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: by 3%
We have intercalated TaSe; with NoH,. The room temperature resistance Ry(RT) along thedb-ixslg:“‘:ﬁoéw
during the reaction. The ratio of Ry(RT)/Ry(4.2 K) varies from 60 in TaSe; to 5 in .the mtercalated Ssit p.w
Ry is observed near 100 K. It is suggested that this anomaly is due to the formation of ch.argfg te\:eet}; the suppresitd
superconducting transition temperature, T, is suppressed from 2.2 to 1.5K. 'Ihfa correlanon] eobtaine
superconductivity and the formation of CDW is discussed as compared with the result

dichalcogenides.

1. Introduction

- The trichalcogenides of niobjum and tantalum,
MX;, have been investigated extensively because
of their low-dimensional characters. Although
their crystal structures are similar, their electron
transport properties show significant differences
[1]. NbSe; shows two charge-density-wave
(CDW) transitions at 142 and 85 K [2] and TasS,
shows Peierls transition at 220K [3]. No
anomalies associated with low-dimensional phase
transition have been observed in TaSe; [1]. In
fact, TaSe; is a superconductor with a T, of
(0.5 [1, 4). The reasonable interpretation
for the absence of the structural phase transition
In TaSes is that the interchain overlap of electron
Wave functions is larger than that of other MX;
Compounds.

As shown in fig. I, TaSe; has a structure made

gonal prisms, TaSe,
-axis. Ta in TaSe; is
eight Se atoms forming a bicap-
Ped. trigonal prism. According to this point of
View we have to consider layers made of coupled
TaSe; fibers, Between them lies a Van der Waals
£ap with dimensions close to those of the layered
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nal system with a
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enhancement of T. and the suppres e
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interesting to investigate the interc

. 2Se and 4
on T. and the electron transport 11 Tase; T
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measurements of X-ray reflecting P

Fig. 1. The crystal structure of TaSes-
circles identify Ta (Se) atoms.
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=1 resistivity, and T, in TaSes, when this is
=ed to N;H,, are reported in this paper. T is
nd to be suppressed on intercalation of N,H,
=dan anomaly in the resistivity is observed near
‘K. The correlation between the suppression
1T and an anomaly in resistivity is compared
i that of intercalation on MX, and discussed.

1 Experiments

TSe; were grown by the transport method, as
%ured in [4]. The resistance ratios, RRR,
Amom temperature)/R(4.2K), and T. of the
:?stals were confirmed to be the same values as
“%rved in previous works [1, 4]. The resistivity
if”:amples was measured by a four-probe
:-:mOd along the b-axis with a dc current.
*perconductivity was detected by the resistivity
zn%un::zents. The X-ray diffraction and trans-
;m‘ urements of TaSe; exposed to N,H,
: ;ﬂ the absence of air were carried out
%S;EZS ?:;hod already developed for Ta$, [7].
e o then‘l’:n.ts'o.f the tempf:rature depen-

sistvity and T, in the samples

Yore por
i armed Out under He gas atmosphere to
the reaction with air,

 Rea and discussion

X135 difFrmcy:

M&gzn?l:;?;tlon by the as-grown TaSe; was
”vﬁétting — the reported structure [1]. The
% 5 e; of (400) plane in the TaSe,
o b Y, ';l)ﬁure to N,H; with 12 Torr at
“lteg . . . 13 suggests that N,H, must be
aong iy Ctween the layers along the
1 the comela- and c-axes. The stoichiometry
o . CWPIEX  formed TaSe;(N,H,), was

Cineg by i
33{ tepen dey Veight gain measurements [8].

ne
e of 5 € of the rate of weight gain vs.
| :’«tzics o thz 1 shown in fig. 2. Different

] e
% ngigon, olfaressur.e of N,H, suggests that
e g the intercalation in the low
ey Presszrare more gentle than those in
2 © Tegions. Within minutes of
N : tilx =173, but after 48 h under
€1 the Sample ¢ value of x is equal to one.
gty ang gy ot ¥ 15 reduced to
Rexsipy g ter 48 h under 105 Torr of

0 -
wever, X-ray diffraction by the
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Fig. 2. Kinetics of intercalation vs. pressure of N;H.. x is the
ratio of moles of N>H, to the moles of TaSe;. 1= is the
extrapolated value as time, ¢, =. Here the same sample .was
intercalated and deintercalated several times for a given
pressure and each point indicates an average.

intercalated sample, TaSe;(N:H,),, does not al-
Jow a structure determination because the lines
are very broad, as shown in fig. 3. This suggests
the formation of complex superstructures.

On exposure to N,H; vapor (12 Torr, 24°C) the
resistance decreases with the time to a constant
value 30% less than the initial value. This value
remained when the pressure was reduced 'to
10~* Torr. The result of the change in the resis-
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Fig. 3. X-ray reflecting power of TaSe; and its intercglated
sample, TaSes(N:Hi)s.
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tance is consistent with that in X-ray diffraction
by the intercalated samples. The temperature
dependence of the resistivity has been measured
on four intercalated samples. Two of them (A
and B) have been intercalated under a pressure
of N;H, at 12 Torr and other samples (E and F)
" have been intercalated under a pressure of N,H,
at 1 Torr. As shown in fig. 4, the dependence of
the resistivity vs. temperature in TaSe;(N,H,),~-F
is almost the same as that of TaSe;, i.e., resis-
tance decreases monotonically as temperature
decreases and shows negative curvature. The
same result is also obtained for E. Also, the
onset temperature for superconducting transition
is the same as that of TaSes;, as shown in fig. 5.
Thus, no significant changes in the resistivity and
T, are observed in the E- and F-samples exposed
to N;H, under low pressure. On the other hand,
the temperature dependence of resistivity in
TaSey(N-H,),-B intercalated under the pressure
of N,H; at 12 Torr, which is the same as that of
the A-sample, is quite different from that
obtained in TaSe, [1], as shown in fig. 6. The
main differences are as follows. (1) An anomaly
near 100 K is observed in the intercalated sam-
ples. (2) The positive curvature against tem-

10

R(T)/R(295K)
T

°. 100 200 300
T{K)

Fig. 4. The normalized resistance as a fun

: cti §
. perature i“_ TaSe;(N;H,),-E. ion of tem

-

(4] 4

R(T) ! R(4:2K)

Fig. 5. The superconducting transition curves &
TaSes(N,H,),-E and -F.

perature in resistivity vs. temperature IS o!)sened
above 120K, in contrast with the negative m&
vature obtained in TaSe; [1]. (3) The vaIuch
RRR varies from 60 to 5. Furthermore, T of the
intercalated samples are observed 10 decrea-?f
from 2.2 to 1.5K, as shown in ﬁg.. 7: The rft;;
tivity anomaly observed here is similar “?edin
associated with the CDW formation obsery o
dichalcogenides and their intercalated ©

1.0

R(T) /R{295K)

0 100 200
T{K)

Fig. 6. The normalized resistance as 2 shows B¢ e
perature in TaSe;(N.Hi)-B. _SOhd %m?rasﬂ-
perature dependence of the resistance 11
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?l. 7. The superconducting tramsition curves of
3efN:H)-A (O); -B (A); and TaSe; (@),

pounds [5-7). The interlayer overlap of electron
wave function in TaSes; can be expected to be
teduced by the intercalation, Thus, the resistivity
nomaly observed in the intercalated samples (A
dB) suggests that CDW are produced and that
meissere:m“}m Suppress .the superconductivity.
X Is consistent with the fact observed in
;i“' t; “;e\:(}luch the enhan?ement of superconduc-
matign Hs o suppression of the CDW for-
observ:;ﬁoowever, much more work, such as an
'Stonionsn Ofl the formation of periodic lattice
Dageic an measurements of Hall effect and
hs‘lsceptlblhty, will be necessary to

it istixen Cbw foz:matiop in TaSes(N,H.,),.
o herzczrtant to investigate if the anomaly
ik hag s due to the weakly pinned CDW
®en already observed in NbSe, [9].
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