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Contrasting impurity-induced magnetism and dynamics in 2H-MoTe2

Jonas A. Krieger ,1,*,† Igor P. Rusinov ,2 Sourabh Barua ,3,‡ Aris Chatzichristos ,4,5 Jared Croese,6 Derek Fujimoto ,4,5,§

Stefan Holenstein,1,7 Victoria L. Karner,5,8 Ryan M. L. McFadden ,5,8,§ John O. Ticknor ,5,8 W. Andrew MacFarlane ,5,8,9

Robert F. Kiefl,4,5,9 Geetha Balakrishnan ,3 Evgueni V. Chulkov,10,11,12 Stuart S. P. Parkin ,13 and Zaher Salman 1,‖
1PSI Center for Neutron and Muon Sciences, 5232 Villigen PSI, Switzerland

2Lebedev Physical Institute of the Russian Academy of Sciences, 119991 Moscow, Russia
3Department of Physics, University of Warwick, Coventry CV4 7AL, United Kingdom

4Department of Physics and Astronomy, University of British Columbia, Vancouver, British Columbia V6T 1Z1, Canada
5Stewart Blusson Quantum Matter Institute, University of British Columbia, Vancouver, British Columbia V6T 1Z4, Canada

6CERN, Esplanade des Particules 1, 1211 Geneva, Switzerland
7Physik-Institut der Universität Zürich, Winterthurerstrasse, 8057 Zürich, Switzerland

8Department of Chemistry, University of British Columbia, Vancouver, British Columbia V6T 1Z1, Canada
9TRIUMF, Vancouver, British Columbia V6T 2A3, Canada

10Departamento de Polímeros y Materiales Avanzados: Física, Química y Tecnología, Facultad de Ciencias Químicas,
Aptdo. 1072, 20018 San Sebastián, Spain

11Institute of Strength Physics and Materials Science, Siberian Branch, Russian Academy of Sciences, 634055 Tomsk, Russia
12Laboratory of Electronic and Spin Structure of Nanosystems, Saint Petersburg State University, 198504 Saint Petersburg, Russia

13Max Planck Institut für Mikrostrukturphysik, Weinberg 2, 06120 Halle, Germany

(Received 27 January 2026; accepted 22 May 2026; published 18 June 2026)

We investigate the behavior of interstitial 8Li+ implanted near the surface of 2H -MoTe2 using β-detected
nuclear magnetic resonance. We find that, unlike the muon, 8Li+ does not show any signature of induced
magnetism. This result is consistent with density functional theory, which identifies the Li stopping site at the
2a Wyckoff position in the van der Waals gap and confirms the absence of detectable Li-induced electronic spin
polarization. Both the spin-lattice relaxation and the resonance line shape show evidence of pronounced spin
dynamics above ∼200 K, reminiscent of local stochastic 8Li+ motion within a cage. The resonance line shape
consists of quadrupolar satellites on top of a broad central peak. To better understand the interaction of 8Li+

with the host material, we employ a frequency-comb measurement by simultaneously exciting four frequencies
corresponding to the first-order quadrupolar satellite transitions, ν0 ± 3νcomb and ν0 ± νcomb, around the Larmor
frequency ν0 as a function of νcomb. This offers an enhanced sensitivity to the quadrupolar split portion of the line.
Using this method, we find a small decrease in the quadrupolar frequency with increasing temperature, showing
the typical behavior associated with thermally excited phonons and the absence of any magnetic response, in
contrast to what was observed for other defects in 2H -MoTe2.

DOI: 10.1103/49q2-5vl8

I. INTRODUCTION

Transition metal dichalcogenides (TMDs) are a family
of layered van der Waals (vdW) materials consisting of
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stacks of MX2 trilayers, where the transition metal M is
surrounded by six chalcogenide atoms X, usually either
with a trigonal prismatic (H) or with a distorted octa-
hedral (T) coordination. Despite this similarity in atomic
structure, these materials exhibit a plethora of different
physical phenomena, ranging from metallic, semiconducting,
Weyl-semimetallic, and superconducting to ferromagnetic,
antiferromagnetic, and charge-density-wave behavior [1]. For
this reason, they offer a considerable potential for vdW het-
erostructure engineering [2,3]. Semiconducting TMDs are
of particular interest for integration into electronic and op-
tical applications, for example, polymorphic MoTe2, which
in the hexagonal 2H-phase has an indirect ∼1 eV band
gap [4,5]. Interestingly, in the monolayer the band gap be-
comes direct, which has been exploited to build transistors
and photodetector devices [6–8]. Furthermore, 2H-MoTe2

was recently predicted to be an obstructed atomic insulator,
having Wannier charge centers located away from atomic
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positions [9]. As a result, it is expected to host obstructed
surface states on nonbasal surfaces and line defects, associated
with a high catalytic activity useful for hydrogen evolution
reaction [9].

Semiconducting TMDs are particularly susceptible to
impurity-induced magnetism arising from defects, intersti-
tials, or adsorbates. In 2H-MoTe2, magnetic moments have
been predicted at antisite defects [10], via hydrogen or transi-
tion metal doping of the monolayer [11,12], and most notably
in association with hydrogenlike muonium impurities in the
vdW gap [13]. While defects are also known to strongly
modify optical, electronic, and catalytic properties [14–16],
their magnetic impact remains subtle and probe dependent.
In particular, muon spin relaxation (μSR) measurements con-
sistently revealed clear signatures of magnetism. Originally
attributed to intrinsic magnetic order [17], these results were
subsequently reproduced in a crystal in which conventional
125Te-nuclear magnetic resonance (NMR) found no intrinsic
magnetic order, and were instead shown to be consistent with
a magnetic muonium state—a bound state of a muon and
an electron whose electronic spin is magnetically polarized
along the c axis [13]. These results indicate that the observed
magnetism is impurity induced rather than a bulk property of
2H-MoTe2.

Here, we present beta-detected nuclear magnetic reso-
nance (β-NMR) data on spin-polarized 8Li+ implanted into
a 2H-MoTe2 single crystal. As a charged impurity likely
occupying the vdW gap, 8Li+ provides a direct compari-
son to the hydrogenlike muonium state detected by μSR.
Despite occupying a similar crystallographic site, we ob-
serve no evidence of either intrinsic or impurity-induced
magnetism. Instead, the spin-lattice relaxation and reso-
nance line shape reveal the onset of pronounced local
dynamics above ∼200 K. Using a frequency-comb detection
scheme, we accurately determine the quadrupolar splitting
even in the presence of an overlapping broad component.
These results demonstrate that the magnetic behavior in
2H-MoTe2 and other semiconducting TMDs depends sen-
sitively on the electronic character and charge state of the
impurity, as well as its specific interaction with the host
material.

II. EXPERIMENT

High-quality single crystals of 2H-MoTe2 were grown by
chemical vapor transport, using TeCl4 as a transport agent
[13]. The crystal studied here was taken from the same
batch as those studied in Ref. [13]. It was glued onto a
sapphire substrate using silver paint and then mounted on a
cold-finger cryostat. The surface of the crystal was initially
cleaved but was kept in air for an extended period of time
afterward. The β-NMR measurements were performed on the
β-nuclear quadrupole resonance (β-NQR) [18] and β-NMR
[19] spectrometers at the isotope separator and accelerator
(ISAC) facility in TRIUMF, Vancouver, Canada [20–23].
Spin-polarized 8Li+ (spin I = 2 and quadrupole moment Q ∼
32 mb with about 70% polarization [24]) was implanted with
an energy of 22.5 keV along the c axis of the crystal. The
corresponding ion-implantation stopping profile was simu-
lated with the TRIM.SP [25] software (using mass density of

7.78 g/cm3) and is shown in Fig. 1(a). We find that the average
implantation depth of 8Li+ is ∼110 nm. Note that the size of
the crystal (∼25 mm2) was large compared to the beam spot
diameter (∼2 mm); thus, we expect no significant background
signal from ions missing the sample. The spin-lattice relax-
ation rate (SLR) was measured in an in-plane magnetic field,
B ⊥ c, and the line shape and frequency-comb measurements
were performed in the presence of an out-of-plane field, B ‖ c.
In both cases, the fields were applied parallel to the initial
8Li+ nuclear spin direction. 8Li is unstable, with a lifetime of
τ8Li = 1.2 s and has an anisotropic β decay, with the preferen-
tial emission direction of the decay electron being opposite to
the direction of the 8Li nuclear spin [18,19]. This allows the
measurement of the average spin direction of an 8Li ensemble
via the detection of the anisotropic decay electrons.

The 8Li SLR was measured by implanting a 4 s pulse of
8Li+ beam while monitoring the asymmetry in the emitted
electrons during and after the beam pulse. The measured β
asymmetry is proportional to the time evolution of the average
nuclear spin polarization and therefore reflects the SLR rate
of 8Li.

The 8Li resonance lines were measured by implanting
8Li continuously and monitoring the decay asymmetry while
sweeping a continuous-wave (CW) radio-frequency (RF)
magnetic field through the resonance [19]. A quadrupole split
resonance due to an electric field gradient (EFG) at the 8Li
stopping site appears in the spectra as a set of four small
satellite lines in the vicinity of the Larmor frequency, νL.
This splitting was measured by using a frequency comb
instead of a single frequency [26,27]. This dramatically en-
hances the signal corresponding to the quadrupole satellites
because the CW comb excites all four quadrupolar transitions
simultaneously: ν0 ± νcomb and ν0 ± 3νcomb, where ν0 is the
predetermined center of the line and νcomb is the swept fre-
quency parameter. A depolarization of the 8Li spin ensemble
due to the first-order quadrupolar transitions will therefore oc-
cur at the frequencies νcomb = νq/3, νcomb = νq, and νcomb =
3νq, where the quadrupolar frequency hνq = eQVzz/8 arises
from the nuclear electric quadrupole moment eQ and the
EFG at the 8Li site, of which Vzz is the largest principal
component. Note that on resonance (i.e., at νcomb = νq and
ν0 = νL), the depolarization of the 8Li ensemble will be fur-
ther enhanced, since multiple quadrupolar transitions can be
excited simultaneously [28,29]. The center frequency ν0 is
chosen based on a preceding calibration measurement of the
Larmor frequency. Therefore, it will only be accurate up to an
error δν0. As a consequence, the quadrupolar transitions will
split and appear to be at νcomb = νq/3 ± δν0/3, νcomb = νq ±
δν0/3,±δν0, and νcomb = 3νq ± δν0. When the quadrupolar
interaction is much smaller than the Zeeman energy in the
applied field, this splitting is symmetric around the nominal
transition frequency. Hence, as long as δν0 is smaller than the
width of the quadrupolar satellites, this splitting will not be
visible and the effect of δν0 can be neglected without degrad-
ing the accuracy of the determined νq. In these experiments,
except for the measurement at room temperature, we are in
this limit. It is important to point out here that δν0 will affect
in a nontrivial way the width and height of the peaks measured
with the frequency comb, making this approach less suited
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FIG. 1. (a) Simulated stopping profile of 22.5 keV 8Li+ ions in 2H -MoTe2. (b) Calculated 8Li+ stopping site in the van der Waals gap and
representative diffusion paths between symmetry-equivalent sites. (c) Corresponding diffusion energy barriers obtained from density functional
theory (DFT) nudged elastic band calculations. The high-symmetry sites along the 8Li+ diffusion path are labeled by their Wyckoff positions in
space group 194. (d) Spin-resolved density of states from DFT calculations for 2H -MoTe2 with an interstitial 8Li+ impurity at the 2a site. The
absence of a difference between spin-up and spin-down components indicates that the 8Li+ impurity does not induce magnetic polarization.
An induced magnetic moment would manifest as a clear spin asymmetry between the two spin channels.

for an accurate determination of the 8Li’s initial state popula-
tion. All measurements (SLR, resonance, and frequency-comb
measurements) have been performed while switching the ini-
tial polarization direction and, where applicable, the RF sweep
directions. The resulting asymmetries were subtracted from
each other to minimize systematic errors. The data were ana-
lyzed with the musrfit [30] software.

III. DFT CALCULATIONS

The 8Li site and diffusion barriers were calculated
with Density Functional Theory, consistent with the cal-
culations used to determine the muon site in Ref. [13].
Lithium was introduced in a relaxed 3 × 3 × 1 super-
cell of 2H-MoTe2, wherein we performed nudged elas-
tic band (NEB) [31] calculations on the basis of the
LCPAO (Linear Combination of Pseudo Atomic Orbitals)
approach, as implemented in the OPENMX code [32].
A Perdew-Burke-Ernzerhof exchange-correlation functional
[33] has been applied. The Projected Augmented Wave
method from the VASP code [34,35] was used, taking
into account both spin-orbit coupling and scalar-relativistic
corrections. The lithium ground-state energies were estimated
by approximating the NEB diffusion energy barriers with an
anisotropic harmonic oscillator potential. The crystal struc-
tures were visualized using vesta [36].

We find the stable 8Li+ site to be at the 2a Wyckoff position
[Fig. 1(b)]. This site has a D3d point group symmetry, so a
nonzero EFG is expected, which would result in a splitting
of the 8Li quadrupolar transitions. Possible charge states of
the implanted lithium, namely, 8Li+ and neutral 8Li0, are
accounted for by considering charged and neutral supercells,
respectively [13,37,38]. We find the same 2a stopping site
and the absence of induced spin polarization at the 8Li site
[Fig. 1(d)] for both charged states. The resulting calculated
diffusion energy barriers along the paths indicated in Fig. 1(b)
are shown in Fig. 1(c). We note that in MoS2 the diffusion
of Li between 2a sites was found to occur via a tetrahedral
site above a Mo atom [39,40] and a similar stable Li site
has also been considered in 2H-MoTe2 [41]. However, in our

calculations, a diffusion path via the 6g site in between two Te
atoms is found to be preferable.

IV. RESULTS

Typical 8Li β-NMR line shapes measured in a 6.55 T
out-of-plane field at different temperatures are shown in
Fig. 2(a). They consist of a broad central resonance at all tem-
peratures with small quadrupolar satellites appearing below
260 K. Above this temperature, the quadrupolar splitting can-
not be resolved. In order to accurately determine the satellite
frequencies, we performed frequency-comb measurements,
representative spectra of which are shown in Fig. 2(b). Except
near room temperature, the peaks at ν = νq and ν = 3νq are
always clearly visible, whereas the peak at ν = νq/3 is only
visible in the vicinity of 260 K. We have extracted the value
of νq by fitting the frequency-comb spectra to a sum of two
or three Lorentzian peaks, depending on whether the signal
at ν = νq/3 was clearly resolved or not. The baseline from
the central peak was phenomenologically parametrized by a
second-order polynomial, which gives a good agreement with
the observed spectra, as shown by the solid lines in Fig. 2(b).
We then analyzed the resonance line shapes [Fig. 2(a)] by
fitting them to a sum of five Lorentzian peaks: a central one
and four corresponding to the quadrupolar splitting. The po-
sition and width of the latter were assumed to be given by
the values extracted from the fits to the comb spectra. At the
two highest temperature points, where no clear quadrupolar
splitting is visible in the line shape or frequency comb, a
single Lorentzian was assumed.

The resulting temperature dependence of the resonance
line parameters is shown in Fig. 3. The temperature de-
pendence of the quadrupolar splitting in Fig. 3(a) exhibits
a power-law behavior νq = νq0(1 − cT 3/2), where νq0 =
3.603(4) kHz and c = 2.33(7) × 10−5 kHz/K3/2 were deter-
mined via weighted least-squares minimization. The resulting
curve is shown as a dashed line in Fig. 3(a). Phenomeno-
logically, this is the typical temperature dependence of the
quadrupolar frequency in the presence of thermally activated
phonons [42,43]. The quadrupolar contribution to the spectral
weight was estimated by the sum of amplitudes of the four

023316-3



JONAS A. KRIEGER et al. PHYSICAL REVIEW RESEARCH 8, 023316 (2026)

FIG. 2. (a) Representative 8Li β-NMR line shapes in 2H -MoTe2 measured in an out-of-plane magnetic field of 6.55 T at various
temperatures. The spectra are vertically offset for clarity. The broad central peak arises from dynamically averaged environments, while the
smaller satellites correspond to quadrupolar splitting due to the local electric field gradient at the 8Li site. The solid lines are fits as described
in the text, and the vertical dashed line indicates the reference frequency from MgO. (b) Frequency-comb 8Li β-NMR spectra measured in
the same field as a function of the comb frequency νcomb. This technique simultaneously excites multiple quadrupolar transitions, enhancing
sensitivity to the quadrupolar-split components. Peaks at νcomb = νq/3, νq, and 3νq correspond to first-order quadrupolar transitions, enabling
accurate determination of the quadrupolar frequency νq even when the satellites are weak or partially overlapped by the central line.

quadrupolar peaks relative to the sum of all five peaks and is
shown in Fig. 3(b). Note that the central peak frequency νc

shows only little temperature dependence [Fig. 3(c)], with its
full width at half maximum, �c, increasing with decreasing
temperature [Fig. 3(d)].

Typical 8Li SLR curves as a function of time in the pres-
ence of a 10 mT in-plane field are shown in Fig. 4(a). The
relaxation of the 8Li+ ensemble occurs on a timescale of
seconds, with distinct fast- and slow-relaxing contributions.
From the raw data, the relaxation seems to be slowest for
the curve at 50 K. The time dependence of the SLR curves
in Fig. 4(a) can be described by a sum of two exponential
depolarization functions, representing a fast (1/T1,f)- and a
slow (1/T1,s)-relaxing component:

A(t ) = A0( fslowe−t/T1,s + (1 − fslow)e−t/T1,f ), (1)

where fslow is the contribution of the slow-relaxing fraction.
The initial asymmetry A0 was assumed to be temperature
independent. Equation (1) was then convoluted with the du-
ration of the beam pulse [18]. Such a biexponential behavior
is the simplest model that can adequately describe the data
[44], while avoiding overparametrization of the fits.

The relaxation rates obtained from the fits are shown in
Figs. 4(c) and 4(d) and exhibit two peaks: One around 240 K
and the second at ∼15 K, the latter coinciding with a lo-
cal minimum in fslow [Fig. 4(b)]. Note that any fluctuations
coupling to the 8Li spin and passing through the Larmor
frequency (∼63 kHz at 10 mT) as a function of temperature
could produce such peaks. An Arrhenius law was used to fit
the low-temperature flank of the 240 K SLR peak, giving an
activation energy EA ∼ 0.2 eV, as shown in Fig. 4(c). This
increase in SLR with the observed energy scale could be
attributed to the onset of 8Li diffusion, as previously reported
in other vdW materials [45]. Such a mechanism would result
in dynamic changes of the EFG experienced by 8Li, cou-
pling to its quadrupolar moments and thereby enhancing its

SLR. However, in this case, it is inconsistent with the ab-
sence of motional narrowing in the corresponding line shapes
[Fig. 2(a)]. In addition, the extracted activation energy of
0.2 eV is much smaller than the estimated hopping barrier of
≈1 eV predicted from DFT [Fig. 1(c)]. A possible explanation
for this temperature dependence is discussed below.

V. DISCUSSION

Although the two components in the line shape could sug-
gest that there are two inequivalent Li states present in the
sample, there are several indications that this is not due to two
different crystallographic 8Li stopping sites. From a theoret-
ical perspective, the calculations identify only one candidate
site, and there are no Wyckoff positions with a cubic point
group symmetry in space group 194 that could explain the
absence of an EFG on the broad central peak. Experimen-
tally, the broad central line has a similar width to the total
quadrupole splitting 3νq, which points to a scenario where an
additional broadening affects the quadrupolar splitting. But,
more importantly, the quadrupolar fraction in Fig. 3(b) seems
to be strongly correlated with the slow fraction of the SLR
[Fig. 4(b)], which indicates that the absence of a detectable
quadrupolar splitting is related to the presence of fast dynam-
ics. The exact microscopic mechanism of the two 8Li states is
currently unknown. Possibilities include diffusional dynamics
in a local cage or multiple charge states of the implanted
lithium. In addition to the expected 8Li+ state, a neutral 8Li0

state could form by capturing an electron from the host [46].
The charged 8Li+ ion is expected to exhibit a well-defined
quadrupolar interaction due to the local electric field gradient,
whereas neutral 8Li0, which carries an additional electron,
may experience strong hyperfine-mediated fluctuations and
enhanced electronic screening. This can lead to faster spin-
lattice relaxation and a reduced or unresolved quadrupolar
splitting, consistent with the observed correlation between the
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FIG. 3. Temperature dependence of resonance parameters ex-
tracted from fits to the β-NMR spectra: (a) quadrupolar frequency
νq, (b) relative spectral weight of the quadrupolar satellites ( fquad), (c)
central resonance frequency νc, and (d) full width at half maximum
�c of the central peak. The dashed line in panel (a) shows a T 3/2

dependence, characteristic of phonon-driven changes in the electric
field gradient. The dashed line in panel (c) indicates the MgO ref-
erence frequency. The decrease of fquad and the broadening of the
central peak at higher temperatures are consistent with increasing
dynamical fluctuations of the 8Li environment.

fast-relaxing fraction and the diminished quadrupolar signal.
Long-range 8Li diffusion is highly unlikely since we observe
no motional narrowing at high temperature while the activa-
tion energy is much lower than that calculated for hopping
between two neighboring 8Li sites. If the bound electron in
the neutral state corresponds to a very shallow donor state,
then the associated large electronic orbital might explain the
absence of a pronounced hyperfine shift. Note that both a
small hyperfine coupling and a relatively small quadrupolar
splitting are typical for 8Li+ in the vdW gap of nonmagnetic
layered compounds [45,47–49].

In light of the magnetic state observed by μSR [10,13], it
is important to consider whether there are similar magnetic
signatures detectable with β-NMR. However, the behavior
of the 8Li SLR at low temperature is inconsistent with a
strong local static magnetic field being present at the 8Li
position. Such a local field would depolarize the 8Li spin
completely on a timescale of milliseconds. The size of the
local magnetic field in μSR at low temperature is ∼200 mT
[10] and is associated with a magnetic muonium state at the

2a Wyckoff position [13], which is the same as the 8Li+

stopping site. Given the smaller gyromagnetic ratio of 8Li
(γ8Li/2π = 6.3016 MHz/T , with γ8Li/γμ ∼ 4.7 %), a similar
local field would still cause a precession with �1.2 MHz. This
is too fast to be detected given the limited time resolution of
8Liβ-NMR. Moreover, the decoherence or any broadening of
such oscillations would rapidly depolarize the 8Li. Both of
these effects would manifest as an immediate loss of polariza-
tion at early times (cf. Ref. [50]). However, we do not observe
such an instant depolarization of the 8Li spin. Note that this
argument can exclude both a ferromagnetic state and the pres-
ence of an 8Li-induced electronic spin polarization, similar
to that observed with muons [13]. An antiferromagnetic state
with a vanishing or compensated net local field at the 8Li site
may also be considered. However, at the phase transition, one
would expect critical fluctuations to be present, which should
cross the 8Li Larmor frequency and lead to a SLR peak at
TN (cf. 1T-CrSe2 [51]), which would not be suppressed by
the low applied field in our measurements. While the SLR
peak around ∼15 K could be caused by magnetic fluctuations,
it occurs at a temperature too low to be compatible with the
magneticlike transition observed with μSR. Together with the
absence of any magnetic signal in 125Te-NMR [13], this serves
as clear evidence that 2H-MoTe2 does not exhibit intrinsic
magnetic order.

The present results provide a consistent framework that
reconciles earlier local-probe measurements on 2H-MoTe2.
While μSR detects magnetism associated with a neutral
hydrogenlike muonium state that locally induces spin polar-
ization in the host [10,13], our β-NMR measurements with
positively charged 8Li+, which occupies a similar crystal-
lographic site in the vdW gap, show no evidence of either
intrinsic or impurity-induced magnetism. Together with the
absence of magnetic signatures in 125Te-NMR [13], this
demonstrates that magnetism in 2H-MoTe2 is not intrinsic but
highly sensitive to the nature and charge state of the impurity.
Since the crystals used here originate from the same batch as
in Ref. [13], differences in sample quality or composition can
be ruled out, and the contrasting behavior can be attributed to
the fundamentally different electronic character of muonium
and 8Li+ impurities.

VI. CONCLUSION

We have investigated isolated 8Li impurities implanted into
2H-MoTe2 using β-NMR and complementary DFT calcula-
tions. The 8Li occupies the 2a Wyckoff position in the van
der Waals gap but does not induce detectable magnetic po-
larization, in contrast to hydrogenlike muonium. Instead, we
observe thermally activated local dynamics above ∼200 K,
reflected in both the spin-lattice relaxation and the evolu-
tion of the resonance line shape. These dynamics may be
caused by stochastic motion in a local cage. The frequency-
comb method proves particularly effective for resolving the
quadrupolar splitting even in the presence of a complex, mul-
ticomponent line shape.

Together, these results clarify that magnetism in
2H-MoTe2 is not intrinsic but is strongly dependent on
the electronic character and charge state of the impurity. This
highlights the importance of impurity-specific electronic
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FIG. 4. (a) Representative spin-lattice relaxation data for 8Li in 2H -MoTe2 measured in an in-plane magnetic field of 10 mT. The shaded
region indicates the 4 s beam-on period, after which the beam is turned off and relaxation is monitored. The solid lines are fits using a
biexponential relaxation model. The temperature dependence of (b) the slowly relaxing fraction fslow, (c) the fast relaxation rate 1/T1,f, and (d)
the slow relaxation rate 1/T1,s. The solid line in panel (d) is an Arrhenius fit to the low-temperature side of the peak near 240 K, yielding an
activation energy of approximately 0.2 eV. For comparison, panel (b) also shows the relative quadrupolar spectral weight fquad [from Fig. 3(b)],
illustrating the correlation between the loss of resolved quadrupolar splitting and the onset of fast dynamical fluctuations.

structure in governing magnetic responses in layered
semiconductors.
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