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NQR and low-field NMR spectra of '8!Ta are reported to probe the electronic environment of
inequivalent tantalum sites in the low-temperature CDW state of a layered compound 2 H-TaS, . The
overall features are found to be consistent with the structure consisting of nine-atom snowflake

clusters in a locally commensurate CDW state.
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Transition metal dichalcogenides have been the
subject of intensive research because of their electronic
instabilities which result in charge density waves
(CDW) [1]. The 2H-polytype of TaS, undergoes a
phase transition at 75 K from the high-temperature
normal metallic state to the incommensurate CDW
state with wave vector of 0.338 a, * [2]. We report here
the result of a pulsed NQR study of ®'Ta together
with a reinvestigated spectrum of low-field NMR of
'81Ta in the low-temperature phase of 2H-TaS, at
42 K.

The quadrupole moment of '8!Ta (I=7/2) is very
large (Q = 3.28 barn), and NQR of '8'Ta was found to
be useful for the study of the local electronic environ-
ments around Ta nuclei, as was demonstrated in a case
of 1T-TaS, [3]. A pulsed NQR spectrum of '8'Ta in
2H-TaS, at 4.2 K was taken using an incoherent high-
power rf oscillator and a highly sensitive receiving
system. A somewhat complex NQR spectrum of 8! Ta
has been obtained at 4.2 K as shown in Fig. 1, with
clear peaks at frequencies of 95.5, 140, 190.2,
194.0 MHz and weak ones at 105.3 and 284.6 MHz.
The peak positions of the spectrum are reliable but
relative intensities should be considered to be only
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qualitative. A single Ta site creates three NQR transi-
tions of +1/2 & +3/2, +3/2 ¢ +5/2 and +5/2 &
+7/2, and the ratios of the three frequencies are deter-
mined by the asymmetry parameter 7 as

nz(V;x_ Vyy)/V::z’ (1)
where V., V,,, and V,, are the principal values of

electric field gradient (EFG) tensor at the resonant
nuclei, and | V.| 2 [V,,] 2 | V..

If the assignment for the three transitions is done,
the quadrupole frequency

vo=3e2qQ/[2121—1)h] )

can be determined. The peak frequencies of 95.5, 190.2
and 284.6 are in the ratio of nearly 1:2:3, indicating
the existence of a Ta site with nearly axial symmetry
(7=0.03). But the assignment of the other peaks in
Fig. 1 to the NQR transitions is not unique due to
possibilities that some transitions are overlapping and
that some transitions (probably +5/2 < +7/2) are
missing. Therefore, we analyze our data with the help
of low-field NMR and TDPAC experiments, as is de-
scribed below.

The powder spectra of #2Ta NMR in a swept mag-
netic field for the transitions between degenerate
NQR states +m have shown to be a good method to
give values of n of the EFG independent of the magni-
tude of the EFG (or the magnitude of the quadrupole
frequency) if the NMR frequency is much smaller than
vo [4]. The signals from the +1/2 transitions are ex-

0932-0784 /90 / 0300-0412 $ 01.30/0. — Please order a reprint rather than making your own copy.

@NOIS)

Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung“) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher

Nutzungsformen zu erméglichen.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fiir Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der

) Wissenschaften e.V. digitalisiert und unter folgender Lizenz veréffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland

This work has been digitalized and published in 2013 by Verlag Zeitschrift
fir Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution-NoDerivs
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is
to allow reuse in the area of future scientific usage.



H. Nishihara et al. - NQR and Low-Field NMR of '®!Ta in 2H-TaS,
i 2H-Tas,
g 4.2K
o
5
2
%
g
e
£
w
95 105 110 135~ 140 145 185 180 195 ' 285 290
Frequency (MHz)

Fig. 1. NQR spectrum of '8'Ta in 2H-TaS, at 42 K.
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Fig. 2. A powder spectrum of low-field NMR of 181Ta in
2H-TaS, at 4.2 K at a frequency of 4 MHz. h=H/H,,, where
H, is the resonance field for a free '®!Ta. Assignments of
transitions are shown.

pected to be strong if # < 0.2, and the signals from the
+ 3/2 transitions are expected to be strong if = 0.15.
Particularly, if the value of # is 0.35, the case which is
called magic asymmetry, the width for the +3/2 tran-
sition vanishes in a first order calculation and the
signal becomes quite strong. The +5/2 and +7/2
transitions are not expected to be observable because
of the extremely large widths. The shape of a powder
spectrum depends strongly on # and # can be deter-
mined easily if the Ta site has a special value of 5
[4, 5]. The low-field NMR of 8'Ta in 2H-TaS, has
been reinvestigated and a spectrum recorded at 4.2 K
and 4 MHz is shown in Figure 2. The +1/2 transition
for n=0 and #=0.35, and the +3/2 transition for
n=0.35 are clearly seen. This indicates that there exist
at least two distinct Ta sites with n nearly 0 and 0.35.
The number of inequivalent Ta sites can be more than
two, because Ta sites with nearly the same values of 5
give nearly the same NMR spectrum even if the values
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Table 1. Assignment of the peak frequencies (MHz) in Fig. 1
to the NQR transitions and derived values of # and v, for the
three Ta sites in 2H-TaS, at 4.2 K.

Ta site A B C

S (172 +3/2)
S (£3/2 £5/2)
S (X512 £7/2)

105.3
140.0 194.0 190.2

(221) * (293) * 284.6
0374002 0.15+0.02 0.03+0.03
752 +0.5 984 +0.5 955 +0.2

105.3 95.5

n
vq (MHz)

* Signals at frequencies with parentheses were not observed.

of v are quite different. Experiments at 17 MHz have
also been done, but no appreciable frequency (or field)
dependence was observed *.

Experiments of TDPAC have already been done on
2H-TaS, [6, 7], and we can use those results for the
present analysis. The Fourier-transformed TDPAC
spectrum shows three sites with equal population with
n’s of 0.00, 0.10 and 0.36 [6] (or refined values of 0.10,
0.11 and 0.37 [7]). The existence of three sites was
discussed using the nine-atom snowflake cluster
model in which the charge-density extrema are at the
center of a triangle formed by three Ta atoms (A site)
and B and C sites are peripheral atoms. The present
data of NQR and NMR are consistent with the
TDPAC data and all peaks in Fig. 1 except the signals
from the Ta site with #=0.03 are assigned using the
TDPAC data with the obtained parameters shown in
Table 1. In particular, the possibility that the peaks at
140.0 and 194.0 MHz are due to +1/2 < +3/2 and
+3/2 <> +5/2 transitions from a Ta site with #=0.35,
respectively, is excluded from the TDPAC experi-
ments, although the frequency ratio is 1.39, which is
expected for #=0.35. It is to be noted that the fine
structures were observed in NQR spectra of 1 T-poly-
types and interpreted as arising from the stacking
order of CDW’s [3], but they were not seen in the case
of 2H-TaS,.

In summary, the overall features of the NQR and
low-field NMR spectra are consistent with the nine-
atom snowflake cluster model proposed from the
TDPAC experiments. Three inequivalent Ta sites have
definite values of the quadrupole parameters in spite
of the incommensurate CDW state observed by dif-

* The NMR spectrum in 2H-TaS, in Fig. 2 is different
from Fig. 4 in the first report [4] as was suggested in [5]. The
sample in the first report was probably 4 H,-TaS,; the detail
will be reported elsewhere.
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fraction experiments. The signals must come from
locally commensurate regions separated by regions of
phase slip, confirming again the concept of discom-
mensurations.
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