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Introduction 

Topological properties in materials open a new world in condensed matter physics. The 

best-known types of topological materials are topological insulators and topological 

semimetals, the latter include Dirac and Weyl semimetals [1,2]. Weyl semimetals are realized 

in systems without spatial-inversion or time-reversal symmetry. 

Theoretical calculations predicted that layered tungsten ditelluride belongs to Weyl 

type II semimetal [3]. However, the results obtained so far [4-6] are not sufficient to confirm 

the topological nature of WTe2. The results in [7] do not demonstrate a clear influence of 

topological features of the WTe2 zone structure on the nuclear magnetic resonance (NMR) 

spectra, nevertheless deviations from the Korringa's law were observed. The latter was 

explained by the probable contribution of the topological features of the WTe2 zone structure 

to the spin-lattice relaxation times. In [8] the results for nuclear spin-lattice relaxation at two 

single crystal orientations in magnetic field were obtained, which evidence in favor of the 

topological nontriviality of WTe2.  

The present work reveals features of 
125

Te NMR spectra for both monocrystalline 

WTe2, depending on its orientation relative to the external magnetic field B0, and powdered 

WTe2. 

Experiment 

The layered single crystal WTe2 has been growing by the chemical transport method 

with Br2 as the transport agent for three weeks in a sealed quartz ampoule under vacuum 

conditions. There were obtained a thin plate with dimensions of 0.2x3x4 mm and a WTe2 

crystal. The latter was ground to powder in an agate mortar. We call this powered sample as 

#1. Two WTe2 single crystals were grown by the self-flux method and ground in an agate 

mortar for further measurements. We call these powders as #2 and #3. 

WTe2 crystallizes in the Td-phase with an orthorhombic lattice structure (non-

centrosymmetric space group Pmn21) [9]. The structure of WTe2 remains stable with 

changing temperature [10,11]. The X-ray diffraction method was used to verify the phase 

homogeneity as well as to determine the crystal structure and directions of crystallographic 

axes in the single crystal. X-ray phase analysis confirmed the formation of Td-phase WTe2 

with an orthorhombic lattice structure. 

The 
125

Te NMR spectra for WTe2 single crystal and powders were obtained at room 

temperature using Bruker Avance 400 and Bruker Avance 500 pulsed NMR spectrometers 

with the operating frequencies for 
125

Te nuclei of 126.24 and 157.79 MHz, respectively. The 
125

Te NMR frequency shifts were calculated using the universal Ξ scale [12]. The orientation 

of the WTe2 single crystal plate was changed manually: the angle () between the direction of 

the crystallographic axis c and the external magnetic field B0 was set with a protractor with 

the accuracy that can be provided by the human eye. The angle  varied from 0 to 140°. The 
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spin-echo pulse sequence (π/2-τ-π) with π/2 pulse duration from 2.5 to 5.8 µs was used in 

different series of measurements.  

Results and discussion 

Two types of spectra were obtained: cumulative spectra and envelope. The cumulative 

spectra are the sum of the spin echo signals at different frequency offsets. The spectra of the 

second type were obtained by plotting the envelopes by points corresponding to the integral 

intensities of the echo signals at various excitation frequencies. 

A set of 
125

Te NMR spectra was obtained for the WTe2 single crystal in magnetic field 

9.4 T at different values of the angle   between the c-axis and the magnetic field B0. 

Differences in the 
125

Te NMR spectra for WTe2 powders grown by different methods (#1, #2 

and #3) (fig. 1) have been revealed. It is shown that the spectra for single crystal and powder 

WTe2 grown by the same method are in a good agreement with each other.  

 

Figure 1. 
125

Te NMR spectra for WTe2 

powders grown by different methods (#1, #2 

and #3). The data were obtained at magnetic 

fields of 9.4 T (#1) and 11.75 T (#2, #3) at 

room temperature. The solid lines correspond 

to the cumulative spectra, dots – to the 

intensities of the spin echo signals obtained 

by varying the excitation frequency. 

The presence of several lines in the 
125

Te NMR spectra has been demonstrated both for 

powders and for single crystal at different orientations. Not all of the lines in the spectra can 

be explained in terms of the crystal structure of WTe2, which has four non-equivalent 

tellurium crystallographic positions. The nature of the low frequency lines in the single crystal 

and powder spectra remains unclear. 

Varying the angle  in the range of 15÷50°, it was shown that the shape of the 
125

Te 

NMR spectrum did not undergo pronounced changes: at any angle between the c-axis and the 

magnetic field B0 the spectrum was a superposition of eight lines. Thus, at =15°÷50°, the 

spectra consisted of four lines centered around 1500 ppm and overlapping each other (call this 

group of lines L3), and of four lines L1, L2, L4, L5 symmetrically separated from L3 by 700÷900 

ppm depending on the orientation of the single crystal. The lines L1 and L2, L4 and L5 merged 

in pairs in the frequency regions 2300÷2500 ppm and 600÷800 ppm, respectively, and the 

shift  of these lines was observed to change. 

It is shown that the behavior of the line shift in the 
125

Te NMR spectrum for the WTe2 

single crystal does not follow the well-known angular dependence [13]: 

′ =  (
3𝑐𝑜𝑠2𝛽−1

2
+



2
𝑠𝑖𝑛2𝛽𝑐𝑜𝑠2𝛼),       (1) 

where ,  – Euler angles,  – asymmetry factor.  

Nuclear spin-lattice relaxation times were measured using the saturation recovery 

technique. The recovery of the longitudinal nuclear magnetization after pulse saturation by a 
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series of π/2-degree pulses followed an exponential law (fig. 2). The found values of the spin-

lattice relaxation time were in a good agreement with the times previously obtained for the 

WTe2 single crystal in the orientations с || B0 and с  B0 [7]. 

 

 

Figure 2. Recovery of the longitudinal 

nuclear magnetization of 
125

Te with time t to 

the equilibrium value M0 after saturation for 

WTe2 powders grown by different methods 

(#1, #2 and #3) for a line centered around 

1450 ppm. The data were obtained at 

magnetic fields of 9.4 T (#1) and 11.75 T (#2, 

#3) at room temperature. 
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