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ELECTRICAL TRANSPORT PROPERTIES OF 2H-TaS)p; INTERCALATION
COMPOUNDS WITH VARIABLE CHARGE TRANSFER

W. BIBERACHER and A. LERF
Walther-Meissner-Institut fir Tieftemperaturforschung
D-8046 Garching, F.R.G.

Abstract We report on low temperature measurements of the
electrical resistivity, the Hall coefficient and the magneto-
resistance in hydrated potassium intercalation compounds of
2H-TaSp, where the stoichiometry and hence the charge trans-
fer can be varied.

INTRODUCTION

The electrical transport properties of 2H-MChy layered compounds
(M = Nb, Ta, Ch = S, Se) have been studied in detaill , but only
little is known about these properties in intercalation compounds.
In the case of 2H-TaS2 at TN 78 K a phase transition to a charge-
density-wave (CDW) state occurs which is indicated by a small rise
in the electrical resistivity p and a faster decrease of p below
the onset temperature, in a change of the Hall coefficient from
positive to negative sign and a cusp in the magnetic susceptibility.
It is known that these anomalies are partially or totally suppressed
by intercalation of organic molecules?. In most of these samples
the amount of charge transfer is not known and its influence is
therefore not discussed.

The hydrated potassium intercalation compounds of the formula
Ky (Hp0) TaS2 are comparable to the phases with organic molecules as
far as the anisotropy of physical properties is concerned3. A com-
plete charge transfer of the potassium 4s-electron to the conduc—
tion band of the TaSp; is guaranteed by the relatively high layer
separation (Ad = 3 R), which is mainly caused by the water molecules.
The electrochemical preparation technique allows to determine the
stoichiometry x of the sample (and hereby the charge transfer) and
to adjust it between x = 0.27 and 0.45 3,

Here we report for the first time on measurements of the elec-
trical resistivity p, the Hall coefficient Ry and the magnetore-
sistance of these samples as a function of charge transfer.

EXPERIMENTAL

Thin single crystals of 2B-TaS,, prepared by the vapour phase trans-
port reaction and a subsequent annealing procedure®, were cut into

a rectangular form (1.5 x 4 mm ) with a razor blade. The electro-
intercalation of the hydrated potassium ions was carried out at
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room temperature in an aqueous solution of K5804 (0.5 m) under gal-
vanostatic conditions. We used a four probe configuration and a dc-
method for the measurements of p and Ry. All data reported here
were taken in a transverse confiquration, i.e. the current I pa-
rallel to the layers and the magnetic field perpendicular to the
layers. In order to correct for misaligmments of the contacts for
the measurements of the magnetoresistance and Hall coefficient,

the magnetic field was applied in both directions.

RESULTS AND DISCUSSION

The intercalation of X*/H,0 into 2H-TaS; has only a small effect on
the electrical resistivity p at room temperature, if the volume in-
crease is neglected {2H-TaS): p =120 uiim; Ko 33 (Hy0) TaSz-pWISOuQm)
On the contrary the temperature dependence of p is changed drasti-
cally, as is shown in fig. la for a sample with x = 0.33, The ano-
maly in p at CDW onset temperature in 2H-TaS; is completely wiped
out in Kp.33(H20),TaSy (see insert of fig. la) and there is no ob-
vious other anomaXy to be seen. The residual resistance ratios RRR
of the intercalated samples ranged from 20 to 35 (2H—Tas2 RRR =

70 - 80) indicating a high quality of these compounds. Furthermore
we analysed the resistivity at low temperatures (T < 25 K) and tried
to fit the data by the usual formula R = Ry + ATP, The ideal re-
sistance R-R, for a sample with x = 0.33 is shown in fig. 1b to-
gether with a theoretical curve
R-R, = AT2.9, The dependence of
the exponent p on the stoichio-
metrv x is aiven inthe followina

H . 420
z — '
gos [ KaxalH;0)p6TaS;
4 J jg q?
) . o ¢ﬂz +
10} Jw
..' 1] 01 4
L 4 aost 1
s
o @ Kyl Tas, ]
0 B 100 200 k' ) ® 20 25
T (K) TiK)

FIGURE 1 a) Electrical resistance as a function of temperature for
a sample K, o (Hzo)yTasz (y v 0.6); insert: comparison with 2H-TaSj
around 78 K; b) log-log plot of the ideal resistance (see text)
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table:
X 0.28 0.305 0.33 0.365 0.42 2H-TaS,
p 3.0 3.0 2.9 3.4 3.4 4.0

A qualitative understanding of these results is possible in a
model proposed by Naito and Tanakal for the binary 2H-compounds.
These authors assume two bands with very different mobility, e.qg.

s- and d-band. (Band structure calculations” for the undistorted 2H-
phases show, that the conduction band is a narrow d-band, with the
Fermi enerqgy Ef near a maximum of the density of states N(E}. An
overlap with a s-like band is not proposed by theoretical calculations,
but there is some experimental evidence for this in 2H-TaSjp 5.) In
this model the electrical resistivity caused by the electron-phonon
scattering has two main parts: 1) pgg, which describes scattering
within the s-band and which shows the usual T5—dependence; ii) pggs
which describes s-d scattering; the temperature dependence of this
part is complex. After Naito and Tanaka the observed T3 dependence

of the ideal resistivity in 2H-NbSp and 2H—NbSe21 is caused by strong
s-d scattering in these compounds, which show no or only weak CDW
effects, respectively, and therefore have a high N(Ep) in the d-band.
In 2H-TaSp and 2H-TaSej, which show strong CDW effects, specific heat
measurements indicate a considerable reduction of N(Ep} in the dis~
torted phase. Therefore the influence of s-d scattering is reduced
and one measures a T4 or T dependence, respectively, in these
compoundsl.

Oour experimental data confirm the T4 law in 2H-TaSy; for the
intercalated compounds we find a T3 dependence of p (T) as was found
for 2H-NbS, and 2H-NbSe). In the
above-mentioned model this result

implies a considerable contribu- ' T
tion of s-d scattering and there-
fore a rise of the density of F
statesat Ep compared to 2H-TaS;.
This is expected if a suppression x=0.33
of the CDW occurs. The analysisof 39 Sgm0 p
low temperature behavior of p(T) o
gives therefore a further confir-
mation for the absence of strong g
CDW effects in Ky (Hy0)yTaSy. In a 5 { T=9K
x \H2Vy 2 &
rigid band model an increasing } KelHy0) TaS,

charge transfer to the TaS, d-band mQZS 03 5 W
leads to a continuous decrease of x
N(Eg). The higher values of the

exponent p for x=0.365 and 0.42 FIGURE 2 Hall coefficient of

may be caused by this fact. Ky (Hy0)TaSy at about 9 X as a
Naito and Tanakalpointedout function of potassium content x
that the CDW phase in 2H-TaSep (= charge transfer); insert: Hall

and 2H-NbSe, is notonly reflected Voltage Uy as function of magnetic
by a change in the Hall coefficient field for a sample with x = 0.33
at the onset temperature but also
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by an anomalous field dependence o8 v v v ,
of Ry even at low fields in the
CDW state., These effects were also

found in our binary 2H-TaSp samp- 07

les3. In contrast to this the inter -

calated compounds don't show this 2“ 1
ancmalous behavior: as it isdemon- &

strated in the insert of fig. 2 ?o_s b
for Kg, 33(H20)yTaSy, thereisonly g

a small deviation from a linear an“ ]
relationship between the Hall vol-

tage Uy and the applied field for 03 |
high fields, The Ug(B)-curves for -

compounds with other soichiometries "osa“z"J“sz
x are very similar. In fig. 2 we 0.2 1
present the deduced low field Hall

coefficient as a function of x at o1
T =9K, Al1 intercalated samples
show a positive sign of Ry at low
temperature in contrast to the 0
binary compounds. These results
further indicate the suppression
of the CDW phase and the strong FIGURE 3 Comparison of the ma-
influence of the charge transfer, 9Jnetoresistance for 2H-TaS; and
In fig,.3 the magnetoresistance K0.33(52°)YT352-
of 2H-TaSp and Ko.33(H20)yTa52 is
plotted versus the magnetic field at low temperatures, The observed
curve for 2H-TaSy is very similar to the results of Naito and Tanaka
for 2H-TaSej and 2H—NbSe21. These authors try to explain the almost
linear dependence for higher fields by magnetic breakdown in the CDW
phase. The magnetoresistance for the intercalated compound shows a
different and also anomalous behavior. In the sample with x=0.33 we
could not find a B2 dependence of the magnetoresistance, which is
to be expected theoretically at low fields, even for B<0.1 T. The
measurements were done in the temperature range between 6 and 15 K
(K0_33(H20) TaSp becomes superconducting at 5.5 K). The samples with
a lower or Kigher potassium content x show the same behavior of the
magnetoresistance, but there seems to be a B2 dependence for B< 0,17,
An explanation of these data is not possible at present, For abetter
understanding more theoretical research (e.g. bandstructure calcula-
tions) and experimental work are required.
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