) and (4). Measurements under higher magnetic fields
are needed to determine electron and hole concentrations and mobility above 50 K. The absence
of SdH oscillations of hole-like charge carriers is likely due to its lower mobility, a shift of the
Fermi level (unintended doping), and inaccurate band structure calculations. In addition, SdH
oscillation will be zero when gu” = 1 because of the spin reduction factor Rs = cos(mg'/2). The
curvature factor around the extremal cross-sectional area of the Fermi surface also affects the
oscillation amplitude (see Appendix in [62]).
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Nernst coefficient
Figure 6(a) shows the Nernst thermopower versus B. The Nernst thermopower displayed an
unsaturated linear trend up to 5 T. Figure 6(b) shows the 7"dependence of the Nernst
thermopower at 3 T (it increased with the decreasing temperature, except for 4.2 K), and the
maximum value reached 40 nV/K at 10 K. Moreover, the isotropic nature of the Nernst
coefficient was observed.

The Nernst thermopower was calculated for a detailed discussion. First, we evaluated the
reduced potential depth (&) from the electron and hole band edge to the Fermi level using the
measured 7. and n;, using the following relationship [19]:

11



X 3/2

n=2(PLEN T p e, ©
where n, md", kg, h, and F); are the charge carrier concentration (ne or nn), density-of-states
effective mass, Boltzmann constant, Planck constant, and Fermi—Dirac integral of the order 1/2,
respectively. The n. and n; were obtained by two-band analysis of px and p,» under a magnetic
field, as described above. The band effective mass was obtained using first-principles
calculations: (mx, my, m:) = (0.148, 0.425, 0.191) for the electron bands and (., m,,
m:) = (0.985, 1.191, 0.017) for the hole band. Here, X and Y correspond to the minor and major

axes of the Fermi surface of the elliptical electron, respectively. Then, m;* = ng(mxmymz)g,
where Ng is the band degeneracy, was calculated at 0.756 and 0.271 for electron and hole,
respectively. At 30 K, the potential depth from the electron and hole band edge to the Fermi level
were calculated at 9 and 27 meV with a band overlapping of 36 meV, as schematically shown in
Fig 5(f). Notably, the effective mass of the hole band along the k. and £, directions was not small
because it was calculated within the range of 0.1 eV from the Fermi energy. As shown in Fig. 4,
the hole band below the Fermi energy has a heavy effective mass.

The partial Seebeck and Nernst coefficients of electron and hole were calculated as follows
[59,63]:

kg (Ixolki + Iuol
S=i?B{KOII;1+II;0 H1_E} 7
Ko T Iho
kg (Ixolur — Inolk1
NB:?{ 12, + IZ ®)
Ko T Iho
3
[ee) xS+T+§ exp(x —
Ixs =j — p(x — ) > dx 9
o 1+ (w.Tox")?{exp(x —¢&) + 1}
3
(o) O.T xs+2r+i exp(x —
IHs _j ct0 — p( S;) zdx (10)
o 1+ (w.Tox")?{exp(x — &) + 1}
€
X = kB_T (11)
eB
W, = -~ (12)

where @ and x are the cyclotron frequency and reduced charge carrier energy, respectively. The
relaxation time 7. takes the following form:

wen(ag) 0

where the exponent » = —1/2 for acoustic phonon scattering and 7y is a factor of proportionality.

The magnitude of the magnetic field was expressed using the following relationship:

W:To
B = 14
p (14)

where g is the charge carrier mobility, which is obtained from the two-band analysis.
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The total Nernst coefficient at low magnetic fields was calculated using partial Seebeck and
Nernst coefficients formulas follows [59]:
Ne{o.(0.+0)} + Np{on(0etap)} + 0,01(S. — Sp)(Re0e — Rp0%) (15)
(0, + 0p)?

where N, and Ny are the electron and hole Nernst coefficients, o and on are the electron and hole
conductivities, Se and Sy, are the electron and hole Seebeck coefficients, and R. and Ry, are the
electron and hole Hall coefficients, respectively. The calculated Nernst thermopower is shown in
Fig. 6(a). There was a reasonable agreement between the calculations and the experiment at low
magnetic fields. The ratio of the three numerators in the formula of the Nernst coefficient was
0.07:0.02:0.91, indicating that the Nernst thermopower of Mg;Bi> was primarily governed by the
anisotropy of the electron and hole Seebeck coefficients rather than by the partial Nernst
coefficients. Note that the calculated Seebeck coefficient, S = (eSe + onSh)/(oe + on), is =31
pV/K at 30 K, in agreement with the measured one (Fig. 1(c)), indicating the validity of the
calculation parameters. Here, we calculated Nernst thermopower at 30 K because we could
evaluate the partial charge carrier concentrations and mobility from the two-band analysis at low
temperatures. However, below 10 K, the assumption of acoustic phonon scattering is not
sufficient. Notably, the measured Nernst thermopower of our crystal was slightly lower than that
of a previous report on polycrystals [25]. This was probably due to the difference in chemical
potential, as the Nernst and Seebeck coefficients were sensitive to chemical potential [64]. The
chemical potential dependence of the Nernst coefficient of Mg3Bi» will be investigated
subsequently.

(@) (b)

N =

100 — T T T T 12 T T T T T
30K . - 3T 7]
— Experiment ‘ e NB; (AT//ab-plane, BLab-plane)
50 - -- Calculation _ 100~ o NB,(ATLab-plane, B//ab-plane) —
A Calculation
g o 80} --° Polycrystal _
ER i Z R
~ = 60 -~~, —
[o0) Q ° N
< < o8 el
40 AT —
-50 — R ¢ E o4 . .
20 - ® o O 5 ~al —
O -
" * %Iy
-100 | | | | | 0 | | | | |
4 2 0 2 4 0 50 100 150 200 250 300
B(T) T (K)

FIG. 6. (a) Measured and calculated Nernst thermopower (NB) vs. B of Mg3Bi» at 30 K. (b)
Nernst thermopower at 3 T measured along the in-plane and cross-plane directions. Nernst
thermopower of a polycrystal is also plotted for comparison [25].

Conclusion

We demonstrated the magnetotransport properties of melt-grown n-type Mg3Bi> single crystals.
The MR reached 5000% at an 8 T field. Based on the SAH oscillations, we have resolved the
bulk Fermi surface of Mg3Bi exhibiting large and linear MR and low effective mass. Isotropic
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SdH frequency and Hall resistivity measurements suggest that SAH oscillations originate from
trivial electron bands. We believe that it is possible to exploit a nontrivial band in transport
properties by shifting the Fermi level upward. The two-band analysis of p and py» confirmed
the high charge carrier mobility of Mg3Bi: crystals. The obtained parameters were used to
reproduce other transport coefficients, such as the Nernst coefficient. These results are critical
for elucidating the electronic structure and transport properties of Mg3Bis.
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