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The electrical resistivity, Hall coefficient and
magnetoresistivity of lT—TaS2_xSex(x=O—2) were meas-
ured from 400K to 0.1K. The“wé€ll“established Anderson
localization of 1T—TaS2 was proved to be much enhanced
by substituting Se for~S. The characteristic magneto-
resistance increased remarkably with the positive sign.
Alloys of 0.8<x<1l.6 showed almost temperature independ-
ent resistivities followed by sharp drops below ca.
1K due to the appearance of superconductivity.

The paramagnetic part of magnetic moment in lT-TaS2
associated with the localized state was measured down
to 1.2K and was found to have a non-linear field
dependence, which fits neither with the Brillouin func-
tion nor with a simple theory of localization includ-
ing the correlation energy.

1. Electrical Property

The Anderson localized state is realized in 1T-TaS, at low
temperatures under the commensurate phase of charge dénsity wave
(CDW) having the strongest amplitude among transition metal
dichalcogenides. The localization is enhanced by substituting
Se for S. In this section we report the electrical properties of
1T-TaS,_,Se, in connection with the Anderson localization and
CDW.

Low temperature electrical properties of lT-TaS2_ Se_ take three
characteristic ranges of composition; 0<x<0.8 (nonmeéalfic),
0.8<x<1.6 (poorly metallic) and 1.6<x<2 (metallic). Figure(l) shows
the temperature dependence of electrical resistivities for typical
samples of 1T-TaS Se_(x=0-2). 1T-TaS, shows two successive first
ordertransitionsgﬁxT x=350K and T 22001%. An incommensurate and a
commensurate CDWs are stable above T. and below T,, respectively.
The intermediate temperature range, @ ' <T<T. correSponds to a nearly
commensurate phase. The temperature gystergsis of T, for 1T-TaS
is 25K, but increases with the increase of selenium goping amoun%,

x in 1T-TaSs Se (x<1.4) and amounts to 220K in 1T-TaS 6Se1 M(#Al)'
On the other_ﬁané, the resistivity rise at T diminishgé by~ ¢a.l/5
times. When the resistivity rise at T, is eXtinguished, the material
becomes a similar one to 1T-TaSe, in tge sense that the material has
nothing of the nearly commensura%e phase. However, the temperature
dependence of electrical resistivity for almost all of the samples

in 1T-TaSO 6Sel is not similar to that of 1T-TaSe, but rather flat
as exemplified 4s the curve of 1T-TaS 6Se (#B1) %n Figure(1).

An abrupt change of sign in the Hael co%f?icient and a reduction
of carrier concentration from 5x10® to 5x10® cm® are observed in
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lT-TaS2 at Td; above T, major carrier is n-type and below, p-type.
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tivity is found as an(T)x(TO/T)
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ature, 0.1K, showing the variable

range hopping of Anderson local-

ized state. The n-value is nearly

E 2 or 3 for 1T-TaS,, depending on
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Fig.2 Transverse magneto-

resistance of lT-TaSZ_xSeX

samples. The characteristic tem-
perature T, for 1T-TaS Se_,
which is a measure of pafdofiness
of the potential in the Anderson
localization, increases from 1K
for x=0 to 110K for x=0.001 and to
2200K for x=0.6, and p(T) also in-
creases by two orders of magnitude.
Namely, the addition of selenium re-
markably enhances the localization.
The precise data of characteristic
temperature and activation energies
are described in our previous paper[4].

In this temperature range, the
magnetoresistance Ap/p={p(H)-p(0)}/p(0)
for 1T7-TaS, takes three characteristic
temperaturé ranges[3,5]. First, Ap/p
is negative at 4.2K, having a value
of -0.015 at 20kOe, then becomes posi-
tive in the temperature range of 2K to
0.5K, having a maximum of ca. 0.28 at
4okOe followed by a rather sharp drop
up to the measured highest field 100
kOe, and lastly takes a very large
negative value of -0.9 at 0.1K.

By the selenium doping, the posi-
tive magnetoresistance in the second
range is remarkably enhanced and the
negative behavior tends to be suppress-
ed, as shown in Fig.(2). The magneto-
resistance Ap/p at 1.4K for x of O,
0.001, 0.1, and 0.4 are 0.20, 0.26,
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0.32 and (0.47) at the maxima, respectively. Therefore, the positive
magnetoresistance increases with the increase of potential disorder
by alloying. These experimental results are basically explained
by the recent model for the Anderson localized state by Fukuyama and
Yosida[6,7], considering the change of the mobility edge as a func-
tion of magnetic field together with the Zeeman shift of the Fermi
level. .
Lastly, we mention the electrical property in the second composi-
tion range of poorly metallic character. As shown in Fig.(3), the
steep decrease of electrical resistivity in 1T-TaS Se ) having
two steps, appears below ca.3K. Because the magnegogesiétivity recov-
ers up to the temperature independent resistivity as the extention of
residual resistance above ca.
3K, the steep drop of resist-
o ivity means an occurrence of
3:0° 1T-TaS) Se, . (#8B1) E superconductivity. It was
H=97k0e g ' ascertained by the electron
diffraction that present

LIS S B S [ S S T /R (S SN S N S [N SEN SeE S G (R 7 e i £

s samples contain ca.0.1% of
T T other polytypes such as U4H
1T-TaS0g5e1s 3 or 6R. These polytypes of
Tas Se M become supercond-
uctgvg w}th the transition
temperature at ca.3K[8].
Therefore, the resistivity
step at ca.3K may be related
to it, but the other step at
ca.l.2K should be the intrin-
TS sic nature of the 1T-phase.
The reason why the supercond-
uctivity occurs only in the
poorly metallic range is
under investigation.
Fig.3 Temperature dependence of electri-

cal resistivity of lT_TaSO.6se1.M
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2. Magnetic Property

The magnetic susceptibilities of l’I‘—TaS2 Se_ were measured by the
Faraday method from 300K to 1.2K, as shown 1% ng.(ﬂ). The suscepti-
bility consists of a diamagnetic part, x. and a paramagnetic one, ¥x._.
The former Xq is almost temperature independent, while the latter xp

appears below ca. 100K and shows
T T T Curie like temperature dependence.
These behaviors are almost the same
e 1 with the data by DiSalvo et. al[9]
which was taken above 4.2K.

Below 4.2K, the paramagnetic
moment shows a non-linear field
dependence. Figure(5) shows the
paramagnetic moment M_, difined as
M(T) - M,, versus H/T. Here M, is
the tempgrature independent digmag—
netic moment above 100K and corre-
sponds to x.H. In the figure, the
0 100 200 300 magnetic mo%ent M_ is proportional

Temperature ( K) to H/T up to an aBpropriate value
of the abscissa, for example ca.
Fig.4 Magnetic susceptibility 6kOe/K for 1T-TaS,(#2), but devi-
of 1T-TaS, powder ates downwards grgdually at higher
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values of H/T. We tried a numeri-
4 T ¥ T 5 cal fitting of this data to the
Brillouin function by choosing the
angular momentum number J, as shown
by the dashed lines in Fig.(5).
4 The line of J=3/2 has a better fit
than the J=1/2 one, but J=3/2 is
hard to be applied in the present
I Tide 1 electronic system. We also tried
e e 1 with the theoretical formula by
Kobayashi et al.[10] for the magnet-
ic moment in the Anderson localized
e iR . state for which the electron corre-
eHeteskoe | lation energy U is taken into ac-
x H= 15 kOe 1 count. The data however do not
fit with the curves of various val-
ues of RU.
If this paramagnetic moment is
o i Gl i el g f ascribed to the paramagnetic impu-
0 5 10 15 rities of J=1/2, the amount is esti-
HIT (kOelK) mated as 1040ppm(#1), 820ppm(#2)
and 1280ppm(#3) for 1T-TaS,, and
850ppm for 1T-TaS Se 1 %rom the
linear parts of péfgmaghetic mo-
ments. These values are converted
into 1/5 times in the case of J=3/2.
Our samples were made of Ta(99.9%)
and S(99.9999%). The original Ta
contains 15ppm Fe, 10ppm Nb and Ni
less than 10ppm as the major metal-
lic impurities. Among them, Fe .4
atoms are known to be divalent, Fe,
and carry no magnetic moments from the measurements of the magnetic
susceptibility and Méssbauer effect[11]. The amount of ca. 1000ppm
for J=1/2 or ca. 200ppm for J=3/2 is too much large to be considered
as the amount of impurities. Therefore, this paramagnetism should
be related to the electronic state of Anderson localization, although
the experimental data do not fit with the simple formulae.

| Magnetic Moment by
Kobayashi et al.
of BU=0.8

3 F

Mp (emu-Oe/mole)
~
) §

Fig.5 Paramagnetic moment vs.
H/T relation of 1T-TaS., powder.
The solid and dashed curves cor-
respond to the formula by
Kobayashi et al. and the
Brillouin function for J=1/2 and
J=3/2 , respectively.

We are grateful to Prof. Fukuyama for the suggestive discussions.
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